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Letter From the Editor in Chief

On behalf of my associate editors, Nathan Pennell, MD, PhD, FASCO, and Hope S. Rugo, MD, FASCO, I am
privileged to present the 41st volume of the NLM-indexed ASCO Educational Book.

Even as we hopefully see the light at the end of the COVID-19 tunnel finally revealing itself, most of the world
is still reeling from the unimaginable loss experienced since this pandemic began. As members of the
oncology care community, we have worked on the frontlines of the pandemic, adapted to providing our
patients with virtual care, and united to ensure we identified and addressed the unique needs of patients
with COVID-19 and cancer. So much has changed, but now we face our future, and I join our entire
community in looking forward with cautious hope.

This year, the 2020-2021 ASCO President Lori J. Pierce, MD, FASTRO, FASCO, chose a presidential theme
that focuses on doing right by the patients for whom we care. “Equity: Every Patient. Every Day. Everywhere”
means that we will confront and address complex forces and systems that have created disparities in cancer
care, treatment, and research. It is my sincerest belief that this year’s Ed Book plays a critical role in sharing
how inequality has affected our patients and how to disrupt the systems that stand in the way of delivering
equitable cancer care.

The insight found within Ed Book’s pages comes from a diverse set of the brightest minds in oncology
who have been chosen to serve as Annual Meeting Education Program faculty. Most articles represent
a collaboration between session speakers and their invited co-authors, many of whom are junior faculty and
fellows. It takes tremendous effort and time to document the knowledge of many into one scholarly review,
especially on the heels of a pandemic that have left many of us exhausted. I cannot thank the faculty enough
for the generosity of their contributions to this year’s edition. It is a gift to current and future oncology care
team members.

I would also like to recognize the expert panel members who selflessly dedicated their time to perform
thorough and thoughtful peer reviews. Finally, a well-deserved message of appreciation to both Nate
Pennell and Hope Rugo for their contributions.

The 2021 ASCO Educational Book articles, as well as articles from past volumes, are available online for free
public access and download at www.asco.org/edbook. We welcome your feedback and suggestions on how
we can improve the content, so please contact us at edbook@asco.org with your comments.

Sincerely,

Don S. Dizon, MD, FACP, FASCO
ASCO Educational Book Editor in Chief
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INVITED ARTICLES
This year’s Invited Articles represent the 2021 ASCO Annual Meeting theme, “Equity: Every Patient. Every

Day. Everywhere.” These important contributions to the 41st volume of the ASCO Educational Book focus on

how research findings can be translated into improving care for all patients, so everyone, everywhere, has

equal access to high-quality cancer care. Authors were nominated by the ASCO Educational Book Editors and

2021 Annual Meeting leadership.

ARTICLES

An Arm and a Leg: The Rising Cost of Cancer Drugs and Impact on Access

Natasha B. Leighl, Doreen A. Ezeife, Sharon Nirmalakumar, and Bishal Gyawali

The Ethical Imperative of Equity in Oncology: Lessons Learned From 2020 and a Path Forward

Jonathan M. Marron, Marjory Charlot, Jacquelyne Gaddy, and Abby R. Rosenberg

Navigating a Path to Equity in Cancer Care: The Role of Patient Navigation

Niharika Dixit, Hope Rugo, and Nancy J. Burke

Providing Appropriate Pancreatic Cancer Care for People Experiencing Homelessness:

A Surgical Perspective

Anna Donovan Louie, Chibueze Alaoma Nwaiwu, Julia Rozenberg, Debolina Banerjee, Gillian Joan Lee,

Dewahar Senthoor, and Thomas J. Miner
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CARE DELIVERY AND PRACTICE MANAGEMENT

invited
article

An Arm and a Leg: The Rising Cost of Cancer
Drugs and Impact on Access
Natasha B. Leighl, MD1; Sharon Nirmalakumar, BSc1; Doreen A. Ezeife, MD2; and Bishal Gyawali, MD, PhD3

overview

Increasing cancer drug prices present global challenges to treatment access and cancer outcomes. Sub-

stantial variability exists in drug pricing across countries. In countries without universal health care, patients

are responsible for treatment costs. Low- or middle-income countries are heavily impacted, with limited

patient access to novel cancer treatments. Financial toxicity is seen across cancer types, countries, and health

care systems. Those at highest risk include younger patients, new immigrants, visible minority groups, and

those without private health coverage. Currently, cancer drug pricing does not correlate with value or clinical

benefit. Value-based pricing of oncology drugs may incentivize development of higher-value medicines and

eliminate excess spending on drugs that yield little benefit. Generics and biosimilars in oncology can also

improve affordability and patient access, offering dramatic reductions in drug spending while maintaining

patient benefit. Oncologists can promote value-based care by following evidence-based clinical guidelines

that avoid low-value treatments. Researchers can also engage in value-based research that critically explores

optimal cancer drug dosing, schedules, and treatment duration and defines patient populations most likely to

benefit (e.g., through biomarker selection). Cancer Groundshot proposes that we improve outcomes for today’s

patients with cancer, including broader global access for high-value treatments, promotion of affordable

cancer control strategies, and reduction of cancer morbidity and mortality through low-cost prevention and

screening initiatives. Moving forward, major oncology societies recommend promoting uniform global access

to essential cancer medicines and avoiding financial harm for patients as key principles in addressing the

affordability of cancer drugs.

THE CHALLENGE

Since 1995, there has been a marked increase in the
price of new cancer drugs corresponding to the uptake
of biologics in oncology. Most agents launched be-
tween 2009 and 2014 cost more than $100,000 USD
per year. More recently developed agents, such as CAR
T-cell therapy, may cost up to almost $500,000 USD
per year.1 The monthly cost of many anticancer drugs
greatly exceeds most household incomes, including in
the United States.2

The price of cancer drugs varies across countries and
may not correlate directly with the country’s gross
domestic product (Fig. 1). A substantial variability in
drug prices has been reported, with up to a 13-fold
difference between countries in Europe and Oceania.3-5

Cancer drug prices are highest in theUnited States; they
are more than two-fold higher than in Europe and are
two to six times higher than the rest of the world.2,6

Goldstein and colleagues explored this concept in more
detail and compared monthly drug acquisition costs as
well as the regional affordability of eight patented anti-
cancer agents in seven countries.7 The countries were
India, China, South Africa, Israel, the United Kingdom,

Australia, and the United States. Although the monthly
dollar amount for cancer drug acquisition was highest
in the United States, the relative cost or affordability,
expressed as a fraction of monthly per capita gross
domestic product, was the highest in India, followed by
China and South Africa (Fig. 2). Patients in the United
Kingdom and Australia, which both have managed
care systems, paid the least. Although drug acquisition
costs were the highest in the United States, cancer
drugs were more affordable than in the lower-income
countries after data were adjusted for per capita gross
domestic product.

Other factors are also essential for patient access and
affordability. Some countries negotiate drug prices on
behalf of public payer systems, whereas other coun-
tries do not have universal health coverage, so drug
costs are borne entirely by patients. This approach is
highly prevalent in low- or middle-income countries
(LMICs). Some countries have less purchasing power
than others, leading to support for differential pricing
by national gross domestic product by several groups
as well as support for coalitions to increase purchas-
ing power and negotiate greater access for patients.

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.
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Market entry of novel cancer medicines in LMICs takes
more than a year after approval by the European Med-
icines Agency or the U.S. Food and Drug Administration
(FDA).22 Even after market entry, most patients in LMICs
cannot afford to pay for these therapies out of pocket. The
FDA and other regulators are working to harmonize regu-
latory review across high-income countries through Project
Orbis. However, these efforts are limited to high-income
countries, and accelerating access in LMICs remains a
major challenge.

In the 2015 European Society for Medical Oncology In-
ternational Consortium Study, the availability and accessi-
bility of novel anticancer therapies were significantly
restricted in LMICs in Asia.23,24 Many of the essential cancer
medications included in the study—such as trastuzumab
and EGFR, ALK, and VEGF inhibitors—were not subsidized
or even available in many regions. Key barriers to access
included lack of approval by local regulatory agencies and
high out-of-pocket costs for patients. Other barriers in-
cluded lack of access to quality-assured generics or bio-
similars and a general lack of commercial motivation to
promote access to essential cancer medicines in LMICs.

Across Europe, there are large variations in access to novel
cancer medicines, with less developed countries in Eastern
Europe reporting the greatest limitations.25 Most medica-
tions included in the World Health Organization (WHO)

Model List of Essential Medicines were available in Europe,
but other factors, such as prolonged time for preapproval,
limited real access in several countries. The availability of
cancer medicines, as expected, was least in those countries
with the lowest gross domestic product per capita. Access to
expensive targeted agents was the most variable, whereas
access to established curative medications, such as che-
motherapy for testis cancer, was the most prevalent. The
investigators also identified that lower-cost anticancer
medications, such as tamoxifen and cisplatin, were not
always available because of manufacturing and distribution
challenges. This problem has been seen with drug short-
ages of generics and other essential cancer medicines
around the world that are related to quality and production
issues, regulatory challenges, and lack of financial in-
centives to maintain the needed supply.3,26-28

THE IMPACT ON PATIENTS WITH CANCER

The main impacts of high cancer drug prices are the lack of
access for patients and the lack of ensuing benefits of novel
therapies. This is widely true for novel therapies in LMICs
and in jurisdictions with managed care andmajor budgetary
restraints, such as New Zealand. Chemotherapy, by con-
trast, is more affordable and widely accessible. Thus, it is
still used even though targeted therapies and immuno-
therapy are often more effective and less toxic.29 This ap-
proach results in inferior outcomes and greater toxicity,
because access to concurrent supportive care to manage
chemotherapy side effects is also more challenging in
LMICs. Many of the patients who could benefit most from
innovations in precision oncology are among those who are
least likely to afford them.

A diagnosis of cancer in any country can lead to financial
catastrophe. Approximately one-quarter of patients with
cancer in Thailand and three-quarters of patients in India
report extreme out-of-pocket expenses and are required to
sell assets and borrow funds to pay for cancer therapy.24

Another study demonstrated an association between pa-
tients in the United States filing for bankruptcy and in-
creased cancer mortality.30 Whether cancer outcomes were
worse because patients could not afford to continue therapy
is unknown. Another study of patients with colorectal cancer
or lung cancer in the United States found that more than
one-third had severely limited financial reserve.31 Those
with limited reserve had significantly higher symptom
burdens and worse quality of life and were less able to afford
cancer therapy.

In recent years, financial toxicity has emerged as an im-
portant patient-reported outcome.32 Studies have demon-
strated that financial toxicity in patients with cancer is
prevalent and is seen across cancer types, countries, and
health care systems. The Comprehensive Score for Fi-
nancial Toxicity was developed to assess the burden of the

PRACTICAL APPLICATIONS

• Globally, rising cancer drug prices result in
variable access and outcomes, with low- or
middle-income countries being most heavily
affected.

• Financial toxicity impacts patients with cancer,
particularly younger patients, new immigrants,
and those without private health coverage.

• The use of value frameworks to determine
cancer drug pricing and to tie prices to regional
gross domestic product or affordability is being
supported by many oncology groups as a way to
improve global access to important cancer
medicines.

• Cancer care providers are called upon to follow
evidence-based guidelines, choose wisely,
prioritize higher-value treatments, and discuss
financial toxicity with patients.

• Cancer researchers can contribute to value-
based research by defining the optimal dose,
schedule, and duration of novel therapies and
by defining the patient populationsmost likely to
benefit (e.g., through biomarker discovery and
selection).

Leighl et al
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costs of cancer care on patients in the United States.33

Studies of patients with cancer around the world show
similar findings, with a high prevalence of financial toxicity
and a greater impact on younger patients and those from
low-income households. Groups at highest risk include new
immigrants, visible minorities, those without private health
coverage, or those on sick leave.34-38 In several studies,
higher out-of-pocket costs correlated with financial toxicity
and decreased treatment adherence. For example, patients
with chronic myeloid leukemia in the United States who
had higher prescription copayments were almost twice as
likely to stop expensive life-prolonging therapy compared
with those who had lower copayments, leading to worse
outcomes.39

CANCER DRUG PRICING

The pricing of cancer drugs involves several factors. The
most important factor is what drug manufacturers believe

the market will bear and will bring the most profitable
returns. Free market forces have had minimal impacts on
cancer drug pricing. For cancer treatments, there is greater
demand and willingness to pay because of the lethality,
morbidity, and public fear of the disease. A key barrier to
lower costs has been historic legislation in the United States
that prevented Medicare from negotiating drug prices
(Medicare Modernization Act of 2003). However, newer
legislation may change this in the future, if opposition from
drug manufacturers and the public can be addressed.40,41

Because most cancer agents launch first in the United
States, the initial list prices are high, setting an unattainable
bar for pricing around the globe. Production costs remain
a minor component of the overall drug price. For example, it
is estimated that production costs for generic small mole-
cule inhibitors are 0.2% to 2.9% of the list price in the
United States.42 Drug manufacturers cite the cost of re-
search and development as the key factor leading to high

FIGURE 1. Global Price Differences for Cancer Drugs
(A) Gross domestic product (GDP) differences per capita; (B) current health expenditure per capita; and (C) estimated GDP per capita spent on cancer
care.8-11

Gray shading indicates that data for the past 5 years are not available.
Abbreviation: PPP, purchasing power parity.
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drug prices. However, several drug manufacturers spend
less on research and development than they spend on other
areas, such as marketing, or than they generate in profit.2

Revenue from cancer medicine sales continues to exceed
research and development costs (Fig. 3).43

The failure of market forces to impact cancer drug prices
has been demonstrated in several studies. Although one
might expect to pay higher prices for first-in-class agents
and lower prices for second-in-class or “me too” drugs, the
opposite has been reported for oncology agents. Second-in-
class agents are often priced similarly or even higher than
first-in-class cancer drugs.44 Although one might expect
oncology drug prices to decrease over time after market
entry, the price of some anticancer agents has, paradoxi-
cally, increased. A study of 24 patented injectable cancer
agents in the United States demonstrated that prices in-
creased by 25% (range, �14% to +96%) in the years after
launch.45 These increases in cost were not offset by sup-
plemental FDA approvals, new competitors, or new off-label
indications. Even with the introduction of generics, the cost
of cancer therapy has not always decreased. Some generic
agents have been priced similarly to patented agents46 or
with only modest price reductions. Furthermore, market
entry of generics is often delayed, whereas more expensive,
newer-generation agents overtake the older and now af-
fordable agents.47

VALUE-BASED PRICING

In 2014, the ASCO Cancer Research Committee challenged
researchers and patients to raise the bar on expectations
from novel therapies to “significantly advance cancer care.”48

They reminded us that demonstrating a statistical signifi-
cance for small differences does not lead to meaningful
benefit for patients and that some treatments are of low value
to patients and progress against cancer.49 Since that time,
many groups have developed frameworks to evaluate the
value of anticancer drugs for patients, including assessment
of the magnitude of benefit and patient endpoints. The
European Society for Medical Oncology Magnitude of Clinical
Benefit Scale is among the most widely used; it assesses
treatment efficacy in the curative and palliative settings.50

Other frameworks, including the ASCO Value Framework,
also explicitly discuss cost, among other outcomes.51-54 A
Canadian drug assessment framework, developed to pro-
mote transparency and consistency in oncology drug–
funding decisions, also includes valuation of unmet need,
equity, and disease severity as part of structured decision-
making.55

Despite the establishment of value frameworks, multiple
studies confirm that cancer drug prices do not correlate with
value or clinical benefit.6,44,56,57 Drugs that provide less
value to patients are often higher priced than those that
provide greater value. A recent study reported that, although

new cancer drug prices in France increased by more than
50% between 2004 and 2017, there was no increase in the
net clinical benefit of these agents.58 Because of these
observations, there has been a call for increased focus on
value-based pricing using value frameworks.

Using real-world performance of novel agents to set market
prices has been a strategy applied by several countries.59 In
Italy, market entry pricing is based on the performance of
a novel agent in a real-world setting. In Germany, although
amanufacturer can set drug prices in the first year of market
entry, this price is revisited on the basis of real-world out-
comes and comparison with the reference standard. Prices
are then adjusted according to population outcomes and
the reference standard price. Challenges with this approach
include the ability to gather high-quality, real-world evidence
rapidly and the ability to incorporate these data into drug-
pricing decisions in a timely manner. Other caveats include
a potentially overpriced reference standard, perpetuating
high drug costs, and the lack of a mandate to revisit prices
over time.

GENERICS AND BIOSIMILARS

The WHO and other groups, including the European Society
for Medical Oncology, ASCO, and the FDA, have advocated
for the stimulation of market competition through the
development and approval of biosimilars and generic for-
mulations of important cancer medicines.3,25-27,60,61 The
development of generic medicines is easier and cheaper,
because these have identical chemical compositions to the
original synthetic drugs and can be substituted readily for
the original agents after regulatory approval. This approach
has led to major improvements in affordability and patient
access. Biosimilars are not identical to the original patented
biologic agent but are highly similar, with similar clinical
outcomes. Their development is more expensive, because it
requires additional clinical studies to demonstrate efficacy
and gain regulatory approval. Although cost savings with
biosimilars are less than with generics, both can dramati-
cally decrease cancer drug expenditures without sacrificing
outcomes. The reduction in drug costs over time with the
use of generics can improve cost effectiveness, change
reimbursement decisions, and increase the number of
treatment options accessible to patients.62,63

However, generics often experience delayed entry into the
market, challenged by drug manufacturer patents and
regulatory hurdles. For example, trade secrets and data
exclusivity provisions demanded by drug manufacturers
may lead to restricted development and approval of bio-
similars and generic agents. Some generic medicines are
still highly priced, limiting patient access. By contrast, some
generic medicines are priced too competitively, and short-
ages of essential cancer medicines have occurred. Man-
ufacturers have stopped production or declared bankruptcy,
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FIGURE 2. Cost and Affordability of Eight Patented Cancer Drugs in Seven Countries12-21

(A) Prices were converted from local currency to USD (exchange rates, January 1, 2016) and expressed as box and whisker plots. (B) Monthly prices at
purchasing power parity (PPP) were divided by the country’s monthly gross domestic product (GDP) per capita.12-21

Reprinted from Goldstein et al,7 with permission from the publisher.

FIGURE 3. Cumulative Sales of Cancer Drugs in 2017 USD, by Drug and Time Since Product Launch
Drug sales revenues are represented in billions of USD.
Reprinted from Tay-Teo et al,43 with permission from the publisher.
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resulting in these shortages. Thus, it is important that the
pricing of generic medicines and biosimilars remains sufficient
to maintain production and access for patients.

VALUE-BASED TREATMENT

Prescribers of cancer medicine play a key role in promoting
value-based care. A team of U.S. community oncologists
previously demonstrated that treating patients according to
clinical guidelines decreased treatment costs by 35%,
primarily through avoiding low-value treatments, with no
decrease in survival compared with patients treated off
guidelines.64 Selecting treatments with the greatest value for
patients, following evidence-based clinical practice guide-
lines, and minimizing futile investigations and futile therapy
all help improve outcomes for patients without increasing
costs of care. Initiatives like Choosing Wisely can be ex-
panded beyond North America, including to LMICs. On-
cologists in India developed a consensus document to
improve value in the delivery of cancer care, adapting
Choosing Wisely recommendations from North America to
the local context.65

Some systems have greater challenges in the provision of
value-based care. Some provide incentives, such as in-
stitutional markups from drug sales or sales quotas, to
prescribers for administering more intravenous chemo-
therapy and/or more expensive therapy. Patients and pre-
scribers should be protected from these influences, and the
provision of value-based care should be incentivized in-
stead. Other systems, such as those in Brazil, suffer from the
introduction of price mark-ups from multiple parties along
the supply chain. Simplifying the drug-acquisition process,
or removing the middlemen, could decrease final prices.

Even simple concepts like minimizing drug wastage may
decrease the costs of cancer drug therapy. The use of
weight-based dosing of pembrolizumab compared with
flat dosing reduced drug acquisition costs by 24%.66 Ad-
vocating for smaller vial sizes or packaging of cancer
medications may also decrease wastage. For example,
pembrolizumab is only available in 100-mg vials from the
manufacturer. The production of smaller vials would permit
less wastage and save money in the case of weight-based
dosing.

A key value proposition for patients is precision oncology.
Identifying those patients who are most likely to benefit from
a treatment using biomarker selection has markedly im-
proved patient outcomes in breast, lung, and other cancers.
For example, immunotherapy treatment of patients with
advanced lung cancer with tumor PD-L1 expression sig-
nificantly improves treatment efficacy and reduces cost.67,68

Similarly, selection of patients for targeted therapy by
identification of tumor genomic drivers has become stan-
dard, with the recognition that targeted therapy in pa-
tients without genomic tumor aberrations leads to poor

outcomes.69 Biomarker selection helps identify those who
will benefit the most and minimizes the risk of futile therapy,
associated toxicity, and cost for those unlikely to benefit.

Biomarker testing, such as molecular testing in lung cancer,
has become prevalent in high-income countries. Guide-
lines recommend broad-panel genomic testing rather than
single-gene testing to expedite results and treatment initi-
ation, increase patient access to targeted therapies instead
of chemotherapy, and decrease the need for repeat biopsies
for testing. Although this approach is potentially cost saving
in the United States, other investigators have demonstrated
great challenges in affording genomic sequencing.70,71 For
example, despite advantages in identifying targetable ab-
errations, broad-spectrum genomic testing was not cost
effective in the Brazilian public system. Thus, several ju-
risdictions continue to rely on highly selected single-gene
testing, if testing is performed at all. In LMICs, prescribers
also must consider subsequent access to targeted thera-
pies. If patients are unable to access targeted treatment
according to testing results, paying out of pocket for ge-
nomic testing is of little to no value.

VALUE-BASED RESEARCH

As a research community, we have a role to play in ensuring
that clinical research remains of high value for patients. We
must advocate for a high bar of what we expect from novel
treatments and ensure that meaningful endpoints for pa-
tients, including survival and quality of life, are used in trials.
We should also reconsider our support of trials that will not
add value or benefit for patients.

Defining the optimal dose, schedule, and duration of novel
therapies is an example of an area in which the oncology
community can contribute to value-based research. With
cytotoxic chemotherapy, dosing has been determined by
toxicity or the maximum targeted dose. The optimal biologic
dose of targeted therapies and biologics has been more
challenging, because most trials continue to use dose-
limiting toxicity as their guide. Many immunotherapy
agents and small molecule inhibitors have had limited study
of optimal dosing and schedules. The rational determination
of treatment duration has also been a challenge in the
setting of checkpoint inhibitors, as well as some adju-
vant and consolidation treatments. An excellent example
of value-based research is the optimization of the dose of
ceritinib, a potent ALK inhibitor. In 2014, on the basis of
randomized trial results, ceritinib was approved for use at
a dose of 750mg daily, taken in a fasted state; frequent dose
reductions were required for gastrointestinal toxicity.72

ASCEND-8 was a phase I study in which patients were
randomly selected to receive different dose levels of ceritinib
to be taken either fed or fasting. The investigators dem-
onstrated that a lower dose of ceritinib, 450 mg taken with
food, had similar bioavailability, less toxicity, and similar

Leighl et al

e6 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



activity as the previously recommended 750-mg dose in
fasted patients.73,74 Ceritinib is available in 150-mg tablets,
and the new recommended dose of 450mg with food allows
patients to reduce costs and pill burden by 40% and de-
creases toxicity while maintaining similar efficacy.

Alectinib, another ALK inhibitor, is prescribed at a dose of
300 mg twice a day in Japan and several Asian countries,
but it is prescribed at 600 mg twice a day outside of Asia
according to different doses used in registration trials in
Japan, China, and the rest of the world.75-77 Although both
doses are highly active, the higher dose is associated with
more toxicity, fatal adverse events, dose reductions, and
drug discontinuation. A phase I/II study in North America
revealed that the 300-mg twice-a-day dose yielded lower
drug exposure levels than in the Japanese phase I study,
and higher doses were required to yield higher alectinib
exposure in the North American population.78 However,
additional work to determine optimal dosing (e.g., by body
weight) has not been pursued and might lead to lower pill
burden, cost, and toxicity for a larger group of patients.

Duration of therapy has been a key area of interest for bi-
ologics, including immune checkpoint inhibitors. When
adjuvant trastuzumab was first established as standard of
care in patients with resected HER2-positive breast cancer,
duration of therapy was actively investigated through several
trials.79,80 Immunotherapy is another area in which trials can
contribute additional value by exploring different dosing
schedules and treatment durations. The CheckMate-153
trial compared stopping nivolumab therapy at 1 year ver-
sus continuing in previously treated patients with ad-
vanced non–small cell lung cancer that had not progressed
by that point.81 The study identified that treatment be-
yond 12 months was associated with better outcomes in
this population. Several drug manufacturers recommend
24 months of treatment as standard, although the evidence
underpinning this recommendation remains unclear. Also,
it is unknown whether treatment must be given every 2 to
4 weeks continuously versus a period of induction followed
by less frequent maintenance dosing to activate T cells
and maintain antitumor activity. The STOP-GAP study in
melanoma (NCT02821013), developed by the Canadian
Cancer Trials Group, offered patients with advanced disease
standard immunotherapy treatment until maximum tumor
response occurred. Patients were randomly selected to
continue or stop therapy, with the option to resume im-
munotherapy in case of disease progression. The primary
endpoint of the trial was overall survival; secondary out-
comes included quality of life and cost utility. The devel-
opment and conduct of trials that challenge current dosing
paradigms and define value should not be the responsibility
of cooperative groups alone. Regulatory bodies, such as the
FDA and the European Medicines Agency, may be able to
encourage optimization of value-based treatment as part of

regulatory review of drug manufacturer–planned trials and
submissions.

THINKING BEYOND CANCER MOONSHOT TO
CANCER GROUNDSHOT

The U.S. National Cancer Institute Cancer Moonshot ini-
tiative is a major investment in progress against cancer,
including the acceleration of scientific discovery, trans-
lational research, and data sharing. It is expected that
technologic advances from this and similar initiatives in
high-income countries will yield better outcomes for some
patients but will be costly and are likely to remain in-
accessible to many around the world.82 An example might
be the use of liquid biopsies and cell-free genomic or
multimodal assays to monitor or inform treatment planning.
Patients not experiencing a response to expensive therapies
could be identified earlier and switched to alternate treat-
ments. Patients cured with primary treatment could also be
identified early and spared the toxicity and cost of additional
adjuvant, consolidation, or maintenance therapies. How-
ever, only jurisdictions and health care systems that can
afford innovative technologies and novel treatments would
be able to benefit.

As our research community reaches for the moon, we are
reminded of the growing disparities in cancer control
globally. Cancer Groundshot has been proposed as a
complementary initiative to improve the lives of today’s
patients with cancer.82 The focus includes implementing
existing high-value treatments in more jurisdictions, in-
centivizing research on cost-effective and affordable strat-
egies for cancer control, and implementing global strategies
to reduce cancer morbidity and mortality—especially
cancer-prevention, low-cost screening, and early-detection
initiatives. Other strategies for Cancer Groundshot dovetail
with the important work of the WHO and other organizations
to improve the burden of cancer around the globe. These
strategies include rapid implementation of cost-effective
cancer prevention, such as HPV vaccination programs.
Codevelopment of novel agents or strategies across high-
income countries and LMICs could include repurposing of
existing drugs, as in the case of arsenic in acute promye-
locytic leukemia or propranolol in angiosarcoma. This
method could extend to other agents, especially in the area of
cancer prevention. Greater collaboration between the aca-
demic community and nonprofit organizations may also lead
to more funding opportunities in this area. Working toward
greater uniform access to high-value treatments remains key.
Investment in improving health care delivery systems, in-
cluding improvements to essential diagnostic and curative
treatment services, is required in many countries. Greater
activism and investment will also be required to ensure that
patients with advanced cancer have access to pain relief and
other essential supportive medicines.
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MOVING FORWARD

The WHO, supported by the European Society for Medical
Oncology, ASCO, and other organizations, has undertaken
a comprehensive assessment and developed recommenda-
tions for how to address the high cost of cancer drugs.3,60,61,83-85

Promoting uniform global access to the WHO’s list of essential
cancer medicines is key. Ensuring that this list includes newer,
high-value, transformative cancermedicines is also important to
help advance cancer outcomes for patients around the world.
The establishment of value-based pricing—for example, using
the European Society for Medical Oncology Magnitude of
Clinical Benefit Scale to determine pricing—remains a major
focus of several groups. Health technology assessment of novel
treatments can help promote affordability, and results could be
shared across jurisdictions, recognizing that each country would
have different system costs and thresholds for affordability. For
agents with uncertain cost effectiveness, managed entry or risk-
sharing agreements have been used to facilitate assessment of
the real-world impact of a novel treatment and inform pricing.
Pricing based on regional gross domestic product, cancer
burden, and current health care expenditures should also be
encouraged, again to promote greater access to life-prolonging
therapies for patients around the world.

Stimulation of market competition through the development
of high-quality generics and biosimilars remains important,
even in jurisdictions like the United States. Harmonization of
regulatory requirements for biosimilars can promote high
quality and competitive pricing. However, it is important to
maintain sufficient pricing to prevent shortages and
streamline management of supply in such cases. Reducing
the cost of drug development may also support greater
access to novel agents (e.g., collaborating with cooperative
groups). The FDA and other regulators have established
pathways for accelerated approval of novel agents that are
designed to bring novel treatments to market faster and
potentially decrease the costs of development. In a study
examining 10 approved cancer drugs, the median cost of
development of a single agent was $648.0 million (2017
USD). Half of the agents studied received accelerated
approval from the FDA, and the lower median drug-
development cost was $328.1 million USD compared
with $817.6 million USD for those that did not receive
accelerated approval (p = .08).86 Interestingly, second-in-
class agents cost more to develop than first-in-class agents
do. Another potential area for improvement is the decreased
development of “me too” or second-in-class agents. Fojo
and Mailankody determined that 74% of the oncology
agents in development by 10 pharmaceutical agents had
overlapping mechanisms of action, and only 24% had
unique, nonoverlapping mechanisms of action.87 If the
development of second-in-class agents led to competition
and a reduction in market prices, this redundancy might be
in the public interest; however, given the trend toward

increased prices for such agents, the value for the consumer
appears to be limited.

The negotiation of initial list prices for novel agents at market
entry has led to a wider uptake of these medicines outside of
the United States. Manufacturers are incentivized to launch
novel agents in high-income countries first and defer market
entry in LMICs so that the international reference price will
not be affected.5 Many of the final prices negotiated are
confidential; thus, those countries that use external price
referencing based on published list prices are at risk for
paying higher prices than others. By the same token,
countries paying lower prices may experience delays in
novel agents entering the market or even nonavailability. In
Canada, for a drug to enter the market, its list price must be
accepted by the Patented Medicine Prices Review Board.
Excessively priced drugs are rejected on the basis of a re-
view of the current price in the relevant market, the price of
agents in the same therapeutic class both in and out of
Canada, and the Consumer Price Index (measure of pur-
chasing power and inflation). Drug efficacy and safety
undergo review and approval by Health Canada, similar to
the FDA or the European Medicines Agency. Manufacturers
seeking public reimbursement also make submissions to
the pan-Canadian Oncology Drug Review and l’Institut
National d’Excellence en Santé et Services Sociaux to as-
sess their overall net clinical benefit, alignment with patient
values, cost effectiveness, and feasibility of adoption into the
health system. Drug manufacturers then negotiate with
individual provincial (state) health care payers or the pan-
Canadian Pharmaceutical Alliance, which can combine
negotiating power across provinces; however, the price of
affordable cancer therapy in the Canadian system includes
delayed regulatory submissions, prolonged price negotia-
tions, and delayed patient access.88,89 Although compas-
sionate access programs and clinical trials may help bridge
the gap, the impact on patients remains substantial.

Additional considerations highlighted by the WHO and other
organizations include price caps, tiered pricing over time, in-
creasing transparency of external and internal reference pricing,
cost-based pricing (including acceptable profit levels), pooling
procurement efforts to negotiate greater price reductions, and
maximum reimbursement rates. Although these actions may
reduceprices, thechallengeof limiting reimbursement rates is the
potential for cost shifting to patient out-of-pocket expenses. Re-
ducing the number of intermediaries in the drug-acquisition
process may also decrease prices; for example, in Brazil, mul-
tiple parties involved in drug purchasing and distribution lead to
increased mark-ups and overall costs. Innovative financing
strategies for cancer care, including public-private partnerships,
sin tax, or other levies, have also been proposed. It is also im-
portant to find innovative ways to reward social giving by drug
manufacturers, enabling patients in LMICs to access novel
medications at no cost or a heavily subsidized cost.
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As oncology care providers, we need to continue efforts to
provide high-value care to patients. These efforts include
evidence-based care, choosing wisely, prioritizing treat-
ments with high value over low value, and increasing
awareness of our patients’ risk for financial toxicity. We must
have heightened awareness that, despite our best in-
tentions, treatment recommendations and prescribing
choices may have financial implications and result in po-
tential harm to patients. We must also work to enhance
system efficiency in our practice and research programs.

In the ASCO Position Statement addressing the affordability
of cancer drugs, key principles include (1) ensuring patient
access to life-prolonging and life-improving treatments, (2)
avoiding financial harm to patients, (3) not limiting patient
and provider access to appropriate care, and (4) rewarding
innovation that results in meaningful improvements in pa-
tient outcomes, ensuring ongoing investment in high-risk,
high-reward science to advance patient care.61

LIMITATIONS AND CAVEATS

We have focused on cancer drug costs and not on overall
cancer control in this article. As oncologists and care

providers, we must remember that it is better to prevent
a cancer than to allow it to develop, and it is better to detect
cancer early and cure rather than palliate. Preventive
measures must be aggressively pursued, including greater
tobacco control and greater uptake of cancer-preventing
vaccines (e.g., HPV and hepatitis B). We must also invest
and focus on screening and early detection of curable
cancers (e.g., cervical cancer). Prevention remains less
costly than diagnosis and treatment, and screening in-
terventions yield greater benefit and cost effectiveness than
palliative measures. In addition, the importance of sup-
portive care globally remains paramount.

The delivery of cancer care will never be the same in high-
income countries and LMICs or across all jurisdictions. But
we must continue to strive to improve basic cancer care
for all. It is estimated that, by 2040, two-thirds of cancer
cases will occur in LMICs.60 We are reminded by the WHO
that cancer prevention and cancer control are broad re-
sponsibilities that are shouldered by all citizens, and they
extend beyond the health care sector and medicines into
pollution control, education, recreation, and society as a whole.
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overview

The COVID-19 pandemic and the simultaneous increased focus on structural racism and racial/ethnic

disparities across the United States have shed light on glaring inequities in U.S. health care, both in oncology

and more generally. In this article, we describe how, through the lens of fundamental ethical principles, an

ethical imperative exists for the oncology community to overcome these inequities in cancer care, research,

and the oncology workforce. We first explain why this is an ethical imperative, centering the discussion on

lessons learned during 2020. We continue by describing ongoing equity-focused efforts by ASCO and other

related professional medical organizations. We end with a call to action—all members of the oncology

community have an ethical responsibility to take steps to address inequities in their clinical and academic

work—and with guidance to practicing oncologists looking to optimize equity in their research and clinical

practice.

INTRODUCTION

Last year was punctuated by two overlapping health
crises. First, from March 2020 to March 2021, more
than 500,000 people in the United States died of
COVID-19, the disease caused by the novel SARS-
COV-2. Although no single American life was left un-
affected by the pandemic, its negative impact was
significantly greater among Black, Latinx, and In-
digenous persons of color, both in children and
adults.1-4 Second, although not new in 2020, the Black
Lives Matter movement highlighted the far-too-long
overlooked reality of structural racism, specifically anti-
Black racism. Defined as a “system in which public
policies, institutional practices, cultural representa-
tions, and other norms work in various, often rein-
forcing ways to perpetuate racial group inequity,”5

structural racism is finally being recognized as a root
cause of health inequities in the United States.6

Patients with cancer have served as an all-too-perfect
illustration of these crises. Despite improvements
in cancer survival in the United States, it is well-
established that Black patients fare much worse for
most cancers compared with all other racial/ethnic
groups.7 In 2020, Hispanic and Black patients with
cancer had greater odds of contracting COVID-19
compared with White patients,8 and, when infected,
Hispanic patients also experienced greater odds of
treatment delays.8 Furthermore, among those with active
or prior histories of cancer, Black and Hispanic patients
experienced substantially higher COVID-19 symptom
severity and higher rates of mortality compared with

White patients, even after controlling for sex, age, and
clinically relevant covariables.9 These differences were
not due to biology but rather to long-standing and per-
sistent systemic racism in medicine.10

It is time to stop talking about disparities in oncology as
unfortunate circumstances and, instead, it is time to
act and correct them. In this article, we use a common
framework for ethical analysis in health care to dem-
onstrate that (1) clinical oncology care and research
are not equitable and (2) if we believe that these ethical
principles are the foundation of appropriate medical
care, then correcting those inequities is an ethical
imperative. We then introduce some promising first
steps presently being taken throughout the oncology
community. Finally, we provide guidance to practicing
oncologists to optimize equity in their practices.

EQUITY THROUGH THE LENS OF FUNDAMENTAL
ETHICAL PRINCIPLES

A common approach to ethics in health care is to
consider fundamental ethical principles.11 Many cli-
nicians are familiar with the four principles of respect
for autonomy, beneficence, nonmaleficence, and
justice. Popularized by Beauchamp and Childress11

and now central tenets in the ethics education of many
medical trainees, these principles provide a practical
approach to ethically informed medical decision-
making. Although other principles beyond these four
may be relevant for a given case (e.g., truth-telling), we
focus here on these four for the sake of brevity and
simplicity. Importantly, these and other ethical prin-
ciples do not necessarily tell us the “right” thing to do
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(i.e., we cannot choose between treatment A and treatment
B simply by hearkening to the principle of beneficence);
rather, considering these principles together helps guide us
toward an ethically supportable action.

Respect for Autonomy

In Western health care, we place particular emphasis on the
importance of respecting a competent adult’s autonomous
choice to accept (or refuse) a given intervention in the
absence of coercion or undue pressure. A competent adult
may make a decision that their clinician believes not to be in
their best interests, assuming they comprehend the risks/
benefits and other relevant features of the decision.12,13 In
oncology, a paradigmatic example of respect for autonomy
is when offering enrollment in a clinical trial; patient par-
ticipation first requires informed (autonomous) consent to
receive the proposed treatment. We respect the choice
made by the patient and proceed with their care accord-
ingly. The problem with this example is that it assumes
equitable access to treatment choices, when the wealth of
evidence suggests that patients of minoritized racial and
ethnic backgrounds lack access to clinical trials and are
persistently under-represented in clinical research, despite
a similar willingness to participate as White patients.14-16

Thus, can we really claim a universal and equitable respect
for autonomy? Are we really giving all individuals the same
opportunities to exercise their autonomy andmake informed
choices? This problem is only compounded more when we

consider the mistreatment and exploitation of Black patients
by health care professionals and health care research
systems (e.g., the infamous Tuskegee experiments and
many other atrocities). If we truly value the ethical principle
of respecting the autonomy of our patients with cancer, then
we must strive first to ensure equal access to care and
relevant care decisions for all patients with cancer. Similarly,
to gain the trust of all our patients, we must first demonstrate
to them that we are worthy of that trust.

Beneficence

A second relevant principle is that of beneficence, sup-
porting a patient’s best interests. Put simply, beneficence
supports promoting the “good” of an individual. In oncology,
we should consider this principle in nearly all care decisions,
whether collaborating with a patient to choose the treatment
that is expected to maximally extend their survival, optimize
their quality of life, or otherwise support their goals and
values. However, truly promoting the good for all patients,
equitably, assumes that all patients have equal access to
standard oncology care. This is not the case. First, following
the example of clinical research to its conclusion, the
considerable under-representation of patients of color in
genomic databases and precision oncology trials means
that inequitable access to targeted therapies is likely to
continue.17 Second, consider another example of medical
insurance. Oncology care is extremely expensive, and few
patients can afford it without insurance. Because Black,
Latinx, and Indigenous persons of color are less likely than
White people to have medical insurance, at a population
level, they are also less likely to benefit from the full breadth
of oncology treatments.18-21 Indeed, recent work suggests
that Medicaid expansion under the Affordable Care Act
reduces health care inequities and improves outcomes for
patients of color simply by improving access.22 It follows that
practicing beneficence equitably requires all patients to
have equal access to care as well as equal ability to pay.

Nonmaleficence

Nonmaleficence is often considered alongside beneficence
as flip sides of the same coin, as patients and clinicians
together consider how best to balance the benefits and
harms of health care decisions. The Hippocratic Oath is
often colloquially distilled down to “do no harm,” which
ultimately is a statement of nonmaleficence. We see the
focus on this principle in various aspects of cancer care and
research. When a new drug is being developed, for example,
even before its efficacy (beneficence) is examined, early-
phase trials first focus on its safety, to minimize the harm it
causes to patients, before moving on to larger trials aimed at
determining the drug’s benefit. Without equity in the re-
search and clinical settings, how can we claim to be min-
imizing harm to our patients? As described above, without
adequate and equitable representation in the clinical trials

PRACTICAL APPLICATIONS

• The COVID-19 pandemic has shed light on
substantial inequities in U.S. health care, both
in oncology and more generally.

• Fundamental ethical principles, including re-
spect for autonomy, beneficence, non-
maleficence, and justice, demonstrate the
ethical imperative for oncology professionals to
work to overcome inequities in cancer care,
cancer research, and the oncology workforce.

• ASCO and other professional medical organi-
zations have begun various equity-focused ef-
forts, and much more work remains to be done.

• As members of the oncology community, we
each have an ethical responsibility to take steps
to address inequities in our clinical and aca-
demic work. These steps include addressing
interpersonal racism experienced by health
care professionals and patients/families; ex-
amining our own implicit and explicit biases;
and providing anti-racist training for all oncology
clinicians, staff, trainees, and leaders.
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that inform drug approvals and without equitable access to
standard oncology care, we cannot reliably assess the safety
and potential toxicities of new treatments for our patients. In
fact, wemay actually be causing harm in not providing those
options.

Justice

The fourth and final principle we examine in this article is
justice, which can be simultaneously described as the
concept that (1) all persons should be treated alike and (2)
benefits and harms should be distributed equally among
individuals.11 Unfortunately, when we consider equity
through the lens of justice in oncology, we are faced with the
reality that we are falling alarmingly short of our goal of
providing just care to all patients with cancer. Improvements
in oncology care in recent decades have come as a result of
rigorous study and standardization of treatment regimens, in
part through development and use of treatment guidelines.
However, recent work has shown that Black and Hispanic
patients and those with Medicaid insurance receive
guideline-concordant care less frequently than do White
patients and those with other insurance types.23 When
considering this fact in tandem with the concerns raised
above about inequitable access to new cancer therapies
experienced by minoritized patient populations, we must
acknowledge startling injustices inherent in modern cancer
care. As we as the oncology community consider how best
to care for our patients now and in the future, it is imperative
that we make sure that this care is just across all patient
populations.

STRUCTURAL RACISM IN CLINICAL ONCOLOGY PRACTICE

Black people in the United States persistently experience
the highest incidence of certain cancers and have the
highest cancer mortality rates compared with all other racial
and ethnic groups in the United States.7 At the core of these
disparities is structural racism related not only to access to
care but also to differential treatment of minoritized pop-
ulations by health care providers in oncology as well as other
areas of medicine.24-27 Importantly, in tandem with and as
a result of this structural racism, minoritized populations
also encounter various other factors that might contribute to
disparities in health care outcomes (in oncology and more
generally), including residential segregation, police vio-
lence, and incarceration;28 less access to healthy foods and
grocery stores;29 and greater exposure to pollution and
environmental hazards.30

And that is not all. Structural racism also impacts Black
health care trainees and professionals. Systemic exclusion
of Black students from medical schools as a result of racial
disparities in access to high-quality educational opportu-
nities and the financial burden imposed on disadvantaged
students applying to medical school are deterrents to en-
tering the medical profession.31 In fact, although the

absolute number of Black, Latinx, and Native American U.S.
medical school matriculants has increased over time, it has
done so at a slower rate than their growth in the U.S. pop-
ulation, meaning that disparities in representation in medical
school only continue to worsen.32 The downstream effect of
this lack of diversity inmedical education—and, ultimately, in
themedical workforce—is a pervasive and persistent sense of
nonbelonging for both patients and clinicians.

ONGOING ASCO EQUITY INITIATIVES

It is both our responsibility and our ethical obligation as
individual oncologists and as a professional society to
operationalize respect for autonomy, beneficence, non-
maleficence, and justice for patients with cancer of all races
and ethnicities. Several scholars and medical organizations,
including ASCO, have provided guidance on how to begin.33

We highlight a few of these initiatives here, with the un-
derstanding that this work is constantly changing and re-
quires intentional, ongoing efforts.

First, ASCO has created the Social Determinants of Health
Education Series.34 This series of podcasts highlights sev-
eral themes, including the importance of understanding
how social determinants of health impact cancer care and
cancer outcomes; what ASCO as an organization is doing to
promote equity; implantation of the social history with best
practices for connecting patients to services to address their
social needs; and acknowledging and addressing the im-
pact of financial toxicity on quality of care, access to care,
and cancer outcomes as a result of the increasing cost of
cancer care. Together, this series is designed to inform the
ASCO community about social determinants of health in
oncology and, in turn, to promote practice changes leading
to more equitable care.

Second, the steering committees of ASCO and the Asso-
ciation of Community Cancer Centers are collaborating in
work aimed at prioritizing the participation of Black and
Latinx persons in clinical trials.35 This initiative endeavors to
engage the oncology community in addressing the long-
standing and worsening racial and ethnic disparities in
cancer clinical trial participation,14-16 ultimately aiming to
improve equitable access to cancer clinical trials. Included
in this effort is an open call to members for novel strategies
and practical solutions that address this incredibly impor-
tant shortcoming of the oncology clinical trial infrastructure.

Third, in the wake of the vast changes to oncology clinical
care and research required because of the COVID-19
pandemic, ASCO recently published the report of its “Road
to Recovery” task force, which engaged leaders in clinical
care and research from across the oncology community to
examine how patient care and clinical research can be
improved in the wake of our experiences with COVID-19.36

Included in the recommendations offered in the report are
calls for renewed efforts to promote equitable access to cancer
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care and research, including rigorous collection of socio-
demographic data in all trials and registries and intensified
efforts to eliminate barriers to high-quality cancer care for all.

Finally, the need to address workforce diversity is also being
recognized, including how individuals and organizations
should support, train, recruit, and retain diverse providers
who mirror the demographics of the patients they serve.
Although approximately 13% of the U.S. population is Af-
rican American and 18% is Hispanic, only 2.3% and 5.8%
of the oncology workforce self-identify as African American
and Hispanic, respectively.37 ASCO’s 3-year (2017–2020)
strategic plan for increasing racial and ethnic diversity in the
oncology workforce outlines three short-term goals already
underway within the organization to establish pathways for
medical trainees to enter the oncology workforce (including
mentorship and policy solutions), expand diversity in ASCO
leadership, and integrate diversity across all ASCO programs
and initiatives.38 It is also important to note that ASCO
provides ongoing support to promote workforce diversity
through initiatives such as the Medical Student Rotation
(https://www.asco.org/research-guidelines/grants-awards/
funding-opportunities/medical-student-rotation-underrepresented-
populations) and the Resident Travel Award (https://www.
asco.org/research-guidelines/grants-awards/funding-
opportunities/resident-travel-award-underrepresented-
populations) for trainees from populations under-represented
in the field of oncology.

A CALL TO ACTION

With this context in mind, it is an ethical imperative that we,
as members of the oncology community, take steps to
address the inequities we see in oncology. This includes

inequities both in and experienced by the oncology work-
force as well as those experienced by our patients.

First, it is incumbent upon us to address the unjust and
unequal treatment of people of color in our work environ-
ment. Interpersonal racism experienced by providers of
color is not uncommon. It is an ethical imperative to use
our positions as health care leaders (physicians, nurses,
managers, etc.) to recognize and address racism and dis-
crimination of all kinds in our day-to-day practices.39,40 As
oncologists, we must take on the responsibility of identifying
and responding to racism during medical encounters. We
must have policies that allow, if not require, us to report
repeated offenders of discriminatory and/or unjust acts and
ensure a culture of inclusivity in the workplace. Additionally,
our institutions have a responsibility to clinicians, staff, and
trainees of color that should include high-quality anti-racism
training, particularly for leaders to identify and respond to
racism in the workplace,41 including in medical docu-
mentation, which has been shown to demonstrate both
implicit and explicit racial biases.42 Adopting anti-racist
skills, procedures, policies, and documentation practices
can form the basis for evidence-based practices on how to
address racism in the workplace, whether it affects clini-
cians, trainees, staff, and/or patients.

Furthermore, as members of the oncology workforce, our
ethical responsibility also includes examining our own im-
plicit and explicit biases, because both impact how we
evaluate our patients, make assessments, provide recom-
mendations, and ultimately deliver care. Increased awareness
of our own biases will challenge the practices that perpetuate
disparities and inequities in cancer care and outcomes.43

TABLE 1. Recent Statements by Professional Medical Organizations About Racism and Health Equity
Organization Statement Link to Statement Notable Statement Features

National Institutes
of Health

“NIH stands against structural
racism in biomedical research”

https://www.nih.gov/about-nih/who-we-are/
nih-director/statements/nih-stands-against-
structural-racism-biomedical-research

Focuses on ending structural racism and
racial inequities in research

Introduces UNITE initiative

National Cancer
Institute

“NCI statement on ending structural
racism in biomedical research”

https://www.cancer.gov/news-events/press-
releases/2021/nci-statement-unite-end-
structural-racism

Supports NIH statement and efforts
through UNITE initiative

Additional focus on diversity of cancer
research workforce

American Medical
Association

“How the AMA is reshaping its path
toward racial equity”

https://www.ama-assn.org/delivering-care/
health-equity/how-ama-reshaping-its-path-
toward-racial-equity

Launching of AMA Center for Health
Equity and hiring of chief health equity
officer

Describes AMA efforts and partnerships
to advance health equity in practice

Association of
American
Medical Colleges

“Addressing and eliminating racism at
the AAMC and beyond”

https://www.aamc.org/addressing-and-
eliminating-racism-aamc-and-beyond

Highlights four-pillar plan for promoting
diversity, equity, and inclusion at AAMC
and in academic medicine

Focuses on community collaborations in
academic medicine with equity aims

Abbreviations: NIH, National Institutes of Health; NCI, National Cancer Institute; AMA, American Medical Association; AAMC, Association of American
Medical Colleges.
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Centering our patients’ voices during the medical history;
spending sufficient time with our patients; and practicing
cultural humility, respect, and beneficence will promote better
communication and engender trust. Guidance on how we can
adopt practices within our medical education system to ed-
ucate our trainees on racial justice in the care of our patients is
available and should also be a core component in our con-
tinuing education for professional development.44

Importantly, ASCO is not the only organization actively
addressing these important issues, so we as individuals should
not feel that we are starting from scratch in identifying how best
to respond to the ethical imperative of tackling racial inequities in
cancer care. Table 1 presents a nonexhaustive list of recent
public-facing statements about racism and health care in-
equities from organizations relevant to the oncology community,
which may be considered alongside the ASCO statements
referenced earlier. We do not intend to voice support for any
particular organization or its statement (or to imply disagreement
with any statement not included here). Rather, we hope that
these statements and the concepts and resources they refer-
ence can serve as a starting point for individuals and institutions

in the oncology community looking to build equity initia-
tives and/or enhance equity in their clinical and research
practices. Achieving equity in oncology is indeed an ethical
imperative, and this is not an effort that any of us must
undertake alone.

CONCLUSION

Last year changed the waywe live and interact in U.S. society.
It is unclear if and how those changes will endure. One thing
is certain, however: we will never forget. Let us use the hard-
learned lessons of 2020 to change oncology practice for
good. Let us reconsider the principles of respect for auton-
omy, beneficence, nonmaleficence, and justice through the
lens of structural racism and inequity. Let us come together
as individuals and as a clinical oncology community to create
positive change, reduce disparities, and ultimately provide
better care for all our patients, now and in the future.
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overview

Notable barriers exist in the delivery of equitable care for all patients with cancers. Social determinants of

health at distal, intermediate, and proximal levels impact cancer care. Patient navigation is a patient-centered

intervention that functions across these overlapping determinants to increase access to cancer services

throughout the cancer care continuum. There is a need to standardize patient navigation training while

remaining responsive to local contexts of care and a need to implement patient navigation programs with

a health equity lens to address cancer care inequities.

Barriers to equitable access and appropriate care
coordination stand in the way of achieving equity in
cancer care and delivering high-quality care to all
patients with cancer. Notable advances in cancer
prevention, cancer screening, and the development of
effective cancer treatments have contributed to im-
provements in outcomes for patients with cancer.1

However, the benefits of these advances are not
shared equally, and great disparities persist in
cancer outcomes by race/ethnicity, socioeconomic
status, sex, and geography.1 It is well documented
that Black women experience higher rates of mor-
tality from breast cancer,2 Black men experience
higher rates of incidence and mortality from prostate
cancer,3 and Hispanic and Latinx women are more
likely to be diagnosed with later-stage breast cancer
and experience delays in diagnosis and treatment.4

Despite wider implementation of colorectal cancer
screening, rates remain low in racial and ethnic
minority patients, low socioeconomic status pop-
ulations, women, and patients who speak a primary
language other than English.5,6 In addition to sys-
temic racism, socioeconomic status, insurance, geo-
graphic location, language, and immigration status
are important determinants of cancer outcomes.7-12

The differences in cancer survival are related to
structural barriers to accessing care and overt docu-
mented differences in the delivery of evidence-based
care.13-15

Patient navigation is a patient-centered intervention
designed to improve patient experiences and the de-
livery of cancer care. Patient navigation is defined as
a “community-based service delivery intervention
designed to promote access to timely diagnosis and

treatment of cancer and other chronic diseases by
eliminating barriers to care.”16 Dr. Harold Freeman
created the first patient navigation program in Harlem
in 1990 to expand access to cancer screening and
follow-up after abnormal results for African American
women living in the area and successfully improved
survival for women with breast cancer.17,18 Thus, pa-
tient navigation in its origin is rooted in health equity
and responsiveness to entrenched barriers to care for
underserved patients with cancer. Recognizing the role
of patient navigation in addressing disparities, the U.S.
Congress passed the Patient Navigation Outreach and
Chronic Disease Prevention act in 2005 and created
a funding mechanism designed to support research on
the impacts of patient navigation.19 In 2010, the Patient
Protection and Affordable Care Act specifically iden-
tified patient navigation as a strategy to facilitate in-
surance access.20 Navigators funded through federal
grants assisted consumers seeking health insurance
coverage in confirming their eligibility and enrolling in
coverage through marketplaces.21 This important in-
tervention sought to address the association of a lack of
insurance with worse cancer outcomes11 and the fi-
nancial toxicity associated with cancer treatments.22

Since then, several policy initiatives have supported
implementation of patient navigation programs. For
example, in 2012, the American College of Surgeons
Commission on Cancer required all Commission on
Cancer–accredited organizations to have a patient
navigation program for cancer care.

In this review, we examine the impact of patient navi-
gation in addressing health inequities across the cancer
continuum and explore future directions in patient
navigation to provide equitable care.
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HOW PATIENT NAVIGATION ADDRESSES
CANCER DISPARITIES

Causes of health disparities can be divided into three
overlapping and intersecting levels of determinants, which
are described as population, social context, and individual/
interpersonal levels.23 Distal determinants that occur at the
population level include policies that impact socioeconomic
status, accessibility, availability and quality of health
services, and housing status.23 The intermediate level,
social context, includes communities, neighborhoods, and
health systems. Determinants at this level include housing
segregation, persistent poverty, and educational access/
experiences. The third level includes individual socioeco-
nomic status, race/ethnicity, sex, health literacy, and ca-
pacity to address health care needs.23 Health behaviors,
although considered individual determinants, are shaped by
the intermediate and distal contexts. For example, negative
effects of neighborhood determinants can be improved with
social connectedness by increasing social relationships,
networks, and engagement,23 and these networks and
social capital can then play important roles in individual
health behaviors.24 As a relational intervention that builds on
interpersonal trust and, often, cultural consonance, patient
navigation is likely to have strong impacts on individual-level
factors, such as quality and clarity of communication be-
tween patients and providers, including limited knowledge
and cultural beliefs, access to culturally and linguistically
consonant information, and timely and appropriate care.25

Furthermore, patient navigation addresses the three over-
lapping levels of determinants and works across them,
assisting patients and families throughout the cancer care
continuum (Fig. 1).26

Several studies have reported multilevel barriers to cancer
care, including transportation problems, inability to speak
English, lack of insurance, financial concerns, lack of social

support, lack of information about patient care resources,
and poor patient-provider communication.27 The U.S.
health care system is very complex, consisting of a patch-
work of government insurance, private insurance, and the
uninsured, with a range of health care structures, from small
rural practices and low-resource public clinics and hospitals
to heavily subscribed urban public hospitals and large
academic medical centers and comprehensive cancer
centers. Patients with cancer must navigate this fragmented
patchwork of health care entities to receive care while
traversing other seemingly insurmountable challenges, in-
cluding the confusing complexity of interdisciplinary cancer
treatment. The advantage that well-educated and affluent
health care consumers possess, besides the ability to ab-
sorb and integrate a certain proportion of complex medical
information and to advocate for themselves, is knowledge of
and access to formal and informal health care networks.
These health care networks are largely invisible to racial and
ethnic minority patients, those with low educational at-
tainment, and those with limited English language pro-
ficiency. Patient navigators act as a relational bridge,25

connecting disenfranchised patients to complex networks
and processes of cancer care systems. Moreover, they are
trusted intermediaries who also educate patients about the
diagnostic and treatment processes and support health-
related decisions across the continuum of care, from
screening, diagnosis, and treatment to cancer survivorship.
The services that the patient navigators may provide in-
clude assistance with transportation, interpretation,
applying for insurance, filling out medical forms, sched-
uling and coordinating appointments, providing emotional
and psychosocial support (especially during uncertainties of
diagnostic procedures and treatment), providing education
about treatment and follow-up, and community-based re-
sources (Table 1).28 The provision of these services ad-
dresses inherent inequities in access to cancer care and may
influence disparities in cancer outcomes.

ROLE OF PATIENT NAVIGATION IN THE CONTINUUM OF
CANCER CARE

The goal of patient navigation is to increase access to timely
and appropriate cancer care. The most important and
earliest data come from Dr. Harold Freeman, who piloted
the first patient navigation program in Harlem. By increasing
access to and reducing delays in follow-up care, his pilot
demonstrated an improvement in 5-year survival for Black
women from 39% before the program to 70% during the
pilot.29 Subsequently, several studies have reported that
patient navigation increases screening for breast cancer and
gynecologic cancers.30,31 Based on this encouraging data, the
effectiveness and scope of patient navigation were studied in
relation to cancer screening, diagnosis, treatment, survivor-
ship, and palliative care. The Patient Navigation Research
Program, a multisite, randomized controlled trial conducted in

PRACTICAL APPLICATIONS

• Advances in cancer treatments have not
benefited racial/ethnic minority patients and
patients with low socioeconomic status equally.

• Patient navigation is an important intervention
that addresses cancer disparities throughout
the cancer care continuum.

• There are several models of patient navigation
that can be tailored to the needs of patients and
health care systems.

• Future implementation of patient navigation
informed by current challenges in cancer care
is needed to achieve cancer care equity and
improve cancer disparities.
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heterogeneous settings, compared patient navigation to usual
care with outcomes that included time to diagnosis and
treatment, patient satisfaction, and cost effectiveness.32 Par-
ticipants in this study were predominantly from racial/ethnic
minority groups (73%); 40% were publicly insured, and
31% were uninsured. The study showed that navigation
was beneficial for both diagnostic resolution and treatment
initiation.33,34 The greatest benefit of patient navigation was
seen in centers that had the greatest delays in care.35

Cancer Prevention and Treatment Demonstration, an-
other multisite study, showed similar benefits from navi-
gation for African American women, with the strongest
effect seen in women who were not up-to-date with
mammography screening.36 These data suggest that pa-
tient navigation can be specifically targeted to a high-risk
population and can play a pivotal role in increasing access
to care in the public health care systems that dispropor-
tionately care for patients with many barriers.37

A randomized controlled trial that identified patients at risk
for nonadherence from a population-based health in-
formation technology algorithm used in primary care clinics
and community health centers, and that assigned partici-
pants to receive either patient navigator support (intervention)
or usual care (control) also found higher screening rates for
breast, colon, and cervical cancers in the intervention arm
than in the control arm.38 Although the analysis of pooled data
from the Patient Navigation Research Program sites did not

show any difference in quality of life, a smaller randomized
trial showed that women who received a nurse navigator
intervention after diagnosis had significantly greater satis-
faction and rehabilitation and experienced lower levels of
distress, anxiety, and depression.39 Several studies have
sought to examine the effect of patient navigation on receipt
of treatment after diagnosis. Although these data have been
mixed, Ramirez et al40 reported that a significantly higher
percentage of Hispanic and Latinx women assigned to a cul-
turally tailored navigation intervention initiated treatment within
30 days (69.0% vs. 46.3%; p, .05) and 60 days (97.6% vs.
73.1%; p , .001) and experienced a significantly reduced
time to treatment (mean, 22.2 days vs. 48.3 days) compared
with controls.41

Patient navigation can be especially helpful in support for
education and lifestyle changes in survivorship care and
improved health-related quality of life.39 Gabitova et al25

showed, in a northern California safety net hospital, that
patient navigation increased collaboration between patients
and providers and facilitated better understanding of their
care process. The implementation of a culturally tailored
intervention to improve palliative care for Spanish-speaking
patients in a study by Fink et al42 had lay patient navigators
address the concerns of patients and their families and
reduce barriers to palliative care. Patel et al43 conducted
a randomized study of a lay health worker intervention
designed to document goals of care. The intervention not

FIGURE 1. Role of Patient Navigation in Health Equity
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only increased the documentation of goals of care but also
reduced health care use and cost of care at the end of life.43

Real-world examples of patient navigation suggest that it not
only improves care and reduces care delays but may also
reduce costs by decreasing unnecessary resource utiliza-
tion, such as emergency visits, and may increase revenue
by improving patient and provider retention.44 Despite
documented, positive patient outcomes data and despite
documentation of the patient navigator role in addressing
inequities and improving access to care, most patient
navigation programs remain reliant on philanthropic fund-
ing, with limited funding from state and federal governments
and from insurers.

MODELS OF PATIENT NAVIGATION

Patient navigation is modeled on case management or care
management principles and consists of four components:
(1) case identification to identify individuals most at risk; (2)
barrier identification; (3) individual care plan development;
and (4) case tracking to ensure completion of care.32 Patient
navigation may differ according to the phase of cancer
treatment to be navigated and the patient navigation pro-
vider themselves. Patient navigation may be provided by
health care professionals (nurses and social workers), by lay
health workers, by multidisciplinary navigation teams con-
sisting of lay health workers and health professionals, and/or
by cancer survivors.45-47 Navigators in the Patient Navigation
Research Program, for example, were required to have
a high school diploma or general education diploma, but the
education level varied from high school to Masters of Social
Work and Public Health.32 A multidisciplinary team model,
including both nurses and lay patient navigators, functioned
in some of the Patient Navigation Research Program sites.
Several patient navigators in the Patient Navigation Re-
search Program also had other health care–related training

as medical assistants and radiation technologists. Napoles
et al48 reported the impact of community-based peer
support intervention on breast cancer–related quality of life,
wherein trained breast cancer survivors provided stress
management support to patients undergoing breast cancer
treatment. One option is to consider a longitudinal patient
navigation matrix model that is a multidisciplinary model
across the cancer continuum, incorporating different per-
sonnel according to the patient needs at key time points and
connecting through the electronic medical records.49 The
state of the science currently does not support one model
over another, and the decision to implement one model
versus another should take into account the local context,
including the phase of cancer continuum, resource con-
straints, and the need for bilingual and culturally competent
navigators. For example, at Zuckerberg San Francisco
General Hospital, a public hospital providing care to low-
income residents of San Francisco, the cancer navigation
program consists of lay patient navigators, including bi-
lingual Spanish/English and trilingual Cantonese/Mandarin/
English speakers, and is funded by the San Francisco
Department of Public Health. The patient navigators are
assigned according to language concordance, and they
provide case management and assist patients who are di-
agnosed with cancer from diagnosis and treatment to
survivorship, navigating patients to different cancer care
services that are provided across more than one health care
institution.25

PATIENT NAVIGATION TRAINING

There is much variability in both the training of patient
navigators and the performance of navigation by an indi-
vidual or a team. A review of 59 studies of patient navigation
found that there is no consistent patient navigation train-
ing.50 Although patient navigator training is mentioned as

TABLE 1. Barriers Addressed by Patient Navigation
Barrier Description of Barriers Example of Navigation Strategies

1. Insurance: uninsured, underinsured, copays, inability to get procedures
or medications

Help identifying resources for insurance coverage, help filling out forms
for insurance

2. Language and cultural barriers Interpretation and addressing fears and beliefs about cancer treatments

3. Communication Making sure that patients understand the recommendation and that
providers are aware of patient preferences and values

4. Care coordination Making sure appointments are scheduled and multidisciplinary care is
coordinated, facilitating primary care referral

5. Transportation Assistance with transportation

6. Financial problems Referral for housing and food assistance services

7. Symptoms burden and survivorship care needs Facilitate communication with provider, referral to community-based
resources

8. Lack of social support Provide additional layer of support and referral to support groups and
community resources
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a requirement in all accreditation standards—for example,
in the Commission on Cancer and in health care legis-
lation—there currently is no recognized standard or certi-
fication for patient navigation training. Recently, some
universities have begun to offer training for patient navi-
gation. However, it remains unclear what components this
training should include. It is important that patient navi-
gation training specifically addresses barriers to care, range
of appropriate services, and where and how patient navi-
gation intersects with (but does not duplicate) services
provided by social workers. Patient navigation training may
be informed by the field work conducted within the Patient
Navigation Research Program and other studies that de-
scribe the type of services that navigators provide.25,51

There are two established programs for patient navigation
training: the Harold P. Freeman Patient Navigation Institute
and the Colorado Patient Navigator Program. In addition,
the Patient Navigation Research Program developed their
own program-specific training curriculum.28,52 Braun et al53

reported on their community-based research methods to
design a patient navigation training curriculum for outreach
to Native Hawaiians.53 The content of the training in pub-
lished studies such as these has focused on topics related to
patient care. These topics include care coordination, barriers
to care, and skills development (e.g., cultural competency,
communication, and maintaining professional boundaries).
To our knowledge, there are no data on a specific type of
training and composition of training and its impact on
patient outcomes. Formalizing some training components
and incorporating local context, including knowledge of
disparities, barriers, and strategies to overcome these
barriers, is needed.

FUTURE DIRECTIONS IN PATIENT NAVIGATION AND THE
ADVENT OF TELEHEALTH

The COVID-19 pandemic has laid bare the disparities that
have existed and are rooted in social injustice and systemic
racism. These disparities are evident in the neighborhood-
based inequities that underlie the cancer outcomes in the
United States, giving new urgency to the phrase “zip code,
not genetic code.”54 Unfortunately, the pandemic has had
notable impacts on cancer care. Racial and ethnic dis-
parities in cancer outcomes are being exacerbated by
disruptions and delays in screening, diagnosis, and cancer
treatment as staff and institutional resources are reallocated
to pandemic care. Survivorship needs have been depriori-
tized as resources shift to meet the demands of COVID-19. It
is time to systematically address these disparities with tools
such as patient navigation. The data thus far have shown that
patient navigation is an important tool for improving patient
care and is most impactful for patients who experience many
barriers. Patient navigation can and should be used in out-
reach to patients who have delayed screening and diagnostic

procedures because of the pandemic and to help expedite
treatment of patients diagnosed with cancer.

Wide adoption of telehealth in cancer care and primary care
may also amplify existing disparities. Many patients lack
access to the internet or devices such as laptops or tablets
andmay not feel as connected with their health care team in
the current virtual telehealth model. It is likely that telehealth
will remain an important aspect of health care for the
foreseeable future, providing us with an opportunity to re-
imagine patient navigator training and update training pro-
tocols to integrate patient navigation into the telehealth model
of care. Patient navigation may serve as an empowerment
tool to provide training for patients to engage with their health
care team, not only in telehealth clinical encounters but also
in accessing and using their electronic medical records to
actively participate in their care. As in the physical clinic,
underserved patients and patients with low English pro-
ficiency who are diagnosed with cancer will benefit from
virtual or telehealth patient navigation to facilitate their en-
gagement with and understanding of their care processes.

An unexplored research area is the use of electronicmedical
records data to target patient navigation. Although it is ideal
for every patient to have access to navigation, limited re-
sources make this impractical. Patient navigation may be
better directed by using electronic medical records data on
social determinants of health to target the patients who face
the most barriers to care, thus making this intervention most
financially feasible and impactful. Moreover, patient navi-
gation can also be a catalyst to increase cancer clinical trial
participation, because patient navigation can address lin-
guistic and literacy barriers,55 particularly in therapeutic
clinical trials, in which the enrollment of patients with low
socioeconomic status, patients from racial and ethnic mi-
nority groups, and patients who do not speak English re-
mains a major goal.56 Patient navigation has the potential to
extend clinical trial opportunities to patients outside of large
academic cancer centers by increasing knowledge about
clinical research while providing practical and social sup-
port.55 An additional layer of support to clinical trial partici-
pants is also likely to encourage investigators and research
teams to include patients outside the traditional realm of
cancer pharmaceutical research.

Another unexplored area for patient navigation is as an ad-
junct to patient-reported outcomes and electronic patient-
reported outcomes for symptom monitoring in patients re-
ceiving treatment to improve the patient experience and the
delivery of supportive care. Care guided by patient-reported
outcomes and electronic patient-reported outcomes has
been shown to improve patient outcomes, but not all cancer
centers establish these interventions to direct care.57 Trained
patient navigators can provide a human element and high-
touch support to patients who are identified as in need of
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additional services through patient-reported outcomes/
electronic patient-reported outcomes assessment and can
alert medical teams to particular patient needs, thus re-
ducing the burden on clinicians while providing additional
support to patients.

Other existing gaps in research include the paucity of re-
search on the impacts of patient navigation training on
health care–related outcomes and agreement on outcome
measures that should be used to define success. Though
some limited data exist on the cost effectiveness of in-
creasing patient and physician retention and reducing
health care utilization, more robust research on cost ef-
fectiveness is needed.43,44 We recommend focus on
implementation-based research in patient navigation, which
should include quantitative metrics—such as impact on
number of screenings, adherence to diagnostic procedures
and treatment, number of missed appointments, as well as
patient satisfaction with care, mortality, costs, and return on
investments—delivery of evidence-based guidelines con-
cordant care, and the perspectives of stakeholders (pa-
tients, providers, and navigators). Most navigation programs
have focused on breast, cervical, colon, and (to a smaller
extent) prostate cancers, and there is a paucity of research
addressing patient navigation in a wider spectrum of can-
cers, particularly in lung cancer, for which cancer screening
is now recommended.

ESTABLISHING A PATIENT NAVIGATION PROGRAM WITH A
HEALTH EQUITY LENS

Although every patient with cancer can benefit from navi-
gation and the additional support it provides, financial
considerations limit the widespread implementation of pa-
tient navigation for cancer. If patient navigation imple-
mentation fails to take into account existing disparities,
assessment of barriers, and a consistent plan to address the
inequities in care, it has the potential to exacerbate the

existing disparities. We recommend the following steps to
implement a navigation program with a health equity lens:

1. Comprehensive assessment to establish baselinemetrics
of local inequities at the institutional and city/county level
and gaps in care;

2. Documentation of Patient Navigation Research Program–

identified barriers in the electronic medical records and
implementation of social risk factor screeners to direct patient
navigation;

3. Establishment of locally informed patient navigation
programs with structures responsive to the patient pop-
ulation (e.g., appropriate language capacities), barriers
(e.g., links with housing and food security resources,
transportation support), and institutional constraints (e.g.,
interdisciplinary care structure);

4. Creation of a competency-based56 patient navigation
training program, including communication training, over-
view of cancer care, local context, and resources within the
health care systems and community-based resources and
partnerships; and

5. Ongoing evaluations specifically addressing implementa-
tion to understand how well the intervention works for the
intended population, how effective it is in addressing social
needs and improving treatment adherence/completion,
and what barriers and facilitators exist to patient navigation.

Finally, patient navigation is an important tool in achieving
health equity and delivering outstanding cancer care to
every patient, every day, everywhere.
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overview

People experiencing homelessness are particularly vulnerable when diagnosed with pancreatic cancer.

Patients with lower socioeconomic status have worse outcomes from pancreatic cancer as the result of

disparities in access to treatment and barriers to navigation of the health care system. Patients with lower

socioeconomic status, or who are vulnerably housed, are less likely to receive surgical treatment even when it

is recommended by National Comprehensive Cancer Network guidelines. This disparity in access to surgical

care explains much of the gap in pancreatic cancer outcomes. There are many factors that contribute to this

disparity in surgical management of pancreatic cancer in people experiencing homelessness. These include

a lack of reliable transportation, feeling unwelcome in the medical setting, a lack of primary care and health

insurance, and implicit biases of health care providers, including racial bias. Solutions that focus on rectifying

these problems include utilizing patient navigators, addressing implicit biases of all health care providers and

staff, creating an environment that caters to the needs of patients experiencing homelessness, and improving

their access to insurance and regional support networks. Implementing these potential solutions all the way

from the individual provider to national safety nets could improve outcomes for patients with pancreatic

cancer who are experiencing homelessness.

THE BURDEN OF PANCREATIC CANCER IN PEOPLE
EXPERIENCING HOMELESSNESS

Upwards of 3.5 million people experience homeless-
ness annually in the United States alone. A person
experiencing homelessness is defined as someone
who lacks a fixed, regular, and adequate nighttime
residence and who lives in a shelter or place not
designated for human habitation (i.e., street-side,
abandoned buildings); someone at imminent risk for
housing loss within the next 2 weeks; and someone
fleeing from domestic violence with inadequate re-
sources to obtain other permanent housing.1 People
experiencing homelessness have markedly poorer
health outcomes, and are three to four times more
likely to die than the general population.2 When
compared with other fields, such as infectious disease
and malnutrition, the epidemiology of cancer has been
understudied in this population despite the potential
for adverse cancer outcomes. People experiencing
homelessness have a higher burden of behavioral,
environmental, and biologic risk factors that pre-
dispose them to developing cancer, including cigarette
smoking (68%–80% of people experiencing home-
lessness) and alcohol abuse (30%–63% of people
experiencing homelessness).2 At the same time,
access to cancer screening in this population is
suboptimal at best. Competing priorities of managing

day-to-day subsistence needs may detract from the
perceived importance of cancer prevention and screen-
ing. People who are homeless also experience barriers
to diagnosis and treatment. Many lack insurance (70%
of Health Care for the Homeless clients do not have
health insurance) and thus forego necessary medical
care.2 Inadequate health insurance is itself a cause of
homelessness.2 Lack of knowledge may also contrib-
ute to not seeking timely medical care among in-
dividuals who are homeless, as seen in instances
where reduction in structural barriers to cancer
screening is not met with an upswing in utilization of
provided screening tests. There are many possible
explanations for this discrepancy, including antici-
pated discomfort, misperceptions about cancer risk,
lack of knowledge regarding site of screening or
treatment, and lack of transportation.3 Provider-
specific factors may also play a role. Implicit bias of
a provider can have an explicit impact on health care
provided to a patient with cancer experiencing
homelessness.4

Metrics used to assess cancer burden in this pop-
ulation are based on extrapolation of risk factors and
demographics. In combination with the aforemen-
tioned behavioral risk factors (i.e., cigarette smoking,
alcohol abuse), age may most effectively capture the
burden of cancer, particularly pancreatic cancer, in
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this population. The population of single adults experiencing
homelessness is aging. Baby boomers, those born between
1954 and 1967, are disproportionately likely to experience
homelessness in the United States.5 Cancer, particularly
pancreatic cancer, disproportionately affects older adults.
Two-thirds of those at risk for developing pancreatic cancer
are older than age 65, with the average age at diagnosis
being 70. Almost all patients at risk for developing pan-
creatic cancer are over age 45.6

Homelessness is also associated with multiple behavioral
determinants of health that increase the risk for pancreatic
cancer. People who smoke have double the rate of pan-
creatic cancer, with persistent increased risk for at least
10 years after smoking cessation.7 Heavy alcohol con-
sumption also increases the risk of pancreatic cancer,
particularly in people who smoke.7 Adults who are homeless
are six times as likely to endorse current alcohol abuse as

the domiciled population, and 40% have a history of alcohol
abuse.8 A large-scale study of 30,000 Massachusetts adults
experiencing homelessness found alcohol-attributable mor-
tality to be six times that of the general population, and
smoking-attributable mortality to be three times that of the
general population.9 Almost 80% of people who are
homeless smoke, which is more than double the rate of
other low-income populations, and contributes to their high
rates of smoking-related cancers.10 These behavioral factors
play a role in the increased cancer disease burden in pa-
tients who are homeless.11

There is, therefore, a need for more strategies to improve
cancer care for individuals who are homeless. The impetus
for exploring strategies to improve diagnosis and treatment
of cancer in patients who are homeless stems from affirming
access to medical care as a human right.12 This review aims
to (1) illustrate the disparities in pancreatic cancer care and
outcomes in the people experiencing homelessness rela-
tive to the general population, (2) review relevant factors
at play (patient-specific, provider-specific, structural and
systemic), and (3) propose solutions (personal, systemic,
and regional).

DISPARITIES IN PANCREATIC CANCER OUTCOMES AND
ACCESS TO TREATMENT FOR PATIENTS EXPERIENCING
HOMELESSNESS: SURGERY IS KEY

There are significant socioeconomic disparities in the man-
agement and mortality of pancreatic cancer. Lower socio-
economic status, as well as the logistic and financial
barriers of homelessness, can make it difficult for pa-
tients to travel for medical treatments. This is particularly
important in pancreatic cancer, where treatment at high-
volume centers is associated with better surgical out-
comes and survival.13 On average, patients treated at
academic centers have to travel 50 miles further than
those treated at community programs.14 Socioeconomi-
cally disadvantaged patients are less likely to travel to
high-volume centers.15 When these disadvantaged pa-
tients are treated at high-volume cancer centers, their
socioeconomic status is no longer predictive of survival,16

indicating that improving access to treatment can ad-
dress socioeconomic disparities in outcome.

These disparities amount to significant differences in
treatment and survival for low-income patients with pan-
creatic cancer. Patients with lower socioeconomic status
have been found to be less likely to get treatment compliant
with National Comprehensive Cancer Network guidelines,
with associated increases in mortality.17 They are also less
likely to participate in clinical trials, missing out on the
potential survival advantages of these trials.18 One large
study revealed a strong correlation between increasing
socioeconomic status and increasing overall survival from
14 months in the lowest socioeconomic status group to

PRACTICAL APPLICATIONS

• Disparities in the care of people experiencing
homelessness who have cancer are influenced
by patient factors (such as the increased bur-
den of behavioral and environmental risk fac-
tors), health care provider and staff biases, and
systemic and regional factors.

• Lower socioeconomic status and the logistic
and financial barriers of homelessness can
make it difficult for patients to access medical
treatment. When these patients have pancreatic
cancer, they are less likely to receive appro-
priate surgical treatment, which is associated
with disparities in survival.

• Utilizing patient navigators helps patients who
are homeless navigate the health care system
and overcome potential barriers to care, such as
transportation issues, unstable housing, medi-
cal insurance, and care coordination.

• Providers and staff can foster patient-provider
trust and relationships by recognizing implicit
biases, creating a welcoming environment for
patients, and practicing self-awareness,
perspective-taking, individuation, and better
communication to minimize the effect of their
biases on patient care and health outcomes.

• Implementing system-wide and regional strat-
egies such as effective street-medicine pro-
grams, engagement with nonprofit and faith-
based social safety nets, and increased access
to health insurance will improve health care
delivery to people experiencing homelessness
who have pancreatic cancer, which may flatten
disparities in patient outcomes.
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20 months among those with the highest socioeconomic
status.19 This indicates that meticulously and deliberately
modulating the treatment of lower-socioeconomic-status
patients with pancreatic cancer, in an effort to match care
provided to patients of high socioeconomic status, could
provide significant improvements in overall survival for low-
income patients and those experiencing homelessness.

Although management of pancreatic cancer is multimodal,
often involving chemotherapy, radiation, and operative re-
section, the economic divide is particularly stark in the
surgical treatment of patients with pancreatic cancer. In an
analysis of 56,000 patients with stage I/II pancreatic cancer
using the National Cancer Database, lower socioeconomic
status and being uninsured were independent negative
predictors of receiving surgical resection.20 A large Florida
cancer center registry showed that patients with lower so-
cioeconomic status are less likely to receive surgical
treatment even when matched for disease state and tumor
grade.21 These socioeconomic inequalities in rates of
pancreatic cancer resection were present even in countries
with universal health insurance.22 Although all low-income
patients are less likely to receive operative intervention,
increasing levels of residential instability further predicted
a decreased likelihood of undergoing surgical resection.23

This shows that patients of lower socioeconomic status, and
particularly the vulnerably housed among them, are not
receiving pancreatic cancer resections at rates consistent
with economically privileged groups.

The disparity in operative intervention for pancreatic cancer
explains the poor outcomes of patients with lower socio-
economic status. More deprived areas with lower access to
surgical resection had worse outcomes, even in studies that
found no difference in access to chemotherapy.24 Although
generally there is a strong correlation between low socio-
economic status and worse overall survival, the correlation
between socioeconomic status and survival disappears after
surgical resection.22 When more marginalized patients are
able to receive an operation, there is no association between
housing instability or material deprivation and overall sur-
vival or receipt of adjuvant therapy.23 Given that only half of
patients with stage I/II pancreatic ductal carcinoma received
an operation, addressing disparities to surgical access could
affect the outcomes for many patients with pancreatic
cancer.20 Access to resection is key for reducing survival
inequalities in pancreatic cancer.

PATIENT, PROVIDER, AND SYSTEMIC FACTORS THAT
CONTRIBUTE TO DISPARITIES IN THE CARE OF PATIENTS
WITH PANCREATIC CANCER
EXPERIENCING HOMELESSNESS

There are many factors that contribute to the disparities in
the care of patients with pancreatic cancer experiencing
homelessness, ranging in scope from individual patient and

provider factors to structural and systemic contributions.
Patients who are experiencing homelessness are more likely
to present with more complex and challenging needs
compared with the general population as the result of
a disproportionate burden of acute and chronic medical
comorbidities compounded by mental illness and sub-
stance use.25-27 This is further exacerbated by social de-
terminants that affect the health of this population, including
race/ethnicity (disproportionately from disadvantaged mi-
nority groups), lack of reliable transportation (with many
relying on walking and public transportation), lower health
literacy levels, and lack of a consistent address or residing in
places that are not conducive for recovery.27-30 All of these
factors may pose as additional barriers to health care ser-
vices access, including cancer screening, appropriate
discharge disposition, communication with the health care
team, consistent follow-up, and ability to effectively navigate
the often-convoluted maze of the health care system.
Limited financial resources; lack of access to screening,
counseling, guidance, and opportunities; fear of invasive
screening and screening results; embarrassment about the
screening procedure; fatalistic views of cancer; and a lack of
trust in health care professionals have all been identified as
barriers to cancer screening among individuals experi-
encing homelessness.31

One study postulated that the patient’s perceptions of
“welcomeness” and “unwelcomeness”—whether they felt
heard, empowered, and valued as a person during their
health care encounter—are a critical dimension in un-
derstanding and influencing trust or distrust of health care
providers among patients experiencing homelessness.32

Actions that resulted in perceptions of unwelcomeness
were not only due to physician behavior but were also
influenced by the actions of other health care staff at the
facilities. Most patients in this study ascribed these actions
to discrimination in reaction to low socioeconomic status
and homelessness.32 This highlights the potential deleteri-
ous impact of providers’ and health care staff’s biases on
disparate health outcomes in this patient population com-
pared with housed individuals.

Implicit biases (or unconscious prejudices) have been
demonstrated in both children and adults,33,34 and multiple
studies have also demonstrated that the implicit biases of
health care professionals adversely affect clinical decision-
making and patient care.4 Unrecognized bias against
members of any social group may affect communication or
the care offered to members of that group.35 This may
perpetuate ongoing health disparities as well as patient
mortality and morbidity. Self-awareness, individuation,
and perspective-taking while providing care have been
recommended as helpful strategies in mitigating the ad-
verse impact of implicit bias.4 Given that individuals who
are homeless are also more likely to be members of
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disadvantaged racial/ethnic minority groups that are also
victims of other implicit biases,30 the role of implicit bias in
perpetuating health disparities against this patient pop-
ulation becomes easily compounded.

It is impossible to discuss vulnerable populations without
explicitly discussing the compounding effects of race. Black
patients have been found to have a higher incidence of
pancreatic cancer but are also less likely to have specialist
consultations compared with White patients. Murphy et al36

found that Black race negatively predicted consultation with
a medical oncologist, radiation oncologist, and surgeon.
This disparity in consultations directly reduces the extent of
oncologic treatment that is provided to patients upon di-
agnosis. Data from the National Cancer Institute’s Surveil-
lance, Epidemiology, and End Results database showed
that even when Black and White patients present with
similar stages of pancreatic cancer and are recommended
for surgery at similar rates, Black patients receive fewer
resections.37 In addition, Black race has been found to be
an independent predictor of shorter survival in patients who
receive curative-intent operations.37,38 Equalizing access to
surgical resection regardless of socioeconomic status may
also address much of the racial disparities in pancreatic
cancer outcomes. Black patients have an increased risk of
death from pancreatic cancer, but after adjusting for so-
cioeconomic status and receipt of treatment, they have the
same risk of death as White patients.39 In a population with
equal access to surgical resection and treatments, race was
not predictive of overall survival.40 Underutilization of sur-
gical treatment explains much of the racial survival gap.37

Improving access to surgical resection could eliminate
disparities in pancreatic cancer outcomes for ethnic mi-
nority populations and patients experiencing homelessness.

Additionally, other barriers to receiving treatment for
medical diseases such as pancreatic cancer include lack of
access to primary care for coordination and challenges in
adhering to medication or prescribed treatment plans.41-43

In a qualitative study of street pastors, spiritual caregivers,
homeless outreach workers, and people who were formerly
homeless in the Netherlands, care avoidance was found to
be the result of an interplay between individual and system-
related factors, including a therapeutic relationship that
focuses on the humanity and dignity of the patient, and clear
information provided by the provider.44

Structural and systemic factors also contribute to the dis-
parities in the care of patients with cancer who are
homeless. Although pancreatic cancer is the third most
common cause of cancer death in the United States, and its
diagnosis is associated with a high mortality, the U.S.
Preventive Services Task Force currently recommends
against screening for it in asymptomatic adults because
the harms of screening exceed potential benefits.45

Unfortunately, this lack of appropriate screening tools is
associated with a higher rate of patients diagnosed later in
their disease process. Currently, 75% to 80% of patients
who present with advanced disease at diagnosis do not
qualify for an operation.46 A literature review on cancer
screening in people experiencing homelessness demon-
strates an overall higher incidence of cancer, a more ad-
vanced stage at diagnosis, and higher mortality rates.31

The timing of presentation and diagnosis of pancreatic
cancer is further exacerbated by systemic factors related to
accessibility of medical and surgical care. Studies have
demonstrated that people who are homeless experience
poor access to health care because of inabilities to afford
care and a lack of health insurance coverage.47 The Af-
fordable Care Act included an expansion of Medicaid
coverage and increased federal funding for community
health centers in 2014, which led directly to increased
coverage for low-income individuals.48,49 In spite of in-
surance coverage, the cost of treatment and care remains
high. In a retrospective cohort study of patients with pan-
creatic cancer with Medicare, mean total direct costs were
$65,500, with total costs higher for resectable locoregional
disease at $134,700 and lowest for distant disease at
$49,000. Costs for unresectable locoregional disease were
$65,300.50 These estimates are lower than prior studies51-53

but do not reflect the out-of-pocket costs for uninsured
patients or for Medicaid beneficiaries after Medicaid
reimbursement.

PRACTICAL SUGGESTIONS TO IMPROVE ACCESS TO CARE
FOR PATIENTS EXPERIENCING HOMELESSNESS

There are many ways to ensure patients get the treatment
that they need and, specifically, surgical interventions when
indicated. The aforementioned barriers to medical care for
patients experiencing homelessness may prevent them
from advocating for treatment and care to the extent of
higher-status socioeconomic groups. These barriers must
be specifically addressed to ultimately help patients who are
homeless to receive surgical treatment in equitable num-
bers. Potential solutions to these problems can be divided
into personal, systemic, and regional interventions.

Strategies for Individual Providers to Improve the Equity of

Care Delivery

Several strategies can be implemented to bridge the gap
between the patient and provider. Creating a welcoming
environment for the patient begins with the provider’s office.
Training of personnel in the office in sensitivity, commu-
nication, and interpersonal skills can eliminate the first
barrier of the patient feeling uncomfortable when entering
the seemingly hostile setting of a hospital/medical office.
Chapman et al4 propose training personnel in individuating
and perspective-taking to decrease racial bias, but these are
applicable to any bias. Individuating is described as making
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a “conscious effort to focus on specific information about an
individual, making it more salient in decision-making than
that person’s social category information.”4 This is pertinent
for staff dealing with patients experiencing homelessness.
Instead of lumping these patients into the familiar stereotype
of homelessness, staff and physicians make an effort to
learn about the patient and use these characteristics to try to
eliminate this implicit bias.

Perspective-taking, described by Galinsky andMoskowitz,54

is putting yourself in the shoes of the patient. Although
a simple training method, it was demonstrated by Drwecki
et al55 that when nurses employed perspective-taking in
assessing how much analgesic patients needed, they were
more likely to suggest the same amount regardless of race
than when asked to use their best judgment. Thus, these
two methods can be used in employee training in the office
by all staff to increase sensitivity and communication with
patients who are homeless. These patients will have one less
barrier to overcome when accessing health care.

Medical intake forms, which usually ask for the patient’s
home address, are an example of a seemingly innocuous
office accoutrement that can intimidate a patient experi-
encing homelessness. Practical solutions can include
editing intake forms with checkboxes that indicate that the
patient does not have a residence. This solution is adopted
from changes done in many medical offices for nonbinary
gender individuals.56 Changing checkboxes on intake forms
from male/female for gender to include “nonbinary” is an
example that could be used for the form when asked for
a place of residence. Adding a checkbox saying “no per-
manent address” is a way of indicating to the patient that it
is not out of the ordinary to have a patient in the office who
is experiencing homelessness. As has been done with
transgender patients, identifying patients who are homeless
through intake forms can ease the execution of quality
improvement and research projects designed to further
decrease the health care disparities encountered by pa-
tients experiencing homelessness.56

Patient Navigators and Other Systemic Tools to Address

Barriers to Care

The complexity of the medical system and barriers to care
often cause delays in cancer treatment for patients who are
homeless.57 Having personnel who specifically help pa-
tients experiencing homelessness navigate the complicated
medical process of cancer treatment is a solution already
implemented at some hospitals, including Rhode Island
Hospital. The Harold Freeman navigation model is used
to train designated personnel as patient navigators. This
navigation model was developed after testimonies from
patients during the American Cancer Society National
Hearings on Cancer in the Poor, which outlined how pa-
tients from lower socioeconomic classes often do not seek

care because of financial, communication, trust, and knowl-
edge barriers.58 Freeman and Rodriguez58 describe the
role of patient navigators as promoting the timely move-
ment of patients through the complex health care con-
tinuum and eliminating barriers to the timely care of these
individuals.

Patient navigators at Rhode Island Hospital meet with pa-
tients in a team to distribute organized information about
their care in a way that is easy to follow. The patient is then
added to a spreadsheet where they can be flagged as
a high-risk patient with potential barriers to treatment
completion. The patient navigator signs into the electronic
medical record as part of the patient care team so that they
can be alerted whenever the patient is admitted for any
problem. Tracking these patients during these admissions
allows the navigator to provide better care by seeing the
patient during their admission and anticipating any con-
tributing problems when they arrive for their next visit. All
patients who will be seen in the office are discussed at
a weekly multidisciplinary meeting and extra attention is
given to patients who are homeless and high-risk. Addi-
tionally, patient navigators contact those patients early, to
ensure these patients are able to keep their appointments.

Inability to seek care because of financial instability was also
identified by patients during the American Cancer Society
National Hearings on Cancer in the Poor as a health bar-
rier.58 Patient navigators work with social workers on
Medicare/Medicaid applications to ensure that patients
receive benefits. At Rhode Island Hospital, funds are set
aside to assist patients with copays, getting rides to ap-
pointments, cell phones, and food stipends. Patient navi-
gators, social workers, and shelters work in concert to
provide places for patients to stay during treatment.

The utilization of the services of patient navigators has been
found to increase screening rates for cancers from 10.8%
to 17.1% and adherence to diagnostic follow-up care from
21.0% to 29.2%, compared with a control group.59 Adding
patient navigators to help patients who are homeless has the
added benefit of being more cost-effective. Donaldson
et al60 found that “the cost-effectiveness ratio ranged from
$511 to $2,080 per breast cancer diagnostic resolution
achieved and from $1,192 to $9,708 per colorectal cancer
diagnostic resolution achieved.” This shows that not only
can patient navigators help patients experiencing home-
lessness achieve recommended health treatments, but also
that this intervention is cost-efficient and could be effective
in helping patients with pancreatic cancer get the operations
and other treatments they need.

Community and Regional Interventions for Patients

Experiencing Homelessness

On a regional level, there are various notable solutions al-
ready at play, such as the Boston Health Care for the
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Homeless Program. From 2008 to 2013, the Boston Health
Care for the Homeless Program has increased cervical
cancer screening from 19% to 50% among women expe-
riencing homelessness.61 One section of the six-part pro-
gram is focused on multidisciplinary screening. This section
emphasized a health care team that not only includes the
traditional members of the health care team (such as nurses
and physicians), but also other staff members such as
receptionists, secretaries, and security. It is essential to
recognize that health care begins the moment a patient
walks into the facility. From the reception at the front desk, to
the waiting experience, and the patient’s interaction with
each member of the health care team, every encounter can
be formative in the patient’s experience; they are oppor-
tunities to emphasize inclusion and evoke feelings of wel-
comeness. Hence, it is important to train the health care
team to consistently respond in a multidisciplinary patient-
centered manner.

As discussed, many patients experiencing homelessness
have difficulty traveling to medical facilities to receive care.
Implementing an alternative health care structure to bring
health care to people who are homeless may allow for better
participation in care. Many health centers have instituted
“street-medicine” programs, where the health care team is
deployed via a mobile clinic to bring care to marginalized
populations.62 Although the challenge of ensuring continuity
of care when delivered through these approaches would be
particularly fraught with complex medical problems such as
pancreatic cancer, these mobile clinics can still serve as
a first step to introduce the homeless population to the
health care system in a more accessible way. Patients
experiencing homelessness often have other concerns
besides health care, such as housing, transportation, and
childcare.63,64 Programs that address barriers to care, such
as transport vouchers, and provide access to basic needs,
such as food, shelter, and safety, can allow patients to
direct more of their time and energy toward their health
care needs.

Nonprofit and faith-based social safety nets can also play
a vital role in health care delivery, even when they do not
directly provide health services. Patients who are homeless
have more fragmented social support networks;65 hence,
the support provided by these community programs is
particularly valuable. People experiencing homelessness
who have better social support networks are more likely to
use health services.66 A patient’s social safety net can also
directly impact their postoperative outcomes, with a poor
social support network increasing the likelihood of a pro-
longed hospital stay.67 Pancreatic operations risk significant
complications and have a major short-term impact on
functionality. In an analysis of patients undergoing pan-
creatic operations, physical and functional quality of life
were often below preoperative levels for weeks to months

after their operation.68 Physicians assess patients’ personal
networks and those judgments can shape clinical decision-
making.69 This may make them less likely to recommend
operations for patients with pancreatic cancer experiencing
homelessness out of concern about postoperative compli-
cations. For patients who are homeless and have limited
organic support networks, some of those social needs could
instead be met through nonprofit and faith-based social
services. Integration of those social services into the care
system disproportionately benefits the most vulnerable
populations and allows for more effective and economic
care.70 A robust safety net can reassure surgeons that
a patient’s postoperative needs will be met, encouraging
surgeons to offer operations to people experiencing home-
lessness when indicated, instead of deviating from the
standard of care for these patients.

Access to health insurance is both a regional and systemic
issue. The implementation of the Affordable Care Act
caused the U.S. uninsured rate to decline by 43%, to an
overall level of 9.1% in 2015.71 However, the expansion of
health insurance through the Affordable Care Act is just one
step in ensuring that most Americans have access to health
insurance and ultimately health care. Access to health care
is a basic human right.72 Although expanded medical
services through the Affordable Care Act have some ini-
tiatives in place for people experiencing homelessness, the
particular barriers faced by this population are still apparent.
The process of applying for health insurance is complex and
cumbersome, and may outstrip the resources of margin-
alized populations.73 The system of patient navigators dis-
cussed earlier can facilitate the acquisition of health
insurance as well as navigation of the health care system.

CONCLUSION

Pancreatic cancer can be devastating even in ideal cir-
cumstances, and the many challenges faced by patients
experiencing homelessness can further complicate care.
When medically appropriate, surgical management of
pancreatic cancer has a major impact on outcomes, yet
patients who are homeless are less likely to receive surgical
treatment that is consistent with National Comprehensive
Cancer Network guidelines. There are many factors that
contribute to the disparities in pancreatic cancer care for
patients experiencing homelessness. Patient-level factors
such as lack of transportation and underutilization of pri-
mary care can delay treatments. Providers can unin-
tentionally act as a barrier through implicit bias or an
unwelcoming office environment. Insurance and financial
barriers can provide more systemic roadblocks. Addressing
the specific needs of patients experiencing homelessness
can require solutions at individual, regional, and systemic
levels. Solutions can include training staff in communication
and perspective-taking, employing patient navigators to
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help patients access assistance programs, and expansion of
the social and governmental safety net. Applying these
solutions may improve outcomes for people experiencing

homelessness who have pancreatic cancer by ensuring
that they receive the appropriate surgical and medical
treatments.
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Challenges in Adjuvant Therapy for
Premenopausal Women Diagnosed With Luminal
Breast Cancers
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overview

More than 90% of women with newly diagnosed breast cancer present with stage I to III disease and, with

optimal multidisciplinary therapy, are likely to survive their disease. Of these patients, 70% are hormone

receptor–positive and candidates for adjuvant endocrine therapy. The adoption of cumulatively better ad-

juvant treatments contributed to improved outcomes in patients with hormone receptor–positive, early-stage

breast cancer. Premenopausal women with hormone receptor–positive breast cancer often present with

complex disease and have inferior survival outcomes compared with their postmenopausal counterparts. Risk

stratification strategies, including classic clinicopathologic features and newer gene expression assays, can

assist in treatment decisions, including adjuvant chemotherapy use and type or duration of endocrine therapy.

Gene expression assays may help identify patients who can safely forgo chemotherapy, although to a lesser

extent among premenopausal patients, in whom theymay play a role only in node-negative disease. Patients at

lower risk of recurrence can be adequately treated with tamoxifen alone, whereas higher-risk patients benefit

from ovarian function suppression with tamoxifen or an aromatase inhibitor. The role of adding newer

therapies such as CDK4/6 inhibitors to adjuvant endocrine therapy is not yet clear. Breast cancer treatments

are associated with several side effects, with major impact on patients’ quality of life and treatment ad-

herence, particularly in premenopausal women for whom these side effects may be more prominent as the

result of the abrupt decrease in estrogen concentrations. Personalized management of treatment side effects,

addressing patients’ concerns, and health promotion should be an integral part of the care of premenopausal

women diagnosed with luminal breast cancers.

Breast cancer is a highly heterogeneous dis-
ease that encompasses several subtypes with dif-
ferent natural histories, responses to treatment, and
clinical outcomes.1,2 Gene expression assays offer
the most precise identification of intrinsic breast
cancer subtypes;3-5 however, immunohistochemis-
try assessments of hormone receptors (estrogen
receptor and progesterone receptor), Ki-67, and
HER2 provide a clinically relevant surrogate defi-
nition of breast cancer subtypes.6 The majority of
women diagnosed with breast cancer have hormone
receptor–disease, or luminal-like subtypes, either Lu-
minal A–like (estrogen receptor–positive and pro-
gesterone receptor–positive, HER2-negative, Ki-67–low)
or Luminal B-like (Luminal B–like/HER2-negative:
estrogen receptor–positive, HER2-negative, and at least
one of Ki-67–high or progesterone receptor–negative
or low; Luminal B–like/HER2-positive: estrogen receptor–
positive, HER2-positive; because of interlaboratory
variation, a Ki-67 of at least 20% may be considered
indicative of high Ki-67 status, but some experts would
use a lower cut point or use multigene-expression assay
results, if available; similarly, a progesterone receptor

cut point lower than 20% seemed to best define
a low progesterone receptor value and to correspond to
Luminal B subtypes).6 The adoption of multidisciplinary
therapy, including adjuvant treatment strategies, con-
tributed to the improvement of survival outcomes in
patients with hormone receptor–positive, early-stage
breast cancer. Although the prevalence of breast can-
cer is lower in premenopausal women, their tumors
are less frequently luminal and more likely to require
multiple treatment modalities. Despite multidisciplin-
ary therapy, their overall survival rate is lower compared
with their postmenopausal counterparts, particu-
larly in very young women.7 At the same time, some
women may be overtreated. Almost every woman with
hormone receptor–positive, early-stage breast can-
cer is a candidate for adjuvant endocrine therapy.
New tools are available to help quantify the benefit
from chemotherapy in addition to endocrine therapy
(chemo-ET).

Breast cancer treatments are associated with frequent
bothersome side effects with major negative impact on
patients’ quality of life and treatment adherence. This is
particularly relevant for premenopausal women with
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early-stage breast cancer, for whom the side effects may be
more prominent, as the result of the abrupt decrease in
estrogen concentrations with adjuvant systemic therapies.

ADDRESSING STANDARD OF CARE IN ADJUVANT THERAPY
FOR PREMENOPAUSAL WOMEN

With few exceptions, premenopausal women with early-
stage, hormone receptor–positive, HER2-negative breast can-
cer should be considered for 5 to 10 years of endocrine
therapy. Many are also candidates for adjuvant chemotherapy.

Risk Stratification for Breast Cancer Recurrence

Recent tools are available to clinicians to inform treatment
recommendations for their patients.

Online calculators Large data sets such as The Early Breast
Cancer Trialists’ Collaborative Group meta-analyses or in-
dividual large, randomized clinical trials have been used to
develop online risk calculators to estimate individual pa-
tients’ risk of breast cancer recurrence and death, and the
expected benefit from endocrine therapy versus chemo-ET.
Common tools include the National Health Service Predict

tool, based on a U.K. cancer registry database,8 and
CancerMath, derived from the Surveillance, Epidemiology,
and End Results Program.9,10

Composite scores Composite scores that consist of data
from several individual biomarkers may be used to estimate
benefit from endocrine therapy versus chemo-ET. Immu-
nohistochemistry 4 is based on standard laboratory evalu-
ations of estrogen receptor, progesterone receptor, HER2,
and Ki-67.11,12 This score is prognostic for outcome, but not
predictive for the choice of endocrine therapy. One concern
that limits the use of this score is that Ki-67 is not always
used in clinical practice.13,14

Clinical Treatment Score post-5 years incorporates routine
clinical and pathologic information, including patient age
and tumor grade, size, and nodal status, and was originally
developed and validated in postmenopausal women,15 in
whom it is a prognostic biomarker that predicts the risk of
late distant recurrence after 5 years of endocrine therapy. A
recent preliminary report evaluating Clinical Treatment
Score post-5 years in TAILORx demonstrated that this
marker was prognostic in patients older than age 50 with
intermediate or high recurrence score (RS), predicting
late distant recurrence, but was not prognostic in patients
with a low RS.16 Furthermore, although smaller studies
suggested possible prognostic value in premenopausal
women,17,18 Clinical Treatment Score post-5 years’ role was
more limited in women age 50 or younger versus older than
age 50 in TAILORx.16 Further validation is needed before
considering Clinical Treatment Score post-5 years for
premenopausal women.

Multiparameter gene expression assays Multiparameter
gene expression assays have revolutionized adjuvant ther-
apy decision-making for women with early-stage, hormone
receptor–positive breast cancer and are summarized in
Table 1. The Oncotype DX assay RS can be used to predict
the likelihood of distant recurrence and assist decisions
regarding use of chemotherapy in addition to endocrine
therapy among patients with hormone receptor–positive,
HER2-negative, node-negative disease.19-22 In TAILORx,
women with hormone receptor–positive HER2-negative,
lymph node–negative breast cancer with an RS less than 11
received endocrine therapy alone, those with an RS greater
than 25 were recommended to receive chemo-ET, and
those with an RS of 11 to 25 were randomly assigned to
receive endocrine therapy or chemo-ET. Although endo-
crine therapy was found to be noninferior to chemo-ET for
invasive disease-free survival and overall survival in patients
with an RS between 11 to 25, in an exploratory analysis, the
investigators reported that chemotherapy benefit was ob-
served in women age 50 or younger with an RS between 16
to 25.23 Integration of clinical risk with RS is also prognostic
of distant disease and may predict which premenopausal

PRACTICAL APPLICATIONS

• Among premenopausal women with hormone
receptor–positive breast cancer, risk stratifica-
tion strategies can help determine prognosis
and tailor optimal chemotherapy and endocrine
therapy decisions.

• These women should be recommended en-
docrine therapy for 5 to 10 years. Tamoxifen
alone can be considered for women with low-
risk disease for whom chemotherapy is not
recommended. Women at high risk for re-
currence should be considered for ovarian
function suppression with tamoxifen or an
aromatase inhibitor.

• There is no evidence that continuing ovarian
function suppression beyond 5 years provides
additional benefit.

• Early initiation of ovarian function suppression
prior to chemotherapy is appropriate for pa-
tients who have not completed childbearing.
When childbearing is completed, it is reason-
able to commence ovarian function suppres-
sion after chemotherapy.

• Substantial side effects of endocrine therapy
include vasomotor, musculoskeletal, and vul-
vovaginal symptoms, fatigue, and emotional
distress. Symptom burden can be associated
with nonadherence to treatment. Both phar-
macologic and nonpharmacologic approaches
to mitigate these side effects are available.
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women may benefit most from chemo-ET.24,25 In the
RxPONDER trial, investigators evaluated the benefit of
chemotherapy in women with hormone receptor–positive,
node-positive breast cancer. Initial results indicate that
postmenopausal women with hormone receptor–positive,
HER2-negative breast cancer with one to three positive
nodes and an RS of 25 or lower did not derive benefit from
chemo-ET compared with endocrine therapy alone. In
contrast, premenopausal women in this trial experienced
a 45% relative risk reduction in invasive disease–free sur-
vival events with the addition of chemotherapy to endocrine
therapy.26 In premenopausal women, the RS result might
vary according to timing of tumor acquisition in the men-
strual cycle, as can other biomarkers.27,28

The MammaPrint assay, which provides prognostic in-
formation in early-stage breast cancer,29-31 was evaluated in
the MINDACT trial.32 Participants with breast cancer and
zero to three positive lymph nodes were assigned a clinical
risk using Adjuvant! Online33,34 and a genomic risk using
Mamma Print. Those with low clinical and low genomic risk
were not recommended chemotherapy; those with high
clinical and high genomic risk received chemotherapy.
Patients with hormone receptor–positive disease and dis-
cordant risk results were randomly assigned to endocrine
therapy or chemo-ET. Updated results from the MINDACT
trial, with a median follow-up of 8.7 years, show that women
with high clinical but low genomic risk for recurrence
and who did not receive chemotherapy have a 5-year

distant metastasis–free survival of 95.1%, suggesting that
MammaPrint may be used to identify patients with zero to
three positive lymph nodes and high clinical risk in whom
the risk of distant recurrence is likely to be low with en-
docrine therapy alone. However, an exploratory subgroup
analysis in MINDACT by age suggested that premenopausal
women with high clinical and low genomic risk tumors may
benefit from the addition of chemotherapy to endocrine
therapy.32,35 This exploratory analysis looked at outcomes
with chemotherapy versus without in women with hor-
mone receptor–positive and HER2-negative tumors by age.
Women age 50 or younger with high clinical but low ge-
nomic risk who received chemotherapy derived an absolute
difference of 5% in distant metastasis–free survival at
8 years (93.6% [95% CI, 89.3–96.3] with chemotherapy
versus 88.6% [95% CI, 83.5–92.3] without chemotherapy,
resulting in an adjusted hazard ratio (HR) of 0.54 [95% CI,
0.30–0.98] in the intention-to-treat population and con-
sistent findings in the per-protocol analysis). Analogously, in
women age 50 or younger with hormone receptor–positive,
HER2-negative tumors and clinical high risk/genomic low
risk, the absolute difference in overall survival at 10 years
among patients receiving versus not receiving chemother-
apy was 5.4% in the intention-to-treat population and 7.7%
in the per-protocol analysis.32 The Breast Cancer Index
Risk of Recurrence & Extended Endocrine Benefit Test
can be considered for women with early-stage, invasive
breast cancer, who are distant recurrence–free, are hormone

TABLE 1. Risk Stratification by Multigene Assay for Adjuvant Treatment Decisions for Women Age 50 or Younger With Early-Stage, Hormone
Receptor–Positive, HER2-Negative Breast Cancer

Setting Multiparameter Gene Expression Assays

Low Risk:

No benefit from the addition of chemotherapy to ET
T � 2.0 cm, node-negative, grade 1
T � 1.0 cm, node-negative, grade 2
T � 0.5 cm, node-negative, grade 3

NA

Other node-negative Oncotype Recurrence Score � 15

T = 2.1–3.0 cm, node-negative, grade 1
T = 1.1–2.0 cm, node-negative, grade 2
T = 0.6–1.0 cm, node-negative, grade 3

MammaPrint Low Score

High Risk:

Addition of chemotherapy to ET is recommended
Node-negative Oncotype Recurrence Score . 15*

1–3 positive nodes Any Oncotype Recurrence Score or
MammaPrint Score**

� 4 positive nodes Assay is not recommended

Abbreviations: ET, endocrine therapy; HR, hormone receptor; T, tumor size; N, lymph node; NA, not applicable.
*For patients with negative nodes and Oncotype Recurrence Score . 25, benefit from the addition of chemotherapy to endocrine therapy unequivocal; for
patients with negative nodes and Recurrence Score 16–25, benefit from the addition of chemotherapy to endocrine therapy unclear if the result of
chemotherapy-induced ovarian suppression.
**For patients with 1–3 positive nodes and Oncotype Recurrence Score � 25 or MammaPrint Low Score, benefit from the addition of chemotherapy to
endocrine therapy unclear if the result of chemotherapy-induced ovarian suppression.
Note: If multiparameter gene assay is not available, endocrine therapy without chemotherapymay be chosen when all clinicopathologic features are favorable:
pT1pN0 grade 1–2 tumor with both estrogen receptor and progesterone receptor positive in at least 50% cells and Ki-67 , 20% and age . 40.
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receptor–positive, and have zero to three positive lymph
nodes. Among others, data from the aTTom trial and IDEAL
trial demonstrate that the Breast Cancer Index is predictive of
endocrine response and can identify a subset of patients with
hormone receptor–positive tumors who may derive signifi-
cant benefit from extended endocrine therapy. Of note, the
Breast Cancer Index was evaluated in patients with node-
positive breast cancer in the aTTom trial, and the proportion
of patients with node-positive disease in IDEAL was 73%.36,37

Other available genomic assays include the Prosigna Breast
Cancer Prognostic Gene Signature Assay (formerly called
PAM50), and the 12-gene EndoPredict.5,38,39 The results of
some of these tools may vary by menopausal status and
should be interpreted with caution in premenopausal
women as they may have been calibrated mostly from trials
in postmenopausal women.

Treatment Decisions With Adjuvant Chemotherapy

Once a decision is made to recommend chemotherapy,
several multiagent combinations are available for pre-
menopausal women with early-stage, hormone receptor–
positive, HER2-negative breast cancer. The Early Breast
Cancer Trialists’ Collaborative Group investigators have
demonstrated that overall the risk of disease recurrence,
breast cancer mortality, and overall mortality was reduced
in those receiving anthracycline/taxane-based regimens
compared with anthracycline-based regimens, irrespective
of hormone receptor status.40 In the ABC trials, investigators
compared adjuvant taxane-based regimens to anthracy-
cline/taxane-based regimens in women with early-stage,
HER2-negative, node-positive or high-risk, node-negative
breast cancer. Overall, anthracycline/taxane-based regi-
mens are associated with improved disease-free survival
compared with taxane-based regimens. However, explor-
atory subgroup analyses suggested that the majority of the
anthracycline/taxane-based regimens benefit is seen in
patients with hormone receptor–negative tumors, and in
those with hormone receptor–positive, lymph node–positive
disease, particularly with at least four positive nodes.41

Options for adjuvant chemotherapy regimens in luminal
HER2-negative tumors are summarized in Table 2.

Treatment Decisions With Adjuvant Endocrine Therapy

Five years of adjuvant tamoxifen is associated not only with
significant reduction in local, contralateral, and distant breast
cancer recurrence, but also in breast cancer–related
mortality.40,42,43 Newer data reported in the last decade have
further demonstrated that, compared with 5 years of adjuvant
tamoxifen, premenopausal women derive additional benefit from
10 years of tamoxifen, or from 5 years of ovarian function sup-
pression (OFS) with either tamoxifen or an aromatase inhibitor.

Two International Breast Cancer Study Group–led studies,
SOFT and TEXT, provide the largest experience evaluating
adjuvant endocrine therapy options in premenopausal women
with hormone receptor–positive, early-stage breast cancer.44 In
SOFT, women received 5 years of tamoxifen, or tamoxifen plus
OFS, or exemestane plus OFS, whereas in TEXT, women re-
ceived tamoxifen plus OFS or exemestane plus OFS. The ad-
dition of OFS to tamoxifen improved both disease-free survival
and overall survival compared with tamoxifen alone.44-48 Fur-
thermore, in a combined analysis of the two studies, exemes-
tane plus OFS was associated with improvement in freedom
from distant recurrence compared with tamoxifen plus OFS.
The benefit from intensifying adjuvant endocrine therapy was
especially significant in patients at high risk of recurrence, in-
cluding those with high-risk clinicopathologic features and
young age, and those treatedwith chemotherapy.46Of note, only
12% of all patients in the combined SOFT/TEXT studies were
younger than age 35. In a recent analysis of the SOFT/TEXT
HER2-negative population, the investigators reported that the
overall rate of 8-year freedom from distant recurrence was
91.1%, with a range from 100% to 63% based on categories
across composite risks (lowest to highest).49 Clinicians may use
an online tool developed to assist clinicians with risk/benefit
calculations using SOFT/TEXT data.50

For appropriately selected women, clinicians can consider
surgical OFS via bilateral salpingo-oophorectomy. This
method is irreversible andmay be considered for women with
increased risk of ovarian cancer or those desiring permanent
OFS. Pharmacologic methods are reversible and include
gonadotropin-releasing hormone (GnRH) agonists (GnRHa)
such as goserelin and leuprolide to suppress luteinizing

TABLE 2. Options for Adjuvant Chemotherapy in Luminal HER2-Negative Tumors
Regimen Considerations

Anthracycline/taxane-based 3–4 cycles epirubicin-cyclophosphamide or 4 cycles
doxorubicin-cyclophosphamide followed by 3–4 cycles
3-weekly docetaxel or 12-weekly paclitaxel or dose-
dense paclitaxel

Dose-dense doxorubicin-cyclophosphamide followed by
weekly or dose-dense paclitaxel

Taxane-based 6 cycles docetaxel-cyclophosphamide* Node-positive disease with anthracycline contraindication

4 cycles docetaxel-cyclophosphamide Node-negative or limited node-positive disease

*As in the Anthracyclines in Early Breast Cancer Trials: The ABC Trials (USOR 06-090, NSABP B-46-I/USOR 07132, and NSABP B-49).41
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hormone and follicle-stimulating hormone and subsequent
reduction of estrogen production from the ovaries.

Because women with early-stage, hormone receptor–positive
breast cancer may develop late recurrences despite 5 years
of tamoxifen, several studies have examined extended ad-
juvant endocrine therapy. In the ATLAS trial, more than
12,000 women who completed 5 years of tamoxifen were
randomly assigned to stop the medication or to continue
tamoxifen for 5 additional years.51 In the aTTom study, about
7,000 patients who completed 5 years of tamoxifen were
randomly assigned to stop tamoxifen or to continue the drug
for 10 years.52 Both studies demonstrated that 10 years of
tamoxifen resulted in significant reductions in the risk of breast
cancer recurrence, breast cancer mortality, and overall mor-
tality compared with 5 years. Of note, although in ATLAS there
was no significant heterogeneity of the proportional recurrence
risk reduction according to menopausal status at diagnosis,
with an event rate of 24% in the group allocated to stop ta-
moxifen and 20% among that continuing to 10 years, only 9%
and 10% of women with hormone receptor–positive breast
cancer were premenopausal in each group, respectively.51

If a woman underwent an oophorectomy and is at a high risk
of recurrence, the benefits and risks of 10 years of endocrine
therapy should be weighed carefully against possible long-
term effects of estrogen deprivation. Fig. 1 summarizes a
suggested adjuvant endocrine therapy approach for women
who are premenopausal at diagnosis.

Other Considerations

Prior to initiating adjuvant systemic therapy, premenopausal
women with early-stage breast cancer should receive genetic
testing and counseling and, when appropriate, be offered
fertility preservation. These women should avoid hormonal
methods of contraception, although among women receiving
tamoxifenmonotherapy, hormonal intrauterine devicesmight
be safe.53 Careful monitoring of bone health should include
a baseline bone density scan among postmenopausal sur-
vivors of breast cancer and a repeat bone density scan every
2 years among postmenopausal women treated with an
aromatase inhibitor, premenopausal women receiving ta-
moxifen or OFS, and women who have menopause pre-
maturely induced by chemotherapy.54

The use of bone-modifying agents should be considered in ac-
cordance with guidelines.55 All patients should also be encour-
aged to maintain ideal body weight and be physically active.54

QUESTIONS THAT REMAIN UNANSWERED IN ADJUVANT
ENDOCRINE THERAPY

Timing of Initiating Ovarian Function Suppression in

Relation to Chemotherapy: Before, After, or Wait to Assess

Ovarian Function?

There are no premenopausal hormone receptor–positive,
early-stage breast cancer trials that have randomized the

timing of initiation of OFS in relation to chemotherapy, with
cancer outcomes as the primary endpoint. However, some
indirect information on this question is available. In SOFT,
patients assigned to OFS commenced OFS after chemotherapy
completion, if chemotherapy was given, whereas in TEXT, all
patients receivedOFS and it was initiated early following random
assignment and given concurrent with chemotherapy, if che-
motherapy was given. In an analysis of 1,872 patients who
received OFS by GnRHa triptorelin concurrent with chemo-
therapy in TEXT (1,242 patients) or sequentially after chemo-
therapy in SOFT (630 patients), concurrent use of OFS with
chemotherapy was not associated with a significant differ-
ence in post-landmark invasive breast cancer–free interval
compared with sequential OFS after chemotherapy, either
overall in this analysis or in the subgroup age 40 or younger.56

In a meta-analysis of trials studying prevention of premature
ovarian sufficiency that compared GnRHa concurrent with
chemotherapy versus chemotherapy without concurrent
GnRHa, there was no evidence of a significant difference in
disease-free survival or overall survival at 5 years in the
subgroup with hormone receptor–positive cancers (ap-
proximately 300 patients) according to GnRHa use.57

Therefore, concurrent use of OFS and chemotherapy ap-
pears safe in premenopausal hormone receptor–positive
early-stage breast cancer, provided this is delivered in the
context of continuation of OFS in the adjuvant setting. For
patients with hormone receptor–positive cancers who have
not completed childbearing, early initiation of OFS, at least
1 week prior to chemotherapy, is appropriate, in addition to
offering other preceding fertility preservation measures.58-60

For patients with hormone receptor–positive cancers who
have completed childbearing, it is reasonable to commence
OFS after chemotherapy.

In premenopausal women with early-stage, hormone
receptor–positive breast cancer who receive chemotherapy,
results from two trials demonstrate survival benefit from the
addition of OFS to tamoxifen in women with residual ovarian
function.46,61 Of note, women with only 1% to 9% of cells with
hormone receptor staining were not eligible for these trials.62

The SOFT trial enrolled patients who had a premenopausal
estradiol level within 8 months of completing chemotherapy
and assigned OFS was for 5 years. The role of adding OFS to
tamoxifen in young women with hormone receptor–positive
breast cancer who remain premenopausal or regain men-
struation after chemotherapy was evaluated in ASTRRA. The
trial allowed random assignment up to 2 years follow-
ing chemotherapy, with 6-monthly assessments of follicle-
stimulating hormone or menses to assess eligibility, and
assigned OFS was for 2 years. The effect of adding OFS was
more pronounced for those randomly assigned at the 6-month
post-chemotherapy time-point than later.45 In SOFT, recurrence
was reduced with addition of OFS to tamoxifen, and further
reduced with the combination of OFS plus exemestane.31,32
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If OFS were to be planned to be given with adjuvant ta-
moxifen, then there is the option to commence tamoxi-
fen and wait and monitor for ovarian function recovery
after chemotherapy, before commencing OFS, unless the
woman is young and ovarian recovery is expected. However,
in a premenopausal woman who has completed child-
bearing, if it would be preferred to give an aromatase in-
hibitor after completing chemotherapy, then it may be safer
to commence OFS directly after chemotherapy, rather than
aiming to assess for possible ovarian recovery. This is be-
cause premenopausal women with chemotherapy-induced
amenorrhea have a significant likelihood of ovarian recovery
following commencement of an aromatase inhibitor, even
in the context of prolonged amenorrhea and/or serum
hormone levels consistent with menopause.63 The likeli-
hood of post-chemotherapy ovarian recovery following

commencement/switch to an aromatase inhibitor is age-
dependent, with 50% of women younger than age 48 ex-
periencing ovarian recovery, as compared with 12% of
women older than age 50 in a prospective study.64 The
likelihood of ovarian recovery after chemotherapy is also
regimen-dependent, with highest likelihood of recovery with
12-week chemotherapy regimens. Post-chemotherapy
ovarian function recovery with an aromatase inhibitor in the
absence of OFS creates a risk of ineffective adjuvant en-
docrine therapy, particularly for women younger than age
50 and/or those who have received a short cytotoxic regi-
men. Unexpected pregnancy is another potential risk in this
context.63 For women who are within approximately 5 years
of the age of natural menopause, a laparoscopic surgical
bilateral oophorectomy may be a cost-effective method of
OFS that also facilitates compliance.

†

FIGURE 1. Suggested Adjuvant Endocrine Therapy Approach for Women Who Are Premenopausal at Diagnosis
Abbreviations: AI, aromatase inhibitor; ET, endocrine therapy; OFS, ovarian function suppression.
*Risk stratification defined in Table 1.
**For some patients, including those with node-negative disease and Oncotype Recurrence Score 16–25 and some patients with node-positive
disease and Oncotype Recurrence Score, 25, it is unclear whether the benefit of adding chemotherapy to ET is due to chemotherapy-induced
ovarian suppression. In this setting, it may be appropriate to engage in personalized discussions on withholding chemotherapy and offering
ovarian function suppression and oral endocrine therapy.
†There are tools that can guide the decision to extend endocrine therapy based on long-term risk of recurrence, including the Clinical Treatment
Score post-5 years and the Breast Cancer Index (see Risk Stratification for Breast Cancer Recurrence). There are currently no available data
regarding the use of extended ovarian function suppression beyond 5 years in patients who are deemed candidates for extended endocrine
therapy.
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Duration and Interruption and Type of Adjuvant Ovarian

Function Suppression in Premenopausal Patients

In randomized oral endocrine therapy trials, longer dura-
tions are somewhat more effective than shorter durations.
However, for premenopausal women who receive 5 years of
oral endocrine therapy, the optimal duration of adjuvant
OFS has not been adequately studied. SOFT randomly
assigned women who remained/regained premenopausal
status to OFS for 5 years, whereas ASTRRA randomly
assigned patients to OFS for 2 years, and both trials have
demonstrated efficacy of adding OFS to oral endocrine
therapy.30,45 SOFT also permitted the option of a permanent
OFS method, such as bilateral oophorectomy, although this
was chosen by a minority of patients. If planning to give an
aromatase inhibitor for 5 years after chemotherapy to an
initially premenopausal woman, then a commensurate
duration of ovarian dormancy/suppression is required. One
underpowered randomized trial (222 patients) compared
tamoxifen for 5 years plus either OFS for 2 years or OFS
for at least 3 years and showed no overall difference in
disease-free survival, but subgroup analysis suggested
better disease-free survival with longer OFS in higher-
risk patients.65

There is no evidence that continuing OFS by GnRHa beyond
5 years in premenopausal women provides additional
benefit, although this has not been studied. In post-
menopausal trials, continuing adjuvant estrogen-lowering
therapy with an aromatase inhibitor beyond 5 years provides
limited additional reduction in distant recurrences, plus
some protection against new breast primaries, which is of
relevance in patients with remaining breast(s). However,
many patients in those postmenopausal trials were not at
particularly high baseline risk of distant recurrence. In
premenopausal women who have completed 5 years of OFS
with oral endocrine therapy, there is also no evidence about
the efficacy of extended oral adjuvant endocrine therapy
with tamoxifen, after either an initial 5 years of tamoxifen
plus OFS or aromatase inhibitor plus OFS. However, clini-
cians may consider a switch to tamoxifen monotherapy after
5 years of OFS plus oral endocrine therapy, despite an
absence of data, for women who were very young at di-
agnosis and/or with high-risk features, based on the known
risk of late relapse in luminal breast cancer.66

Young women with luminal breast cancer may wish to in-
terrupt a proposed 5 to 10 year period of adjuvant endocrine
therapy to attempt pregnancy. There is no evidence that
a pregnancy after luminal breast cancer increases the risk of
cancer recurrence.67-69 There is no clear duration of ad-
juvant endocrine therapy that is considered appropriate,
before interruption to attempt pregnancy. This decision may
also depend upon patient age, patient preference, prior
fertility preservation procedures, and baseline risk of breast

cancer recurrence. Interrupted endocrine therapy can be
resumed after delivery or after lactation is completed.
Clinically significant levels of tamoxifen and its metabolites
were found to accumulate in human milk over time;
therefore, exposure to tamoxifen should be avoided
during breastfeeding.70 Enrollment is now complete to
POSITIVE, a prospective cohort study in women with
hormone receptor–positive, early-stage breast cancer
desiring pregnancy after an initial 18 to 30 months of
adjuvant endocrine therapy, for whom a break in therapy
for up to 2 years to attempt pregnancy/delivery/lactation
is allowed, with a plan for subsequent resumption of
adjuvant endocrine therapy. Although not randomly assigned,
outcomes in women in POSITIVE will be assessed, and
there are outcomes for women with comparable age/
tumors/treatments in SOFT/TEXT who did not interrupt
therapy for pregnancy attempt.71

Currently reversible OFS is recommended by administra-
tion of GnRHa injections. It is recommended that these be
administered every 4 weeks if concurrent aromatase in-
hibitor therapy is given, as there are not currently data for
use of 3-monthly GnRHa with adjuvant aromatase inhibi-
tor in premenopausal women. In the case of concurrent
tamoxifen, there is less concern about possible incomplete
suppression with the 3-monthly schedule. A randomized
phase II neoadjuvant trial in premenopausal luminal breast
cancer compared GnRHa triptorelin plus letrozole versus
a GnRH antagonist degarelix with letrozole. Ovarian function
suppression was achieved more quickly and maintained more
effectively with the GnRH antagonist degaralix.72 However,
there has been no comparison of GnRHa versus GnRH an-
tagonist in young patients in the adjuvant setting with respect to
breast cancer outcomes or ability to protect against premature
ovarian insufficiency.

Is Adjuvant Tamoxifen Monotherapy Sufficient for Very

Young Women, If Other Pathologic Features

Are Favorable?

Hormone receptor–positive breast cancer diagnosed at a young
age is associated with inferior breast cancer outcomes as
compared with diagnosis at an older premenopausal age.
Historically this has been observed in trials of adjuvant che-
motherapy, endocrine therapy, and chemo-ET.73-75

Very young patients are more likely to have aggressive breast
tumor phenotypes, with a higher ratio of Luminal B–like versus
Luminal A–like tumors in women diagnosed at a young age
than at an older age. However, even among premenopausal
womenwith Luminal A–like tumors, young age (40 or younger)
is associated with an increased risk of breast cancer mortality.7

In an analysis from the SOFT/TEXT trials, the 5-year breast
cancer–free interval in women younger than age 35 with
hormone receptor–positive, HER2-negative cancers assigned
to receive OFS combined with oral endocrine therapy was
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83.6% in those who had Luminal A–like tumors (vs. 96.2% for
age 35 or older) and 79.2% in Luminal B–like tumors (vs.
86.4% for age 35 or older). Guidelines suggest considering
OFS in women diagnosed with invasive hormone receptor–
positive breast cancer who are younger than age 35, with the
exception of very small node-negative cancers 1 cm or less
without other adverse features.76,77

Should We Recommend the Addition of CDK4/6 Inhibitors

to Adjuvant Endocrine Therapy in Premenopausal Women

With Hormone Receptor–Positive, HER2-Negative Disease?

Premenopausal women with advanced breast cancer can
derive significant improvement in overall survival from the
addition of a CDK4/6 inhibitor to first-line endocrine ther-
apy.78 The monarchE adjuvant trial tested adding the CDK4/
6 inhibitor abemaciclib for 2 years to adjuvant endocrine
therapy in patients with early-stage, hormone receptor–
positive, HER2-negative cancer with high-risk features.
Recently, with 15.5 months median follow-up, monarchE
reported a significant improvement in 2-year invasive
disease–free survival with abemaciclib, and this effect
appeared robust in the premenopausal subgroup. However,
it appears that only approximately half of the trial partici-
pants received OFS.79 Moreover, in the overall trial pop-
ulation, almost one-third of patients received tamoxifen as
their initial oral endocrine therapy, calling into question if
these patients with higher-risk tumor features received
optimal endocrine therapy. Results from the PENELOPE-B
trial, which tested the addition of 1 year of CDK-4/6 inhibitor
palbociclib to adjuvant endocrine therapy in patients with
significant residual tumor after neoadjuvant therapy,
showed that adjuvant palbociclib did not result in significant
invasive disease–free survival improvement, with a small
absolute invasive disease–free survival improvement at
2 years, which subsequently dissipated. This suggests that
longer follow-up inmonarchE will be important to ascertain if
the invasive disease–free survival improvement is sustained
and if an overall survival benefit is achieved. In addition, it
would be relevant to consider the efficacy in the pre-
menopausal subgroup receiving optimal adjuvant endo-
crine therapy before we recommend adjuvant abemaciclib
for premenopausal women with higher-risk early luminal
cancers.

BALANCING ADHERENCE AND PRESERVING QUALITY OF LIFE
WHILE TAKING ENDOCRINE THERAPY

Impact of Endocrine Therapy–Related Symptom Burden

on Quality of Life

The overwhelming majority of patients receiving endocrine
therapy experience a wide range of burdensome and per-
sistent side effects, which may determine a meaningful
deterioration of quality of life and lead to significant re-
ductions in adherence rates.80 Table 3 summarizes main
side effects of adjuvant endocrine therapy. This symptom’s

burden can dramatically deteriorate patient-reported quality
of life, affecting numerous aspects of daily living. In a recent
analysis using data from CANTO (NCT01993498; multi-
center real-world prospective cohort of 12,012 women with
stage I–III breast cancer), investigators evaluated a com-
posite score measure of quality of life, the European Or-
ganization for Research and Treatment of Cancer C30
Summary Score, and found that adjuvant endocrine therapy
has a detrimental impact persisting for over 2 years after
diagnosis, which involved multiple functional and symptom
domains. Furthermore, there were suggestions that endo-
crine therapy may attenuate recovery in domains that
typically improve after end of primary treatment, including
emotional function and future perspectives.81

TABLE 3. Type, Prevalence, and Associated Risk Factors of the Main Side Effects
of Adjuvant Endocrine Therapy Among Patients With Early-Stage Breast Cancer
Side Effect Prevalence Associated Risk Factors Class of ET

Musculoskeletal
symptoms

. 50% Body mass index , 25,
previous treatment with
taxanes

Tamoxifen
and AI (*)

Vasomotor
symptoms (hot
flashes)

� 40% Weight gain Tamoxifen
and AI
(**)

Sexual dysfunction 26%–45% Anxiety, hot flashes, body
image perception

Tamoxifen
and AI
(**)

Vulvovaginal
symptoms (vaginal
dryness,
dyspareunia)

8%–26% Age, psychological distress,
prior sexual issues

Tamoxifen
and AI
(**)

Fatigue 30% Inactivity, psychological
distress, pain

Tamoxifen
and AI

Insomnia 20%–70% Hot flashes Tamoxifen
and AI
(**)

Weight gain 20%–30% Premenopausal women,
musculoskeletal
symptoms

Tamoxifen
and AI

Cognitive
impairment

35% Age, chemotherapy Tamoxifen
and AI

Venous
thromboembolic
events

, 2% Age . 55, current smoker,
family history of
coronaropathy, obesity,
hypertension,
hypercholesterolemia

Tamoxifen
(*)

Endometrial cancer , 1% Age, treatment duration Tamoxifen
(*)

Abbreviations: ET, endocrine therapy; AI, aromatase inhibitor.
*Indicates that the event is more typical of the spectrum of a specific type of
therapy.
**Adding ovarian function suppression particularly increases frequency and
severity of side effects.
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Patient-reported outcome data from a subgroup of 579
women in TAILORx suggest that not only women who are
receiving chemotherapy, but also those receiving endocrine
therapy may experience clinically meaningful quality of life
changes, including cognitive impairment.82

Extension of endocrine therapy beyond 5 years implies not only
a higher risk and prolonged duration of more common side
effects such as vasomotor, gynecologic, and musculoskeletal
symptoms, but also an increased risk of rarer but serious side
effects. In the MA.17R trial, there was a significantly higher
incidence of fracture in the extended 10-year letrozole arm
(14%) compared with the 5-year arm (9%). Similarly, ATLAS
reported that the risk of pulmonary embolism and endometrial
cancer was also significantly higher in the extended 10-year
tamoxifen arm (0.9% and 3.1%, respectively) compared with
the 5-year arm (0.5% and 1.6%, respectively). Similar results
were found in the aTTom trial of extended therapy.51,52,83

However, ATLAS enrolled predominantly postmenopausal
women, who are at higher risk for these problems than
women who remain premenopausal.

An increased risk of symptoms is also observed with the
intensification of endocrine therapy by adding OFS. The
SOFT trial showed that patients receiving OFS plus ta-
moxifen experienced more vasomotor symptoms (hot
flashes, 93.4%; night sweats, 61.8%) and vulvovaginal
symptoms (vaginal dryness, 49.8%; dyspareunia, 26.1%),
when compared with patients receiving tamoxifen mon-
otherapy (hot flashes, 79.8%; night sweats, 48.3%;
vaginal dryness, 41.8%; dyspareunia 23.7%).80

Adherence to Endocrine Therapy Among Women With

Early-Stage Breast Cancer

Prevalence of nonadherence to endocrine therapy Among
patients with breast cancer, indirect methods of adherence
assessment suggested a range of nonadherence to adjuvant
endocrine therapy from 25% to 50% over 5 years.84 In a large
claims-based cohort of 2,378 patients with early-stage breast
cancer in the United States, investigators used indirect methods
such as insurance/commercial pharmacy medication refills to
evaluate adherence to tamoxifen. Findings included that the
mean percentage of days with a filled prescription available was
87% during year 1 of treatment with tamoxifen, whereas this
proportion decreased to 50% during the remaining 4 years of
treatment in a subset of 492 patients with long-term data.85

Recently, through an objective and direct method to measure
adherence (tamoxifen serum assessment), researchers sug-
gested that as early as 1 year after initiating therapy, 16% of the
1,177 premenopausal women who were enrolled in the French
CANTO cohort were not adherent to therapy and 55% of them
self-declared to be adherent to adjuvant tamoxifen.86 Data from
the ATLAS trial reported that the proportion of patients still
receiving treatment at year 2 after study entry was 84% among
those allocated to 10 years of tamoxifen treatment.51

Adherence to aromatase inhibitors was closely comparable,
or only sometimes superior, ranging from 82% to 88%, and
decreasing to 78% to 86% among patients with at least
3 years of follow-up on therapy.87 In the combined analysis
of the SOFT/TEXT trials, 4,690 patients were assigned to
OFS plus exemestane versus OFS plus tamoxifen, and rates
of discontinuation of assigned endocrine therapy were
16.1% and 11.2%, respectively.48

Symptom burden and adherence to endocrine therapy The
substantial symptom burden and deterioration in quality of
life that are often associated with endocrine therapy negatively
impact adherence, often leading to early treatment discontin-
uation. Among all barriers to adherence, poor drug tolerability
and uncontrolled adverse effects from themedication appear to
be the primary reasons for discontinuation.88-91 Particularly,
musculoskeletal symptoms (adjusted odds ratio, 1.58; 95% CI,
1.06–2.37) and severe fatigue (adjusted odds ratio,
1.65; 95% CI, 1.07–2.5) increased the risk of biochemical
nonadherence.86

Among 500 eligible patients enrolled in the ELPh clinical
trial, 32.6% discontinued therapy because of adverse ef-
fects, with a median time to treatment discontinuation as
a result of development of symptoms of 6.1 months.90

Musculoskeletal symptoms were the primary patient-
reported reasons for treatment discontinuation, reported
in 24.4% of the entire study population.

Data also suggest that weight concerns were associated with
decreased odds of adherence, as were cognitive and gy-
necologic symptoms, and severe sleep disturbances.92-94

Downstream impact of nonadherence to endocrine therapy on
breast cancer clinical outcomes A retrospective cohort
study of 1,633 patients receiving tamoxifen had demon-
strated that adherence rates lower than 80% were asso-
ciated with a significant negative impact on survival, with
a HR for all-cause mortality of 1.10 (95% CI, 1.0–1.2) at
a median duration of tamoxifen use of 2.4 years.95 In the
Breast International Group 1-98 clinical trial, low adherence
(defined both as early cessation of letrozole and a compli-
ance score of , 90%) was associated with reduced disease-
free survival (multivariable model HR, 1.45; 95% CI,
1.09–1.93; and 1.61; 95% CI, 1.08–2.38, respectively).96

Among 8,769 women with hormone-sensitive stage I to III
breast cancer enrolled in Kaiser Permanente of Northern
California, automated pharmacy records identified pre-
scriptions and dates of refill of endocrine therapy. There were
28% of women who were nonadherent (medication pos-
session ratio , 80%) in this study, and survival at 10 years
was 81.7% and 77.8% in women who adhered and non-
adhered, respectively. Nonadherence represented an in-
dependent predictor of mortality after adjustment for
relevant clinical and demographic variables (HR, 1.49;
95% CI, 1.23–1.81).97 More recent prospective evidence
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suggests that women with tamoxifen serum concentrations
under the adherence threshold have a significantly shorter
distant disease–free survival (adjusted HR of distant re-
currence or death, 2.31; 95% CI, 1.05–5.06; p = .036),
with 89.5% of patients alive without distant recurrence at
3 years among nonadherent versus 95.4% among ad-
herent women.86

Implementing effective interventions to improve adherence
to endocrine therapy: current barriers and perspectives
Multidisciplinary personalized supportive strategies dem-
onstrated some efficacy in improving adherence in chronic

diseases.98-101 Nevertheless, most approaches in the set-
ting of adjuvant endocrine therapy mostly relied solely upon
provision of educational material, which included general in-
formation about endocrine therapy and breast cancer, and
about strategies to enhance medication adherence. These
approaches, although proving to improve patients’ aware-
ness about benefits and side effects of endocrine therapy,
did not significantly improve adherence.98,99,102,103 A
large survey addressed to 3,196 health care professionals,
including medical doctors, nurses, and pharmacists across
Europe, showed that only half of the participating health
care professionals ask patients with chronic conditions

TABLE 4. Summary of Select Pharmacologic and Nonpharmacologic Strategies to Mitigate Some of the Most Prevalent and Disturbing Side Effects of
Endocrine Therapy

Management Strategy

Side Effect Pharmacologic Nonpharmacologic

Musculoskeletal symptoms Switching strategy duloxetine Physical activity

Acupuncture

Vasomotor symptoms (hot flashes) Antidepressants Cognitive behavioral therapy

SSRIs (citalopram, escitalopram, sertraline) Hypnosis

SNRIs (venlafaxine)

Anticonvulsants (gabapentin and pregabalin)

Oxybutynin

Sexual dysfunction (other than vulvovaginal
symptoms)

Switch from AI + OFS to tamoxifen 6 OFS Cognitive behavioral therapy

Switch from tamoxifen + OFS to tamoxifen alone

If patient is on antidepressants that can affect sexual function
(e.g., SSRI and SNRI), switch to antidepressants that may be
less likely to cause sexual side effects (e.g., mirtazapine)

Vulvovaginal symptoms (vaginal dryness/
dyspareunia)

Moisturizers Laser therapy**

Lubricants

Lidocaine

Switch from AI + OFS to tamoxifen + OFS or tamoxifen alone

Vaginal low-dose estrogen (estradiol)*

Fatigue — Physical activity

Cognitive behavioral therapy

Weight gain — Physical activity

Diet

Cognitive behavioral therapy

Abbreviations: AI, aromatase inhibitor; OFS, ovarian function suppression; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin
reuptake inhibitor.
*Use of vaginal low-dose estrogen is not universally endorsed. Although data on efficacy on vulvovaginal symptoms are available, there are suggestions of
increased levels of serum concentration of estrogen of unknown clinical significance, and there is no robust evidence of safety, particularly among women
treated with AI. Therefore, their use should be thoroughly discussed on a case-by-case basis, including considering the risk of recurrence and gravity of
symptoms. Vaginal estrogens should be reserved for women who are unresponsive to nonhormonal treatment. If estrogen-based treatment is warranted,
duration should be limited in time. There are limited data that suggest minimal systemic absorption with rings and suppositories, which should be preferred
over creams for survivors of hormonally sensitive tumors. Of note, use of other types of hormones such as testosterone and dehydroepiandrosterone should
also be considered with caution in patients with hormonally sensitive tumors.53,106

**More efficacy/safety data required.
Adapted from Condorelli and Vaz-Luis107; Franzoi et al.108
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about treatment adherence on a regular basis, and few of
them reported the routine use of technology and/or other
resources to maintain patients in treatment.104 Finally, in-
terventions to overcome barriers to adherence through
mitigation of endocrine therapy side effects, which repre-
sent one of the primary cause of treatment discontinuation,
are not sufficiently implemented.

Mitigating Side Effects of Endocrine Therapy to Preserve

Quality of Life and Improve Adherence

One of the first randomized controlled trials of standard
versus personalized care included personalized assess-
ment, education, counseling, and interventions directed at
severe menopausal symptoms. Results of this trial showed
that the experimental arm was more effective in treating
symptoms, suggesting that individualizing treatment options
can be effective in managing side effects associated with
endocrine therapy.105 Over the following decades, several
other randomized controlled trials have validated a number
of pharmacologic and nonpharmacologic strategies to
manage adverse side effects linked to endocrine therapy,
confirming the importance of implementing individualized
treatment options to address symptom burden related
to endocrine therapy and impact on quality of life in
clinical care.

Providing proactive management of side effects of endo-
crine therapy and assuring balance between quality of life

preservation and treatment adherence are now considered
core needs in survivorship care. Table 4 summarizes select
pharmacologic and nonpharmacologic strategies to mitigate
some of the most prevalent and disturbing side effects
of endocrine therapy.

CONCLUSION

Improvements in risk stratification strategies and in adjuvant
systemic therapy options in recent decades contributed to
significant reductions in breast cancer recurrence and
death. Premenopausal women with hormone receptor–
positive, early-stage breast cancer often present with
complex disease, require multimodality therapy, and
overall suffer inferior survival outcomes compared with
their postmenopausal counterparts. New tools to more
precisely predict risk will allow clinicians to further in-
dividualize treatments, including the need for chemother-
apy, type and duration of endocrine therapy, and to identify
those who may need novel strategies. Personalized man-
agement of treatment-emergent side effects is also urgently
needed to address patients’ concerns and to improve quality
of life, treatment adherence, and overall wellness.
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overview

There are well-known racial/ethnic disparities in the prevalence of obesity and physical inactivity, as well as

breast cancer risk and survival. However, most of the current scientific evidence that serves as a foundation for

nutrition and physical activity guidelines is based on studies conducted in predominantly non-Hispanic White

populations. Similarly, exercise, diet, or lifestyle intervention trials for breast cancer prevention and survi-

vorship are scarce in racial/ethnic minority populations. We review the current evidence for racial/ethnic

disparities in obesity and breast cancer risk and survival (we are focusing on obesity, because this is con-

sidered an ASCO priority, and studies conducted in the United States), discuss the evolution of nutrition/

physical activity guidelines for cancer prevention and control, and provide an overview of lifestyle in-

terventions, including barriers and facilitators in implementation and dissemination science among minority

populations underrepresented in research. There is a critical need to include racially/ethnically diverse

populations in cancer prevention and control research or to specifically target minority populations in which

disparities are known to exist to achieve much needed health equity.

INTRODUCTION

Worldwide, female breast cancer has now surpassed
lung cancer as the leading cause of cancer in-
cidence and mortality among females, representing
24.5% of all cancer cases and 15.5% of all cancer
deaths.1 Incidence rates are higher in countries with
greater socioeconomic development, reflecting the
higher prevalence of hormonal, reproductive, and
lifestyle risk factors for breast cancer, as well as more
access to mammographic screening.1 Because
lifestyle factors are potentially modifiable, they are
particularly important in cancer prevention and
control.

Obesity, defined as body mass index (BMI) of at least
30 kg/m2, has a major impact across the breast can-
cer continuum, because it has been associated with
an increased risk for postmenopausal breast cancer,
delays in diagnosis, more complications related to
surgery and radiation, possible reduction in chemo-
therapy dosing, and reduction in efficacy of chemo-
therapy and endocrine therapy in obese patients with
breast cancer, as well as worse survival.2,3 Among the
growing population of breast cancer survivors, obesity
has also been shown to have a negative impact on
patient-reported outcomes, including health-related
quality of life, fatigue, and lymphedema.3,4 As such,
ASCO’s 2020 Annual Report on Progress Against

Cancer identified, as a research priority area, the role
of obesity in cancer incidence and outcomes, includ-
ing improving our understanding of its role in cancer
development and progression and underlying bio-
logic mechanisms, as well as identifying effective
interventions in people at risk and who are living with
cancer.5

In addition to obesity, higher levels of physical activity
have been shown to reduce breast cancer risk6,7 and
improve survival after a breast cancer diagnosis8 in pre-
and postmenopausal women. Maintaining a healthy
weight and an active lifestyle are part of the current
nutrition and physical activity recommendations for
cancer prevention, which also include avoiding alcohol
and sugary drinks and eating a healthy diet that em-
phasizes whole grains, vegetables, fruit, and beans and
minimizes red and processed meat, fast foods, and
other processed foods high in fat, starches, or sugars.9

Adherence to these guidelines has been shown to be
associated with a reduction in breast cancer risk.10 It is
generally recommended that cancer survivors follow
nutrition and physical activity guidelines for cancer
prevention after consulting with their health care
providers.11,12 However, these guidelines are based on
the currently available scientific evidence, which comes
from studies conducted predominantly in non-Hispanic
White populations.
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Here, we review the current evidence for racial/ethnic
disparities in obesity and breast cancer risk and survival (we
are focusing on obesity because this is considered an ASCO
priority), discuss the evolution of nutrition/physical activity
guidelines for cancer prevention and control, and provide an
overview of lifestyle interventions, including barriers and fa-
cilitators in implementation and dissemination science

among minority populations underrepresented in research.
Specifically, we focus our review on studies in African
American/Black women (referred to hereafter as Black
women), Hispanic women, and Asian women in the United
States, with the caveat that these are heterogeneous groups;
Pacific Islanders, American Indians, and Alaska natives are
not included given the limited research in these populations.

RACIAL/ETHNIC DISPARITIES IN OBESITY AND BREAST
CANCER RISK AND SURVIVAL

In the United States, there are known racial/ethnic dis-
parities in breast cancer incidence andmortality.13 Although
incidence rates are similar for non-Hispanic White women
and Black women, death rates are higher for Black women
compared with all other racial/ethnic groups; the lowest
incidence and death rates are seen for Asian/Pacific Is-
lander women.14 Five-year survival rates are lowest for Black
women compared with all other racial/ethnic groups, re-
gardless of stage of diagnosis or hormone receptor sub-
type.14 The causes for higher death rates in Black women
after a diagnosis of breast cancer are likely multifactorial and
include being diagnosed with more advanced and ag-
gressive tumors, less access to care, and a higher preva-
lence of obesity and related comorbidities.14 Since 2004,
the overall incidence of breast cancer has been increasing
for estrogen receptor (ER)+ breast cancer, whereas rates for
ER� breast cancer have been decreasing; this has been
attributed to increases in obesity rates and decreases in
fertility.14

The high prevalence of obesity is a major public health
concern, and it disproportionately affects non-Hispanic
Black women (57%) and Hispanic women (44%; Fig.
1).15 Body mass index is widely used, and its high corre-
lation with adiposity makes it a useful public health tool, but
it has limitations because it cannot capture body fat dis-
tribution or body composition.16,17 Waist circumference and
waist-to-hip ratio are commonly collected in epidemiologic
studies, along with BMI, as measures of central adiposity
and proxy of visceral fat, which is more strongly associated
with insulin resistance and metabolic syndrome.17 Central
obesity (waist circumference . 88 cm) is also highest in
non-Hispanic Black (74%) and Hispanic (75%) women,
with a marked increasing trend in prevalence among His-
panic women.18 Complex interrelated factors explain the
obesity epidemic, including policy, environmental factors
(e.g., food supply and marketing, built environment), be-
havioral patterns (poor diets, sedentary lifestyles), and ge-
netic predisposition,17 and these vary across populations.
Such racial/ethnic disparities in obesity burden were also
observed among women with a history of cancer, with breast
cancer survivors specifically having a faster increase in
obesity prevalence compared with adults without a history of
cancer.19

PRACTICAL APPLICATIONS

• Obesity, unhealthy dietary patterns, and phys-
ical inactivity, which disproportionately affect
minority populations, have been shown to have
a major impact on outcomes across the breast
cancer continuum.

• Efforts to promote a healthy lifestyle by following
the current nutrition and physical activity
guidelines, including maintaining a healthy
weight, regular exercise, and a healthy diet, are
likely to have a major impact in cancer pre-
vention, as well as result in better quality of life
and survival after a breast cancer diagnosis.

• Exercise, diet, or lifestyle intervention trials for
breast cancer prevention and survivorship are
scarce in racial/ethnic minority populations,
and potential barriers and facilitators to in-
tervention delivery and participation have been
identified.

• Culturally tailored energy balance interventions
must seek to promote healthy lifestyle behaviors
among minority populations to improve treat-
ment and health outcomes.

FIGURE 1. Age-Adjusted Prevalence of Obesity Among U.S. Females Age
20 and Older, by Race and Hispanic Origin (2017–2018)15

Estimates were age adjusted by the direct method to the 2000 U.S.
Census population using the age groups 20 to 39, 40 to 59, and 60
and older.
Abbreviation: NH, non-Hispanic.
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Current epidemiologic evidence for the impact of obesity
on breast cancer risk and survival in minority and un-
derrepresented populations is discussed in the following
sections.

Obesity and Female Breast Cancer Risk: Current Evidence

There is strong evidence that higher BMI, greater central
adiposity (waist circumference and waist-to-hip ratio), and
weight gain during adulthood increase the risk of post-
menopausal breast cancer.20-22 Based on evidence from 75
cohort studies identified in the World Cancer Research
Fund/American Institute for Cancer Research Continuous
Update Project, a 5-kg/m2 increase in BMI and a 10-cm
increase in waist circumference was associated with a 12%
and 11% increased risk after menopause, respectively.6 For
premenopausal breast cancer, greater BMI is associated
with a lower risk,6,23 whereas waist circumference and
waist-to-hip ratio are positively associated with risk when
adjusting for BMI.6 However, the evidence for pre- and
postmenopausal breast cancer risk has largely come from
studies among non-Hispanic White women. Considering the
racial and ethnic differences in body fat distribution and
body composition,24 breast cancer subtypes,13 and risk
factor profiles,25,26 it is critical to understand the impact of
obesity on breast cancer risk by racial/ethnic groups and
tumor subtypes.

Obesity and breast cancer risk among U.S. Black women
Among studies reporting on the association with post-
menopausal breast cancer risk among Black women,27-32

the majority did not find notable associations with
obesity.28-31 However, there is some suggestion of a positive
association between recent BMI (approximately 1–5 years
prior to diagnosis) and ER+ or ER+ and progesterone re-
ceptor+ postmenopausal breast cancer risk,28,30 as well as
a suggestion of an inverse association with ER� or ER�/
progesterone receptor�28-30,33 and triple-negative breast
cancer after menopause,28 based on individual studies and
the African American Breast Cancer Epidemiology and Risk
consortium,28 which pooled data from four studies.29,31,33,34

In that consortium, the risk of postmenopausal ER+ breast
cancer was greatest among women with a recent high BMI
but who were lean as young adults, and it was positively
associated with greater waist-to-hip ratio.28 The risks of
postmenopausal ER� and triple-negative breast cancer
were also elevated among women with greater waist-to-hip
ratio.28

Different from the finding among predominantly non-
Hispanic White women, studies among Black women
found mostly null associations between adult BMI and
premenopausal breast cancer risk28-30,32,33,35,36 and across
tumor subtypes.28-30,33,36,37 Although the statistical power
became limited for subtype analysis, most studies sup-
ported a positive association between waist-to-hip ratio and

breast cancer risks for hormone receptor+ and hormone
receptor � tumors, including triple-negative breast cancer,
among premenopausal women.28,29,33,36

Obesity and breast cancer risk among U.S. Hispanic women
Few studies have evaluated the impact of obesity on breast
cancer risk among Hispanic women.38 For postmenopausal
breast cancer, although there were no associations detected
with BMI and obesity among U.S. Hispanic women,39,40 one
study found an elevated risk in U.S.-born, but not foreign-
born, Hispanic women.27 To our knowledge, the Breast
Cancer Health Disparities Study,41,42 which pooled data
from two case-control studies,35,39 is the only study that
evaluated the associations by hormone receptor status and
reported null associations with ER+/progesterone receptor+

and ER�/progesterone receptor� breast cancer when
comparing non-Hispanic White and Hispanic women.42 No
study has evaluated the association with the risk of triple-
negative breast cancer among U.S. Hispanic women; this
subtype is more common among them compared with non-
Hispanic White women.13,43 The Breast Cancer Health
Disparities Study also evaluated the associations by hor-
mone receptor status with weight gain during adult life and
central adiposity and reported a positive association be-
tween weight gain and ER+/progesterone receptor+ tumors
among women not using menopausal hormone therapy.42

Based on the limited evidence available among U.S. His-
panic women, adult BMI is associated with a lower risk
for ER�/progesterone receptor� and/or ER�/progesterone
receptor� premenopausal breast cancer,35,41 but greater
waist circumference and waist-to-hip ratio increased the
premenopausal tumor risk after controlling for BMI.41

Weight gain is not associated with risk before menopause
in most studies.35,39-41

Obesity and breast cancer risk among U.S. Asian women
Increases in body weight after immigration and accultura-
tion are thought to contribute to the higher incidence of
breast cancer among Asian women living in the United
States versus those living in Asia.44-46 For postmenopausal
breast cancer, greater BMI is associated with a higher risk
among Asian Americans,34,47,48 but no study evaluated
subtype-specific associations. In the Multiethnic Cohort
Study, being obese and experiencing weight gain during
adulthood had a more pronounced risk in Japanese
Americans compared with other racial/ethnic groups.27,34

Only one study has evaluated the relationship between
postmenopausal breast cancer and waist-to-hip ratio among
Asian Americans; it found a positive association.47

For premenopausal breast cancer, the evidence with BMI
has been inconsistent among Asian Americans.47,48 A meta-
analysis, including nine studies in Asian countries and one
study of Asian Americans, suggested that adult BMI was
associated with a higher risk before menopause, which is
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different from the inverse association observed among non-
Hispanic White women.49 Greater waist-to-hip ratio was also
reported to increase the risk of premenopausal breast
cancer.49

Obesity and Breast Cancer Survival

Fewer studies have evaluated the impact of obesity on breast
cancer prognosis, but there is growing evidence that higher
BMI before and after diagnosis is associated with higher breast
cancer–specific and overall mortality in pre- and post-
menopausal women.50 Only a handful of studies have eval-
uated associations by hormone receptor subtype and most
have limited statistical power, particularly for ER� and triple-
negative breast cancer. Although the evidence tends to be
stronger for hormone receptor + breast cancer, a recent meta-
analysis found that obesity was associated with worse disease-
free survival and overall survival for all subtypes, including
HER2+ and triple-negative breast cancer.51 The effect of
central adiposity, measured as waist-to-hip ratio or waist cir-
cumference, on breast cancer mortality has received little
attention, but a meta-analysis based on four studies found
elevated mortality for those with high waist-to-hip ratio.11

Weight changes after diagnosis are particularly important
among survivors. Weight gain, particularly 10% or greater,52

and weight loss (5% or greater) after a breast cancer diagnosis
have been associatedwith worse survival. Unintentional weight
loss is particularly important to assess, because it may reflect
cancer cachexia associated with advanced disease or sar-
copenia/muscle wasting3; however, these data have rarely
been collected in epidemiologic studies.

Few studies have evaluated the association of obesity and/or
central obesity by race/ethnicity. In the Multiethnic Cohort
study, analyses including all women showed higher cancer-
specific and overall mortality for obese women, but analyses
stratified by race/ethnicity did not show a noteworthy in-
teraction, although power for these analyses was very limited.53

The CARE Study compared the impact of prediagnosis BMI on
breast cancer survival in non-Hispanic White and Black
women; higher disease-specific mortality and overall mortality
were found only for non-Hispanic White women.54 To our
knowledge, the California Breast Cancer Survivorship Consor-
tium is the only study evaluating the impact of BMI andwaist-to-
hip ratio by race/ethnicity, pooling data from six studies.55 For
overall survival, a BMI of at least 40 kg/m2 was associated with
worse survival among non-Hispanic White and Latina women,
whereas a higher waist-to-hip ratio (comparing fourth vs. first
quartile) was associated with worse survival in Black and Asian
American women. Overall, these findings seem to suggest
differential effects by race/ethnicity that could be due to dif-
ferences in body composition that is not captured by BMI.

Summary

In summary, excess body fat increases the risk of breast
cancer, at least in postmenopausal women, and it has

detrimental effects on prognosis in pre- and postmenopausal
women. Whether these associations vary by race/ethnicity
after controlling for all relevant factors, such as socioeco-
nomic status, access to care, and tumor clinicopatho-
logic characteristics, remains unclear and warrants further
investigation.

INTERNATIONAL GUIDELINES FOR EXERCISE, DIET, AND
ALCOHOL FOR CANCER PREVENTION AND SURVIVORSHIP

To improve exercise and dietary behaviors that can prevent
cancer and improve survivorship, international attention has
been given to using the evidence base to create clinical
guidelines that can facilitate healthy behavior change.
Depending on the focus of the organization creating the
guidelines, they can be patient facing or clinician facing.
These guidelines have been evolving over time as the evi-
dence base matures. With rare exceptions, guidelines are
written for cancer prevention or cancer survivorship across
cancer types. Below, we articulate the current state of in-
ternational guidelines of which we are aware for exercise
and for diet and alcohol consumption as related to cancer
prevention and cancer surviorship. We also highlight how
these guidelines have evolved over time and provide some
examples of new research that suggests how guidelines will
change in the future. We focused our search and our
discussion on official publications from organizations that
make such guidelines (Tables 1 and 2); we did not include
the many other examples of guidance/recommendations
that exist on various organization websites or in the literature
that are not formal guidelines. As mentioned earlier, these
guidelines are based on the currently available scientific
evidence, which is largely from studies conducted in non-
Hispanic White populations. It is unknown whether more
tailored guidelines that are specific to the needs of racial/
ethnic subgroups are needed. However, implementationmay
vary according to cultural preferences and food/exercise
access.

Guidelines for Cancer Prevention

Physical activity and cancer prevention Current guidelines
for physical activity as related to the prevention of cancer in
the United States (Table 1) mirror the broader recom-
mendations for healthy adults outlined in the Physical Ac-
tivity Guidelines for Americans, 2nd edition.57 These
guidelines, updated in 2018, reflect a growing body of
evidence supporting the health benefits of physical activity
to reduce the risk of chronic diseases, including cancer.
They consist of a combination of aerobic exercise (150–
300minutes of moderate physical activity per week, or 75 to
150 minutes of vigorous activity per week, or an equivalent
combination of both), together with at least 2 days of
muscle-strengthening activities, also known as resistance
exercise. International guidelines from the World Cancer
Research Fund/American Institute for Cancer Research are

Racial/Ethnic Disparities in Nutrition and Physical Activity and Breast Cancer

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook e65

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



TABLE 1. Physical Activity Guidelines for Cancer Prevention and Survivorship
Organization Aerobic Exercise Resistance Exercise Endorsing Organization

Prevention

American Cancer Society (2020)56 • 150-300 minutes of moderate-
intensity exercise per week, or
75–150 minutes of vigorous-intensity
exercise per week, or an equivalent
combination

• Not included

•More than 300 minutes is optimal

U.S. Department of Health and Human
Services (2018)57*

• At least 150–300 minutes of
moderate-intensity exercise per
week, or 75–150 minutes of vigorous-
intensity exercise per week, or an
equivalent combination

• At least 2 days per week of muscle-
strengthening activities at moderate
or greater intensity that involve all
major muscle groups

• Centers for Disease
Control and Prevention58

•National Cancer
Institute59

World Cancer Research Fund/American
Institute for Cancer Research (2018)9

• Be physically active; walk more and
sit less

• Not included

• At least 150 minutes of moderate-
intensity exercise per week, or
75–150 minutes of vigorous-intensity
exercise per week, or an equivalent
combination

Survivorship

American College of Sports Medicine
(2019)60

• 150 minutes of moderate-intensity
exercise per week, or 75 minutes of
vigorous-intensity exercise per week,
or an equivalent combination

• 2 or 3 weekly sessions that include
exercises for major muscle groups

• 15 organizations
worldwide**

• Specific guidelines for various health-
related outcomes are available

• Specific guidelines for various
health-related outcomes are
available

American Heart Association (2019)61 • Individualized exercise prescription in
addition to diet and cardiovascular
risk assessment, based on
cardiovascular risk-based algorithm

• Individualized resistance exercise
prescription

• American Cancer Society

Exercise and Sports Science Australia
(2019)62

• At least moderate-intensity exercise
involving large muscle groups lasting
a minimum of 20 minutes

•Moderate- to high-intensity exercise
with higher-volume load at least
2 days per week

• Exercise should be spread across the
week, avoiding 2 consecutive days
with no planned exercise

• Incorporating dynamic exercises
using machines, free weights, body
weight, or resistance bands

• Allowing for variation in intensity

World Cancer Research Fund/American
Institute for Cancer Research (2018)9

• Be physically active; walk more and
sit less

• Not included

• At least 150 minutes of moderate-
intensity exercise per week, or
75–150 minutes of vigorous-intensity
exercise per week, or an equivalent
combination

American Cancer Society (2012)12 • Avoid inactivity and return to normal
daily activities as soon as possible
following diagnosis

• At least 2 days per week • ASCO (breast cancer
survivorship)63

• At least 150 minutes per week

*Generic guidelines for adults and adults with chronic conditions, including cancer.
**American College of Sports Medicine, American Cancer Society, American Academy of Physical Medicine and Rehabilitation and Foundation for Physical
Medicine and Rehabilitation, American Physical Therapy Association and Academy of Oncologic Physical Therapy of the American Physical Therapy
Association, American College of Lifestyle Medicine, Canadian Society for Exercise Physiology, Centers for Disease Control and Prevention, Commission on
Accreditation of Rehabilitation Facilities, Exercise and Sports Science Australia, German Union for Health Exercise and Exercise Therapy, MacMillan Cancer
Support, National Comprehensive Cancer Network, Royal Dutch Society for Physical Therapy, Society for Behavioral Medicine, and Sunflower Wellness.
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TABLE 2. Diet and Alcohol Guidelines for Cancer Prevention and Survivorship

Organization

Diet

Alcohol Endorsing OrganizationEncouraged Discouraged

Prevention

American Cancer Society
(2020)56

• Foods that are high in
nutrients in amounts that
help you get to and stay at
a healthy body weight

• Red and processed meats • Best not to drink

• Variety of vegetables: dark
green, red, and orange;
fiber-rich legumes; and
others

• Sugar-sweetened
beverages

• No more than one drink per
day for women or two drinks
per day for men

• Fruits, especially whole fruits
in a variety of colors

• Highly processed foods
and refined grain products

•Whole grains

U.S. Department of
Agriculture and Health
and Human Services
(2020)64,*

• Vegetables of all types: dark
green, red and orange;
beans, peas, and lentils;
starchy; and other
vegetables

• Added sugars: , 10% of
calories per day

• Best not to drink or drink in
moderation

• Centers for Disease
Control and
Prevention65

• Fruits, especially whole fruit • Saturated fat: , 10% of
calories per day

• Limiting intake to two drinks
or less in a day for men and
one drink or less in a day for
women

• Grains, at least half of which
are whole grain

• Sodium: , 2,300 mg per
day

• Dairy, including fat-free or
low-fat milk, yogurt, and
cheese, and/or lactose-free
versions and fortified soy
beverages and yogurt as
alternatives

• Protein foods, including lean
meats, poultry, and eggs;
seafood; beans, peas, and
lentils; and nuts, seeds, and
soy products

• Oils, including vegetable oils
and oils in food, such as
seafood and nuts

Survivorship

World Cancer Research
Fund/American Institute
for Cancer Research
(2018)9

• Diet rich in whole grains,
vegetables, fruit, and beans

• Fast foods and processed
foods high in fat, starches,
and sugars

• Best not to drink

•Whole grains, vegetables,
fruit, and pulses (legumes)
as a major part of usual day’s
diet

• Red and processed meats

• Sugar-sweetened drinks

European Society for
Clinical Nutrition and
Metabolism (2017)66

• Diet based on vegetables,
fruits, and whole grains

• Saturated fat • Low alcohol consumption

• Red meat

American Cancer Society
(2012)12

• Foods from plant sources,
fruits, and whole grains

• Processed and red meats • National
Comprehensive Cancer
Network67

• ASCO (breast cancer
survivorship)63

*Generic guidelines for adults and adults with chronic conditions, including cancer, endorsed by cancer organizations.
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similar to those in the United States, but they do not include
resistance exercise.9

American Cancer Society guidelines for cancer prevention,
updated in 2020, differ slightly from the broader recommen-
dations.56 As had been the case with the American Cancer
Society guidelines from 2012, aerobic exercise is the key target
of its guidelines, but with a new directive that achieving or
exceeding the upper limit of 300 minutes of moderate-to-
vigorous physical activity is ideal. This is based on emerging
research showing a relationship between higher levels of
moderate-to-vigorous physical activity and a lower risk for
cancer.57 A further distinction from the general guidelines is that
the American Cancer Society does not include resistance
training in its recommendations, stating insufficient evidence on
its direct role in cancer prevention to warrant inclusion.

Limiting sedentary behavior is noted across guidelines as
relevant to cancer prevention, but quantitative evidence on
this relationship is still limited.68,69 Future guidelines are
expected to include specific details on the association
between sedentary bouts and overall sedentary time and
cancer risk. Most guidelines include the important reminder
that any physical activity above usual activity, no matter the
individual’s current activity level, is likely to have health
benefits.9,56,57

Diet, alcohol, and cancer prevention A notable evolution in
guidelines on diet and cancer prevention is the continued shift
away from a “nutrient-centric” approach to one that focuses on
dietary patterns (Table 2). Current American Cancer Society
recommendations advocate adhering to a “healthy eating
pattern” at all ages.56 This entails a diet that includes nutrient-
rich foods, such as fruit and vegetables (in a variety of colors),
legumes, and whole grains, while limiting or completely avoiding
processed and red meats, highly processed foods, and sugar-
sweetened beverages. The Dietary Guidelines for Americans,
2020-2025,64 while also endorsing this movement toward di-
etary patterns, still include specific recommendations for sugar,
salt, and saturated fat intake (e.g., keep saturated fat less than
10% of overall calories). It is recommended that alcohol be
avoided completely to minimize cancer risk; however, in those
who decide to drink, a limit of one drink per day for women and
two drinks per day for men is advised.

Another emerging trend in guidelines is to consider diet and
exercise in the context of weight control. Relating to physical
activity and dietary behaviors, the World Cancer Research
Fund/American Institute for Cancer Research and Ameri-
can Cancer Society guidelines recommend the mainte-
nance of a healthy body weight throughout life to reduce the
risk of cancer.56

Guidelines for Cancer Survivorship

Exercise and cancer survivorship Cancer survivors face
diverse issues that affect their need for and ability to

participate in exercise. This heterogeneity differs by cancer
and treatment type and by timing during versus postcancer
treatment. Guidelines for exercise among cancer survivors
have not been tailored to address this heterogeneity in the
past. As shown in Table 1, guidelines from the American
Cancer Society (2012)12 and others have largely followed
the public health guidance to avoid inactivity and engage in
150 minutes of aerobic activity per week and at least 2 days
of strength training per week. More recent guidelines from
the World Cancer Research Fund/American Institute for
Cancer Research (2018),9 Exercise and Sports Science
Australia (2019),62 and the American College of Sports
Medicine (2019)60 have refined the prescription of exercise
to account for individual preferences for intensity (e.g., the
aerobic component may be met through 150 minutes of
moderate-intensity exercise or 75 or more minutes of vig-
orous exercise weekly), and Exercise and Sports Science
Australia and the American College of Sports Medicine
provide more specificity on strength training volume. The
Exercise and Sports Science Australia guidelines also
provide detailed considerations for tailoring exercise pre-
scriptions for patients with certain toxicities and ongoing
issues. The American College of Sports Medicine guidelines
in 2019 was a major evolution in tailoring these guidelines
for specific survivors and has been officially endorsed by 15
organizations across the globe. For the first time, these
guidelines include specific evidence-based guidance for
exercise prescription based on different health-related
outcomes (e.g., fatigue, physical function, bone health),
for different survivor populations (e.g., older adults, those
with an ostomy, those who received stem cell trans-
plantation), and the most effective setting for the exercise
(supervised, home based). Personalizing exercise pre-
scription is the focus of many ongoing studies, so these
guidelines are expected to become more tailored in the
future. There is increasing interest in differentiating survi-
vors who need exercise delivered by cancer rehabilitation
clinicians versus in other supervised, community, or home
settings.70 Current research is also focusing on exercise
delivered prior to treatment (e.g., prehabilitation),71 on other
types of exercise such as yoga and Pilates, and on exercise
delivered along with dietary modification for weight control
(e.g., the National Cancer Institute–funded BWEL trial).72

New guidelines from the American Heart Association pro-
vide a more personalized prescription for cancer survivors at
high risk for cardiac dysfunction.61 These guidelines rec-
ommend varied exercise prescription plus nutritional
counseling and cardiovascular risk factor assessment
according to a risk-based algorithm.61

Diet, alcohol, and survivorship Dietary intake during cancer
treatment may need adjustment to deal with individual
patient issues, such as oral mucositis, nausea, or other
toxicities; recipe books and other guidance exist from the

Bandera et al

e68 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



National Cancer Institute,73 the American Cancer Society,74

and many others globally to help patients experiment with
what works for them. As shown in Table 2, we are aware of
only three guidelines that specifically focus on dietary intake
for survivors, including recent guidelines from the World
Cancer Research Fund/American Institute for Cancer Re-
search (2018)9 and the European Society for Clinical Nu-
trition and Metabolism (2017),66 as well as older guidelines
from the American Cancer Society (2012)12; updated
American Cancer Society guidelines are expected to be
released in 2021. These guidelines follow the same guid-
ance as for the general population and highlight the im-
portance of a healthy dietary pattern rather than focusing on
individual nutrients. They emphasize eating a diet rich in
plants (vegetables, fruits, whole grains, and legumes) and
low in processed foods, red and processed meats, and
sugar-sweetened beverages. Guidelines have always sug-
gested limiting alcohol consumption; the most recent World
Cancer Research Fund/American Institute for Cancer Re-
search guidelines recommend that it is “best not to drink.”54

The importance of limiting alcohol has recently been
highlighted in a statement by ASCO75 that also underscores
the need to address alcohol use in minority populations who
have increasing rates of alcohol abuse. The effects of
specific diets (e.g., intermittent fasting, protein supplemen-
tation, ketogenic, heavy macronutrient) on the gut microbiome
and on cancer treatment efficacy, recovery, and long-term
health are areas of active research. Future guidelines may
address these issues, as the data in those topics continue
to grow.

LIFESTYLE INTERVENTIONS FOR UNDERSERVED MINORITY
WOMEN BEFORE AND AFTER A DIAGNOSIS OF
BREAST CANCER

In recent years, energy balance research76 has evolved to
address efficacy of interventions on physical, physiologic,
and psychosocial health outcomes in women before and
after breast cancer diagnosis, whereby exercise oncology
research has expanded to include novel exercise ap-
proaches, prognostic outcomes, and targeting of rare dis-
eases. Nonetheless, a substantial void exists in the inclusion
and focus on diverse populations, because most studies
have included primarily non-Hispanic White populations.
Overall, racial and ethnic minority women are less physically
active, and, especially, the Black and Hispanic populations
have higher rates of comorbid conditions and poorer cancer
survivorship compared with their non-Hispanic White
counterparts.77-85 Similarly, although Asian Americans are
the fastest growing racial group in the United States and
their risk for developing breast cancer has been increasing,
they are the least likely to exercise compared with other
racial/ethnic groups, and their traditionally fruit- and
vegetable-rich diet is replaced with a “Westernized” diet that
is associated with obesity-related cancers.46,86-88 Therefore,

these populations could benefit substantially from struc-
tured nutrition and exercise programs.

Exercise Interventions

Cancer prevention exercise trials among racially/ethnically
diverse populations, although sparse, have primarily fo-
cused on Black women at high risk for breast cancer. Dash
et al reported marked improvements in metabolic syndrome
following a 6-month home-based or supervised aerobic
exercise program for postmenopausal obese and meta-
bolically unhealthy Black women between age 45 and 65.89

Adequately powered randomized controlled trials are
lacking to assess whether exercise interventions reduce the
risk of breast cancer among underserved minority women.

Similar to cancer prevention trials, few studies have eval-
uated the effect of exercise on health outcomes in minority
cancer survivors. Most research has focused on physical
fitness and psychosocial health, with reported improve-
ments in weekly physical activity levels, cardiorespiratory
fitness, muscle strength measures, functional movement,
total quality of life, and fatigue in Black breast cancer
survivors after completion of exercise, most often aerobic
exercise.90 For instance, a walking-based aerobic exercise
intervention among Black breast cancer survivors achieved
92% adherence while improving total daily step count.91

Influential factors that may have contributed to this success
include the utilization of community- and church-based
centers to conduct exercise, as well as curriculum de-
scribing benefits and barriers to exercise, the relationship
among health and cancer risk and exercise, and per-
sonal assessments and problem-solving sessions for
motivation. Hispanic breast cancer survivors are severely
underrepresented in aerobic exercise trials, with no known
studies to date having targeted this population. Also, high-
intensity interval training was deemed feasible among
patients with breast cancer receiving anthracycline chemo-
therapy, which included 73% patients who self-identified as
Hispanic.92 There were no cultural or behavioral aspects to
supplement this study; however, adherence rates remained
positive at 82.3%, reflecting all participants.92 Notably, no
exercise trials in Asian American women exist, other than
one study examining a culturally tailored lifestyle intervention
(e.g., physical activity and diet) in Chinese American cancer
survivors.85

In relation to exercise modality, no trial to date has focused
solely on resistance exercise among minority women, de-
spite the well-documented physical, psychosocial, and
physiologic benefits. One exercise strategy, which is often
referred to as combination exercise, has been the subject of
additional investigations. Combination exercise utilizes re-
sistance and aerobic exercise and has been well received
among cancer survivors across numerous studies, with
a myriad of beneficial results, including improvements in
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quality of life and physical fitness in breast cancer
survivors93 and patients with cancer presurgery,94 increased
bone health in female cancer survivors,95 and improve-
ments in postoperative outcomes in patients with cancer.94

Combined exercise for Black breast cancer survivors in-
cluded partnership with urban community centers for de-
livery of the intervention at home.90,96 Supplementation to
exercise occurred in the form of motivational,90 cultural,90

educational,96 and social96 components. Both studies eli-
cited greater than 70% adherence, along with increased
functional endurance,96 cardiopulmonary fitness,90 muscle
strength,91 and functional movement.90 Combined exercise
interventions focused on Hispanic cancer survivors’ recorded
outcomes such as minutes of physical activity.97 Cultural
tailoring included use of phone calls and newsletters in the
native language. Mama et al used cultural intervention in the
form of phone calls and newsletters to support home-based
exercise; attendance of exercise sessions was 57.5%.97 In
addition, a 16-week supervised combined exercise in-
tervention delivered in a clinical exercise research laboratory
improved metabolic syndrome in a sample of 100 breast
cancer survivors, of whom 57% self-identified as Hispanic.
Despite the relatively large time commitment and lack of
cultural tailoring, overall adherence was extremely high at
95%,98 and Hispanic participants improved their relative
metabolic profile more than did non-Hispanic participants.99

In summary, aerobic exercise prescription, with or without
supplementation of behavioral and/or cultural tailoring,
remains undefined for minority breast cancer survivors.
Black women tend to adhere well to walking interventions,
whereas Hispanic women have yet to be specifically tar-
geted with aerobic exercise modalities. Resistance exercise
remains grossly underexplored among minority breast
cancer survivors; therefore, strict implementation of this
exercise modality is an important area of focus for future
studies. A combination of resistance and aerobic exercise is
the most common type of exercise intervention among
minority breast cancer survivors. The efficacy of exercise
interventions that were previously investigated mostly in
non-Hispanic White womenmight be similar or even greater
in minority populations as a result of their lower physical
activity levels and more prevalent comorbid conditions.
Furthermore, culturally tailored interventions incorporating
group- or team-based and community- or church-based
approaches appear to improve the acceptability and ef-
fectiveness, which can be taken into account in future
studies. Given the mixed results of adherence and retention,
future studies may benefit from focusing on recruitment and
retention strategies to bolster adherence and should
broaden their targeted population to include Hispanics.
Finally, exploration of clinical outcomes and implementation
of long-term physical activity interventions are necessary
among minority breast cancer survivors.

Dietary interventions The feasibility and impact of dietary
interventions have been widely studied across the breast
cancer continuum.10,100 Overall, although still inconclusive,
evidence shows that healthy dietary interventions are well
accepted before and after breast cancer diagnosis and have
the potential to reduce breast cancer risk and mortality.
However, there are limited data on racially/ethnically diverse
populations: only a few dietary intervention studies exist for
breast cancer prevention and survivorship in Black and
Hispanic women, and none have been performed in Asian
American women.101-105 In terms of breast cancer pre-
vention, a large-scale multicenter trial in 48,835 post-
menopausal women (the Women’s Health Initiative) found
that a low-fat diet was feasible and resulted in a noteworthy
weight loss by 2.2 kg of the between-group difference after
1 year and a modest reduction in breast cancer risk;
however, the majority of the study participants were non-
Hispanic White women (81%).106 Although the Women’s
Health Initiative Study posed a feasibility of a low-fat diet
intervention resulting in weight loss, this finding is not
generalizable to other ethnic groups, such as Black or
Hispanic women, because of the racial imbalance of the
participants. Future studies are warranted that focus on
various underrepresented groups and explore different di-
etary options that are applicable before diagnosis and are
effective for breast cancer prevention.

Regarding breast cancer survivorship, a small number of
studies have investigated the effects of dietary programs;
these are limited to pilot studies or subanalyses of large
trials.107 For instance, one pilot study developed a culturally
tailored dietary program for Black breast cancer survivors
that was well received and effective in reducing fat con-
sumption.101 Similarly, the ¡Cocinar Para Su Salud! Trial,
using a theory-driven procedural model, developed a diet-
ary change intervention that was systematically tailored
for Hispanic breast cancer survivors102; it led to a sub-
stantial improvement in diet- and breast cancer–related
biomarkers.103,104 A secondary analysis in 118 Black and
165 Hispanic breast cancer survivors from a larger dietary
trial (the Women’s Healthy Eating and Living Study108)
showed that Black and Hispanic breast cancer survivors
had poorer dietary patterns compared with their non-
Hispanic White counterparts at baseline, and the positive
changes in their dietary patterns after the intervention were
smaller.105

In summary, despite the growing body of evidence, the
feasibility and effectiveness of dietary interventions before
and after a breast cancer diagnosis in racially and ethnically
diverse populations are unclear. Nevertheless, given the
higher prevalence of obesity and poorer dietary patterns
in the Black and Hispanic populations, the impact of a di-
etary intervention that focuses on reducing fat intake and
body weight seems promising in minority populations.
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Intervention programs (e.g., group coaching sessions, in-
tensive telephone follow-ups, web-based approaches, and
recruitment of mother-daughter dyads) that are culturally
tailored and sustainable in particular ethnic groups appear
to improve adherence and retention but must be explored
further. More attention is required for early dietary in-
tervention in Black and Hispanic women to examine
whether diet modification reduces the risks of breast cancer
development and mortality.

Multimodal approaches Several studies that used multi-
modal approaches, such as combined diet and physical
activity interventions, have primarily focused on Black
breast cancer survivors.109-115 Overall, such interventions
yielded modest adherence rates (. 70%) and marked
reductions in sedentary behavior, fat intake, and body
weight.107 For example, the Moving Forward Trial instituted
a comprehensive community-based lifestyle program, in-
cluding diet and physical activity, that was developed for
Black breast cancer survivors; it resulted in a greater than
3%weight loss and improved health outcomes.110 For Asian
American women, a single-arm pilot study introduced
a culturally tailored (e.g., language, community-based, and
culturally appropriate contents) lifestyle intervention in 50
Chinese American cancer survivors and found a substantial
increase in vegetable consumption and physical activity
levels.116 Overall, although efforts have been made to de-
velop intervention programs that are culturally tailored for
specific racial/ethnic groups, studies have been relatively
small and lack long-term follow-up to identify the effects of
the intervention on cancer outcomes. For example, a few
ongoing larger trials can help to narrow the research gap,
including a lifestyle weight loss study in 100 overweight/
obese Black breast cancer survivors (NCT04741802) and
a diet plus exercise intervention trial in 652 cancer survivors
that is focusing on patients in rural areas and with minority
status (NCT04000880).

Overall, diet-only and multimodal interventions with a focus
on weight loss have been studied in Black breast cancer
survivors, whereas studies targeting Hispanic breast cancer
survivors are scarce. Future studies should target specific
underrepresented and vulnerable populations to develop
and examine tailored programs; ultimately, larger phase II or
III trials are needed to determine the effects of dietary/
multimodal interventions on long-term clinical outcomes in
minority breast cancer survivors.

Barriers and Facilitators to Intervention Delivery and

Participation Among Racially/Ethnically Diverse Women

Unique barriers and facilitators exist in the development
and conduct of intervention trials among minority women
before and after breast cancer diagnosis (Table 3). For
researchers, the geographical location of the research in-
stitute can limit participant recruitment. Individuals residing

in rural areas are likely to be excluded, because participants
are often required to visit the research facility for assessment
and intervention. Also, the uneven distribution of minority
populations across the country can be a challenge, because
certain populations may reside in specific areas (e.g.,
Hispanic women in the southwest and Black women in the
southeast). Variations in study design can help to address
these geographical challenges, such as using a more ac-
cessible remote-based intervention and a multicenter study
design involving various geographical locations that can
ensure the recruitment of representative participants.
However, for technology-based interventions, researchers
should consider potential digital divide and limited ac-
cess (e.g., secure funding to provide participants with
appropriate devices). Furthermore, there is a lack of in-
formation surrounding study recruitment and retention in
underrepresented populations. For example, to design an
effective intervention that is culturally tailored to specific
ethnic groups, it is crucial to comprehend the potential
reasons for declining to participate in the study, dropping
out from the study, or not adhering to the intervention.
Collection and reporting of data on recruitment and ad-
herence of minority and underrepresented women would be
highly beneficial.

On the other hand, challenges exist from the participants’
perspective that are often complex and multifaceted.117

First, a lack of accessible exercise and dietary resources
may exist. Examples include the lack of access to safe
space, exercise equipment, or affordable facilities for ex-
ercise studies,118-120 as well as limited access to healthy and
affordable food options for diet studies. Second, trans-
portation can be a challenge: those who live in suburban or
rural areas might have to spend extended time traveling to
the research facility or bear the extra expenses of gas and
parking. Third, some ethnic groups may have considerable
family needs (e.g., multigenerational families), making it
challenging to commit additional time for exercise or diet
modification. Lastly, poor patient-provider communication
may be an issue.121,122 For example, referring minority
patients to a study without understanding the potential
constraints of the intervention (e.g., use of technology de-
vice) or without established support systems (e.g., language
barriers) can be detrimental in recruiting participants from
underrepresented populations.

CONCLUSION AND FUTURE CONSIDERATIONS

There is a clear need for studies of the impact of obesity and
associated lifestyle behaviors in diverse populations, spe-
cifically including or targeting groups with persistent health
disparities. This literature would inform the development of
clinical practice guidelines that are appropriate for racially
and ethnically diverse populations. Given the complex as-
sociation of obesity with breast cancer, with opposing effect
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by age and menopausal status, as well as by windows of
susceptibility and possibly by race/ethnicity, large epide-
miologic studies are needed to allow sufficient statistical
power for meaningful analyses. Such studies should recruit
adequate samples from diverse populations using stan-
dardized methodology for recruitment and data collection,
including measurements and complete and accurate tumor
subtype information so that results can be compared di-
rectly across racial/ethnic groups. Data on immigration,
acculturation, discrimination, genetic ancestry, and envi-
ronment (including ethnic enclaves, built environment) are
crucial in these analyses. Special attention should be given
to measures of adiposity, because body composition and
body fat distribution may vary across populations. For ex-
ample, for a given BMI, Black women tend to have higher
lean body mass with lower visceral fat compared with non-
Hispanic White women, whereas Asian women tend to have
lower lean body mass and higher visceral fat.17 CT has been
used in some studies that took advantage of existing
electronic medical records, showing promising results about
the importance of muscle mass on prognosis.123 However,
the use of CT scans in large population-based epidemiologic
studies is not always feasible given the cost and lack of
portability. Other methods to measure body composition,
such as bioelectrical impedance analysis using portable
scales, as currently used in other studies,124 may be more
practical in large prospective longitudinal studies. Bio-
specimen collection to ascertain biologic mechanisms is
likely to provide critical insights into any possible racial/
ethnic disparities in the relationship between obesity and
breast cancer. However, any racial/ethnic differences
should be interpreted with caution, because they may re-
flect other social determinants of health, such as socio-
economic status, racial discrimination, or the social

environments in which they live, which influence their
lifestyle behaviors and access to care.

Similar to the limited epidemiologic studies evaluating the
impact of racial/ethnic differences on obesity-related factors,
the sparse landscape with regard to energy balance in-
terventions for minority breast cancer survivors provides an
opportunity to discuss and explore tangible and pragmatic
approaches that seek to improve health outcomes. Major
areas on which to focus research efforts include cancer
prevention interventions, intervention approaches, clinical
and treatment-related endpoints, and cultural tailoring across
the research trajectory from study conception to completion.
To date, energy balance interventions have fallen short on
focusing on minority populations for cancer prevention.
Questions remain surrounding the timing of an intervention;
a greater emphasis on early interventions during adolescence
or even earlier on during in utero may be needed, because
previous interventions have targeted middle-aged and older
individuals.125,126 Nonetheless, given the long-term beneficial
impact of healthy lifestyle interventions, a clear message to
convey to clinicians and the general public is to promote
these behaviors by following current nutrition and physical
activity guidelines, even if they are not specifically tailored to
specific racial/ethnic groups, because they are based on the
best available scientific evidence.

Novel intervention approaches that can support accessi-
bility of intervention delivery are warranted. In light of the
explosion of remote and virtual delivery of exercise and diet
intervention, there is an opportunity to disseminate energy
balance interventions to a diverse patient population that
otherwise would not have the opportunity to partake in said
trials. This includes, but is not limited to, continued and
expanded partnerships with social support systems for

TABLE 3. Barriers and Potential Facilitators to Intervention Delivery and Participation Among Minority Women
Barriers Potential Facilitators

Researchers

• Urban locations of most research institutes limit participation of women
residing in suburban/rural areas

• Uneven distribution of minority populations across the United States
(e.g., Hispanic population in the southwest and Black population in the
southeast)

• Lack of understanding about reasons for decline of study participation
and nonadherence to intervention

• Multicenter design from various geographic locations
• Survey/focus group studies to comprehend unique barriers and
preferences for intervention

• More accessible intervention design, such as remote-based delivery
(e.g., telephone, online format)

Participants

• Limited accessible resources (e.g., spaces/facilities for exercise and
costs for healthy food)

• Extended transportation time traveling to the research facility or added
costs (e.g., gas and parking)

• High family needs (e.g., multigenerational families)
• Referred to a study that requiresinaccessible or unfamiliar intervention
modalities (e.g., use of technology device) or has a lack of support
systems (e.g., language barriers)

• Culturally tailored intervention methods, including use of local
community (e.g., YMCA, churches) and engagement of family
members (e.g., mother-daughter dyads)
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minority populations, such as civic organizations, recreation
centers, and churches, which have also expanded their
outreach with a virtual enterprise. Application of technology-
based intervention delivery will support the rigor that is often
needed to ensure adequate exercise prescription of per-
sonalized dietary approaches whereby supervision is pos-
sible through video chat mechanisms. An additional
supportive approach to enhance delivery that has gained
recent attention in cancer and energy balance interventions
is the use of dyads.127,128 This approach may enhance the
family and social support that is highly valued by Black and
Hispanic communities.129,130 Application of novel diet and
exercise approaches warrants further examination to ensure
enjoyment and accessibility among an otherwise under-
studied population. In fact, observational and qualitative
studies should seek to identify perceived barriers, prefer-
ences, and overall lifestyle patterns among a large cohort of
minority breast cancer survivors. With this knowledge in
hand, researchers and clinicians alike can investigate
methods to promote healthy lifestyle behaviors.

The current state of energy balance interventions can be
further advanced by challenging the timing of intervention
delivery, novel endpoints, and integration of culturally tai-
lored study designs. Targeting energy balance behaviors
early on in the presurgical period or during the treatment
phase may enhance treatment efficacy, reduce surgical

complications and hospital stays, and mitigate treatment-
related side effects.131,132 Of note, there is a lack of long-
term interventions and sustainability investigations that in-
clude diet and/or exercise beyond a limited number of
weeks or months. Although study duration is often driven by
funding availability, examination of the sustainability of
healthy energy balance behaviors is critical for long-term
impact.

Endpoints beyond feasibility and psychosocial health that
seek to target treatment, clinical, or physiologic endpoints
would aid in eliminating cancer health disparities if effective.
With both diet and exercise, careful detailed planning and
implementation of cultural tailoring are necessary to en-
hance the trial design and likelihood of intervention ac-
ceptability and efficacy while meeting the needs of a given
patient population. This may include health education
materials specific for minorities that facilitate awareness of
the importance of lifestyle modifications.

The current research climate has resulted in clinical
practice guidelines that stem from scientific evidence from
predominantly non-Hispanic White study populations.99,133

The need to include racially/ethnically diverse populations
in research and to specifically target minority populations in
which disparities are known to exist have never been timelier
to achieve health equity.
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BREAST CANCER

The Way of the Future: Personalizing Treatment
Plans Through Technology
Marte C. Liefaard, MD, MSc1; Esther H. Lips, PhD1; Jelle Wesseling, MD, PhD1,2; Nola M. Hylton, PhD3; Bin Lou, PhD4;

Tommaso Mansi, PhD4; and Lajos Pusztai, MD, DPhil5

overview

Advances in tissue analysis methods, image analysis, high-throughput molecular profiling, and computational

tools increasingly allow us to capture and quantify patient-to-patient variations that impact cancer risk,

prognosis, and treatment response. Statistical models that integrate patient-specific information from

multiple sources (e.g., family history, demographics, germline variants, imaging features) can provide in-

dividualized cancer risk predictions that can guide screening and prevention strategies. The precision, quality,

and standardization of diagnostic imaging are improving through computer-aided solutions, and multigene

prognostic and predictive tests improved predictions of prognosis and treatment response in various cancer

types. A common theme across many of these advances is that individually moderately informative variables

are combined into more accurate multivariable prediction models. Advances in machine learning and the

availability of large data sets fuel rapid progress in this field. Molecular dissection of the cancer genome has

become a reality in the clinic, and molecular target profiling is now routinely used to select patients for various

targeted therapies. These technology-driven increasingly more precise and quantitative estimates of benefit

versus risk from a given intervention empower patients and physicians to tailor treatment strategies that match

patient values and expectations.

INTRODUCTION

Individualization of patient care has long been the goal
of medicine. The Ebers Papyrus written in Egypt in
1500 B.C. provides the following personalized treat-
ment recommendations “…for a person who suffers
from abdominal obstruction and you find [on physical
examination] that it goes-and-comes under your fin-
gers like oil-in-tube, then prepare for him fruit-of-the-
dompalm, dissolve in semen, crush and cook in oil and
honey…,” on the other hand if a person suffers from
abdominal obstruction “…and his stomach is swollen
and his chest asthmatic, then make for him worm-
wood, elderberries, sebesten, sesa chips, crush and
cook in beer.”1 One could argue that the history of
medicine is the history of increasingly more sophisti-
cated personalization of treatment that involves pro-
gressively narrower definitions of disease and selective
treatments based on understanding of biology. Most
of our current disease terminologies date back to the
19th century and are based on anatomic and micro-
scopic observations paired with clinical descriptions of
symptoms. However, dramatic advances in molecular
and cell biology, medical imaging, and computer
science, as well as increasingly rigorous standards for
clinical research, are fundamentally changing how we
think about cancer and formulate treatment strategies
for our patients. Oncology has reached an inflection

point; many of the classic disease definitions started to
lose practical value, and for good reason. Generic
disease terms like “breast cancer” became so vague
and imprecise in the context of contemporary knowledge
and diagnostic technologies that it has almost lost its
value in determining how to act on this diagnosis.
Contemporary state-of-the-art diagnoses increasingly
capture the large patient-to-patient variations that
impact cancer risk, prognosis, and treatment re-
sponse. This article briefly reviews advances in imaging
technologies and the use of molecular tests to guide
treatment selection; focusing on breast cancer as an
example, we also discuss the rapidly emerging field of
artificial intelligence (AI) to aid diagnosis and reduce
undesirable interobserver variance in clinical activities.

OPTIMIZING ADAPTIVE IMAGING IN THE CLINICAL
MANAGEMENT OF BREAST CANCER

Imaging is a standard diagnostic procedure in the
clinical management of breast cancer; however, its
application to personalized treatment is rapidly evolving
and requires reassessment of how imaging is performed
and how information is derived. The growing field
of quantitative imaging biomarkers recognizes the
need for standards that address each of the stages
of imaging technology, including the imaging device
itself (“scanner”), the image reconstruction process,
and the method of image quantification.2-4 Each of
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these elements contributes to the overall performance of the
imaging biomarker and has to be considered in the opti-
mization process. In breast cancer care, much is being
learned in the neoadjuvant treatment setting where the
status of the tumor can be monitored during systemic
treatment. MRI has evolved as an effective imaging method
for assessing tumor response during neoadjuvant treat-
ment and is used here as an example of the benefits and
challenges of adaptive imaging. This application highlights
several overarching considerations for optimizing imaging
markers for use in personalized treatment strategies, in-
cluding the need to balance potentially competing require-
ments for clinical assessment and biomarker performance
and the need for subtype-specific optimization of imaging
markers.

Image-Acquisition Considerations

A challenge to the adoption of imaging markers in clinical
practice is the need to control for variabilities at the time of
image acquisition that can compromise quantitative mea-
surements, even if they do not adversely impact diagnostic
accuracy. This is particularly critical if repeated measures
are used to assess change over time. Imaging technol-
ogies for breast cancer are designed primarily for cancer
screening. MRI image acquisition methods for screening
have been engineered to emphasize anatomic clarity and
speed. This can often involve the use of image enhance-
ments and filters to improve contrast-to-noise and improve
lesion conspicuity; however, these strategies can introduce
errors and site-to-site variability to the measured signal.
Scan time reduction strategies are used to improve effi-
ciency in the clinic, often at the expense of measurement
fidelity. In the clinical setting it is commonplace to adjust
image acquisition protocols on a patient-by-patient basis to

accommodate differences in body habitus or anatomy.
Intelligent software systems on many scanners will often
accommodate these adjustments by automatically modi-
fying other image acquisition parameters. These measures
improve diagnostic efficiency, but biomarker imaging re-
quires that acquisition techniques also prioritize quantitative
accuracy. Controllable errors must be minimized, and this
can often come at the expense of spatial resolution and scan
time. Inter- and intrapatient variability are minimized using
more restrictive protocols, controlled introduction of soft-
ware and hardware upgrades, and limited allowances for
patient-specific adjustments. These requirements are often
at odds with the strategies used to optimize clinical imaging
and can add steps to the clinical workflow. These conflicting
incentives hinder the ability to ensure high-fidelity data for
imaging biomarker development and testing.2,5 A retro-
spective study performed in the I-SPY breast cancer neo-
adjuvant trial examined the influence of protocol adherence
on the ability of functional tumor volume, a biomarker de-
rived from breast MRI, to predict pathologic complete re-
sponse (pCR). Functional tumor volume is used as part of
the response-adaptive design of the I-SPY2 trial to adjust
randomization in favor of arms showing early benefit over
control.6 Multicenter MRI data used in the study followed
a prescribed protocol and met acceptance criteria. Protocol
adherence was rated for seven technical and quality factors,
including acquisition duration, early phase timing, field of
view, spatial resolution, contralateral image quality, patient
motion, and contrast administration. The area under the
receiver operating characteristic curve was used to measure
the performance of functional tumor volume change in
predicting pCR. Functional tumor volume changes with
adherent image quality in all factors had higher estimated
area under the receiver operating characteristic curve than
did those with nonadherent image quality, although the
differences did not reach statistical significance. The study
highlighted the impact of protocol adherence and data
quality on predictive performance.7

MRI of Neoadjuvant Response

Of breast imaging methods, MRI is particularly effective for
visualizing the effects of neoadjuvant treatment on breast
tumors. MRI signals reflect spatial and functional properties
of tissue and provide noninvasive information about tumor
burden and biologic heterogeneity, giving it great potential to
serve as a biomarker. In the neoadjuvant setting, breast MRI
has been evaluated in numerous studies for its ability to
detect residual disease and to predict response. Accurate
detection and delineation of residual disease has the po-
tential to improve surgical outcomes and perhaps remove
the need for surgery for women achieving pCR. There is
growing interest in this goal as more effective treatments
have led to higher rates of pCR. MRI has been found to be
more effective than clinical examination and other routine

PRACTICAL APPLICATIONS

• The most accurate cancer risk and prognostic
risk models integrate variables from multiple
sources. Do not guesstimate; use a validated
multivariable model if available.

• Molecular variables and anatomic tumor (T, N)
stage tend to provide independent information
about clinical outcome and, therefore, com-
plement each other. Use all information that is
available to provide the most accurate outcome
estimates.

• Quantitative estimates of probable clinical
outcome and predicted benefit from a given
intervention are now available for many clinical
situations. These tools enable patients to tailor
treatment strategies to their own risk/benefit
tolerance level.

Personalizing Treatment Plans Through Technology
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imaging modalities (mammography and ultrasound) for
residual disease detection.8,9 Studies examining agreement
between MRI and residual disease size on histopathology
have found it to vary by subtype, with higher agreement
reported among HER2+ and triple-negative breast cancer
(TNBC) tumors.10 Initial studies reported lower agreement
in hormone receptor–positive tumors, which often have
more diffuse residual disease that is undetectable by MRI.
However, a recent literature review on subtype-specific MRI
performance in detecting pCR concluded that MRI accu-
racy in detecting pCR is not as clearly associated with
subtype as individual studies initially suggested.11

It is well understood that the intrinsic resolving power of MRI
limits its ability to detect microscopic residual disease and,
thus, its ability to discern between true pCR and minimal
residual disease. This limits the use of MRI as a definitive
imaging surrogate for surgical exploration to confirm pCR,
although several studies are investigating approaches
combining imaging and biopsy to explore the potential to
avoid surgery.12-14

Perhaps more relevant to the personalization of treatment is
the ability of imaging to predict treatment outcome when
measured early in the course of treatment. Early noninvasive
indicators of treatment effectiveness could provide a basis
for modifying treatment plans, making de-escalation pos-
sible for patients showing excellent response and a rec-
ommended change in therapy for those with minimal
response. Although MRI has limited accuracy for verifying
pCR, it is very effective at determining the extent of disease
for large breast tumors and at measuring changes with
treatment. Studies examining the early predictive ability of
MRI have found greater accuracy compared with other
imaging methods in predictive performance across breast
cancer subtypes.15 For early response prediction, func-
tional characteristics can add information to measurements
of tumor dimensions alone. A multitude of measurement
methods, including radiomics approaches, can be used to
quantify tumor properties. Timing of early assessment is an
additional variable. Two systematic reviews of the literature
that examined the accuracy of MRI for early prediction of
subsequent pathologic response to neoadjuvant therapy
found that the large heterogeneity of methodologic ap-
proaches made comparison of results difficult and pre-
cluded definitive conclusions.16,17 It is likely that machine
learning and AI technologies will be an integral part of the
development and maturation of imaging markers and their
integration into treatment response prediction models.18

The marked variability in neoadjuvant chemotherapy re-
sponse among different molecular subtypes of breast
cancer is well established. Biomarker development, in-
cluding imaging biomarkers, requires optimization by tumor
subtype to maximize their usefulness.19 Subtype-optimized

models developed in the I-SPY2 trial have been used to
design a de-escalation strategy that combines subtype-
specific MRI predictive probabilities with midtreatment
percutaneous core biopsy pathology to select candidates
who can be safely offered the option to skip the doxorubicin-
cyclophosphamide component of their treatment, because
the probability of achieving pCR after the initial 12 weeks of
taxane-based chemotherapy is very high. The combined
rule was found to result in a 91% positive predictive value
and 61% sensitivity for pCR and is being evaluated in the
I-SPY2 trial.20

To fully realize the potential of response-adaptive treatment
strategies to truly personalize treatment, information from
multiple sources, including clinical risk variables, imaging,
genomic profiles, histopathology, and circulating tumor
markers, will have to be combined and adjusted for the
relative subtype dependencies of these variables. As with
each variable in the model, imaging needs to provide
measurements that are reliable, timely, cost effective, and
independently informative. New standards for quantitative
imaging are being developed along with new data-analytics
techniques that will enable construction of clinically relevant
tools to individualize treatment plans.

UTILIZING MOLECULAR TESTS TO ASSESS RESPONSE
TO THERAPY

Breast cancer is a clinically and molecularly heterogeneous
disease; prognosis and treatment options vary widely be-
tween different subtypes and stages of disease. Hormone
receptor and HER2 status are well-known markers for
beneficial hormonal and HER2-targeted treatments. Yet,
a substantial subset of patients experiences over- or
undertreatment using only these markers for treatment
selection. To improve outcomes, better patient selection is
essential, which motivates the development of improved
and new predictive markers to enable personalized treat-
ment. Successful predictive biomarkers reflect a relevant
biologic process, are accurate and reproducible, and enable
identification of two or more patient subgroups with a dif-
ferential outcome to a specific treatment.21 These concepts
of analytical validity, clinical validity, and clinical utility,
which are applicable to all diagnostic, prognostic, and
predictivemarkers, are summarized in Fig. 1. In this section,
we briefly discuss predictive biomarkers in the context of
breast cancer management; these illustrate the substantial
progress and challenges that characterize molecular bio-
marker development in general.

HER2-Targeting Treatment

HER2 protein overexpression and gene amplification are
predictive markers for HER2-targeting therapies.22 Com-
bining multiple HER2-targeting drugs has increased re-
sponse rates, but there remains a subgroup of patients
that does not benefit from these drugs despite HER2
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amplification. Identifying these patients may spare them
from unsuccessful treatment, and understanding the
mechanisms of resistance could lead to more effective new
drugs. Novel markers that might refine the predictive values
of HER2 protein expression/gene amplification include
HER2 messenger RNA expression level, HER2-enriched
molecular subtype, and various immune-related markers
that are each associated with higher pCR rates and better
survival following HER2-targeted therapies.23,24 A multigene
model using messenger RNA expression data from patients
with HER2+ inflammatory breast cancer who were randomly
selected to receive paclitaxel and trastuzumab, with or
without lapatinib, was predictive of pCR, with an impressive
area under the receiver operating characteristic curve of
0.76 in the CALGB 40601 trial.25 However, standardization
and independent validation of this and other gene signa-
tures are yet to be accomplished. How to predict the need
for, and benefit from, individual components of multidrug
HER2-targeted regimens also remains unsolved. In the
NeoALTTO trial, a substantial interaction was found be-
tween immune and stromal gene expression signatures and
pCR with trastuzumab plus lapatinib combined with pac-
litaxel versus one HER2-targeted drug and paclitaxel;
however, this interaction was not seen for survival out-
comes.24 In the NeoSphere study, patients with HER2
membrane protein expression above the median had a
marked benefit from the addition of pertuzumab to docetaxel
and trastuzumab, whereas there was no benefit for patients
with expression that was below the median.26 These are
select examples of intriguing findings that will require in-
dependent validation.

Sensitivity to HER2-targeting agents does not completely
rely on HER2 overexpression; activating mutations in the
HER2 gene can confer sensitivity to single-agent neratinib
(HER2 kinase inhibitor), and neratinib may even have ac-
tivity in the absence of HER2 mutation or gene amplifica-
tion. In the I-SPY2 trial, high STMN1 gene expression was
associated with response to neratinib (concurrent with

paclitaxel) in 48 patients with HER2– tumors.27 Further
validation of this biomarker is necessary before imple-
mentation in the clinic.

Immune Checkpoint Inhibition

Immune checkpoint inhibition emerged as a promising new
treatment modality, particularly for TNBC (reviewed in
Radosa et al28). However, overall response rates to single-
agent therapy are low, indicating a pressing need for
a predictive marker. In the metastatic TNBC setting, PD-L1
protein expression emerged as a U.S. Food and Drug
Administration–approved predictive marker to select pa-
tients with TNBC for immune checkpoint therapy. In the
randomized IMpassion130 trial, only PD-L1 immune cell–
positive cancers (with SP142, 22C3, or SP263 assays)
showed improved progression-free survival when atezoli-
zumab was added to nab-paclitaxel. In the KEYNOTE-119
trial, objective response rates and progression-free survival
with single-agent pembrolizumab increased almost linearly
as PD-L1 positivity (22C3 assay) increased. The KEYNOTE-
355 trial that compared pembrolizumab plus chemother-
apy with chemotherapy plus placebo for metastatic TNBC
also demonstrated improvement in progression-free sur-
vival in the pembrolizumab arm, but only in PD-L1+ can-
cers (combined positive score � 10 with 22C3 assay). The
SAFIR02 trial randomly assigned patients with metastatic
breast cancer who had response or stable disease after six
to eight cycles of chemotherapy and did not have any ac-
tionable mutations to receive maintenance single-agent
durvalumab or continuation of chemotherapy. Mainte-
nance durvalumab had inferior progression-free survival in
the entire trial population but resulted in improved overall
survival in the PD-L1+ (SP142 assay) subset of cancers. In
contrast to the metastatic setting, it has not been possible to
identify predictive biomarkers that identify stage II to III
TNBC that selectively benefits from inclusion of immune
checkpoint therapy with neoadjuvant chemotherapy. High
tumor-infiltrating lymphocyte count, high expression of PD-
L1 protein, and a broad range of immune-related genes all

FIGURE 1. Criteria for the Evaluation of Biomarkers
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predict for a higher pCR rate with chemotherapy alone, as
well as with chemotherapy plus immune checkpoint
therapy. Unlike in metastatic TNBC, PD-L1 protein ex-
pression does not define the population that selectively
benefits from neoadjuvant immune checkpoint therapy.
The biologic reasons behind the distinct predictive func-
tions of PD-L1 in metastatic versus early-stage TNBC are
unclear. However, overall, metastatic lesions have a more
immune-attenuated tissue microenvironment, even when
immune cells are present, compared with primary
tumors.29

It is important to note that the performance of PD-L1 as
a predictive biomarker for response to anti–PD-1/PD-L1
therapy shows low predictive accuracy with an area under
the receiver operating characteristic curve of 0.65, even in
metastatic disease. This can be explained by the fact that
PD-L1 status is difficult to assess because of the very low
thresholds applied (1% immune cell positivity with the
SP142 assay or a combined positive score . 10 with the
22C3 assay), intratumor heterogeneity in expression, vari-
able assay sensitivity, and large interobserver variability.30

Tumor mutational burden has emerged as a complemen-
tary assay to define patients, regardless of cancer type, who
might benefit from pembrolizumab immune checkpoint
therapy. The FoundationOne next-generation sequencing
assay is approved by the U.S. Food and Drug Administra-
tion for this purpose. Immune gene signatures, multiplex
immunohistochemistry, and various spatial features of
immune cell infiltration are also actively being investi-
gated as potential complementary predictive markers for
immunotherapy.31

Homologous Recombination Deficiency and

Systemic Therapy

Homologous recombination is the primary pathway that is
responsible for high-fidelity repair of double-strand DNA
breaks. Patients with TNBC and homologous recombina-
tion deficiency due to a biallelic BRCA loss of function
(usually through a combination of germline and somatic
events) respond well to agents that cause double-strand
DNA breaks, such as platinum or anthracycline-containing
chemotherapies. Consequently, it was hypothesized that
patients without BRCA mutations but with genomic “scars”
or gene expression features resembling BRCA-mutant tu-
mors may also have a defect in homologous recombination
and, therefore, might be sensitive to these agents.32 Sub-
sequently, studies in metastatic breast cancer showed that
patients with TNBC that harbor homologous recombina-
tion deficiency (i.e., germline BRCA mutation or homolo-
gous recombination deficiency assay positive) have greater
benefit from platinum chemotherapy than from a micro-
tubule inhibitor, whereas patients with nonhomologous
recombination deficiency have no such differential

sensitivity.33 However, this relationship is not seen in neo-
adjuvant trials.34

Clinical trials also demonstrated substantial single-agent
activity of PARP-1 inhibitors in breast cancers that harbor
germline BRCA1, BCRA2, or PALB2 mutations or somatic
BRCA mutations.35,36 Several methods exist for detection of
homologous recombination deficiency, such as analysis of
sporadic or germline homologous recombination mutations,
copy number signatures, single-nucleotide polymorphism–

based assays, and transcriptional signatures.32,35 Currently,
only germline and somatic BRCA sequencing assays and the
Myriad homologous recombination deficiency assay are used
in the clinic in the United States to select patients for PARP-1
inhibitor therapy.

Rare Actionable Mutations

Next-generation sequencing assays of a few dozen to a few
hundred potential therapeutic target genes are being used
increasingly in the clinic to identify patients with metastatic
cancer for targeted therapies. In estrogen receptor+ metas-
tatic breast cancer, detection of PIK3CA (phosphatidyli-
nositol-4,5-bisphosphate 3-kinase catalytic subunit alpha)
mutations became important after the SOLAR-1 trial dem-
onstrated a benefit from adding the PIK3CA inhibitor alpelisib
to endocrine therapy with fulvestrant, but only in cancers with
somatic mutations in the PIK3CA gene (median progression-
free survival, 11.0 months vs. 5.7 months).37 Other rare, but
potentially actionable, mutations in breast cancer that are
supported by clinical trial data include somatic BRCA mu-
tations (for PARP inhibitors), HER2-activating mutations (for
neratinib), and NTRK1 (tropomyosin receptor kinase A) fu-
sion genes (for larotrectinib). Mutations in the ESR1 (estrogen
receptor 1) gene are also commonly encountered in estrogen
receptor+ metastatic breast cancer, particularly after prior
therapy with aromatase inhibitors. However, the clinical
relevance of this finding is limited to recommending fulvestrant
over exemestane.

Liquid Biopsy Biomarkers

Circulating biomarkers may better reflect intratumor het-
erogeneity than do tissue-based biomarkers and are
amenable to repeated assessment during treatment. Ana-
lyses of mutations in circulating tumor DNA in the MON-
ALEESA-2 trial suggested that patients with an alteration in
receptor tyrosine kinase genes in breast cancer have less
benefit from letrozole plus ribociclib compared with wild-
type cancers.38 In the PALOMA-3 trial, the ratio of baseline/
cycle 5 circulating mutated PIK3CA gene copies was pre-
dictive of progression-free survival benefit with palbociclib.39

In a phase I study of elacestrant, patients with estrogen
receptor mutations in circulating tumor DNA had a much
higher objective response rate than those who did not.40 In
the CirCe T-DM1 trial, patients with HER2� primary tumors,
but HER2-amplified circulating tumor cells, were treated
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with trastuzumab emtansine; unfortunately, only one of 11
patients achieved a partial response.41 These studies
highlight that there may be a lot of potential for liquid bi-
opsies in response prediction, but major challenges must be
overcome.

Challenges and Future Outlooks

Finding clinically useful predictive biomarkers is highly
challenging because of a number of issues, including inter-
and intratumor heterogeneity, variability between assays,
lack of robustness, and insufficient discriminatory accuracy.
Many biomarkers show associations with response to broad
classes of therapeutic agents (e.g., chemotherapy, endo-
crine therapy, HER2-targeted agents, immunotherapy), but
it has been very difficult to find drug-specific biomarkers.
Furthermore, existing biomarkers are better at identifying
who will not have a response to treatment (i.e., high negative
predictive values) than predicting actual response to
treatment (i.e., modest positive predictive value). With the
increasing availability of genomic, transcriptomic, and
proteomic data and the integration of these, we hope to
come closer to developing clinically useful biomarkers.

OPPORTUNITIES AND CHALLENGES TO IMPLEMENTING
ARTIFICIAL INTELLIGENCE IN HEALTH CARE

The past few years have seen an explosion of technologies
powered by AI in health care, from triage and early detection
to diagnosis to therapy.42 Artificial intelligence–powered
imaging and laboratory devices, medical robots, and mobile
services, to mention just a few, almost certainly will improve
the reach of high-quality health care across medical offices
and countries, accelerate precision medicine, and help
patients to proactively manage their health (Fig. 2). This
section introduces promising developments in AI, followed
by an overview of the challenges that still must be addressed
in this field before reaching widespread use.

Decreasing Reader Variability While Improving Workflow

Efficiency Through Artificial Intelligence

Medical imaging plays an important role in cancer di-
agnosis, treatment, and monitoring, but it is highly de-
pendent on the interpretation of readers and their levels of
expertise. The requirement of interpreting large amounts of
complex data has exceeded the capacity of available spe-
cialists and brings new challenges to health care providers,
especially in low- and middle-income countries. Recent
advances in AI algorithms have resulted in substantial
strides in the assessment of radiographic characteristics in
medical images,9 offering considerable promise for im-
proving the efficacy and quality of clinical care. Deep
learning is one form of AI that achieves great success in
automated learning of imaging features when large, well-
annotated databases are available to train the algorithms.43

Artificial intelligence–based computer-aided diagnosis and
detection systems have shown promising results in the early
screening of multiple diseases, including lung cancer,
breast cancer, and prostate cancer, when evaluated against
human operators.42-44 This creates an opportunity to reduce
the variability in screening quality by introducing AI systems
as decision support for radiologists at various levels of
training and experience. Artificial intelligence systems are
also being developed to assist the image reading workflow.
For instance, an AI-based software has been introduced to
automatically process multiparametric MRI scans of the
prostate, allowing radiologists to identify lesions and facili-
tate targeted biopsies more easily.44 Radiation oncology is
also greatly benefiting from AI.45 Delineation of organs at risk
is one of the most time-consuming manual tasks performed
by radiation oncologists. Artificial intelligence has demon-
strated promise in providing comparable autosegmentation
of organs at risk to that of human experts. Additionally, dose

FIGURE 2. Hierarchy of Artificial
Intelligence Systems in Health
Care
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distribution can be potentially optimized by AI approaches
via integrating patient anatomy information and treatment
machine parameters.

FromOutcome Prediction to Patient-Specific Digital Twins

The RECIST criteria are widely used in oncology to assess
treatment response. However, these size-based metrics are
questioned because they oversimplify the complex imag-
ing features of tumors.46 Radiomics analysis was intro-
duced to comprehensively characterize and compare tumor
geometric and textural appearance in images.46 High-
dimensional hand-crafted features can be automatically
computed from images to predict the overall survival of
patients with non–small cell lung cancer in response to
radiotherapy, chemotherapy, or immunotherapy.46,47 Re-
cently, a deep-learning method, DeepProfiler, was introduced
to automatically learn tumor-imaging characteristics that are
associated with prognosis.47 Using the consolidated in-
formation from imaging and clinical variables, DeepProfiler
provided an estimation of local failure of stereotactic body
radiation therapy and enabled individualized dosing to in-
crease tumor control. Studies have also shown the capa-
bility of AI to predict gene mutations from histopathology
images.48 Building on these achievements, researchers
are actively investigating methods that combine radiomics
and genomics information for individualized outcome
prediction.49

Digital twins of patients are also being developed, inspired
by their industrial counterpart. Fueled by the increased
digitalization and broad range of biologic measurements of
functions of the human body, digital twins combine AI with
computational models of human physiology to generate
patient-specific models from medical data (Fig. 3). By in-
tegrating multimodal information, digital twins have the
potential to quantify a patient’s pathophysiology (e.g., tumor
growth rate) more precisely.50,51 The hope is that digital
twins could enable in silico simulation of various interven-
tions and assess their potential effects on the patient before
any treatment begins. For example, an individualized
model of the liver, estimated from images, was used to
predict ablation extent and tumor coverage.52 Digital twins
is also being explored to model multiscale multi-omics
interactions for drug discovery and treatment efficacy
prediction.53

Artificial Intelligence–Assisted Automation and Services

to Improve Access of Care

One of the biggest challenges in health care, within a
country and globally, is to provide equal access to the same
high-quality care. Staff shortages, differences in levels
of provider training and skill, and dissimilarities in in-
frastructure and availability of equipment have created
variable levels of care, including areas known as “medical
deserts.” Digitalization and AI could address some of these

challenges. Artificial intelligence–assisted image reading
aims at improving interrater variability for a more consistent
and precise diagnosis throughout clinical sites. Medical
systems are being reinvented with more intuitive and sim-
plified user experiences thanks to AI-assisted automation.
Minimally invasive procedures are benefiting from auto-
mation to simplify their execution, making them safer and
more cost effective (e.g., through fully automatic multi-
modality image fusion).54 Robotics solutions are assisting
surgeons with performing more precise procedures; they
may even enable highly specialized surgeons to operate on
patients remotely in geographically isolated areas with
modest assistance from a local health care provider.55

Strides are being made in the capability of mobile and
wearable devices to provide consumers and their care
providers with actionable quantitative health information,
from wellness to home monitoring of physical activity and
vital signs after procedures or discharge from the hospital.

Challenges Ahead

Despite the tremendous progress of the past few years,
many challenges still remain to fully harness the potentials
of AI in health care.50 First, scaling up the development of
multimodal AI solutions requires more consolidated access
to data that are still stored in a variety of systems that do not
necessarily share a common data-exchange interface. To
address this challenge, electronic medical records and
standards like Fast Healthcare Interoperability Resources
are facilitating interconnectivity, whereas clinical-decision
support solutions are being deployed to integrate data from
multiple sources into a single common system.56

Second, data privacy needs to be thoroughly ensured. While
regulations are being updated to protect patients and
consumers (e.g., Health Insurance Portability and Ac-
countability Act [United States], California Consumer Pri-
vacy Act, General Data Protection Regulation [Europe]),
privacy-by-design AI technologies are actively being in-
vestigated. For instance, federated learning proposes to
train AI algorithms locally and only pool the resulting models
centrally, alleviating the need to share patient data with
researchers. Homomorphic encryption techniques are be-
ing investigated to encrypt data such that AI processing
can be done on the encrypted file directly, whereas
blockchain architectures are being explored to ensure full
decentralization.57

Third, AI in oncology is challenged by the inherent variability
of the disease and therapies. Each cancer is unique, with
many therapy options possible, making large-scale data
acquisition for AI training challenging. Artificial intelligence
is already contributing to more precise screening and di-
agnosis of the most common cancers (e.g., breast and lung
cancers). Yet, progress in AI theory and engineering is
needed to enable precision medicine at scale, where
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therapy can be tailored to the individual. To that end, re-
searchers are investigating methods based on causality,
reasoning, and self-supervision (e.g., to be able to train
robust and performant AI systems on small data sets).58

Lastly, AI systems are required to provide insights and
confidence estimates about their decision. On one hand,
uncertainty-quantification techniques are being researched
by the community. On the other hand, collaborative systems
of AI modules are being implemented instead of end-to-end
neural networks, to increase transparency and controlla-
bility. Similarly, strategies to minimize biases in AI, a very
important issue, are currently being defined, such as
guidelines for the definition of diverse training cohorts.59

Finally, educational programs in AI for medicine will be
crucial to increase physicians’ literacy in AI, teaching
them about AI’s ever-evolving capabilities and potential
limitations.60

In conclusion, AI and digitalization are poised to transform
health care as we know it. Although challenges still lie
ahead, the community is working tirelessly to find solutions
for safe, privacy-centric, and trustable AI solutions that have
the potential to reduce variability in care throughout regions,
enable more precise diagnosis and therapy, and increase
the reach of high-quality care worldwide.

ADAPTING INDIVIDUALIZED TREATMENT PLANS TO CARE
FOR EACH PATIENT

Individualized treatment plans have come a long way since
the Ebers Papyrus. Personalized recommendations are

incorporated into the entire spectrum of cancer manage-
ment (Fig. 4). For example, multivariate risk-prediction
models (e.g., The Breast and Ovarian Analysis of Disease
Incidence and Carrier Estimation Algorithm, BRCAPRO
breast cancer risk assessment tool, International Breast
Cancer Risk Assessment Study) that incorporate various
combinations of personal information, including age, eth-
nicity, age at menarche, parity, age at first birth, meno-
pausal status, body mass index, history of benign
proliferative breast lesions, mammographic density, and
detailed family history, can provide individualized per-
centage risk estimates of developing breast cancer in the
next 5 to 10 years.61 This information can be used to guide
genetic testing and breast cancer–screening decisions.
Breast cancer mammographic screening also evolved to-
ward increasingly individualized strategies: women with
dense breasts now routinely undergo supplementary
screening with annual ultrasonograms or MRI, and in-
dividuals with very high risk have more frequent screening
than do women with average risk. The reporting of breast
imaging results has been standardized (Breast Imaging
Reporting and Data System, BI-RADS; www.acr.org/Clinical-
Resources/Reporting-and-Data-Systems/Bi-Rads), and the
terminology guides subsequent recommendations for
follow-up procedures. If the diagnosis of invasive breast
carcinoma is established by a breast biopsy, patients are
triaged into one of the three major clinical subtypes of breast
cancer: hormone receptor+, HER2+, or TNBC with distinct
therapeutic implications. The percentage probabilities of
recurrence and overall survival can be estimated for an
individual by combining information from age at diagnosis,
menopausal status, hormone receptor and HER2 status,
tumor proliferative activity (i.e., Ki-67 status), tumor size,
number of positive nodes, histologic grade, and detection
method (i.e., mammographic screening vs. self-palpated)
using a validated multivariate prognostic model (breast.
predict.nhs.uk/tool).

After understanding the baseline risk of recurrence, an
individualized estimate of percentage benefit from various
treatment modalities can be calculated and discussed with
the patient. In hormone receptor+ disease, additional gene
expression–based molecular tests can further refine the
prognostic risk and identify patients who would have ex-
cellent long-term disease-free survival with endocrine
therapy alone.62 These molecular diagnostic tests (e.g.,
Oncotype DX Recurrence Score, MammaPrint, Prosigna,
EndoPredict, Breast Cancer Index) have enabled hundreds
of thousands of women to avoid adjuvant chemotherapy
without jeopardizing their survival. Randomized clinical
trials continue to refine our understanding of how to use
these molecular assays. Most recently, the first interim
results of the RxPONDER trial demonstrated that, even
among patients with one to three positive lymph nodes,

FIGURE 3. Rendering of CT Scans With Artificial Intelligence–Based
Automatic Organ Segmentation (in colors) and Lesion Detection (in yellow)
Data courtesy of University Hospital Erlangen, Erlangen, Germany.
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a subset of postmenopausal women who have a recurrence
score less than 26 do not derive benefit from adjuvant
chemotherapy and can be safely treated with adjuvant
endocrine therapy alone.63 By using molecular diagnostic
tests, we can also make individualized predictions about the
probability of benefit from extending adjuvant endocrine
therapy beyond 5 years.64 The increasing use of pre-
operative chemotherapy in HER2+ and TNBCs allows fur-
ther customization of postoperative adjuvant chemotherapy
based on the extent of residual cancer found at the time of
surgery.65 Patients with substantial residual cancer burden
after neoadjuvant chemotherapy can receive further treat-
ment that improves their recurrence-free survival.

Individualized treatment plans do not end at selecting
systemic adjuvant therapies for early-stage breast cancer;
the previously rather uniform radiation therapy and surgery
treatment strategies are also increasingly flexible and tai-
lored for patient age and risk of locoregional recurrence.
Clinical nomograms can be used to estimate the probability
of finding positive axillary lymph nodes at diagnosis or after
an initial positive sentinel node biopsy, and this information
can guide decisions about subsequent axillary lymph node
dissection or even skipping lymph node sampling alto-
gether.66 Accelerated postlumpectomy radiation treatment
plans also exist that can shorten the traditional 5 weeks of
radiation therapy for selected patients.67

A truly individualized treatment plan cannot be formulated
without input from the patient. We all have different risk-
benefit tolerance; perhaps one of the most important
contributions of the existing prognostic and predictive tools is
that they empower patients to make an informed decision
about the various alternative treatment strategies that are
available to diagnose and treat early-stage breast cancer.

What Is Next?

The past 20 years have seen remarkable progress in di-
agnostic technologies, coupled with the introduction of
several dozen new drugs to treat cancer that have translated
into improved survival for many cancer types. Survival of

early-stage breast cancer has improved by 25% to 40%
during this time period; unfortunately, it continues to show
large variations between regions of the world, as well as by
race and socioeconomic status within the United States.68

Progress in individualizing treatment plans will accelerate
further in the coming years. Adding polygenic risk scores
derived from germline sequencing to clinical risk-prediction
models will likely improve predictions of cancer risk,
which will improve individualization of cancer-screening
strategies. An example is the ongoing WISDOM study
(NCT02620852), which is an adaptive randomized clinical
trial comparing a comprehensive risk-based personalized
screening with traditional annual breast cancer screening.
Artificial intelligence–driven improvements in image anal-
ysis are expected to improve the precision of breast imaging
to distinguish benign lesions from malignant lesions.69

Novel molecular diagnostic tests are emerging in TNBC
and HER2+ breast cancers to refine prognosis beyond the
clinical stage, the same way that gene expression profiling
assays did in hormone receptor+ disease. The extent of
lymphocytic infiltration is showing clinically meaningful
prognostic risk stratification in TNBC,70 and a combination
of HER2 expression, PIK3CA mutation, and molecular
subtype may identify HER2+ breast cancers with excellent
prognosis.71 Clinical trials are underway in HER2+ breast
cancer (CompassHER2-pCR, NCT04266249) and are
planned in TNBC, to explore the potential of using patho-
logic response to neoadjuvant chemotherapy to optimize
chemotherapy intensity. Patients with pCR even after a short
minimally toxic therapy may not need more aggressive sys-
temic therapy, whereas those with residual disease could
receive more treatment after surgery to improve their survival.
Molecular target profiling, which is already used in metastatic
breast cancer to identify potentially targetable molecular ab-
normalities, will likely be explored in the adjuvant/neoadjuvant
treatment setting to accelerate the introduction of effective
targeted therapies in the early-stage curative setting.

Monitoring of circulating tumor DNA is perhaps one of the
most exciting new technologies that could bring about

FIGURE 4. Personalization of Treatment Plans Through Technology Across the Spectrum of Disease Management
Abbreviation: ctDNA, circulating tumor DNA.
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a paradigm shift in monitoring of patients with early-stage
disease who have completed local and systemic thera-
pies. Multiple small studies demonstrated that the pres-
ence of tumor-derived DNA in the blood during follow-up of
asymptomatic clinically cancer-free patients heralds me-
tastatic recurrence in 70% to 80% of patients within 6 to 10
months. Detection of molecular relapse before clinically
apparent metastatic recurrence raises the tantalizing pos-
sibility that early intervention with a “second-line” adjuvant
therapy might avert the impending clinical recurrence.
Molecular monitoring for residual disease in hematologic
malignancies, or for prostate-specific antigen failure in
prostate cancer, followed by early systemic therapy im-
proved recurrence-free survival in leukemias and in prostate
cancer. A clinical trial is now underway to explore this
strategy in estrogen receptor+ early-stage breast cancer
(DARE, NCT04567420).

Most of the examples in this article are taken from the breast
cancer literature because there are extensive data to support

screening of asymptomatic individuals, several clinically vali-
dated prognostic risk-prediction models exist, and molecular
diagnostics tests are used to select patients for adjuvant
chemotherapy. These advances clearly illustrate the evolution
of individualizing treatment recommendations over the past
20 years, enabling personalized screening and de-escalation of
care for many patients, while selecting patients at risk for re-
currence who would benefit from more aggressive therapy.
These same advances are also happening inmost other cancer
types and no doubt will accelerate in the coming years.
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37. André F, Ciruelos E, Rubovszky G, et al; SOLAR-1 Study Group. Alpelisib for PIK3CA-mutated, hormone receptor–positive advanced breast cancer. N Engl J Med.
2019;380:1929-1940.

38. Hortobagyi GN, Stemmer SM, Burris HA, et al. Updated results from MONALEESA-2, a phase III trial of first-line ribociclib plus letrozole versus placebo plus
letrozole in hormone receptor-positive, HER2-negative advanced breast cancer. Ann Oncol. 2018;29:1541-1547.

39. O’Leary B, Hrebien S, Morden JP, et al. Early circulating tumor DNA dynamics and clonal selection with palbociclib and fulvestrant for breast cancer. Nat
Commun. 2018;9:896.

Liefaard et al

22 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



40. Bardia A, Kaklamani V, Wilks S, et al. Phase I study of elacestrant (RAD1901), a novel selective estrogen receptor degrader, in ER-positive, HER2-negative
advanced breast cancer. J Clin Oncol. Epub 2021 Jan 29.

41. Jacot W, Cottu P, Berger F, et al. Actionability of HER2-amplified circulating tumor cells in HER2-negative metastatic breast cancer: the CirCe T-DM1 trial. Breast
Cancer Res. 2019;21:121.

42. Bi WL, Hosny A, Schabath MB, et al. Artificial intelligence in cancer imaging: clinical challenges and applications. CA Cancer J Clin. 2019;69:127-157.

43. McKinney SM, Sieniek M, Godbole V, et al. International evaluation of an AI system for breast cancer screening. Nature. 2020;577:89-94.

44. Winkel DJ, Wetterauer C, Matthias MO, et al. Autonomous detection and classification of PI-RADS lesions in an MRI screening population incorporating
multicenter-labeled deep learning and biparametric imaging: proof of concept. Diagnostics (Basel). 2020;10:951.

45. Huynh E, Hosny A, Guthier C, et al. Artificial intelligence in radiation oncology. Nat Rev Clin Oncol. 2020;17:771-781.

46. Aerts HJWL, Velazquez ER, Leijenaar RTH, et al. Decoding tumour phenotype by noninvasive imaging using a quantitative radiomics approach. Nat Commun.
2014;5:4006.

47. Lou B, Doken S, Zhuang T, et al. An image-based deep learning framework for individualising radiotherapy dose: a retrospective analysis of outcome prediction.
Lancet Digit Health. 2019;1:e136-e147.

48. Coudray N, Ocampo PS, Sakellaropoulos T, et al. Classification and mutation prediction from non-small cell lung cancer histopathology images using deep
learning. Nat Med. 2018;24:1559-1567.

49. Murdoch WJ, Singh C, Kumbier K, et al. Definitions, methods, and applications in interpretable machine learning. Proc Natl Acad Sci USA. 2019;
116:22071-22080.

50. Topol EJ. High-performance medicine: the convergence of human and artificial intelligence. Nat Med. 2019;25:44-56.

51. Anderson ARA, Weaver AM, Cummings PT, et al. Tumor morphology and phenotypic evolution driven by selective pressure from the microenvironment. Cell.
2006;127:905-915.

52. Audigier C, Mansi T, Delingette H, et al. Efficient lattice boltzmann solver for patient-specific radiofrequency ablation of hepatic tumors. IEEE Trans Med Imaging.
2015;34:1576-1589.

53. Rostami-Hodjegan A, Tucker GT. Simulation and prediction of in vivo drug metabolism in human populations from in vitro data. Nat Rev Drug Discov. 2007;
6:140-148.

54 Liao R, Miao S, de Tournemire P, et al. An artificial agent for robust image registration. In Proceedings of the Thirty-First AAAI Conference on Artificial Intelligence,
2017;4168-4175.

55. Patel TM, Shah SC, Pancholy SB. Long distance tele-robotic-assisted percutaneous coronary intervention: a report of first-in-human experience. EClini-
calMedicine. 2019;14:53-58.

56. Zindel C, Herrmann K. A conversation between Christoph Zindel and Ken Herrmann. J Nucl Med. 2020;61:1088-1090.

57. Kaissis GA, Makowski MR, Rückert D, et al. Secure, privacy-preserving and federated machine learning in medical imaging. Nat Mach Intell. 2020;2:305-311.

58. Pearl J. The seven tools of causal inference, with reflections on machine learning. Commun ACM. 2019;62:54-60.

59. Jercich K. “FDA Highlights the Need To Address Bias in AI.” Healthcare IT News, October 22, 2020. www.healthcareitnews.com/news/fda-highlights-need-
address-bias-ai.

60. Rampton V, Mittelman M, Goldhahn J. Implications of artificial intelligence for medical education. Lancet Digit Health. 2020;2:e111-e112.

61. Terry MB, Liao Y, Whittemore AS, et al. 10-year performance of four models of breast cancer risk: a validation study. Lancet Oncol. 2019;20:504-517.

62. Telli ML, Gradishar WJ, Ward JH. NCCN guidelines updates: breast cancer. J Natl Compr Canc Netw. 2019;17:552-555.

63 Kalinsky K, Barlow WE, Meric-Bernstam F, et al. First results from a phase III randomized clinical trial of standard adjuvant endocrine therapy (ET)+/�
chemotherapy (CT) in patients (pts) with 1- 3 positive nodes, hormone receptor-positive (HR+) and HER2-negative (HER2-) breast cancer (BC) with recurrence
score (RS), 25: SWOG S1007 (RxPonder). Paper presented at: San Antonio Breast Cancer Symposium. San Antonio, TX; 2020. Abstract GS3-00.

64. Anandan A, Sharifi M, O’Regan R. Molecular assays to determine optimal duration of adjuvant endocrine therapy in breast cancer. Curr Treat Options Oncol.
2020;21:84.

65. Pusztai L, Foldi J, Dhawan A, et al. Changing frameworks in treatment sequencing of triple-negative and HER2-positive, early-stage breast cancers. Lancet Oncol.
2019;20:e390-e396.

66. Chang JM, Leung JWT, Moy L, et al. Axillary nodal evaluation in breast cancer: state of the art. Radiology. 2020;295:500-515.

67. Meattini I, Marrazzo L, Saieva C, et al. Accelerated partial-breast irradiation compared with whole-breast irradiation for early breast cancer: long-term results of the
randomized phase III APBI-IMRT-Florence trial. J Clin Oncol. 2020;38:4175-4183.

68. Sung H, Ferlay J, Siegel RL, Laversanne M, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence andmortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. Epub 2021 Feb 4.

69. Yala A, Mikhael PG, Strand F, et al. Toward robust mammography-based models for breast cancer risk. Sci Transl Med. 2021;13:eaba4373.

70. Park JH, Jonas SF, Bataillon G, et al. Prognostic value of tumor-infiltrating lymphocytes in patients with early-stage triple-negative breast cancers (TNBC) who did
not receive adjuvant chemotherapy. Ann Oncol. 2019;30:1941-1949.
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overview

In the care of patients with operable breast cancer, there has been a shift toward increasing use of

neoadjuvant therapy. There are benefits to neoadjuvant therapy, such as monitoring for response, as well as

an increased rate of breast conservation and reduction of potential morbidity associated with breast surgery,

including axillary management. Among patients with highly proliferative tumors, such as HER2-positive or

triple-negative breast cancer, those with residual disease are at higher risk of recurrence, which informs the

recommended systemic therapy in the adjuvant setting. For instance, in patients with residual disease after

neoadjuvant chemotherapy and HER2-targeted therapy, there is a role for adjuvant trastuzumab emtansine

for those with residual disease at the time of surgery. The same holds true regarding the role of adjuvant

capecitabine in patients with residual disease after neoadjuvant chemotherapy. With the added com-

plexities of treating patients in the era of the COVID-19 outbreak, additional considerations are critical,

including initiation of surgery within an appropriate time from completion of neoadjuvant therapy. National

consensus guidelines on time to surgery must be developed to improve measurement and comparison across

systems. In addition, there is emerging radiation treatment management research addressing a number of

factors, including hypofractionation, role of proton beam therapy, safe omission of radiotherapy, and

preoperative radiotherapy with or without drug combination. In this article, the multidisciplinary approach

of treating patients with operable breast cancer is highlighted, with updates and future considerations

described.

WHY SURGERY IS NOT ALWAYS FIRST: IDEAL
INDICATIONS FOR PREOPERATIVE SYSTEMIC THERAPY

Neoadjuvant therapy refers to therapy administered
before surgery. When evaluating a one-size-fits-all
approach to neoadjuvant compared with adjuvant
chemotherapy in randomized trials treating all breast
cancer subtypes, there was no benefit in clinical
outcomes based on the timing of chemotherapy.1,2

However, with advances in systemic therapy, such
as use of HER2-targeted therapies for HER2-positive
breast cancer and evaluation of the prognostic sig-
nificance of pathologic response by tumor subtype, it
has been observed in various pooled analyses that
patients with proliferative tumors, such as those with
HER2-positive or triple-negative breast cancer, who
achieve a pathologic complete response have a lower
likelihood of recurrence compared with those with
residual disease.3,4 In addition, patients with HER2-
positive or triple-negative breast cancer with residual
disease after neoadjuvant therapy are candidates for
adjuvant trastuzumab emtansine or capecitabine, re-
spectively. Therefore, when reviewing the indications
for neoadjuvant therapy, it is important to consider
breast cancer subtype.

HER2-Positive Breast Cancer: The Importance of

Neoadjuvant Therapy

HER2-targeted therapy has changed the landscape
of treating patients with HER2-positive breast tumors.
In patients with high-risk node-negative or node-
positive breast cancer, dual HER2-targeted therapy
with pertuzumab and trastuzumab in combination
with chemotherapy leads to a higher pathologic
complete response rate compared with single-agent
HER2-targeted therapy with chemotherapy. Data
from the neoadjuvant NeoSphere trial led to the
accelerated, and eventually full, approval of pertu-
zumab in the neoadjuvant setting.5,6 Importantly, in
the KATHERINE trial, patients with residual disease
after neoadjuvant chemotherapy and HER2-targeted
therapy had an improvement in invasive disease-
free survival if randomly assigned to receive trastu-
zumab emtansine as opposed to trastuzumab.7 The
KATHERINE trial led to the approval of trastuzumab
emtansine in this setting. It is worth highlighting that
patients with T1cN0 disease were eligible for the
KATHERINE trial and that, in the forest plot, all
subgroups of patients benefited from trastuzumab
emtansine.
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There are a number of ongoing studies in this space, in-
cluding the CompassHER2 trial, which is enrolling patients
with stage III or IIIA HER2-positive breast cancer and ad-
ministering 12 weeks of a taxane plus trastuzumab and
pertuzumab (NCT04266249). If patients achieve pathologic
complete response, they complete trastuzumab and per-
tuzumab treatment. If patients have residual disease, they
are eligible for the Alliance 11801 trial, in which patients are
randomly assigned to receive trastuzumab emtansine alone
or in combination with tucatinib (NCT04457596). In ad-
dition, the NSABP B-60 will randomly assign patients with
HER2-positive residual disease after neoadjuvant therapy to
receive trastuzumab deruxtecan or trastuzumab emtansine
(NCT04622319). Given other notable drugs recently ap-
proved for the treatment of HER2-positive metastatic breast
cancer, it is anticipated that the treatment of HER2-positive
breast cancer will continue to evolve in the coming years.

Perioperative Management of Triple-Negative

Breast Cancer

Triple-negative breast cancer accounts for 15% of all breast
cancers and refers to breast cancers that lack expression of
the estrogen receptor, progesterone receptor, and HER2.
Compared with hormone receptor–positive and HER2-
positive breast cancers, triple-negative breast tumors tend
to act more aggressively, with a higher incidence of relapse

within the first 3 years of diagnosis and a higher rate of 0.
1ptdistant recurrence at first relapse.8,9 Moreover, unlike
hormone receptor–positive and HER2-positive breast can-
cers, where use of targeted therapy is standard of care to
decrease risk of recurrence, there are no targeted therapies
available for treatment of triple-negative breast cancer.
Multiple studies have demonstrated improvement in out-
comes in patients with triple-negative breast cancer who
received perioperative chemotherapy compared with pa-
tients who did not.1,10,11 Guidelines recommend patients
with tumors larger than 1 cm (at least T1c) or with lymph
node–positive disease irrespective of tumor size be offered
chemotherapy.12

Neoadjuvant chemotherapy achieves the same long-term
tumor control and survival as adjuvant therapy. However,
neoadjuvant therapy is preferred, given the ability to
downstage tumors, allowing for surgical minimization. Re-
ceipt of neoadjuvant chemotherapy is also prognostic, with
patients who achieve pathologic complete response having
a decreased risk of recurrence.13,14 Moreover, in patients
who receive neoadjuvant chemotherapy and have residual
disease at time of surgery, additional adjuvant therapy can
be used to decrease the risk of recurrence and improve
overall survival. In the CREATE-X trial, patients with triple-
negative breast cancer with residual disease in the breast
and/or lymph node at time of surgery were randomly
assigned to receive capecitabine or undergo observation.
Patients with triple-negative breast cancer treated with
adjuvant capecitabine had improved disease-free survival
and overall survival compared with those who did not re-
ceive capecitabine.15

In terms of choice of neoadjuvant chemotherapy, a regimen
containing an anthracycline and taxane is recommended
based on clinical trials showing improved outcomes in
women with triple-negative breast cancer treated with
anthracycline and taxane–containing regimens compared
with taxotere and cyclophosphamide without an anthracy-
cline.16 The use of carboplatin has been shown to improve
rates of pathologic complete response.17,18 However, there
have been inconsistent data regarding the addition of
carboplatin and improvement in clinical outcomes, given
that these studies were not powered to look at outcome
differences.17,19 With associated increased rates of hema-
tologic toxicity, the role of carboplatin remains controversial.
The EA1131 trial (NCT02445391) was designed to address
the role of platinums in the adjuvant setting. In March 2021,
the independent data safety monitoring committee rec-
ommended that EA1131 be closed to accrual early because
the trial was unlikely to show that a platinum drug was
superior or noninferior to capecitabine, given the invasive
disease-free survival events observed in both arms. Addi-
tionally, more grade 3 and 4 toxicities were observed in the
platinum arm.

PRACTICAL APPLICATIONS

• When considering neoadjuvant therapy, take
into account the intent of the therapy, including
therapy response monitoring and/or a less in-
vasive surgical approach, such as breast con-
servation or axillary surgery management.

• Patients with HER2-positive breast cancer with
residual disease after HER2 therapies and
chemotherapy in the neoadjuvant setting ben-
efit from adjuvant trastuzumab emtansine.

• Patients with triple-negative breast cancer with
residual disease after chemotherapy in the
neoadjuvant setting benefit from adjuvant
capecitabine.

• National consensus guidelines on time to sur-
gery must be developed to improve time to
surgery measurement and comparison across
systems.

• There are a number of emerging questions
regarding radiation treatment, including hypo-
fractionation, safe omission of radiotherapy in
those at low risk of relapse, role of proton beam
therapy in patients at higher risk of relapse, and
preoperative radiotherapy with or without drug
combination.
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Despite the current management of triple-negative breast
cancer, early recurrence rates remain high. New therapy
modalities, including use of immunotherapy, have been
explored. The I-SPY 2 study is an ongoing, open-label,
adaptively randomized phase II multicenter trial of neo-
adjuvant chemotherapy for early-stage breast cancer in
patients at high risk of recurrence (NCT01042379).20,21

I-SPY 2 is a platform trial evaluating multiple investi-
gational arms in parallel, each consisting of standard
neoadjuvant chemotherapy plus an investigational agent.
When added to standard neoadjuvant taxane and
anthracycline–based chemotherapy, pembrolizumab more
than doubled the estimated pathologic complete response
rates for patients with triple-negative and hormone
receptor–positive, HER2-negative breast cancer, indicating
that checkpoint blockade was highly likely to succeed in
a phase III trial.22 Randomized trials where immunotherapy
(pembrolizumab or atezolizumab) was combined with
chemotherapy demonstrated improved pathologic com-
plete response rates in patients who received immuno-
therapy. However, patients who received immunotherapy
were also noted to have higher rates of serious adverse
events, and long-term outcome data remain immature.23-25

In February 2021, the Oncologic Drugs Advisory Committee
of the U.S. Food and Drug Administration did not recom-
mend approval of pembrolizumab in the surgical setting at
this time, because data for event-free survival required
additional maturity.23,24 The S1418 trial is randomly
assigning patients with triple-negative or low estrogen
receptor–positive, HER2-negative breast cancer and re-
sidual disease after neoadjuvant chemotherapy to receive or
not receive 1 year of pembrolizumab (NCT02954874).

Implications in Hormone Receptor–Positive/

HER2-Negative Disease and Data From the COVID-19 Era

The indications for preoperative therapy in hormone receptor–
positive, HER2-negative breast cancer include large pri-
mary tumors and locally advanced disease, with the goal of
improving surgical outcomes and controlling disease
progression. Pathologic complete response (, 20%), a
surrogate endpoint for improved disease-free survival and
overall survival, with neoadjuvant chemotherapy is less
likely to be achieved in hormone receptor–positive, HER2-
negative disease compared with other breast cancer
subtypes.3,13,26,27 In a meta-analysis of 12 trials, the fre-
quency of pathologic complete response in patients with
hormone receptor–positive, HER2-negative tumors was
greater in those with high- versus low- to intermediate-
grade tumors (16% vs. 8%); however, improved survival
outcomes were demonstrated in those who achieved
pathologic complete response.3

In addition to disease burden and likelihood of treatment
response, other factors such as menopausal status and

medical fitness affect the recommendation for neoadjuvant
chemotherapy. Among premenopausal women, superior
clinical responses were seen with neoadjuvant chemo-
therapy compared with neoadjuvant endocrine therapy.28

There are data in postmenopausal women demonstrating
similar clinical responses and less toxicity with neoadjuvant
endocrine therapy compared with neoadjuvant chemo-
therapy, but the subpopulation to which they primarily apply
is composed of those with strong hormone receptor ex-
pression and low proliferative index.29-35 For medically fit,
postmenopausal patients, the standard practice remains
administration of neoadjuvant chemotherapy because of the
wealth of data supporting long-term outcomes.3 In those
classified as poor chemotherapy candidates, neoadjuvant
endocrine therapy can be considered as an upfront ap-
proach. However, if disease progression occurs, surgery
should be pursued.

The future direction of the field, however, is in the devel-
opment and incorporation of predictive tools to determine
appropriate preoperative therapy. Factors such as survival,
surgical optimization, and treatment toxicity will direct
whether patients will benefit from neoadjuvant chemo-
therapy compared with neoadjuvant endocrine therapy.
Several studies have investigated the role of gene expression
profiling to guide preoperative therapy, but it has not been
established as a standard of care.36-39 However, in the
setting of the COVID-19 pandemic, ASCO has recom-
mended the use of gene expression profiling to assist in the
evaluation of biologic risk and guide the preoperative ap-
proach.40 The recent ASCO neoadjuvant guideline high-
lighted that no prospective trials have determined the
clinical utility of genomic markers in deciding whether
patients should receive neoadjuvant chemotherapy or
selecting specific chemotherapy regimens.12 Per this
guideline, the clinical utility of genomic predictors such as
the Oncotype Dx Recurrence Score has not been definitively
determined in the context of neoadjuvant therapy.

During the COVID-19 pandemic, there has been a shift in
practice patterns in the oncology community, with higher
rates of upfront surgery, greater uptake of gene expression
profiling, and increased use of neoadjuvant endocrine
therapy to postpone surgery.38-42 Because of the impact on
care delivery and resources, the role of neoadjuvant ther-
apy needs to be carefully considered and implemented
in situations where the clinical benefits outweigh the risks of
exposure to and development of COVID-19.43-45 Therefore,
ASCO created a new therapeutic guideline based on bi-
ologic risk classifications to address the management of
hormone receptor–positive breast cancer.40 Patients with
low-risk biologic features (e.g., favorable pathology, low
score on genomic profile, strong hormone receptor ex-
pression, low grade, lobular disease, and luminal A sub-
type [HER2 negative, low Ki-67]) are considered likely to
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experience limited benefit from neoadjuvant chemotherapy
compared with those with high-risk features (e.g., un-
favorable pathology, high score on genomic profile, weak
HR expression [estrogen receptor, 20%], high grade, and
premenopausal).46-48

For patients with N1 or greater lymph node involvement,
preoperative systemic therapy is recommended. Specifically,
those with high-risk biologic features should pursue neo-
adjuvant chemotherapy, whereas those with low-risk biologic
features should engage in an individualized discussion about
the advantages and disadvantages of neoadjuvant chemo-
therapy compared with neoadjuvant endocrine therapy. The
intent of neoadjuvant therapy should be considered, in-
cluding increasing the likelihood of breast conservation and/
or potentially reducing the axillary burden to improve the
rate of postsurgical complications. Even beyond the cir-
cumstances of the COVID-19 pandemic, the management
of operable, hormone receptor–positive breast cancer
continues to shift toward a biologic risk–based approach as
research in this area continues to grow.

SURGERY DELAY: WHO IS AT RISK, AND DOES IT
AFFECT SURVIVAL?

The recognition of breast cancer as both a systemic and
local disease has resulted in considerable deescalation in
the management of the breast and axilla.49 Nevertheless,
breast surgery continues to be an integral treatment mo-
dality in the management of early-stage breast cancer with
curative intent.50 According to recent estimates from the
American Cancer Society, approximately 95% of patients
with stage I to II and 88% of patients with stage III breast
cancer undergo surgical management.51 Access to high-
quality, high-value breast surgical care and timeliness of
surgical management have been implicated in breast
cancer outcomes, including surgical morbidity and disease-
related mortality, respectively.52,53 With the purposeful
surgical delay imposed by the COVID-19 pandemic, the
implications of delay in time to surgery with regard to
disease-specific mortality are at the forefront of national
discourse. Additionally, there is a robust national debate
about the use of time to surgery as a metric for quality of
care.54-56 The objective of this section is to provide a sum-
mary of the literature on time to surgery and describe factors
contributing to surgical delay.

Time to Surgery and Breast Cancer Survival

Surgery as the first treatment modality The time from biopsy-
proven diagnosis to surgical management is a period of
increased stress and anxiety for patients with breast
cancer.57,58 Unfortunately, an examination of trends in time
to oncologic surgery suggests increasing wait times across
multiple cancers, including breast cancer.59 Studies of the
impact of prolonged time to surgery on clinical outcomes,
such as survival among patients receiving surgery as their

first treatment modality, have been inconsistent. In the study
by Bleicher et al53 of the National Cancer Database and
Surveillance, Epidemiology, and End Results-Medicare,
a reduction in overall survival and disease-specific survival
with each 60-day increase in time to surgery was reported.
Notably, these findings were more pronounced in patients
with stage I and II cancers. The review by Eaglehouse et al60

of the U.S. Military Health Systems reported an even lower
delay threshold of 36 days or more resulting in increasing
mortality compared with shorter timeframes. These findings
were confirmed by a recent meta-analysis showing a 6% to
8% increased risk of mortality for each 4-week delay in time
to surgery.61 Moreover, study estimates from the meta-
analysis indicated that delays in breast surgical care for
up to 12 weeks could result in 6,100 excess deaths in the
United States.61

Although the results on surgical delay and survival are
compelling, other studies have shown no association be-
tween delay in time to surgery (� 30 days) and overall or
disease-specific survival.62,63 The inconsistency in the data
on time to surgery is further compounded by the lack of
uniformly measured time intervals (e.g., time from symp-
toms to surgery, time from biopsy to surgery, or time from
first surgical consultation to surgery) across studies and the
absence of established national guidelines/benchmarks
defining time to surgery. Nevertheless, timeliness of care is
an important tenant of cancer care delivery, and consistent
efforts should bemade to ensure patients with breast cancer
have the shortest possible wait time from diagnosis to
surgery.64

Neoadjuvant systemic therapy and time to surgery For pa-
tients undergoing neoadjuvant therapy before surgery, the
emerging literature on the relationship between time to
surgery and survival is unclear. In their review of the Na-
tional Cancer Database, Prakash et al65 reported no asso-
ciation between time to surgery and overall survival among
patients receiving neoadjuvant therapy. Conversely, Omarini
et al66 showed patients undergoing surgical management
within 21 days of completion of neoadjuvant therapy had
better overall survival and relapse-free survival. Additionally,
recent data indicate targeting a surgery date within 6 weeks
of chemotherapy completion may improve recurrence-free
survival and disease-specific survival.67 Taken together,
these results suggest patients receiving neoadjuvant ther-
apy may benefit from treatment within 3 to 6 weeks of
completion of systemic therapy.

Factors Contributing to Surgical Delay

Social determinants of health In the Office of Disease
Prevention and Health Promotion Healthy People 2020
initiative, social determinants of health are described as
where people live, work, play, and worship.68 Examples of
social determinants of health include insurance, finances,
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social networks, literacy, employment, transportation, and
neighborhood.69 Studies have implicated social determi-
nants of health in stage of diagnosis, access to treatment,
and survival.70-72 For instance, uninsured or Medicaid-insured
patients with breast cancer are more likely to present with
advanced stages of breast cancer and have higher mortality
than their privately insured counterparts.73 In addition to
presentation and treatment, social determinants of health
have also been implicated in delay in time to surgery.74

Low educational achievement, no insurance or government
insurance (Medicaid or Medicare), and low socioeco-
nomic status have been associated with delay in time
to surgery.65,75,76 Notably, the populations of patients de-
scribed as experiencing surgical delay have traditionally
faced barriers in accessing health care across the cancer
continuum, from prevention through survivorship.

Race/ethnicity Black patients with breast cancer are more
likely to have increased time to surgery compared with their
White counterparts.77 A recent evaluation of time to surgery
among patients with stage I to III breast cancer in a national
hospital-based registry showed 30% of non-Hispanic Black
patients underwent surgery more than 60 days after di-
agnosis, compared with 18% of non-Hispanic White women.78

Delay in time to surgery among Black women warrants ad-
ditional investigation, because Black patients with breast
cancer have a highermortality rate comparedwith their White
counterparts.79 For surgeons in particular, racial disparities in
time to surgery warrant additional knowledge and un-
derstanding. An evaluation of awareness among surgeons of
racial and ethnic disparities showed only 36.6% of study
participants thought racial and ethnic disparities existed.80

Moreover, just 11.6% acknowledged racial and ethnic dis-
parities existed in their clinics.80

The racial differences in time to surgery are most likely
a complex interplay between social determinants of health,
patient surgical preferences, and surgeon recommenda-
tions. To improve time to surgery for Black patients with
breast cancer, more granular studies must be conducted to
assess patient needs, institutional barriers, and physician
attitudes.

Institutional factors contributing to surgical delay Institutional
reasons for prolonged time to surgery are multifactorial
and complex. For example, possible contributors to insti-
tutional delay include referral patterns, clinic time, operating
room time, and surgeon availability.81 Moreover, institutional
processes such as patient triage, rereview of outside hos-
pital pathology and images, and presentation of patients at
multidisciplinary tumor boards can further contribute to
surgical delay.81,82 These issues are more pronounced at
comprehensive cancer centers, academic cancer centers,
and National Cancer Institute–designated cancer centers,
which are more likely to receive referrals from outside

facilities and as a result have increased time to surgery.59,77,83

Notably, facility transfers can increase time to surgery by
approximately 7 days.84

Surgery type and delay The decision to pursue mastectomy,
breast-conservation surgery, or breast reconstruction de-
pends on patients’ personal value systems and cultural
beliefs, surgeon recommendations, and availability of re-
constructive surgeons. Patients undergoing mastectomy
and reconstruction are more likely to experience longer
time to surgery compared with patients undergoing breast
conservation only.81 Reasons for surgical delay based on
surgery type are most likely secondary to institutional fac-
tors, such as surgeon availability (oncology and recon-
structive), operating room time, and scheduling.

Purposeful Surgical Delay

As a result of the COVID-19 pandemic, the American As-
sociation for Breast Surgeons, Society of Surgical Oncology,
and American College of Surgeons issued guidelines for
delaying breast surgery for subsets of patients with breast
cancer during the pandemic. Recommendations for delay
were based on tumor subtype (e.g., hormone receptor posi-
tive, triple negative) and stage.85 Patients with early-stage
(stage I or II), hormone receptor–positive tumors received
neoadjuvant endocrine therapy while awaiting surgical
management.44 Unfortunately, the long-term implications of
purposeful surgical delay imposed by the pandemic are
unclear. Although delay may not affect surgical options for
the breast (mastectomy vs. breast conservation), the impact
of receipt of neoadjuvant endocrine therapy on axillary
management warrants additional investigation. Additionally,
the effects of surgical delay on the patient population his-
torically facing delay in time to surgery are currently
unknown.

Future Directions

Timeliness of surgical care is an important component of
breast cancer care delivery. Although the data on the im-
plications of delay for survival seem inconclusive, the stress
and anxiety imposed on patients by prolonged wait time are
undeniable. Moreover, there are populations of patients,
such as Black and low-income women, who warrant special
attention secondary to consistent delay in surgical man-
agement. Health care systems and national organizations
must work on the creation and implementation of uniform
time to surgery guidelines to improve delivery of oncologic
surgical care and allow uniform measurement and com-
parison of time to surgery across systems.

EMERGING EVIDENCE IN RADIATION TREATMENT
MANAGEMENT IN BREAST CANCER

What Is the Problem Being Addressed?

Breast cancer is the most common cancer in women
worldwide, with more than 2million new cases per year, and
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represents approximately 30% of the radiotherapy workload.
In recent years, research has shown that breast cancer
comprises several distinct molecular subtypes, with dif-
ferent patterns of clinical behavior. As such, systemic
therapy is now tailored to these subtypes, whereas ra-
diotherapy for breast cancer has continued with more of
a one-size-fits-all approach, resulting in overtreatment
of some patients. Many patients now have an excellent
prognosis, but this does not mean that breast cancer
management has been solved. It is imperative to maintain
the excellent local control and survival outcomes already
achieved, while avoiding overtreatment and minimizing
physical, psychological, and economic adverse effects of
breast irradiation.

Some patients develop metastatic disease despite current
optimal management. Radiotherapy is a local therapy but
can increase overall survival,86,87 and research aimed at
optimizing radiation treatment for very high-risk breast
cancer may further improve survival outcomes. Proton
beam therapy and the combination of radiotherapy with
novel drugs are both promising avenues for potentially
practice-changing research. This brief overview will
highlight emerging radiation treatment management in
key areas.

Five-Fraction Hypofractionation in

Whole-Breast Irradiation

Radiation has been delivered to the breast traditionally as 25
daily 2-Gy fractions over 5 weeks. In the last 3 decades,
research investigating moderate hypofractionation with daily
fractions of 2.5 Gy to 3 Gy has demonstrated comparable 5-
year rates of local recurrence and similar or better normal
tissue effects with 3-week radiotherapy (in the Ontario
Clinical Oncology Group88,89 and U.K. START90,91 trials).
However, international adoption of this high-quality re-
search has been slow, and 5-week radiotherapy is still
practiced in some countries.

The U.K. FAST-Forward randomized trial92 investigated five-
fraction hypofractionation in whole-breast irradiation de-
livered over 1 week and was conducted in 97 U.K. hospitals
among patients with early invasive breast carcinoma (pT1-3,
pN0-1, M0) after surgery. Participants were randomly al-
located on an equal basis to receive either 40 Gy in 15
fractions over 3 weeks (U.K. standard of care), 27 Gy in five
fractions over 1 week, or 26 Gy in five fractions over 1 week.
A total of 4,096 patients were recruited. At a median follow-
up of 71.5 months, 5-year cumulative incidence of the
primary endpoint of local relapse was 2.1% (95% CI, 1.4–
3.1), 1.7% (95% CI, 1.2–2.6), and 1.4% (95% CI, 0.9–2.2)
for the 40-, 27-, and 26-Gy groups, respectively. Prespecified
noninferiority criteria for both investigational groups ex-
cluded an increase in ipsilateral breast tumor relapse of 1.
6% or more; the upper confidence limits for the estimated

differences at 5 years vs. 40 Gy were �0.3% (95% CI,
�1.0%–0.9%) for 27 Gy and �0.7% (95% CI, �1.2%–

0.3%) for 26 Gy.

Any moderate or marked clinician-assessed normal tissue
effects at 5 years were 9.9%, 15.4%, and 11.9% in the 40-
Gy, 27-Gy, and 26-Gy groups, respectively. The odds ratios
versus 40 Gy across all clinician assessments over follow-up
were 1.55 (95% CI, 1.32–1.83; p, .0001) for 27 Gy and 1.
12 (95% CI, 0.94–1.34; p = .20) for 26 Gy. Both patient and
photographic assessments showed higher risk of normal
tissue effects for 27 Gy, but not for 26 Gy, compared with the
control group.

In light of these data, a U.K. consensus meeting took place
in October 2020 defining 26 Gy in five fractions over 1 week
as a standard of care in whole-breast irradiation, chest wall
irradiation, and partial breast irradiation. Although the
pressure on resources caused by the COVID-19 pandemic
may expedite this process internationally, one challenge
remains: the tension between evidence-based medicine
and inflexible reimbursement systems.93

Safe Omission of Radiotherapy for Patients at Very Low

Risk of Relapse

Although radiotherapy is a highly effective treatment, the
adverse effects, if incurred, can be permanent and dis-
tressing, impairing quality of life for some women. Five-
year analysis of National Cancer Research Institute START
trials showed that in approximately one-third of women,
moderate or severe chronic adverse effects were reported
(e.g., breast shrinkage, pain, tenderness, or hardness).91

Even using intensity-modulated radiotherapy, 12% of
patients have poor cosmesis at 5 years.10 There are also
much rarer but life-threatening risks such as cardiac
toxicity and radiation-induced second malignancies. Avoid-
ance of radiotherapy means that some patients avoid all
potential adverse effects as well as the inconvenience of
traveling for treatment.

Biomarkers of relapse risk have been validated in the setting
of systemic therapy94 and are an attractive prospect for
similarly directing radiation treatment management strat-
egy. Several ongoing biomarker-directed trials aim to
identify a group of women in whom radiotherapy can be
safely omitted after breast-conserving surgery. The IDEA
(NCT02400190), LUMINA (NCT02400190), PRECISION
(NCT01791829), and PRIMETIME15 studies are all using
a biomarker-directed prospective cohort design; in patients
who fulfill genomic or immunohistochemical criteria to avoid
radiotherapy, incidence of relapse is compared with a pre-
determined standard of acceptably low risk. The Danish
Breast Cancer Cooperative Group Natural (NCT03646955)
and EXPERT (NCT03646955) trials are also investigating
this question but are using a noninferiority randomized
controlled trial design, randomly assigning women thought
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to be at low risk of local recurrence to receive or not receive
radiotherapy (using traditional clinical and combined clin-
ical and molecular criteria, respectively).

For patients for whom radiotherapy cannot be omitted
completely, other aspects can be deescalated. Examples
include use of partial-breast irradiation or omission of fur-
ther axillary treatment (axillary dissection or radiotherapy) in
patients presenting with positive lymph nodes that convert
to negative after neoadjuvant chemotherapy (e.g., NSABP
B51 [NCT01872975] and U.K. ATNEC [NCT04109079]
trials).

Role of Proton Beam Therapy for Patients at Higher Risk

of Relapse

Standard (photon) radiation delivered to internal mam-
mary nodes in patients at high risk of breast cancer re-
lapse improves disease-free survival.95-97 However, even
with the highest-quality photon radiotherapy, there is
increased dose to heart and/or lungs when internal
mammary nodes are added to breast/axillary nodal ra-
diotherapy. This can result in rare but serious and po-
tentially life-threatening major cardiac events many years
later. In silico research on proton beam therapy suggests
much better coverage of the breast and internal mam-
mary nodes, with sparing of heart and lungs,98 offering
the exciting possibility of both better disease-free survival
and less long-term toxicity.

Despite the promising dosimetric proton beam therapy
studies, there is currently a paucity of high-quality clinical
evidence to drive practice. In addition, there are concerns
that the planned physical dose may differ from the actual
biologic dose received, especially to the lungs. A number
of ongoing studies seek to understand if proton beam
therapy offers a real clinical advantage for patients, in-
cluding the U.S. RADCOMP trial (NCT02603341) and the
Danish Breast Cancer Cooperative Group randomized trial
(NCT04291378). Both trials have a primary endpoint of
major cardiac event at 10 years and are testing 5-week proton
beam therapy. The Dutch proton beam therapy group has
adopted a models-based approach rather than a randomized
trial to triage patients with 2% or greater risk of radiation-
induced late heart toxicity for breast proton beam therapy and
is also using moderately hypofractionated 3-week proton
beam therapy. U.K. investigators are developing a random-
ized trial (PARABLE) in which patients with breast cancer
requiring radiotherapy with 2% or greater risk of radiation-
induced late heart toxicity will be randomly assigned to re-
ceive 3-week proton beam therapy or standard 3-week ra-
diotherapy. Coprimary outcome measures are mean heart
dose as an early predictor of late major cardiac events99 and
patient-reported normal tissue toxicity in the breast at 2 years.

Preoperative Radiotherapy With or Without

Drug Combination

Increasing breast-conservation rates improves cosmetic
appearance and avoids reconstructive surgery. There has
been considerable success in using chemotherapy to
downstage biologically aggressive breast tumors to enable
breast conservation. However, chemotherapy has less effect
on lower-grade, strongly estrogen receptor–positive tumors.
Therefore, patients with larger but biologically less aggressive
tumors are more likely to undergo primary surgery, often with
mastectomy (and reconstruction) or complex oncoplastic
procedures. Intensity-modulated radiotherapy can target
tumor while minimizing dose to nontarget tissue; when ad-
ministered preoperatively followed by neoadjuvant endocrine
therapy, this may increase chances of breast conservation
with minimal adverse effects. Patients requiring mastectomy
may also benefit from neoadjuvant radiotherapy; the U.K.
PRADA trial (NCT02771938) is evaluating the feasibility,
safety, and cosmetic outcomes of radiotherapy before mas-
tectomy and immediate deep inferior epigastric perforator
reconstruction. This sequencing avoids irradiation of healthy
flap tissues, which may worsen cosmetic outcomes, as well as
any delay to radiotherapy resulting fromwound-healing issues.

The neoadjuvant setting also provides an ideal and unique
opportunity for translational research investigating the direct
effect of radiation on breast tumor.27 This could improve the
understanding of intrinsic tumor radiosensitivity and re-
sistance and how the complex interactions between tumor
and the immune system are influenced by radiation.
Translational endpoints have been incorporated into on-
going and recently completed trials of neoadjuvant radio-
therapy, such as the PAPBI trial, in which radiation-induced
changes in gene expression were analyzed via paired
pretreatment and surgical specimens.100 The ongoing
PRECISE study (NCT03359954) has the primary endpoint
of change in tumor-infiltrating lymphocytes before and after
neoadjuvant boost radiotherapy to estrogen receptor–positive,
HER2-negative breast tumors and exploratory objectives in-
vestigating other components of immune response, cell death,
and interactions between the two. Similar translational work in
trials evaluating combinations of radiation and novel drugs,
such as the EuropeanNeoCheckRay (NCT03875573) and U.
S. CBCV (NCT03804944) and PANDoRA (NCT03872505)
studies, could contribute additional insights. The greater
understanding engendered by such work may enable opti-
mization of radiation treatment strategy.

Summary

Radiotherapy is an important contributor to the treatment of
breast cancer, and evolution of radiation treatment man-
agement over recent decades has improved outcomes for
patients. Emerging approaches hold promise for tailoring
strategy to the individual patient to widen the therapeutic

Lessons Learned in Breast Cancer Management

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook e85

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



ratio, both by improving oncologic outcomes and by re-
ducing long-term adverse effects.

CONCLUSION

The role of neoadjuvant therapy in the management of
breast cancer is increasingly important. Caring for patients
with operable breast cancer requires a multidisciplinary
approach, with close collaboration among various disci-
plines, including pathology, radiology, surgical oncology,
radiation oncology, and medical oncology. As our systemic
therapies continue to improve, it is anticipated that various
deescalation and escalation approaches will be evaluated,
with adjuvant therapy approaches being based on re-
sponse to neoadjuvant therapy.
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Barriers and Facilitators to Telemedicine: Can
You Hear Me Now?
Ana Maria Lopez, MD, MPH, MACP1; Kenneth Lam, MD2; and Ramya Thota, MBBS3

overview

In its most direct interpretation, telemedicine is medical care provided at a distance. Although telemedicine’s

use had been steadily increasing, the COVID-19 pandemic prompted an unprecedented interest and urgency

among patients, health care professionals, and policymakers to facilitate health care devoid of the need for in-

person contact. The growth in personal access to telecommunications technology meant an unprecedented

number of people in the United States and around the world had access to the equipment and technology that

would make virtual care possible from the home. As the mass implementation of telemedicine unfolded, it

became quickly apparent that scaling up the use of telemedicine presented considerable new challenges,

some of which worsened disparities. This article describes those challenges by examining the history of

telemedicine, its role in both supporting access and creating new barriers to access in trying to get everyone

connected, frameworks for thinking about those barriers, and facilitators that may help overcome them, with

a particular focus on older adults and patients with cancer in rural communities.

A NOTE ON TERMINOLOGY

The Agency for Healthcare Research and Quality, the
American Telemedicine Association, and the Institute
of Medicine all recognize that telemedicine is difficult to
define.1,2 Telemedicine is used interchangeably with
telehealth and a variety of other terms (e.g., mHealth or
telemonitoring), though some draw distinctions be-
tween them. “Telehealth” is the umbrella term that
broadly houses all health services provided via tele-
communication technologies, ranging from websites
containing health information, to email reminders for
physical therapy, to audio-video visits between a phy-
sician and patient, whereas “telemedicine” is more
commonly used to describe technologies associated
with direct patient clinical services (e.g., just audio-
video visits), although this is not a formalized distinc-
tion. The changing nature of terminology reflects the
fact that providing medical care at a distance entails
the use of a wide range of technologies serving a wide
range of functions and in constant evolution alongside
rapid developments in information technology, tele-
communications, and medical practice.3 Moreover,
telemedicine being a service means it also encom-
passes the clinical practices, workflows, and organi-
zational arrangements that must also exist to make
caring for patients from afar possible and effective.2

HEALTH DISPARITIES IN TELECARE

Introduction

Telemedicine describes the delivery of health care at
a distance. The technology upon which telemedicine,

as currently conceptualized, is based was developed to
allow astronauts to receive care when in space.4 The
literature is filled with examples demonstrating tele-
medicine’s success as a mechanism to improve health
equity for persons in rural,5 isolated,6 or otherwise
underserved communities.7 Efforts to use telemedicine
to increase access to specialty and subspecialty care
also abound in the literature.8-10 Using technology to
bring care from areas with access to areas without
access has consistently been part and parcel of the
telemedicine mission. This article explores telemedi-
cine through the health equity lens (Health Disparities
in Telecare) and considers facilitators and barriers to
telemedicine focused on elders (Telemedicine Read-
iness in Older Adults) and rural communities (Tele-
medicine to Improve Oncology Care for Rural
Communities).

Early Telemedicine Practice

The practice of telemedicine has evolved over time.
From the early transmission of electronic health in-
formation to patients accessing health care through
apps, virtual appointments are now often being
accessed via a smartphone. This is a stark contrast
from the early days of telemedicine adoption when
telemedicine was generally limited to a clinic-based
appointment. For example, the patient in a rural
community would travel to the local telemedicine site to
connect with the specialist or subspecialist. The local
telemedicine site would be equipped with the neces-
sary technology to provide the needed care at a dis-
tance. The telehealth-related technology may have
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included an electronic stethoscope, a handheld camera,
and/or a tele-otoscope to assist with the physical assess-
ment. Even when the televisit was based in the home, the
needed technology was brought to the patient’s home to
facilitate care.11 Home health units might include a camera,
an electronic stethoscope, a glucometer, and blood pres-
sure cuff to be read at a distance.

Telemedicine demonstrated success with outcomes gen-
erally comparable to in-person care. Data also demonstrated
improvements in access to care in specialties that translated
seamlessly to tele-interactions, such as telepsychiatry and
telenutrition, teleradiology, and telepathology.12,13 Similar
data emerged for teleoncology,14 including when bundled
with teleradiology and telepathology15; so, too, were findings
for teleorthopedics,16 telediabetes,17 telecardiology,18 telestroke,19

and more. Examples of these successes in access to care
were also noted globally.

Telemedicine in the 21st Century

By the start of this century, a slow and steady uptake in
telemedicine services was noted. With that came studies
examining the factors that influenced clinician and patient
uptake including the role of race, ethnicity, sex, literacy,
digital literacy, culture, and language. Age and patient lo-
cation and rurality are factors that will be explored in greater
depth in this article. Hsu et al20 noted that use of e-health
services was lowest in communities that were predominantly
non-White or characterized as low socioeconomic status. In

their 4-year observational study, disparities seemed to in-
crease over time.

As studies began to explore a more textured understanding
of telemedicine and health disparities, benefits to equity
were documented. As an example, in 2016, Lyerly et al21

explored racial and ethnic disparities in acute stroke care in
Texas. This team found that telestroke expertise access was
extended to 1.5 million residents and that this increased
access did not demonstrate disparities in care.

A 2014 assessment of the publicly available National Cancer
Institute’s 2012 Health Information National Trends Survey
revealed an association between sociodemographic pre-
dictors of telehealth use among adult internet users across
three health communication domains, including health
care, health information-seeking, and user-generated
content and sharing.22 The authors did not identify evidence
of a digital use divide by race/ethnicity. They found sex,
being female, and socioeconomic status (high) were con-
sistent predictors of telehealth use. This was particularly
true for health care and health information-seeking items.
Patients with less education were significantly less likely to
go online to look for a health professional, to use email or
a portal to communicate with their doctor, or to download
health information to their mobile device. Other studies
identified the impact of culture on telehealth use.23

Mobile technologies As telehealth technologies shifted to
mobile device platforms, such as cell phones, many of
us were heartened by the democratization of access that
might emerge. With broad uptake of cell phones by all
populations,24 it seemed health care access could virtually
be in your pocket, but as in all types of access, it soon
became clear that not all access is equal. As the cell phone
was touted as the newest medical device, its utility as a tool
for health care communication, monitoring, and/or care of
acute or chronic illness varied. Cell phone uptake was not
the same as smartphone uptake. Cell phone uptake did not
mean stable and affordable broadband access, which are
essential to access telemedicine care.

Additional identified factors associated with telemedicine
adoption included access to culturally appropriate tele-
health services, access to linguistically appropriate tele-
health services, and confidence in electronic health-related
communication or care, with the latter being a noteworthy
factor for technology adoption for both patients and health
professionals. A primary barrier to both patient and clinician
adoption is lack of health insurance coverage and equitable
reimbursement for telehealth services.25,26

Telemedicine in the Time of the COVID-19 Pandemic

Telemedicine uptake grew at somewhat glacial rates until
the COVID-19 global pandemic emerged. In our institution,
like in many cancer centers across the country, cancer care

PRACTICAL APPLICATIONS

• Health equity considerations for telemedicine
should include demographic factors and their
intersections.

• Assessing readiness for telemedicine should
include screening for access to devices, ade-
quate broadband internet connectivity, interest
in telemedicine, and confidence in navigating
access to a specific telemedicine modality.

• In caring for an older patient with cancer,
assessing readiness for telemedicine should
additionally include sensitivity to and screening
for cognitive status and function.

• Telemedicine provides easy and fast access to
high-value multidisciplinary subspecialty on-
cology care to rural residents with cancer at the
comfort of the patient’s home with better quality
and lower cost.

• Telemedicine can be leveraged to improve
access to clinical trials and cutting-edge treat-
ments for patients with cancer in rural
communities.
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quickly adjusted to telecare, with video consultations to
support patient safety and to respect social spacing re-
quirements. Because video consultations necessitate
a smartphone or another device with stable broadband,
persons with limited access to the technology or with
limited knowledge regarding the use of the technology
were soon identified as having access barriers. As ex-
amples, older, non-White, non–English-speaking, and less
affluent patients were less likely to access telemedicine
services.27 For a period of time during the COVID-19
pandemic, teleconsultations were the predominant modality
for health care delivery. As we consider the sustainability of
telemedicine services, resolution of access issues will be
necessary to assure equitable care.28 Access issues to be
addressed include access to the technology, access to stable
broadband internet, and access to the appropriate knowledge
to conduct a televisit successfully. For example, in our work,
the first assessment point is to inquire regarding access to
a tele-enabled device. If this is not available, efforts to facilitate
access to a smartphone or a tablet is initiated. If an appro-
priate device is available, the next assessment is access to the
software that will take you to the telemedicine visit. If not,
software access is initiated. If so, the third assessment point is
to connect to the telemedicine visit via the software. If not,
education to show the patient how to do so is initiated. If so,
the next step is to schedule a test appointment, so the patient
can practice using the software. Efforts at each assessment
point facilitate and encourage telemedicine engagement.

The quick pivot to telecare required the broad and rapid
implementation of workflows that would mimic the in-
person protocols as seamlessly as possible to preserve
quality health care delivery. Rapid training in telehealth

technologies by the health care workforce was necessary.
Processes that needed to be addressed included obtaining
and recording vital signs, reconcilingmedications, and updating
the patient’s history. Vital signs require specific patient ed-
ucation and often training in the use of the blood pressure
cuff, pulse oximeter, and thermometer.

The literature also revealed that although Black and Latinx
persons were less likely to have successful access to
telemedicine services, they were also more likely to expe-
rience an infection with COVID-19. It appeared that the
conglomerate of potential factors that impacted telehealth
adoption also placed the patient at greater risk for COVID-19
infection and disruption in cancer care, potentially
impacting cancer care outcomes.29

From a clinician and health system perspective, a critical
facilitator to telemedicine uptake has been insurance
coverage and reimbursement. These policy changes in
insurance coverage directly supported the wide dissemi-
nation of telemedicine during the COVID-19 pandemic.
The sustainability of these regulatory changes is essential
to long-term telemedicine integration.30 How to optimize
telehealth approaches to assure access to a similar quality of
telemedicine care and discerning the right balance between
in-person and televisits are essential research questions that
remain. In addition, ongoing data collection of the identified
predictive at-risk factors will be necessary (e.g., race, eth-
nicity, age, sex, geography, income [socioeconomic status],
education, language, culture, literacy, and digital literacy) to
assess improvements and impact on outcome.31 These
factors that influence telemedicine adoption are summa-
rized in Table 1.

TABLE 1. Factors That Influence Telemedicine Adoption
Patient Demographic Factors Technological Factors Patient and Clinician Factors Health System Factors

Race Stable broadband access Digital literacy Seamless in-person to telemedicine
workflows

Ethnicity Smartphone or digital device
access

Appropriate digital access
training

Ongoing and appropriate data collection for
continuous quality improvement

Age User-friendliness: consideration of
human factors

Trust in electronic
communication and care

Sex Ease of use

Education Health insurance coverage

Socioeconomic status

Geography: rural, frontier, dense
urban

Literacy/digital literacy

Culture

Language

Sequestered: facilities including
incarcerated people
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Future Considerations

Despite telemedicine’s strong history as a tool to enhance
access, the impact of the COVID-19 pandemic on the wide-
scale implementation of telemedicine led to the uncovering
underlying inequities in telemedicine care. The current
wider dissemination of telehealth is dependent on tele-
medicine access via a patient’s individual device, which
raises concern for the impact of the digital divide.32 Still,
telemedicine remains a tool that can facilitate access to
clinical care, including complex cancer care and cancer
clinical trials, through careful identification of needs and of
means to address the factors necessary for a successful
telemedicine visit.33 As we move beyond the smart phone or
digital device, additional opportunities for equity are iden-
tified. A thorough collection of sociodemographic data is
essential to document and identify opportunities for im-
provement. The evaluation and integration of other tele-
health modalities, such as text messaging, social
networking, and online patient education, must also be
studied to assess outcomes.34 Developing strategies to
address identified barriers to access such as race, ethnicity,
culture, and other notable patient factors and the in-
tersections of these factors will be impactful.35 For tele-
medicine to remain a successful bridge to care, gaps that
limit access must be identified and addressed.

In the subsequent sections, we will focus on the specific
gaps, needs, and bridges necessary for successful tele-
medicine care for elders (Telemedicine Readiness in Older
Adults) and rural communities (Telemedicine to Improve
Oncology Care for Rural Communities).

TELEMEDICINE READINESS IN OLDER ADULTS

Introduction

A digital divide based on age was recognized well before the
onset of the COVID-19 pandemic. Two-thirds of adults over the
age of 65 reported internet use in 2016, which was a con-
siderable increase from 12% in 2000, but still lagged behind
the 90% adoption rate of internet for the overall population.
The adoption of faster broadband internet at home and
smartphones among older adults—two technologies capable
of conducting home-based telemedicine visits—lagged be-
hind even more, with 51% and 42% of older adults reporting
use in 2016, respectively.36 When the pandemic started,
many providers shifted to telemedicine visits only, assuming
patients were ready to make this transition. However, digital
divides are not easily crossed, and the pandemic has revealed
how barriers to telemedicine persist even when both patients
and providers have good reason to try to use it.

Barriers to Telemedicine Adoption in Older Adults Prior

to COVID-19

The major barriers that were reported in prepandemic
studies of telemedicine in older adults were technological

factors such as slow connection speeds or poor video
quality, clinician factors such as provider dissatisfaction
leading to poor sustainability, and poorly designed in-
terfaces (e.g., small text and widgets, poor color contrast, or
menu bars with hidden interfaces) interacting with physical
and cognitive impairments commonly present in older
persons that make use of telemedicine difficult.37-39 For
some, telemedicine also required learning new skills, and
a lack of support could lead to frustration and a reduced
desire to continue to engage.40 Overall, aside from the
high prevalence of impairments, older people experienced
very similar barriers to other populations facing digital
divides.41,42

Notably, disinterest was rarely a barrier in the prepandemic
literature. Though overall rates of internet and technology
use are lower in older adults, older persons consistently
reported a willingness to participate in and satisfaction with
telemedicine programs prior to the pandemic. Most ran-
domized controlled trials of ambulatory telemedicine and
home health telemedicine initiatives for older adults dem-
onstrated considerable acceptability,37 positive experi-
ences, and an increased sense of security and reassurance
because of the access telemedicine provided.38 Patient
experience was often more favorable than that of providers.

Barriers to Telemedicine for Older Adults Revealed

During COVID-19

The onset of the COVID-19 pandemic was a tremendous
external motivator to get online. Many older adults started
using the internet more often and in new ways, including for
errands and for medical appointments.43 Businesses also
had to get online; consequently, the number of online
services proliferated. Medical care was no exception. For
the older population, the provision of medical services was
heavily driven by changes to reimbursement; waivers to the
Medicare reimbursement program (which covers 96% of
adults over age 65 in the United States)44 adjusted the fees
for audio-video visits and to a lesser extent telephone (also
known as audio-only) visits to match those of in-office
visits.45 The use of telemedicine by some estimates grew
30-fold in the United States and almost 100-fold in the
Medicare population in the second quarter of 2020 com-
pared with before the pandemic.46,47

The pandemic experience is useful for understanding which
barriers to telemedicine persist when motivation is less of
a barrier. Closer examination of trends early in the pandemic
indicated that most telemedicine visits were in fact com-
pleted by phone rather than via video to accommodate
patients lacking the necessary equipment to participate in
video visits.48,49 Furthermore, despite the rise in telemedi-
cine visits, the early pandemic saw a drastic decline in
overall visit volume that exceeded what telemedicine tried to
replace.46,48 Taken together, these observations reinforce
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the notion that older adults were not ready to suddenly use
video visits, and many were left behind in the rapid and
poorly coordinated migration to virtual care. Early estimates
examining barriers to telemedicine at a population level
found 32% of older adults would not readily be able to use
video visits because of unfamiliarity with technology, dis-
ability, and a lack of social supports to assist. Switching to
telephone visits could bridge the gap for an additional 16%
of older adults, but issues like dementia and hearing im-
pairment continued to be barriers (as they are during in-
person visits).50

The published literature during later phases of the pan-
demic reinforced the above estimates. Epidemiologic
studies verified that older age was a considerable risk factor
for less video visit use even after adjusting for race, income,
and language.30 Furthermore, population-based studies
also challenged earlier optimism about the acceptability of
telemedicine in the older population. A nationally repre-
sentative survey found that 64% of older adults reported
they would not want to use telemedicine for a first visit or to
discuss a new problem, and 38% reported they would not
want to use telemedicine to see a provider they already
know.51 Commonly cited concerns were the inability to
conduct a physical examination and that the quality of care
via telemedicine was perceived to be not as good as in-
person. Other studies have also highlighted that disinterest
in telehealth may be a barrier despite the conveniences it
affords, even among those who feel confident they can
complete a telemedicine visit.52

Conceptual Models to Understand Barriers

to Telemedicine

Two concepts from implementation science are useful in
interpreting the above findings. The first is the framework of
an implementation cascade.53 Readiness for telemedicine
operates along a continuum in which several steps must be
completed in sequence to successfully complete a video
visit (Fig. 1). First, providers must set up the infra-
structure—the hardware, software, and workflows for
hosting video visits. Next, each patient must have access to
internet and devices to be video-visit ready. After this, actual
appointments must be made, and the patient must be
willing and able to understand when the appointment is,
what interface to use to access the virtual visit, and how to
navigate the interface itself to connect. Finally, completion
of the visit necessitates an ability to operate the interface,
including camera, microphone, and stable connection.
Defining these steps helps illustrate that attrition occurs in
stages.

The pandemic created unprecedented policies and in-
centives for providers to create infrastructure. However, the
rapid effort to migrate to telemedicine ran into an
entrenched digital divide, and older adults were simply not

ready in time. Furthermore, the barriers of impairments
were overlooked. For these reasons, many defaulted to
audio-only visits. Still, we suspect many simply missed
follow-up, and not for reasons under their control.

The second framework is the diffusion of innovation theory,
which argues that innovations spread in stages: first through
a minority of early adopters, then through an early majority,
and then more slowly through a late majority, and finally
laggards.54 Early studies of telemedicine pilots may have
optimistically found great enthusiasm for interventions be-
cause they sampled early adopters. With more people using
telemedicine during the pandemic, the late majority and
laggards ended up being surveyed, and they express greater
resistance to telemedicine.

Assessing Readiness and Addressing Unreadiness for

Telemedicine in Older Adults

Assessing readiness for telemedicine among older adults,
then, involves asking patients about their readiness to
handle each step in the implementation cascade and re-
specting the possibility of genuine and informed disinterest
(Fig. 2). Addressing unreadiness involves preparing services
and strategies to tackle barriers and reduce attrition at each
stage. Internet connectivity, digital literacy, and the digital
divide remain the first and foremost challenge for older
adults, and programs such as the Lifeline Program through
the Federal Communications Commission can be recom-
mended to provide discounted broadband internet. Many
local organizations, public libraries, and seniors organiza-
tions offer devices and training to facilitate getting older
adults online. Disinterest in telemedicine can be addressed
by pre-empting common concerns. For example, older
patients can be reassured that video visits are used only for
visits when a physical examination is unnecessary and that
there are mechanisms to arrange a prompt in-person visit if
something comes up during a video visit. Appointments and
scheduling require an awareness of cognitive impairment
and social supports, as these have implications for
schedulers when contacting patients or caregivers about
appointment details. Finally, human factors and universal
design principles recognize that systems, services, and
technologies should cater to the needs of people and users
rather than the other way around.55 Consequently, simpler
interfaces (e.g., a simple email link, avoiding the need for
additional logins and passwords) should be used to reduce
barriers that can be substantial for digital immigrants, and
alternative tools, such as live closed captioning for those
with difficulty hearing and audio-only visits for those with
visual impairments, should be used.56

Long-term Implications

Looking forward, the concept of readiness for telemedicine
in older adults is bound to evolve alongside telemedicine
itself. Comfort with technology and the prevalence of high-
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speed internet and internet-ready devices will likely grow as
those who learned to use the internet at a younger age get
older. However, disparities in digital access that develop
earlier in life can become entrenched in older age,
underscoring the importance of closing the digital divide in
younger persons today. What is less likely to change is the
accompaniment of impairments with age, and it will be
important for future research and innovation to investigate
how human factors and universal design principles might
inform the processes of appointment-making and video
visits if we want telemedicine to be accessible even for older
people. Until then, assessing readiness for telemedicine
should focus on assessing interest, familiarity and confi-
dence with technology, and screening for impairments that
may make video visits difficult. This can guide targeted

strategies for addressing barriers, and, if irremediable
problems are anticipated, in-person visits with appropriate
protective equipment are a reasonable and necessary
alternative.

TELEMEDICINE TO IMPROVE ONCOLOGY CARE FOR
RURAL COMMUNITIES

Cancer Care in Rural America

Approximately 20% of all Americans live rurally, and they
have limited access to health care and low average incomes,
education, and insurance coverage.22,57-59 Patients with
cancer in rural communities are often diagnosed at later
stages, are less likely to receive standard-of-care treat-
ment or supportive services, and have significantly higher
cancer-related mortality rates compared with nonrural

FIGURE 1. An Implementation Cascade for Video Visits in Older Adults50

FIGURE 2. Sample Question-
naire to Assess Readiness for
Telemedicine Among Older
Adults
Abbreviation: TV, television.
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residents.22,58,60 The disparities in outcomes observed in
real-world practice diminish when rural patients participate
in clinical trials though, suggesting that improving access to
uniform health care is important for improving outcomes for
rural patients with cancer.61 In the era of digital trans-
formation, telemedicine provides an opportunity to improve
this access, in addition to improving convenience and
delivering high-quality cancer care in rural communities.

Recently, ASCO hosted the Closing the Rural Cancer Care
Gap event as part of its State of Cancer Care in America
series to address rural–nonrural disparities.62 Based on the
experience from three institutions, they highlighted the
following strategies to help reduce the rural cancer care gap:
improved access to cancer care, increased clinical trial
participation by rural residents, and partnership between
health care providers and local community leaders.

Leveraging Telemedicine to Improve Cancer Care Delivery

in Rural Areas

In rural communities, telemedicine allows delivery of care
closer to home with minimal disruption to patients’ lives
along with an increase in access to standardized treatments
and health care services. The key for the successful setup of
telemedicine oncology services in rural sites is to identify the
local hospitals and health care providers who can manage
cancer care with support from the off-site consulting on-
cologist. To deliver high-quality oncology care remotely,
there is a strong need for the collaboration of multidisci-
plinary teams, including nurse navigators, social workers,
palliative care, and other ancillary services. The nonrural
tertiary sites can provide administrative support to rural
sites, and, with supervision from certified oncology
nurses, it is feasible to safely administer chemotherapy
and immune therapy at these rural sites.63 Also, it is
crucial to have adequate emergency medical support in
case of emergency.

However, despite the general availability and widespread
use of telemedicine services, many individuals in rural
communities lack access or are not proficient in the use of
technology. This gap has led to inequities in the effective use
of telemedicine mainly in rural communities.64

Benefits of Telemedicine to Rural Communities

Rural communities benefit from telemedicine oncology
services in myriad ways, including uninterrupted access to
oncologists at nonrural sites and a broad range of resources
to support them, from screening to diagnosis, ongoing treat-
ment, follow-up care, and survivorship care.

Improved access Patients with cancer in rural areas may
sometimes feel burdened by the physical distance it takes to
meet with the closest oncologist, who may be located
several hours away. Geographic distance and transportation
are commonly reported barriers for cancer care in rural

patients.65,66 Telemedicine allows patients in rural areas
without local oncology care or subspecialist care to have
access to oncologists and other ancillary services, such as
genetic counseling, nutrition counseling, oncofertility
counseling, palliative care, psychosocial counseling, oral
chemotherapy adherence tracking, support groups, and,
above all, cutting-edge clinical trial opportunities that are
otherwise not available in most rural settings. For those
patients with rare cancers seeking a second opinion or those
interested in clinical trials, telemedicine allows for access to
cancer care in contiguous states while limiting interstate
travel. Thus, medicine provides easy and fast access to
high-value multidisciplinary subspecialty oncology care in
the comfort of their home with better quality and lower cost.

Reduced travel and cost Telemedicine reduces the travel
burden on patients and their families by minimizing the
number of in-person visits and cost savings related to
avoiding long trips with associated mileage, meal, and hotel
costs, time away from work for both patients and family
members in the form of lost wages, and additional child or
elder care as needed. Reducing financial and physical
burdens associated with extended travel allows patients,
families, and other loved ones to focus their time and energy
on their personal well-being while living with cancer.
Telemedicine also allows increased engagement from
multiple family members who are otherwise unable to
participate in the visit because of travel restrictions.

Treatment adherence Rural residents with cancer often face
financial hardship related to co-pays for cancer treatments
or lack of insurance leading to nonadherence to routine
surveillance or continued cancer treatments.67 Telemedi-
cine provides the opportunity to improve treatment and
surveillance adherence through regular check-ins with
patients who cannot travel for toxicity checks or early de-
tection of treatment-related adverse events.

Clinical trial participation Rural patients are often under-
recruited and under-represented in clinical trials.68 Beyond
geographic inaccessibility, research also suggests that rural
residents are not even informed of the clinical trial oppor-
tunities by health care providers.69 Telemedicine provides
patients with cutting-edge treatment through clinical trials.70

Recent changes made to the conduct of clinical trials during
the COVID-19 pandemic, such as the use of telemedicine
and e-consent, may address some of these barriers to trial
participation if these changes are made permanent moving
forward.71,72

Collaboration and continuity with local health care providers
A close relationship between oncologists and a patient’s
primary care provider is key to providing telemedicine on-
cology services and remote monitoring of patients with
cancer receiving systemic therapy. This relationship facili-
tates continuity of care with the rural primary care providers
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while providing high-quality subspecialty care from
oncologists at the nonrural site. Open communication with
local primary care providers has led to a high patient and
provider satisfaction, especially if rural residents relocated
temporarily or permanently for cancer treatments.63 Local
cancer care also increases awareness of cancer and has an
added educational benefit to the local clinical community.
This raises the quality of care for the entire rural community
beyond just the individual patient.

Financial benefit to rural hospitals With many small rural
hospitals closing because of financial pressures, telemed-
icine provides an opportunity to retain health care within
a local community by promoting the use of local laboratory,
radiology, infusion services, and local primary care pro-
viders. Thus, health care revenue from these essential
services is retained within these smaller hospitals.63 It also
provides professional employment opportunities to mem-
bers of the local community, boosting the local economy.

Challenges With Telehealth in Rural Communities

The rural population has relatively low education, low so-
cioeconomic class, and less use of internet and telecom-
munications in general. Initial limitations associated with the
launch of telemedicine in rural communities included
technical complexity, increased burden on patients and the
staff, and lack of high-speed broadband access.

Lack of high-speed internet A reliable broadband connection
is needed for successful telemedicine. However, high-speed
internet remains problematic in rural areas. Addressing this
challenge takes time and investment, but working with
stakeholders, including federal and state governments,
drafting policy frameworks, and continuously improving
efforts through expanding digital infrastructure can promote
universal access of high-speed broadband. A recent ASCO
statement regarding the regulatory burdens on telemedicine
suggests expanding broadband access across the United
States current through the work led by the Federal Com-
munications Commission.73 Hopefully, these efforts will
make broadband a key utility for rural residents, smooth-
ing opportunities to further expand telemedicine to rural
communities.

Federal and state legislation Federal and state governments
are promoting health equity by encouraging the use of
telemedicine, especially in the rural setting. During the
COVID-19 pandemic, several practices have started
implementing telemedicine, and the majority report high
patient satisfaction. The Centers for Medicare & Medicaid
Services have extended Medicare payment for telehealth at
least until the end of the calendar year 2021.74 The ex-
panded insurance coverage was critical for supporting
widespread use of telemedicine during the COVID-19
pandemic. These regulations are temporary; they must
become permanent. Such policies will enable health care

providers to provide a broad range of oncology services to
rural patients to bridge the current health care gap and
improve the outcomes of the rural patients with cancer.

Cross-state licensures Although state licensing re-
quirements are largely similar across the country, most
states require that physicians be separately licensed in each
state in which they practice. Differing licensing re-
quirements across states is one of the top issues that
prevents more widespread use of telemedicine. During the
COVID-19 pandemic, many states waived requirements that
physicians with out-of-state licenses be licensed in the state
in which they are providing services, allowing for greater
provision for telemedicine services.75 This expanded access
to interstate medical practice benefited several patients,
especially those interested in clinical trial participation and/
or with rare cancers to receive subspecialty expert opinion
across states. The federal government needs to collaborate
with state medical boards to update medical licensing laws,
allowing health care providers to practice telemedicine
across state lines.76 Besides, longer-term cooperation be-
tween out-of-state large health systems with local and
community providers will help expand telemedicine access
to rural areas in need.

Lack of personal connection One of the biggest challenges
with telemedicine in cancer care is the lack of a per-
sonal connection (human touch) and inability to provide
emotional support, especially when delivering bad news
such as tumor progression or the need to transition to
hospice.77,78 During the difficult conversations in cancer
care, oftentimes we tend to express empathy or show
warmth and respect nonverbally by hand-holding or
hugging, which can be challenging via telemedicine. There
is no replacement for human touch, but by paying special
attention to communication and depending on where care
is provided, a nurse nearby can help navigate nonverbal
communication while physicians remain connected with
patients remotely.

Data protection Privacy and data security issues related to
health care information technology have been key barriers
to the adoption of telemedicine. As large quantities of
personal health information and data are generated with the
growing use of telemedicine, there is a strong need to invest
in technologies that best protect patient privacy and allow for
secure patient data transfer and storage.79,80

Future Directions

As telemedicine services are expanding to rural residents
with cancer, more research is needed to determine the
optimal use of technology for oncology visits as well as best
practices and standards to ensure consistent approaches to
cancer care delivery in rural communities. It is important to
assess the potential impact on the cost of cancer care for
rural residents, and opportunities to mitigate the financial
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burden for those with limited insurance coverage are
warranted. Expanding digital infrastructure in rural areas is
key to ensuring universal access of high-speed broadband
in rural communities. Also, changes to physician cre-
dentialing and licensing to practice across state lines will
allow for seamless telehealth opportunities.

In conclusion, telehealth provides a means to improve effi-
ciencies and minimize patient burden and disparities in
cancer care. Telehealth should be leveraged to improve the
quality of cancer care and access to clinical trials and cutting-
edge treatments for patients with cancer in rural America.

CONCLUSION

The impact of the COVID-19 pandemic on the wide-scale
implementation of telemedicine via patient-dependent
tools, generally phones, smartphones, or devices, brought
the digital divide to health care. There have been many
lessons learned and many to be learned. Research is

needed to determine the optimal use of telemedicine in
oncology care, to define best practices and standards, and
to ensure equitable approaches to cancer care delivery.
Essential to ongoing telemedicine sustainability is parity in
reimbursement, expanded universal access to high-speed
broadband, and limiting credentialing and licensing bar-
riers. Effective tele-cancer care requires the careful iden-
tification of the needs and the means to address the factors
necessary for successful telemedicine implementation—the
integration of telehealth modalities, such as text messaging,
social networking, and online patient education—and the
deliberative development of strategies to bridge patient fac-
tors (e.g., race, ethnicity, age, and geography). Telehealth
can improve cancer care quality, minimize patient burden,
and ameliorate disparities in cancer care by facilitating ac-
cess to clinical care, including complex cancer care and
cancer clinical trials.
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Assessment and Management of Cognitive
Symptoms in Patients With Brain Tumors
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overview

Cognitive symptoms occur in almost all patients with brain tumors at varying points in the disease course.

Deficits in neurocognitive function may be caused by the tumor itself, treatment (surgery, radiation, or

chemotherapy), or other complicating factors (e.g., seizures, fatigue, mood disturbance) and can have

a profound effect on functional independence and quality of life. Assessment of neurocognitive function is an

important part of comprehensive care of patients with brain tumors. In the neuro-oncology clinic, assessment

may include cognitive screening tools and inquiry into subjective cognitive function. Neuropsychological

assessment is an important adjunct to identify cognitive symptoms and can be used as an opportunity to

intervene through transformative feedback and treatment planning. Preventative measures can be taken to

reduce cognitive side effects of treatment, such as awake craniotomies with intraoperative mapping during

neurosurgery or prophylactic measures during radiation therapy (e.g., hippocampal avoidance, neuro-

protectant treatment with memantine). Rehabilitative therapies, including cognitive rehabilitation and

computerized cognitive exercise, are options for managing cognitive problems in an individualized manner.

Pharmacotherapy, including use of stimulant medications and acetylcholinesterase inhibitors, has shown

benefits for patients with brain tumors when tailored to an individual’s cognitive profile. Identification and

management of co-occurring issues, such as sleep disturbance, fatigue, and depression, can also improve

neurocognitive function. There are promising therapies under development that may provide new options for

treatment in the future. Integrating careful assessment and treatment of cognition throughout the disease

course for patients with brain tumors can improve functional outcomes and quality of life.

INTRODUCTION

Cognitive symptoms are common for patients with brain
tumors. Timely identification of problems with neuro-
cognitive function (NCF) is an important aspect of care
for these patients, as cognition is critical for complex
activities of daily living,1 work,2 and functional indepen-
dence, thus playing a critical role in quality of life.3 This
review details the factors that contribute to NCF im-
pairment in adults with brain tumors, describes strategies
for recognition of these issues in clinical care, and pro-
vides options available for treatment of these deficits.

IMPAIRMENT OF NEUROCOGNITIVE FUNCTION IN
PATIENTS WITH BRAIN TUMOR

Deficits in NCF occur in 90% of patients with supra-
tentorial brain tumors at varying points in the disease
course.4,5 At the time of diagnosis, these deficits may
be related to the tumor, causing disruption of both local
and distant brain networks.4 Mechanisms of these
effects include direct tissue damage via necrosis,
compression of neural structures due to mass effect
from tumor and surrounding edema, and infiltrative
growth into critical fiber pathways and networks.
Neurosurgical intervention can alleviate some of these
symptoms, particularly when resection reduces mass

effect,6,7 but can also cause additional NCF symptoms
if critical brain regions or pathways are damaged
during surgery.8,9 Strategies to reduce the risk of
neurosurgical deficits, such as functional MRI and
awake craniotomies with intraoperative mapping, have
improved these outcomes.10,11 Chemotherapy is also
known to contribute to cognitive decline in patients
with both primary brain tumors (e.g., about 30% of
patients have been shown to have NCF changes after
chemotherapy treatment in the absence of disease
progression)12-16 and brain metastases.17 Furthermore,
medications necessary to manage neurologic prob-
lems related to brain tumors, such as anti-epileptics,
anti-inflammatory therapies (e.g., steroids), and pain
medications, may exacerbate cognitive symptoms.18

Radiation therapy has well-known NCF consequences
that may occur during treatment or evolve months or
even years later.17,19 The complex interplay of these
multiple etiologies of NCF dysfunction in patients with
brain tumors implies that consistent monitoring
throughout the course of disease is an important part
of comprehensive clinical care. Diverse approaches to
management may be called for at different points in the
disease course and typically require a multidisciplinary
approach.
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ASSESSMENT OF NEUROCOGNITIVE SYMPTOMS

Monitoring for NCF deficits or changes is a challenge for
busy neuro-oncology clinicians, given the numerous neu-
rologic and medical issues that must be managed in brief
visits. This difficulty is complicated by the fact that brief
NCF screening measures, such as the Mini-Mental State
Examination20 and the Montreal Cognitive Assessment,21

have limited sensitivity to subtle but meaningful changes
in NCF that people with brain tumors experience.22-24 De-
spite these limitations, neuro-oncologists often must resort
to these screeners as the only feasible options for in-clinic
performance-based assessment of NCF. To enhance sen-
sitivity to subtle changes in cognition, clinicians often use
brief self-report surveys to assess subjective NCF symp-
toms, along with other quality of life issues. Commonly used
scales include the Functional Assessment for Cancer
Therapy-Brain25 and the European Organisation for Re-
search and Treatment of Cancer Quality of Life Scale.26

These measures can generate specific indices of NCF.27

If administered on a consistent basis over time, changes in
functionmay be apparent to the clinician, which can prompt
referral for more in-depth evaluations.

The gold standard for NCF assessment is a comprehensive
neuropsychological evaluation.28,29 Multidisciplinary brain
tumor clinics are increasingly integrating neuropsycholo-
gists as members of the patient care team, providing ready
access to detailed assessments.29 In the context of brain
tumor management, neuropsychological evaluations may
be abbreviated from traditional batteries and tailored to
the individual patient needs and level of functioning,29,30 yet
are able to identify NCF changes prior to visible changes
on brain imaging31 and are prognostic of overall and
progression-free survival time.32-34 Integration of neuro-
psychological evaluations at critical points in the care of
patients with brain tumors provides guidance to physicians
and allied health personnel regarding the multifaceted
treatment options that are important at specific points in the
disease course, as detailed below.

Preoperative assessments of NCF may be integrated with
neurosurgical procedures used to predict and minimize
cognitive morbidity from surgery (e.g., functional MRI and
intraoperative mapping).35 The early identification of issues
that might interfere with intraoperative mapping, such as
inadequate attention, aphasia, or anxiety, as well as specific
neurocognitive patterns that are critical for the interpretation
of functional MRI and intraoperative mapping (e.g., non-
dominant hemisphere language representation36) can op-
timize functional outcome.10 Perhaps most importantly,
NCF performance preoperatively can be used to predict risk
of cognitive decline as a function of surgery.37,38 For in-
stance, in patients with gliomas involving the left temporal
lobe, an absence of deficits in the domains of language and
verbal memory at presurgical baseline evaluation suggests
that the individual may be at increased risk of suffering
a surgically induced deficit in those functions.8 In contrast,
patients who have deficits preoperatively tend to show less
change as a function of surgery. Many patients who present
with brain tumors move quickly to surgical intervention and
are experiencing numerous fluctuating factors that affect
NCF (e.g., seizures or postictal cognitive changes, new
treatment with steroids or anti-epileptic drugs, and the
stress of hospitalization and newly discovered brain mass).
Thus, preoperative cognitive assessments are ideally brief
and focused on very specific questions.

Postoperative NCF evaluation can be used to characterize
subacute deficits that may benefit from treatment (see next
section). The timing of postoperative assessments depends
on patient needs; they may occur immediately after surgery
if planning of inpatient rehabilitation is necessary. More
commonly, a period of time for postsurgical recovery is
appropriate, and a comprehensive neuropsychological
evaluation can be conducted on an outpatient basis as the
patient receives diagnostic information and makes de-
cisions about adjuvant treatment. Postoperative evaluations
at this point may be helpful to identify specific cognitive

PRACTICAL APPLICATIONS

• Difficulties with neurocognitive function occur
in up to 90% of patients with brain tumors at
some point during the disease course and are
a major detractor from overall quality of life.

• Screening procedures in the neuro-oncology
clinic may include brief objective measures,
such as theMontreal Cognitive Assessment, but
these have limited sensitivity and should be
augmented by subjective cognitive assessment
using surveys.

• Neuropsychological evaluation is a sensitive
and useful method of identifying neurocognitive
function difficulties and provides an opportunity
to improve the understanding of cognitive
problems and develop individualized
treatment plans.

• Cognitive rehabilitation conducted by a thera-
pist is an effective method for neurocognitive
function improvement using compensatory
strategies and assistive devices. Computerized/
automated cognitive “exercise” approaches
have limited evidence of benefit at this time.

• Medications for cognitive enhancement include
stimulant therapy and medications targeted at
memory. There is modest evidence of benefit
for both approaches in patients with brain tu-
mors, particularly when medication choice is
guided by an individual cognitive profile.
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issues that can become targets of outpatient treatment and
may play an important role in identifying needs regarding
return to work or support in high-level activities of daily
living, such as medication management, financial decision-
making, and driving.39

Long-term monitoring of NCF with serial evaluations at
regular intervals is helpful as part of comprehensive brain
tumor management. Cognitive impairments can have
a more significant impact on quality of life than other
neurologic symptoms,40 and one of the goals of ongoing
monitoring is to mitigate the negative impacts of NCF on
quality of life. Survivors of brain tumors are at risk for NCF
decline caused by tumor recurrence/progression, effects of
treatment (chemotherapy and radiation therapy41-43), and
neurologic or medical complications of their illness (seizures
and cerebrovascular insults44). Patients with a history of
radiation therapy to the brain are at particular risk for NCF
decline due to progressive leukoencephalopathy, often
arising months or years after treatment,41-43,45 which re-
quires an increased level of management to provide support
for patients and caregivers. Not only do longitudinal eval-
uations provide practical input for management, but the
inclusion of periodic NCF assessments is also a method of
monitoring for disease progression or the emergence of
post-treatment complications.

MANAGEMENT OF NEUROCOGNITIVE SYMPTOMS

Unfortunately, there are no specific guidelines for man-
agement of NCF symptoms in patients with brain tumors.
Although the National Comprehensive Cancer Network has
provided guidelines for the management of cognitive
symptoms as part of cancer survivorship, these apply ex-
plicitly to non–central nervous system cancers and treat-
ments.46 Efforts are underway to update National
Comprehensive Cancer Network central nervous system
guidelines to support appropriate follow-up of the neuro-
cognitive aspects of glioma and other central nervous system
tumor/treatment-related complications. We believe that thor-
ough assessment provides a blueprint for treatment. Specific
options to improveNCF outcomes in patients with brain tumors
may include preventative measures, rehabilitative efforts, and
pharmacologic interventions, as detailed below.

The Role of Neuropsychological Feedback

and Recommendations

The transition point between assessment and manage-
ment of neurocognitive symptoms occurs during the
neuropsychological evaluation feedback session. Properly
conducted, the feedback session is a therapeutic in-
tervention that gives the patient and family a greater un-
derstanding and sense of control over their symptoms,
reducing the accompanying anxiety.47,48 Feedback ses-
sions include individualized recommendations based on

the patient’s pattern of cognitive strength and weakness.
Specific cognitive strategies and environmental modifi-
cations are recommended, which may allow a patient to
independently address the NCF issues arising in their daily
activities.49,50 These recommendations can also be used to
develop accommodations at work or school that may allow
a person to continue to be successful in those pursuits
despite NCF deficits. In cases in which NCF deficits are the
cause of disability, an unfortunate but not uncommon
occurrence for patients with brain tumors,51 the objective
quantification provided by neuropsychological evaluations
may be critical to demonstrate deficits and allow access to
benefits. Non-neurologic factors contributing to NCF im-
pairment may also be targeted in the recommendations of
a neuropsychological evaluation. When symptoms of de-
pression or anxiety are identified as part of the standardized
assessment of mood and emotional functioning, the neuro-
psychologist may be a link to mental health services. When
issues of sleep disturbance arise, education in the use of
sleep hygiene strategies or referral for a formal sleep eval-
uation may be triggered.

Prevention

Proactive efforts to prevent neurologic injury from treatment
and increased focus on mitigating the neurotoxicity of
cancer therapy have led to considerable improvements in
NCF outcomes in recent years. These efforts built upon early
work by Meyers and Hess31 and Meyers and Brown,52 who
demonstrated the feasibility and importance of integrating
NCF outcomes in clinical trials. As noted earlier, pre-
operative NCF assessment is often integrated with func-
tional MRI, diffusion tensor imaging to identify critical fiber
tracts, and intraoperative mapping to assist with planning
and to reduce the risk of cognitive morbidity from surgery.

In recent years, multiple strategies have been integrated in
brain radiation therapy to reduce the risk of NCF sequelae.53

It has convincingly been demonstrated that use of focal
radiation therapy through stereotactic radiosurgery leads to
better NCF outcomes than whole-brain radiation therapy,
without compromising overall or progression-free survival.54

As a result, use of focal radiation therapy for solitary or
multiple brain metastases is considered standard of care at
this time for patients with limited metastatic disease in the
brain.54 When whole-brain radiation therapy is necessary,
the use of hippocampal-sparing treatment, in which the field
is tailored to avoid the hippocampal region—critical for
memory and neuroplasticity—has been shown to reduce
NCF morbidity55 Similarly, the use of neuroprotectant
strategies when delivering radiation therapy is frequently
recommended. Administration of N-methyl-D-aspartate re-
ceptor antagonist memantine improved cognitive outcome
in patients undergoing whole-brain radiation therapy,56 and
subsequent studies have found that this treatment can be
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combined with hippocampal-sparing whole-brain radiation
therapy57 to further reduce the risk of NCF decline.

Rehabilitation

Cognitive rehabilitation is a therapy modality that includes
explicit instruction in cognitive compensatory strategies, the
use of assistive devices to support daily functioning, and, in
some instances, cognitive “exercise” to promote brain re-
covery and maintain brain health. Studies of cognitive re-
habilitation in patients with brain tumors have generally
demonstrated a positive impact on NCF performance as well
as good satisfaction on the part of patients and their
families.58-61 Most of these trials have been small and have
lacked control groups, leading to some limitations in the
strength of the literature.61,62 Nonetheless, methods that use
individualized therapy based on use of compensatory
strategies and supportive devices have resulted in small to
moderate improvements in the targeted cognitive functions
based on objective testing and/or subjective report. Other
studies have used computerized methods to deliver cognitive
strategy training62 or to provide cognitive stimulation and have
shown some benefits in terms of attention and processing
speed on cognitive tests,63 though the degree to which these
benefits transfer to real-life activities is unknown.

Physical exercise–based interventions have shown fairly
consistent benefits in survivors of pediatric brain tumors,64-66

and more recent studies have begun to demonstrate the
potential for benefit in adults as well. For example, a study of
physical exercise, as compared with an active control con-
dition, demonstrated slight improvements in some aspects of
performance-based and self-reported cognitive function, as
well as quality of life benefits.67 Although this literature is
limited, there are other reasons to believe that exercise is an
important aspect of overall care for patients with brain tu-
mors.68 Thus, integrating a safe and tolerable exercise routine
is a recommended strategy to optimize brain health in all
patients with cancer, including those with brain tumors. In
those with physical limitations such as hemiparesis, gait
disturbance, or visuospatial dysfunction, engaging a physical
or occupational therapist to develop a safe and effective
exercise strategy may be necessary.

Pharmacotherapy

Numerous trials of varying quality have attempted to
evaluate the benefits of cognitive-enhancing medications
on NCF in patients with brain tumors over the past 2
decades or more.69 Although an initial uncontrolled single-
arm study of methylphenidate for cognitive performance
showed benefits in patients with brain tumors,70 later trials
that included control groups and placebos failed to rep-
licate this result.71-73 Interpretation of these outcome
studies is complicated by the fact that some have used
objective measurement of cognitive performance, whereas

others included only subjective cognitive perceptions or
primarily assessed fatigue as outcome measures.

The acetylcholinesterase inhibitor donepezil has shown
generally beneficial but mixed effects in patients with brain
tumors.74-76 The only randomized controlled trial of done-
pezil suggested some benefits, though the effects were
limited to improvements in those patients with the most
severe cognitive impairment.76 An uncontrolled pilot study
showed improvements in patients with primary brain tumors
who were otherwise stable,75 and an additional open-label
study showed improvements in various cognitive func-
tions.74 As detailed above, memantine has been used in
a neuroprotective role during whole-brain radiation therapy
with positive effects56,57 but has not been trialed in other
clinical settings. A single-arm study of gingko biloba sug-
gested improvement on tests of executive function, though
the possibility of practice effects accounting for this result
cannot be excluded.77 Taken together, these mixed findings
suggest that donepezil and methylphenidate may have
positive effects, though these may be due in part to ex-
pectancy effects on the part of the patient. In individual
patients, practitioners must carefully consider the nature of
the patient’s NCF deficit to determine whether a medication is
an appropriate fit. These treatment decisions can be informed
by both the neuropsychological profile and patient prefer-
ences. For example, patients with demonstrated memory
impairment (particularly those with a cognitive profile that
suggests deficits in the aspects of memory that depend most
heavily on cholinergic activity) may be more likely to benefit
from an acetylcholinesterase inhibitor, whereas those with
deficits in attention, processing speed, or executive function
may respond better to neurostimulant medications.

Management of Additional Factors Contributing to

Neurocognitive Function Symptoms

In addition to direct treatment of NCF using rehabilitation or
medication, it is important to recognize that numerous
neurologic and non-neurologic factors can contribute to
cognitive problems in patients with brain tumors. The most
prominent factors include fatigue and mood, both of which
have strong inter-relationships with individual experience of
NCF. In patients with considerable fatigue, insomnia, ex-
cessive daytime sleepiness, or other sleep disorders, in-
tegration of sleep studies and treatment of relevant issues is
important to optimize NCF. Similarly, disorders of mood,
anxiety, and other psychiatric symptoms are common in
patients with brain tumors78,79 and correlate highly with
subjective NCF symptoms.3 Thus, careful assessment and
treatment of psychological symptoms is an important part of
NCF management, with many effective evidence-based
strategies available. An additional issue that can arise at
any point in the disease course for patients with brain tumors
is hydrocephalus (either obstructive or nonobstructive). In
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such situations, placement of a ventriculo-peritoneal shunt
may be beneficial, though NCF deficits are less likely to
improve than incontinence and gait disturbance.45,80-82

Thus, continued integration of a multidisciplinary treat-
ment model throughout the disease course is critical to the
assessment and treatment of NCF problems.

CASE EXAMPLE

The following case illustrates the integrated assessment and
treatment of NCF symptoms in comprehensive brain tumor

care. This right-handed patient was age 42 when he began
to experience spells of lightheadedness accompanied by
an unpleasant taste in his mouth that led to brain imaging.
An MRI revealed a large nonenhancing mass involving
the left inferior and anterior frontal lobe with involvement of
the corpus callosum and extending inferiorly to the left
anterior temporal lobe (Fig. 1A). A functional MRI was con-
ducted that demonstrated left hemisphere language domi-
nance, with productive speech areas immediately posterior to
themass (Fig. 1B). Preoperative screening suggested essentially

FIGURE 1. Brain MRI of the Pa-
tient Described in Case Study
T2/FLAIR study at initial pre-
sentation (A); functional MRI
mapping of language super-
imposed on sagittal T2 (B);
postoperative T2/FLAIR showing
resection cavity and residual
mass crossing corpus callosum
(Arrow) (C); and (D) four axial
T2/FLAIR images from superior
to inferior showing resection
cavity and post-treatment
changes in surrounding brain
2 years after treatment.
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intact language function, and surgical procedures included
intraoperative mapping of language, which confirmed the lo-
cation of putative Broca area immediately posterior to themass.
A subtotal resection was accomplished (Fig. 1C), and pa-
thology identified an oligodendroglioma (World Health Or-
ganization grade II). The preoperative consideration of NCF
risks and collaboration among neurosurgery, speech therapy,
and neuroradiology contributed to maximal safe resection.

Approximately 3 weeks after surgery, the patient partici-
pated in a comprehensive neuropsychological evaluation to
assess surgical outcome and assist with planning regarding
return to work. The patient complained of word-finding
difficulty postoperatively, which represented a slight de-
cline in functioning compared with his subjective baseline.
In addition, it became clear that the patient had been ex-
periencing progressive issues with inattentiveness, disor-
ganization, and disinhibited behavior over 1 to 2 years prior
to identification of the brain tumor. The postoperative
neuropsychological evaluation showed mild language dis-
turbance as well as notable executive dysfunction, including
reduced cognitive flexibility, impaired inhibitory controls,
and inattention (Fig. 2).

A family feedback session was conducted, which was
transformative. The patient’s executive dysfunction had put
considerable strain on relationships with his wife and
children due to disinhibited behavior. He had lost his job
shortly prior to diagnosis due to impulsive behavior. In the
feedback session, the patient and his family experienced
a reframing of the nature of his cognitive and behavioral

issues, and a treatment plan was developed. Treatment in-
cluded cognitive rehabilitation therapy to improve attention,
develop organizational strategies, and address job perfor-
mance issues. The patient also engaged in psychotherapy
(including some couple and family sessions) to identify be-
havioral changes and had a gradual but impressive im-
provement in his insight and interpersonal interactions.
During this time, he underwent radiation therapy and started
treatment with multiagent chemotherapy (procarbazine,
lomustine, and vincristine) for the primary disease.

The patient was followed with repeat neuropsychological
evaluation 2 years after diagnosis (Fig. 2). Although the
evaluation showed a substantial decline in language
function (felt to reflect treatment-related tissue damage in
left frontal lobe; Fig. 1D), he showed slight improvement in
executive function and a marked improvement in overall
quality of life. Due to continuing attention difficulties, he
started treatment with an attention-enhancing medication
(methylphenidate) but discontinued it after a few weeks due
to increased feelings of anxiety and irritability. At this time,
the patient is currently pursuing new employment and has
restarted cognitive rehabilitation therapy to improve orga-
nizational techniques. He has been using an online cog-
nitive exercise program (www.brainhq.com) to provide
attention and working memory stimulation. The plan is for
continued monitoring of the brain tumor with serial imaging
and monitoring of NCF with annual neuropsychological
evaluations. The patient frequently communicates with his
cognitive rehabilitation therapist and neuropsychologist as
part of the treatment team.

FIGURE 2. Graphical Illustration
of Neuropsychological Test Re-
sults at Two Points: 1 Month
Postsurgery (Baseline) and
2 Years Later (Follow-Up)
Note that patient performance
declined on tests of language,
reflecting increased difficulty
with confrontation naming and
verbal fluency tasks, but was not
significantly changed in other
cognitive domains. There were
subtle improvements in some
aspects of executive function
and a considerable improve-
ment in quality of life.
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FUTURE DIRECTIONS

As the field of neuro-oncology strives to develop more ef-
fective treatments for brain tumors, simultaneous efforts are
ongoing to develop new approaches to reducing NCF
morbidity related to the diseases and treatments. There are
numerous ongoing clinical trials examining pharmacologic,
rehabilitative, and alternative strategies for mitigating NCF
deficits related to brain tumors and cancer therapies, in-
cluding up to 184 studies in a recent search of ClinicalTrials.
gov.83 Promising new therapies are being explored, such as
the use of granulocyte colony-stimulating factor to drive
bone marrow cells to increase brain plasticity and improve
NCF related to radiation injury.84 New methods of neuro-
cognitive assessment and therapy are being explored, in-
cluding computerized approaches62 and remote video
neuropsychological assessment, spurred along by the
COVID-19 pandemic.85 Further integration of NCF in clinical
care and outcomes research will be critical to continue to
improve quality of life for survivors of brain tumors.

CONCLUSIONS

Monitoring of NCF in the care of patients with brain tumors is
best accomplished via a combination of cognitive screening
tools administered in clinic and routine inquiry regarding
cognitive concerns of the patient and, when possible, col-
lateral informant. Integration of formal neuropsychological
assessment at critical points in patient care and over the
long term improves sensitivity to NCF issues and changes.
Feedback on the neuropsychological assessment provides
an opportunity to develop a treatment plan for NCF. In
addition to preventative measures that have been adopted
in neurosurgery and radiation oncology, treatment options
include cognitive rehabilitation and pharmacotherapy. In-
terventions to address additional issues, such as problems
with sleep, fatigue, and mood, can also lead to improved
NCF. Consistent application of these assessment and
treatment modalities can improve quality of life and overall
outcome throughout the course of disease for patients with
brain tumors.
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CENTRAL NERVOUS SYSTEM TUMORS

Delivering Equitable Care to Underserved
Neuro-oncology Populations
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overview

It is widely recognized that subspecialized multidisciplinary care improves neuro-oncology outcomes. Op-

timizing patient outcomes relies on the expertise of the treating physicians, neuroradiology and neuropa-

thology, and supportive services familiar with common neurologic syndromes that occur after brain tumor

diagnosis and treatment. Despite an increasing number of providers, patient access to specialized multi-

disciplinary care and clinical trials remains limited. Barriers to equitable health care exist across the United

States, with marginalized communities being impacted disproportionately. Such disparity causes increased

morbidity and mortality for patients from backgrounds with various elements of diversity. Limited attention to

this inequity has resulted in an incomplete understanding of the spectrum of experiences that patients with

neuro-oncologic diseases encounter. Clinical trials represent the highest standard and quality of care in

medicine, but inclusion of under-represented and underserved groups consistently lags behind counterpart

participants from majority racial and ethnic groups. Through provider education as it pertains to issues from

bias and health literacy to increasing clinical trial enrollment and offering opportunities through telemedicine,

opportunities for improving access to high-quality neuro-oncologic care are explored.

“The good physician treats the disease; the great
physician treats the patient who has the disease.”
— Sir William Osler

Although there have been tremendous gains in neuro-
oncology related to our understanding of disease
pathogenesis, diagnosis, and, in some instances,
treatment, these advances have not benefited all
populations equally.1 Unfortunately, barriers related to
access, interventions, and outcomes continue to
exist and frequently fall along racial and ethnic lines,
with people of diverse backgrounds frequently expe-
riencing disparity. According to the National Insti-
tutes of Health, health-disparate populations include
“Blacks/African Americans, Hispanic/Latinos, Ameri-
can Indian/Alaska natives, Asian Americans, Native
Hawaiians and other Pacific Islanders, socioeconom-
ically disadvantaged populations, underserved and
rural populations, and sexual and gender minorities.”2

In striving for the equitable delivery of neuro-oncologic
care to all, nuances of the underserved populations
must be understood and overcome.

PROVIDER-FOCUSED EDUCATION

The gold standard often inherent in the stated mission
of health care organizations is based on a statement
from the National Standards for Culturally and Lin-
guistically Appropriate Services to “provide effective,
equitable and respectful quality care and services that
are responsive to diverse cultural health beliefs and

practices, preferred languages, health literacy, and
other communication needs.”3 Despite this clear
mission, the Institute of Medicine found that racial and
ethnic minority patients tend to receive a lower quality
of health care than nonminority patients. Based on this
finding, the following groups were identified as those
receiving disparate care: women; African American
and Black people; people living in poverty in Appa-
lachia; Asian American people; elderly people; immi-
grants and refugees; individuals living with disabilities;
Hispanic and Latinx people; members of the lesbian,
gay, bisexual, transgender, questioning, intersex, and
asexual community; Indigenous American people;
people who are overweight; incarcerated people; and
some religious minorities.4 The result of such disparity
is complex and known to involve multiple levels of
health care, including the team of providers in addition
to access. One aspect of intervention toward mitigating
disparity is education.

Factors that influence the clinical encounter involve
elements of racism, bias and stereotyping, and com-
munication that contribute to the perpetuation of un-
equal treatment.5 Although there may be aspects of
these subjects incorporated into the medical school
curriculum, the majority of education among physi-
cians frequently happens in real time, based on patient
experiences. It is well recognized that, when physicians
are stressed or multitasking, these factors often impact
medical decision-making.4 To recognize the role
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racism plays in health outcomes, it must be considered on
three levels: institutionalized, personally mediated, and
internalized.

Institutionalized racism is defined as differential access to
the goods, services, and opportunities of society by race. It is
characterized by an initial historical insult followed by the
perpetuation of structural barriers, societal norms, and
unearned privilege. Examples include differential access to
quality education; sound housing; gainful employment;
appropriate medical facilities; and a clean environment and
differential access to information (including one’s own
history), resources (including wealth and organizational
infrastructure practices), and voice practices (including
voting rights, representation of government, and control of
themedia). This aspect of institutionalized racism frequently
emerges in health care through the various aspects of the
social determinants of health and access to information.
Personally mediated racism is defined as prejudice and
discrimination. Prejudice manifests as assumptions about
the abilities, motives, and intentions of others according to
their race, whereas discrimination means differential ac-
tions toward others according to their race. Prejudice can be
both intentional and unintentional, ranging from behaviors
that indicate a lack of respect to the dehumanization of our
patients. Personally mediated racism emerges when ste-
reotypes and biases emerge in medical decision-making,
resulting in premature closure and unintended outcomes.
Finally, internalized racism is defined as acceptance by
members of the stigmatized populations of negative mes-
sages about their own abilities and intrinsic worth. In-
ternalized racism reflects systems of privilege as well as
societal values and erodes individual sense of value and can
undermine collective action.6 Internalized racism is expe-
rienced on an individual basis and requires thoughtful in-
tervention in the clinical encounter to establish a sense of
priority and worth along with trust. The recognition of the
power of privilege within health care institutions is one that
requires introspection and education at all levels. Once
empowered through education, providers benefit from an

increased level of awareness, with a goal of leveling power
differentials throughout the health care encounter. In-
stitutionsmust hold themselves accountable for fixing power
imbalances when they exist.7

HEALTH LITERACY AND PATIENT-CENTERED EDUCATION

Personal health literacy is the degree to which individuals
can read, find, understand, and use information and ser-
vices to inform health-related decisions and actions for
themselves and others, and it is not always congruent with
general literacy. Health literacy becomes more challenging
in the neuro-oncologic population, given the accompanying
neurologic morbidity resulting from the disease process
itself and or the intervention and treatment. As a result,
patients frequently experience cognitive limitations, which
impact health literacy even more. According to the litera-
ture, most adults may lack the skills required to prevent
disease and manage their health.8 Recognizing this limi-
tation in health literacy and seeking to empower patients
through their own education is an initiative that must be
undertaken by the health care provider to ensure adequate
communication and patient-centered decision-making.
Improving health literacy can lead to improved disease
outcomes, improved patient functional and psychological
well-being, increased patient and clinician satisfaction,
increased trust in the patient-clinician relationship, and
lower health care costs.9 The failure to address health lit-
eracy results in poor health outcomes, higher hospitalization
rates, increased utilization of the emergency department,
poor medication adherence, poor mental health, decreased
physical function, and lower use of preventive services.10

Clinicians must create a safe environment where patients
feel comfortable talking openly, with the provider seated to
achieve eye level with the patient. Communication break-
downs are best avoided when the provider uses plain
language instead of technical language or medical jargon.
Using visual models to illustrate a procedure or condition is
often helpful in addition to asking patients to “teach back”
the care instructions given. Another tool is helping the
patient learn about their disease through printed or online
materials and through support groups. Patients may not be
aware of their rights and responsibilities.11 Inviting a care-
giver, whether a friend, partner, or family member, who may
serve as an advocate is an option. Using a qualified medical
interpreter and encouraging questions and a second
opinion can be additional ways to help empower patients.

PROMOTION OF RESEARCH AND EDUCATION

Ensuring access to quality neuro-oncologic care requires
understanding the extent of disparity that currently exists. A
strategic and sustained approach to research in this area, in
addition to education of those interested, must be supported
and prioritized. Seeking partnerships and increasing the
visibility of neuro-oncologic disease will turn attention

PRACTICAL APPLICATIONS

• Marginalized populations remain under-
represented in clinical trials.

• Opportunities exist to improve access when it is
limited through community oncology and
telemedicine.

• Provider education in elements of racism, bias
and stereotyping, and communication can im-
prove the clinical encounter, resulting in increased
trust, better adherence, and improved outcomes.
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toward access and improvement in outcomes for all pop-
ulations. Understanding of the spectrum of neuro-oncologic
disease relies on the success of clinical trial enrollment and
measurement of outcomes. As we seek to improve the
representation of our broader communities within trials, we
must first understand the limitations that are multifaceted,
frequently leading to reduced participation of diverse and
underserved populations.

CLINICAL TRIALS

Clinical trials represent the highest standard and quality of
care in medicine; however, inclusion of under-represented
and underserved groups consistently lags behind coun-
terpart participants from majority racial and ethnic groups.
In 2015, the U.S. Food and Drug Administration published
Drug Trial Snapshots, which captures the demographics of
patients who participated in trials of therapies that led to
product approval that year. In 2015, 45 drugs were ap-
proved, involving 10,500 participants, of which 5% iden-
tified as African American.12 For comparison, in trials of
psychiatric disorders conducted between 2015 and 2016,
Black patients and African Americans represented more
than 24% of participants, demonstrating that equity in
clinical trial participation is possible.

In oncology, during this same time frame, Black and African
American patients accounted for only 2.74% of participants
in oncology clinical trials.13 The National Comprehensive
Cancer Network specifically states that the best manage-
ment of disease for any patient with cancer is within
a clinical trial. This approach represents the highest stan-
dard and the most aggressive form of care by offering new
therapies, enhanced follow-up, and the ability to monitor
clinical and scientific outcomes. It is also widely believed
that patients enrolled in clinical trials, even if randomly
assigned to control arms, still receive benefit from enroll-
ment and report improved outcomes and quality of life. As
noted, racial, ethnic, sexual, and gender minority patients as
well as older adults are under-represented in oncology clinical
trials.14-16 In neuro-oncology, although this trend has been
acknowledged, its study has been limited thus far. Work by
Taha et al17 showed that, in 471 brain tumor trials registered
through ClinicalTrials.gov, only 28.4% published the de-
mographics of participants, and racial and ethnic minority
patients were substantially under-represented across all trials.

It stands to reason that clinical trial diversity benefits all.
If study populations are homogeneous, collective un-
derstanding and an ability to detect whether an intervention
is beneficial are reduced. As trends in oncology and neuro-
oncology signal an increasing reliance upon molecular al-
terations as drivers of disease, therapy, and response, the
lack of representation from a broader population will limit
our interpretation and application of these data. By har-
nessing the input and expertise from stakeholders in local

communities and government and by exploring the reach of
technology with telemedicine, we should be poised to renew
the collective effort to advance the field while also ensuring
that all who may benefit from new therapies have an op-
portunity to do so.

Issues Related to Disparities in Clinical Trial Participation

Health care disparities refer to differences in health out-
comes and health care between groups. More specifically,
a health disparity refers to a higher burden of illness, injury,
disability, or mortality experienced by one group relative to
another. In the United States, the major social determinants
of health are patient sex, race, ethnicity, geography (urban
vs. rural), and socioeconomic status. Therefore, racial or
ethnic differences in the quality of health care that are not
due to access-related factors or clinical needs, preferences,
and appropriateness of intervention are the modern defi-
nition of a health care disparity.18

A HISTORICAL PERSPECTIVE

During the past 20 years, major consensus initiatives have
benchmarked health care disparities and their importance.
In 1993, the National Institutes of Health Revitalization Act
stated that, in conducting or supporting National Institutes
of Health–funded clinical research, women and minority
populations must be included.19 This directive led to the
establishment of guidelines and outreach efforts geared
toward recruiting underserved patient populations. Updated
guidance on the inclusion of women and patients from
minority groups as participants in clinical research was
released in 2001, with a revised amendment released in
2017. In these documents, it was determined that the
targeted study population should reflect the age, gender,
race, and ethnic distribution of the population affected by
the disease or condition under study. If disease-specific
mortality is not known, then the study population should
reflect the composition of the overall U.S. population.

THE IMPACT OF HEALTH DISPARITIES ON
CLINICAL OUTCOMES

Decades of health outcomes research have brought to light
disparities in health outcomes between groups of patients.
Some of the most obtrusive examples of unequal outcomes
include the following: (1) a Black infant mortality rate that is
2.5 times higher than for White babies, (2) a 30%higher rate
of diabetes among Indigenous American and Latinx patients
compared with White patients, (3) higher death rates from
breast and prostate cancer among patients from minority
groups, and (4) a life expectancy for Black men and women
that is nearly 10 years shorter compared with White men and
women.20 Specific to neuro-oncology, sources of disparities
include patient, provider, and systemic factors. Using ma-
lignant gliomas as an illustrative case, we know that minority
patients present with greater premorbid illness, have longer
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symptoms of disease with delayed presentation, experience
less information transfer during patient-provider encoun-
ters, have greater perioperative surgical morbidity, have less
molecular tumor subclassification, and experience greater
delays in starting chemoradiation when compared with
nonminority patients.21-23 Each of these factors necessitates
specific intervention to improve health outcomes.

SOURCES OF DISPARITIES IN CLINICAL TRIAL ENROLLMENT

Clinical trial enrollment is considered the highest possible
level of care for patients; nevertheless, only 3% to 5%of U.S.
patients with cancer participate in clinical trials. Enrolled
patients are, however, overwhelmingly men with European
ancestry.24 Beyond moral concerns regarding equal access
to high-quality health care, disparities in clinical trial en-
rollment represent a major therapeutic challenge for the
general population. First, the lack of diverse patient en-
rollment has generated a knowledge gap in our un-
derstanding of the biologic and therapeutic implications of
genomic differences among individuals.25 Landmark cancer
epidemiology studies have poor representation from non-
White patients, thereby limiting generalizability. Next,
underaccrual often results in premature study termination,
and it is estimated that 22% to 50% of clinical trials are
terminated as a result of poor accrual. Therefore, poor
clinical trial enrollment of diverse patient populations con-
tributes to poor clinical trial enrollment in clinical and
translational cancer research. Within neuro-oncology, in
addition to minority status, additional modifiable patient
factors, such as patient proximity to a tertiary care cancer
center, are important correlates of clinical trial enrollment.
Morshed et al26 recently demonstrated that minority patients
with glioma who enrolled in clinical trials lived on average 30
miles closer to the cancer center when compared with
minority patients who elected to not enroll in a clinical trial.
Therefore, patient screening and targeted outreach toward
vulnerable populations should be carefully considered.26,27

The ultimate goal of all therapeutic drug or device clinical
trials in patients with cancer is U.S. Food and Drug Ad-
ministration treatment approval for the general public.
Recent evidence has illustrated disparities in race reporting
and representation among clinical cancer trials that lead to
U.S. Food and Drug Administration approval.28 In a study by
Loree et al28 including more than 200 clinical trials and
12,293 study participants during a 10-year period that
followed implementation of the National Institutes of Health
Revitalization Act, 76.3% of enrolled patients were White,

and 23.7% represented Black, Hispanic, and Asian mi-
nority groups. However, throughout the 10-year study pe-
riod, the proportion of race enrollment changed minimally,
as Black patient enrollment increased by only 0.7% and
Hispanic patient enrollment increased by 1.4%. Most
strikingly, compared with their proportional U.S. cancer
incidence, Black and Hispanic patients were under-
represented compared with White and Asian patients.

Overcoming Barriers to Neuro-oncology Clinical Trial

Enrollment in the Rural Setting

Clinical trial enrollment in a rural setting is particularly
challenging, but it is crucial that a diverse population of
patients—in terms of age, race, ethnic ethnicity, geographic
location, and socioeconomic status—is enrolled in trials to
ensure that results are generalizable across these distinct
populations. Overall, patient participation in trials for pri-
mary brain tumors has been estimated at 21%, whereas
only 8% to 11% of newly diagnosed patients with glio-
blastoma participate in a trial.29,30 Ensuring that all patients
with primary brain tumors, even those in a rural setting, have
access to clinical trials will maximize enrollment to speed
trial completion. It is clear that rural patients with cancer are
less likely to participate in clinical trials.31,32 The rationale for
reduced trial participation among rural patients with brain
tumors is likely multifactorial. To examine the barriers to trial
enrollment and facilitators to improve enrollment, a con-
ceptual framework for evaluating patient participation in
clinical trials has been previously described.33 In this model,
crossing multiple decision points is necessary for a suc-
cessful patient enrollment. Applying this model to rural
patients identifies three key areas that specifically impact
enrollment of rural patients to brain tumor trials (Fig. 1):
clinical trial site availability, provider engagement, and
patient-specific factors.

NEURO-ONCOLOGY CLINICAL TRIAL SITE AVAILABILITY

In a retrospective, single-provider review of patients with
glioma, the most common reason cited by patients for
declining trial participation was travel distance to the trial
site.34 Thus, ensuring patients have access to available trials
close to home is a key factor to improve enrollment.
Treatment of primary brain tumors often requires multi-
disciplinary care that is only available at large academic
institutions, and it is therefore unrealistic that some trials can
be offered at rural, community cancer treatment sites. For
example, trial WF-1801 from the Wake Forest National

FIGURE 1. Conceptual Model of
Rural Trial Enrollment
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Clinical Trials Network cooperative group is evaluating
ramipril for the prevention of radiation-induced cognitive
decline in glioblastoma. This low-complexity trial should be
able to be offered at any community site capable of clinical
trial participation. In contrast, the Alliance National Clinical
Trials Network A071702 trial evaluating immunotherapy in
patients with recurrent hypermethylated glioblastoma is
a more complex trial that may not be an appropriate study
for a rural site. Maximizing enrollment for rural neuro-
oncology studies requires that all practical studies are of-
fered as close to home as possible. Therefore, ensuring rural
cancer clinics have the infrastructure to participate in brain
tumor trials is critical.

The National Cancer Institute recognized the need to in-
clude community sites to improve cancer care and trial
participation in rural areas, which initially led to the de-
velopment of the Community Clinical Oncology Program
and has now continued with the National Cancer Institute
Community Oncology Research Program (NCORP).35 The
NCORP comprises seven research bases and 46 com-
munity sites and designs, conducts clinical trials in multiple
areas, and provides funding for research activities to
community sites. Among the 46 community sites are
14 minority/underserved community sites that are focused
on communities with at least 30% racial/ethnic minorities or
rural residents. The 46 NCORP sites oversee clinical trial
participation at 1,014 locations throughout the contiguous
United States as well as in Alaska, Hawaii, and Puerto Rico.
The NCORP has demonstrated the ability to enroll rural
patients in clinical trials. Data from the Alliance NCORP
research base from 2019 show that 527 (20%) of 2,701
patient enrollments at NCORP sites were classified as rural
on the basis of rural-urban commuting area analysis of
patient ZIP code. Specific for brain tumor trial enrollment,
eight (23%) of 35 patients were classified as rural. Con-
tinuing efforts by the NCORP and ensuring trials are
available through this pathway support rural trial enrollment.

In addition to the NCORP, states have taken the initiative to
foster clinical trial participation in rural communities. The
Minnesota Legislature supported the development of the
Minnesota Cancer Clinical Trials Network under the di-
rection of the University of Minnesota Masonic Cancer
Center to improve cancer outcomes through greater access
to clinical trials.36 At present, the Minnesota Cancer Clinical
Trials Network supports clinical trial participation at 22 lo-
cations in Minnesota, all of which are outside of the greater
Minneapolis and Rochester metro areas and primarily serve
rural populations. Many of these locations had never par-
ticipated in clinical research before the inception of the
Minnesota Cancer Clinical Trials Network. Funding for re-
search infrastructure provided by Minnesota Cancer Clinical
Trials Network and leadership provided by Minnesota

Cancer Clinical Trials Network–helmed organizations have
led to improved trial access for rural Minnesotans.

Historically, participating in a clinical trial meant that a pa-
tient received all trial activities in person at a trial site. Efforts
to develop decentralized or hybrid trials may increase trial
access in rural communities. Fairly simple changes, such as
the use of central institutional review boards and remote
consenting, have altered study procedures to facilitate rural
enrollment. The COVID-19 pandemic has also provided
lessons that highlight potential ways to decentralize study
procedures even more, including telemedicine visits, cen-
tral imaging review, remote trial site monitoring, and local
administration of approved therapies for trial participants.37

It is anticipated that many of the changes to facilitate trial
enrollment during the pandemic will continue, particularly
benefitting rural trial participants.

PROVIDER ENGAGEMENT

The National Brain Tumor Society conducted a survey to
evaluate clinical trial enrollment by patients with brain tu-
mors and their caregivers.38 Data from a total of 1,463
respondents revealed that the top reason for not partici-
pating in a clinical trial was that the patient’s provider did not
recommend participating in the trial. Thus, ensuring pro-
viders who care for rural patients are engaged with clinical
trials is necessary to improve rural accrual. A study
assessing organizational and physician factors associated
with patient enrollment highlighted several key areas to
maximize engagement: ensure adequate research staff to
support enrollment, educate physicians about studies, and
foster direct involvement in the research program.39 Sites
can maximize research staff through participation in pro-
grams that financially support research infrastructure, such
as NCORP and the Minnesota Cancer Clinical Trials Net-
work. Educating physicians about trials includes main-
taining local trial information in an easy-to-access format as
well as providing patient-specific information about trials
that may be available regionally by using trial databases
such as ClinicalTrials.gov. More personalized trial navigation
can also occur through navigation programs either locally or
as a component of national organizations, such as the
National Brain Tumor Society.40 Providers can become
directly involved in research activities, such as NCORP, by
attending research base meetings and through committee
participation. Improving local physician engagement with
research can overcome barriers to enrollment of rural pa-
tients with brain tumors in clinical trials.

PATIENT-SPECIFIC FACTORS

Even when an appropriate clinical trial is presented to
a patient by an engaged physician, the patient may ulti-
mately decline trial participation. A number of patient-
specific factors associated with low accrual rates coloc-
alize with rural patients, including poverty, education level,
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employment status, and age.31,32,41 Although it is beyond
the scope of a cancer research program to fix these societal
issues, efforts to provide community outreach to rural pa-
tients may help alleviate the impact of these issues. Primary
care providers are integral to cancer screening and di-
agnosis, and they are often asked by patients for an opinion
on trial involvement. By engaging with primary care teams,
local knowledge about cancer clinical trials may be en-
hanced. Community outreach programsmay also relieve the
knowledge gap associated with rural communities.42,43

Minimizing patient-specific factors can also be accom-
plished by linking patients to resources that facilitate trial
enrollment, such as providing gas cards to help defray travel
costs or linking patients to national support programs, such
as those offered through the American Cancer Society and
the National Brain Tumor Association.

Using Telehealth to Optimize Neuro-oncologic Care in

Diverse Communities

It is widely recognized that subspecialized multidisciplinary
care improves neuro-oncology outcomes. Optimizing pa-
tient outcomes relies on the expertise of the treating phy-
sicians, neuroradiology and neuropathology, and supportive
services like palliative care, social work, and rehabilitation
specialists familiar with common neurologic syndromes that
occur after brain tumor diagnosis and treatment. Despite an
increasing number of providers, patient access to special-
ized multidisciplinary care remains limited.

Multidisciplinary brain tumor programs often cluster in
areas of high population density. They are frequently at
academic medical centers or are found at high-volume sites
within large regional provider networks. Patients with brain
tumors living in rural areas may find themselves faced with
traveling several hundred miles to find providers who
specialize in their diagnoses. In less population-dense areas
of the country, such as the northern plains or northern
mountain regions, single brain tumor programs may serve
as the sole source of expertise for a region encompassing
several states, resulting in tremendous geographic coverage
for a limited number of providers.

In addition to geography, economic disparities limit access
to multidisciplinary brain tumor care. Socioeconomic
challenges can result in limited transportation, social sup-
port, child care resources, or other needed resources,
making it difficult for low- or middle-income families to seek
care outside of their community.44 Added to the stress of
a brain tumor diagnosis, patients, families, and caregivers
are left to weigh the benefits of best possible treatment
against the financial, logistical, and social burdens asso-
ciated with traveling for their care.

Telehealth can help bridge the care gap and decrease
the burden of treatment. Telehealth utilization has been
steadily increasing. Vascular neurologists have been using

telehealth to improve stroke outcomes in remote settings.45

Telehealth is increasingly used in oncology practice to
simplify longitudinal care.46 During the COVID-19 pan-
demic, as the world turned to virtual workplaces to mitigate
health risks, the practice of telemedicine and the use of
other telehealth resources were catapulted to the forefront of
medical relevancy.

The nature of neuro-oncologic disease and treatment
precludes a virtual-only format. Surgery and radiation
treatment will always require predominantly in-person care.
Patients are often faced with deciding between traveling to
a high-volume center for treatment or receiving care closer
to home with a provider who may have less experience with
their diagnosis. Telehealth can allow for a virtual consul-
tation with a neurosurgical oncologist, potentially in con-
junction with a local surgical team. If surgery is deemed
straightforward, it could be performed locally, with more
complicated cases or surgical clinical trial candidates get-
ting care at the high-volume center. In a similar fashion,
a telehealth radiation oncology consultation could be ob-
tained in conjunction with local providers, with more
complicated cases managed at the high-volume centers.
Additionally, emerging technology might allow for radiation
planning to be performed off site and imported to the local
equipment for local providers to carry out.

Telemedicine lends itself better to the neuro-oncologic
aspects of care. Much of the neurologic examination can
be performed through video evaluation without special
equipment, though nuanced sensory and visual assessment
is challenging. Telemedicine encounters in the setting of
considerable cognitive impairment or physical limitations
would rely on caregiver support both to assist with the
technical aspects and to augment the limitations of the
examination. Telemedicine is ideal for symptom manage-
ment, chemotherapy follow-up, and adverse event triage.
Imaging can be obtained locally and transferred digitally
or sent on CD and reviewed through screenshare functions.
A clear drawback arises with the emotionally challenging
aspects of telemedicine encounters, as they do not offer
the benefit of physical contact, or comforting gestures,
that person-to-person interactions provide, so they risk
suffering from an awkward, impersonal quality at in-
opportune times.

Alternatively, telehealth approaches can be used to connect
local providers with a multidisciplinary team from a high-
volume center to review case information, imaging, and
pathology in a virtual tumor board format. Treatment plans
can be formulated and carried out locally. Patients who
qualify for clinical trial enrollment could be identified and
screened. As technology advances and standardized
workflows are established, services such as telepathology47

could be arranged in advance, and surveillance imaging
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could be specified to using standardized protocols for brain
tumor surveillance.48

Augmenting treatment with brain tumor–specific palliative
care,49 psychosocial support, and cognitive and physical
rehabilitation can also be accomplished virtually. As the
pandemic developed, many brain tumor–specific support
groups responded with increased virtual access.50

Telehealth can be used to expand access to clinical re-
search in rural and underserved communities. Screening
can be done virtually, eliminating the need for ineligible
patients to travel. Coordinator encounters to educate pa-
tients on trials, gauge interest, and possibly obtain consent
can be implemented.51 Screening can routinely occur as
part of telehealth case review, and local providers can
approach eligible patients to gauge interest. Some sponsors
have responded to the pandemic by allowing standard-of-
care aspects of trials to be performed locally, with scheduled
follow-up visits conducted virtually when practical. Exploring
other allowances, such as local administration of U.S. Food
and Drug Administration–approved medications or loos-
ening requirements on the location of radiation treatment
with appropriate oversight, may also help extend clinical trial
access while engaging community providers.

Using telehealth to optimize neuro-oncologic care in diverse
communities holds great promise; however, there are nu-
merous challenges to address. The COVID-19 pandemic
exposed the limitations of virtual learning in communities
with limited access to broadband internet as a result of both
geographic and socioeconomic factors—a limitation that

would likewise impact access to telemedicine. It is unclear
how the Centers for Medicare and Medicaid Services will
address the relaxed restrictions on telemedicine that were
implemented emergently to address the pandemic. Al-
though several small studies have explored telemedicine
in the neuro-oncology setting,52,53 larger studies are
needed to validate this practice and ensure there is no
detrimental impact on overall care. Additionally, large
centers and community practice providers will have to find
common ground and work together for collaborative tele-
health models to succeed.

CONCLUSION

Despite the challenges presented regarding neuro-
oncologic care in underserved populations, the future is
promising for increased access through telemedicine and
the learning leveraged as a result of the COVID-19 pan-
demic. Marginalized populations remain under-represented
in trials, and continued efforts are needed to increase ac-
cess and inclusion within neuro-oncology research. As the
understanding of the spectrum of neuro-oncologic disease
in these populations evolves, so must provider education in
areas of institutionalized racism, bias and stereotyping, and
communication. Limitations in health literacy, both related
and unrelated to general literacy, place an additional burden
on the clinical encounter and require providers to lessen
the power differential whenever it exists. Through con-
tinued attention to education, access, and research, the
challenges currently faced by underserved populations will
be lessened.
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CENTRAL NERVOUS SYSTEM TUMORS

Diagnosis and Management of Neuroendocrine
Disorders of Survivors of Brain Tumors
Dana Erickson, MD,1 and Diane Donegan, MD1,2

overview

Advances in the treatment of brain tumors have led to an increase in the number of survivors of this disease.

Consequently, the long-term complications associated with past and current treatments are becoming more

apparent. Of relevance to patients who receive treatment of brain tumors are the potential neuroendocrine

complications that develop either acutely or several years following treatment. Presentation may differ be-

tween adults and children (e.g., short stature or adult growth hormone deficiency) but in both settings can

complicate treatment and impact quality of life. The risk for the development of these complications depends

on the location of the tumor (proximity to the pituitary/hypothalamus) and/or the treatment delivered

(chemotherapy/surgery/radiation). Given the potential overlap in symptoms attributable to the underlying

brain tumor and neuroendocrine dysfunction, a high level of suspicion, appropriate investigation, and ad-

ministration of treatment may reduce morbidity and mortality for patients with brain tumors experiencing

neuroendocrine dysfunction.

BACKGROUND AND OVERVIEW

With advances in diagnosis and oncologic treatment of
various brain tumors, survivorship issues and quality of
life became important in the treatment of survivors of
childhood tumors as well as adult tumors. Fortunately,
the number of survivors who fall into this category
continues to increase. Therefore, it is important that
a multidisciplinary team be involved in the care of these
individuals to address various medical and psycho-
logical issues that arise. In fact, the importance of
neuroendocrine sequelae among survivors of child-
hood cancer, including growth disorders and other
hypothalamic-pituitary complications, has been rec-
ognized by the Endocrine Society, resulting in the
publication of Clinical Practice Guidelines for this area
in 2018.1 Neuroendocrine disorders in patients with
brain tumors can occur as a consequence of the
disease at presentation, acutely following surgical in-
tervention (for tumors located in the sellar or suprasellar
areas, or in hypothalamic proximity) or subacutely with
hypothalamic-pituitary dysfunction observed months
to years following radiation therapy. The age of the
patient might influence phenotypic presentation of
endocrine dysfunction. Symptoms due to endocrine
dysfunction may be obvious following treatment of
brain tumors when acute and severe; however, many
can be gradual and subtle, leading to delays in di-
agnosis and treatment that could have detrimental
effects.2

Studies assessing presentation, prevalence, and risk
factors for the development of endocrine dysfunction

have been heterogeneous, with some studies including
populations with typical endocrine tumors such as
pituitary tumors or craniopharyngiomas, whereas other
studies, primarily in neuro-oncology, include only pa-
tients with pure brain malignancies. This is important,
as the location of the tumor plays a critical role in the
degree of neuroendocrine involvement. Tumors lo-
cated in the sellar or suprasellar region, such as cra-
niopharyngioma, meningioma, germinoma, glioma,
and pituitary tumors, can be associated with high rates
of pituitary hormone deficiencies. If the hypothalamus
is involved, hypothalamic syndrome, characterized by
increase in appetite, thirst disorders, sleep distur-
bance, and impaired temperature regulation, can be
seen. It can be observed either at diagnosis or shortly
following surgical intervention.3 Typically, patients with
craniopharyngioma have a 55% to 88% prevalence of
adrenocorticotropic hormone deficiency before and
after surgical treatment, 88% to 100% growth hor-
mone deficiency (GHD), 80% to 95% gonadotropin
hormone deficiency, and 39% to 95% of thyroid-
stimulating hormone deficiency as well as very high
prevalence of diabetes insipidus.4 In fact, surgical
intervention rarely restores pituitary anterior function.
Over the last several years, less aggressive resections of
primary tumors are being performed with attempts to
avoid hypothalamic syndrome and new endocrine
deficits.5 With respect to other tumors, an endocrine
abnormality was present at diagnosis in 50% of pa-
tients with germ cell tumors and in 27% of those with
low-grade glioma.6
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In a nationwide study in which craniopharyngiomas and
pituitary gland tumors were excluded, 718 survivors of
childhood brain tumors from the Netherlands diagnosed
between 2002 and 2012 who survived more than 2 years
after diagnosis were reviewed. The authors found that after
median follow-up of 6.6 years, 178 (24.8%) patients were
diagnosed with an endocrine disorder. Nineteen percent
(138 patients) presented with at least one neuroendocrine
disorder at a median follow-up time of 2.5 years after di-
agnosis. The most common endocrine disorders were GHD
(12.5%), precocious puberty (12.2%), and secondary hy-
pothyroidism (9.2%). About half of the patients had dys-
function in one hypothalamic-pituitary axis, whereas the
remaining patients had multiple hormone dysfunctions.
Multivariable logistic regression analysis identified the risk
of pituitary dysfunction was associated with radiotherapy
(odds ratio, 15.74), younger age at diagnosis (odds ratio,
0.9), advanced follow-up time (odds ratio, 1.1), hydroceph-
alus at diagnosis (odds ratio, 1.77), and suprasellar (odds
ratio, 34.18) and infrasellar (odds ratio, 2.65) tumor sites. Of
note, diabetes insipidus was observed in 19 (2.6%) patients,
primarily in low-grade gliomas or germ cell tumors, with
a majority present at tumor diagnosis or immediately after
neurosurgery and not related to radiation. In the 145 patients
from this cohort who did not undergo radiation therapy and/or
suprasellar tumor location who had endocrine evaluation, only
six were diagnosed with pituitary damage.6 The reported
prevalence of endocrine dysfunction in this study might be
underestimated, as only symptomatic patients were assessed
for an endocrine dysfunction, and a considerable proportion
were asymptomatic (36%). A somewhat higher prevalence of
neuroendocrine dysfunction after radiation was observed in
patients who were diagnosed with medulloblastoma at 42%,
low-grade glioma at 24.6%, and germ cell tumors at 10%. In

a study of 88 children with embryonal brain tumors by
Laughton et al,7 94% were diagnosed with GHD after 4-year
cumulative follow-up. In this cohort, however, high-dose ra-
diation therapy was given to the hypothalamic region (44 Gy)
and to the pituitary gland (42.1 Gy). These studies demon-
strate that the disease itself is not the only causative factor and
is probably confounded by the applied treatment, tumor lo-
cation, and length of follow-up.

The hypothalamus and pituitary are radiosensitive, and
therefore, anterior pituitary dysfunction can occur following
various forms of radiotherapy. This can occur irrespective of
the mode of delivery—proton beam, intensity-modulated
radiation therapy, or Gamma Knife—and is dose de-
pendent. Certainly, proximity of the tumor to the endocrine
structures as well as length of follow-up play a considerable
role. Chemaitilly et al2 evaluated 748 survivors of childhood
cancers who received cranial radiotherapy (primary di-
agnosis in 73% was leukemia and central nervous system
tumor in 12%) for anterior hypopituitarism. The estimated
prevalence of GHD was 46%, luteinizing hormone/follicle-
stimulating hormone was 10%, thyroid-stimulating hormone
deficiency was 7.5%, and adrenocorticotropic hormone
deficiency was 4% after an average of 27 years follow-up. A
subsequent publication from the same center, but with an
expanded cohort (3,141 patients), including survivors of
childhood cancer who did not receive cranial radiation
(2,055 patients), revealed that GHD was present in 40%
who received hypothalamic-pituitary radiation therapy com-
pared with 6.2% in those who did not. Similarly, a systematic
review of 18 studies, including 813 adults who received
cranial radiation (75% of patients with nasopharyngeal
cancer and 25% with intracerebral tumors), revealed
hypopituitarism in 66%, GHD in 45%, and adrenocorti-
cotropic hormone deficiency in 22%, which was the least
prevalent. GHD occurred after a mean of 2.6 years,
whereas central hypothyroidism occurred after a mean of
11 years.8

There is also a strong dose-dependent relationship be-
tween radiation therapy and development of hypothalamic-
pituitary dysfunction as well as fraction size and radiotherapy
schedule.9-11

Although primarily GHD occurs after relatively low radiation
therapy doses (18–20 Gy), doses of more than 30 Gy almost
always cause hypothalamic-pituitary dysfunction.12 Also,
time to development of various deficiencies can vary, as
demonstrated by Clement et al,6 who noted that GHD onset
was observed after a median of 2.5 years (range, 0.05–8.4)
and adrenocorticotropic hormone deficiency was observed
after a median of 2.8 years following primary brain tumor
diagnosis, whereas precocious puberty was observed at
3.1 years (range, 0.1–8.8) and luteinizing hormone/follicle-
stimulating hormone deficiency at 4.5 years (0.2–9.5).

PRACTICAL APPLICATIONS

• Advances in treatment of and improved
outcomes in patients with brain tumors have
resulted in increasing numbers of survivors of
brain tumors.

• Neuroendocrine complications due to
treatments delivered or the tumor itself are
prevalent in survivors of brain tumors.

• Early recognition and appropriate management
of neuroendocrine sequelae using a multidisci-
plinary approach are key to reducing the po-
tential morbidity and mortality associated with
neuroendocrine complications.

• Development of less invasive or more tumor-
directed therapies may reduce future devel-
opment of neuroendocrine complications.
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However, gonadotropin hormone deficiency might be
underestimated, as deficiency in this axis might develop
with longer follow-up. Changes in radiation therapy prac-
tice (e.g., scattered reduction to normal tissue) and the use
of protons instead of photons may reduce the negative
impact on neuroendocrine axis involvement.13 In 77 chil-
dren treated with chemotherapy and protons (40 patients;
median follow-up, 5.8 years) or photon therapy (37 patients;
median follow-up, 7 years) were screened for endocrine
dysfunction. Proton radiation was associated with a reduced
risk of hypothyroidism (23% vs. 69%), sex hormone defi-
ciency (3% vs. 19%), and requirement for any endocrine
replacement therapy (55% vs. 78%). There was no note-
worthy difference in the incidence of GHD (53% vs. 57%),
adrenal insufficiency (5% vs. 8%), or precocious puberty
(18% vs. 16%). Contrary to this, smaller studies comparing
proton and photon beam therapy did not show remarkable
differences in endocrine outcomes but had relatively shorter
follow-up.14,15

It is worth noting that comparison of study outcome is limited
by their retrospective nature, heterogeneity of diagnosis,
timing or lack of standardization of endocrine testing, and
duration of follow-up as well as modality, distribution, and
schedule of radiation treatment. There is no convincing
evidence that chemotherapy alone for malignant brain tu-
mors causes hypothalamic pituitary dysfunction; however,
this cannot be easily studied, as many patients receive
additional radiation therapy in the setting of brain tumors.16

Van Iersel et al17 showed association between alkylating
agents and GHD and luteinizing hormone/follicle-stimulating
hormone deficiency; however, the significance was lost
after stratification by exposure to hypothalamic-pituitary
radiotherapy.

More recently, advances in immunotherapy have revolu-
tionized the treatment of cancer. Although not used as
frequently in primary brain tumors, immunotherapy is used
in a variety of other tumors with rapidly expanding in-
dications for use.18 Endocrinopathies including hypophysitis
are recognized side effects of checkpoint inhibitors, par-
ticularly when used in combination. In a 2018 meta-
analysis, the observed incidence of hypophysitis in the
34 studies assessed was highest with CTLA-4 inhibitors
(3.4%) or with combination therapy (6.4%).19 However
retrospective studies have reported a higher incidence.20

Typically, hypophysitis occurs within in 8 to 12 weeks of
initiation but can occur outside of this time frame, even up to
19 months.21 Hypophysitis may present with symptoms due
to hypopituitarism and or symptoms of mass effect such as
headache. Often treatment is stopped until the patient is
stabilized, particularly for severe adverse events (grade
3–4), and the patient may require high-dose glucocorticoids
for treatment.22 However, there is evidence to suggest that
patients who develop hypophysitis have a more favorable

antitumor response with increased overall survival and
that use of high-dose glucocorticoids compared with re-
placement doses of glucocorticoid to treat hypophysitis may
have a negative impact on overall survival.23 Recovery of
anterior pituitary function has been reported but is not
common even in the setting of high-dose glucorticoids,
especially adrenocorticotropic hormone deficiency requir-
ing long-term replacement.24 Therefore, multidisciplinary
collaboration remains crucial for the treatment of patients
with cancer.

CLINICAL MANIFESTATIONS AND TESTING FOR
NEUROENDOCRINE HORMONAL DEFICIENCIES

Growth Hormone Deficiency

Growth hormone deficiency manifests in childhood as im-
paired growth defined by a loss of height standard deviation
over time. This can lead to short stature defined by standing
adult height more than two standard deviations below the
mean for age and sex. However, one cannot assume that
a patient presenting with short stature has GHD as a sole
reason for this, as other hormonal abnormalities, nutrition
factors, and medications can equally contribute to this
clinical picture.

Consequently, the growth of a patient has to be assessed in
a clinical context, as patients with GHD and concomitant
early or precocious puberty might still show good linear
growth, which might eventually translate to short stature.1 In
fact, short stature has been reported in as many as 40%
of survivors of childhood brain tumors.17,25 In a study by
Gurney et al,25 53% of patients diagnosed before age 5
achieved an adult height less than the 10th percentile, the
prevalence of which declined with increasing age at di-
agnosis (46% in age group 5–9 and 26% in age group
10–20).

Growth hormone deficiency in adulthood might be difficult
to recognize on clinical grounds but typically can be as-
sociated with reduced lean body mass, increased fat mass,
possibly impaired bone mineral density, frailty, impaired
quality of life, and psychosocial problems as well as adverse
lipid profile.2,17,26-28 Interestingly, during the transition pe-
riod of adolescence (age 18–22), lack of growth hormone
replacement therapy might lead to suboptimal ascertain-
ment of maximum bone mass.

In children, height measurement and documentation in
growth charts every 6–12 months have been recommended
with consideration to parental heights. Biochemically, IGF-1
levels adjusted for sex, age, and Tanner stage in children is
the initial screening test, and values less than two standard
deviations are considered abnormal. However, IGF-1 sen-
sitivity is limited29 and reported to be as low as 74%.
Moreover, in adults with documented GHD, up to 20% can
have normal IGF-1, and therefore, sole reliance on this test
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is not recommended. In adults, a cutoff of less than 84 mg/L
for IGF-1 has been proposed in patients with multiple other
pituitary insufficiencies as being suggestive of GHD, which
is still a value within normal limits.30

Growth hormone is secreted in a pulsatile manner, so
random growth hormone levels can be misleading and are
not recommended. Therefore, provocative growth hormone
testing has been developed, including tests for glucagon
stimulation, insulin tolerance, and arginine/levodopa stim-
ulation. Recently, macimorelin stimulation testing (a ghrelin
hormone oral analog) has been approved by the U.S. Food
and Drug Administration.31 Some of these stimulation tests
have very high sensitivity (insulin tolerance test and maci-
morelin) for diagnosis of GHD. However, one has to rec-
ognize the possible risks (insulin tolerance test is
contraindicated in those with seizure history and cardio-
vascular disease and who are older than age 65) and
limitations (false-normal results can be obtained when
macimorelin testing is used if hypothalamic disease is
present without pituitary involvement) of these tests.32 In
children, typical values of peak growth hormone range
between 5 and 10 µg/L1; in adults, however, the cutoff was
substantially lower, between 1 and 5 µg/L depending on the
test used.33 The extent of dynamic testing needs to be
discussed with the patient, endocrinologist, and oncologist
depending on the clinical scenario.

Central Precocious Puberty

Central precocious puberty has been paradoxically de-
scribed34,35 (defined as pubertal development before age 8
in girls and age 9 in boys) as a result of premature activation of
neuroendocrine gonadal axis. It has been reported with in-
creased frequency in children with history of hydrocephalus,
tumors near the hypothalamic region, and exposure to radiation
of more than 18 Gy. Female sex, increased body mass index,
andneurofibromatosis type1have also been considered as host
factors.1 It was described in 0.9% of patients in a more recent
cohort17 but as high as 11.9% to 15.2% previously.35,36 Clinical
evaluation includes assessment of testicular volume in boys
and breast development in girls, and when suspicion is
present, laboratory tests include morning fasting serum
testosterone (preferably via liquid chromatography–tandem
mass spectroscopy method37) and luteinizing hormone
levels, which are inappropriately elevated in boys. In girls,
elevated gonadotropin and estradiol measurement as well as
uterine length assessment via ultrasound might be helpful.38

Determination of bone age x-ray is recommended in this
clinical scenario. Recognition is important, as short stature
and psychosocial dysfunction can occur if left untreated.35

Adrenocorticotropic Hormone Deficiency

Adrenocorticotropic hormone deficiency leads to in-
sufficient production of cortisol and, although occurring less
frequently than other insufficiencies (3.2% to 43%),17,39,40 if

not recognized might have catastrophic life-threatening
consequences. If this occurs immediately following a neu-
rosurgical procedure, the manifestations can be more ob-
vious; however, subclinical presentations are possible given
the nonspecific nature of adrenal insufficiency symptoms,
especially partial deficiencies that could be missed without
proper testing. Annual lifelong screening for deficiency is
recommended in patients with cranial radiation with tumors
in the hypothalamic region and those exposed to more than
30 Gy hypothalamic-pituitary radiation, as there can be
a delay in presentation in necessitating prolonged assess-
ment. Symptoms include fatigue, decreased appetite,
weight loss, prostration with illness, hypotension, decreased
stamina, anemia, and loss of hair in axillary or pubic area.

An initial screening test includes an 8 AM serum cortisol
level, and a value of less than 3 µg/dL (in the absence of
exogenous glucocorticoid use or oral estrogens) is highly
suggestive of adrenal insufficiency. In hypothalamic-pituitary
dysfunction, a low-normal or below-normal adrenocortico-
tropic hormone value is observed. Baseline serum cortisol
level of more than 15 µg/dL makes adrenal insufficiency
unlikely. In-between values might require dynamic endocrine
testing. Frequently, the adrenocorticotropic hormone stim-
ulation test is used, either standard (250 µg adrenocortico-
tropic hormone) or low dose (1 µg). A peak serum cortisol
level higher than 18 µg/dL is considered normal. However,
both stimulation tests might be falsely normal in 30% to 40%
of patients with central adrenal insufficiency, especially when
it is of recent onset, which highlights the importance of
establishing pretest probability at clinical assessment.41

Hence, an overnight oral metyrapone test or insulin toler-
ance test could be considered for assessment but is limited to
specialized centers. An abnormally low dehydroepiandroster-
one sulfate measurement adjusted for age in adults might be
helpful in diagnosis.42

Central Hypothyroidism

Central hypothyroidism can be manifested by fatigue, de-
pression, weight gain, cold intolerance, dry skin, heavy
periods, and hair loss (lateral eyebrow) and present in 6% to
11.1% of patients.2,17,43

Biochemical screening is recommended lifelong and an-
nually for survivors of childhood cancer who were treated for
tumors in the region of hypothalamic-pituitary axis and those
exposed to more than 30 Gy hypothalamic-pituitary radia-
tion, although this can occur with less frequency in those
treated with lower doses of radiation. Diagnosis can be
made based on below-normal free thyroxine and in-
appropriately normal, below normal, or very mildly elevated
thyroid-stimulating hormone. Additionally, declining free
thyroxine levels over time of more than 20% and signs of
hypothyroidism can be consistent with the diagnosis as well.
As with adrenal insufficiency, symptoms can be subtle and,
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without appropriate biochemical testing diagnosis, could be
missed.2,44

Hypogonadotropic Hypogonadism

Hypogonadotropic hypogonadism can be recognized
depending on clinical signs such as delayed puberty (ab-
sence of signs of puberty after age 13 in girls and age 14 in
boys). In adults, hot flashes, reduced bone mass and libido,
infertility, and, more specifically, oligo/amenorrhea and
vaginal dryness in females, and erectile dysfunction, gy-
necomastia, and decreased facial hair growth in men are
symptoms and signs suggestive of hypogonadism.45 This
clinical entity has been observed after radiation to the
hypothalamic-pituitary region, especially in dosages higher
than 30 Gy.2 With very high dosages of radiation more than
50 Gy, risk of hyperprolactinemia has been described that
can further suppress production of luteinizing hormone and
follicle-stimulating hormone.10 For diagnosis, testosterone
measured by liquid chromatography–mass spectrometry
along with luteinizing hormone is used in men, whereas
follicle-stimulating hormone and estradiol are measured in
women. Prolactin measurement should be obtained in tu-
mors located in the hypothalamic-pituitary axis or previously
radiated or in those on psychiatric medications, which can
interfere with prolactin secretion to assure that elevation of
this hormone is not the key factor in the clinical scenario. For
assessment of fertility, sperm analysis or ovarian follicular
count by ultrasound can be used to guide further options for
assisted reproductive therapy, which is beyond this topic
review.

Antidiuretic Hormone Deficiency (Central

Diabetes Insipidus)

Antidiuretic hormone deficiency (central diabetes insipidus)
is present especially in patients with craniopharyngiomas
(20% prior to surgery), unlike patients with nonfunctioning
pituitary tumors in which this entity almost never occurs.
Following surgery for craniopharyngiomas, permanent di-
abetes insipidus is observed in up to 80% of patients.3,46

Diabetes insipidus can serve as a marker for hypothalamic
damage, and obesity in these patients is frequently ob-
served. Diagnosis is made by increased urine output (higher
than 3 L/day) with inappropriately high serum sodium and
plasma osmolality levels and low concomitant urinary os-
molality following a certain period of fluid restriction.
Copeptin measurements, a surrogate for antidiuretic hor-
mone production, have been recently used in diagnosis of
this entity. In patients with considerable hypothalamic in-
volvement, the degree of thirst mechanism needs to be
assessed, as patients with adipsia are particularly at risk for
severe episodes of hypernatremia.

It is important to recognize that many studies published in
this area use a baseline test without dynamic testing, as
in GHD or adrenal insufficiency, so the prevalence might

be underestimated, especially in the spectrum of milder
disease.

Lastly, but very importantly, many patients with brain
tumors are exposed to high dosages of glucocorticoid
therapy, especially dexamethasone. The oncologist needs to
be aware of long-term hypothalamic-pituitary-adrenal
suppression and potentially resulting hypoadrenalism,
which could last up to 12 months after exposure. Es-
pecially if the patient becomes ill and stress dosages
are not applied, the patient could experience adrenal
crisis.

ENDOCRINE THERAPY OVERVIEW (ADULTS ONLY)

Adrenocorticotropic Hormone Deficiency

Cortisol secretion follows a 24-hour circadian rhythm,
resulting in diurnal variation with peak levels noted at ap-
proximately 8 AM.47 Daily physiologic production of cortisol is
estimated to be about 5 to 6 mg/m2 body surface.48 Al-
though several glucocorticoid agents are available (e.g.,
hydrocortisone, prednisone, prednisolone, methylprednis-
olone, and dexamethasone) with differing duration of action,
hydrocortisone remains the most common prescribed for
adrenal insufficiency. On average, 15–25 mg/day of hy-
drocortisone is recommended in divided doses twice or
three times daily. Similar to normal physiology, two-thirds of
the daily dose is administered on waking and one-third is
given in the early afternoon.49 Unlike primary adrenal in-
sufficiency, fludrocortisone replacement is not required
given that renin and not adrenocorticotropic hormone
regulates aldosterone secretion. Dehydroepiandrosterone,
in contrast, is regulated in part by adrenocorticotropic
hormone. The use of dehydroepiandrosterone supple-
mentation in women, however, remains controversial
(some studies suggest improved well-being and sexual
interest).50

Biochemical monitoring for glucocorticoid replacement is
not recommended, and serum cortisol measurements
should not be used to assess the adequacy of treatment.
Appropriate dose replacement is determined clinically by
the absence of symptoms suggestive of adrenal in-
sufficiency and lack of stigmata of glucocorticoid excess on
clinical examination.

In the event of illness or severe stress, glucocorticoids
should be doubled or tripled for 3 days to prevent adrenal
crisis. However, in the setting of adrenal crisis, persistent
vomiting, or surgery, intramuscular or intravenous gluco-
corticoids are required in addition to appropriate supportive
care. Patients should be provided with an adrenal in-
sufficiency action plan to be implemented on sick days. In
addition, it is recommended that a medic alert bracelet,
necklace, or card highlighting the diagnosis of adrenal in-
sufficiency be used.49 It is worth noting that several

Neuroendocrine Disorders of Survivors of Brain Tumors

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook 51

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



medications may influence the metabolism of glucocorti-
coids (i.e., those that alter CYP450 activity). Particularly
relevant to survivors of brain tumors are antiepileptic medi-
cations (e.g., phenytoin carbamazepine, oxcarbazepine, and
topiramate), which may enhance CYP3A4 rapidly metabo-
lizing dexamethasone with less of an effect on hydrocortisone
and may necessitate a dose increase.

Central Hypothyroidism

Once the diagnosis of central hypothyroidism is confirmed,
replacement with levothyroxine should be implemented only
after the hypothalamic-pituitary-adrenal axis is assessed
and treated. Failure to do so may precipitate adrenal crisis
by enhancing cortisol metabolism with the replacement of
thyroid hormone. Replacement doses (typically around 1.6
µg/kg) may vary according to severity of deficiency, preg-
nancy, use of estrogen supplementation, and age, with
lower doses used in older patients.51 Free thyroxine, not
thyroid-stimulating hormone, should be used to monitor
adequacy of replacement in central hypothyroidism aiming
for the upper half of the normal reference range, as thyroid-
stimulating hormone often becomes suppressed when re-
placement is initiated. A suppressed thyroid-stimulating
hormone in this context (central hypothyroidism) should
not be interpreted as overreplacement. Thyroid hormone
doses may require adjustment following the initiation of
growth hormone, as this can increase peripheral deiodi-
nation of thyroxine to triiodothyronine.52 The Endocrine
Society does not recommend the use of alternative thyroid
hormone preparations or nutraceuticals in patients with
central hypothyroidism given the paucity of data regarding
their safety and efficacy.37

Central Hypogonadism

In premenopausal women who develop hypogonadism,
estrogen deficiency is a pathologic compared with post-
menopausal women. In the absence of contraindications,
hormone replacement therapy is recommended, and evi-
dence regarding its use is primarily extrapolated from the
studies of premature ovarian insufficiency. A variety of
different forms of estrogen replacement (transdermal,
transvaginal, and oral) may be used depending on cost,
convenience, and adverse effects. Although the combined
birth control pill, either continuous or cyclical, is convenient,
it delivers supraphysiologic synthetic estrogens. There is
some evidence to suggest, at least among women with
premature ovarian insufficiency or following menopause,
that transdermal or transvaginal estradiol is the preferred
method and form of estrogen replacement therapy. Typi-
cally, 0.1 mg/day of transdermal estradiol is given contin-
uously and therefore avoids hypogonadal symptoms that
may be seen during the placebo week of the combined
pill.53,54 Moreover, such direct systemic delivery avoids first-
pass metabolism, which has been associated with increased

risk of venous thromboembolism and a more adverse
metabolic profile.55,56 In women with an intact uterus,
progesterone therapy is required to protect the uterus. To
date, the longest study available in women with premature
ovarian insufficiency and hormone replacement therapy is
the National Institutes of Health study.57 In this study,
10 mg/day of medroxyprogesterone was used for 12 days
of the month in addition to transdermal estradiol, which
was shown to restore bone mineral density at the hip.
Other forms of progesterone, such as micronized pro-
gesterone, can be used. Treatment should be continued
until the average age of menopause (age 51 in the United
States).

In men, testosterone can also be administered in a variety
of different routes (transdermal, intramuscular, sub-
cutaneous, oral, and buccal) dependent on cost, conve-
nience, and adverse effects. Doses and frequency of
administration are also dependent on the form of testos-
terone replacement. Therapy is aimed at achieving tes-
tosterone levels in the midnormal range.45 Patients should
be monitored for potential adverse effects of testosterone
replacement therapy, including erythrocytosis, obstructive
lower urinary tract symptoms, and the potential for prostate
cancer, all of which are more common with increasing age.
If fertility is desired, hormone replacement therapy differs
and includes the use of gonadotropins, and patients
should be referred to reproductive specialists. Prior to the
initiation of treatment, methods of possible fertility pres-
ervation should be discussed with a reproductive endo-
crinologist if desired.

Growth Hormone Replacement

In children, growth hormone replacement is primarily aimed
at improving linear growth. In adults, however, GHD has
been associated with increased mortality (cardiovascular as
well as cerebrovascular), insulin resistance, and fat mass as
well as decreased lean mass, bone mineral density, and
quality of life. Treatment is therefore aimed at minimizing
these effects, particularly quality-of-life measures. Studies
have reported improvement in lean body mass, decrease
in visceral fat, increase in quality of life, and conflicting
effects on bone parameters depending on duration of
treatment.58

In adults, recombinant growth hormone is typically ad-
ministered subcutaneously daily, with higher doses used in
younger patients, females, and those using estrogen sup-
plementation. Starting doses for patients younger than age
60 is 0.2 to 0.4 mg/day and 0.1 to 0.2 mg/day for patients
older than age 60. Doses of growth hormone are titrated in
increments of 0.1 to 0.2 mg/day to maintain IGF-1 levels
within the age- and sex-appropriate IGF-1 reference range.
Compliance remains an issue, and therefore, several long-
acting preparations have been developedwith recent approval
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for use of a once-weekly reversible albumin-bound growth
hormone derivative.59 Both adrenal and thyroid replace-
ment should be monitored during growth hormone initiation
and following any dose change, as growth hormone can
lower free thyroxine levels and reduce conversion of corti-
sone to cortisol.

There is concern that the use of growth hormone may be
associated with and potentiate malignant tumor growth or
recurrence (not primary pituitary adenoma or craniophar-
yngioma). For this reason, the Endocrine Society and
American Association of Clinical Endocrinology do not
recommend the use of growth hormone in the setting for
active malignancy.32,60 However, a recent meta-analysis of
survivors of childhood cancer did not appear to increase the
risk of secondary tumor development.61 In another meta-
analysis of patients with hypopituitarism including 15
studies involving 46,148 patients, growth hormone re-
placement was not associated with an increased risk of
secondary tumor development, tumor growth or recurrence,
malignancy, or stroke.62 Therefore, the initiation of adult
growth hormone therapy in a patient needs to be in-
dividualized, following remission of the primary disease and
after discussion between the endocrinologist and the pa-
tient’s oncologist.

Diabetes Insipidus

Deficiency of antidiuretic hormone may be transient or
chronic and partial or complete. If thirst is intact and the
patient has access to water, sodium levels can be main-
tained; however, chronic polyuria and polydipsia due to
diabetes insipidus can be disruptive to sleep and daytime
activities, necessitating the use of desmopressin. Desmo-
pressin, a synthetic analog of antidiuretic hormone, has
a longer half-life and is used to treat central diabetes
insipidus.63 It can be given via intravenous, subcutaneous,
oral, intranasal, or sublingual methods. Bioavailability de-
pends on the mode of administration. Parenteral desmo-
pressin is approximately 100 times that of oral, and,
although not exact, 1 µg parenterally is equivalent to 100 µg
orally and 10 µg nasally. Initially, replacement is given at
night to minimize nocturia and disturbed sleep. A common
complication of desmopressin use is hyponatremia, which
appears to be somewhat lower with oral formulations.64 To
prevent hyponatremia, it is recommended that at least one
dose of desmopressin a week be skipped or delayed,
allowing for aquaresis. Close monitoring of sodium levels is
crucial in a patient with diabetes insipidus and intercurrent
illness or in those who require large fluid volumes during
chemotherapy to avoid potentially harmful dysnatremias.
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Adoptive Cellular Therapy for Solid Tumors
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overview

Cancer immunotherapy tools include antibodies, vaccines, cytokines, oncolytic viruses, bispecific molecules,

and cellular therapies. This review will focus on adoptive cellular therapy, which involves the isolation of

a patient’s own immune cells followed by their ex vivo expansion and reinfusion. The majority of adoptive

cellular therapy strategies utilize T cells isolated from tumor or peripheral blood, but may utilize other immune

cell subsets. T-cell therapies in the form of tumor-infiltrating lymphocytes, T-cell receptor T cells, and CAR

T cells may act as “living drugs” as these infused cells expand, engraft, and persist in vivo, allowing

adaptability over time and enabling durable remissions in subsets of patients. Adoptive cellular therapy has

been less successful in the management of solid tumors because of poor homing, proliferation, and survival of

transferred cells. Strategies are discussed, including expression of transgenes to address these hurdles.

Additionally, advances in gene editing using CRISPR/Cas9 and similar technologies are described, which

allow for clinically translatable gene-editing strategies to enhance the antitumor activity and to surmount the

hostilities advanced by the host and the tumor. Finally, the common toxicities and approaches to mitigate

these are reviewed.

INTRODUCTION

The past decade has brought unprecedented ad-
vances in the field of cancer immunotherapy with the
successes of immune checkpoint inhibitor and CAR
T-cell therapy, leading to U.S. Food and Drug Ad-
ministration approvals for the treatment of multiple
cancer types. Immuno-oncologic drugs offer a new
class of cancer therapy that may prove curative for
patients with metastatic disease and may be asso-
ciated with decreased toxicity compared with con-
ventional treatments, including surgery, radiation,
chemotherapy, and targeted small molecules. Can-
cer immunotherapy is a broad term that encom-
passes antibodies, vaccines, cytokines, oncolytic
viruses, bispecific molecules, and cellular therapies.
This article focuses on adoptive cellular therapy,
a personalized treatment strategy that involves the
isolation of a patient’s own immune cells followed by
their ex vivo expansion and reinfusion. The majority
of adoptive cellular therapy strategies use T cells
isolated from tumor or peripheral blood, but other
strategies use other immune cell subsets, including
natural killer cells. T-cell therapies in the form of
tumor-infiltrating lymphocytes (TILs), T-cell receptor
T (TCR-T), and CAR T may act as “living drugs,”
given the potential of these infused cells to expand,
engraft, and persist in vivo, allowing adaptability over
time and enabling durable remissions in subsets of
patients.

Rapid advances in the areas of antigen identification,
T-cell biology, gene therapy, and gene editing have

nurtured strategies to redirect antigen specificity and
enhance T-cell function.1 These advances have led
to curative clinical outcomes for patients with he-
matologic malignancies treated with CAR T or TCR-T
therapy.2 However, adoptive cellular therapy has
been less successful for the treatment of solid tu-
mors because of poor homing, proliferation, and
survival of transferred cells. Various strategies have
been proposed to improve adoptive cellular therapy
activity for the management of solid tumors, in-
cluding combinatorial management strategies with
other immune-modulating agents3 or the expression
of transgenes to enhance the homing, penetration,
and persistence of adoptively transferred cells. Fi-
nally, advances in gene editing using CRISPR/Cas9
or similar technologies have opened a new frontier in
the adoptive cellular therapy field, allowing for
clinically translatable gene-editing strategies to en-
hance the antitumor activity.

TUMOR-INFILTRATING LYMPHOCYTES

Select tumor histologies with a high degree of non-
synonymous gene mutations resulting in an abun-
dance of cancer neoantigens, such as ultraviolet
light–associated melanoma, smoking-related lung
cancer, and mismatch repair–deficient tumors, are
often infiltrated by T lymphocytes. Tumor-infiltrating
lymphocytes represent an abundant source of tumor-
specific T cells, but they are rendered dysfunctional
as a result of tumor-mediated immune suppression.
However, these cells may be removed from the im-
munosuppressive tumor microenvironment and
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expanded in vitro to generate large numbers of tumor-
specific T cells with restored functionality.4 Tumor-
infiltrating lymphocytes may then be infused in an
autologous manner in the context of nonmyeloablative lym-
phodepletion and systemic interleukin-2 (IL-2) to enhance
engraftment and persistence. Lymphodepletion using
chemotherapy or total body irradiation is critical for TIL
anti-activity as it depletes regulatory T cells,5 increases the
availability of homeostatic cytokines IL-7 and IL-15,6 and
creates physical space for TIL engraftment and expansion.
Studies in melanoma utilizing TILs demonstrated the
feasibility of adoptive cellular therapy approaches for the
management of solid tumors.7 Subsequent studies further
analyzing immune responses of patients with tumor re-
gression following TIL therapy have identified shared
tumor-associated antigens and unique tumor antigens as
potential targets of TIL therapy.8 Early studies in melanoma
identified shared, nonmutated melanoma differentiation
antigens (e.g., gp100, MART-1) and cancer-testis antigens
(e.g., MAGE-family members, NY-ESO-1) as relevant TIL
targets.9 With the advent of next-generation sequencing
technologies and bioinformatics pipelines, it is now pos-
sible to identify tumor somatic mutations and define pu-
tative neoantigens. Neoantigen-specific CD8+ T cells have
been identified within TIL populations,10 and neoantigen-
specific T cells have been highlighted as the mediators of
antitumor activity in patients with epithelial cancers, in-
cluding breast and colon cancer, who respond to TIL
therapy.11-13

Broad applicability of TIL therapy to greater numbers of
patients with cancer has been limited by several factors.
Tumor-infiltrating lymphocytes must be isolated from tumor
tissue that is not always easily accessible. Furthermore, the
isolation of TILs relies on de novo T-cell immunity, and
tumors that lack a high degree of nonsynonymous gene
mutations, such as prostate, breast, and glioblastoma
malignancies, often lack infiltrating lymphocytes. Efforts to
overcome these hurdles involve the isolation of neoantigen-
specific T cells from peripheral blood,14 as well as cancer
vaccination to pre-existing or prime new neoantigen-specific
T-cell responses.15 However, immune checkpoint blockade
therapy targeting CTLA-4 or PD-1/PD-L1 has demonstrated
clinical efficacy in similar patient populations with pre-
existing T-cell immunity,16 and it represents a readily
generalizable and less toxic strategy to reinvigorate
neoantigen-specific T cells in vivo compared with TIL
therapy. Nevertheless, TIL therapy continues to be actively
investigated in multiple clinical trials and a variety of cancer
types.17

T-CELL RECEPTORS VERSUS CAR T CELLS

As an alternative to TIL therapy, T cells may be isolated from
peripheral blood and redirected against tumor cells via the
transfer of synthetic TCRs or CARs using gene-therapy
techniques. The TCR is a heterodimeric structure com-
posed of α and β chains conferring antigen specificity; it is
noncovalently linked to the CD3 complex, which activates
downstream signal transduction. T-cell receptors exhibit
specificity for peptides derived from processed intracellular
or extracellular proteins presented in the context of human
leukocyte antigens (HLAs) in association with CD4 or CD8
coreceptors. Extensive HLA allelic diversity in the population
poses challenges to the identification of widely generalizable
TCR therapies because patients must be selected based on
antigen expression and HLA criteria. However, a major
advantage of TCR therapy compared with CAR therapy is
the ability to target intracellularly expressed proteins, greatly
broadening the number of targetable tumor antigens.

CARs are synthetic hybrid receptors that combine an ex-
tracellular antigen-recognition domain covalently linked to
an intracellular signaling domain, with or without cos-
timulatory signaling domains.18 The extracellular antigen
recognition domain most often consists of an antibody
single-chain variable fragment, allowing CARs to recognize
surface-expressed tumor-associated antigens. Unlike
TCRs, the extracellular antigen recognition domain of a CAR
is covalently linked to intracellular CD3ξ via a trans-
membrane domain, allowing for the activation of T-cell
signaling upon antigen engagement. These “first-
generation” CAR constructs exhibited limited in vivo ac-
tivity because of poor T-cell persistence, leading to the
addition of single (second-generation) or multiple (third-

PRACTICAL APPLICATIONS

• Adoptive cellular therapy is a personalized
treatment strategy that involves the isolation of
a patient’s own immune cells followed by their
ex vivo expansion and reinfusion. Tumor his-
tologies with a high degree of nonsynonymous
gene mutations can be harnessed to generate
tumor-infiltrating lymphocytes, which in large
quantities can surmount the tumor-mediated
immune suppression.

• T-cell receptor T cells are limited by the diversity
of human leukocyte antigens present in the
human population, but have the advantage of
being able to target intracellularly expressed
proteins.

• CAR T cells can be generated as individualized
therapies in most patients but targeting is
generally restricted to tumor-associated anti-
gens expressed on the surface of tumor cells.

• Gene therapy and gene editing can be used to
redirect antigen specificity and enhance T-cell
function in most of these cellular therapies.
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generation) costimulatory endodomains (e.g., CD28, 4-
1BB, and OX40). CAR-based strategies may be broadly
applicable, as they confer T-cell activation in an HLA-
independent manner that is not reliant upon antigen pro-
cessing and presentation. However, because the antigen
recognition domain is derived from an antibody-based
binder (e.g., single-chain variable fragment, nanobody) or
protein ligand, CAR targeting is generally restricted to tumor-
associated antigens expressed on the surface of tumor cells.

The particular molecular design of a CAR is a factor that
strongly influences the potency of the engineered cell
product. For example, the intracellular signaling portion of
these chimeric receptors is typically comprised of the CD3ζ
chain of the TCR and one or more endodomains derived
from CD28, 4-1BB, OX40, CD27, and/or ICOS co-
stimulatory molecules (reviewed in Geudan et al19). CARs
containing either CD28 or 4-1BB domains have been the
most widely used, and such constructs have resulted in
robust clinical responses.20-30 A number of reports suggest
that although CD28 co-stimulatory endodomains potentiate
potent antitumor effector functions, activation of 4-1BB
intracellular signaling modules promotes a longer duration
of CAR T-cell persistence. The mechanisms by which dif-
ferent intracellular domains influence the expansion, en-
graftment, function, and persistence of CAR T cells have not
been fully elucidated and remain an area of active
investigation.

To date, many clinical trials with CAR T cells have been
conducted using cell products manufactured from
enriched, bulk T-cell populations. Interestingly, the results
of some studies suggest that particular T-cell subtypes have
distinct antitumor properties following adoptive transfer.31,32

Although an outgrowth of CAR-expressing CD8+ T cells is
commonly observed early following infusion, CD4+ T cells
provide cytokines and essential costimulatory signals to
CD8+ T-cell populations, which may enhance the priming,
trafficking, antitumor function, and persistence of effector
CD8+ CAR T cells. CAR-transduced CD4+ T cells may also
be directly cytotoxic and/or form long-term, persisting
memory populations with effector differentiation potential.
Notably, CD4+ T cells are plastic, and the differentiation
state and function of these cells can drastically evolve
in vivo.31,33 Thus, it stands to reason that production of more
compositionally consistent CAR T-cell products comprised
of balanced ratios of CD4+ to CD8+ T cells positively in-
fluences product potency with regard to in vivo expansion,
persistence, and outcome.34

TUMOR ANTIGENS

The majority of immunotherapeutic approaches, including
adoptive cellular therapy strategies, have targeted tumor-
associated antigens. They are nonmutated self-antigens that
include germline (e.g., NY-ESO-1, MAGE-A3), differentiation

(e.g., MART-1, CD19), or overexpressed proteins (e.g.,
CEA, HER2/neu) that are preferentially expressed by tumor
cells compared with normal tissue. Tumor-associated
antigens may be shared within or across different tumor
types. Both intracellular and extracellular tumor-
associated antigens may be recognized by TCRs due to
the intracellular antigen processing and presentation of
immunogenic epitopes in the context of HLA class I alleles.
On the contrary, tumor-associated antigen recognition by
CARs is limited to cell surface (extracellular) expressed
antigens. The targeting of tumor-associated antigens has
two predominant limitations. First, the identification of
high-avidity receptors to self-antigens is limited by central
tolerance as a result of thymic negative selection during
T-cell maturation. T-cell receptors may be engineered to
enhance their affinity, but affinity enhancement has been
associated with increased toxicity in patients with
melanoma receiving MART-1 TCR-T cells.35 Additionally,
tumor-associated antigens may have variable or heteroge-
neous cell surface expression and may pose a greater risk
for on-target, off-tumor toxicity, given the potential low-level
expression by normal cells. Antigenic targets explored for
adoptive cellular therapy in solid tumors include NY-ESO,
WT1, MAGE, CEA, HER2/neu, mesothelin, and prostate-
specific membrane antigen, among others. Early-phase
clinical trials utilizing CAR or TCR-T–cell strategies target-
ing CEA resulted inmarked pneumonitis and colitis resulting
in early trial termination,36,37 and CAR-T therapy targeting
HER2/neu resulted in the death of a patient from se-
vere pulmonary toxicity.38 Additionally, the use of affinity-
enhanced TCRs targeting tumor-associated antigens may
result in serious and unpredictable off-target toxicity, as in
the case of severe cardiotoxicity in patients with cancer
treated with an affinity-enhanced MAGE-A3 TCR product,
because of cross-reactivity with titin expressed on cardiac
myocytes.39,40 Despite these limitations, the targeting of the
cancer testis antigen NY-ESO-1 using T cells modified with
an affinity-enhanced TCR restricted to HLA-A2 has dem-
onstrated clinical efficacy for the treatment of patients with
myeloma, melanoma, or synovial cell sarcoma without
appreciable toxicity.41,42

Alternatively, non–self-antigens, such as viral antigens or
cancer neoantigens, are uniquely expressed by tumor cells,
allowing for the generation of high-avidity T-cell responses
with an increased safety profile. Unlike CARs, TCRs may
recognize viral or mutated proteins that are internally pro-
cessed and presented on the cell surface of tumor cells or
antigen-presenting cells in the context of HLA class I or
class II molecules. Virus-specific TCRs may be broadly
applicable to viral-associated cancers, such as HPV-related
squamous cell cancers and Epstein-Barr virus–associated
nasopharyngeal carcinoma. However, neoantigen-targeted
strategies are generally limited by the fact that neoantigens
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are rarely shared among patients43,44 and require person-
alized treatment approaches that may be laborious and
costly. Ideal antigenic targets are those that are exclusively
expressed by tumor cells, as well as those that are critical to
tumor pathogenesis and maintenance. Hot-spot driver
mutations within proto-oncogenes, such as KRAS and
TP53, fulfill these criteria. For example, epitopes derived
from somatic DNA missense mutations within the KRAS
gene may be presented to CD8+ T cells on the surface of
tumor cells in the context of HLA class I. Adoptive cellular
therapy directed against mutant KRAS has demonstrated
clinical activity in a patient with metastatic colon cancer.45

Driver mutations are highly prevalent across human can-
cers, and critical to tumor pathogenesis, thus strategies
targeting these antigens may be broadly generalizable and
potentially highly efficacious to patients with cancer.

ENHANCING ADOPTIVE CELLULAR THERAPY VIA TRANSGENE
EXPRESSION AND GENE EDITING

Adoptive cellular therapy has demonstrated unprecedented
clinical outcomes in patients with leukemia or lymphoma
treated with CAR T-cell therapy targeting CD1946,47 or TCR
therapy targeting WT1.48 Unfortunately, the success of
adoptive cellular therapy in hematologic malignancies has
not exhibited similar benefits for the management of solid
tumors as a result of antigen heterogeneity, poor in vivo
persistence, insufficient homing and/or penetration of
transferred cells, and an immunosuppressive tumor mi-
croenvironment.49 Various strategies have been proposed to
improve adoptive cellular therapy activity in solid tumors,
such as the expression of transgenes to enhance
homing,50-53 penetration,54 persistence,55,56 and effector
functions, as well as combinatorial strategies with immune-
modulating agents.3

Recent biotechnological advancements now make it fea-
sible to gene edit immune cells to enhance the efficacy and
improve the safety of adoptive cellular therapy.57 Initial
strategies used to gene edit primary T cells, including zinc-
finger nucleases and mega-nucleases, were highly in-
efficient; however, newer technologies, including tran-
scription activator-like effector nuclease (TALEN) or
CRISPR/Cas9 systems, have greatly improved gene-editing
efficiency. To date, gene-editing strategies have largely
focused on the disruption of (1) endogenous TCR α- and/or
β-chain genes or (2) inhibitory pathways to enhance the
efficacy and safety of adoptively transferred cells.

For TCR-based therapeutic applications, the presence of
endogenous TCR leads to mispairing of the endogenous
and transgenic α and β heterodimers. Heterodimer mis-
pairing results in reduced cell surface expression of the
synthetic TCR and can lead to novel peptide recognition that
may cause unpredictable autoimmune side effects.58 In-
deed, simultaneous elimination of endogenous TCRα and

TCRβ genes enhances transgenic TCR expression and the
antitumor activity of modified T cells.59

In a recent first-in-human study, Lu et al administered
autologous PD-1–edited T cells using CRISPR/Cas9 to 12
patients with advanced lung cancer.60 The generation of
PD-1–edited T-cell product was determined to be feasible
and safe. Edited T cells could be detected in the peripheral
circulation for more than 1 year in some cases, but no
objective clinical responses were noted in a small cohort of
heavily pretreated patients.

With modern techniques, the editing of multiple genes
simultaneously, a process known as multiplexing, is feasi-
ble. In this manner, “universal” T-cell products may be
edited to remove endogenous receptors, inhibitory mole-
cules, and surface molecules that may be the target of host
immune rejection or complementary therapies used to treat
the patient’s cancer. For example, Qasim and colleagues
used a universal T-cell product consisting of allogeneic
T cells modified to express a CD19 CAR and gene edited to
eliminate TCRα and CD52. Gene editing to eliminate TCRα
abrogates the risk of graft-versus-host disease, and removal
of CD52 allowed for concurrent administration of alemtu-
zumab to treat the patient’s cancer. In this manner, two
infants with B-cell acute lymphoblastic leukemia were
successfully treated with anti-CD52 and universal CAR
T-cell therapy as a bridge to allogeneic stem cell
transplantation.61,62 In amore recent study, Stadtmauer et al
demonstrated the feasibility of multiplex editing of TCRα,
TCRβ, and PD-1 in a TCR trial targeting NY-ESO-1.63

Product generation was determined to be feasible, and
clinical responses were observed in patients with advanced
myeloma or sarcoma without substantial toxicity. Targeted
integration of transgenic receptors into endogenous TCRα
or TCRβ loci via CRISPR/Cas9–mediated homologous re-
combination may streamline the production of gene-edited
adoptive cellular therapy products because disruption of
endogenous TCR and transgene expression may be ac-
complished simultaneously.64,65

A major concern related to gene-editing techniques is off-
target double-strand breaks that can result in chromosomal
rearrangements that (1) lead to genotoxicity that limits the
effectiveness of adoptive cellular therapy or (2) pose a risk
for malignant transformation. Attempts to limit off-target
chromosomal breaks include optimization of single-guide
RNAs and the use of high-fidelity Cas9 systems. Studies
using gene-edited T-cell products in humans have dem-
onstrated the safety of this approach, and off-target gene-
editing and translocation events tend to be relatively low and
may decrease over time, suggesting that they may not
confer a survival advantage to edited cells,60,63 although
longer follow-up is needed. Gene silencing via the targeting
of splice sites using DNA base-editing systems that do not
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induce double-strand DNA breaks may improve the safety
profile of gene-edited adoptive cellular therapy products.66

THE PENN EXPERIENCE WITH AN “ARMORED” CAR
T-CELL THERAPY

We will walk through the clinical development of PSMA
(prostate-specific membrane antigen) dominant-negative
transforming growth factor β (TGF-β) receptor type II CAR
T-cell therapy for the management of prostate cancer, as an
example of the iterative enhancement of CAR T-cell activity
against solid tumors. PSMA is a tumor-associated antigen
that is highly expressed inmalignant prostate cancer relative
to normal prostate tissue.67 PSMA expression increases with
the development of castration-resistant disease.68 Early CAR
T-cell therapy directed to PSMA was safe but largely in-
effective; it was hindered, in part, by the immunosup-
pressive tumor microenvironment.69,70 Prostate cancers
secrete TGF-β, which inhibits T-cell–mediated immunity
and promotes cancer progression.71-73 Engineering CAR
T cells to express dominant-negative TGF-β receptor type II
resulted in enhanced proliferation, cytokine secretion,
persistence, and resistance to exhaustion, leading to tumor
eradication in an aggressive mouse model of human
prostate cancer.56 PSMA dominant-negative TGF-β receptor
type II CAR T-cell therapy was tested in a phase I clinical trial
of patients with metastatic castration-resistant prostate
cancer following lymphodepleting chemotherapy. PSMA
dominant-negative TGF-β receptor type II CAR T cells
trafficked to metastatic tumor sites and resulted in a decline
in prostate-specific antigen and lymph node regression
(unpublished data). However, preliminary antitumor effects
were accompanied by an upregulation of multiple potential
immunosuppressive factors within the tumor microenvi-
ronment, indicating mechanisms of adaptive resistance.
Multiple approaches to further enhance PSMA dominant-
negative TGF-β receptor type II CAR T-cell activity are in
development, including the incorporation of switch re-
ceptors and the use of gene-editing technology. For ex-
ample, fusing the PD-1 binding domain with costimulatory
endodomains from CD28 and CD27 produces costimulatory
switch receptors (PD1-CD28 and PD1-CD27). Stimulation
of CAR T cells expressing PD-1/CD28 switch receptors and
stimulated with PD-L1+ tumor cell lines increased pro-
duction of IL-2 and interferon γ (IFN-γ) compared with
T cells expressing CARs alone.74 A recent clinical trial
demonstrated the tolerability, safety, and potential efficacy
of this approach in patients with PD-L1+ large B-cell lym-
phoma.75 Using this technology could potentially augment
CAR T-cell antitumor activity against immunologically cold
tumors, such as in prostate cancer.76,77 Alternative ap-
proaches include concurrent oncolytic adenovirus therapy,
because our group recently demonstrated that oncolytic
adenovirus expressing TNF-α and IL-2 cytokines enhances
mesothelin CAR T-cell infiltration into tumors and alters the

tumor microenvironment to promote antitumor activity in
xenogeneic and syngeneic mouse models.78

SIDE EFFECTS ASSOCIATED WITH ADOPTIVE
CELLULAR THERAPY

Potential side effects of adoptive cellular therapy include
tumor lysis syndrome, cytokine release syndrome, and
macrophage activation syndrome. Tumor lysis syndrome is
related to cancer type and disease burden and is seen more
often in hematologic malignancies than in solid tumors. The
majority of patients with leukemia who have responded to
CD19-directed CAR T-cell therapy experience some degree
of cytokine release syndrome, although new strategies have
emerged to mitigate the severity of cytokine release syn-
drome while preserving CAR T-cell efficacy.79

The cytokine release syndrome signature is characterized
by the systemic elevation of inflammatory cytokines, in-
cluding IL-6 (high), IFN-γ, TNF-α (moderate), and IL-2
(mild), as well as elevations in ferritin and C-reactive
protein levels. The diagnosis of cytokine release syn-
drome is based on clinical symptoms, including fever,
fatigue, myalgias, hypotension, hypoxia, delirium or con-
fusion, disseminated intravascular coagulation, and
macrophage activation syndrome. A modified common
terminology criteria grading system has been developed to
capture adverse events related to cytokine release syn-
drome.80 As for cytokine release syndrome, a modified
common terminology criteria grading system has been
developed to capture neurotoxicity associated with
adoptive cellular therapy. Macrophage activation syn-
drome is a reaction to immune activation that occurs as
a result of cytokine release syndrome and is considered
a manifestation of this disease. A diagnosis of macrophage
activation syndrome is made by having five of the following
criteria: fever, splenomegaly, cytopenias (affecting two of
three lineages in the peripheral blood), elevated tri-
glycerides, hypofibrinogenemia, hemophagocytosis, low or
absent natural killer cell activity, high ferritin, or elevated
soluble CD25R. Neurotoxicity is treated with dexametha-
sone. Anti–IL-6 or IL-6 ligand antibody has been used to
address cytokine release syndrome, including hemopha-
gocytic lymphohistiocytosis.81

CONCLUSION

Adoptive cellular therapy has played a transformative role in
the treatment of select patients with hematologic malig-
nancies; however, thus far it has proven ineffective for the
vast majority of solid tumor indications. Solid tumor re-
sistance to adoptive cellular therapy is attributed to poor
antigenic quantity/quality and T-cell dysfunction resulting
from complex tumor immune-evasion mechanisms and an
immunosuppressive tumor microenvironment. Advance-
ments in T-cell engineering have fostered cell-intrinsic
combinatorial strategies to enhance adoptive cellular
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therapy activity against solid tumors, and cell-extrinsic
combinations using exogenous immune-modulating
agents are under active investigation. Finally, multiplex
gene editing has exposed a new frontier in the field of
adoptive cellular therapy. It is now feasible to generate

universal T-cell products with improved safety profiles that
are resistant to host immune rejection; this greatly broadens
the generalizability of adoptive cellular therapy strategies to
the large numbers of patients with solid tumors who are in
need of new and innovative therapies (Fig 1).
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FIGURE 1. General Approaches to Adoptive Cellular Therapy for Advanced Cancer
Tumor-infiltrating lymphocytes are produced following surgical excision of a tumor, and lymphocytes are enriched and expanded from a disaggregated
mass. CAR– and T-cell receptor–engineered cells (e.g., T cells, natural killer cells) are generated from the peripheral blood in amanufacturing process that
includes delivery of the antigen receptor transgene, genes encoding additional potency-enhancing payloads, and/or gene editing through viral or nonviral
methods. Patients may receive lymphodepleting chemotherapy regimens for conditioning prior to adoptive cell transfer. The therapeutic efficacy of
adoptive cellular therapy may be augmented via combinatorial strategies, such as administration of immune checkpoint–blocking antibodies or oncolytic
viruses.
Abbreviation: NK, natural killer; TCR, transgenic T-cell receptor; TIL, tumor-infiltrating lymphocyte.
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70. Westdorp H, Sköld AE, Snijer BA, et al. Immunotherapy for prostate cancer: lessons from responses to tumor-associated antigens. Front Immunol. 2014;5:191.

71. Steiner MS, Barrack ER. Transforming growth factor-beta 1 overproduction in prostate cancer: effects on growth in vivo and in vitro. Mol Endocrinol. 1992;
6:15-25.

72. Matthews E, Yang T, Janulis L, et al. Down-regulation of TGF-β1 production restores immunogenicity in prostate cancer cells. Br J Cancer. 2000;83:519-525.

73. Bendle GM, Linnemann C, Bies L, et al. Blockade of TGF-β signaling greatly enhances the efficacy of TCR gene therapy of cancer. J Immunol. 2013;
191:3232-3239.

74. Liu X, Ranganathan R, Jiang S, et al. A chimeric switch-receptor targeting PD1 augments the efficacy of second-generation CAR T cells in advanced solid tumors.
Cancer Res. 2016;76:1578-1590.

75. Liu H, Lei W, Zhang C, et al. CD19-specific CAR T cells that express a PD-1/CD28 chimeric switch-receptor are effective in patients with PD-L1-positive B-cell
lymphoma. Clin Cancer Res. 2021;27:473-484.

76. Sad S, Mosmann TR. Single IL-2-secreting precursor CD4 T cell can develop into either Th1 or Th2 cytokine secretion phenotype. J Immunol. 1994;
153:3514-3522.

77. Swain SL, Huston G, Tonkonogy S, et al. Transforming growth factor-beta and IL-4 cause helper T cell precursors to develop into distinct effector helper cells that
differ in lymphokine secretion pattern and cell surface phenotype. J Immunol. 1991;147:2991-3000.

78. Watanabe K, Luo Y, Da T, et al. Pancreatic cancer therapy with combined mesothelin-redirected chimeric antigen receptor T cells and cytokine-armed oncolytic
adenoviruses. JCI Insight. 2018;3:e99573.

79. Ghorashian S, Kramer AM, Onuoha S, et al. Enhanced CAR T cell expansion and prolonged persistence in pediatric patients with ALL treated with a low-affinity
CD19 CAR. Nat Med. 2019;25:1408-1414.

80. Lee DW, Santomasso BD, Locke FL, et al. ASTCT consensus grading for cytokine release syndrome and neurologic toxicity associated with immune effector cells.
Biol Blood Marrow Transplant. 2019;25:625-638.

81. Maude SL, Barrett D, Teachey DT, et al. Managing cytokine release syndrome associated with novel T cell-engaging therapies. Cancer J. 2014;20:119-122.

Adoptive Cellular Therapy for Solid Tumors

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook 65

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



DEVELOPMENTAL THERAPEUTICS—IMMUNOTHERAPY

Avoiding Stops and Overcoming Roadblocks:
Considerations for Improving Patient Access to
CAR-Based Cell Therapies
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overview

Adoptive cell therapy has significantly impacted the immuno-oncology landscape. The number of strategies

currently in preclinical and clinical development is increasing at a rapid rate. Indeed, we are experiencing

a transformative movement in cancer care as we shift toward highly personalized treatments designed to

confront the specific challenges of each cancer. Advancements in genetic engineering methods and single-

cell profiling technologies provide a level of understanding of the interactions between the immune system and

cancer never before achieved. This knowledge, in turn, can be applied to the design and engineering of

effective cancer-fighting treatments. As these promising new therapies progress toward clinical application, it

becomes evident that we must develop robust methods for production and validation of cellular products to

ensure consistency, safety, and efficacy, irrespective of cell type or indication. Herein, we provide an overview

of the innovative approaches guiding the new generation of cell therapies and describe the benefits and

challenges associated with emerging autologous and allogeneic platforms. Moreover, we discuss important

considerations pertaining to process development, cost of goods, and manufacturing, and highlight their

impact on the transfer of therapies from bench to bedside.

INTRODUCTION

The field of cell therapy is prolific, introducing in-
novative ideas that may become solutions to problems
that have long deterred progress in cancer treatment.
The number of cell therapies currently in preclinical
and clinical development is rapidly growing. A recent
survey of new immuno-oncology drug pipelines in
development ranks cell therapy first for largest growth
of any immuno-oncology therapeutic modality between
September 2017 and August 2019, and this trend has
remained through 2020.1,2 We are indeed experienc-
ing a transformative moment in cancer care, driven by
innovative science that has culminated in the devel-
opment of a unique class of personalized therapies.
Efficacy data supported by unprecedented clinical
responses have led to the U.S. Food and Drug Ad-
ministration approval of multiple CAR T-cell products
for hematologic malignancy indications, marking the
official entry of immuno-oncology cell therapies into the
clinic.3-9 Developments continue to expand and di-
versify, and novel approaches seek to combine the
power of multiple modalities to achieve superior
outcomes.10

This exciting progress, however, has revealed com-
plexities not previously faced with other immuno-
oncology drug pipelines that may significantly impact
the commercialization and reach of cell therapies.

Challenges associated with research and development,
cost of goods, manufacturing, and reimbursement
present significant hurdles that must be overcome to
broaden patient access to cell therapies. It is important
to identify strategies for alleviating the encumbrances
associated with research and development and cost
of goods and to broaden the scope of personalized
treatment through the development of customized off-
the-shelf cell therapies.

THE IMPACT OF RESEARCH AND DEVELOPMENT AND
COST OF GOODS IN BENCH-TO-BEDSIDE TRANSITION

In the early stages of development, cell therapies are
frequently born of ideas driven by clinical findings
and scientific study of relevant biology. Cost of goods,
scalability, and laboratory-to-Good Manufacturing Prac-
tice transition are considerations less commonly in-
corporated in early process development decisions, thus
potentially contributing to increased complexities in
bench-to-bedside translation and driving the cost of
therapy to prohibitively high levels.

To mitigate these issues, it is important to implement,
early on, a strategic plan that addresses the feasibility
and economic aspects required for the development
of viable and commercially successful therapies that
will enable broad patient access. Important elements
that must be considered in process development in-
clude selecting an appropriate cell source, determining
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isolation and purification methods, establishing cell ma-
nipulation and characterization pipelines, implementing
quality control protocols, optimizing culture conditions,
devising scale-up strategies, and outlining a clear transi-
tion into robust and reproducible Good Manufacturing
Practice–compliant manufacturing protocols. Some of these
decisions may evolve as knowledge emerges and will thus
take longer to become clear. Others, however, can be so-
lidified early on.11-13

The first wave of successful immuno-oncology cell therapies
emerged from autologous platforms, which rely on the
patient’s own cells as a source.13-16 Although it offers clear
benefits as a highly personalized approach without the risk
of rejection, the extensive manufacturing requirements are
often burdensome to patients presenting with rapidly pro-
gressing disease. Furthermore, the need for high-quality
cells that are able to withstand rigorous genetic manipu-
lation and expansion protocols may limit patient eligibility,
because many are lymphodepleted after several cycles of
first-line chemotherapy and radiation treatments and thus
may not be able to provide cells in sufficient numbers for
therapy. New approaches hoping to address these im-
pediments have focused on allogeneic platforms, which in
many instances use a third-party cell source to generate cell
therapy products that are available to patients in an “off-the-
shelf”manner, thus allowing for true point-of-care treatment
administration. Additional advantages that facilitate pro-
cess development include elimination of postdiagnosis
manufacturing time, large-scale production of a well-
characterized cell product, low product variability, increased
dose-to-dose consistency, reduced cost, and greater patient
eligibility.17

Both autologous and allogeneic models require imple-
mentation of methods for cell harvest and characterization,
cellular engineering, and assays for defining the functional
and phenotypic properties of the final product to reduce the
risk of incorporating unwanted modifications. Selecting
appropriate assays and generating reproducible analysis

pipelines to address these requirements are essential to
successful therapy development and constitute significant
steps toward establishing robust manufacturing processes
that can be incorporated into Good Manufacturing Practice
production.12,13

In addition to scientific strategy and quality control con-
siderations, monitoring cost of goods in all areas of devel-
opment is an important aspect in both models because
labor-intensive protocols, expensive raw materials, and
specialized testing processes can significantly increase
product cost, impact reimbursement strategies, and ultimately
impede patient access to potentially curative treatments.

CUSTOM-DESIGNED OFF-THE-SHELF THERAPIES: A NEW
PERSPECTIVE ON PERSONALIZED TREATMENT

The remarkable responses seen in CAR T-cell therapy trials
highlight the benefits of personalizing cancer care. Because
cancer is a heterogeneous disease, and patients with
cancer are often subjected to many rounds of treatments
before being considered for cell-based therapies, the ability
to provide a product uniquely designed for a given patient is
very valuable. However, as this idea is reduced to practice,
it becomes evident that limitations in patient eligibility,
complex manufacturing processes, and the increased
costs of these highly personalized autologous approaches
are obstacles that hinder the breadth of cell therapy
implementation.13,15,17,18 In response to these challenges,
the field has turned to allogeneic models of personalized cell
therapies with the goal of developing sustainable platforms
that rely on renewable cell sources. Supported by key ad-
vancements in gene editing and single-cell profiling tech-
nologies, these new products use a third-party cell source
that is engineered to address the unique challenges of each
cancer. In this model, multiple new drugs are built on the
backbone of a single cellular platform, thus creating an
arsenal of therapies that are each specifically tailored to
a particular disease.

With respect to allogeneic T-cell platforms, strategies con-
centrate on overcoming T-cell alloreactivity to engineer
universal CAR T cells. Efforts have focused on applying
genome editing techniques to eliminate expression of the
αβ T-cell receptor and/or major histocompatibility class I
complexes thus preventing T-cell receptor–mediated non-
self recognition of patient HLA antigens and the onset of
graft-versus-host disease.18-20 Additionally, the absence of
T-cell receptor may also enhance CAR T-cell function by
reducing tonic signaling.21 These universal CAR T cells can
be manufactured in large scale from a healthy donor source
and banked for administration to patients in a timely man-
ner, therefore addressing major hurdles associated with
current autologous CAR T-cell manufacturing and treatment
delays. The first off-the-shelf CAR T-cell therapy to enter
clinical trials mirrors its autologous counterpart by targeting

PRACTICAL APPLICATIONS

• To understand the benefits and limitations of
autologous and allogeneic cell therapies.

• To discuss strategies for facilitating successful
translation of cell therapies to the clinic by in-
corporating considerations related to cost of
goods, manufacturing, and scalability to early
process development decisions.

• To discuss the need for, and to build, a com-
prehensive multidisciplinary team structure to
support the viability and longevity of cell therapy
programs.

Considerations for Improving Patient Access to CAR-Based Cell Therapies
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CD19-positive hematologic malignancies. Referred to as
UCART19, this healthy donor–derived cell product is gene
edited to simultaneously disrupt expression of the T-cell
receptor and CD52, as an additional feature, to render
UCART19 resistant to higher intensity conditioning lym-
phodepletion by the anti-CD52 monoclonal antibody
alemtuzumab.22-24 Moreover, UCART19 cells are equipped
with a safety switch in the form of a CD20 mimotope to allow
for cell elimination by rituximab in the event of excessive
toxicity.24 In the two studies conducted between June 2016
and October 2018, pediatric and adult patients with rapidly
progressing refractory or relapsed B-cell acute lympho-
blastic leukemia were treated with UCART19.22,23 Study
results showed that UCART19 proliferated well in vivo and
exhibited antileukemic activity with a manageable safety
profile. Although these first results are very encouraging,
concerns still remain, because engineering techniques
do not enable 100% efficiency of T-cell receptor deletion;
therefore, further screening and purification of T-cell prod-
ucts are necessary to ensure removal of cells retaining their
native T-cell receptor. Additionally, it remains to be eluci-
dated whether recipient natural killer (NK) cell–mediated
killing of T cells lacking major histocompatibility complex
class I molecules may impact their therapeutic efficacy
and whether UCART19 rejection could be mediated by
class II HLA molecules, often expressed by activated
T cells.

Other immune effector cells have also been considered as
potential candidates for cell therapy.25,26 Promising strate-
gies involving NK cells and invariant NK T cells have led to
remarkable results in preclinical studies and have thus
advanced into clinical trials.25-28 NK cell–focused ap-
proaches have gained significant interest, because of the
high cytotoxic potential of NK cells while presenting very low
risk of inducing graft-versus-host disease.25-27 Viable allo-
geneic NK cell sources include peripheral blood, cord
blood, induced pluripotent stem cells, and NK cell line NK-
92.25-36 Important aspects to note are that although pe-
ripheral blood–NK and cord blood–NK are primary cell
sources readily obtained from healthy donors, induced
pluripotent stem cells–NK cells are derived in vitro, and
NK-92 cells are an immortalized cell line from a patient
with NK lymphoma and thus requires irradiation before
administration.32,35 Recent clinical data show cord blood–
NK, induced pluripotent stem cells–NK, and NK-92 engi-
neered products as promising therapeutic modalities for
immuno-oncology. Possessing high proliferative capacity
and clonality potential, induced pluripotent stem cells can
be easily genetically modified, screened, and selected for
clones of interest. These, in turn, can be grown into mas-
ter cell banks and used as a renewable source for mass
production of genetically enhanced NK cells, thus consti-
tuting a homogenous product.29,32,33 Work by Li et al33

demonstrated high antitumor response of induced plurip-
otent stem cell–derived CAR-expressing NK cells in an
ovarian tumor model. An enhanced format of this product is
now in a phase I clinical trial under the label FT596. Al-
though the clinical data from the trial are still pending, early
results from a single patient with diffuse large B-cell lym-
phoma show encouraging clinical benefits.34

NK-92 cells have shown promising clinical efficacy, and,
with at least nine ongoing clinical trials to date, this ap-
proach merits discussion.25 Easy to culture and genetically
manipulate and possessing high proliferative capacity and
reduced sensitivity to freeze-thaw cycles, NK-92 cells are
a suitable source for cell therapy. A clinical study targeting
CD33 in acute myeloid leukemia showed a favorable safety
profile with no substantial adverse effects.35 The patient
cohort in this trial, however, was very small, and additional
clinical data are needed to solidify these observations. It is
important to note that the need for irradiation limits in vivo
proliferation of NK-92 cells and may potentially decrease
their antitumor activity.

Cord blood represents another attractive source of NK cells
for cell therapy, because it is broadly available from global
cord blood banks and has a greater proportion of NK cells
than that found in peripheral blood. NK cells can be readily
obtained from umbilical cord blood, genetically enhanced,
and subsequently expanded in vitro under controlled cul-
ture conditions, yielding a large number of cells that can be
stored and made available to patients as needed.27,36,37 Our
group demonstrated that CAR19-engineered cord blood–
NK cells coexpressing interleukin-15 exhibit significant
antitumor cytotoxicity and persistence in vivo and exert potent
activity against Raji lymphoma in a preclinical model.27 In
a first-of-its-kind clinical study, we demonstrated that CAR19/
IL-15 CB-NK cells were able to recognize and eliminate
lymphoma cells with high efficiency, leading to response
rates of 73% in patients with relapsed or refractory disease.37

Furthermore, CAR NK cells showed a remarkable safety
profile and demonstrated great feasibility withminimal toxicity
to patients.

With a large number of new therapeutic modalities under
preclinical investigation and several transitioning into clin-
ical trials, building a solid infrastructure to support the
successful advancement of these new therapies becomes
critical. The complexities associated with product charac-
terization, manufacturing, delivery of care, management of
toxicities, and immune monitoring of patients require the
assembly of multidisciplinary teams encompassing, among
others, physicians dedicated to CAR-based therapies, immuno-
oncology scientists, study coordinators, nurses, and pharma-
cists. Ongoing education and close communication between all
segments of the team are critical for maintaining high-level
performance and vigilance.
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We have undoubtedly made great strides in the quest to find
cures for cancer. However, many challenges still remain.
Current developments in cell therapy are largely focused on
hematologic malignancies, with CD19 and B-cell matura-
tion antigen (BCMA) being the most popular targets. Al-
though nearly 90% of cancer incidences worldwide are
caused by solid tumors, only about half of the total number
of cell therapy trials initiated since 1993 have targeted solid
tumors.2 In large part, this is driven by the many barriers that
prevent successful survival and function of immune cells in
the suppressive solid tumor microenvironment.38,39 Selec-
tion of appropriate tumor-associated antigens for CAR tar-
geting, limited immune cell trafficking to the tumor site, and
overcoming the influence of suppressive cells are a few of
themain obstacles that cell therapymust address to achieve
success in the setting of solid malignancies.

As the field continues to move forward with the goal of
advancing transformative therapies that can bring new hope
to patients with cancer, it is imperative that all these re-
quirements discussed herein converge to support successful
therapy development and implementation. Decisions made
early in the research and development phase will benefit from
considerations related to cost of goods, manufacturing and
scalability, and product release requirements. Ensuring that
a cell therapy program will have a long and prolific life cycle
will depend largely on building a solid multidisciplinary team
structure.

In sum, implementing the appropriate platform will con-
siderably affect regulatory approval, product commerciali-
zation and longevity, and reimbursement eligibility and will
ultimately influence the potential of new discoveries to
impact every patient, every day, everywhere.

AFFILIATION
1Department of Stem Cell Transplantation and Cellular Therapy, The
University of Texas MD Anderson Cancer Center, Houston, TX

CORRESPONDING AUTHOR
Katayoun Rezvani, MD, PhD, Department of Stem Cell Transplantation
and Cellular Therapy, The University of Texas MD Anderson Cancer

Center, 1515 Holcombe Blvd, Unit 423, Houston, TX 77030-4009;
email: krezvani@mdanderson.org

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
AND DATA AVAILABILITY STATEMENT
Disclosures provided by the authors and data availability statement (if
applicable) are available with this article at DOI https://doi.org/10.1200/
EDBK_321119.

REFERENCES
1. Xin Yu J, Hubbard-Lucey VM, Tang J. Immuno-oncology drug development goes global. Nat Rev Drug Discov. 2019;18:899-900.

2. Xin Yu J, Hubbard-Lucey VM, Tang J. The global pipeline of cell therapies for cancer. Nat Rev Drug Discov. 2019;18:821-822.

3. Mullard A. FDA approves fourth CAR-T cell therapy. Nat Rev Drug Discov. 2021;20:166.

4. Wall DA, Krueger J. Chimeric antigen receptor T cell therapy comes to clinical practice. Curr Oncol. 2020;27(Suppl 2):S115-S123.

5. Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel CAR T-cell therapy in refractory large B-cell lymphoma. N Engl J Med. 2017;377:2531-2544.

6. Schuster SJ, Svoboda J, Chong EA, et al. Chimeric antigen receptor T cells in refractory B-cell lymphomas. N Engl J Med. 2017;377:2545-2554.

7. Maude SL, Laetsch TW, Buechner J, et al. Tisagenlecleucel in children and young adults with B-cell lymphoblastic leukemia. N Engl J Med. 2018;378:439-448.

8. Schuster SJ, Bishop MR, Tam CS, et al; JULIET Investigators. Tisagenlecleucel in adult relapsed or refractory diffuse large B-cell lymphoma. N Engl J Med. 2019;
380:45-56.

9. Wang M, Munoz J, Goy A, et al. KTE-X19 CAR T-cell therapy in relapsed or refractory mantle-cell lymphoma. N Engl J Med. 2020;382:1331-1342.

10. Laskowski T, Rezvani K. Adoptive cell therapy: Living drugs against cancer. J Exp Med. 2020;217:e20200377.

11. Campbell A, Brieva T, Raviv L, et al. Concise review: process development considerations for cell therapy. Stem Cells Transl Med. 2015;4:1155-1163.

12. Hanley PJ, Lowdell M. Advancing cellular therapies towards standard of care: a focus on testing of cellular therapy products. Cytotherapy. 2019;21:275-277.

13. Harrison RP, Zylberberg E, Ellison S, et al. Chimeric antigen receptor-T cell therapy manufacturing: modelling the effect of offshore production on aggregate cost
of goods. Cytotherapy. 2019;21:224-233.

14. Boyiadzis MM, Dhodapkar MV, Brentjens RJ, et al. Chimeric antigen receptor (CAR) T therapies for the treatment of hematologic malignancies: clinical
perspective and significance. J Immunother Cancer. 2018;6:137.

15. Frigault MJ, Maus MV. State of the art in CAR T cell therapy for CD19+ B cell malignancies. J Clin Invest. 2020;130:1586-1594.

16. Leick MB, Maus MV, Frigault MJ. Clinical Perspective: treatment of aggressive B cell lymphomas with FDA-approved CAR-T cell therapies. Mol Ther. 2021;
29:433-441.

17. Daniyan AF, Brentjens RJ. CARs of the future. Am J Hematol. 2019;94(S1):S55-S58.

18. Rafiq S, Hackett CS, Brentjens RJ. Engineering strategies to overcome the current roadblocks in CAR T cell therapy. Nat Rev Clin Oncol. 2020;17:147-167.

Considerations for Improving Patient Access to CAR-Based Cell Therapies

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook e103

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



19. Osborn MJ, Webber BR, Knipping F, et al. Evaluation of TCR gene editing achieved by TALENs, CRISPR/Cas9, and megaTAL nucleases. Mol Ther. 2016;
24:570-581.

20. Torikai H, Reik A, Liu PQ, et al. A foundation for universal T-cell based immunotherapy: T cells engineered to express a CD19-specific chimeric-antigen-receptor
and eliminate expression of endogenous TCR. Blood. 2012;119:5697-5705.

21. Ajina A, Maher J. Strategies to address chimeric antigen receptor tonic signaling. Mol Cancer Ther. 2018;17:1795-1815.

22. Qasim W, Zhan H, Samarasinghe S, et al. Molecular remission of infant B-ALL after infusion of universal TALEN gene-edited CAR T cells. Sci Transl Med. 2017;
9:eaaj2013.

23. Benjamin R, Graham C, Yallop D, et al; UCART19 Group. Genome-edited, donor-derived allogeneic anti-CD19 chimeric antigen receptor T cells in paediatric and
adult B-cell acute lymphoblastic leukaemia: results of two phase 1 studies. Lancet. 2020;396:1885-1894.

24. Poirot L, Philip B, Schiffer-Mannioui C, et al. Multiplex Genome-Edited T-cell Manufacturing Platform for “Off-the-Shelf” Adoptive T-cell Immunotherapies.
Cancer Res. 2015;75:3853-3864.

25. Xie G, Dong H, Liang Y, et al. CAR-NK cells: a promising cellular immunotherapy for cancer. EBioMedicine. 2020;59:102975.

26. Chiorean EG, Miller JS. The biology of natural killer cells and implications for therapy of human disease. J Hematother Stem Cell Res. 2001;10:451-463.

27. Liu E, Tong Y, Dotti G, et al. Cord blood NK cells engineered to express IL-15 and a CD19-targeted CAR show long-term persistence and potent antitumor activity.
Leukemia. 2018;32:520-531.

28. Heczey A, Liu D, Tian G, et al. Invariant NKT cells with chimeric antigen receptor provide a novel platform for safe and effective cancer immunotherapy. Blood.
2014;124:2824-2833.

29. Zhu H, Lai YS, Li Y, et al. Concise review: human pluripotent stem cells to produce cell-based cancer immunotherapy. Stem Cells. 2018;36:134-145.

30. Swift BE, Williams BA, Kosaka Y, et al. Natural killer cell lines preferentially kill clonogenic multiple myeloma cells and decrease myeloma engraftment in
a bioluminescent xenograft mouse model. Haematologica. 2012;97:1020-1028.

31. Williams BA, Wang XH, Leyton JV, et al. CD16+NK-92 and anti-CD123 monoclonal antibody prolongs survival in primary human acute myeloid leukemia
xenografted mice. Haematologica. 2018;103:1720-1729.

32. Knorr DA, Ni Z, Hermanson D, et al. Clinical-scale derivation of natural killer cells from human pluripotent stem cells for cancer therapy. Stem Cells Transl Med.
2013;2:274-283.

33. Li Y, Hermanson DL, Moriarity BS, et al. Human iPSC-derived natural killer cells engineered with chimeric antigen receptors enhance anti-tumor activity. Cell
Stem Cell. 2018;23:181-192.e5.

34. Goodridge JP, et al. FT596: translation of first-of-kind multi-antigen targeted off-the-shelf CAR-NK cell with engineered persistence for the treatment of B cell
malignancies. Blood. 2019;134(suppl 1):134.

35. Tang X, Yang L, Li Z, et al. First-in-man clinical trial of CARNK-92 cells: safety test of CD33-CARNK-92 cells in patients with relapsed and refractory acutemyeloid
leukemia. Am J Cancer Res. 2018;8:1083-1089.

36. Shah N, Li L, McCarty J, et al. Phase I study of cord blood-derived natural killer cells combined with autologous stem cell transplantation in multiple myeloma. Br
J Haematol. 2017;177:457-466.

37. Liu E, Marin D, Banerjee P, et al. Use of CAR-transduced natural killer cells in CD19-positive lymphoid tumors. N Engl J Med. 2020;382:545-553.

38. Ramakrishna S, Barsan V, Mackall C. Prospects and challenges for use of CAR T cell therapies in solid tumors. Expert Opin Biol Ther. 2020;20:503-516.

39. Labani-Motlagh A, Ashja-Mahdavi M, Loskog A. The tumor microenvironment: a milieu hindering and obstructing antitumor immune responses. Front Immunol.
2020;11:940.

Laskowski et al

e104 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



DEVELOPMENTAL THERAPEUTICS—IMMUNOTHERAPY

Immune-Based Cancer Treatment: Addressing
Disparities in Access and Outcomes
Raymond U. Osarogiagbon, MBBS1; Helmneh M. Sineshaw, MD, MPH2; Joseph M. Unger, PhD, MS3; Ana Acuña-Villaorduña, MD4; and

Sanjay Goel, MD, MS4

overview

Avoidable differences in the care and outcomes of patients with cancer (i.e., cancer care disparities) emerge or

worsen with discoveries of new, more effective approaches to cancer diagnosis and treatment. The rapidly

expanding use of immunotherapy for many different cancers across the spectrum from late to early stages has,

predictably, been followed by emerging evidence of disparities in access to these highly effective but ex-

pensive treatments. The danger that these new treatments will further widen preexisting cancer care and

outcome disparities requires urgent corrective intervention. Using a multilevel etiologic framework that

categorizes the targets of intervention at the individual, provider, health care system, and social policy levels,

we discuss options for a comprehensive approach to prevent and, where necessary, eliminate disparities in

access to the clinical trials that are defining the optimal use of immunotherapy for cancer, as well as its safe

use in routine care among appropriately diverse populations. Wemake the case that, contrary to the traditional

focus on the individual level in descriptive reports of health care disparities, there is sequentially greater

leverage at the provider, health care system, and social policy levels to overcome the challenge of cancer care

and outcomes disparities, including access to immunotherapy. We also cite examples of effective government-

sponsored and policy-level interventions, such as the National Cancer Institute Minority-Underserved

Community Oncology Research Program and the Affordable Care Act, that have expanded clinical trial ac-

cess and access to high-quality cancer care in general.

Avoidable differences in the quality and outcomes of
health care, or health care disparities, prevail across
the cancer care continuum, from prevention and in-
cidence through diagnosis, staging, and treatment and
continuing to survivorship care and outcomes.1-7

Health care disparities emerge or widen with the ad-
vent of new therapeutic approaches to cancer, such as
immunotherapy, and thereby blunt the population-
level impact of innovation.8 Indeed, even if proximal
causes of disparate access and outcomes are tem-
porarily resolved, the persistent lack of access to
economic and medical resources experienced by cer-
tain demographic or socioeconomic subpopulations
will often reestablish existing disparities over the long
term.8

Over the years, the evaluation of health care disparities
has primarily focused on individual demographic and
socioeconomic characteristics.1-3,5,7,9-11 However,
such attributes are not readily modifiable, which limits
the opportunity for meaningful intervention. For in-
stance, the condition of poverty for individuals of any
race or ethnicity may persist for generations, in con-
tradiction to the vision of upward mobility in the United
States.12 Alternatively, a non-Hispanic Black man can
do little to change the disadvantage associated with his

race. Multiple studies have documented a lower en-
rollment of non-Hispanic Black patients in clinical
trials, leading to the perception that they are less in-
clined to participate in clinical trials.13-15 However,
careful investigation comparing different barriers and
their effects on decision-making with regard to clinical
trial participation has demonstrated that personal
preference may be the least relevant factor affecting
enrollment in cancer trials.16 The idea that those ex-
periencing cancer care disparities are somehow un-
willing to seek high-quality care is a myth.14,17-20

Recently, modifiable factors such as provider-, orga-
nizational-, and societal-level barriers have been rec-
ognized as greater constraints, and thus potential
targets, in policy implementation with a community-
level scope.11,16,21-26 To overcome these challenges,
a deeper understanding of these drivers of health care
disparities is required. Conceptually, the potential for
corrective intervention increases directly from the in-
dividual to provider, organizational, and social policy
levels as the number of intervention targets decreases
and the scope of their impact increases in that
sequential order.

Overall, individual-level barriers intersect adversely
with provider-, institutional-, and societal-level drivers.
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For example, the providers, clinics, and hospitals that
predominantly care for disadvantaged groups tend to lack
the infrastructure and human and organizational resources
to provide access to clinical research or high-quality
care.27-30 In a glaring example, as of January 2021, the
12 U.S. states that have not adopted the Medicaid ex-
pansion opportunity provided under the Affordable Care Act
were also some of the most socioeconomically challenged
states in the country, with some of the highest per-capita
cancer incidence and mortality rates, the most fragile
health care infrastructure, and the highest proportions of
socioeconomically and demographically disadvantaged
residents.31

EFFECT OF EMERGENT THERAPEUTICS ON HEALTH
CARE DISPARITIES

The dynamic evolution in knowledge of cancer biology has
resulted in better prevention, diagnostic, and treatment
approaches. Although these discoveries could benefit
everyone, differences in access may widen preexisting
cancer care and outcome gaps, leading to negative social
consequences.32-34 Therefore, there is an urgent need to
transition from describing patterns and associations to
implementing and evaluating interventions to mitigate
avoidable differences between individuals of different so-
cioeconomic or demographic groups.23-25,32-35 In the ab-
sence of active interventions, health care disparities will

continue to worsen, reflecting broader social and economic
dynamics.

New treatments, such as immunotherapy, emerge from
clinical trials. Disparity in access to cancer clinical trials is an
enduring, widely described phenomenon. For example,
although the per-capita incidence of lung cancer is higher in
non-Hispanic Black populations, only 4.5% of participants
in the National Lung Screening Trial were from this racial/
ethnic group.36 Similarly, a recent study demonstrated that
non-Hispanic Black patients comprised only 3% of en-
rollments in pivotal drug trials that led to U.S. Food and Drug
Administration approvals, whereas they represent 12% of
the same cancers in the U.S. population of patients with
cancer.14 As a practical illustration, only 2% of enrollees in
PACIFIC, the trial that established consolidation durvalu-
mab as the standard of care for unresectable stage III
non–small cell lung cancer, were non-Hispanic Black pa-
tients.37 This glaring disproportionality is likely influenced by
the tendency for industry-initiated trials to recruit patients
from large academic centers, in and outside the United
States. In contrast, investigator-initiated trials emphasize
outreach to both academic and community centers,
allowing the participation of sites serving underrepresented
populations. Consequently, these trials are more repre-
sentative of diverse patient groups, although still not fully
representative of the real-word racial/ethnic distribution. A
comparison of enrollments in similar types of trials over the
same time period showed that 9% of enrollees in trials
sponsored by the National Cancer Institute were non-
Hispanic Black people, compared with 3% in industry-
sponsored trials.14

In view of these, it will take a systematic and concerted effort
to detect, understand, reduce, and ultimately eliminate the
multilevel barriers to equal and safe access to highly ef-
fective and promising new therapies. Implementing in-
terventions to achieve this aim is greatly required, not only to
eliminate emerging disparities in cancer care, but also to
allow a better understanding of evaluation, efficacy, adverse
effects, and follow-up with regard to new therapeutic ap-
proaches in the full spectrum of candidates.

HEALTH CARE DISPARITIES IN THE ERA
OF IMMUNOTHERAPY

Treatment with immune checkpoint inhibitors has ushered
in a sea change in the management of many different
cancers.37-50 This class of drugs is still new, and the in-
dications for their use are rapidly expanding and remain
under intense investigation in clinical trials across all of
oncology, as do their toxicity profiles and management of
their adverse effects and complications.51-53 As with all new
cancer therapeutics, immunotherapy is exorbitantly priced.
In 2015, it was estimated that it cost the United States $174
billion.54 As clinical trials expand the indications for

PRACTICAL APPLICATIONS

• Cancer care disparities emerge or worsen with
discoveries of new, improved approaches
to care.

• Immune checkpoint inhibitor therapy, a new,
highly effective, potentially toxic, and expensive
therapy still under active clinical trial in-
vestigation, bears all the hallmarks of a treat-
ment highly susceptible to access and outcome
disparities.

• Understanding disparities is important to pre-
venting and eliminating them; such un-
derstanding must be categorized with
intervention targets in mind at the individual,
provider, health care system, and societal/
policy levels.

• Potential race- and income-based differences
in access to efficacy and toxicity of immune
checkpoint inhibitor therapy require careful
investigation.

• This requires active involvement of the full
spectrum of patients with cancer in the clinical
trials testing immune checkpoint inhibitor
therapy.

Disparities in Immunotherapy
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immunotherapy drugs in multiple cancer types, further
broadening their use, the cost impact at individual and
societal levels may continue to rise. It is therefore not
surprising that strong evidence already exists for avoidable
differences in access to immunotherapy, within the context
of routine clinical care and clinical trials.55-57

Before the approval and widespread use of immune
checkpoint inhibitors, disparities by socioeconomic and
demographic variables in cancer outcomes were already
well established.58,59 A seminal article in 2017 highlighted
how individuals living in rural areas had much worse out-
comes from cancer than their urban counterparts.9 Worse
outcomes for patients with cancer with limited insurance or
from areas with high levels of socioeconomic deprivation
have long been observed,60-62 and they have even persisted
when patients have had uniform access to protocol-guided
care in clinical trials.63,64 With respect to racial/ethnic dis-
parities, worse survival rates were identified for non-
Hispanic Black patients with melanoma (HR, 3.0; 95%
CI, 2.7–3.3) and renal cell carcinoma (HR, 1.10; 95% CI,
1.04–1.15), whereas better survival rates were observed in
Asian patients compared with non-Hispanic White patients
with non–small cell lung cancer (HR, 0.85; 95% CI, 0.76–
0.95).59,65,66 During the last decade, the exponential increase
in the use of immune checkpoint inhibitors has led to a de-
crease in cancer-related mortality; however, population-
based cancer registry data suggest that there has been
a disproportionate benefit mostly favoring non-Hispanic
White patients, broadening the survival gap with minority
populations.59,67 This alarming trend was confirmed in ethnic
minority groups with localized melanoma; the discrepancy
between non-Hispanic White and ethnic minority patients
increased significantly after the approval of immune
checkpoint inhibitors.58,65 Interestingly, an opposite trend
was described in patients with lung cancer; Asian patients
had increased relative survival compared with non-Hispanic
White patients and other racial/ethnic groups.68

For many years, inequities were considered to result from
a complex interaction of biologic (clinical, pathologic, and
molecular features) and social (beliefs/attitudes, access to
care, personal motivation, and family support) factors that
differed among racial/ethnic groups. For example, a greater
burden of aggressive tumor molecular subtypes such as
triple-negative breast cancer or KRAS-mutant colorectal
cancer is seen in non-Hispanic Black patients compared
with non-Hispanic White patients, whereas higher frequen-
cies of EGFR (epidermal growth factor receptor) mutations
are reported in Asian patients compared with non-Hispanic
White patients with non–small cell lung cancer.69-71 Fur-
thermore, lower rates of therapeutic interventions and longer
delays in treatment initiation have been reported in non-
Hispanic Black patients compared with non-Hispanic White
patients.1,2,17,19,28,72,73 Nevertheless, survival disparities have

persisted after adjusting for these variables, which suggests
that additional factors, such as racial differences in immune
profiles, might play a role in this inequity.65

Because current U.S. Food and Drug Administration–
approved immune checkpoint inhibitors exert their activity
by blocking interactions between tumor cells and host
immune cells in the tumor microenvironment, it seems
plausible that distinct immune profiles among racial/ethnic
groups could translate to unequal treatment response rates.
Although studies have reported no differences in tumor
genomic profiles and PD-L1 expression in breast, colorectal,
or lung tumors, substantial differences in the composition of
immune cells in the tumor microenvironment have been
reported.74 For instance, breast cancer tumors from non-
Hispanic Black individuals displayed a stronger overall
immune presence, with a stronger CD4+/B-cell response
and a more exhausted CD8+ T-cell profile, and had higher
expression of inhibitory receptors such as PD-1, LAG-3, and
CTLA-4 than those from non-Hispanic White patients,
whereas similar CD8+ T-cell infiltration was reported among
the groups.75 In head and neck squamous cell cancer, lower
levels of CD8+ cells were seen in non-Hispanic Black patients
compared with non-Hispanic White patients.76 Conversely,
proinflammatory genes were overexpressed in non-Hispanic
Black patients compared with non-Hispanic White patients
with prostate cancer, which should theoretically translate
to better responses to immunotherapy.77 Furthermore, con-
siderable racial differences in tumor mutational burden,
a recognized predictive factor, have been reported in five
cancer types (urothelial, non–small cell lung, cervical, clear
cell, and papillary kidney cancers).78

In addition, socioeconomic inequalities affecting biomarker
evaluation and access to immunotherapy have been
identified as potential factors that could cause or magnify
cancer outcome differences among demographic groups.
In this regard, a National Cancer Database analysis revealed
a lower likelihood of receiving immunotherapy in patients
age 65 and older (odds ratio [OR], 0.93), non-Hispanic
Black patients (OR, 0.87), individuals with worse perfor-
mance status (OR, 0.74), and uninsured patients (OR,
0.85), whereas those with private insurance (OR, 1.29) or
Medicare (OR, 1.18) were more likely to receive treatment
compared with patients with Medicaid (OR, 1.0).79 In-
terestingly, an analysis stratified by insurance type revealed
that the odds of being treated with immunotherapy
remained lower for non-Hispanic Black patients compared
with non-Hispanic White patients, even for those with
Medicare or private insurance, which suggests that beliefs/
attitudes toward treatment among racial minority groups
might also play a relevant role.79

Currently, data on predictive biomarkers, dosing, efficacy,
and adverse events to evaluate whether differences exist
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between racial/ethnic groups are insufficient, mainly be-
cause of the under-representation of ethnic/racial minority
groups in randomized clinical trials.80 As a result, systematic
reviews and meta-analyses have been performed to assess
racial disparities in the pharmacokinetics, response, and
adverse effects of immunotherapy.81-83 Nevertheless, data
are extremely limited, and clinical decisions for ethnic/racial
minority groups are largely based on data extrapolated from
non-Hispanic White populations. Regarding pharmacoki-
netics, two reports indicated no differences in clearance and
predicted exposure between Asian and non-Asian patients
in secondary analyses among those treated with nivolumab for
non–small cell lung cancer/nasopharyngeal carcinoma and
gastric/gastroesophageal junction carcinoma, respectively.84,85

In relation to variance in treatment response, a meta-
analysis that evaluated the association of age, perfor-
mance status, and race in 21 randomized clinical trials
comparing immune checkpoint inhibitors with standard of
care did not find a major difference in response among
races, with the important limitation that only four random-
ized controlled trials had data available on race and that
available data were gathered from subgroup analysis,
susceptible to selection bias.82 In contrast, a secondary
analysis of two trials evaluating atezolizumab in patients with
non–small cell lung cancer identified race as an in-
dependent prognostic factor using propensity score
matching for clinicopathologic features.68 Finally, differ-
ences in immune-related adverse events among racial/
ethnic groups have been reported in single-center studies,
although with discrepant results. A study conducted in
a predominantly non-Hispanic White population (90% of
approximately 500 patients with cancer) did not reveal any
differences in immune-related adverse events,86 whereas
a report of 2,447 patients with melanoma, 90% of whom
were non-Hispanic White, described 50% lower odds of
immune-related adverse events in non-Hispanic White
patients compared with non-Hispanic Black patients.87

Another study involving 300 patients with solid tumors re-
ported a higher frequency of immune-related adverse
events in non-Hispanic White patients than non-Hispanic
Black patients (60.4% vs. 30.8%).88

BARRIERS TO EQUAL ACCESS TO IMMUNOTHERAPY

Timely access to new and effective cancer treatments is
essential to reducing suffering and death resulting from
cancer. However, several barriers to accessing cancer care
exist at various levels of care delivery, as documented by the
National Academy of Medicine (formerly the Institute of
Medicine) in its landmark report “Unequal Treatment:
Confronting Racial and Ethnic Disparities in Health Care.”89

In the case of immunotherapy, there is accumulating evi-
dence documenting barriers in access to immunotherapy
from large population- or hospital-based data, cancer

registries, and meta-analyses.55-57,90-93 This constellation of
factors can be summarized as patient-, provider-, health
care system–, and societal/policy-level factors.

Patient-Level Factors

Clinical factors such as comorbid conditions and poor
performance status may be appropriate individual-level
barriers to accessing immunotherapy, in or out of clinical
trials. Patient-level factors that may inappropriately affect
access to immunotherapy include nonmodifiable (e.g., age,
race, and ethnicity) and potentially modifiable (e.g., so-
cioeconomic status and behavior) features. For instance,
the likelihood of not receiving recommended immuno-
therapy is disproportionately higher in older patients and
racial/ethnic minoritypopulations.91 One potential explana-
tion for such treatment differences may be under-
representation of older patients in clinical trials, which
subsequently may affect the decision to treat these patients
in real-world practice.92,93 This happens despite studies
showing that older patients experience toxicity profiles and
benefits similar to those experienced by younger patients,
after adjusting for differences in comorbid conditions.94-96

Similarly, the under-representation of racial/ethnic minority
populations has been attributed to an unwillingness of this
population to participate in trials. The fact that historically
disadvantaged patients are less trusting of clinical research
is well founded, given the tragic history of medical experi-
mentation in the United States, exemplified by the infamous
Tuskegee syphilis study.97,98 However, most patients will
readily participate in a trial, as evidenced in a recent sys-
tematic review and meta-analysis, which showed that more
than half of patients offered a trial by their physician agreed
to participate. Critically, the study also showed that non-
Hispanic Black, Hispanic, and Asian patients were willing to
participate at rates on par with or even higher than non-
Hispanic White patients.99

Regarding socioeconomic factors, major modifiable barriers
to accessing cancer treatment and participation in clinical
trials include lack of or inadequate health insurance, low
income, low education level, and unemployment or
underemployment.100-102 All of these have been associated
with lower likelihood of receiving novel therapies such as
immunotherapy in several studies. A systematic review and
meta-analysis concluded that patients with low socioeco-
nomic status had 16% lower odds of receiving immuno-
therapy compared with their counterparts with high
socioeconomic status. Additional factors such as language
or communication gaps and beliefs/attitudes about clinical
trials and the health care system may also hinder timely
access to cancer care. This may be accentuated by the
novelty of these treatments, which has the effect of exac-
erbating the lack of updated knowledge and understanding
among providers and patients.
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Provider-Level Factors

Provider-related factors can affect the use of guideline-
recommended immunotherapy drugs as well as participa-
tion in clinical trials. These include features such as age,
sex, race, knowledge, training, skillsets, year of graduation,
specialty, certification status, beliefs, and attitudes.102-105

For instance, a survey of U.S. oncologists treating patients
with lung cancer showed differences in knowledge re-
garding immunotherapy by provider age or year of gradu-
ation, whereas another study concluded that oncologists
were less likely to offer guideline-recommended biomarker
tests, cancer treatment, or clinical trials to their non-
Hispanic Black or elderly patients with cancer.106-108 All
these negatively affect interactions with patients and their
perception of recommended treatments.105

Health Care System–Level Factors

As the complexity of care delivery increases, the probability
of missing or delaying effective treatments becomes more
dependent on organizational factors such as geographic
location, referral and appointment systems, availability of
culturally competent services, health care worker diversity,
affiliation with research or academic health care systems,
and quality of physical infrastructure. Institutional structural
characteristics (e.g., community cancer or academic can-
cer center designation, case volume, and teaching status)
and processes (e.g., reimbursement contracts, scheduling
methods, hours of operation, and availability of language
options) have been shown to influence patients’ access to
high-quality care, including immunotherapy.91,109-112 With
regard to accessing clinical trials, careful evaluation of
multilevel barriers has revealed that three of four patients
with cancer are unable to enroll in clinical trials because the
institutions where they seek care do not have appropriate
clinical trials available for them or, when available, the el-
igibility criteria prevent enrollment (Fig. 1).16,26,99

Societal-Level Factors

Socioeconomic and health care policies influence access to
health care, especially to new and expensive treatments
such as personalized cancer treatments and immuno-
therapy. In a predominantly employment-based health in-
surance system, a high level of unemployment adversely
affects access to employer-provided insurance. A high
proportion of uninsured or underinsured individuals in
a population adversely affects access to care and overall
quality of care in the whole population.113-120

POTENTIAL INTERVENTIONS TO REDUCE ACCESS BARRIERS
TO IMMUNOTHERAPY

Reducing barriers to equal access to immunotherapy to
equitably provide patients with the opportunity for longer
and better-quality survival will require the design and

implementation of effective and integrated multilevel in-
terventions (Table 1).

Patient-Level Interventions

Access to health insurance coverage increases the likeli-
hood of using services across the cancer care continuum,
including participation in clinical trials.121-123 However,
health insurance coverage alone does not guarantee full
access to cancer treatments or clinical trials. Improving
patient literacy using educational methods and through
patient-provider communication about cancer, the health
care system, treatment options, the cost of treatment, the
importance of adherence to treatment, and potential ad-
verse effects, by improving shared decision-making, can
increase the use of recommended cancer treatments such
as immunotherapy and participation in clinical trials.124

Patients who had cost discussions with their oncologist
believed it helped them reduce their expenses.117

Provider-Level Interventions

Improved provider education on fast-changing cancer care
standards and the development of appropriate, effective,
and culturally competent communication skills for a diverse
patient population are much needed.125 Systematic methods
to educate providers about recent advances in cancer care
and changes in evidence-based guidelines for treatment
could improve quality of care and use of immunotherapy.
Implicit bias training may improve patient-provider com-
munication, use of care, and participation in clinical
trials.126,127 Specifically, provider education about the very
existence of health care disparities attributable to provider
bias and misconception is urgently needed.

Health Care System–Level Interventions

Workforce development programs such as recruitment of
a diverse staff representative of the general population,
patient-provider communication training, clinical trial en-
rollment training, and certification will facilitate access to
immunotherapy and clinical trials.128 Establishing multi-
disciplinary team–based cancer care delivery and care
coordination methods that can streamline patient referrals,
cancer research, and clinical trials may also improve access
to these therapies and outcomes.129 System-based in-
terventions targeting racial disparities may prevent the
emergence of disparities and reduce or eliminate existing
disparities in immunotherapy use.130 High clinical trial
participation can also be achieved by diversifying trial sites
across geographic areas and types of practices or com-
munities and by targeting financial barriers (e.g., in-
troducing payment waiver policies), insurance coverage
adjustment policies, logistic concerns, and resource con-
straints that patients and clinicians encounter during clinical
trial enrollment and retention.124,131 Various initiatives to
increase clinical trial participation of racial/ethnic minority
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populations, adolescents and young adults, and older pa-
tients will also translate to better access to new and effective
immunotherapies.126

The National Cancer Institute Community Oncology Re-
search Program (NCORP) Minority-Underserved program is
one such national effort to open up access to clinical re-
search to populations that have traditionally been locked
out. For example, 42% of all enrollees in the biomarker-
driven trial NCI-MATCH were from Community Oncology
Research Program sites, and, consequently, 20% of pa-
tients enrolled and 18% of those treated in the trial belonged
to racial minority groups; 38.6% of enrollees in ALCHEMIST
were from Community Oncology Research Program in-
stitutions; and 36% of enrollees in the Lung-MAP trial were
from Community Oncology Research Program institutions
(Worta McCaskill-Stevens, personal communication, Jan-
uary 23, 2021). The success of the National Cancer Institute
Community Oncology Research ProgramMinority-Underserved
program in recruiting high proportions of such populations
to complicated biomarker-driven trials and clinical trials of
immunotherapy illustrates how appropriate societal-level
attention to the provider- and organizational-level drivers
of cancer care disparities can be extremely effective.

Societal-Level Interventions

Reduction or elimination of health disparities in general has
been identified as a major global public health objective.132

Multipronged approaches involving diverse and critical
sectors of society at global, national, and local levels will
improve access to new and effective immunotherapies.128

Collaborative partnerships among stakeholders across
nongovernmental organizations, governments, providers,
the pharmaceutical industry, and patients will reduce or
eliminate barriers such as geographic and cost-related
barriers and will improve access to effective cancer thera-
peutics. Global and national strategies for the production
and distribution of immunotherapy drugs in collaboration
with the pharmaceutical industry can facilitate equitable
access to these essential drugs. For example, including new
and effective immunotherapy drugs on the World Health
Organization Model List of Essential Medicines can influ-
ence stakeholders to make these drugs available globally,
stimulate the entry of new manufacturers, and shape
market forces to improve affordability.133,134

National policies targeting health insurance coverage, cost
reduction, financial assistance, and patient navigation
systems are important steps in the right direction. Policy
makers and the U.S. Congress can greatly influence the
availability of cheaper alternatives by encouraging the rapid
approval of generic and/or biosimilar drugs. Moreover, laws
to prevent or discourage the so-called evergreening of
lifesaving pharmaceuticals can be enacted. Policies to
address the high prices of new cancer drugs, such as price
negotiations between countries and drug makers, can

FIGURE 1. Primary Barriers to Trial Participation16,99
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enable countries to improve access to these new drugs.131

Changes in oncology payment models to reward delivery of
desired outcomes, and the processes that lead to them,
such as the establishment of electronic health record sys-
tems, multidisciplinary decision-making, and participation
in research activities, may improve access to immuno-
therapy. Designing and implementing systems for patient
navigation, transportation assistance, accommodation (e.g.,
the American Cancer Society Hope Lodge), and assistance
with physical and financial navigation through complex and
expensive cancer care delivery systems may improve ac-
cess to immunotherapy.135

Additional interventions should focus on reducing out-of-
pocket costs and improving coverage for cancer therapies

and clinical trials, as intended by some provisions of the
Affordable Care Act. Provisions to close the Medicare Part D
coverage gap and increase coverage through Medicaid
expansion are intended to reduce out-of-pocket costs and
improve access, although improvement is still required.
Cost-containment initiatives such as the Health Care In-
novation Award, the Oncology Care Model, and pharma-
ceutical assistance programs will also reduce the financial
burden on patients and improve access to immunotherapy.

Access to clinical trials can be improved by eliminating
unnecessarily restrictive clinical trial eligibility criteria, such
as the ongoing collaboration between ASCO, Friends of
Cancer Research, and the U.S. Food and Drug Adminis-
tration to modernize clinical trial eligibility criteria.136-142

TABLE 1. Multilevel Examples of Barriers and Potential Solutions to the Problem of Poor Access to Immunotherapy
Barrier Solution

Patient Level

Lack of data on minority groups in clinical trials Educate patients, caregivers, and their influencing network on the value of
clinical trial participation (the best treatment is a clinical trial); simplify
and demystify the clinical trial enrollment process for patients and
caregivers

Minority groups have lower economic profile End systemic racism; provide economic opportunities

Language barriers and lack of interpretation services Provide interpreter services and education materials in multiple languages

Lack of adequate health coverage Provide safety nets for low-income groups and access to health care

Rurality and geographic disadvantage Improve public transportation services; promote telehealth services; leverage
information technology to expand patient-level access to care

Provider Level

Inability to keep up with latest in diagnostics and therapeutics/CME Provide effective educational opportunities and medical literacy, especially for
those focused on care of minority and other underserved patients

Implicit bias among providers Educational programs and bias avoidance

Disinclination to provide clinical trials Incentivize providers to regard clinical trials as a key component of routine care
delivery (the best treatment is a clinical trial)

Health Care System–Level

Excessively stringent criteria for trial enrolment Recalibrate clinical trial eligibility to promote access while maintaining patient
safety and scientific integrity; promote enrollment of clinical trial populations
that resemble real-world care delivery populations

Unfavorable geographic location, such as in rural areas Facilitate transportation and expand trial sites

Absence of clinical trials infrastructure Incentivize health care systems to provide access to clinical trials as
a fundamental part of cancer care delivery (the best treatment is a clinical
trial)

Societal/Policy Level

High cost of immunotherapy Facilitate patient support programs

Lower cost of drugs; use economies of scale to lower drug costs in
contracts

Policy changes at levels of legislatures and executive branches

Employer-sponsored health insurance limits coverage for unemployed
and underemployed

Increase access to government-sponsored health coverage, such as the
Medicaid expansion provision of the Affordable Care Act

Abbreviation: CME, continuing medical education.
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Wide adoption of these criteria will make it more feasible to
promote attainment of specific targets for opening clinical
access to underserved populations that can be set forth by
the pharmaceutical industry, contract research organiza-
tions, the U.S. Food and Drug Administration, and the
National Cancer Institute.

CONCLUSION

New and effective immunotherapies are drastically im-
proving cancer treatment outcomes, but multilevel barriers
hinder their use across all population groups. To eliminate
access barriers to immunotherapy, creating heightened
awareness among stakeholders must be a high priority. This
requires high-quality and preferably real-time and real-world
cancer care data. Studies of disparities in the safe and
effective use of immunotherapy must move past traditional
descriptive research to emphasize understanding that leads
to implementable solutions to overcome (i.e., prevent, re-
duce, and eliminate) such disparities. This understanding

must embrace the multilevel etiology of the problem, with
emphasis on the relative impact at the various levels. The
dual challenge to society is to pull the levers with which to
eliminate disparities in access to clinical trials, thereby
promoting discovery in externally valid populations and
promoting safe, equitable access to proven treatments such
as immunotherapy for the full spectrum of patients with
cancer who stand to benefit from them.

Social policies, such as the Affordable Care Act, which has
expanded access to Medicaid for low-income groups, and
the Clinical Treatment Act, which mandates Medicaid
coverage for the routine care costs of cancer clinical trial
participation, are significantly more likely to improve
population-level outcomes and eliminate care and outcome
disparities than interventions at the individual patient level.
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DEVELOPMENTAL THERAPEUTICS—IMMUNOTHERAPY

Nonsurgical Management of Melanoma Brain
Metastasis: Current Therapeutics, Challenges,
and Strategies for Progress
Shalini Makawita, MD, MSc,1 and Hussein A. Tawbi, MD, PhD2

overview

This review aims to provide an overview of nonsurgical treatment strategies for central nervous system

metastases in melanoma as well as discuss treatment challenges and future directions. Recent strategies for

melanoma brain metastases have involved proving the intracranial activity of approved therapies as well as

identifying novel drug targets. BRAF/MEK combination therapy has intracranial activity in those with BRAF
V600 mutations, though disease control is shorter for intracranial than extracranial metastases. Immuno-

therapy and combination immunotherapies have emerged as providing durable responses in melanoma, and

newer studies combining immunotherapy with targeted therapies are emerging. Continued challenges include

penetration through the blood-brain barrier and development of resistance mechanisms. Novel therapeutic

targets and methods to improve central nervous system penetrance are being identified through the appli-

cation of deep DNA- and RNA-sequencing analyses. Radiation therapy approaches, especially stereotactic

radiosurgery in combination or in sequence with systemic therapies, are also being investigated. Both targeted

therapies and immunotherapies have revolutionized the field of melanoma treatment. Multimodality ap-

proaches with multidisciplinary teams will pave the way for the future of central nervous system disease

treatment in melanoma.

INTRODUCTION TO MELANOMA BRAIN METASTASIS

Epidemiology and Risk Factors

Historical case series have shown that up to 44% of
patients with advanced melanoma develop brain
metastases, with a median overall survival (OS)
after diagnosis of approximately 4 to 5 months.1,2

At the time of autopsy, central nervous system
(CNS) disease is identified in up to 75% of patients
with melanoma. Multiple clinicopathologic and
molecular risk factors for the development of CNS
disease have been observed. These include the
Breslow thickness (more than 4 mm), primary site
of disease, nodular histology, stage, and, recently,
mitotic rate, mutations in the BRAF/NRAS pathway,
PI3K/AKT activation, and loss of PTEN.3-7 In ad-
vanced melanoma, M1b or M1c disease at di-
agnosis is associated with a significant increase in
the development of CNS metastasis (p , .0001;
HR, 2.643 and 2.127, respectively) compared with
M1a or stage III disease.8 Incidence of CNS disease
is also increased, with primaries arising in the head
and neck (6.7%) more than in the trunk/limb
(4.7%; p = .003).9 Those who have scalp primaries
have the highest incidence (12.7%) of CNS me-
tastasis at 5 years.

Mechanisms of Central Nervous System Metastasis

Any discussion regarding the therapeutic efficacy of
systemic therapy immediately evokes concerns re-
garding the ability of systemic agents to penetrate the
blood-brain barrier. However, it should be noted that
multiple blood-brain barrier and tumor microenviron-
ment factors have been identified as playing a role in
the development and pathophysiology of melanoma
brain metastases (MBM).10,11 A retrospective review
showed emergence of CNS metastasis in approxi-
mately 12% of patients with melanoma despite control
of other extracranial disease with systemic therapy.12

The blood-brain barrier serves as both an anatomic
and a functional barrier to metastatic colonization of
the CNS. Studies have suggested impaired blood-brain
barrier in areas of CNS metastasis in multiple cancer
sites. For instance, Terrell-Hall et al13 noted an in-
creased distribution of the anti-HER2 agent tras-
tuzumab in brain metastatic tissues compared with
adjacent normal tissue in patients with breast cancer,
despite the fact that, because of its molecular weight
and negative charge, trastuzumab would typically not
be able to cross the blood-brain barrier. Similarly,
gadolinium contrast used in MRI enhances in areas of
brain metastasis and not in normal brain parenchyma,
indicating an impaired blood-brain barrier and the
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concept of a blood-tumor barrier. Much of the blood-tumor
barrier is not well understood; however, certain character-
istics that are altered to form the blood-tumor barrier have
been described.11 One of these characteristics is large
fenestrations caused by the tumor necrosis factor receptor 1
pathway, which contribute to the increased permeability of
the barrier.14 Additionally, angiopoietin-2–mediated dis-
ruption of the endothelial tight junctions and increased
desmin expression in pericytes have been described.15,16

Despite this increased permeability surrounding metastatic
lesions, heterogeneity of these regions has been attributed
to varying penetration of cytotoxic agents. There appears to
be a difference in permeability between micrometastases
(less than 50 μm) compared with macrometastases (more
than 50 μm); however, within macrometastases, any ad-
ditional correlation between tumor size and increased
permeability has not been demonstrated.17,18 Further-
more, many chemotherapy agents have been found to be
substrates for efflux pumps such as P-glycoprotein, and
this property has been attributed to inhibition of CNS
distribution of targeted therapies, including cobimetinib
and trametinib (MEK inhibitors), vemurafenib and dab-
rafenib (BRAF inhibitors), erlotinib (EGFR inhibitor), and
axitinib (vascular endothelial growth factor inhibitor) as
well as the cytotoxic agents paclitaxel and vincristine.11

Efflux proteins belong to the family of ATP-binding cassette
and solute carrier proteins; development of small-molecule
inhibitors, whichmodulate function of these efflux proteins,

is a growing field.19,20 Other microenvironment factors, such
as cytokines and chemokines, and various other signaling
pathways have also been described and evaluated in pre-
clinical stages as potential therapeutic targets for melanoma
and other CNS metastases.5,21-24

REVIEW OF CURRENT TREATMENT STRATEGIES

Molecular Determinants of Melanoma

In melanoma, BRAF V600E and V600K mutations are the
most common forms, encompassing more than 90% of V600
mutations, and cause constitutive activation of the RAS-RAF-
MAPK pathway.25 NRAS Q61L or Q61R mutations are found
in approximately 20% to 25% of cutaneous melanomas and
tend to be mutually exclusive with BRAF mutations.6 BRAF/
NRASmutations occur at increased frequency in brain (70%)
and lymph node (62%) sites and at nonacral cutaneous
(51.4%) more than acral (16.2%) melanomas. Loss-of-
function mutations of NF1, a negative regulator of RAS, are
found in up to 46% of cutaneous melanomas with wild-type
BRAF and RAS.26 HRAS and KRAS mutations are observed
in 1% to 2%. KIT mutations are seen in less than 1% of
melanomas overall, with KIT V559A in up to 10% to 20% of
mucosal and acral melanomas.27

Comparison of extracranial and concordant brain metas-
tases has shown increased levels of PI3K/AKT and de-
creased expression of PTEN in MBM when compared with
extracranial sites.4,5 PTEN appears to be modulated via
different mechanisms in BRAF-mutated tumors compared
with NRAS-mutated tumors. In the presence of BRAF
mutations, increased phosphorylation and thereby activa-
tion of AKT are shown to result in low levels of PTEN;
however, in NRAS-mutated tumors, normal levels of PTEN
with low levels of phosphorylated/activated AKT are noted.4

Despite these differences, patients with stage IV melanoma
containing BRAF or NRAS mutations have a higher in-
cidence of brain metastasis at the time of diagnosis (24%
and 23%, respectively) versus patients with wild-type tu-
mors (12%; p = .008).6,26

BRAF pathway

Vemurafenib and dabrafenib were the first BRAF V600
inhibitors to achieve U.S. Food and Drug Administration
approval, in 2011 and 2013, respectively. Initial results from
a phase I trial of dabrafenib had a subset of 10 patients with
metastatic melanoma withBRAF V600mutations and noted
that nine out of 10 patients had regression of the intracranial
tumor.28 Subsequently, the phase II trial BREAK-MB in-
vestigated the efficacy of dabrafenib in patients with met-
astatic melanoma with at least one measurable brain
metastasis that was previously untreated or progressing
(Table 1).29-35 A median OS of 33.1 weeks and a median
progression-free survival of 16.1 weeks were seen in the
entire cohort. The V600K mutation bearers had a slightly

PRACTICAL APPLICATIONS

• Melanoma brain metastases are a substantial
contributor to mortality in patients with meta-
static melanoma, and treatment strategies are
urgently needed to improve patient outcomes.

• Combination immunotherapy with ipilimumab
and nivolumab has shown durable responses in
46% to 55% of patients with asymptomatic
melanoma brain metastases.

• BRAF/MEK inhibitor therapy in patients with
BRAF V600 mutation–positive disease has
shown better control of extracranial than in-
tracranial disease; the combination of immu-
notherapy with targeted therapy is under
investigation and is rapidly evolving the land-
scape of metastatic melanoma treatment.

• Therapeutic strategies that will inform the
treatment paradigm of melanoma brain me-
tastases are likely to involve multimodality
therapies combining targeted therapy, immu-
notherapy, and/or radiation therapy to improve
response rates and long-term outcomes.
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less favorable outcome, with a median OS of 16.3 weeks in
those without prior CNS treatment and 21.9 weeks for those
who had received prior CNS treatment. Previously treated
patients who were V600E mutation bearers had a median
OS of 31.4 weeks. Worse outcomes were associated with
elevated serum lactate dehydrogenase (specifically, more
than two times upper limit of normal) and with a high
number of metastatic lesions.

Investigation into the resistance mechanism of these
agents led to combination of BRAF with MEK inhibitors for
the U.S. Food and Drug Administration approval of dab-
rafenib and trametinib, vemurafenib and cobimetinib, and
encorafenib and binimetinib in 2014, 2015, and 2018, re-
spectively. Combination BRAF/MEK inhibition led to an im-
provement in progression-free survival from approximately
6 months to 11 months or longer in patients with metastatic
melanoma.29-31,36 The initial clinical trials excluded patients
with active CNS disease; however, the COMBI-MB study
evaluated efficacy of dabrafenib plus trametinib in patients
with BRAF V600E–mutated metastatic melanoma with active
CNSmetastasis and those with and without prior CNS-directed
therapy (Table 1).31 The median progression-free survival and
OS in those without prior CNS therapy were 5.6 and 10.8
months, respectively, and the duration of response was shorter
for intracranial versus extracranial disease (6.5 months vs.
10.2 months, respectively; Table 1).31,36 A multicenter, retro-
spective case series of 24 patients with BRAF-positive disease
with CNS metastasis had shown intracranial activity of
encorafenib/binimetinib, including in those previously
treated (21 patients) with BRAF/MEK inhibitors (in-
tracranial overall response rate, 24%; clinical benefit
rate, 57%), warranting additional prospective studies.37

Encorafenib/binimetinib is being evaluated in the ran-
domized, phase II POLARIS study comparing a standard
and a high-dose arm for MBM (NCT03911869). Overall,
BRAF/MEK inhibitors in extracranial disease have noted
longer survival outcomes compared with intracranial dis-
ease; improved understanding of mechanisms of decreased
CNS penetrance and resistance are urgently needed.

PI3K/AKT Pathway

Understanding other mechanisms of resistance can aid in the
design of combination therapies to improve patient outcomes.
Multiple preclinical studies have noted hyperactivation of the
AKT and loss of PTENexpression in CNSmetastasis compared
with extracranial sites.5,38-43 Inhibition of the PI3K-AKT pathway
in a vemurafenib-resistant cell line showed improved growth
inhibition compared with vemurafenib alone.5 Taken together,
such data indicate a role for AKT in the pathogenesis of MBM
and resistance toBRAFmutation–directed therapy in the CNS.
PTEN loss has also been shown through in vitro and in vivo
preclinical models of melanoma to decrease both T-cell traf-
ficking to tumors and T-cell-mediated tumor cell destruction,

conferring a resistance to T-cell-mediated antitumor effects.44,45

Strategies to target this pathway with PI3K and mTOR inhibitors
are currently underway.

Oxidative Phosphorylation Pathway

There is increasing evidence to suggest notable differences
in the pathophysiology and molecular determinants of CNS
metastasis in melanoma compared with extracranial me-
tastasis. In a recent analysis by Fischer et al,38 RNA se-
quencing was performed on 88 samples of resected MBM
and 42 matched extracranial metastatic tumor samples
from a subset of the same patients. Four hundred ninety-
four differentially expressed genes were identified in the
matched analysis. The oxidative phosphorylation pathway
was greatly enriched in their analysis. The authors validated
this finding via inhibition of oxidative phosphorylation in
xenograft mouse models that had acquired (A375-R1)
and de novo (SKMEL5) resistance to BRAF/MEK inhibi-
tion. Treatment with the oxidative phosphorylation inhibitor
IACS-010759 significantly improved survival in both murine
models (HR, 0.197; 95% CI, 0.075–0.519; p = .001)
and A375-R1 and SKMEL5 mice (HR, 0.072; 95% CI,
0.024–0.214; p , .0001). Incidence of MBM was also
significantly reduced (p = .035) in an immunocompetent
mouse model of spontaneous lung and brain metastasis
compared with control, whereas no change in the rate of
primary tumor growth or lung metastasis formation was
noted.38

Immunotherapy

Anti–CTLA-4 and anti–PD-1 checkpoint inhibitors have
revolutionized the field of cancer therapeutics. Two
case reports in 2008 and 2010 initially showed a re-
sponse of MBM to immunotherapy, which led to additional
investigations.46,47 A phase II trial of ipilimumab, targeting
CTLA-4, in 2012 showed improvement in OS and durable
responses.32 Another study combining ipilimumab with
fotemustine (a nitrosourea alkylating agent) had similar
outcomes.48 Anti–PD-1 antibodies soon followed suit, and
a phase II trial of pembrolizumab in a small number of
patients with non–small cell lung cancer or melanoma (23
patients) with brain metastasis was reported in 2016.33,49

A majority of patients in this study had multiple prior
therapies, and response rates intracranially were approxi-
mately 26%. Interestingly, unlike some of the targeted
therapy trials described above, the immunotherapy trials
tended to show concordance between intracranial and ex-
tracranial disease response, indicating likely similar immu-
nomodulation between intra- and extracranial melanoma.
Additionally, Engelhardt and Ransohoff50 have noted that it is
likely activated cytotoxic T cells from outside the CNS traf-
fic through the blood-brain barrier for therapeutic efficacy.
Decreased efficacy was noted in the initial phase II study of
ipilimumab described above in patients who were taking
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glucocorticoids. Though it is unclear whether this patient
population has more advanced or aggressive disease
characteristics and therefore a worse outcome or whether
steroids reduce the antitumor effects of immunotherapy, or
a combination of both occurs; typically successive large
trials have excluded patients who require the use of steroids.
Bevacizumab has been put forth as a steroid-sparing agent
that may be applicable during immunotherapy, with the
ability to reduce required dexamethasone doses by more
than 50% in some patients as a result of its effects in re-
ducing edema. Adverse events such as hypertension and
hemorrhage, both intracranial and gastrointestinal, would
require monitoring with antiangiogenic therapy.51 In an
institutional study at our center, bevacizumab used for
treatment of radionecrosis after stereotactic radiosurgery
(SRS) with or without whole-brain radiation therapy
(WBRT) resulted in symptom improvement and quality-of-
life improvement with two to six doses of bevacizumab and
radiographic improvement in the majority of patients. In
this small cohort, no intra- or extracranial bleeding epi-
sodes had occurred, warranting additional investigation
into the use of bevacizumab with immunotherapy.52

Combination immunotherapy trials have shown improved
response rates versus single-agent anti–PD-1 agents. The
CheckMate 204 trial conducted in theUnited States evaluated
the rate of intracranial clinical benefit in patients with meta-
static melanoma, asymptomatic from CNS disease, and with
at least one measurable and nonirradiated intracranial lesion
(0.5 cm–3 cm).34 Ninety-four patients had amedian follow-up
of 14 months, and the rate of intracranial benefit was 57%
(95% CI, 47%–68%). Intracranial benefit was defined as
stable disease for at least 6 months, complete response, or
partial response. Complete responses were noted in 26%.
Updated results from CheckMate 204 with longer follow-up
and with inclusion of symptomatic patients and/or those
who required corticosteroids had shown that the asymp-
tomatic cohort (101 patients; cohort A) who received a me-
dian of three doses of combination immunotherapy had an
intracranial clinical benefit rate of 58.4%. The median
progression-free survival and OS were not reached at the
median 21-month follow-upperiod. In contrast, cohort B, which
included 18 patients with symptomatic CNS disease and/or
requiring steroids, had an intracranial clinical benefit rate of
22.2%. These patients had received a median of one dose of
combination immunotherapy; the OS and median intracranial
progression-free survival were 8.7 months and 1.2 months,
respectively (Table 1). Taken together, these updated results
show durable responses in 55% of patients with asymptomatic
CNS disease treated with combination ipilimumab/nivolumab
and showed that patients with symptomatic CNSdisease and/or
steroid dependence are less likely to benefit.53

In 2018, Long and collegues35 reported the results of the ABC
trial conducted in Australia, in which patients treated with

combination nivolumab plus ipilimumab had improved in-
tracranial responses compared with nivolumab alone. In this
study, asymptomatic patients with MBM without prior CNS-
directed treatment had been randomly assigned to receive
nivolumabplus ipilimumab (cohort A; 36 patients) at a standard
dose for four cycles, followed by maintenance nivolumab, or to
receive nivolumab alone (cohort B; 27 patients). A third cohort
(cohort C; 16 patients) included nonrandomly assigned
patients with symptomatic disease, leptomeningeal dis-
ease, or disease for which local therapies had failed. At
a median follow-up of 17 months, 46% (95% CI, 29%–

63%) had an intracranial response in the combination arm
compared with 20% (95% CI, 7%–41%) with nivolumab
alone. Complete intracranial response was noted in 17% in
cohort A, 12% in cohort B, and none in cohort C.

Combination therapy heralds a higher rate of immune-
related toxicity, with grade 3 or 4 toxicity in 55% of pa-
tients in CheckMate 204 and a 20% discontinuation rate in
this group. Similarly, 54% of patients in the combination
arm (cohort A) of the ABC trial experienced grade 3 or 4
toxicity. In the prior single-agent immunotherapy trials, the
most common grade 3 toxicities noted were diarrhea and
fatigue (12% each). Single-agent anti–PD-1 trials have
shown approximately 10% to 15% grade 3 or 4 adverse
events.34,35,49,53

RADIATION THERAPY

Historically, WBRT and glucocorticoids have been the
mainstay of the treatment of multiple brain metastasis
across cancer types, including melanoma. However, WBRT
can be associated with considerable toxicities, and the long-
term neurocognitive effects are an important consideration
in the treatment of CNS metastasis.54-59 SRS has come into
the forefront because of its better local control and cognitive
outcomes. In 2014, Yamamoto and collegues60 reported the
findings of a prospective observational study to assess
noninferiority in OS of SRS to five to 10 lesions up to 3 cm in
diameter (less than 10mL in largest volume) compared with
treatment of two to four lesions without WBRT. The findings
affirmed noninferiority.61 An update on safety with up to
48months of follow-up also showed nomarked difference in
SRS-related complications or Mini-Mental State Examina-
tion score maintenance (less than three-point decrease
from baseline) among those who received SRS to one lesion
versus two to four lesions versus five to 10 lesions.60

A phase III randomized trial studied the role of adjuvant
WBRT in the decreased development of new CNS metas-
tasis in melanoma.62 Two hundred fifteen patients were
randomly assigned to WBRT or observation after local
treatment with surgery or SRS for one to three MBM. Within
12 months, 42% of patients in the WBRT group and 50.5%
in the observation group developed distant intracranial
disease (odds ratio, 0.71; 95% CI, 0.41–1.23; p = .22). No
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significant difference was noted at the 48.1-month follow-up
period (p = .39). Local failure rate was improved after WBRT
(20% vs. 33.6%; p = .03), and WBRT resulted in increased
grade 1 to 2 toxicity in the first 2 to 4 months; however, no
significant differences in toxicity were noted up to 24 months
after random assignment. The results of this study suggest
a lack of benefit in distant CNS disease control after ad-
juvant WBRT in those who have had local treatment of one
to three CNS lesions in melanoma. A limitation to this trial is
that the effect of systemic therapy is unknown on outcomes
because, during recruitment between 2009 and 2017, ad-
vances in targeted therapies with CNS activity were likely to
have an effect on responses.62

A prospective, randomized controlled study of 58 patients, of
whom30 received SRS alone and 28 received SRSplusWBRT,
aimed at studying neurocognitive risk in CNS metastasis and
showed high probability (96%) that patients who received both
modalities were at a much higher risk of learning and memory
function decline. This finding led to the early discontinuation of
the trial; however, 73% of those who had received both mo-
dalities were CNS recurrence free at 1 year compared with 27%
in the SRS-alone group (p = .0003).63 Other strategies to lessen
the degree of neurocognitive decline include hippocampal-
sparing WBRT58,64 and addition of the N-methyl-D-aspartate
receptor antagonist memantine to WBRT.65 In an NRG On-
cology CC001 phase III study to evaluate lowered doses of
hippocampal radiation in the preservation of neurocognitive
function, patients randomly assigned toWBRT plus memantine
with or without hippocampal avoidance had a lower neuro-
cognitive failure risk at 7.9 months (HR, 0.74; p = .02). Patients
younger than age 61 also had lower neurocognitive failure (HR,
0.60; p = .0002). Symptoms, including fatigue, speech diffi-
culty, and reported memory issues, favored the hippocampal
avoidance arm at 6 months, and no differences in OS, CNS
progression, or toxicity were reported (NCT02360215).66

COMBINATION AND MULTIMODALITY THERAPIES

Multidisciplinary approaches and combinatorial regimens
are paving the way for the optimized treatment of CNS
metastasis (Fig. 1). Dedicated brain metastasis clinics to
streamline patient care is being implemented across several
dedicated cancer centers.67 In these dedicated clinics,
patients meet with neurosurgery, medical oncology, radia-
tion oncology, and neuro-oncology consultants during the
same visit, which allows for a multidisciplinary evaluation
and coordination of optimal patient care in an efficient
manner. This patient-centered approach has been met with
high patient and physician satisfaction, and approximately
one in five patients had a major change in their treatment
plan after the multidisciplinary evaluation.67 Such models
can allow for improved patient care as well as advance
research by facilitating the development of clinical trials
and biomarker discovery in this complex patient population,

including for those with symptomatic brain metastases.
Below, we review multimodality strategies for the treat-
ment of metastatic melanoma with CNS metastases.
Combining radiation therapy and immunotherapy can
result in an abscopal phenomenon, defined as regression
of the tumor at sites distant from the target lesion receiving
the radiation, which has been described in the brain and
body.68 Initially, case studies suggested a potentially
improved antitumor effect of combining immunotherapy
with SRS.68-70 A retrospective review of 77 patients treated
with definitive radiosurgery for MBM showed an increased
median OS in those who had also received ipilimumab (27
patients) from 4.9 months to 21.3 months.71 Approxi-
mately 37% of these patients received ipilimumab before
SRS, and 63% received it after. No noteworthy differences
in sequencing SRS and immunotherapy had been noted
in this study. Another retrospective study of 70 patients
who received either WBRT or SRS analyzed those who did
(33 patients) or did not (37 patients) also receive ipili-
mumab.72 The average time between the first dose of
ipilimumab and radiation therapy was 23 weeks. This
study found that SRS and ipilimumab were important
predictors of improved OS with the magnitude of benefit
(of approximately 16 months, though small sample sizes
were used) suggesting a possible synergism between SRS
and ipilimumab.

Though the former study had adjusted for performance
status, both of these retrospective studies are relatively small
sample sizes subjected to selection bias toward patients with
a better performance status and perhaps a more indolent
course. Certain other retrospective analyses have shown no
remarkable difference in adverse events such as hemorrhage
or necrosis and no statistically noteworthy differences in OS or
disease control, though trends toward improved OS had been
noted, depending on the timing of ipilimumab with SRS.73,74

A more recent retrospective analysis of 1,104 patients from
the National Cancer Database, in which 192 patients had
received radiation therapy and immunotherapy compared
with 912 who had received radiation therapy alone for
MBM, had shown a significant improvement in median OS
(11.1 months [95% CI, 8.9–13.4] vs. 6.2 months [95% CI,
5.6–6.8]; p , .001) favoring combination therapy.75 Taken
together, these data warrant prospective trials of combination
immunotherapy and radiation therapy to minimize selection
bias in the evaluation of outcomes and to evaluate effects of
sequencing and timing of the combination.69,73-75 Several
trials combining radiation therapy with immune checkpoint
inhibitors (ABC-X; NCT03340129) or targeted therapy
(concurrent dabrafenib/trametinib with SRS; NCT02974803)
are currently ongoing (Table 2).76-79

Combining targeted and immune checkpoint inhibition is
another emerging therapeutic strategy in metastatic mela-
noma with future application to MBM. Increased T-cell
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infiltration as well as PD-L1 and tumor antigen expression
have been seen post-BRAF/MEK inhibition, and preclinical
models have shown an increased antitumor effect with the
combination of anti–PD-1 checkpoint inhibition and BRAF/
MEK inhibition.80 In a phase I trial of 15 patients with BRAF
V600 mutations treated with dabrafenib, trametinib, and
pembrolizumab, an overall response was seen in 11 of 15
(73%) of patients, and 40% continued to have a response at
27 months of median follow-up.81 In the phase II setting, the
triplet combination showed a trend toward improved
progression-free survival versus the placebo arm with dab-
rafenib/trametinib (16.0 months vs. 10.3 months), though
statistical significance had not been reached (Table 2).76,82

Fifty-eight percent of patients in the triplet arm experienced
grade 3 or 4 toxicities compared with 27% in the doublet arm.

Several other studies of combination immunotherapy and
targeted therapy are outlined in Table 2. Patients with
clinicaly active CNS metastasis were excluded from these
studies, though those with asymptomatic or previously
treated disease were allowed. These studies include the
phase III IMspire150 study of vemurafenib/cobimetinib with

atezolizumab or placebo, in which a significant improve-
ment in progression-free survival was seen in the triplet arm
(15.1 months vs. 10.6 months; HR, 0.78; 95% CI, 0.63–0.97;
p = .025) in patients with untreated BRAF V600E mutation–
positive metastatic melanoma.77 Patients with actively
progressing or untreated CNS metastatic disease were ex-
cluded from the study, though 2% to 3% with previously
treated MBM were included in each arm. Part 3 of the
COMBI-i trial was a randomized, placebo-controlled phase
III study that evaluated spartalizumab (anti–PD-1) versus
placebo in combination with dabrafenib and trametinib in
BRAF V600 mutation–positive metastatic melanoma
(NCT02967692).78 Again, clinically active patients with
MBM were not included. This study failed to meet its pri-
mary endpoint, and the triplet arm did now show improved
investigator-assessed progression-free survival compared
with the doublet at the 24-month follow-up. Additionally,
a higher number of discontinuations/dose modifications
were noted in the triplet arm. The initial safety and efficacy
results of the phase II study TRIDeNT (26 patients), which
allowed enrollment of patients with asymptomatic CNS

FIGURE 1. Therapeutic Approach to Melanoma Central Nervous System Metastasis
Abbreviation: CNS, central nervous system
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disease, had an overall response rate of 91%.79 At the time
of enrollment, eight patients had CNS disease. Of six
evaluable patients, 67% had intracranial response, with two
complete responses noted. No considerable difference in
outcomes had been noted in patients with and without CNS
metastasis, advocating for more studies incorporating pa-
tients with CNS disease in the inclusion criteria
(NCT02910700).79

The LEAP-004 phase II study of lenvatinib plus pem-
brolizumab in previously treated metastatic melanoma
showed activity in patients previously treated with a PD-1/
PD-L1 inhibitor or a combination with anti–CTLA-4 ther-
apy.83 Active MBM was excluded, though 67% had M1c/
M1d disease (NCT03776136). An ongoing phase II study is
also evaluating pembrolizumab plus bevacizumab in the
treatment of asymptomatic CNS metastases in melanoma
and non–small cell lung cancer, not requiring local therapy
at time of enrollment (NCT02681549).

CONCLUSION

Great strides have been made in the nonsurgical manage-
ment of MBM during the past decades. Additional im-

provements in patient outcomes are expected with our
improved understanding of the complexities of the blood-brain
and blood-tumor barriers, thereby enabling application of
extracranial systemic therapeutic strategies, such as BRAF/
MEK targeting with improved intracranial penetrance. Addi-
tional improvements into our understanding of the genetic
differences of intracranial versus extracranial melanoma me-
tastasis may lead to novel targeted therapy strategies for
systemic control of intracranial disease. More and more focus
is shifting to multimodality therapy with a combination of
targeted therapy, immunotherapy, and/or radiation therapy to
improve disease control and long-term outcomes, though
incorporation of more patients with CNS disease into clinical
trial design is still lacking. Furthermore, strides to improve local
therapies to minimize neurocognitive decline should be an
important consideration in the treatment of CNSmetastasis. To
that end, dedicated brain metastasis clinics to streamline and
optimize patient care are being implemented across several
dedicated cancer centers and being met with increased pa-
tient and physician satisfaction. The success of such models
demonstrates the effectiveness and feasibility of a centralized
approach in the treatment of this complex patient population.
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DEVELOPMENTAL THERAPEUTICS—IMMUNOTHERAPY

Immunotherapy for Advanced Non–Small Cell
Lung Cancer: A Decade of Progress
Misty Dawn Shields, MD, PhD1; Julian A. Marin-Acevedo, MD1,2; and Bruna Pellini, MD1,2

overview

The treatment paradigm for patients with advanced non–small cell lung cancer has substantially changed with

the discovery of immunotherapy. The incorporation of immunotherapy into treatment algorithms has resulted

in better outcomes for patients, with fewer side effects compared with classic chemotherapeutic agents.

Multiple treatment options are now available for patients with advanced non–small cell lung cancer, ranging

from single-agent immunotherapy to quadruple therapy, which involves dual immune checkpoint inhibitor

plus chemotherapy or immune checkpoint inhibitor plus chemotherapy plus anti–vascular endothelial growth

factor drugs. This article will review landmark studies that have led to U.S. Food and Drug Administration

approval of immunotherapy agents alone or in combination with chemotherapy or other immunotherapy drugs

to treat advanced non–small cell lung cancer.

INTRODUCTION

Lung cancer is the leading cause of cancer-related
death among both men and women in the United
States.1 For many years, treatment options for patients
diagnosed with advanced non–small cell lung cancer
(NSCLC) were limited to cytotoxic chemotherapies,
which conferred a median overall survival (OS) of
approximately 6 months.2 In the past decades, dif-
ferent classes of drugs, including targeted therapies
and immune checkpoint inhibitors, have become
available, resulting in a shift in the treatment paradigm
for patients with NSCLC (Fig. 1).3 Immune checkpoint
inhibitors leverage the ability of lung cancer cells to
escape detection through the PD-1 axis. These drugs
restore the immune system surveillance by stimulating
the cytotoxic T cells to induce cancer cell death.4

Immune checkpoint inhibitors with varying mecha-
nisms of action are available, including agents directed
against PD-1 (nivolumab, pembrolizumab, cemipli-
mab), PD-L1 (atezolizumab, durvalumab, avelumab),
and CTLA-4 (ipilimumab and tremelimumab). This
article will review the landmark studies that have led to
U.S. Food and Drug Administration (FDA) approval of
single-agent immunotherapy, combination immu-
notherapy (i.e., dual immunotherapy), and immu-
notherapy in conjunction with chemotherapy for the
treatment of patients with advanced NSCLC.

CLINICAL TRIALS WITH
SINGLE-AGENT IMMUNOTHERAPY

Nivolumab, a human IgG4 monoclonal antibody to
PD-1, was the first immune checkpoint inhibitor
approved by the FDA to treat patients with advanced
NSCLC.5 This drug prevents the interaction of PD-1,

a proinhibitory signal found on CD4 and CD8 T cells
and antigen-presenting cells,6 with its ligand (PD-L1
or PD-L2). The FDA approval of nivolumab was based
on the results of two phase III clinical trials involving
heavily pretreated patients with stage IIIB/IV NSCLC
(CheckMate 017 and CheckMate 057).7,8 In these
studies, patients were randomly assigned to receive
nivolumab monotherapy (3 mg/kg intravenously once
every 2 weeks) or docetaxel (75 mg/m2 intravenously
once every 3 weeks).

CheckMate 017 enrolled 272 patients with advanced
squamous cell NSCLC.7 In this study, nivolumab
conferred superior OS compared with docetaxel
(median OS, 9.2 months vs. 6.0 months, respectively;
p = .002). In CheckMate 057, 582 patients with non-
squamous NSCLC were enrolled,8 and OS was lon-
ger with nivolumab than with docetaxel (median OS,
12.2 months vs. 9.4 months, respectively; p, .001).
Nivolumab’s survival benefit persisted beyond 1 year,
as illustrated by an updated outcomes analysis of both
studies that reported a 2-year OS benefit with
nivolumab independent of disease histology. When
comparing nivolumab and docetaxel, OS was 23%
versus 8%, respectively, for squamous NSCLC and
29% versus 16%, respectively, for nonsquamous
NSCLC.9 Although PD-L1 expression was neither prog-
nostic for nor predictive of benefit for patients with
squamous cell carcinoma, the results of CheckMate
057 suggested that PD-L1 expression is a predictive
biomarker for response to nivolumab among patients
with nonsquamous NSCLC.7,8

Pembrolizumab is a humanized IgG4 monoclonal
antibody directed against PD-1. This therapy was

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on March
22, 2021, and
published at
ascopubs.org on May
13, 2021: DOI https://
doi.org/10.1200/
EDBK_321483

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook e105

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



initially approved for NSCLC by the FDA in October 201510

according to the results of KEYNOTE-010, a phase II/III
study that enrolled previously treated patients with ad-
vanced/metastatic NSCLC whose tumors expressed PD-L1
on at least 1% of the cells (i.e., a tumor proportion score
[TPS] � 1%).11 The results demonstrated a survival benefit
of pembrolizumab compared with docetaxel (median OS,
12.7 months vs. 8.5 months, respectively; p , .001). Also,
a more pronounced survival benefit was noted among
patients whose tumors had a PD-L1 TPS � 50% (median
OS, 17.3 months vs. 8.2 months for pembrolizumab vs.
docetaxel).

Five months before KEYNOTE-010 completed its accrual,
a study started that assessed the use of pembrolizumab in
the front-line setting for patients with untreated advanced
NSCLC with a PD-L1 TPS � 50% (KEYNOTE-024).12 This
study, an open-label phase III trial, investigated the role of
first-line pembrolizumab monotherapy (200 mg in-
travenously given every 3 weeks) versus investigator’s
choice of platinum-based chemotherapy. Three hundred
five patients with tumor PD-L1 TPS � 50% without
actionable mutations in ALK or EGFR were treated until
disease progression occurred.12 Pembrolizumab therapy

conferred improved progression-free survival (PFS) and OS.
The median PFS was 10.3 months versus 6.0 months for
pembrolizumab versus platinum-based chemotherapy (p,
.001).12 On the basis of these findings, pembrolizumab was
approved by the FDA in October 2016 for the front-line
treatment of patients with advanced NSCLC with tumor
PD-L1 expression � 50%.10 Recently, trial updates were
published demonstrating a continued survival benefit for
patients treated with pembrolizumab monotherapy (median
OS, 30 months vs. 14.2 months for pembrolizumab vs.
platinum-based chemotherapy).13

In parallel with KEYNOTE-024, another multi-institutional,
randomized, phase III trial assessing the role of first-line
pembrolizumab monotherapy for NSCLC with PD-L1 TPS
� 1% started enrolling patients (KEYNOTE-042).14 In this
study, 1,274 patients were assigned to receive pem-
brolizumab (200 mg intravenously once every 3 weeks)
or chemotherapy (paclitaxel/carboplatin or pemetrexed/
carboplatin). The primary endpoint was OS for patients
across three PD-L1 TPS populations: � 50%, � 20%, and
� 1%. Of note, 599 patients (47%) had PD-L1 TPS� 50%,
and 818 patients (64%) had PD-L1 TPS � 20%. Patients
with PD-L1 TPS � 50% were accounted for in the PD-L1
TPS� 20% group. PD-L1 expression was determined by an
immunohistochemistry assay using the PD-L1 immuno-
histochemistry pharmDx assay. The median OS was sig-
nificantly longer in the pembrolizumab arm than the
chemotherapy arm for all three TPS populations (respective
OS times for the subgroup with TPS PD-L1 � 50% was
20.0 months vs. 12.2 months [p = .0003],� 20% was 17.7
months vs. 13.0 months [p = .002], and � 1% was 16.7
months vs. 12.1 months [p = .0018]).14 This study led to
FDA approval of single-agent pembrolizumab for first-line
treatment of unresectable stage III or IV NSCLC with PD-L1
TPS � 1% and no actionable mutations.10

Atezolizumab is a fully humanized IgG1 monoclonal anti-
body that targets PD-L1.15 PD-L1 expression is found on
antigen-presenting cells, T cells, B cells, and nonhemato-
poietic cells, including tumor cells.6 Two studies demon-
strated a survival benefit with the use of atezolizumab
monotherapy for patients with advanced/metastatic NSCLC
who had received at least one prior therapy.16,17 The
POPLAR and OAK studies, phase II and III clinical trials,
respectively, both investigated the efficacy and safety of
atezolizumab 1,200 mg versus docetaxel 75 mg/m2, both of
which were given every 3 weeks, among patients with ad-
vanced/metastatic NSCLC who received at least one prior
therapy. All patients in this study had previously been treated
with a platinum doublet before enrollment.

The POPLAR study enrolled 142 patients and demonstrated
superior OS with the use of atezolizumab (median OS, 12.6
months vs. 9.7 months for atezolizumab vs. docetaxel;

PRACTICAL APPLICATIONS

• Immunotherapy consists of a class of drugs that
interact with the immune system to induce
cancer cell apoptosis. Monoclonal antibodies
against PD-1, PD-L1, and CTLA-4 are the most
commonly used immune checkpoint inhibitors
for patients with non–small cell lung cancer.

• Immune checkpoint inhibitors alone or in
combination with chemotherapy or in combi-
nation with other immune checkpoint inhibitors
should be the first-line treatment of choice for
patients with advanced non–small cell lung
cancer who do not have contraindications to
immunotherapy and whose tumors do not
harbor actionable driver mutations.

• The combination of immunotherapy with
platinum-based chemotherapy in the first-line
setting is beneficial regardless of tumoral PD-L1
status.

• The combination of ipilimumab and nivolumab
is approved for the treatment of patients with
advanced/metastatic non–small cell lung can-
cer whose tumoral PD-L1 is � 1% in the first-
line setting.

• Immunotherapy is generally better tolerated
than classic cytotoxic chemotherapeutic
agents.
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FIGURE 1. Schema of FDA-Approved Immunotherapy-Containing Regimens for Patients With Advanced NSCLC
(A) Treatments approved for use in the first-line setting. Regimens are listed according to histologic subtype and PD-L1 status. Treatments are organized in
chronologic order according to FDA approval dates. (B) Treatments approved for use in second-line therapy and beyond. Regimens are listed accordingly
to histologic subtype. Treatments are organized in chronologic order according to FDA approval dates.
Abbreviations FDA, U.S. Food and Drug Administration; NSCLC, non–small cell lung cancer; TPS, tumor proportion score.
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p = .04). Although investigators noted an OS benefit for all
patients independent of tumor PD-L1 expression level, there
was an increasing improvement in OS with increasing tumor
PD-L1 expression.17 Twenty days after the accrual was
completed for the POPLAR study, the OAK trial, the first
phase III study to investigate an anti–PD-L1 agent for ad-
vanced NSCLC, started accrual. This trial enrolled 1,225
patients, and the trial showed that atezolizumab significantly
improved OS compared with docetaxel (median OS, 13.8
months vs. 9.6 months; p = .0003).16 Interestingly, in the
OAK study, the OS benefit was independent of PD-L1 ex-
pression, and even patients with low or undetectable tumor
PD-L1 levels (PD-L1 � 1% in tumor-infiltrating immune
cells and tumor cells) had superior OS when treated with
atezolizumab rather than docetaxel (median OS, 12.6
months vs. 8.9 months, respectively; p = .0215).16

Given the encouraging results seen in the POPLAR and OAK
studies, a randomized, open-label, phase III trial assessing
first-line atezolizumab treatment among patients with
metastatic NSCLC whose tumor PD-L1 expression was
� 1% (assessed by Ventana PD-L1 [SP142] immunohis-
tochemistry) opened in July 2015 (IMpower110).18 The 572
patients enrolled in IMpower110 were assigned to receive
either atezolizumab 1,200 mg or platinum-based chemo-
therapy, both of which were given every 3 weeks. The
primary endpoint of this study was OS, and patients were
stratified by PD-L1 status (low, PD-L1 TPS� 1% or� 1% on
tumor-infiltrating immune cells; intermediate, PD-L1 TPS �
5% or� 5% on tumor-infiltrating immune cells; high, PD-L1
TPS � 50% or � 10% on tumor-infiltrating immune cells).
Compared with platinum-based chemotherapy, atezolizu-
mab resulted in significantly longer OS among patients
whose tumors had a high PD-L1 TPS (PD-L1 � 50%;
median OS, 20.2 months vs. 13.1 months for atezolizumab
vs. chemotherapy; p = .01).18 This trial led to FDA approval
in May 2020 of atezolizumab as a first-line treatment of
stage IV NSCLC (independent of histology) with PD-L1 TPS
� 50% without genomic alterations in EGFR or ALK, and
Ventana PD-L1 (SP142) immunohistochemistry was also
approved as a companion diagnostic for the selection of
patients for atezolizumab treatment according to PD-L1
expression.19

Cemiplimab is a high-affinity humanized PD-1 antibody that
was first approved by the FDA for the treatment of advanced
cutaneous squamous cell carcinoma in September 2018.20

Given its efficacy for cutaneous squamous cell carcinoma,
cemiplimab was investigated as a therapy for patients with
advanced NSCLC through the EMPOWER-Lung 1 study
between June 2017 and February 2020.20 This open-label,
phase III trial enrolled 710 treatment-naı̈ve patients with
advanced/metastatic NSCLC whose tumors had a PD-L1
level of � 50% (as indicated by the PD-L1 immunohisto-
chemistry 22C3 pharmDx) and did not harbor an EGFR,

ALK, or ROS1 mutations. Patients were randomly assigned
to treatment with cemiplimab 350 mg intravenously every
3 weeks or platinum-doublet chemotherapy (four to six
cycles, including cisplatin or carboplatin, plus paclitaxel,
pemetrexed, or gemcitabine).20 The primary endpoint of
this study was PFS, and cemiplimab conferred superior
PFS compared with platinum-doublet chemotherapy (8.2
months vs. 5.7 months, respectively; p , .0001). Cemi-
plimab use also resulted in improved OS compared with
chemotherapy (median OS, not reached vs. 14.2 months;
p = .002). Cemiplimab has a favorable safety profile
compared with platinum-doublet chemotherapy, with lower
rates of grade 3/4 treatment-related adverse events (28%
vs. 39%, respectively).20 A summary of these trials can be
found in Table 1.

CLINICAL TRIALS WITH COMBINED IMMUNOTHERAPY

Ipilimumab is a fully humanized monoclonal antibody di-
rected against CTLA-4. This drug was the first immune
checkpoint inhibitor to receive FDA approval in March 2011
for late-stage melanoma.21 Four years later, a combination
of ipilimumab and nivolumab was approved for the treat-
ment of BRAF V600 wild-type melanoma.5 Given the OS
benefit of this combination compared with ipilimumab alone
for the treatment of melanoma and the known efficacy of
nivolumab for the treatment of advanced NSCLC (Check-
Mate 017 and 057), first-line combined nivolumab and
ipilimumab was investigated to treat advanced NSCLC
(CheckMate 012).22,23

In this open-label, phase I trial, patients were assigned to
one of six cohorts, each with different schedules and doses
of the two drugs. In three cohorts, the toxicity was con-
sidered unacceptable, and in a fourth cohort with a lower
dose of nivolumab (1 mg/kg), clinical activity was consid-
ered suboptimal. Therefore, only the dosing schedules of
two cohorts were considered acceptable for continued
development. The first was nivolumab 1 mg/kg in-
travenously every 2 weeks plus ipilimumab 1 mg/kg in-
travenously every 12 weeks, and the second was nivolumab
3 mg/kg intravenously every 2 weeks plus ipilimumab
1mg/kg intravenously every 6 weeks. Seventy-eight patients
were assigned to receive therapy under one of these two
acceptable cohorts. The median PFS was 8.1 months
versus 3.9 months for the cohorts receiving ipilimumab
every 12 weeks versus every 6 weeks, respectively. The 1-
year OS was not reached in the cohort receiving ipilimumab
every 12 weeks and was 69% in the group receiving ipili-
mumab every 6 weeks.22 Grade 3/4 treatment-related ad-
verse events were similar between the two groups (37% vs.
33% for ipilimumab every 12 weeks vs. ipilimumab every
6 weeks).

CheckMate 227 (NCT02477826), an open-label, phase III
trial for treatment-naı̈ve patients with stage IV or recurrent
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NSCLC with PD-L1 TPS � 1%, investigated the role of
combination nivolumab and ipilimumab. Patients received
nivolumab 3 mg/kg intravenously every 2 weeks plus ipili-
mumab 1mg/kg every 6 weeks (deemed the N3I1 regimen),
nivolumab 240 mg intravenously every 2 weeks, or
platinum-doublet chemotherapy. Therapy was continued
until disease progression occurred or for up to 2 years in the
immunotherapy arms or for four cycles in the chemotherapy
arm.24 Among patients with PD-L1 TPS � 1%, N3I1 con-
ferred a significant OS benefit compared with platinum-
doublet chemotherapy (median OS, 17.1 months vs. 14.9
months, respectively; p = .007). Furthermore, the 1- and 2-
year PFS rates also favored combination immunotherapy
over chemotherapy (33% vs. 19% and 22% vs. 7% for
1 year and 2 years, respectively).

Among patients with tumor PD-L1 TPS , 1%, nivolumab
plus ipilimumab also conferred superior OS compared with
platinum-based chemotherapy (median OS, 17.2 months
vs. 12.2 months; HR, 0.62). There was no statistically
significant difference in PFS or OS between combination
immunotherapy and nivolumab monotherapy among pa-
tients with tumor PD-L1 TPS � 1% (median PFS, 5.1
months vs. 4.2 months, respectively; median OS, 17.1
months vs. 15.7 months, respectively). In an exploratory
analysis, tumor mutational burden (TMB) was examined as
a predictive biomarker (high TMB denoted as � 10 mu-
tations/Mb and low TMB as , 10 mutations/Mb), but it
failed to predict OS benefit among patients who re-
ceived combination immunotherapy versus chemother-
apy.24 Grade 3/4 toxicities were similar between nivolumab
plus ipilimumab and chemotherapy treatment arms (32.8%
vs. 36%, respectively). On the basis of these findings, in May
2020, the FDA approved combination immunotherapy with
nivolumab and ipilimumab in the front-line setting for pa-
tients with metastatic NSCLC whose tumor PD-L1 expres-
sion is � 1%.

Six months after CheckMate 227 started enrollment,
a phase II study assessing the efficacy and safety of nivo-
lumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg
every 6 weeks as first-line treatment of advanced/metastatic
NSCLC started accrual (CheckMate 568).25 In this single-
arm, open-label, phase II trial, investigators also examined
the association of efficacy with PD-L1 expression and TMB.
In this study, 288 treatment-naı̈ve patients received nivo-
lumab plus ipilimumab for 2 or more years, until disease
progression or unacceptable toxicity occurred. Patients
whose tumor had a positive PD-L1 expression (PD-L1 TPS
� 1%) had higher PFS compared with individuals with
negative tumor PD-L1 expression (median PFS, 6.8 months
vs. 2.8 months, respectively). Nonetheless, TMB seemed to
be a superior predictive biomarker for response compared
with PD-L1 expression, as higher objective response rates
were observed among patients with TMB � 10 mutations/

Mb regardless of PD-L1 levels. In patients whose tumor
TMB was high, the objective response rate was 48% and
47% for patients with PD-L1 TPS � 1% and PD-L1 TPS ,
1%, respectively. Patients with low TMB had an objective
response rate of 18% and 5% with PD-L1 TPS � 1% and
PD-L1 TPS , 1%, respectively. Furthermore, the median
PFS was longer among patients with TMB � 10 mutations/
Mb than among those with, 10 mutations/Mb (7.1 months
vs. 2.6 months, respectively). These data suggest that TMB
may serve as a biomarker of response to first-line nivolumab
plus ipilimumab.25

In 2013, a phase Ib trial (NCT02000947) assessing a novel
immunotherapy combination with durvalumab, an IgG1
antibody to PD-L1, and tremelimumab, a fully humanized
IgG2 antibody to CTLA-4, opened for accrual.26 The aim of
this study was to assess the tolerability and antitumor activity
of this combination among patients diagnosed with ad-
vanced NSCLC, and 102 patients were enrolled. The
combination of durvalumab 20 mg/kg with tremelimumab
1 mg/kg every 4 weeks conferred an overall response rate of
23% regardless of PD-L1 expression, with an acceptable
safety profile.26 Therefore, multiple phase III studies were
started to assess the potential of this novel combination for
the treatment of patients with NSCLC. To date, three phase
III trials (MYSTIC,27 NEPTUNE,28 and ARCTIC29) have failed
to demonstrate an OS or PFS benefit with the use of this
combination as a first-line treatment of patients with met-
astatic NSCLC.

In the phase III MYSTIC trial, 675 treatment-naı̈ve patients
with advanced NSCLC were randomly assigned to one of
three cohorts: (1) durvalumab 20 mg/kg every 4 weeks until
disease progression occurred, (2) durvalumab 20 mg/kg
every 4 weeks (up to 12 months) plus tremelimumab
1 mg/kg intravenously every 4 weeks (up to four cycles), or
(3) platinum-based chemotherapy up to six cycles. The
primary endpoint was PFS, and there was no statistically
significant difference in this outcome among the three
treatments (median PFS, 4.7 vs. 3.9 vs. 5.4 months for
durvalumab, durvalumab plus tremelimumab, and che-
motherapy, respectively). Also, OS was similar for patients
treated with immunotherapy, immunotherapy combination,
or chemotherapy (median OS, 16.3 vs. 11.9 vs. 12.9
months, respectively). In an exploratory analysis, TMB was
measured in the blood (i.e., blood TMB), and a blood TMB
� 20 mutations/Mb was associated with superior OS for
patients treated with combination immunotherapy com-
pared with chemotherapy (median OS, 21.9 months vs. 10
months, respectively; HR, 0.49).27

In NEPTUNE (NCT02542293), a phase III trial investigating
durvalumab 20mg/kg every 4 weeks (up to 12months) plus
tremelimumab 1 mg/kg intravenously every 4 weeks (up to
four cycles) versus platinum-based chemotherapy for the
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first-line treatment of patients with advanced NSCLC, the
blood TMB was investigated as a predictive biomarker.28

The primary endpoint was OS among patients with high
blood TMB (� 20 mutations/Mb). Unfortunately, NEPTUNE
did not meet its primary endpoint, and final results are still
pending publication.

ARCTIC (NCT02352948), a phase III trial that studied heavily
pretreated patients (at least three lines of therapy) with met-
astatic NSCLC compared durvalumab with or without trem-
elimumab to standard-of-care (SOC) treatment.29 This trial had
two substudies. In substudy A, patients with tumor PD-L1 TPS
� 25% were randomly assigned to receive durvalumab
10mg/kg every 2weeks (up to 12months) or SOC. In substudy
B, patients with tumor PD-L1 TPS, 25% received one of four
regimens: durvalumab plus tremelimumab (durvalumab
20 mg/kg plus tremelimumab 1 mg/kg every 4 weeks
[tremelimumab up to 12 weeks] followed by durvalumab
10 mg/kg every 2 weeks for 34 weeks), SOC, durvalumab
(20 mg/kg every 4 weeks), or tremelimumab (10 mg/kg every
4 weeks for 24 weeks followed by every 12 weeks for 24
weeks). In substudy A, durvalumab monotherapy provided
a survival benefit compared with SOC among patients whose
tumors had PD-L1 TPS � 25% (median OS, 11.7 months vs.
6.8 months; HR,0.63). However, in substudy B, durvalumab
plus tremelimumab failed to show anOS or PFS benefit among
patients whose tumors hadPD-L1 TPS, 25%.29 All combined
immunotherapy trial results are summarized in Table 1.

CLINICAL TRIALS WITH CHEMOIMMUNOTHERAPY

KEYNOTE-189, a double-blind, phase III trial, randomly
assigned 616 treatment-naı̈ve patients with nonsquamous
NSCLC to receive one of two regimens: pembrolizumab
(200 mg) plus pemetrexed and a platinum-based drug
every 3 weeks for four cycles, followed by pembrolizumab
plus pemetrexed maintenance for up to 35 total cycles, or
placebo plus pemetrexed and a platinum-based drug for
four cycles, followed by placebo plus pemetrexed mainte-
nance for up to 35 total cycles status.30 Primary endpoints
were OS and PFS, and randomization was stratified
according to PD-L1 expression (TPS � 1% vs. , 1%).
Triplet therapy (platinum drug, pemetrexed, and pem-
brolizumab) conferred superior PFS and OS compared with
platinum drug plus pemetrexed (median PFS, 8.8 months
vs. 4.9 months, p , .001, respectively; median OS, 22
months vs. 10.7 months, p , .001, respectively). This
benefit was independent of PD-L1 status.30 On the basis of
these findings, the FDA granted regular approval for
pembrolizumab in combination with chemotherapy for the
first-line treatment of metastatic nonsquamous NSCLC in
August 2018.31

To explore the combination of chemotherapy with immu-
notherapy for squamous NSCLC, KEYNOTE-407, a phase III
trial for treatment-naı̈ve patients with metastatic squamous

NSCLC, randomly assigned individuals to receive a platinum
drug plus paclitaxel or nanoparticle albumin-bound– (nab-)
paclitaxel with either pembrolizumab 200 mg or placebo
every 3 weeks for the first four cycles, followed by either
pembrolizumab or placebo for up to 35 cycles. The primary
endpoints were OS and PFS. This study showed that
chemoimmunotherapy conferred a superior PFS and OS
compared with platinum-based chemotherapy (median
PFS, 6.4 months vs. 4.8 months, p , .001, respectively;
median OS, 15.9 months vs. 11.3 months, p , .001, re-
spectively). Furthermore, as previously noted in KEYNOTE-
189,30 the addition of pembrolizumab to platinum-doublet
chemotherapy prolonged OS regardless of PD-L1 expression.32

Preclinical data with vascular endothelial growth factor in-
hibitors, such as bevacizumab, suggest that vascular en-
dothelial growth factor inhibitors have biologic off-target
immunomodulatory effects, and the efficacy of immuno-
therapeutics may be enhanced by the combination of angio-
genesis inhibitors with immunotherapy.33,34 IMpower150, an
open-label, phase III study, evaluated ABCP (atezolizumab,
bevacizumab, carboplatin, and paclitaxel), BCP (bevacizumab,
carboplatin, and paclitaxel), and ACP (atezolizumab, carboplatin,
and paclitaxel) among treatment-naı̈ve patients with non-
squamous metastatic NSCLC.35 A small number of patients
whose tumors harbored an EGFR orALK genomic alterationwere
allowed to participate if they developed disease progression with
or had unacceptable side effects from treatment with at least one
approved tyrosine kinase inhibitor. Nonetheless, a protocol
amendment was made with the decision to exclude patients with
EGFR or ALK genomic alterations from the primary analysis
according to data showing that, with respect to PFS and OS, the
benefits of monotherapy with PD-L1 inhibitors or PD-1 inhibitors
as second-line or later therapy were similar to the benefits with
chemotherapy in these patients. Therefore, primary endpoints
were PFS and OS for patients whose tumors had a wild-type
genotype (i.e., noEGFRorALK alterations) andhigh expression of
effector T-cell gene signature, also known as the effector
T-cell–highwild-type (T-cell–highWT) population. In thewild-type
population (with or without an effector T-cell gene signature), the
median PFS was 8.3 months versus 6.8 months in the ABCP
versus BCP cohorts, respectively (p , .001). In the effector
T-cell–high WT population, the median PFS was 11.3 months
versus 6.8 months, respectively (p, .001). Furthermore, ABCP
resulted in longer OS in the wild-type population (with or without
an effector T-cell gene signature); median OS, 19.2 months
versus 14.7months for ABCP and BCP, respectively; p = .02). In
an exploratory analysis, including 80 patients whose tumors
harbored an EGFR mutation or an ALK rearrangement, ABCP
conferred superior PFS compared with BCP (median PFS, 9.7
months vs. 6.1 months, respectively; HR, 0.59). Also, in a sub-
group of patients with low or negative PD-L1 (PD-L1 TPS, 1%),
ABCP resulted in longer PFS than BCP (median PFS, 8.0 vs. 6.8
months, respectively; HR, 0.68). The results for the ACP group
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have not yet been published. These data demonstrated that
quadruple therapy (carboplatin, paclitaxel, atezolizumab, and
bevacizumab combination) resulted in improved PFS and OS for
treatment-naı̈ve patients with nonsquamous NSCLC, irrespective
of PD-L1 level or EGFR and ALK genetic alterations.35

IMpower130, an open-label, phase III trial for treatment-
naı̈ve patients with nonsquamous metastatic NSCLC, ex-
amined the role of atezolizumab (1,200 mg every 3 weeks)
in combination with nab-paclitaxel and carboplatin every
3 weeks (for four to six cycles) followed by atezolizumab
maintenance versus nab-paclitaxel and carboplatin alone
every 3 weeks (for four to six cycles) followed by supportive
care or pemetrexed maintenance every 3 weeks.36 Patients
whose tumors harbored an EGFR or ALK genomic alteration
were allowed to participate if they developed disease pro-
gression or did not tolerate treatment with at least one
approved tyrosine kinase inhibitor. Primary endpoints were
PFS and OS, with stratification by sex, baseline liver me-
tastases, and PD-L1 expression. The addition of atezoli-
zumab provided clinically meaningful benefit for both
primary endpoints (OS, 18.6 months vs. 13.9 months, re-
spectively [p , .0001]; PFS, 7.0 months vs. 5.5 months,
respectively [p = .033]).36 However, a subgroup analysis
demonstrated that the addition of atezolizumab for the
treatment of patients with baseline liver metastasis or in
patients whose tumors harbored an EGFR or ALK genomic
alterations was not associated with an improved OS com-
pared with carboplatin and nab-paclitaxel alone.36 In contrast
with the results of IMpower130, a phase III trial assessing
the addition of atezolizumab to carboplatin and nab-paclitaxel
(IMpower131) in treatment-naı̈ve patients with metastatic
squamous NSCLC failed to demonstrate OS improvement with
triplet therapy (atezolizumab, carboplatin, nab-paclitaxel).37 Yet,
in this study, the addition of atezolizumab to platinum-based
chemotherapy was associated with superior PFS (median PFS,
6.3 months vs. 5.6 months; p = .0001).37

POSEIDON (NCT03164616) is an open-label, phase III trial
that is actively recruiting treatment-naı̈ve patients with
NSCLC to determine the efficacy and safety of three regi-
mens—durvalumab plus tremelimumab combination
therapy plus SOC chemotherapy versus durvalumab plus
SOC versus SOC alone.38 In an interim analysis released to
the press, investigators reported that this study met its
primary endpoint, with a statistically significant improve-
ment in PFS with durvalumab plus SOC compared SOC
alone, and it also met its secondary endpoint of PFS benefit
with the triplet (durvalumab, tremelimumab, and SOC)
compared with SOC alone.38 The final results remain to be
published.

To enhance benefit and provide rapid disease control,
CheckMate 9LA, an open-label, phase III trial, investigated
the role of limited platinum-based doublet chemotherapy

(two cycles) with combination immunotherapy (nivolumab
and ipilimumab) for advanced NSCLC.39 In this study, 719
patients were assigned to receive nivolumab and ipili-
mumab and platinum-based chemotherapy (nivolumab
360 mg every 3 weeks plus ipilimumab 1 mg/kg every
6 weeks with two cycles of histology-based platinum-based
chemotherapy) or chemotherapy alone (four cycles of
platinum-based chemotherapy). The primary endpoint of
this study was OS. At a preplanned interim analysis, the
quadruple chemoimmunotherapy resulted in longer OS
compared with chemotherapy (median OS, 14.1 months vs.
10.7 months, respectively; p = .00065). The most common
grade 3/4 treatment-related adverse events were neu-
tropenia (7% vs. 9% for the chemoimmunotherapy cohort
vs. chemotherapy cohort, respectively), anemia (6% vs.
14%), diarrhea (4% vs. 1%), increased lipase (6% vs. 1%),
and asthenia (1% vs. 2%). Serious treatment-related ad-
verse events occurred among 30% of the patients treated
with chemoimmunotherapy versus 18% of patients treated
with chemotherapy.39 This landmark chemoimmunotherapy
trial led to FDA approval in May 2020 for the combination of
nivolumab plus ipilimumab and two cycles of platinum-
doublet chemotherapy as a first-line treatment of patients
with metastatic or recurrent NSCLC with no actionable ge-
nomic alterations.40

A summary of these trials can be found in Table 1.

ONGOING CLINICAL TRIALS AND FUTURE DIRECTIONS

Many exciting therapeutics are under active development
and clinical investigation (Table 2). Broad categories in-
clude the use of immunotherapy with oral small molecule
inhibitors (e.g., tyrosine kinase inhibitors); immunotherapy
with concurrent or sequential radiotherapy; immunotherapy
with tumor-infiltrating lymphocytes; and novel immuno-
therapy combinations, such as ipilimumab/nivolumab/
paclitaxel, pembrolizumab/ipilimumab, and cemiplimab/
ipilimumab. NKTR-214, a CD122-biased cytokine agonist
that promotes CD8+ T cell and natural killer cell activation, is
being investigated in combination with anti–PD-1 therapies
(e.g., nivolumab and pembrolizumab) for advanced solid
tumors, including NSCLC, in the PIVOT-02 trial.41 Ad-
ministration of CAR T cells against lung cancer–specific
antigens, such as mucin 1 (MUC1), MSLN, EGFR, and PD-
L1, are under clinical investigation and offer promise given
recent successes in hematologic malignancies.42

CONCLUSION

Given the recent surge of treatment successes and ad-
vances in thoracic oncology drug discovery, reviewing
available options and deciding on the best treatment for
a particular patient can be overwhelming (Fig. 1). Treatment
decisions between the provider and patient/family are a risk/
benefit discussion that involves strong considerations of
histology (nonsquamous vs. squamous), PD-L1 status (TPS
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� 50%, � 1%, vs. , 1%), and lung cancer mutational
profiling (including actionable mutations or lack thereof).
Unique circumstances to review include a patient’s past
medical history, including a diagnosis of autoimmune dis-
ease; history of treatment-related adverse events; in-
tolerance to a particular therapy; organ transplantation;
chronic viral infections; presence of brain metastases;
and advanced age.43 Treatment-related adverse events,
including inflammation in vital organs, such as the skin
(dermatitis/rash), gastrointestinal system (colitis), liver
(hepatitis), pancreas (pancreatitis), lungs (pneumonitis),
heart (myocarditis/pericarditis), and brain (encephalitis/
meningoencephalitis), are possible with the use of immune
checkpoint inhibitors. Adverse events should be closely
monitored with common terminology criteria for adverse
events (i.e., Common Terminology Criteria for Adverse
Events) grading. Early appropriate interventions are
crucial to prevent fatal immune checkpoint inhibitor–
associated toxic effects.44,45

With the above-mentioned considerations in mind, in the
front-line setting, for patients with nonsquamous and
squamous NSCLC with high tumoral PD-L1 (PD-L1 TPS �
50%) who are asymptomatic, have good performance
status and low disease burden, or have oligometastatic
disease, we favor single-agent immunotherapy (KEYNOTE-
024, IMpower110, EMPOWER-Lung 1). This treatment
strategy is associated with fewer side effects and lower costs
compared with combined immunotherapy or chemoim-
munotherapy. Conversely, for patients with NSCLC who
are experiencing clinically notable cancer-related symp-
toms (i.e., hemoptysis, shortness of breath, cancer-related
pain) or have bulky disease requiring faster response, we
favor combined chemoimmunotherapy (KEYNOTE-189,
KEYNOTE-407, IMpower150, IMpower 130, CheckMate
9LA), regardless of PD-L1 status. For patients with high
tumoral TMB (TMB . 10 mut/MB), combined immunother-
apy (CheckMate 227) might be considered instead of single-

agent immunotherapy or chemoimmunotherapy, provided
that patients are not substantially symptomatic from their
malignancy. If they have substantial cancer-related symp-
toms and a high tumoral TMB, combination immuno-
therapy with chemotherapy (CheckMate 9LA) may be
preferred. Also, in patients with a nonsquamous histol-
ogy, we favor pemetrexed-containing regimens instead of
taxane-containing ones, given the higher tolerability of the
former. However, for patients with nonsquamous NSCLC
whose tumors harbor EGFR or ALK alterations or PD-L1 TPS
, 1% and who have a high burden of liver metastases,
quadruple therapy with carboplatin, paclitaxel, atezolizu-
mab, and bevacizumab (IMpower150) may be considered
instead of other regimens, provided the patients have ex-
cellent clinical performance status. Finally, for patients with
fair performance status (Eastern Cooperative Oncology
Group performance status of � 2) and whose tumor PD-L1
TPS is� 1%, single-agent immunotherapy (KEYNOTE-042)
may be considered. It is also important to consider treat-
ment under available clinical trials, which helps expand and
better develop new treatment options for patients with ad-
vanced NSCLC.

The innovation of immunotherapy has ushered in an array of
effective treatment options in the field of oncology and, in
doing so, has raised the bar for the management of met-
astatic NSCLC. Advances with immunotherapy have offered
patients with lung cancer substantial improvements in
survival and quality of life. It is our hope that this is only the
beginning of a new era in reframing the landscape of the
fight against lung cancer.
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GENITOURINARY CANCER—PROSTATE, TESTICULAR, AND PENILE

Differences in Toxicity and Outcomes in Clinical
Trial Participants From Minority Populations
Matthew Labriola, MD,1,2 and Daniel J. George, MD1,2

overview

Black men have a higher prevalence of and mortality rate from prostate cancer compared with White men and

have been shown to present with more aggressive and later-stage disease. How prostate cancer treatment

affects these racial disparities is still unclear. Several studies have shown that Black men who receive

treatment have amore pronounced decrease in prostate cancer–specific death; however, there remains a large

disparity in all-cause mortality. This disparity may be in part related to a higher risk of death resulting from

comorbidities, given the higher rates of cardiovascular disease and diabetes in Black men, both of which are

complicated by the use of androgen-deprivation therapy. To further understand these disparities, it is im-

portant that we analyze the racial differences in adverse event rates and severity. Increasing the percentage of

Black men in clinical trials will improve the understanding of the biologic drivers of racial disparities in

prostate cancer. To evaluate the potential differences in adverse event reporting and demonstrate the fea-

sibility of enrolling equal numbers of Black and White men in trials, we performed a prospective, multicenter

study of abiraterone plus prednisone with androgen-deprivation therapy in men with metastatic castration-

resistant prostate cancer, stratified by race. Racial differences in prostate-specific antigen kinetics and

toxicity profile were demonstrated. Higher rates and severity of adverse events related to adrenal hormone

suppression, including hypertension, hypokalemia, and hypomagnesemia, were seen in the Black cohort, not

previously reported. Increased enrollment of Black men in prostate cancer clinical trials is imperative to

further understand the impact of race on clinical outcomes and treatment tolerability.

BACKGROUND

Black men in the United States are 50%more prone to
develop prostate cancer in their lifetimes compared
with White men, and they die as a result of prostate
cancer at a rate greater than twice that among White
men.1 Access to care is a key driver in this disparity and
is complicated by many differentiating factors, in-
cluding those related to socioeconomics, education,
culture, and trust.2 Studies suggest that Black men
present with more aggressive and later-stage disease
and are more likely to develop disease recurrence after
local therapy and experience disease progression to
metastasis.1 What is not as clear, however, is how
treatment may affect these outcomes.

Numerous recent retrospective analyses have evalu-
ated the outcomes of Black and White men included in
clinical trials with either locally advanced or metastatic
castration-resistant prostate cancer to determine if
there are differences in efficacy outcomes. The first
analysis came in 2007, when a retrospective meta-
analysis of baseline characteristics of patients with
metastatic castration-resistant prostate cancer par-
ticipating in cooperative group studies revealed
a modest survival advantage associated with men
who self-identified as Black.3,4 This association of race

with outcome was independently confirmed through
a much larger meta-analysis of nine phase III trials of
docetaxel-based regimens in men with metastatic
castration-resistant prostate cancer, demonstrating
in multivariable analysis a 19% reduction in the risk
of death associated with docetaxel treatment in self-
described Black men.4 Subsequently, a prospective
observational cohort study of sipuleucel-T, an au-
tologous cellular immunotherapy approved by the
U.S. Food and Drug Administration for treatment of
men with metastatic castration-resistant prostate can-
cer, demonstrated a clinically significant 40% im-
provement in survival for Black men compared with
White men, after adjustment for known prognostic
factors (p = .001).5,6 In addition, a meta-analysis of
randomized controlled trials by the National Radiation
Oncology Group revealed that Black men had a lower
hazard ratio for prostate cancer–specific death com-
pared with White men during the studies.7 Nonetheless,
a large disparity remained in all-causemortality for Black
men with nonmetastatic prostate cancer.

The higher all-cause mortality for Black men with
advanced prostate cancer has been attributed in part
to a higher risk of death resulting from comorbidities.
Black men have the highest rates of cardiovascular

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on March
18, 2021, and
published at
ascopubs.org on
April 30, 2021:
DOI https://doi.org/
10.1200/EDBK_
319899

e128 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



mortality compared with other ethnicities in the United
States.8 In regard to patients with prostate cancer, Black
men have been shown to present with a greater comorbidity
index (9%) compared with White men (4.6%) before initi-
ating treatment.8 However, the extent to which prostate
cancer treatment, particularly androgen-deprivation therapy
(ADT) and novel androgen receptor inhibitors, contributes to
this disparity is unknown.

ADT has been linked to higher incidence of diabetes, hy-
pertension, and metabolic syndrome leading to an increase
in cardiovascular mortality.8 In a large cohort study, the 5-
year cumulative incidence of death resulting from cardio-
vascular disease was 5.5% in patients who received ADT
compared with 2.0% in patients who did not receive ADT.8

To understand if there were racial differences in cardio-
vascular morbidity and mortality in patients receiving ADT,
Gandaglia et al9 analyzed more than 140,000 patients with
nonmetastatic prostate cancer in the Surveillance, Epide-
miology, and End Results database, comparing cardio-
vascular outcomes in those who received ADT versus those
who were ADT naı̈ve. The 10-year rates of coronary artery
disease, acute myocardial infarction, and sudden cardiac
death were evaluated. When broken down by race, the
study demonstrated a hazard ratio of 1.41 (95% CI, 1.32–
1.51; p , .001) for incidence of sudden cardiac death in
Black men who received ADT compared with White patients

who received ADT, with no difference in coronary artery
disease (HR, 0.95) or acute myocardial infarction (HR,
1.02).8 However, in a similar analysis of those with meta-
static prostate cancer who received ADT, Black men did not
show an increase in overall cardiovascular mortality com-
pared with White men (HR, 1.15; 95% CI, 0.96–1.38).8

With regard to glycemic control, ADT has been associated
with decreased insulin sensitivity and increased develop-
ment of diabetes.8 In a retrospective analysis of 7,500
patients with previously diagnosed diabetes treated with
ADT, nearly 20% of men treated with ADT had an increase
in hemoglobin A1c by greater than 1.0 percentage points,
compared with only 12% of men who did not receive ADT,
leading to an increased need for additional diabetes
medications.8 Although Black and White men were affected
equally in this cohort, Black men have a higher prevalence
of both diabetes and obesity thanWhite men. On the basis of
a database analysis of nearly 5 million patients in the United
States, the age-standardized diabetes prevalence was
21.4% in Black patients compared with 12.2% in White
patients.8 Therefore, given the higher prevalence of diabetes
in Black patients, the adverse effects of ADT will have
a disproportionate impact on the Black population. It is hoped
that further long-term prospective analysis of cardiovascular
morbidity and mortality in response to ADT, including results
from the RADICAL-PC trial,8 will identify racial differences in
the toxicity profile and elucidate strategies to mitigate car-
diovascular risk resulting from ADT.

DISCUSSION

How can we better understand the differences in adverse
event rates and severity associated with prostate cancer
treatment and race? First, the number and percentage of
Black men participating in phase III trials should be im-
proved. In the Halabi et al4 meta-analysis, only 6% of
participants were Black, compared with the Dess et al7

multiple cohort analysis, in which Black men made up
38.1% of Veterans Affairs participants and 17.8% of ran-
domized controlled trial participants. Improving enrollment
in phase III trials for regulatory approval would significantly
enhance our understanding of how Black men not only
respond to and benefit from treatment interventions but also
tolerate them. Liberalizing inclusion criteria to allow patients
with less-than-optimal functional status and comorbid
conditions would better approximate the real-world patients
for whom these treatments are ultimately intended. Second,
the collection and reporting of comorbidity outcomes in
these studies should be prioritized.

Considerable work has been done to retrospectively eval-
uate the efficacy outcomes associated with prostate cancer
treatments by race, but few of these efforts have evalu-
ated or acknowledged the potential for differences in ad-
verse event reporting by race. To begin to address these

PRACTICAL APPLICATIONS

• Black men have a higher incidence of and
mortality from prostate cancer and present with
more aggressive and later-stage disease; how-
ever, how treatment affects these racial dis-
parities is still unclear.

• Black men have been shown to have lower
prostate cancer–specific mortality but higher
all-cause mortality, which could be attributed to
comorbid conditions that are exacerbated by
therapy.

• To further understand racial disparities in
prostate cancer, more Black men need to be
enrolled in clinical trials at all levels, especially
phase III trials.

• Our prospective, multicenter study of abirater-
one plus prednisone with androgen-deprivation
therapy in men with metastatic castration-
resistant prostate cancer, stratified by race,
showed racial differences in prostate-specific
antigen kinetics and toxicity profile.

• Black men had higher rates and severity of
adverse events related to adrenal hormone
suppression compared with White men.
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challenges, demonstrate the feasibility of enrolling equal
numbers of Black andWhite men, and generate pilot data to
prospectively evaluate possible differences in efficacy as
well as adverse event rates, we performed a prospective,
multicenter study of abiraterone plus prednisone with ADT
in men with metastatic castration-resistant prostate cancer,
stratified by race.10

Differences in prostate-specific antigen kinetics were seen
across various time points and thresholds by race. Black
men had a median time to prostate-specific antigen pro-
gression of 16.6 months (95% CI, 11.6 to not reached),
whereas White men had a median of 11.5 months (95% CI,
8.5–19.3), similar to prior retrospective reports.11 The es-
timated rates of prostate-specific antigen decline from
baseline by 30% or greater, 50% or greater, and 90% or
greater were 82%, 74%, and 48%, respectively, in Black
men and 78%, 66%, and 38%, respectively, in White men.
Black men also had a lower rate of no prostate-specific
antigen decline as the best response (4%; 95% CI, 0.004–
0.14) compared withWhitemen (10%; 95%CI, 0.03–0.21).

The best prostate-specific antigen decline to less than
0.1 ng/mL was observed in 18% of Black men, and the best
prostate-specific antigen decline to less than 0.2 ng/mL was
observed in 26% of Black men. In White men, the rates of
best prostate-specific antigen decline to less than 0.1 and
less than 0.2 ng/mL were 8% and 10%, respectively. None
of these results were significant, given the small sample size,
but they warrant further validation.

Importantly, we also observed differences in toxicity profile
by race, not previously reported. The most common adverse
events (� 10.0%) reported during study are shown in Fig. 1.
Overall, the toxicity profile was similar to prior reports;
however, the incidence of some toxicities seemed to vary by
racial cohort. Black and White men, respectively, reported
different rates of fatigue (26.0% and 42.0%), cough (18.0%
and 30.0%), headache (6.0% and 18.0%), falls (8.0% and
14.0%), vomiting (6.0% and 16.0%), peripheral edema
(26.0% and 16.0%), constipation (28.0% and 10.0%),
anorexia (20.0% and 4.0%), hot flashes (20.0% and 2.0%),
and dyspepsia (14.0% and 6.0%).

FIGURE 1. Tornado Plot of Adverse Event Reporting From the Abi Race Study, Stratified by Race
Black cohort is represented by blue bars on the left, and White cohort is represented by orange bars on the right. Specific toxicities are represented by
name in the column on the left, with corresponding colored bars in light shading (for all-grade toxicity) and darker shades (for Common Terminology
Criteria for Adverse Events grade 3 or 4 events).
Abbreviation: AE, adverse event.
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Laboratory adverse events were similar to prior reports11;
however, these varied in incidence by racial cohort. Esti-
mated rates differed in Black and White men, respectively,
for hyperglycemia, both all grade (26.0% and 14.0%) and
grades 3 to 4 (10% and 4%). Estimated rates of hypoka-
lemia (34% and 20%) and hypomagnesemia (16% and
8%) also differed in Black and White men, respectively. In
particular, grade 3 to 4 rates of hypokalemia were more
frequent in Black than White men (12% and 4%). There
was no evidence of higher baseline screening rates of
electrolyte abnormalities, and diuretic antihypertensive
medications were not commonly used in either population.
Glucocorticoid use (prednisone) was mandated during
study (5 mg twice per day), although dose adjustments were
allowed at the discretion of the treating physician.

These outcome results for both efficacy and toxicity are
exploratory and limited by their number, with wide, over-
lapping confidence intervals. However, these differences in
adverse events by race, which may be clinically important,
including higher rates and severity of adverse events related
to adrenal hormone suppression (i.e., hypertension, hy-
pokalemia, and hypomagnesemia) in Black men compared
with White men, have not been previously recognized. If
confirmed, these results could support different thresholds
in monitoring andmanaging these important adverse events
by race. For instance, abiraterone plus prednisone has also
been studied using a lower starting dose of prednisone
(5 mg daily instead of 5 mg twice per day).12 Although

adverse event rates were similar with lower prednisone,
Black men were underrepresented in this study, largely
conducted in Europe and Canada. We also saw differences
in symptom reporting in patients by race (i.e., fatigue). To
what extent this was driven by differences in culture, ed-
ucation, or trust is unknown in our study, but further
prospective investigation is warranted. Finally, to what
extent African ancestry and specific allelic ancestry, more
so than self-identified race, factor into possible differ-
ences in efficacy and toxicity outcomes is not known, but
we are beginning to explore this in parallel by collecting
germline DNA.

Finally, increased enrollment of Black men in prostate
cancer clinical trials at all levels, but especially in phase III
trials, is critical to better understanding what impact race
may have on clinical outcomes, both efficacy and safety/
tolerability. Potential strategies for improving enrollment of
people from minority populations into clinical trials include
hiring race-concordant patient navigators,13 establishing
programs to limit the financial burden of clinical trial
participation,14 and engaging community programs to
change perceptions of clinical trials and establish trust.15

Another unique strategy would be to leverage technology,
including the use of social media, to recruit more partici-
pants from minority populations into clinical trials. Efforts to
increase accrual of patients from minority populations
should focus on both assessments and patient-reported
outcomes.
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DEVELOPMENTAL THERAPEUTICS—MOLECULARLY TARGETED AGENTS AND TUMOR BIOLOGY

Moving Beyond 3+3: The Future of Clinical
Trial Design
Razelle Kurzrock, MD1; Chia-Chi Lin, MD, PhD2; Tsung-Che Wu, MD2; Brian P. Hobbs, PhD3; Roberto Carmagnani Pestana, MD4; and

David S. Hong, MD5

overview

Misgivings have been raised about the operating characteristics of the canonical 3+3 dose-escalation phase I

clinical trial design. Yet, the traditional 3+3 design is still the most commonly used. Although it has been

implied that adhering to this design is due to a stubborn reluctance to adopt change despite other designs

performing better in hypothetical computer-generated simulation models, the continued adherence to

3+3 dose-escalation phase I strategies is more likely because these designs perform the best in the real world,

pinpointing the correct dose and important side effects with an acceptable degree of precision. Beyond

statistical simulations, there are little data to refute the supposed shortcomings ascribed to the 3+3 method.

Even so, to address the unique nuances of gene- and immune-targeted compounds, a variety of inventive

phase 1 trial designs have been suggested. Strategies for developing these therapies have launched first-in-

human studies devised to acquire a breadth of patient data that far exceed the size of a typical phase I design

and blur the distinction between dose selection and efficacy evaluation. Recent phase I trials of promising cancer

therapies assessed objective tumor response and durability at various doses and schedules as well as incorporated

multiple expansion cohorts spanning a variety of histology or biomarker-defined tumor subtypes, sometimes

resulting in U.S. Food and Drug Administration approval after phase I. This article reviews recent innovations in

phase I design from the perspective of multiple stakeholders and provides recommendations for future trials.

PHASE I CLINICAL TRIAL DESIGN: THE CASE FOR 3+3

Background

Phase I clinical trials include first-in-human trials as
well as first-time use of experimental or approved drugs
in novel combinations. Historically, the primary ob-
jective of a phase I oncology trial was to define max-
imum tolerated dose (MTD), which is then the dose
used for phase II efficacy studies. More recently,
emphasis has been placed on defining the recom-
mended phase II dose of a new drug or multiagent
combination. The recommended phase II dose is often
lower than the MTD because the MTD is defined in
a 4-week window, whereas toxicities, especially of gene-
and immune-targeted drugs, may emerge with chronic
use; furthermore, grade 2 side effects such as diarrhea
or mucositis, which may be tolerable for a short period
of time, can become intolerable with ongoing dosing.
Complicating the matter is the fact that, just a few
decades ago, phase I trials were considered toxicity
trials only, and whether they had a therapeutic ob-
jective was a matter of debate. However, in the last
15 years, as more potent anticancer drugs have been
developed, it is has become apparent that phase I trials
have definitive therapeutic objectives,1 and several
phase I trials have now even led to U.S. Food and Drug
Administration (FDA) approval.2,3

Design of 3+3 Phase I Clinical Trials

The traditional 3+3 design was originally introduced in
the 1940s4 and further described by Storer in 19895 as
well as others.6 In a “3+3 design,” three patients are
initially enrolled into a given dose cohort. If there is no
dose-limiting toxicity (DLT) seen in any of these par-
ticipants, the trial proceeds to enroll additional par-
ticipants into the next higher dose cohort.7,8 Dose-
limiting toxicities are generally defined as clinically
relevant toxicities grade 3 or higher by the Common
Terminology Criteria for Adverse Events. If one patient
manifests a DLT at a specific dose, an additional three
individuals are accrued into that same dose cohort.
Development of DLTs in two or more out of six patients
at a specific dose level indicates that theMTD has been
exceeded; further dose escalation is not pursued, and
the prior dose level is expanded to six patients; if there is
nomore than one patient who experiences aDLT among
those six patients, that dose level is considered theMTD.
The MTD is determined in the first cycle of therapy
(often about 4 weeks). The MTD is therefore defined as
the highest dose level in which six patients were treated
and, at most, one patient experienced a DLT during the
first cycle of therapy. If more than six patients are treated
at any dose level, theMTD is exceeded if more than one-
third of the patients experience a DLT.
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Dose Escalation in Phase I 3+3 Trials

Dose-escalation methodologies may be predetermined or
preferably adjusted to toxicity. The most frequently used
predetermined escalation rules use a modified Fibonacci
mathematical series to determine the amount of dose in-
crease for cohorts of sequentially enrolled patients. (Fibo-
nacci sequence is the sequence in which each number is
the sum of the two numbers that precede it.) The Fibonacci

series guarantees that dose increases are initially large, but
increments are smaller at higher dose levels.

Other (and in the authors’ opinion, better) ways to escalate
do not predetermine dose-escalation sequence, but rather
plan for toxicity-adjusted escalation. If, within a 3+3 design,
there were no toxicities (that are at least possibly drug-re-
lated) in the prior dose level, then the next escalation is by
100%; if the highest grade of toxicity was grade 1 in the prior
dose level, then the next escalation is by 50%; if the highest
grade of toxicity was grade 2, then the next dose escalation
is by 25%; if the highest grade of toxicity was grade 3 (or
higher), dose escalation is held, and the dose level is ex-
panded; and if less than one-third of the patients have
a toxicity of grade 3 or higher at the expanded dose level,
a further dose escalation of 25% occurs.

Simulated Reality (Models) Versus Reality

Phase I trials must prioritize safety while not compromising
efficiency. Statistical simulations have implied that a 3+3
design pinpoints MTD in as few as 30% of studies.9

Moreover, it has been claimed that this dose-escalation
method can result in a high proportion of participants re-
ceiving treatment at subtherapeutic doses.10 Indeed, many
alternative designs limit the number of patients per dose
level. The purpose of this limitation is to avoid exposing
patients to subtherapeutic doses. However, the reality is
that these designs result in much fewer patients enrolled
over the first few months of the trial. Indeed, it has been
claimed that a cohort size of one patient will provide better
operating characteristics than dosing several patients si-
multaneously at a dose level11; optimal dosing is then
calculated by complex mathematical formulas. However,
in the real world, such strategies are suboptimal, and the
concerns regarding 3+3 designs are often not valid for the
following reasons:

(1) Gaining experience with a drug requires treating pa-
tients with that drug; in accelerated titration or contin-
uous reassessment designs, only one patient may be
treated per dose level. Because the next dose level is
started when patients at the previous dose level have
completed the first cycle of safety monitoring (usually
about 4 weeks), for drugs with minimal toxicity at low
doses, six or fewer patients will be treated 6 months into
the study. Very little can be learned from such a small
number of patients. In contrast, in the 3+3 design, up to
18 patients will have been treated in the same 6-month
period.

(2) In the modern era, one of the most important objectives
of phase I trials involve finding therapeutic signals;
finding response signals is more likely if more patients
are treated.

(3) With newer targeted drugs, patients exposed to higher
doses do not fare better.12

PRACTICAL APPLICATIONS

• In contemporary phase I trials, which often
include drugs developed with a deep un-
derstanding of biology and with the use of
biomarkers to select patients, one of the most
important objectives involves finding thera-
peutic signals. Response signals can be better
identified if more patients are treated on early-
phase trials.

• Early-phase trials with greater numbers of pa-
tients also better identify the spectrum of clin-
ically relevant toxicities.

• Alternative phase I designs that use accelerated
escalation often decrease the number of pa-
tients on phase I trials, purportedly to minimize
the number of patients receiving sub-
therapeutic dosing. However, the issue of
subtherapeutic dosing can be overcome by
permitting intrapatient dose escalation. Fur-
thermore, in the era of targeted and immune
therapies, evidence suggests that patients on
lower doses in early-phase studies do not
fare worse.

• There are several rule-based designs, such as
traditional 3+3, accelerated titration, pharma-
cologically guided dose escalation, and interval
3+3, in oncology phase I trials.

• There are two main Bayesian designs, the
model-based design and the model-assisted
design, in oncology phase I trials. Continual
reassessment method (plus escalation with
overdose control) and efficacy-toxicity tradeoff
are two main model-based designs. Modified
toxicity probability interval and Bayesian opti-
mal interval are two main model-assisted de-
signs. Efficacy-toxicity tradeoff and Bayesian
optimal interval phase I/II best apply to seam-
less phase I/II trials of single agents and phase
Ib trials of drug-drug combinations.

• Expansion cohorts and telescoped trials, mov-
ing directly from phase I to phase II (and the-
oretically to phase III), expedite drug
development.
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(4) Adult patients with cancer entering a clinical trial may be
in their twenties or eighties; the doses tolerated will often
be much different, and current modeling does not take
these differences into account.

(5) When only one patient is treated at a dose level, proper
pharmacokinetic studies cannot be performed.

Notably, in an analysis of phase I trials over a 22-year period,
the majority of which used a 3+3 design, 70% of clinically
relevant toxicities found in later trials were described in the
phase I studies. Further, among 28,505 patients in later
trials, the death rate that was related to drug was only
1.41%, indicating that traditional phase I trials provide
strong safety data for later studies. The final dose approved
by the FDA was within 20% of the recommended phase II
dose in the majority of assessed drugs/trials. Importantly,
a significant relationship (p = .0032) was observed between
increasing the number of patients in phase I (up to 60) and
the ability to describe future clinically relevant toxicities was
observed.13 In contrast, newer phase I trial designs using
accelerated titration and/or continuous reassessment often
emphasize decreasing the number of patients, even in-
cluding only one patient per dose level.8 Taken together, the
ability to fulfill the objectives of phase I trials are the reason
why the 3+3 design remains popular.

Strategies for Optimizing Phase I 3+3 Designs

Although phase I 3+3 designs function remarkably well in
the real world, as noted above, there is still room for im-
provement/optimization. We suggest the following meth-
odologies for optimization:

(1) Use of toxicity-adjusted dose escalation, as described
above, rather than predetermined Fibonacci-related
schema. In this way, dose escalation depends on the
toxicities seen rather than a predetermined formula
divorced from the reality on the ground.

(2) Allow increases in the number of patients at each dose
level, because many phase I trials now show activity
and because prior studies demonstrate that increas-
ing the number of patients in phase I (rather than de-
creasing them) enhances the ability to accurately
describe clinically meaningful toxicities.13 Furthermore,
expanded phase I cohorts give a better sense of efficacy.
This can be done by allowing the entry of a set additional
number of patients to any dose level cohort already
proven safe; those additional patients can then also be
evaluated vis-a-vis toxicity, and if 33% or more of pa-
tients in any expanded cohort have greater than or equal
to grade 3 toxicity, the MTD is now set at the dose level
below that cohort (even if there has been prior higher
dose escalation).

Other more complex considerations may include permitting
intrapatient dose escalation after a predefined period on the
entered dose level, in cases in which there is good reason to

believe that higher dose levels are showing efficacy, and
using pharmacokinetic drug levels to adjust doses in indi-
vidual patients. Furthermore, for gene- and immune-
targeted agents, extending the DLT window beyond the
first cycle (approximately 4 weeks) is essential because of
the importance of late toxicities; however, it is critical that
this be done by observing and counting toxicities beyond the
DLT window without holding up dose escalation, because
the latter would tremendously slow down finishing the
phase I trial and would not enhance safety, as these trials
already have an extremely small death rate at least pos-
sibly related to drug (0.49% in a study of 11,935 phase I
participants).14,15 Finally, an important effort involving
telescoped trials that segue directly from phase I to phase
II expansion cohorts has emerged, saving time creating
and approving new studies and allowing activity to be
determined in the setting of an expanded phase I trial, with
drugs such as selpercatinib targeting RET alterations
being an ideal example of such a strategy.16,17

PHASE I TRIAL DESIGN: BAYESIAN PERSPECTIVE ON
PHASE I TRIAL DESIGN

The traditional 3+3 design had been the most widely
adapted design for phase I oncology drug development.18,19

However, multiple new designs have been proposed.

Bayesian Designs

Bayesian designs are based on the principle of Bayes
theorem.20 According to previous knowledge, experience, or
a simple guess, an estimation of the prior probability dis-
tribution could be made.21 When the clinical trial is in
progress, the information accumulates as each patient is
enrolled, and certain outcomes (e.g., DLT and efficacy
endpoint) are present or absent at the received dose level.
Integrating the prior probability distribution and accumu-
lating information, a new estimation of probability distri-
bution, the posterior probability distribution, could be made
by Bayesian inference. Iterating with the information-
updating process, posterior probability distribution with
better precision will be achieved. According to the ways of
incorporating statistical models in clinical trials, there are
two categories of phase I Bayesian design: model-based
and model-assisted designs (Table 1).22

Model-Based Designs

Model-based designs are earlier Bayesian designs to be
applied in phase I trials. There was a prespecified statistical
model, but no predetermined algorithm to follow. For ex-
ample, the dose level of which next-enrolled patient will be
treated is unknown unless the information about previous
patients could be integrated to model and the designs and
parameters are updated.28 Therefore, in model-based de-
sign, the intensive help from statisticians is mandatory, and
many clinicians have difficulties understanding the process.
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With more statistical labors, however, the gains are also
fruitful. Based on the underlying statistical model, the es-
timation of the whole probability distribution (e.g., dose-
toxicity curve), not only the single MTD, could be reached
with certain precision (Table 1).23

Continual Reassessment Method

The continual reassessment method is the most classic
Bayesian design in phase I trial. The most common choices
of the statistical model are power model or logistic model
with one or two parameters. Target toxicity level, which
means the probability of DLT at a certain dose level that
could be accepted, is prespecified according to clinical
scenario and customs (how much risk seemed to be jus-
tifiable by most clinicians). The range of target toxicity level
is often between 20% and 35%. Before the start of trial, “the
prior” dose-toxicity skeleton (specified dose levels d1, d2,
d3…, with corresponding DLT probabilities p1, p2, p3....)
should be assigned as according to preclinical model,
profile of similar class of drug, or simple guess. A trivial
constraint is that the assigned DLT probabilities in the dose-
toxicity skeleton should be nondecreasing along with in-
creasing dose levels.11

After a patient was enrolled, through Bayesian inference,
parameters of the statistical model could be updated. The
next patient would be treated at the dose with estimated DLT
probability closest to target toxicity level. This process not
only incorporates the outcome of current dose level (like in
traditional 3+3), but also information of all enrolled patients.
Finally, the study will be completed when specified stopping
criteria are achieved. For instance, a particular number of
patients is treated consecutively at the same dose level; the
width of Bayesian credible interval for the MTD reaches
a certain level; or when the estimated probability of coming
consecutive patients will be dosed at the same dose level is

higher than a certain degree. As a classic design existed for
more than 30 years, the development of many anticancer
agents was based on continual reassessment method.
Pemetrexed (LY232514, an antimetabolite)29 and DX-8951f
(exatecan mesylate, a topoisomerase I inhibitor; a derivative
is used in trastuzumab deruxtecan)30 are examples.

Escalation With Overdose Control

There are several limitations of original continual reas-
sessment method. An important one is that patients may be
exposed to a highly toxic dose. To solve this problem, es-
calation with overdose control was proposed by Babb et al31

(Fig. 1). In escalation with overdose control design, an upper
bound is set for the next recommended dose level that
predicted the probability that the dose exceeding MTD does
not surpass the upper bound. Consequently, the overdose
risk was protected within a certain degree. PNU-214936 (a
murine Fab fragment of 5T4 fused to a mutated super-
antigen of staphylococcal enterotoxin A)32 and ribociclib
(LEE011, a CDK4/6 inhibitor)33 are drugs developed by
escalation with overdose control design.

Efficacy-Toxicity Tradeoff

In the above-described designs, dose finding is only based
on a single binary variable: toxicity. Considering bivariate
binary outcomes, toxicity and efficacy, Thall and Cook34

advocated the efficacy-toxicity tradeoff design. The design
not only addresses the concern to treat patients with an
excessively toxic dose, but also addresses the concern of
excessively low efficacy. The dose titration will be according
to this efficacy-toxicity tradeoff until a dose reaches both
targeted efficacy and toxicity. If the targets could not both be
reached, the dose with maximal desirability (defined by
prespecified efficacy-toxicity tradeoff contour) will be selected.
Efficacy-toxicity tradeoff was adopted in the phase I/II
MATCHPOINT study (combination of ponatinib, a multikinase

TABLE 1. Characteristics of 3+3 Design, Model-Based Designs, and Model-Assisted Designs22-27

Characteristics 3+3 Design

Model-Based

Design Model-Assisted Design

Underlying Bayesian inference Absent Present Present

Variable targeted toxicity level Absent Present Present

Flexible cohort size Absent Present Present

Extension with efficacy consideration Absent Present (e.g.,
EffTox)

Present (e.g., BOIN12)

Intensive calculations and ever-changing
designs

Absent Present Absent

Predetermined rules to follow Sometimes present Absent Present

More accurate MTD than 3+3 MTD determined with reasonable precision Present (e.g., CRM) Present (e.g., mTPI-2 and
BOIN)

General picture of dose-toxicity relationship Notable toxicities determined with reasonable
precision

Present Absent

Abbreviations: EffTox, efficacy-toxicity tradeoff; BOIN, Bayesian optimal interval; MTD, maximum tolerated dose; CRM, continual reassessment method.
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inhibitor, with targets including ABL-1 and chemotherapy for
blast-phase chronic myelogenous leukemia)35 and phase I
STM-01 study (combination of alisertib [MLN8237], an Aurora-
kinase A inhibitor, with pazopanib, a multikinase vascular
endothelial growth factor receptor inhibitor).36

Model-Assisted Design

Despite several advantages of model-based designs over
traditional 3+3 designs, the high requirement of expertise
and infrastructure and the lack of predetermined algorithms
to be followed hindered wide adoptions of model-based
designs.5 In model-assisted designs, attempts are made to
combine both the clear predetermined algorithm to guide
the dose escalation/de-escalation in rule-based designs and
the underlying statistical models in model-based designs
(Table 1). In numerical simulation such as the Monte-Carlo
method, some model-assisted designs, such as Bayesian
optimal interval (BOIN) design, performed comparably to
continual reassessment method.24

Modified Toxicity Probability Interval

The original toxicity probability interval (TPI) design pro-
posed by Ji et al37 in 2007 may be the first model-assisted
design. It was based on a binomial model, but the dose-
assignment actions could be tabulated predeterminedly.
However, there were difficulties in applying the method,
including parameter calibrations. In 2010, Ji et al38 pro-
posed a modified toxicity probability interval (mTPI) with
improvements, including overdose protection, calibration
free, and correspondence to Bayes rule.

In mTPI design, an equivalence interval (pT � "1, pT + "2),
"1, "2 � 0 was set. The pT denotes targeted toxicity level
and pT � "1, pT + "2 represent the lower bound and upper
bound of the acceptable toxicity probability for MTD, re-
spectively. With an equivalence interval, the toxicity prob-
ability could be divided into three intervals: underdosing,

proper dosing, and overdosing. For each interval and in-
formation from enrolled patients, the unit probability mass
could be calculated for each interval, and the largest unit
probability mass will guide the dose selection. For example,
if unit probability mass is largest in underdosing interval, the
next step is to escalate the dose. Given the equivalence
interval and sample size, the dose escalation/stay at current
dose/dose de-escalation guidance could be tabulated at the
beginning of the study. The phase Ib study of selinexor
(selective nuclear export inhibitor) and doxorubicin for soft
tissue sarcoma (NCT03042819)39 and phase Ib part of
KEYNOTE 651 (combination of pembrolizumab, chemo-
therapy, and binimetinib, a MAPK inhibitor; NCT03374254)
are examples of mTPI.

Modified Toxicity Probability Interval-2

Although mTPI is a concise design using a simple model to
guide the dose finding, there were some counterintuitive
results. For example, if there are three DLTs among six
enrolled patients, the guidance of mTPI is to stay at the
current dose, and this may be considered too risky by many
clinicians.21 In contrast, if there are two DLTs among nine
enrolled patients, the guidance of mTPI is to stay at the
current dose, and this may be considered too conservative.
mTPI-2 is an extension of mTPI proposed by Guo et al40

(Fig. 1). In general, mTPI-2 makes more decisions of es-
calation/de-escalation rather than stay at current dose
compared with mTPI. mTPI-2 avoids the above-mentioned
counterintuitive examples, and it demonstrated superior
safety (less patients are exposed to doses higher than MTD)
and better reliability (probability of true MTD to be chosen)
than mTPI in most scenarios in simulation studies.

Keyboard Design

Another attempt to improve mTPI is keyboard design pro-
posed by Yan et al.41 The mTPI design compares unit

FIGURE 1. Relationship Be-
tween Mentioned Trial Designs

Arrows represent the direct
evolution between designs.
Abbreviations: CRM, continual
reassessment method; EWOC,
escalation with overdose control;
EffTox, efficacy-toxicity tradeoff;
TPI, toxicity probability interval;
mTPI, modified toxicity proba-
bility interval; BOIN, Bayesian
optimal interval.
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probability mass of underdosing, proper dosing, and
overdosing intervals. In contrast, keyboard design defines
evenly divided dosing intervals—“keys”—and the strongest
key (key with highest posterior probability) guides the dose-
decision rule. Notably, even though mTPI-2 and keyboard
designs are developed independently,40,41 they are actually
equivalent.24,42 The ongoing phase I study of JAK2 inhibitor
ruxolitinib and BCL2 inhibitor venetoclax combination
(NCT03874052) used keyboard design.

Bayesian Optimal Interval

BOIN design compares the DLT rate at current dose to dose
escalation and de-escalation boundaries.43 The boundaries
are dependent on target toxicity rate. If DLT rate lies in
interval between the boundaries, stay at current dose. If DLT
rate is not more than escalation boundary or not less than
de-escalation boundaries, then escalate/de-escalate the
dose, respectively. BOIN design was shown to be superior to
3+3 in selecting correct MTD and to be associated with less
overdose compared with mTPI. Some recent studies ap-
plied this design; for instance, a phase I study of zotiraciclib
(TG02, multikinase inhibitor of CDK1,2,7,9, FLT3, and
JAK2) and temozolomide combination.44

Bayesian Optimal Interval Phase I/II

BOIN phase I/II (BOIN12) design is an extension of BOIN
design to cover efficacy-toxicity tradeoff (Fig. 1). Consid-
ering efficacy and toxicity as binary variables (yes or no),
there are four possible combinations: (toxicity�, efficacy +),
(toxicity �, efficacy �), (toxicity +, efficacy +), and (toxicity
+, efficacy �). From the clinical viewpoint, weight (utility)
could be assigned to each outcome in that higher weight
represents a more desirable outcome. Let p1, p2, p3, and
p4 denote the probabilities of different outcomes, and u1,
u2, u3, and u4, denote the respective utilities. The de-
sirability = p1u1 + p2u2 + p3u3 + p4u4 defines optimal
biologic dose, the dose with highest desirability.31

To conduct a study with BOIN12 design, upper toxicity limit,
lower efficacy limit, and utilities must be specified initially.
Afterward, a rank-based desirability table could be estab-
lished. The dose-finding process is based on de-escalation/
escalation boundaries (values of boundaries are like those in
the BOIN design) and rank-based desirability table. In
simulations, BOIN12 was shown to more accurately identify
optimal biologic dose than the 3+3 design and was shown to
be more robust than efficacy-toxicity tradeoff design (highly
variable result regarding assumed models).25

Interval 3+3

Interval 3+3 is a model-free, rule-based design.32 Similar to
mTPI design, the target toxicity level and equivalence in-
terval (pT � "1, pT + "2) are specified. Let n denote the
number of patients at current dose, and x denote the number
of patients with DLT at current dose. The dose-finding

algorithm is based on comparison between x/n, (x� 1)/n, and
equivalence level. The dose-finding decisions could be
tabulated like mTPI and mTPI-2 designs.45 Although the
model-free nature may lead to less flexibility and generaliz-
ability, in common scenarios, interval 3+3 design may operate
with safety and reliability comparable to model-based designs
but superior to traditional 3+3 design. The ongoing phase I
study of XL102 (a CDK7 inhibitor; NCT04726332) applied
interval 3+3 design.

Challenges and Prospects

Despite plenty of literature demonstrating superiority of
model-based or model-assisted designs compared with
traditional 3+3 design in reliability, safety, and flexibility,23

the application of novel Bayesian designs in oncology drug
development is still limited. Although an increasing pro-
portion of Bayesian designs has been shown in some
institutions,46 overall, the impact of statistical models on
development of approved drug has not been expanded
yet.47

A powerful novel design could not benefit any patient or
drug if it is not applied in real trial and drug development. As
we embrace the novel mechanism of drug to derive maximal
benefit for the patients, it is time to value novel design to
serve the patients in early phase oncology trials with better
safety and precision. The alliance between clinicians and
statisticians and among academic institutions, industrial
sponsors, and regulatory agencies must be established to
form the consensus about implementation of novel
Bayesian phase I designs based on solid evidence from
theoretical calculation and extensive scenario simulations.26

In the trial-designing phase, not only should “standard of
care” be updated, but also there is no reason that the
“standard of trial design” has to be fixed in the traditional
3+3 design, ignoring the demonstrated advantages of novel
designs.48 This is particularly important when certain issues
that could not be addressed by the less flexible 3+3 design
are concerned, such as efficacy-toxicity tradeoff, different
targeted toxicity level, or late toxicities.27,35,49 With the as-
sistance of web tools and software,40,50,51 implementing
novel designs are not so daunting now. In addition, the
understanding from regulatory agencies is pivotal for suc-
cessful drug development, given the record that proposals
with model-based designs were rejected by regulatory
agencies, and it was recommended to obey the traditional
design with poorer operating characteristics.52

PHASE I CLINICAL TRIAL DESIGN: THE EXPANDING ROLE OF
DOSE-EXPANSION COHORTS

The predominate pathway for regulatory submissions to the
FDA has required two or more adequate and well-controlled
human clinical trials that provide evidence of treatment
benefit that can be replicated.53 Subsequent amendments
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to FDA guidelines provide exceptions. Sponsors, for ex-
ample, may implement one large controlled trial in place of
running two trials.54,55 The FDA instituted a program for
Accelerated Approval in 1992, which allowed for approvals
on the basis of surrogate endpoints for drugs treating se-
rious conditions that filled an unmet medical need. The
FDA Safety and Innovation Act, passed in 2012, allows
accelerated approvals for appropriate drugs and indications
by evaluating the effects of drugs on surrogate markers.56

More recently, the FDA has established three additional
pathways to speed the review process for emerging ther-
apies with Fast Track, Breakthrough Therapy, and Priority
Review pathways.57 Drugs designated as breakthrough
therapies, for example, may be approved without a control
group using interim results of ongoing studies or with en-
richment strategies devised to select patients who are
most likely to benefit.57 These changes prompted innova-
tions in trial design with master protocol58 and seamless
designs.59,60

Advances in cancer biology and immunology continue to
refine our understanding of cancer mechanisms and ac-
tionable therapeutic targets, extending treatment options for
patients beyond conventional cytotoxic drug regimens.
These advances have led to the development of biomarker-
targeted treatments that transcend traditional classification
criteria based on tissue histology. The discovery of
microsatellite-instability high as a biomarker for increased
neoantigen burden and sensitivity to immune checkpoint
blockage, for example, led to the design of a series of trials
investigating pembrolizumab (an anti–PD-1 antibody) in
patients with tumors harboring microsatellite-instability high
regardless of organ of cancer origin.61,62 Positive results
spanning several tumor types prompted a landmark de-
cision by the FDA in May 2017 by which pembrolizumab
was designated as the first tissue-agnostic cancer
treatment.63,64 The development of pembrolizumab as well
as immune checkpoint inhibitors nivolumab and atezoli-
zumab involved extensive use of dose-expansion cohorts.
This article reviews their designs and use of dose expansion
cohorts and compares to more traditional development
strategies in the era before immune checkpoint inhibitor
therapies.

Dose-Expansion Cohorts Prior to Immune

Checkpoint Inhibition

The conventional paradigm for drug development, estab-
lished for cytotoxic therapies, evaluates dose, safety, ac-
tivity, and comparative benefit in a sequence of phases
using trials and endpoints specifically devised for each
phase. Expanding phase I trials to include dose-expansion
(denoted phase Ib) cohorts following dose escalation and
evaluation of MTD (denoted phase Ia) was less common.
Reviewing 611 phase I trials published from 2006 to 2011,

Manji et al65 provide perhaps the most comprehensive
overview of the use of dose-expansion cohorts during this
period. The authors identified 149 (25%) phase I trials that
included at least one dose-expansion cohort. Phase I trials
with expansion cohorts enrolled a median of 22 patients in
phase Ia (range, 3 to 17). The phase Ib component of these
trials enrolled a median of 17 (range, 2 to 271) patients. A
more recent analysis by Bugano et al66 of 533 of these trials
(phase I trials evaluating new indications for previously
approved drugs were excluded) found that trials with ex-
pansion cohorts were statistically significantly less likely to
be cytotoxic (12% vs. 25%; p = .006). Moreover, phase I
trials incorporating dose-expansion cohorts were also more
likely to enroll more than 47 patients.

Dose-Expansion Cohorts for Three Immune

Checkpoint Inhibitors

The current era has yielded innovations in drug develop-
ment strategies emphasizing large phase I trials facilitating
simultaneous investigations of multiple dose levels,
schedules, as well as tumor and biomarker subtypes with
dose-expansion cohorts. This strategy has been success-
fully used to develop three immune checkpoint inhibitors.
Table 2 describes the use of expansion cohorts in pivotal
phase I trials of the immune checkpoint inhibitors.

Pembrolizumab

Enrolling 1,260 participants, the KEYNOTE-001 trial
(NCT01295827)67 evaluated pembrolizumab as a mono-
therapy for patients with progressive locally advanced or
metastatic carcinoma, melanoma, and non–small cell lung
carcinoma (NSCLC). In total, 1,205 patients were enrolled in
phase Ib. Four melanoma expansion cohorts (655 patients)
were added based on encouraging findings from phase Ia.
Initially, a cohort enrolled 135 patients with ipilimumab-
naive (87 patients) or ipilimumab-treated (48 patients)
melanoma (cohort B1) to receive pembrolizumab at three
dose levels, with no randomization: 10 mg/kg every 2 or
3 weeks and 2 mg/kg every 3 weeks. A cohort with
ipilimumab-refractory melanoma was later initiated (cohort
B2) to assess pembrolizumab in patients who had con-
firmed disease progression after ipilimumab, defined per
immune-related response criteria (iRECIST). These patients
were randomly assigned 1:1 to receive 2 or 10 mg/kg every
3 weeks. Additional expansion cohorts included: (1)
ipilimumab-treated and ipilimumab-naive patients randomly
assigned to receive 10 mg/kg every 2 weeks or every 3 weeks
(cohort B3, 244 patients), and (2) ipilimumab-naive patients
randomly assigned to 2 or 10 mg/kg every 3 weeks (cohort D,
103 patients).

The KEYNOTE-001 trial also included four NSCLC dose-
expansion cohorts. First, 38 patients with previously treated
NSCLC (cohort C) were enrolled to receive pembrolizumab
10 mg/kg every 3 weeks based on preliminary activity in
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TABLE 2. Summary of the Use of Dose-Expansion Cohorts for Three Immune Checkpoint Inhibitors

Drug, Trial

Number

of Expansion Cohorts

Expansion

Cohort Characterization

Pembrolizumab, KN-001 NCT01295827 8 Melanoma in four cohorts (655 patients)

B1: nonrandomly assigned, ipilimumab-naive and ipilimumab-treated
(135 subjects)

B2: ipilimumab-refractory, randomly assigned to two dose levels.
2 mg/kg every 3 weeks or 10 mg/kg every 3 weeks (173 subjects)

B3: ipilimumab-naive or -treated, randomly assigned to two dose levels,
10 mg/kg every 3 weeks or 10 mg/kg every 2 weeks (244 patients)

D: ipilimumab-naive, randomly assigned to two dose levels, 2 mg/kg
every 3 weeks or 10 mg/kg every 3 weeks (103 patients)

NSCLC in four cohorts (550 patients)

C: Any PD-L1, two or more prior therapies, 10 mg/kg every 3 weeks (38
patients)

F1: PD-L1+, treatment-naive, randomly assigned to three dose levels
(2 mg/kg every 3 weeks, 10 mg/kg every 3 weeks, 10 mg/kg every 2
weeks) (101 patients)

F2: previously treated, nonrandomly assigned 10mg/kg every 3 weeks,
other part randomly assigned to 10 mg/kg every 2 or 3 weeks (356
patients)

F3: PD-L1+, one or more prior therapy, 2 mg/kg every 3 weeks (55
patients)

Nivolumab, NCT00730639 10 Melanoma in four cohorts (104 patients)

I: dose level 1 mg/kg every 2 weeks (35 patients in total for this dose
level, together with same dose level in cohort IV)

II: dose level 3 mg/kg every 2 weeks (17 subjects)

III: dose level 10 mg/kg every 2 weeks (20 subjects)

IV: randomly assigned to three dose levels (0.1 mg/kg, 0.3 mg/kg, and
1 mg/kg) every 2weeks (17 patients, 18 patients, and not reported,
respectively)

RCC in two cohorts (34 patients)

I: dose level 10 mg/kg every 2 weeks (16 patients)

II: dose level 1 mg/kg every 2 weeks (18 patients)

NSCLC in two cohorts (129 patients)

I: dose level 10 mg/kg every 2 weeks (59 subjects in total for this dose
level, together with same dose level in cohort II)

II: randomly assigned to three dose levels (1 mg/kg, 3 mg/kg, and
10mg/kg) every 2 weeks (33 patients, 37 patients, and not reported,
respectively)

Colorectal cancer in one cohort (19 patients)

I: dose level 10 mg/kg every 2 weeks

Prostate cancer = 1 cohort (17 patients)

I: dose level 10 mg/kg every 2 weeks

(Continued on following page)
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phase Ia, in which 4 out of 7 patients with NSCLC had stable
disease as best overall response. Three cohorts in NSCLC
(512 patients), enrolling both patients in the first- and later-
lines of therapy (cohorts F1, F2, and F3), were later added to
further investigate dose response using randomized dose
assignment.

Nivolumab

A phase I study (NCT00730639) evaluated nivolumab in
395 patients with selected advanced or recurrent malig-
nancies using 10 dose-expansion cohorts. Initially, five
dose-expansion cohorts were designed for five indica-
tions: melanoma, NSCLC, renal cell carcinoma, colorectal
cancer, and prostate cancer. Additional cohorts were
added through protocol amendments facilitating ran-
domized dose assignment in NSCLC (randomly assigned
to three dose levels) and melanoma (randomly assigned
to three dose levels) as well as adding a low-dose cohort
for renal cell carcinoma. A total of 340 patients were
enrolled into phase Ib.

Atezolizumab

The phase I trial (NCT01375842)68 evaluated atezolizumab
as a monotherapy in 661 patients with locally advanced or
metastatic solid tumors or hematologic malignancies. Dose
expansion cohorts were designed to enroll specific histol-
ogies, including: melanoma, renal cell carcinoma, NSCLC,
bladder cancer, triple-negative breast cancer, glioblastoma,
head and neck squamous cell carcinoma, and uterine. A
basket cohort also enrolled other tumor types including
small cell lung cancer and ovarian cancer. A total of 495
patients were enrolled into phase Ib. All dose-expansion
cohorts evaluated three dose levels.

DISCUSSION

Designs with inclusive eligibility may conserve patient and
financial resources when compared with the expense of
conducting a series of stand-alone trials for each indication.
The statistical implications of expansive phase I trials require
further consideration, however. Trialists and regulators must
decide how to evaluate a trial’s operating characteristics in
the presence of heterogeneity among tumor types. The
conventional paradigm for trial design emphasizes a few or
single possible scenarios or outcomes; however, this re-
duces the potential scope of possibilities when explicitly
considering dose-expansion cohorts that span multiple
tumor types. Conventional approaches to statistical design
may fail to provide a comprehensive evaluation of the trial’s
properties across various scenarios of heterogeneity.

Moreover, expanding sample sizes to hundreds of patients
facilitates an extent of information that would traditionally
require an appropriate level of type I error control and
strategies for interimmonitoring to halt enrollment to cohorts
that underperform the trial’s prespecified expectations.
Several Bayesian solutions, developed for basket trials, offer
opportunities to formalize the designs of large expansion
cohorts and integrate the information across dose-
expansion cohorts to facilitate evidence synthesis for
planning the next phase of development.69-74

CONCLUSIONS

Classic 3+3 phase I trial designs have withstood the test of
time. They offer rapid, but reasonable, dose escalation, with
negligible rates of toxic death. Dose escalation based on
toxicities (toxicity-adjusted dose escalation) seen rather
than predetermined formulas may prove optimal. The data
show that increased (rather than decreased) numbers of

TABLE 2. Summary of the Use of Dose-Expansion Cohorts for Three Immune Checkpoint Inhibitors (Continued)

Drug, Trial

Number

of Expansion Cohorts

Expansion

Cohort Characterization

Atezolizumab, NCT01375842 9 I: melanoma (45 patients), dose level 10, 15, or 20 mg/kg

II: NSCLC (88 patients), dose level 10, 15, or 20 mg/kg

III: RCC (70 patients), dose level 10, 15, or 20 mg/kg

IV: bladder cancer (97 patients), dose level 10, 15, or 20 mg/kg

V: TNBC (116 patients), dose level 10, 15, or 20 mg/kg

VI: glioblastoma (16 patients), dose level 10, 15, or 20 mg/kg

VII: HNSCC (32 patients), dose level 10, 15, or 20 mg/kg

VIII: uterine (12 patients), dose level 10, 15, or 20 mg/kg

IX: basket cohort, other tumor types

SCLC (17 patients), dose level 10, 15, or 20 mg/kg

Ovarian (15 patients), dose level 10, 15, or 20 mg/kg

Abbreviations: NSCLC, non–small cell lung carcinoma; RCC, renal cell carcinoma; TNBC, triple-negative breast cancer; HNSCC, head and neck
squamous cell carcinoma; SCLC, small cell lung cancer.
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patients in phase I allow more precise determination of
important side effects.13 Furthermore, expansion of cohorts
in a phase I trial can even lead to regulatory approval after
phase I in cases in which substantial activity is observed.2,3

Other considerations may include allowing intrapatient dose
escalation, measuring concentration of drugs, and adjusting
dosing for age, patient comorbidities, and drug levels.
Bayesian designs in early phase oncology trials may also
expedite knowledge acquisition.53 Trials evaluating immune
checkpoint inhibitors also made extensive use of expanded

phase I trials, enrolling hundreds of patients into dose-
expansion cohorts following dose escalation, hence accel-
erating drug development.
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DEVELOPMENTAL THERAPEUTICS—MOLECULARLY TARGETED AGENTS AND TUMOR BIOLOGY

The Right Dose: From Phase I to Clinical Practice
Stefanie L. Groenland, MD, PhD1; Mark J. Ratain, MD2; Lisa S. Chen, PhD3; and Varsha Gandhi, PhD3,4

overview

To realize the full potential of promising new anticancer drugs, it is of paramount importance to administer

them at the right dose. The aim of this educational article is to provide several opportunities to optimize

anticancer drug dosing, focusing on oral targeted therapies. First, therapeutic drug monitoring can optimize

exposure in individual patients, if the optimal concentration is known. This approach is of particular interest in

regard to oral kinase inhibitors with high interindividual pharmacokinetic variability. If exposure is related to

response, then therapeutic drugmonitoring is potentially feasible, although the clinical utility of this approach

has not yet been established. Other approaches to reduce variability include administration of more frequent,

smaller doses and administration under optimal prandial conditions. However, for many drugs, the labeled

dose has not been demonstrated to be the optimal dose; for such agents, the vast majority of patients may be

receiving excessive doses, which results in excessive toxicity. Furthermore, administration of lower off-label

doses may reduce both medical and financial toxicity. These strategies should be applied from registration

studies to clinical practice, with the goal of better optimizing anticancer treatment.

During the past decades, the focus of oncology drug
development has largely switched from classic non-
selective cytotoxic agents to drugs developed to inhibit
specific targets, such as tyrosine kinases. To realize the
full potential of these new anticancer drugs, it is of
paramount importance to administer them at the right
dose. Although finding the right dose encompasses
a broader theme (i.e., phase I clinical trial design),
the scope of this article focuses on alternative mech-
anisms to potentiate biologic effect, minimize toxicity,
and reduce costs through dose modification. Herein,
we describe how therapeutic drug monitoring can
potentially optimize exposure for individual patients,
how off-label use of lower doses or alternative dosing
schedules can reduce toxicities and treatment costs,
and how receptor occupancy can guide dosing of
irreversible inhibitors. Then, several example drugs
are discussed to illustrate how these different
strategies and tactics can be applied in clinical
practice.

THE RIGHT DOSE IN CLINICAL PRACTICE

Overview

A major breakthrough in the treatment of cancer was
the development of imatinib, widely praised as the
magic anticancer bullet.1 This success has been fol-
lowed by the development and approval of an in-
creasing number of targeted drugs, in some cases for
small subsets of patients. With the advent of these small
molecule kinase inhibitors, the focus has increasingly
shifted toward precision medicine, by selecting the right
drug for individual patients according to molecular
characteristics of their tumors. However, much less

attention has been paid to optimizing the dosing of these
drugs, both for the population as a whole and for in-
dividual patients with very high or low apparent oral
clearance.2

First, there may not be good evidence that the ap-
proved dose is optimal, because the recommended
dose is often determined from a small sample size in
phase I studies, primarily on the basis of toxicity rather
than efficacy.3 These studies are not designed to define
the optimal dose, only the maximum tolerated dose.
Second, compared with intravenously administered
drugs, orally administered drugs will generally exhibit
higher interindividual and intraindividual pharmaco-
kinetic variability because of differences in drug ab-
sorption and first pass effects (i.e., due to CYP3A4
and P-gp).4,5 Third, and most important, for some
drugs, there is an apparent concentration-response
relationship.5,6

To select drugs that are candidates for therapeutic
drug monitoring, specific criteria should be met2:

1. absence of an easily measurable biomarker for drug
effect;

2. long-term therapy;
3. availability of a validated and sensitive bioanalytic

method;
4. substantial interindividual pharmacokinetic vari-

ability, with relatively modest intraindividual phar-
macokinetic variability;

5. narrow therapeutic range;
6. defined and consistent exposure-response and

exposure-toxicity relationships; and
7. feasible dose-adaptation strategies.

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on March
8, 2021, and
published at
ascopubs.org on May
18, 2021: DOI https://
doi.org/10.1200/
EDBK_319567

92 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



Understanding and Minimizing Variability

The interindividual variability in apparent oral clearance of
many oral targeted therapies is high; coefficients of variation
typically range between 40% and 70%.5,7-9 As illustrated in
Fig. 1, many factors contribute to this high variability.

Many oral targeted therapies—especially kinase inhib-
itors—have low solubility, resulting in substantial challenges
in formulation. By optimizing the formulation, bioavailability

can be improved, resulting in decreased interindividual and
intraindividual pharmacokinetic variability.10,11

Other causes of variability are drug-food and drug-drug
interactions.12,13 Pharmacokinetic exposure of many tar-
geted therapies is dramatically affected by gastric-acid
suppressive agents and CYP3A4 inhibitors or inducers.14

Gastric-acid suppressive agents increase the stomach pH,
and, because most kinase inhibitors are weakly basic, this
increase results in a shift to the nonionized form, decreasing
solubility and absorption. The extent to which CYP3A4 in-
hibitors or inducers affect exposure depends on the pro-
portion of drug that is metabolized by this enzyme. It is
important to quantify the effect sizes of these drug-drug
interactions to determine appropriate dose adjustments in
routine clinical management, which is required by the U.S.
Food and Drug Administration (FDA) and other global
regulatory agencies. In addition, food effects may not be
understood during early development and may result in
a pivotal trial being conducted under the wrong prandial
conditions. Thus, food can sometimes be used as a simple
and inexpensive approach to increase bioavailability.

Moreover, both genetic differences and disease can affect
absorption, distribution, metabolism, and excretion. An-
other key determinant of variability in pharmacokinetic
exposure is treatment adherence.15 Many oral targeted
therapies are extensively metabolized by CYP enzymes, so
polymorphisms in these enzymes could theoretically result

PRACTICAL APPLICATIONS

• Many oral drugs show a high variability in
pharmacokinetic exposure, and, for drugs with
exposure related to efficacy, therapeutic drug
monitoring can help optimize exposure in
individual patients.

• Other approaches to reduce variability include
administration of more frequent, smaller doses
and administration under optimal prandial
conditions.

• For many drugs, the labeled dose is not the
optimal dose, and, for these drugs, the vast
majority of patients may be receiving excessive
doses; administration of lower off-label doses
may reduce both medical and financial toxicity.

FIGURE 1. Hallmarks of Vari-
ability in Pharmacokinetic Expo-
sure of Oral Targeted Therapies in
Oncology
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in altered clearance, although this possibility must be
studied in more detail.16,17

It is essential to enhance our knowledge about how each of
these factors contributes to the variability in pharmaco-
kinetic exposure within and between patients. Many of these
aspects are already addressed in the requisite clinical
pharmacology package, which must be submitted to reg-
ulatory authorities to support new drug approval. In this way,
variability in exposure can be reduced, and the fraction of
patients who are treated at toxic and/or nontherapeutic
concentrations can thereby be reduced.

Therapeutic Drug Monitoring

Although therapeutic drugmonitoring is widely used in other
therapeutic areas (e.g., anti-infectives, antiepileptics, psy-
chotropic drugs, immunosuppressants, and digoxin), it has
infrequently been applied in oncology.

Several recent reviews have summarized the available lit-
erature on exposure-response relationships and proposed
target concentrations that can be used for therapeutic drug

monitoring in oncology.5,6,18-22 In addition, prospective
clinical studies have been performed for several oral tar-
geted therapies and have demonstrated that this practice is
feasible and results in more patients achieving a target
exposure.23-29

To implement therapeutic drug monitoring in clinical prac-
tice, a solid infrastructure should be in place (i.e., sample
collection, shipment and measurement, short turnaround
time). Target concentrations and dose adaptation strategies
can be based upon previously performed feasibility studies as
well as the requisite exposure-response and exposure-toxicity
models. Prior to implementation, attention should be paid to
treatment adherence and drug-drug interactions. It is im-
portant to address treatment adherence first, because
dose increments could lead to toxicity if low concentrations
are due to nonadherence rather than high clearance.
Alternative dosing strategies alone, such as divided doses
for pazopanib or administration (of lower doses) con-
comitantly with food, may reduce interindividual variability
and optimize exposure.25,30-33 Figure 2 visualizes how

FIGURE 2. Precision Dosing to
Titrate Individual Patients To-
ward the Therapeutic Window
The heights of the bars were
chosen at random and do not
represent a certain pharmaco-
kinetic exposure or effect size of
the pharmacokinetically guided
intervention.
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different interventions can reduce the proportion of pa-
tients treated outside the target range.

In the Netherlands, the Dutch Pharmacology Oncology
Group–Therapeutic Drug Monitoring (DPOG-TDM) study
provides a framework to perform feasibility studies and
subsequently enables extended nationwide implementation
using the existing infrastructure of the DPOG-TDM
study.34,35 This systematic approach can also be used in-
ternationally for this purpose, within the same protocol or by
setting up similar frameworks in other countries.

Opportunities for Improvement in Oncology

Drug Development

The discipline of clinical pharmacology should have a more
prominent role in (early) drug development. As proposed by
Sheiner,36 cycles of learning and confirming should be al-
ternated throughout a drug’s life cycle. In fact, incentives by
regulatory authorities have now resulted in a drug’s phar-
macokinetics and pharmacodynamics being more exten-
sively studied. Yet, more action can be taken upon this
knowledge to optimize treatment.

More attention should be paid to optimize pharmaceutical
formulations, which will help increase bioavailability and
reduce variability. In addition, intraindividual variability must
be characterized in more detail, as this increases our un-
derstanding of the pharmacokinetic behavior of a new drug
as well as the feasibility of therapeutic drug monitoring.37

Furthermore, efforts should be made to optimize the ap-
proved dose and to identify a potential therapeutic range. As
one example, imatinib was approved for the treatment of
chronic myeloid leukemia in 2001, but the first publication
on its exposure-response relationship appeared only in
2007.38 Similarly, pazopanib was marketed in 2010, but it
took until 2014 before its efficacy threshold was proposed.39

Regulatory authorities now conduct exposure-response
analyses for the vast majority of new drugs, which the
FDA makes publicly available.40

Some of the issues discussed in this section could be cir-
cumvented by new phase I clinical trial designs that focus
on finding the optimal biologic dose and/or minimum ef-
fective dose. However, most of these new clinical trials
designs are still aimed at identifying a single optimum dose
for all patients, whereas individualized dosing is more ra-
tional for certain oral targeted therapies.

FINANCIALLY GUIDED DOSING

Overview

The inexorable rise in global oncology drug sales has cre-
ated incentives for payers, physicians, and patients to de-
velop strategies to reduce prescribing costs.41 There is
a long history of pill splitting to reduce costs, which has been
widely implemented despite uncertainties about its clinical
effectiveness.42 Repurposing is another strategy to reduce

costs, as exemplified by the widespread off-label use by
ophthalmologists of very small intravitreal doses of bev-
acizumab as a cost-effective alternative to ranibizumab (and
related drugs) for the treatment of age-related macular
degeneration.43-46

However, in oncology, there is another important opportu-
nity to reduce costs; simply using less drug than is labeled,
ideally supported by randomized trials conducted after
regulatory approval. This opportunity is prevalent, given that
most oncology drugs continue to be developed on the false
premise that more is better. Although this premise was
reasonable in the era of cytotoxic chemotherapy, it is not
valid for all drugs that have a specific target. In fact, more
can be worse if higher doses lead to adverse events that lead
to interruption of treatment.

This general concept of developing off-label, lower-cost
treatment regimens has been called “interventional
pharmacoeconomics,”47,48 and it is exemplified by a small
randomized study of low-dose abiraterone (250 mg), ad-
ministered with food, compared with the labeled dose of
1,000mg administered under modified fasting conditions.33

A 2018 analysis of oral patent-protected oncology drugs
revealed that financially guided dosing could reduce costs
by more than 33% for 62% of the drugs analyzed, with at
least 50% cost reductions potentially feasible for almost half
the drugs. Although a similar analysis has not been per-
formed (to our knowledge) for patent-protected parenteral
drugs, there are some important opportunities, best ex-
emplified by the immune checkpoint inhibitors.49-54 Fur-
thermore, because many patients treated with immune
checkpoint inhibitors have prolonged progression-free sur-
vival (PFS) despite treatment discontinuation (e.g., due to
adverse events),55-60 the optimal duration of treatment is
unknown.61-63

Strategy to Identify Candidate Drugs for Financially

Guided Dosing

Although a requirement for dose-response information to
support drug registration is clearly articulated in FDA and
European Medicines Agency guidance,64,65 this requirement
has not been enforced for oncology drugs in the absence of
a substantial toxicity concern. Notably, oncology regulators,
oncologists, and patients with cancer all expect oncology
drugs to cause at least mild to moderate toxicity, so many
toxicity signals are considered acceptable in the context of
cancer care—even if the toxicities are potentially avoidable.

In the absence of a randomized, dose-ranging, phase II trial
(which is the norm outside of oncology), candidate drugs for
interventional pharmacoeconomic studies can be identified
on the basis of phase I data and exposure-response data
generated in the context of phase II to III trials. For example,
it may be quite clear from a phase I trial that responses
were observed at doses well below the labeled dose (e.g.,
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ibrutinib66). It may also be clear from review of the pre-
scribing information and food-effect studies that a drug is
labeled under prandial conditions that minimize drug ab-
sorption, leading to the obvious suggestion to simply give
a lower dose with food.32,48,67,68 This strategy also eliminates
the risk of a food-induced overdose, which could, theo-
retically, even be fatal.69,70 However, this strategy must
consider that many pharmaceutical companies have
attempted to obviate this strategy by pricing all strengths of
a drug at the same monthly cost.

The issues in regard to parenteral monoclonal antibodies
are a bit more challenging. Improved understanding of
immunology-related host-disease interactions, microbiota,
and the development of biomarkers and predictive factors
will be paramount to understand the optimal dose for
immuno-oncology therapy. An observed exposure-response
relationship in a population of patients who all received the
same dose does not imply that more is better and, in fact,
does not even imply that a drug has anticancer activity,
given the confounding effects of high clearance and poor
performance status.71 If a drug is labeled at the optimal
dose, one would expect to see a clear dose-response re-
lationship and an exposure-response relationship. If these
relationships are lacking, then potential strategies include
either reduction of the dose or extension of the dosing in-
terval, with the latter being preferable because of its greater
patient convenience, reduction of drug preparation and
infusion costs, and marketing of many drugs in single-
dose vials.

DOSING BY RECEPTOR OCCUPANCY

With the discovery that many cancers are driven by onco-
genes and the resulting oncoprotein products, it is of par-
amount importance to create agents that inhibit these
oncotargets. Among these oncoproteins, kinases that are
involved in the pathogenesis of cancers have been suc-
cessfully targeted both in preclinical investigations and in
clinical trials. The majority of these agents reversibly bind
the kinase, inhibiting its activity via an on-and-off rate with
the target. Because these inhibitors must maintain a sus-
tained inhibition of the enzyme, an irreversible antagonist is
preferred. Numerous examples of irreversible inhibitors
exist, and one of the most studied examples is ibrutinib.

Ibrutinib and Chronic Lymphocytic Leukemia

Ibrutinib (PCI-32765) is the first-in-class irreversible in-
hibitor of Bruton tyrosine kinase (BTK) that has revolu-
tionized the treatment of chronic lymphocytic leukemia
(CLL). Chronic lymphocytic leukemia, the most common
leukemia in the Western world, is an incurable cancer of
B cells characterized by the accumulation of mature-
appearing lymphocytes in the blood, bone marrow, and
lymphoid tissues.72 Survival, proliferation, maintenance,
and migration of CLL cells are dependent on the signaling of

the B-cell receptor pathway.73 The importance of the B-cell
receptor in CLL pathophysiology74,75 and the role of BTK as
a pivotal enzyme in the pathway resulted in a concerted
effort to target BTK.76

Ibrutinib binds covalently and, hence, irreversibly to the BTK
protein at the cysteine 481 residue in the kinase domain,
inactivating BTK; thus, synthesis of new protein is required
to reinitiate B-cell receptor signal transduction. However,
ibrutinib is not highly selective and inhibits several other
kinases.77 Clinical trials established the utility of BTK in-
hibition, and this drug achieved all four positive attributes
from the FDA: fast-track designation, breakthrough therapy
status, priority review, and accelerated approval.78 Multiple
clinical trials demonstrated overall survival and PFS benefits
with ibrutinib in several B-cell malignancies, such as mantle
cell and marginal zone lymphomas, Waldenström macro-
globulinemia, chronic graft-versus-host disease, and CLL.
Within CLL, ibrutinib was approved for patients with re-
lapsed or refractory disease,79,80 elderly individuals,81 pa-
tients with 17p deletion,82 and treatment-naı̈ve patients.83

Ibrutinib and Clinical Dose Selection

Because ibrutinib binds irreversibly and covalently to inhibit
the BTK protein, BTK occupancy is an indicative measure
for receptor BTK occupancy inhibition. Hence, during
a phase I dose-escalation study, target (BTK) occupancy
assay in peripheral blood cells was performed for every
patient to select the dose. Bruton tyrosine kinase occu-
pancy, which correlates with efficacy, was greater than 95%
and was considered complete in patients who were dosed at
2.5 mg/kg per day (approximately 175 mg/day). Despite
these data, the recommended phase II dose in CLL was
determined to be 420 mg/day66; however, the FDA rec-
ommended evaluation of lower doses in future trials.84

Scientific Rationale for Lower Dose of Ibrutinib After One

Cycle of Full Dose

Results from the phase I investigation indicated that, at the
selected dose (420 mg/day), greater than 95% of BTK is
occupied and inactivated by ibrutinib. In this circumstance,
for B-cell receptor signaling to be restored, new BTK protein
must be synthesized.

In a murine model system, B-cell receptor cross-linking
resulted in increased BTK expression in splenic normal B
lymphocytes,85 and, in a murine model of CLL, treatment
with ibrutinib lowered BTK protein levels.86 Results were
similar in primary CLL cells obtained during standard-dose
ibrutinib therapy,87 and an approximately 50% decline in
both transcript and protein levels was observed after one
cycle (4 weeks) of ibrutinib.

Mechanistically, a reason for a decline in the BTK transcript
level by ibrutinib may be inhibition of the transcription factor
NFκB (nuclear factor-kappa B; Fig. 3). This transcription
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factor is responsible for promoting transcription of NFκB
and BTK,88 and inhibition of NFκB has been demonstrated
in CLL cells during ibrutinib therapy.89,90

In summary, BTK protein levels decline in CLL cells after one
or more cycles of ibrutinib, suggesting that the full dose of
ibrutinib may not be needed in subsequent cycles. Fur-
thermore, this decrease in dose may also mitigate ibrutinib
adverse events related to off-target effects of excess
free drug.

Clinical Rationale for a Lower Dose of Ibrutinib After One

Full-Dose Cycle

Although ibrutinib is considered well tolerated, toxicities
are common and include arthralgia, skin rash, diarrhea,
bleeding, and atrial fibrillation. Some of the cardiac effects of
ibrutinib, as well as its inhibitory effects on platelet function,
may stem from inhibition of kinases other than BTK.91,92 In
a murine model, C-terminal Src kinase inhibition by
ibrutinib77 was identified as the likely cause of ibrutinib-
mediated atrial fibrillation.93,94 Notably, the half-maximal
inhibitory concentration for C-terminal Src kinase is 4.6-
fold higher than that concentration for BTK, suggesting a
4.6-fold therapeutic window.77 The frequency of incident
atrial fibrillation reported in the randomized, controlled reg-
istration trials of ibrutinib (up to 12% in longer-term follow-
up)95,96 markedly underestimates the occurrence of atrial
fibrillation observed in patients treated in real-world settings,
in which up to 25% of patients develop new-onset atrial

fibrillation.97,98 In addition, long-term follow-up suggests that
21% patients experience hypertension.96 Severe and fatal
cardiac toxicities (including in the first month of treatment)
were also reported recently in real-world studies,99 under-
scoring a need for a randomized clinical trial of lower
doses.100 Additionally, serious infections have been reported
in patients taking ibrutinib.101-105 C-terminal Src kinase in-
hibition may also be responsible for the hemorrhagic com-
plications of ibrutinib.106 Management of some of the most
common toxicities includes treatment interruption, dose re-
duction, and/or treatment discontinuation.107,108 However,
treatment interruption has been demonstrated to lead to
decreased PFS.109

In addition to the issues of safety and tolerability, the cost of
ibrutinib in the United States exceeds $130,000/year for
patients with CLL—more than double the average annual
U.S. household income.110,111 In addition, because complete
remissions with ibrutinib are rare, indefinite use of the drug
or combination with other agents is recommended, which
compounds the financial toxicity and causes a profound
individual impact.112 Thus, lowering the dose of ibrutinib has
substantial potential to reduce toxicities.

Pilot Clinical Trial to Test Scientific Rationale for Lower

Dose of Ibrutinib After One Full-Dose Cycle

On the basis of the investigations described above, it was
hypothesized that BTK transcript and protein levels would
be reduced after one cycle of ibrutinib at 420 mg/day.

FIGURE 3. Schematic Model
Showing Reciprocal Regulation
of Bruton Tyrosine Kinase and
NF-κB Signaling
B-cell receptor (BCR)–dependent
activation of Bruton tyrosine kinase
(Btk) induces signaling pathways
that converge on the transcription
factors NF-κB and nuclear factor
of activated T cells (NFAT). In both
cases, it is mediated by protein
kinase C (PKC). NF-κB subse-
quently induces transcription of
the Btk gene (depicted) and
other NF-κB–dependent genes,
including IκB (not shown).
Reproduced with permission
from Mohamed et al.88
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Consequently, lower doses of ibrutinib would be sufficient
over time to achieve and maintain full BTK occupancy.
Because of the 1:1 binding of ibrutinib to the BTK protein
target, lower subsequent dosing of ibrutinib could also result
in decreased levels of free drug in plasma and reduced
binding to off-target kinases, potentially resulting in de-
creased incidence of adverse events. To test this hy-
pothesis, Chen et al89 completed a study of a pre-emptive
dose-reduction strategy of ibrutinib during three 28-day
cycles. After an initial cycle of standard-dose ibrutinib
(420 mg/day; three capsules/day), the dose was reduced to
280 mg/day (two capsules/day) in cycle 2 and then to
140 mg/day (one capsule/day) in cycle 3. Eleven patients
began the study treatment, and nine completed the three
cycles of ibrutinib therapy; several pharmacokinetic and
pharmacodynamic endpoints were compared. Plasma and
intracellular levels of ibrutinib were dose dependent, and
even the lowest (140 mg) dose was sufficient to occupy, on
average, greater than 95% of the BTK protein according to
a method to measure covalent binding of ibrutinib to BTK
protein. This result was consistent with a decline in the
phospho-BTK protein, as determined via immunoblot
analysis. Achievement of greater than 95% BTK occupancy
at all three doses in all patients clearly established the
scientific rationale. Plasma chemokine CCL3 and CCL4
levels, considered biomarkers of ibrutinib response, simi-
larly declined during the three cycles. These pharmaco-
kinetic and pharmacodynamic data demonstrate that, after
one cycle of the standard dose of ibrutinib, the dose can be
reduced without loss of biologic activity. Although clinical
response was not formally assessed in this pilot study, seven
of the nine evaluable patients were treated with 140 mg/day
of ibrutinib, or lower daily doses, by their physicians after the
study ended. Collectively, these data provide scientific ra-
tionale that supports a prospective randomized study to
discern the clinical utility of this approach.

Real-World Studies

The most compelling clinical evidence for ibrutinib dose
reduction comes from myriad real-world experiences. Be-
cause of ibrutinib’s success, approval, and availability, the drug
has been tested in many centers in the United States,80,113-118

Canada,119 the United Kingdom,120 France,121 Sweden,122

Denmark,123 and Poland.124 Data from these investigations
are detailed in Table 1. These results clearly demonstrate four
key points. First, approximately 20%–50% of patients dis-
continued or reduced doses; thus, although the drug has been
successful, it is only successful in 50% to 80% of patients with
CLL. The dose-reduction/discontinuation percentage is higher
in elderly patients and patients with relapsed/refractory disease
(Table 1), and this number increases even more with con-
tinued long-term dosing. Second, compared with patients on
the standard dose (420 mg/day), patients who received lower
doses (either 280 mg/day or 140 mg/day) had similar overall

survival and PFS, again demonstrating that a lower dose does
not decrease effectiveness. Third, in clinical studies, adverse
events rather than disease progression represented the pri-
mary reason for interruption, dose reduction, and even dis-
continuation of ibrutinib.114,125 Fourth, treatment interruptions
of ibrutinib formore than 14 days in aU.K.multicenter study120

culminated in inferior outcomes, suggesting that dose re-
duction should be preferred instead of dose interruptions,
consistent with the finding from a pivotal trial.109

Prospective Randomized Trial

Although the data are clear from the real-world studies,
a prospective randomized trial is required to evaluate the
efficacy of a lower dose of ibrutinib.100 This study should
incorporate laboratory and clinical endpoints to demon-
strate superiority, near equivalence, or noninferiority of
a reduced dose.129 This message was also given by the FDA
when ibrutinib was assessed for approval in the United
States.84 Although it is likely that 140 mg/day is equally
efficacious to higher doses, the optimal strategy—starting at
140 mg/day or starting at 420 mg/day followed by reduction
to 140 mg/day—has not yet been determined.

Future Directions

Although this section is focused on ibrutinib, such ap-
proaches to dose reduction and identification of optimal
doses are implicated for any irreversible covalent inhibitors.
Other examples of irreversible covalent inhibitors are aca-
labrutinib, abiraterone (to CYP17A1), and the KRAS G12C
inhibitors sotorasib and adagrasib. Notably, it has been
suggested that the sotorasib dose used in its pivotal trial is
excessive.130

CLINICAL EXAMPLES

The strategies that have been discussed in the sections
above have been addressed comprehensively in several
recent reviews.5,6,48,53,131 In the previous section, ibrutinib
was elaborately discussed as an example drug for receptor
occupancy–guided dosing, but a few additional examples
are worth highlighting in this article to illustrate how the
discussed dosing strategies can be applied in clinical
practice. It has to be noted, though, that most of the cited
studies are early-phase trials and observational studies with
relatively small sample sizes that do show equivalent
pharmacokinetics but do not demonstrate survival non-
inferiority. However, if pharmacokinetics have been related
to efficacy, it may be logically assumed that equivalent
pharmacokinetics will result in equivalent efficacy.

Pazopanib

The initial FDA clinical pharmacology review of pazopanib in
2009 concluded that there was no exposure-response re-
lationship, although the number of patients evaluated was
fairly small (48 patients).132 A few years later, Suttle et al39

reported that patients with renal cell carcinoma who had
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a minimum plasma concentration of at least 20.5 mg/L had
a significantly longer PFS compared with patients who had
exposure below this threshold (52.0 weeks vs. 19.6 weeks;
p = .004; 177 patients).39 Themedian PFS in patients with an
exposure below this efficacy threshold was comparable to
exposure in the placebo arm of the pivotal trial (i.e., 4.2
months).133 This efficacy threshold was later replicated in the
adjuvant setting (most patients in this study were treated at an
off-label dose of 600 mg)134 and in a real-life patient cohort,9

with a similar trend observed for soft-tissue sarcoma.9

In a prospective study in 30 patients, therapeutic drug
monitoring of pazopanib was demonstrated to be feasible;
patients with minimum plasma concentrations less than
20mg/L received dose increases up to 1,800mg.24 Notably,
the low bioavailability of pazopanib (i.e., 14%–39%) is
a result of its poor solubility and is dose dependent.135,136

Therefore, dividing the dose (i.e., 400mg twice daily instead
of 800 mg once daily) is a simple approach to increase the
relative bioavailability and thereby boost pazopanib expo-
sure without increasing costs.30,31 In addition, administering
pazopanib with food can also increase drug exposure
without increasing costs.30-32

As a proof of concept, an improved pharmaceutical for-
mulation of pazopanib with a much better dissolution profile
was developed (containing the excipient Soluplus in a 8:1
ratio with pazopanib). In a clinical study in 12 patients,
a dose of 300 mg yielded similar exposure and reduced
variability compared with 800 mg of the commercial for-
mulation (minimium plasma concentration, 11.3 mg/L
[coefficient of variation, 41] vs. 9.4 mg/L [coefficient of
variation, 240]).137

There appears to be a subset of patients with poor ab-
sorption of pazopanib, which is not surprising, given that the
drug is labeled to be taken while fasting, which minimizes
bioavailability. The proportion of patients with an exposure
lower than the efficacy threshold of 20 mg/L may be re-
duced if the labeled dose and schedule would be selected
more carefully.

Although it appears that therapeutic drug monitoring is
useful to identify patients with low concentrations when
pazopanib is prescribed with fasting according to the label, it
is not clear that this practice is required with an off-label
prescribing approach, such as 400 to 600 mg daily with
food.32 This question should be addressed in future trials,
particularly because pazopanib’s full exposure-efficacy and
exposure-toxicity relationships have not been established.

Abiraterone

The first clinical study of this irreversible CYP17A inhibitor
demonstrated that a single 500-mg dose administered after
an overnight fast could suppress androgen levels for a week
or more.138 Despite this knowledge, the drug was eventually

developed by Cougar Pharmaceuticals and approved by the
FDA at a dose of 1,000 mg (as four 250-mg tablets) ad-
ministered daily on an empty stomach.68 The development
of this dosing regimen is particularly surprising given the
lack of dose-response and marked food effects evident in
Cougar’s phase I study.139 More recently, a randomized
study demonstrated the apparent equivalence of 250 mg
with food (low-fat breakfast) and the labeled dosing
regimen,33 leading to incorporation of this off-label dos-
ing regimen in National Comprehensive Cancer Network
guidelines,140 soon followed by adoption in India,141 Brazil,142

and Thailand.143 Furthermore, given the prolonged effect of
a single dose of this irreversible inhibitor, it is likely that
a 500-mg dose administered with food every 2 to 7 daysmay
be as effective as the labeled dosing regimen of 1,000 mg
once daily on an empty stomach.

Abiraterone exposure has been related to efficacy, with
patients who have a minimal plasma concentration of
abiraterone of at least 8.4 ng/mL having significantly longer
PFS in two independent patient cohorts.8,144 However, these
results have not been replicated by others.33 Data for the first
32 patients treated with abiraterone in the DPOG-TDM study
show that therapeutic drug monitoring of abiraterone using
a food intervention is feasible in clinical practice and sig-
nificantly increases the minimum plasma concentration.25

Lenvatinib

Although originally approved at a dose of 24mg once daily for
differentiated thyroid cancer, lenvatinib has a labeled dose
for hepatocellular cancer of 8 to 12mg once daily, depending
on weight. Because the drug is only marketed in 4-mg and
10-mg capsules, Eisai Pharmaceuticals has created a variety
of monthly dosing packs to accommodate different combi-
nations of capsules to achieve a daily dose of 8 to 24 mg.
These dosing packs all have the same price despite the
threefold range of doses, which creates an opportunity to
“pack split,” or spread one of the higher-dose 1-month packs
across as long as 3 months.145 This strategy does not require
a clinical trial to demonstrate equivalence, so it can be rapidly
implemented as a cost-savings opportunity for patients
whose prescribed daily dose is 12 mg or less.

Nivolumab

The first clinical study of nivolumab—the first FDA-
approved PD-1 pathway inhibitor—demonstrated that
doses of 0.1 to 10 mg/kg every 2 weeks were active in
metastatic melanoma, without evidence of a dose-response
relationship.146 A subsequent three-arm, randomized, dose-
ranging trial was conducted in renal cell carcinoma and
showed no evidence of a dose-response relationship at 0.3
to 10 mg/kg every 3 weeks.147 Despite these findings, the
drug was first approved at a dose of 3 mg/kg every 2 weeks.
Modeling and simulation have been used to support label
changes, and the current prescribing information includes
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the choice of 240 mg every 2 weeks or 480 mg every 4
weeks, likely at least twice that required for maximal
efficacy.50,148 As noted above, similar opportunities to re-
duce dose and/or frequency of administration for several
other immune checkpoint inhibitors likely exist,53 and an
ongoing randomized trial to evaluate this hypothesis is
ongoing.149 In addition, multiple case reports and small case
series, as well as a single-arm phase II trial in Hodgkin
lymphoma, provide more justification for a formal evaluation
of lower doses of these agents.150-160

CONCLUSION

In this educational article, we provided opportunities to
optimize dose selection of anticancer drugs by therapeutic

drug monitoring, off-label use of lower doses or alternative
dosing schedules to reduce toxicities and treatment costs,
and receptor occupancy–guided dosings. These strategies
should be applied from registration studies to clinical
practice, with the goal of better optimizing anticancer
treatment.
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17. Diekstra MHM, Klümpen HJ, Lolkema MPJK, et al. Association analysis of genetic polymorphisms in genes related to sunitinib pharmacokinetics, specifically
clearance of sunitinib and SU12662. Clin Pharmacol Ther. 2014;96:81-89.

18. Janssen JM, Dorlo TPC, Steeghs N, et al. Pharmacokinetic targets for therapeutic drug monitoring of small molecule kinase inhibitors in pediatric oncology. Clin
Pharmacol Ther. 2020;108:494-505.

19. Groenland SL, van Nuland M, Verheijen RB, et al. Therapeutic drug monitoring of oral anti-hormonal drugs in oncology. Clin Pharmacokinet. 2019;58:299-308.

20. Paci A, Veal G, Bardin C, et al. Review of therapeutic drug monitoring of anticancer drugs: part 1—cytotoxics. Eur J Cancer. 2014;50:2010-2019.

21. Widmer N, Bardin C, Chatelut E, et al. Review of therapeutic drug monitoring of anticancer drugs part two--targeted therapies. Eur J Cancer. 2014;
50:2020-2036.

22. de Wit D, Guchelaar HJ, den Hartigh J, et al. Individualized dosing of tyrosine kinase inhibitors: are we there yet? Drug Discov Today. 2015;20:18-36.

23. Lankheet NAG, Desar IME, Mulder SF, et al. Optimizing the dose in cancer patients treated with imatinib, sunitinib and pazopanib. Br J Clin Pharmacol. 2017;
83:2195-2204.

24. Verheijen RB, Bins S, Mathijssen RHJ, et al; Dutch Pharmacology Oncology Group. Individualized pazopanib dosing: a prospective feasibility study in cancer
patients. Clin Cancer Res. 2016;22:5738-5746.

25. Groenland SL, van Nuland M, Bergman AM, et al; Dutch Pharmacology Oncology Group (DPOG). Concomitant intake of abiraterone acetate and food to
increase pharmacokinetic exposure: real life data from a therapeutic drug monitoring programme. Eur J Cancer. 2020;130:32-38.

26. Fox P, Balleine RL, Lee C, et al. Dose escalation of tamoxifen in patients with low endoxifen level: evidence for therapeutic drugmonitoring—the TADE study. Clin
Cancer Res. 2016;22:3164-3171.

27. Gotta V, Widmer N, Decosterd LA, et al. Clinical usefulness of therapeutic concentration monitoring for imatinib dosage individualization: results from
a randomized controlled trial. Cancer Chemother Pharmacol. 2014;74:1307-1319.

28. IJzerman NS, Groenland SL, Koenen AM, et al. Therapeutic drug monitoring of imatinib in patients with gastrointestinal stromal tumours: results from daily
clinical practice. Eur J Cancer. 2020;136:140-148.

29. Lankheet NA, Kloth JS, Gadellaa-van Hooijdonk CG, et al. Pharmacokinetically guided sunitinib dosing: a feasibility study in patients with advanced solid
tumours. Br J Cancer. 2014;110:2441-2449.

30. Groenland SL, van Eerden RAG, Verheijen RB, et al; Dutch Pharmacology Oncology Group (DPOG). Cost-neutral optimization of pazopanib exposure by splitting
intake moments: a prospective pharmacokinetic study in cancer patients. Clin Pharmacokinet. 2020;59:941-948.

31. Groenland SL, van Eerden RAG, Koolen SLW, et al. Therapeutic drug monitoring (TDM) of pazopanib: using cost-neutral PK-guided interventions to optimize
exposure. J Clin Oncol. 2020;38(15 suppl; abstr 3598).

32. Lubberman FJE, Gelderblom H, Hamberg P, et al. The effect of using pazopanib with food vs fasted on pharmacokinetics, patient safety and preference (DIET
study). Clin Pharmacol Ther. 2019;106:1076-1082.

33. Szmulewitz RZ, Peer CJ, Ibraheem A, et al. Prospective international randomized phase II study of low-dose abiraterone with food versus standard dose
abiraterone in castration-resistant prostate cancer. J Clin Oncol. 2018;36:1389-1395.

34. Groenland SL, van Eerden RAG, Verheijen RB, et al. Therapeutic drug monitoring of oral anticancer drugs: the Dutch Pharmacology Oncology Group–
therapeutic drug monitoring protocol for a prospective study. Ther Drug Monit. 2019;41:561-567.

35. Groenland S, van Eerden R, Koolen S, et al. Therapeutic drug monitoring of oral anticancer drugs - preliminary results of a prospective study. Ann Oncol. 2019;
30:v161.

36. Sheiner LB. Learning versus confirming in clinical drug development. Clin Pharmacol Ther. 1997;61:275-291.

37. Chatelut E, Bruno R, Ratain MJ. Intraindividual pharmacokinetic variability: focus on small-molecule kinase inhibitors. Clin Pharmacol Ther. 2018;
103:956-958.

38. Picard S, Titier K, Etienne G, et al. Trough imatinib plasma levels are associated with both cytogenetic and molecular responses to standard-dose imatinib in
chronic myeloid leukemia. Blood. 2007;109:3496-3499.

39. Suttle AB, Ball HA, Molimard M, et al. Relationships between pazopanib exposure and clinical safety and efficacy in patients with advanced renal cell
carcinoma. Br J Cancer. 2014;111:1909-1916.

40. U.S. Food and Drug Administration; Center for Drug Evaluation and Research. Guidance for Industry: Exposure-Response Relationships—Study Design, Data
Analysis and Regulatory Applications. Silver Spring, MD: U.S. Food and Drug Administration; 2003.

41. Polite BN, Ratain MJ, Lichter AS. Oncology’s “hockey stick”moment for the cost of cancer drugs: the climate is about to change. JAMA Oncol. 2021;7:25-26.

42. Canadian Agency for Drugs and Technologies in Health. Pill Splitting: A Review of Clinical Effectiveness, Cost-Effectiveness, and Guidelines; 2015. www.ncbi.
nlm.nih.gov/books/NBK304655/. Accessed February 12, 2021.

Groenland et al

102 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



43. Solomon SD, Lindsley KB, Krzystolik MG, et al. Intravitreal bevacizumab versus ranibizumab for treatment of neovascular age-related macular degeneration:
findings from a Cochrane Systematic Review. Ophthalmology. 2016;123:70-77.e1.

44. Rosenfeld PJ, Windsor MA, Feuer WJ, et al. Estimating Medicare and patient savings from the use of bevacizumab for the treatment of exudative age-related
macular degeneration. Am J Ophthalmol. 2018;191:135-139.

45. van Asten F, Michels CTJ, Hoyng CB, et al. The cost-effectiveness of bevacizumab, ranibizumab and aflibercept for the treatment of age-related macular
degeneration: a cost-effectiveness analysis from a societal perspective. PLoS One. 2018;13:e0197670.

46. Brown GC, Brown MM, Rapuano S, et al. Cost-utility analysis of VEGF inhibitors for treating neovascular age-related macular degeneration. Am J Ophthalmol.
2020;218:225-241.

47. Ratain MJ, Goldstein DA, Lichter AS. Interventional pharmacoeconomics: a new discipline for a cost-constrained environment. JAMA Oncol. 2019;
5:1097-1098.

48. Serritella AV, Strohbehn GW, Goldstein DA, et al. Interventional pharmacoeconomics: a novel mechanism for unlocking value. Clin Pharmacol Ther. 2020;
108:487-493.

49. Goldstein DA, Gordon N, Davidescu M, et al. A pharmacoeconomic analysis of personalized dosing vs fixed dosing of pembrolizumab in firstline PD-L1–positive
non–small cell lung cancer. J Natl Cancer Inst. 2017;109:1-6.

50. Ratain MJ, Goldstein DA. Time is money: optimizing the scheduling of nivolumab. J Clin Oncol. 2018;36:3074-3076.

51. Goldstein DA, Ratain MJ. Alternative dosing regimens for atezolizumab: right dose, wrong frequency. Cancer Chemother Pharmacol. 2019;84:1153-1155.

52. Goldstein DA, Ratain MJ. Safety, clinical activity, and biological correlates of response in patients with metastatic melanoma: results from a phase I trial of
atezolizumab-letter. Clin Cancer Res. 2020;26:2435.

53. Peer CJ, Goldstein DA, Goodell JC, et al. Opportunities for using in silico-based extended dosing regimens for monoclonal antibody immune checkpoint
inhibitors. Br J Clin Pharmacol. 2020;86:1769-1777.

54. Goldstein DA, Ratain MJ, Saltz LB. Weight-based dosing of pembrolizumab every 6 weeks in the time of COVID-19. JAMA Oncol. 2020;6:1694-1695.

55. Schadendorf D, Wolchok JD, Hodi FS, et al. Efficacy and safety outcomes in patients with advanced melanoma who discontinued treatment with nivolumab and
ipilimumab because of adverse events: a pooled analysis of randomized phase II and III trials. J Clin Oncol. 2017;35:3807-3814.

56. Takeuchi E, Okamoto Y, Takahashi N, et al. Complete response of squamous cell carcinoma of the lung following treatment with pembrolizumab in an elderly
patient: a case report. Thorac Cancer. 2020;12:259-263.

57. Bover M, Yarza R, Iglesias Docampo L. Four-year lasting sustained complete response after nivolumab in a patient with non–small-cell lung cancer and
confirmed leptomeningeal carcinomatosis: changing the paradigm. Clin Lung Cancer. 2020;21:E1-E5.

58. de Jong WK, Mulders ACM, Westendorp W, et al. Exceptional response of brain metastases to short course nivolumab while on high-dose steroids. Netherlands
J Med. 2019;77:338-340.

59. Mimura C, Tachihara M, Kusuhara S, et al. Complete response in a patient with lung cancer suffering from three pembrolizumab-induced immune-related
adverse events including retinal vasculitis. Respirol Case Rep. 2021;9:e00730.

60. Yilmaz M, Mese SG. Durable response after discontinuation of nivolumab therapy in the absence of disease progression or toxicity with two advanced NSCLC
patients. J Oncol Pharm Pract. 2019;26:761-767.

61. Nomura S, Goto Y, Mizutani T. A randomized phase III study comparing continuation and discontinuation of PD-1 pathway inhibitors for patients with advanced
non–small cell lung cancer (JCOG1701, SAVE study). J Clin Oncol. 2020;50:821-825.

62. Iivanainen S, Koivunen JP. Early PD-1 therapy discontinuation in responding metastatic cancer patients. Oncology. 2019;96:125-131.

63. Friedlaender A, Kim C, Addeo A. Rethinking the optimal duration of immune checkpoint inhibitors in non–small cell lung cancer throughout the COVID-19
pandemic. Front Oncol. 2020;10:862.

64. U.S. Food and Drug Administration; Center for Drug Evaluation and Research. Guideline for Industry: Dose-Response Information to Support Drug Registration;
1994. www.fda.gov/media/71279/download. Accessed February 12, 2021.

65. European Medicines Agency; Committee for Medicinal Products for Human Use. Note for Guidance on Dose Response Information to Support Drug
Registration; 1994. www.ema.europa.eu/en/documents/scientific-guideline/ich-e-4-dose-response-information-support-drug-registration-step-5_en.pdf.
Accessed February 12, 2021.

66. Advani RH, Buggy JJ, Sharman JP, et al. Bruton tyrosine kinase inhibitor ibrutinib (PCI-32765) has significant activity in patients with relapsed/refractory B-cell
malignancies. J Clin Oncol. 2013;31:88-94.

67. Ratain MJ, Cohen EE. The value meal: how to save $1,700 per month or more on lapatinib. J Clin Oncol. 2007;25:3397-3398.

68. Ratain MJ. Flushing oral oncology drugs down the toilet. J Clin Oncol. 2011;29:3958-3959.

69. Szmulewitz RZ, Ratain MJ. Playing Russian roulette with tyrosine kinase inhibitors. Clin Pharmacol Ther. 2013;93:242-244.

70. SinhaG. Experts Push forNewCancerDrugDosingRecommendations. https://undark.org/2020/12/09/cancer-drugs-less-might-be-more/. AccessedFebruary 12, 2021.

71. Papachristos A, Ratain MJ. Accelerated approval of anticancer drugs: lessons learned from the example of olaratumab. Clin Pharmacol Ther. Epub 2020 Nov 4.

72. Kipps TJ, Stevenson FK, Wu CJ, et al. Chronic lymphocytic leukaemia. Nat Rev Dis Primers. 2017;3:17008.

73. Stevenson FK, Forconi F, Packham G. The meaning and relevance of B-cell receptor structure and function in chronic lymphocytic leukemia. Semin Hematol.
2014;51:158-167.

The Right Dose: From Phase I to Clinical Practice

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook 103

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



74. Stevenson FK, Krysov S, Davies AJ, et al. B-cell receptor signaling in chronic lymphocytic leukemia. Blood. 2011;118:4313-4320.

75. Packham G, Stevenson F. The role of the B-cell receptor in the pathogenesis of chronic lymphocytic leukaemia. Semin Cancer Biol. 2010;20:391-399.

76. Ponader S, Burger JA. Bruton’s tyrosine kinase: from X-linked agammaglobulinemia toward targeted therapy for B-cell malignancies. J Clin Oncol. 2014;
32:1830-1839.

77. Honigberg LA, Smith AM, SirisawadM, et al. The Bruton tyrosine kinase inhibitor PCI-32765 blocks B-cell activation and is efficacious in models of autoimmune
disease and B-cell malignancy. Proc Natl Acad Sci USA. 2010;107:13075-13080.

78. de Claro RA, McGinn KM, Verdun N, et al. FDA approval: Ibrutinib for patients with previously treated mantle cell lymphoma and previously treated chronic
lymphocytic leukemia. Clin Cancer Res. 2015;21:3586-3590.

79. Byrd JC, Furman RR, Coutre SE, et al. Targeting BTK with ibrutinib in relapsed chronic lymphocytic leukemia. N Engl J Med. 2013;369:32-42.

80. Byrd JC, Brown JR, O’Brien S, et al; RESONATE Investigators. Ibrutinib versus ofatumumab in previously treated chronic lymphoid leukemia. N Engl J Med.
2014;371:213-223.

81. O’Brien S, Furman RR, Coutre SE, et al. Ibrutinib as initial therapy for elderly patients with chronic lymphocytic leukaemia or small lymphocytic lymphoma: an
open-label, multicentre, phase 1b/2 trial. Lancet Oncol. 2014;15:48-58.

82. O’Brien S, Jones JA, Coutre SE, et al. Ibrutinib for patients with relapsed or refractory chronic lymphocytic leukaemia with 17p deletion (RESONATE-17): a phase
2, open-label, multicentre study. Lancet Oncol. 2016;17:1409-1418.

83. Burger JA, Tedeschi A, Barr PM, et al; RESONATE-2 Investigators. Ibrutinib as initial therapy for patients with chronic lymphocytic leukemia. N Engl J Med.
2015;373:2425-2437.

84. U.S. Food and Drug Administration; Center for Drug Evaluation and Research. Clinical Pharmacology and Biopharmaceutics Review: Ibrutinib, 2013. www.
accessdata.fda.gov/drugsatfda_docs/nda/2013/205552Orig1s000ClinPharmR.pdf. Accessed February 12, 2021.

85. Nisitani S, Satterthwaite AB, Akashi K, et al. Posttranscriptional regulation of Bruton’s tyrosine kinase expression in antigen receptor-stimulated splenic B cells.
Proc Natl Acad Sci USA. 2000;97:2737-2742.

86. Chen SS, Chang BY, Chang S, et al. BTK inhibition results in impaired CXCR4 chemokine receptor surface expression, signaling and function in chronic
lymphocytic leukemia. Leukemia. 2016;30:833-843.

87. Cervantes-Gomez F, Kumar Patel V, Bose P, et al. Decrease in total protein level of Bruton’s tyrosine kinase during ibrutinib therapy in chronic lymphocytic
leukemia lymphocytes. Leukemia. 2016;30:1803-1804.
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DEVELOPMENTAL THERAPEUTICS—MOLECULARLY TARGETED AGENTS AND TUMOR BIOLOGY

Taking Aim at the Undruggable
Niamh Coleman, MD, PhD, and Jordi Rodon, MD, PhD

overview

The term “undruggable” is used to describe a protein that is not pharmacologically capable of being targeted;

recently, however, substantial efforts have been made to turn these proteins into “druggable” targets. Thus,

“difficult to drug” or “yet to be drugged” are perhaps more appropriate terms. In cancer, a number of elusive

targets fall into this category, including transcription factors such as STAT3, TP53, and MYC. Pharmaco-

logically targeting these intractable proteins is now a key challenge of modern drug development, requiring

innovation and the development of new technologies. In this article, we discuss some of the recent technologic

and pharmacologic advances that have underpinned the erosion of the concept of undruggability. We describe

recent successes in drugging the undruggable RAS (KRAS G12C and HRAS), and discuss the advances that

have led to the validation of further targets previously believed to be undruggable, such as HIF-2α, BCL-2,
MDM2, andMLL. Finally, we look to the future and describe important advances that are likely to have a major

impact on targeting undruggable targets, such as the advent of proteolysis-targeting chimeras and protein-

protein modulators, which are leading to considerable excitement surrounding the development of cancer

targets.

CONCEPTS

If we look at the relationship among the human pro-
teome, diseases, and drugs (approved or in develop-
ment), it is striking to realize that only between 1% and
2% of disease-modifying proteins are known, or pre-
dicted, to be druggable. In therapeutics, the most
frequent drug target is catalytic sites of proteins, but
there are other entities that could be modulated for
therapeutic intent, such as nucleic acids (and nucleic
acid complexes [e.g., ribosomes]), intracellular small
molecules, and protein-protein or protein–nucleic acid
interactions. Druggability,1 then, can be defined as the
property of a target for being known, or predicted, to
bind with high affinity to a drug and modulate its
function with a therapeutic benefit. There are several
methods to predict target druggability, based on em-
pirical analyses of libraries of compounds or based on
structural analysis. “Drug likeness” refers to the
compounds that bind the target. The concept includes
the properties that enable pharmaceutical attributes of
a viable therapeutic entity, such as structural, physi-
cochemical (e.g., chemical stability, solubility), phar-
macokinetic (e.g., bioavailability, distribution), and
toxicity characteristics. Related to druggability (of the
target) and drug likeness (drug candidate) is the
concept of “developability,” which considers the whole
process, from target discovery and lead compound
development to its clinical entry. In addition to the
preclinical pharmacokinetic/pharmacodynamic prop-
erties, it encompasses factors, such as physiochemical
properties, formulation, performance, manufacturability,

development risks, and patient convenience, that
enable the development of a drug candidate.

In cancer, some of these disease-modifying targets
seem difficult to address; they seem “undruggable”
because they lack accessible deep hydrophobic
pockets where ligands and drugs can bind, or they lack
enzymatic activity (have no active site), referring to the
loss of function of the target. In cancer, the classic
undruggables include β-catenin, RAS, and transcrip-
tion factors (e.g., STAT3, TP53, MYC).2 Some recent
technologic advances have eroded the concept of
undruggability, including structural biology advances
(protein nuclear magnetic resonance and crystal
structures), three-dimensional annotated chemical li-
braries, and novel computational methods to visualize
or predict aspects of molecular targets and in-
teractions. Other advances in pharmacology have
contributed as well, including expanded reengineered
therapeutic antibodies and biologics, strategies to
enable the selective degradation of specific proteins,
and improved delivery systems for nucleic acid–based
compounds.2 In this article, we review the later de-
velopments, addressing how some new molecular
entities show encouraging signs that they will change
the landscape of undruggability.

HISTORICAL PERSPECTIVE

In the early 20th century, drug discovery was initially
based on random screening for active substances from
biologic extracts (e.g., plants, microorganisms). For
cancer drug development, the attention initially was
focused on cytotoxic agents aiming at DNA replication,
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mitotic machinery, or DNA integrity, targeting, for example,
dihydrofolate reductase and topoisomerase. The advent of
molecular biology fueled efforts to seek drugs directed
against relevant molecular targets, such as growth factor
receptors, enzymes, or other biologic targets driving the
disease. Alongside the development of targeted therapies,
in the 1970s the pharmacologic industry moved toward
a rational drug discovery methodology of small molecules.
Marked advancements in the experimental and computa-
tional techniques used in the drug discovery process have
changed the development of small molecules and anti-
bodies, moving from an empirical screening toward
a structured rational design. With the parallel development
of recombinant protein-based therapeutic agents in the
1980s, rational development became the standard practice.
Thus, the modern drug development paradigm was born.3

When considering the class of drugs approved by the U.S.
Food and Drug Administration for management of cancer
under this paradigm, the vast majority fall into two cate-
gories: small-molecule drugs (those with composite mo-
lecular mass , 1,000 daltons) and protein therapeutics or
biologics (primarily monoclonal antibodies, some peptides,
and a few vaccines). Until now, biologics have been
designed to bind to specific target epitopes in extracellular
or cell surface targets, whereas small chemical entities are
intended to access and modulate intracellular proteins.
Typically, small molecules bind to accessible hydrophobic
invaginations in the target, more frequently in the catalytic
site (also known as catalytic inhibitors; e.g., erlotinib,
sunitinib, or copanlisib), as well as in other sites, “an al-
losteric site,” but altering the shape of the active site so that
the target can no longer bind to its substrate (“allosteric
inhibitors” such as everolimus or trametinib). Although it
depends on their size and chemical properties, most small
molecules developed as anticancer agents are orally

available. Biologics, in contrast, can interact with larger
surfaces; however, because of their larger molecular size,
they have limited delivery, requiring intravenous treatment
and targeting only extracellular targets (e.g., EGFR, HER2,
VEGFR2, PD-1). In cancer, many validated drug targets are
druggable with small molecules or antibodies: serine/threonine/
tyrosine kinases, growth factor receptors, and receptor ligands.
Other classes of cancer molecular targets seem difficult to
address by either of these two classes of agents: the so-called
undruggable targets.

New Technologies and Pharmacologic Entities Enable
Drugging the Undruggable

Along with tumor heterogeneity and drug-resistance
mechanisms, developing therapeutics for apparently in-
tractable targets is one of the key challenges of targeted
therapeutics. Novel chemical entities are now being de-
veloped that may change the tide. Some examples of
chemical entities, beyond the classic inhibitors of kinases,
include protein-protein interaction (PPI) modulators, mul-
tifunctional small molecules (e.g., proteolysis-targeting
chimeras [PROTACs]), peptides/peptidomimetics, nucleic
acid–based therapeutics (e.g., oligonucleotides), and even
cell therapies and T-cell receptor (TCR) mimetics. This
major expansion of the “chemical matter” (chemical space
used in drug discovery) used for therapeutics brings along
new chemical, biologic, and pharmaceutical properties that
could enable the modulation of difficult targets. Because of
some of the characteristics of these compounds, most of
these entities may require intravenous delivery; however,
nanomedicine approaches could reduce dosing frequency,
while improving therapeutic windows.

Of these novel compound types, one notable recent success
is venetoclax, a first-in-class BCL-2 inhibitor. It took 20 years
of extensive chemistry efforts,4,5 several lead candidates,
and many clinical trials, but its approval by the U.S. Food
and Drug Administration in 2016 demonstrated the possi-
bility of developing agents that impede PPIs with small
molecules. Since that time, BCL-2 is no longer on the list of
undruggables.

The recent successes with targeting KRAS G12C and HRAS
are also important breakthroughs in targeting the undrug-
gable. The three RAS oncogene products, KRAS, NRAS,
and HRAS, have been among the most interesting, sought
after, and challenging targets, in part because of the fre-
quency of these lesions (approximately 30% of human
cancers). In the case of KRAS G12C, the breakthrough
came from structural insights provided by x-ray crystallog-
raphy and nuclear magnetic resonance that showed that
this specific mutation creates a pocket that can be exploited
therapeutically. Using state-of-the-art chemistry, pharma-
cologists have been able to synthesize covalent inhibitors
that attach to Cys12, thereby inhibiting MAPK signaling.

PRACTICAL APPLICATIONS

• Recent successes in targeting KRAS G12C and
HRAS represent significant advances in drug-
ging “the undruggable” and provide proof of
concept.

• Pharmacologic targeting of intractable proteins
is now a key challenge of modern drug devel-
opment, requiring innovation and the devel-
opment of new technologies.

• Important advances that are likely to have
a major impact on targeting undruggable tar-
gets include the advent of proteolysistargeting
chimeras and protein-protein modulators,
which are leading to considerable excitement in
the field of drug development.
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Sotorasib is one such small-molecule inhibitor, and its use
has resulted in confirmed objective response rates (com-
plete or partial response) of 32.2% in patients with KRAS
G12C non–small cell lung cancer, as well as disease control
rates (objective response or stable disease) of 88.1% in
non–small cell lung cancer and 73.8% in colorectal can-
cer.6 Consequently, several additional compounds are in
clinical development.

In the case of HRAS, the breakthrough came from the
observation of the exquisite dependency of HRAS on far-
nesyl transferase for prenylation, a critical step that is
necessary for RAS to bind to the inner layer of the cell
membrane and function (other members of the RAS family
have redundant pathways). Tipifarnib, a farnesyl transferase
inhibitor, has been granted fast track designation by the
U.S. Food and Drug Administration for the treatment of
patients with HRAS-mutant head and neck squamous cell
carcinomas. Early clinical trials are showing an overall re-
sponse rate of 50.0% (95% CI, 26.0–74.0) and a median
duration of response of 14.7 months (95% CI, 2.1–not
reported) in patients with these diseases.7

Another recent success story related to the use of modern
crystallography and structure-based design is the targeting
of HIF-2α. von Hippel-Lindau disease and many clear cell
renal cell carcinomas have inactivating mutations in VHL,
resulting in constitutive activation of the HIF-2α transcrip-
tion factor. The finding of a large cavity within the HIF-2α
PAS-B domain permitted the development of molecules
(e.g., PT2399, PT2385, and PT2977, later known as MK-
6482) that bind to the allosteric site and block its di-
merization with the HIF-1α/2α transcriptional dimerization
partner ARNT/HIF-1β. Treatment of 61 patients with VHL-
associated clear cell renal cell carcinoma using MK-6482
(NCT03401788) showed a confirmed response rate of
27.9%, as well as 13.1% unconfirmed responses at the time
of reporting (86.9% of patients experienced some decrease
in the size of their target lesions).8 This was the first story of
successful drug development against a transcription factor.

Some other programs are aiming to develop multispecific
drugs. These compounds work through two or more
chemical entities (one effector and one target), with several
drug-target binding interfaces that work sequentially or
concurrently. This multispecificity allows limiting drug ac-
tivity to a specific location or anchors the target close to an
endogenous effector, allowing the effector to modulate the
target. Some of them are antibody/peptide-based, such as
heteroduplex immunoglobulin G, bispecific CD3 engagers,
or antibody-toxin, antibody-drug, or antibody-cytokine fu-
sion proteins. Others are small molecules called “match-
makers,” which pull two entities together (the effector and
target), such that one (the effector) acts upon the other (the
target). These act as chemical inducers of degradation

utilizing endogenous biologic mechanisms, such as the
ubiquitin-proteasome degradation system: the therapeutic
effect is produced by modulating protein levels of the target.

PROTEOLYSIS-TARGETING CHIMERAS

PROTACs are one class of bifunctional small molecules.
They simultaneously bind to a target protein and an
E3 ubiquitin ligase, thereby causing ubiquitylation and
degradation of the target protein (Fig. 1).9 The ability of
PROTACs to degrade proteins, regardless of their function,
makes this approach highly attractive, especially for those
targets for which compounds can be developed that bind to
a given target without inhibiting its activity. Degradation of
the target protein by PROTACs is also suitable for targets
that overcome the effect of an inhibitor by overexpression,
which is often seen in cancer. As such, targeted protein
degradation offers tremendous promise. In fact, PROTACs
have a number of advantages; because of their unique
mechanism of action, a PROTAC molecule is capable of
catalyzing the degradation of multiple molecules of the
protein of interest. Consequently, compared with small-
molecule inhibitors, PROTACs may require significantly
lower concentrations to elicit a desired pharmacologic ef-
fect. PROTACs also have the potential to target so-called
undruggable proteins, such as transcription factors. For
example, STAT3 is a key factor for cell survival, proliferation,
angiogenesis, metastasis, and chemotherapy resistance;
thus, blocking STAT3 activity is an attractive strategy that
has been pursued for many years, with little success.10

However, PROTACs targeting STAT have been recently
reported,11,12 opening new possibilities.

PROTACs can be used to overcome drug resistance re-
sulting from mutations of a protein of interest, such as
PROTACs targeting mutated forms of BCR-ABL,13 receptor
tyrosine kinases,14 estrogen receptor-α,15 and Bruton ty-
rosine kinase.16 PROTACs can overcome resistance to
small-molecule inhibitors resulting from target upregulation
by degrading the target; one such example is androgen
receptor degraders, which have recently overcome re-
sistance developed to the androgen receptor antagonist
enzalutamide during prostate cancer treatment.17

Although the field of PROTAC research is still relatively
new, these rapid exciting clinical developments, such as
PROTAC-mediated targeting of androgen receptors, dem-
onstrate proof of principle, proving that this approach is
broadly applicable. Numerous proteins are now reported to
have been degraded in this manner, including Bruton ty-
rosine kinase, BCR-Abl, FKBP12, BRD9, and CDK6.18

One of the most exciting and compelling aspects of
unlocking the vast potential of protein degraders is the
opportunity to bring the wide variety of the historically
undruggable proteome into play for therapeutic benefit. In
spite of these promising prospects, there are challenges in
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utilizing PROTAC molecules, such as attaining suitable
physicochemical properties; adequate absorption, distri-
bution, metabolism, and excretion properties for oral dosing;
and/or even achieving adequate central nervous system
exposure.18 Therefore, overcoming some of these phar-
macologic obstacles will undoubtedly be essential in paving
the way for the broader therapeutic potential of PROTAC
molecules.

Small Molecules Modulating Protein-Protein Interactions

Critical biologic processes, such as DNA replication, tran-
scription, translation, and transmembrane signal trans-
duction, rely on functional specific proteins that are
regulated through protein complexes and controlled via
PPIs19,20; aberrant PPIs are associated with many human
cancers.21 In contrast with small molecules targeting
protein-ligand interactions (found in enzymes, ion channels,
or receptors), targeting PPIs, previously regarded as
undruggable targets, is a more challenging and novel
therapeutic approach.22

Designing a small molecule to bind to a PPI interface has
proven to be difficult for a number of reasons. First, the
unique interface structure is a challenge for drug design:
compared with the binding pockets of conventional protein
targets, the interface of PPIs tends to be flat and contains
few pockets, making it difficult for small-molecule com-
pounds to bind.23-25 The interface area of the interaction is

also typically large, larger than that of the receptor-ligand
contact area,26,27 and is highly hydrophobic.24,26 In addition,
the amino acid residues involved in PPIs result in high-
affinity binding between the proteins, making it more
challenging for small molecular compounds to inhibit.28

Compared with traditional drug target enzymes or re-
ceptors, PPIs also lack endogenous ligands,28 and com-
pared with traditional small-molecule drugs, drugs acting on
PPIs have a higher molecular weight (. 400 daltons).

In spite of these obstacles, progress is beingmade. In recent
years, some PPI modulators have entered clinical studies;
some have been approved for marketing, indicating that the
modulators targeting PPIs may have broad prospects. In
comparison with peptides targeting PPIs, small-molecular
inhibitors of PPIs are increasingly appealing, because these
drugs tend to have lower research costs, oral preparations,
and better tumor microenvironment penetration.

Inhibitors of MDM2/p53 interaction (small molecules,
peptides) p53 regulates the cell cycle and functions as
a tumor suppressor. Almost 50% of human cancers have
alterations in the TP53 gene, which results in the in-
activation of p53 function or loss of p53 expression.29 The
MDM2 protein is the p53 E3 ubiquitin ligase that, under
cellular stress conditions, ubiquitinates p53 and facilitates
p53 nuclear export and inhibition of transcription activity
or ubiquitin-dependent proteasomal degradation of p53.

FIGURE 1. General Mechanism of Proteolysis-Targeting Chimera–Induced Degradation of the Protein of Interest
A proteolysis-targeting chimera molecule recruits an E3 ligase to a protein of interest, followed by polyubiquitin of the latter by an E2-conjugating enzyme.
The polyubiquitinated protein of interest is recognized by the proteasome for its degradation. The proteolysis-targeting chimera molecule is recycled to
induce the next round of degradation.
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Utilizing small molecules or peptides to block the p53/
MDM2 interaction is one way to restore the p53 pathway in
wild-type p53 tumors, thereby preventing the inactivation of
p53. Nutlins are the most well-characterized small mole-
cules that disrupt this p53-MDM2 interaction, binding to the
N-terminal pocket of MDM2 and stabilizing p53, which
helps to retain tumor-suppressive functionality. There is
extensive in vitro and in vivo evidence to demonstrate that
nutlins increase p53 levels and apoptosis, as well as de-
crease tumorigenicity.30

Building on this momentum, the nutlin derivative RG7112
has advanced to clinical trials for leukemia and sarcomas
along with a number of other small molecules with similar
mechanisms of action that are currently in phase I clinical
trials, including SAR405838, CGM097, HDM201, DS-
3032, MK-8242, and AMG232.31-33 Thus, there is consid-
erable clinical interest and activity focused on inhibiting
p53-protein interactions using small molecules. Another
target being modulated by the use of PPI is the interaction of
MLL1 and menin. Once the crystal structure of menin was
available, the binding site with MLL became clear; currently,
drugs such as KO-539 show promising clinical activity in
refractory acute myeloid leukemia.34

Other Approaches Using Small Molecules

An indirect approach to targeting challenging and difficult
targets is the search for “synthetic”35,36 and “collateral”37

lethality scenarios. In synthetic lethality, cancer-specific
mutations that impair the function of one gene (e.g.,
BRCA1) can be exploited with pharmacologic inhibition of
another key component of the pathway (e.g., inhibiting
PARP with olaparib), which would lead to the death of
cancer cells with the genetic mutation but spare normal
cells that lack the genetic vulnerability. In addition to the
approval of many PARP inhibitors for the management of
BRCA1/2 ovarian and breast cancers, current clinical trials
are exploring this paradigm by using these agents in tumors
with alterations in other DNA-repair enzymes, such as
PALB2, ATM, and RAD51. Synthetic lethality is also ob-
served in tumors bearing mutations in the SWI/SNF chro-
matin remodeling complexes (e.g., SMARCA2, SMARCA4,
ARID1A, and ARID1B); tazemetostat, an EZH2 inhibitor,
has recently been approved by the U.S. Food and Drug
Administration for the management of malignant rhabdoid
tumors, a disease driven by SMARCA4 mutations.

The term “collateral lethality” is preferred to synthetic le-
thality when a “passenger” gene mutation (alteration not
playing an active role in tumor progression) is lost along with
an adjacent oncogenic or “driver” alteration (in our case, an
undruggable tumor-suppressor gene). Using the lack of
function of passenger-deleted genes for a therapeutic ad-
vantage could exploit cancer-selective vulnerabilities. Such
is the case with MTAP, a gene that is frequently codeleted

with CDKN2A (cyclin-dependent kinase inhibitor). MTAP-
null cancer cells seem to have a dependency on PRMT5 (a
methyltransferase); therefore, inhibition of PRMT5 could be
exploited for cancer treatment. In fact, PRMT5 inhibitors are
in clinical development.38 Based on this hypothesis, MTAP/
CDKN2A-null tumors could be sensitive to PRMT5 inhibitors
while normal cells are spared, offering a wide therapeutic
window. Other examples of this paradigm include the 1p36
deletion (which includes tumor-suppressor genes, such as
CAMTA1,mir34A, or KIF1B), the passengers enolase 1 or 6-
phosphogluconate dehydrogenase, and the therapeutic
inhibition of enolase 2 or components of the nonoxidative
pentose phosphate shunt.39

Another way to modulate an undruggable protein with small
molecules is to modulate its transcription levels: either in-
directly, by targeting chromatin regulation, or directly, by the
targeting of transcription factors or RNA that regulates its
expression. There are ongoing drug-discovery efforts fo-
cusing on small-molecule drugs targeting transcription
factors, such as P53, MYC, and STAT3. These transcription
factors, which are frequently altered in cancer, form protein
complexes that are directed to specific sites on DNA and
regulate oncogenic events. Small molecules interacting with
MYC, STAT3, or P53 are in development. These agents
mostly aim to prevent the formation of these multiprotein
complexes, rather than to disrupt the transcription factor–
DNA interaction.2

Targeting chromatin regulation, the main goal of epige-
netics, has also seen tremendous development with the
expansion of technologies that allow analysis of the epi-
genome and drug discovery now aiming for new targets,
such as EZH2, LSD1, PRMT inhibitors, and others. How-
ever, the field of epigenetics drug development is beyond
the scope of this review and can be found elsewhere.40

There is a conventional view that it is not possible to bind
RNAs with small molecules because they present unrelated
structures and complex pockets for druggability (RNA
interference–based therapeutics are discussed in the next
section). However, it has since been discovered that RNA
molecules actually adopt secondary and tertiary structures
that could be attractive targets for small molecules. In fact,
many drugs, including several antibiotics (e.g., amino-
glycosides) bind bacterial RNA in the ribosomes. This field
changed in 2020, when the U.S. Food and Drug Admin-
istration approved risdiplam, an SMN2-splicing modifier, to
treat spinal muscular atrophy. This is the first drug designed
specifically against a particular messenger RNA (it modifies
the splicing of SMN2 messenger RNA, resulting in an in-
crease in the concentration of the functional SMN protein
in vivo).41 The development of anticancer small molecules
that specifically bind RNA, although still in its early stages,
aims to design similar small-molecule RNA modulators that
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bind RNA molecules and change protein synthesis by
modifying RNA processing (RNA splicing) or impeding
protein production.42

NEW BIOLOGICS CAN ALSO ENABLE THE IMPOSSIBLE

Despite efforts to modulate RNA and protein expression with
small molecules, described above, biologic molecules, such
as antisense technologies, have remained the most com-
monly deployed method to target disease-associated RNAs.
First-generation oligonucleotide structures had poor cell
permeability and distribution and triggered immunoreac-
tivity; as a result of their poor pharmacology, their devel-
opment languished for years. Now, these initial problems of
RNA therapeutics have been addressed with improvements
in trigger design, sequence selection (to avoid unintended
off-target RNA interference effects), chemical formulation
(to avoid degradation by endonucleases and exonucleases),
and delivery mechanisms (lipid nanoparticles and others),
enabling a second generation of drugs. Consequently, in
2018, the U.S. Food and Drug Administration approved
patisiran, a small interfering RNA for the treatment of he-
reditary transthyretin amyloidosis with polyneuropathy.
Since then, two more drugs of this kind, lumasiran and
givosiran, have been approved. Patisiran, which primarily
acts on the liver, is not a metabolically stabilized small
interfering RNA, but it uses a lipid nanoparticle delivery
formulation. More recently, small interfering RNA thera-
peutics have been metabolically stabilized to improve their
stability.

However, not all RNA transcripts transmit a message for
protein coding and translation, but there is a diverse range of
noncoding RNA molecules (e.g., long noncoding RNAs,
microRNAs, small nuclear and small nucleolar RNAs) with
broad roles in modulating gene expression, including
cancer deregulation. Because of recent developments in
the field, RNA therapeutics are not limited to antisense
oligonucleotides; investigators are exploring small in-
terfering RNA, microRNA, messenger RNA, RNA aptamers,
short activating RNA, and single guide RNA for CRISPR/
Cas9 systems as potential therapeutic platforms. Some of
these novel RNA therapeutics are also aiming for some
undruggable targets that are relevant in cancer, such as
EWS/FLI1 (Ewing sarcoma), KRAS G12D (pancreatic can-
cer), miR-155 (lymphoma and leukemias), and miR-16
(malignant pleural mesothelioma and non–small cell lung
cancer).

One final approach using biologics to target complicated
intracellular targets involves the TCR-HLA (human leuko-
cyte antigen) system. The target, processed in the immu-
noproteasome, is broken into different peptides that are
presented by the tumor cell’s HLA system to the immune
system via the TCR; this interaction activates the immune
system against the tumor cell. Antigens that can be

leveraged for this approach include those arising from
cancer mutations (e.g., in otherwise undruggable proteins),
known as neoantigens, and tumor-associated antigens,
which result from overexpressed genes. This principle,
which is the basis for modern cell therapy (e.g., CAR T cells,
engineered TCR therapy) is now also being replicated by
different types of peptides (TCR “mimetics”)43: TCR-like
antibodies and TCR fusion proteins. These TCR mimetics
are advantageous in that they can have more drug-like
properties and avoid some of the limitations of traditional
cell therapies (e.g., prolonged and expensive production
times, cost). In addition to CD19, which was the first target
for leukemias (tisagenlecleucel, the first CAR T-cell therapy
was approved for acute lymphoblastic leukemia in 201744),
in solid tumors, initial research with cell therapy and TCR
mimetics initially focused on tumor-associated antigens,
such as GP100, MAGEA4, NYESO1, and PRAME; the first
generation of studies is ongoing. Theoretically, neoantigen-
specific CAR T cells or TCR mimetics (antibodies or soluble
TCRs) that are specific for the peptide–major histocom-
patibility complex could be a promising strategy to tackle
repetitive mutated variants in undruggables, such as fusion
peptides in sarcoma (breakpoint-specific neoantigens have
been predicted and validated, in part, for EWSR1-FLI1,
PAX3-FOXO1, and SS18-SSX1)45,46 or KRAS in pancreatic
cancer.47

The clinical proof of concept for cell therapy came from
targeting CD19.48 For TCR mimetics, this has likely been
achieved with the recently presented data on tebentafusp
(IMCgp100) that showed clinical benefit, including target
lesion reduction.49 Tebentafusp is a solution of soluble TCRs
stabilized by a disulfide bond and fused to an anti-CD3 scFv
(a so-called “ImmTACmolecule”). Early data from a phase II
trial in patients with HLA-A*0201+ gp100+ metastatic uveal
melanoma showed that, although the overall response rate
by response evaluation criteria in solid tumors was low (5%),
it was accompanied by a reduction in target lesion in 44% of
patients. The median overall survival was 16.8 months
(95% CI, 12.9–21.3), which seems promising compared
with historical controls.50

CONCLUSION

There is considerable excitement surrounding the devel-
opment of cancer targets considered undruggable, with
classic classes of agents, including transcription factors,
such as STAT3, TP53, MYC. Others, like RAS (KRAS G12C
and HRAS), HIF-2α, BCL-2, MDM2, and MLL, are now
validated druggable targets.

Because of the possibility that many other pharmacologic
barriers might be overcome by the new entities described
here, the concept of undruggable is being challenged, and
some now consider it an inappropriate or démodé term. In
the presence of novel molecular entities that promise to
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become game changers, some advocate for using terms
such as “undrugged,” “difficult-to-drug targets,” or “targets
with developability challenges” rather than undruggable.
Time, and the efforts of a new generation of drug de-
velopers, will tell.
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GASTROINTESTINAL CANCER—COLORECTAL AND ANAL

Colorectal Cancer: In the Pursuit of Health Equity
Laura W. Musselwhite, MD, MPH1; Folasade P. May, MD, PhD, MPhil2,3; Mohamed E. Salem, MD1; and Edith P. Mitchell, MD4

overview

Colorectal cancer mortality has decreased considerably following the adoption of national screening programs,

yet, within at-risk subgroups, there continue to be measurable differences in clinical outcomes from variations

in screening, receipt of chemotherapy, radiation or surgery, access to clinical trials, research participation,

and survivorship. These disparities are well-described and some have worsened over time. Disparities

identified have included race and ethnicity, age (specifically young adults), socioeconomic status, insurance

access, geography, and environmental exposures. In the context of the COVID-19 pandemic, colorectal cancer

care has necessarily shifted dramatically, with broad, immediate uptake of telemedicine, transition to oral

medications when feasible, and considerations for sequence of treatment. However, it has additionally

marginalized patients with colorectal cancer with historically disparate cancer-specific outcomes; among

them, uninsured, low-income, immigrant, and ethnic-minority patients—all of whom are more likely to

become infected, be hospitalized, and die of either COVID-19 or colorectal cancer. Herein, we outline

measurable disparities, review implemented solutions, and define strategies toward ensuring that all have

a fair and just opportunity to be as healthy as possible.

DEFINING HEALTH EQUITY IN COLORECTAL CANCER

Colorectal cancer (CRC) mortality has dropped by 50%
over the last 30 years, but with measurable differences
in at-risk subgroups. Over time, the World Health Or-
ganization International Agency for Research on Cancer
and the U.S. National Cancer Institute Surveillance,
Epidemiology, and End Results programs have high-
lighted that variations in screening, access to treatment,
participation in clinical trials, stage at diagnosis, mor-
bidity, and mortality exist. Disparate cancer outcomes
have been identified in subgroups classified by race and
ethnicity, age (specifically young adults), socioeconomic
status, insurance access, geography, environmental
exposures, and others. The World Health Organization
defines health equity as “the absence of unfair and
unavoidable or remediable differences in health among
population groups defined socially, economically,
demographically, or geographically” whereas ASCO
describes it as everyone having a fair and just opportunity
to be as healthy as possible.1,2 Its deterrent, cancer
disparities, have persisted and, in some areas, wors-
ened over time. Although disenfranchised subgroups in
the CRC care continuum have been well described,
contextualizing cancer care disparities in the context of
a global pandemic highlights additional areas of concern
toward our goal of improving equitable access to high-
quality CRC care and the necessary research con-
ducted to better inform and define the future of CRC care.

CANCER AND THE COVID-19 PANDEMIC

As the world surpasses a year since the COVID-19
pandemic began at the time of this publication, the

pandemic has led to over 2 million lives lost; new, more
infectious genetic variants of SARS-CoV-2 have
emerged; and mounting evidence suggests it will be an
endemic virus that will continue to shape health care
delivery for the foreseeable future. In the United States,
over 450,000 deaths have been documented, 11% of
households reported they did not have enough food in
the past week, and 9.4million jobs lost in the beginning
of the pandemic have not been recovered as of January
2021.3

In this context, health care delivery along the cancer
care continuum has suffered globally. Screening for
early-stage curable cancers has declined or been
halted in some countries, as “elective procedures” that
assist with diagnosis have been suspended in many
areas. Clinical trials have been arrested.4 Expected new
patient volumes have dwindled with concerns that they
will reemerge later at more advanced disease stages.

Early andmore recent reports have shown that patients
with cancer are more likely to become infected and are
at high risk for severe clinical events, defined as a need
for ventilation, admission to an intensive care unit, or
death.5-7 Additionally, patients receiving active treat-
ment, including chemotherapy or immunotherapy, are
at higher risk for adverse outcomes.8 An initial report of
hospitalized patients from Wuhan, China, suggested
that up to 40% of infections were acquired in the health
care setting.9 Together, cancer care during the pan-
demic has focused on patient susceptibility for in-
fection and exposure in the health care settings. These
efforts have included the immediate, vast uptake of
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virtual health; integrating surveillance SARS-CoV-2 test-
ing for patients receiving active treatment; prioritizing oral
treatment regimens; and limiting patient visitors in both the
outpatient and inpatient settings, often to zero.10

COVID-19 PANDEMIC EFFECTS ON COLORECTAL CANCER
CARE DELIVERY

There is mounting evidence that the COVID-19 pandemic
has had negative effects on CRC care. Morris et al11

extracted data from four population-based data sets
spanning the National Health Service in England between
January 2019 and October 2020. Compared with 2019, in
2020, there was a 63% reduction in monthly referrals for
suspected cancer, a 92% reduction in colonoscopies, and
a 31% relative reduction in patients receiving surgery.11

Among patients receiving surgery, fewer underwent lapa-
roscopic procedures and more presented from emergency
admissions, elevating concerns about delayed care
resulting in a stage shift at diagnosis. These findings
highlight a sustained decrease in the number of people
referred, diagnosed, and treated for CRC and a dramatic
shift in treatment paradigms among patients who were
treated.

Survival in CRC is highly associated with stage at diagnosis.
It is anticipated that this rate-limiting step in the CRC di-
agnostic equation will have far-reaching effects on CRC
outcomes. Modeling the effects of COVID-19 on cancer
screening and management of breast cancer and CRC
suggests an excess of 10,000 deaths over the next decade,
which does not take into account additional morbidity from
advanced-stage diagnosis and assumes the disruption in
cancer care was limited to only 6 months during the
pandemic.12

COVID-19 HEALTH DISPARITIES MIRROR AND EXACERBATE
COLORECTAL CANCER DISPARITIES

Although the COVID-19 pandemic has unquestionably
disrupted the CRC care delivery paradigm, it has also dis-
proportionately affected subgroups of patients with CRC

who are already known to have disparate outcomes. Black
patients, Hispanic patients, patients residing in rural areas,
and those without health insurance are more likely to be
infected with SARS-CoV-213,14 and are at higher risk for
severe illness from COVID-19. These subgroups are more
likely to have comorbidities such as diabetes, obesity, hy-
pertension, and kidney disease—all of which place patients
at higher risk for COVID-19–related complications and have
been strongly linked to adverse cancer treatment outcomes,
including more aggressive disease biology, poor cancer
surgery outcomes, radiation toxicity, an inability to receive
systemic therapies, and worse overall survival.

Evidence linking CRC disparities to those observed in
COVID-19 are most robust in Black patients. It is well known
that Black patients fare worse in multiple phases of the CRC
care continuum—they are less likely to be screened with
colonoscopy,15 are more likely to present with late disease
stages, and have lower 5-year rates of survival following
a diagnosis despite adjustments for disease stage at pre-
sentation.16 Simultaneously, in financial surveys gauging the
impact of the COVID-19 pandemic, Black populations are
more likely to have someone in their households who have
lost a job or taken a pay cut because of the coronavirus
outbreak. These systemic disadvantages rooted in historical
infrastructure are exacerbated by the pandemic.3 Indeed,
they highlight a need to not only address the sequelae of
COVID-19 on our communities, but also its anticipated
effects on accessing services for CRC prevention and care.

SCREENING LEADS TO PREVENTION AND EARLY DETECTION
OF COLORECTAL CANCER

Colorectal cancer screening reduces both CRC incidence
and CRC-related mortality by identifying precancerous and
cancerous lesions in the colon and rectum, but is not widely
used or available globally.17,18 High incidence of CRC, as
well as data from the National Polyp Study19,20 and ran-
domized trials investigating screening effectiveness,21-36

have promoted a population approach to CRC prevention
and early detection. Implementation of screening programs
is not universal, however, with poor access to screening
tests in low- and middle-income countries and inequities in
screening utilization within many countries that endorse its
use.18

ACCESS TO COLORECTAL CANCER SCREENING
VARIES GLOBALLY

Colorectal cancer screening was pioneered in the United
States but has become well established in many parts of the
world, including Canada, Europe, and Asia, over the past 4
decades. National strategies include both organized
screening programs and opportunistic screening efforts.18

Few low- and middle-income countries have nationwide
population-based programs or activities toward CRC pre-
vention, mostly as a consequence of limited resources and

PRACTICAL APPLICATIONS

• Health disparities in colorectal cancer are
measurable, rising over time, and exacerbated
by the COVID-19 pandemic.

• Redesigning colorectal cancer care delivery
paradigms should focus on just access to high-
quality care and access to research, both of
which are necessary to achieve health equity.

• Implementing evidence-based adaptable in-
terventions should be predicated on community
engagement, representation, measurable out-
comes, and success metrics.
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a lack of diagnostic services and cancer care that screening
generates. Many low- and middle-income countries that
have launched pilot programs to introduce screening have
done so with support from the World Health Organization,
International Agency for Research on Cancer, or other
research-focused agencies, or in partnership with re-
searchers or advocates from high-income countries.18

COLORECTAL CANCER SCREENING GUIDELINES AND
MODALITIES IN THE UNITED STATES

In the United States, CRC screening began in the late 1980s
and has contributed to an over 50% reduction in CRC-
related mortality.16,17,37 CRC screening has also been shown
to be cost-effective.38 Current national guidelines recom-
mend that average-risk individuals begin routine screening
at age 45 (American Cancer Society)39 or age 50 (U.S.
Preventive Services Task Force)36 and continue screening
until at least age 75. Screening may be extended to age 85
on an individual basis, based on health status and prior
screening history.36 The U.S. Preventive Services Task
Force recommends screening with one of seven screening
strategies that aim to either detect colon and rectal polyps
before they progress into malignancies or to detect cancers
at an early stage when there are favorable treatment options
and higher survival rates. These strategies include the fol-
lowing: (1) colonoscopy every 10 years; (2) annual fecal
immunochemical testing (FIT); (3) annual high-sensitivity
fecal occult blood testing; (4) stool DNA-FIT testing every
3 years; (5) flexible sigmoidoscopy every 5 years; (6) flexible
sigmoidoscopy every 10 years with FIT every year; and (7)
CT colonography (virtual colonoscopy) every 5 years.36 Of
these, colonoscopy is the most common screening method
in the United States, followed by FIT.40 When a non-
colonoscopic screening modality is used and the result is
abnormal, colonoscopy is recommended to complete the
screening process.36 Individuals at increased risk for CRC
(e.g., family history of CRC or colorectal polyps, or personal
history of inflammatory bowel disease) should initiate
screening before age 50 with colonoscopy.36 Several novel
screening modalities are currently under active develop-
ment and evaluation, including blood-based biomarker
tests, colon capsule endoscopy, and other noninvasive and
imaging modalities.41,42

SCREENING UTILIZATION AND SCREENING DISPARITIES IN
THE UNITED STATES

Despite strong effectiveness data supporting screening and
national guidelines, screening utilization is suboptimal in the
United States. Estimates from Behavioral Risk Factor Sur-
veillance System data (Centers for Disease Control and
Prevention) show that 68.8% of Americans age 50 to 75
were up-to-date with CRC screening in 2018.43 Further-
more, screening rates vary considerably by race, ethnicity,
and socioeconomic status in the United States. Rates are

highest amongWhite Americans (71.1%) and lowest among
Hispanic Americans (56.1%). Black Americans (70.1%),
American Indian/Native Americans (62.1%), and Asian
Americans/Pacific Islanders (64.8%) also have rates lower
than rates for White Americans.43

Differences in screening utilization by race and ethnicity are
at least partially explained by differences in socioeconomic
status.44 However, it is the overall impact of adverse social
determinants of health—recognized as barriers to care at
the patient, provider, health system, and policy levels—that
have led to disparities in uptake of CRC screening.45 Social
determinants of health include upstream governmental
policies, environmental factors, and social-structural in-
fluences on health and health systems that disproportion-
ately negatively impact marginalized communities and
determine downstream health outcomes. The effect of these
political, environmental, and social factors on screening
utilization is underscored in data demonstrating that lack of
participation in CRC screening is associated with low
household income, rural residence, lack of health in-
surance, lack of a regular health care provider, and low
educational attainment (Fig. 1).43,46,47

Patient-level barriers to screening in medically underserved
populations also include lack of knowledge of CRC risk and
the importance of screening, medical distrust, language
barriers, and competing health demands.15,45,48-50 Barriers
to screening are not limited to patients, however, as lack of
a provider recommendation for screening is highly associ-
ated with lack of screening uptake and occurs more fre-
quently among patients from racial and ethnic minority
populations.45,51,52 Health policy and health system factors
such as insurance coverage for preventive services and
reimbursement policy also impact uptake of screening in
medically underserved communities.45,48,49 Lack of a true
organized screening program in the United States and near
reliance on opportunistic screening are felt to contribute to
low screening rates and screening disparities (Table 1).45

INTERVENTIONS TO INCREASE OVERALL SCREENING RATES
AND ADDRESS SCREENING DISPARITIES

Increasing uptake of CRC screening overall and in medically
underserved communities has been a major focus in the
United States. The implementation of the Affordable Care
Act, Medicaid expansion, and increased use of noninvasive
screening technologies like FIT have reduced barriers to
screening and improved access in health care settings that
provide care for ethnic and racial minorities.46,53-56 There
have also been targeted efforts to increase screening up-
take, the most effective of which are multilevel interventions
that address patient, provider, health system, and policy
barriers to screening and increase access to and accep-
tance of screening tests.57-59
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Offering patients both invasive (i.e., colonoscopy) and
noninvasive (i.e., FIT) screening modalities and engaging
patients in shared decision-making can help address pa-
tient hesitancy and increase screening uptake. Noninvasive,
stool-based screening tools like FIT and other stool-based
screening tests are low-cost, highly accessible in health
care settings in which there is no access to colonoscopy,
and often more acceptable among racial and ethnic
minorities.60,61 Other effective strategies in diverse patient
populations include patient navigation, decision aids, pro-
vider and patient reminders, and mailed FIT programs.45,62

Above all, health systems that provide care for medically
underserved populations must have the institutional support
to prioritize CRC screening, including infrastructures to
facilitate the identification and tracking of patients overdue
for screening and to measure screening rates.

Government agencies, national organizations, and medical
societies have played an essential role in raising awareness
about CRC risk and screening and encouraging screening

participation in the United States. Healthy People 2020
(U.S. Department of Health and Human Services) and the
National Colorectal Cancer Roundtable (cofounded by the
American Cancer Society and the Centers for Disease
Control and Prevention) set goals in 2010 and 2014, re-
spectively, to screen at least 70.5% (Healthy People 2020)
and 80% (National Colorectal Cancer Roundtable) of adults
age 50 to 75.63,64 From 2010 to 2018, the national screening
rate increased from 65.4% to 68.8%, with some reduction
in racial/ethnic and socioeconomic status disparities.43,46,65

Recognizing that not all patient populations benefit equally
from screening technologies, the National Colorectal
Cancer Roundtable announced a transition to the “80% in
Every Community” campaign in 2018.66 This campaign
recognizes that to realize the full potential of CRC screening
to reduce morbidity and mortality in the United States, we
must address low screening participation in populations
with suboptimal rates and the most unfavorable CRC
outcomes.

FIGURE 1. U.S. Colorectal Cancer Screening Rates by Race/Ethnicity, Socioeconomic Status, and Health Insurance Status; Behavioral Risk Factor Sur-
veillance System, 201843

Abbreviations: AI, American Indian; AN, Alaskan Native; GED, general educational diploma; NH, non-Hispanic.
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DISPARITIES IN COLORECTAL CANCER

Although an estimated 149,500 people will be diagnosed
with CRC in 2021, it is well recognized that the overall death
rate has declined. Yet, CRC is the third most common cause
of cancer death identified in men and women in the United
States, and is second in overall mortality when men and
women are combined.40 As of 2018, the mortality rate for
CRC had decreased by 53% among men since 1990 and by
30% in women since 1969. However, CRC incidence and
mortality rates as well as outcomes vary between racial and
ethnic minority groups. Among the five patient groups
from whom data are routinely collected—non-Hispanic
White, non-Hispanic Black, Hispanic, Asian/Pacific Is-
lander, and American Indian/Alaskan Native—mortality
rates are highest in non-Hispanic Black patients, followed
by American Indian/Alaskan Native patients, and lowest in
Asian/Pacific Islander patients.40 During the period of 2012
through 2016, incidence rates in non-Hispanic Black pa-
tients accounted for 45.7 per 100,000 population and were
approximately 20% higher than non-Hispanic White pa-
tients at 38.6 per 100,000 population and 50% higher than
the rates of Asian/Pacific Islander patients at 30.0 per
100,000 population. For mortality, however, the magnitude of
the disparity was even greater and is double that of incidence
rate. During the period of 2013 through 2017, CRC death rates
in non-Hispanic Black patients (19.0 per 100,000 population)
were nearly 40% higher than those in non-Hispanic White
patients (13.8 per 100,000) and twice that of Asian/Pacific
Islander patients (9.5 per 100,000 population).67

Reasons for the disparities identified, such as the higher
incidence and mortality rates in non-Hispanic Black pa-
tients, have been attributed to multiple complex

socioeconomic and social determinants of health, such as
low median family income, with the non-Hispanic Black
population median family income being $41,361 compared
with the non-Hispanic White population income of $70,642
during 2018. During the same period, 21% of non-Hispanic
Black and 8% of non-Hispanic White populations were
living in poverty.45 Other factors include a higher prevalence
of risk factors, including smoking and obesity, and lower rates
of screening and likelihood of timely follow-up on a positive
stool-based screening test and a quality colonoscopy.67

Additionally, non-Hispanic Black patients experience higher
inequities in comorbidities that may limit therapeutic in-
terventions. Moreover, tumor characteristics such as loca-
tion of tumors within the colon or rectum, grade, and
histology may be contributing factors to treatment response
and thus overall mortality.67

The high incidence and mortality rate in the Alaskan Native
population of 89 per 100,000 population and 40 per
100,000 population, respectively, are double the rates of the
non-Hispanic Black population. Contributing factors may
include diets with higher levels of fats and lower con-
sumption of fruits, vegetables, and vitamin D, coupled with
smoking, obesity, diabetes,68,6970 and a high prevalence of
Helicobacter pylori.71 Other factors include distance from
diagnostic endoscopic facilities.72

Of all racial and ethnic groups, the non-Hispanic Black
population has the highest rates of advanced distant-stage
CRC73 and has the lowest 5-year survival.74,75 These differ-
ences are mainly the result of inferior access to early detection
and quality diagnostic and treatment interventions. Thus,
equity across the continuum, including prevention, early

TABLE 1. Barriers to Colorectal Cancer Screening in Medically Underserved Communities15,45,48-51

Patient Factors Provider Factors Health System Factors Policy Factors

Knowledge of CRC risk Knowledge of guidelines Practice setting Screening guidelines

Attitudes toward screening Beliefs about screening effectiveness Access to specialty care Insurance policy

Beliefs about screening Counseling practices Colonoscopy capacity Reimbursement policy

Perceived risk of CRC Lack of recommendation Reminder systems Financial barriers to care

Perceived benefits of screening Bias and discrimination Care coordination

Health literacy Time constraints

Language Perceived need

Fear of colonoscopy Referral practices

Fear of a cancer diagnosis Lack of support

Cost/copay

Distrust in medicine/science

Family history

Competing demands (medical, other)

Lack of transportation or escort for colonoscopy

Abbreviation: CRC, colorectal cancer.
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detection, adequate treatment, and clinical trial participation,
are important factors contributing to overall outcomes.74-76

COLORECTAL CANCER IN YOUNG PATIENTS

Incidence rates in individuals younger than age 50 have
demonstrated an increase since the 1990s, with the
greatest numbers observed in rectal tumors.73 Among those
younger than age 50, rectal tumors account for 37%,
whereas 25% of tumors occur in the distal colon.77

Since the period 2012 through 2016, incidence rates in-
creased approximately 1.8% per year in the proximal and
distal colon and 2.2% annually overall. This increase in
those younger than age 50 is associated with more
advanced-stage tumors and is steepest in the non-Hispanic
White population with 2.2% per year and the American
Indian/Alaskan Native population with 2.2% per year.78

Causes for this increase of CRC in young individuals is
unknown but thought to be related to diet.

In an analysis of data from 13 Surveillance, Epidemiology,
and End Results cancer registries from 1992 to 2005, an
evaluation of young patients with CRC was made utilizing
data on trends by sex, race/ethnicity, age, stage at di-
agnosis, and anatomic subsite.79 From 1992 to 2005, these
authors noted increases in CRC incidence rates of 1.5%
per year in men and 1.6% per year in women per 100,000
in young adults between age 20 and 49. There were higher
rates in the non-Hispanic White population in all stages of
the disease, and the increase was associated with a higher
prevalence of rectal cancer in women and men over this
time period. Additional research was suggested as impor-
tant and necessary to determine the etiology of the change
in CRC patterns and to develop potential preventive, di-
agnostic, and interventional strategies. Increasing trends in
CRC rates in young individuals have also been noted by
other authors.80-82

PROGNOSTIC FACTORS IN YOUNG PATIENTS WITH
COLORECTAL CANCER

Reports indicate that hereditary CRCs occur in 38.4% of
patients younger than age 40 and in 3.5% of individuals
older than age 55.82 Others have likewise confirmed that
hereditary tumors are detected more frequently in young
individuals, suggesting hereditary factors as etiology rather
than diet and lifestyle.83,84

Earlier reports indicated a worse survival rate in young
patients with CRCs.80,82 Young patients are more likely to
present with advanced- and late-stage disease and higher-
grade tumors.80 Approximately 60% to 67% of young pa-
tients with CRC present with stage III or IV disease, with the
majority being poorly differentiated or mucinous tumors,
having signet-ring cell, infiltrating tumor edge, and ag-
gressive histologic grade in the primary tumor.85,86 Distal
location and advanced stage of tumor at diagnosis were

reported as independent prognostic factors.87 Liang et al86

reported age, type of operation, blood transfusion, histologic
type, diameter of tumor, invasion, lymphatic invasion, and
distant metastasis (TNM) stage as predictors of survival in
young patients with colon cancer after surgery.86 Levi et al88

reported an increase in second primary CRCs in young pa-
tients with a history of CRC. Adloff et al89 reported virulence but
delay in diagnosis and 5-year survival rates being no different in
young and older patients. Young patients survived as well as or
better than their older patient counterparts. The most frequent
symptoms were bleeding and abdominal pain.89

Siegel et al79 reported that, at initial presentation of early-
onset CRC in patients younger than age 50 with sporadic
disease and no obvious history of evidence of known risk
factors, it was found that at least 86% demonstrated
a history of abdominal symptoms evident by the time of
diagnosis. The most common findings were rectal bleeding
in 51%, abdominal pain in 32%, and change in bowel habits
in 18%. The most frequent clinical and laboratory param-
eters were anemia in 14% and positive fecal occult blood
tests in 7%.79 These authors emphasize that, with the
findings of a recent increase in CRC among those younger than
age 50, an adequate evaluation of young patients with ab-
dominal symptoms is necessary to impact this trend. They
further imply that early recognition of CRC in patients without
known established risks factors requires enhanced clinical
awareness and education of providers of these changing trends
to allow for aggressive diagnostic evaluation of symptoms and
thus treatment at a potentially earlier stage of disease.

MUTATION STATUS

Berg et al90 examined the mutation status of five known CRC
genes and compared the genomic complexity of tumors from
young patients without known inherited CRC syndrome with
older patients. Among 181 CRC tumors stratified by micro-
satellite instability status, DNA sequence changes were ob-
served in KRAS in 32%, BRAF in 16%, PIK3CA in 4%, PTEN
in 14%, and TP53 in 51%.90 Interestingly, among younger
patients, PIK3CA mutations were not observed, and TP53
mutations occurred more frequently. Additionally, the total
gene mutation index was lowest—although genomic com-
plexity as determined by copy-number aberrations was
highest—in tumors from the younger participants. A similar
number of tumors from young and older patients were
quadruple negative for the four predictive gene mutations
(KRAS, BRAF, PIK3CA, PTEN). However, tumors from 16%
of young patients compared with only 1% of elderly patients
showed mutations in PTEN/PIK3CA exclusively.

These results indicate that different genetic profiles exist in
tumors from young and elderly patients with comparable
pathologic features, potentially indicating a different genetic
risk profile of CRC tumorigenesis in young patients.90 Other
studies have demonstrated microsatellite instability and
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other molecular biomarkers as being different in young
patients with CRC.

The incidence rates of CRCs are increasing in young adults.
Tumors in the young population appear to be more ag-
gressive, to present with later stage and more advanced
disease at diagnosis, and to have poorer histopathologic
features compared with tumors in older patients. Despite
more advanced disease at the time of diagnosis, response to
therapy and overall survival appear similar to older patients.
Early reports indicate genetic mutation profiles that differ
from older patients. These findings indicate a need for
health care providers to have a heightened awareness of this
continuously increasing trend and institute diagnostic
evaluation of gastrointestinal symptoms when caring for this
young patient population. It is necessary that future re-
search focuses attention on studies to elucidate and de-
lineate factors contributing to the disparate trend and to

design and develop potential diagnostic and early detection,
interventional, and preventive strategies to address the
causes of and reverse the current trend.91

A CALL TO ACTION

The COVID-19 pandemic’s aftershocks on CRC care and
outcomes will be long-lasting and worldwide. Although
its challenges have forced a reckoning in how we provide
care, the pandemic also provides an unparalleled op-
portunity to reorganize and address CRC disparities. To
do so, we must focus on just access to high-quality
care and access to research, both of which are neces-
sary to achieve health equity. As a means toward this end,
implementation of evidence-based adaptable interventions
should be predicated on community engagement, repre-
sentation, measurable outcomes, and clearly defined suc-
cess metrics.
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GASTROINTESTINAL CANCER—COLORECTAL AND ANAL

Current Management of Appendiceal Neoplasms
Richard S. Hoehn, MD1; Caroline J. Rieser, MD1; M. Haroon Choudry, MD1; Nelya Melnitchouk, MD2; Jaclyn Hechtman, MD3; and

Nathan Bahary, MD, PhD4

overview

Appendiceal neoplasms include a heterogeneous group of epithelial and nonepithelial tumors that exhibit

varying malignant potential. This review article summarizes current diagnostic criteria, classification systems,

and optimal therapeutic strategies for the five main histopathologic subtypes of appendiceal neoplasms. In

particular, the management of epithelial appendiceal neoplasms has evolved. Although their treatment has

historically been extrapolated from colon cancer, improved understanding of their unique histopathologic and

molecular characteristics and a growing body of published clinical data support a more nuanced approach to

their management.

Appendiceal neoplasms include a heterogeneous group
of epithelial and nonepithelial tumors that exhibit varying
malignant potential. They are rare tumors, with an age-
adjusted annual incidence of six cases per 1,000,000
people in recent years.1 The prognosis of appendiceal
neoplasms is predominantly dependent on tumor type
and grade, with long-term survival ranging between 10%
and 90%.2

There are five main histopathologic subtypes of appen-
diceal neoplasms: neuroendocrine neoplasms (NENs),
which are nonepithelial tumors; and mucinous neo-
plasms, goblet cell adenocarcinomas (GCAs), colonic-
type (nonmucinous) adenocarcinomas, and signet ring
cell adenocarcinomas, which are epithelial tumors. The
diagnostic and staging criteria for epithelial appendiceal
neoplasms have been significantly revised recently in the
updated 8th edition of the American Joint Committee on
Cancer Staging Manual (AJCC 8th edition; Table 1)3

and the 5th edition of the WHO Classification of Di-
gestive System Tumours.4 The diagnosis and treatment
of appendiceal neoplasms have become increasingly
nuanced as our understanding of their histopathologic
andmolecular characteristics has evolved. For example,
neoplasms formerly called “goblet cell carcinoids” have
been renamed “goblet cell adenocarcinoma,” because
the neuroendocrine component of these tumors is un-
derstood to be less significant. Also, unique and more
specific staging and grading systems have been de-
veloped for primary and metastatic mucinous neoplasms
of the appendix to better reflect their biologies.

Primary appendiceal tumors are difficult to diagnose
preoperatively when confined to the appendix. Patient
presentation often resembles acute appendicitis, with
tumors found in approximately 1% of appendectomy
specimens.5 Intraoperatively, the diagnosis often re-
mains ambiguous. Even when the surgeon suspects

malignancy, associated inflammation may preclude a de-
finitive intraoperative diagnosis. Consequently, most cases
of appendiceal cancer are diagnosed postoperatively.

Cytoreductive Surgery With Hyperthermic

Intraperitoneal Chemoperfusion

Epithelial appendiceal neoplasms demonstrate a pro-
pensity for peritoneal metastasis and metastasize
outside the peritoneal cavity less frequently. They are
therefore especially amenable to regional therapies.
Several regional therapy variations have been de-
scribed over the past 4 decades, but the most com-
monly used technique is cytoreductive surgery (CRS)
with hyperthermic intraperitoneal chemoperfusion
(HIPEC). Cytoreductive surgery refers to surgical re-
moval of all visible (macroscopic) intra-abdominal tu-
mors, whereas HIPEC refers to the circulation of heated
high-dose chemotherapy within the peritoneal cavity
immediately after CRS to kill any residual microscopic
cells left behind. Intraoperatively, surgeons most com-
monly use the Peritoneal Carcinomatosis Index (PCI;
range, 0–39) to quantify the intra-abdominal tumor
burden.6 After CRS, surgeons most commonly use the
Completeness of Cytoreduction Score (CC-score) to
document the extent of residual macroscopic disease
after surgery.7 Ideally, complete macroscopic resection
(CC-0) should be achieved; however, residual tumors
less than 2.5 mm are considered acceptable, espe-
cially for less aggressive tumor subtypes, because
preclinical data suggest successful penetration of
intraperitoneally delivered chemotherapeutic drugs up
to a depth of 2 mm to 5 mm.8

MUCINOUS NEOPLASMS

Diagnosis and Staging

Mucinous appendiceal neoplasms (MANs) are unique
tumors in which more than 50% of the tumor volume is
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composed of extracellular mucin. They may present as an
unruptured mucin-filled appendix or, more commonly, with
peritoneal metastases after rupture or transmural invasion of
the primary tumor. Peritoneal spread is characterized by
marked intra-abdominal accumulation of mucinous ascites
and mucinous tumor nodules, referred to as pseudomyx-
oma peritonei (PMP) or mucinous carcinoma peritonei. A
recent expert consensus statement by the Peritoneal Sur-
face Oncology Group International (PSOGI) provides de-
tailed recommendations for classification and pathologic
reporting of primary MANs and metastatic PMP.9 The
updated AJCC 8th edition adopted the PSOGI diagnostic
terminology for MANs and provided guidelines for staging
MANs/PMP (Table 2).

According to the updated diagnostic terminology for primary
MANs, low-grade MANs are characterized by low-grade
cytology without evidence of infiltrative (destructive) invasion,
and lymph node involvement is quite rare. Although un-
common, tumors with high-grade cytologic features but without
evidence of infiltrative (destructive) invasion are considered
high-gradeMANs. Tumors that demonstrate infiltrative invasion
of the appendiceal wall are considered mucinous appendiceal
adenocarcinomas (AAs) and carry an increased risk for lymph
node metastasis. Mucinous AAs may be moderately differen-
tiated (grade 2) or poorly differentiated, often with signet ring
cells (grade 3), according to the AJCC 8th edition.

Both the PSOGI and the AJCC 8th edition use a three-tier
diagnostic grading system for PMP. These tiers include PMP

with low-grade cytohistologic features (PSOGI)/grade G1,
well differentiated (AJCC 8th edition); PMP with high-grade
cytohistologic features (PSOGI)/grade 2, moderately dif-
ferentiated (AJCC 8th edition); and PMP with signet ring
cells (PSOGI)/grade 3, poorly differentiated (AJCC 8th edition).
Using this grading system, Davison et al10 found that patients
with grade 1, grade 2, and grade 3 tumors had lymph node
involvement in 1%, 17%, and 72% of cases, respectively, and
demonstrated corresponding 5-year survival rates of 91%,
61%, and 23%.

The mutation spectrum in MAN varies depending on the
type of neoplasm. KRAS hotspot mutations are very frequent
in low-grade MANs and high-grade MANs, with a reported
prevalence of 81% to 100%.11,12 GNAS hotspot mutations
are also more commonly enriched in low-grade MANs11-13

and are frequently seen in mucinous neoplasms across
various organs.14,15 TP53 mutations are infrequent in low-
grade MANs11,12 but are more frequent in high-grade MANs
and mucinous adenocarcinomas.11,12 Although the data on
microsatellite instability and tumor mutation burden are
relatively scarce, it has been reported that approximately
1% of mucinous adenocarcinomas have high microsatellite
instability and/or have a high tumor mutation burden,
whereas virtually no low-grade MANs have high micro-
satellite instability/high tumor mutation burden.11

Contrast-enhanced CT or MRI is used to assess the burden
of intra-abdominal tumors and determine resectability.
Chest imaging is usually performed to rule out systemic
spread in high-grade disease and pleural disease in low-
grade disease. PET/CT is not recommended for these pa-
tients.16 Tumor markers, including CEA, CA 19-9, and CA-125
levels, should be assessed at diagnosis and are often useful
to assess treatment effect and detect tumor recurrence after
resection.16,17

Management

There is some controversy regarding the surgical man-
agement of localized MAN, which is often diagnosed intra-
or postoperatively. Clearly, when a dilated and enlarged
appendix is encountered, it must be removed carefully to
avoid spillage of any potentially malignant cells. This can
usually be done laparoscopically, with care to make a suf-
ficient extraction site.

It has been suggested that right hemicolectomy after a di-
agnosis of MAN confers no survival benefit over appen-
dectomy alone.18 A limitation of that study is its inclusion of
multiple tumor types and presentations, all of which had
peritoneal metastases. Other studies have found lymph
node status to be an important prognostic factor.19 Although
low-grade (grade 1) tumors rarely have lymph node in-
volvement, grade 2 and grade 3 MANs have positive lymph
nodes in 17% and 72% of cases, respectively.10 Therefore,
nonperforated low-grade tumors (grade 1) completely

PRACTICAL APPLICATIONS

• The recently updated 8th edition of the
American Joint Committee on Cancer Staging
Manual and the 5th edition of the WHO
Classification of Digestive System Tumours
provide a three-tiered grading system formucinous
appendiceal neoplasms, a unique tumor in situ
category for low-grade appendiceal mucinous
neoplasms, new descriptions of peritoneal
tumors and mucin metastases, more nuanced
grading for neuroendocrine neoplasms, and
a renaming of “goblet cell carcinoids” to “goblet
cell adenocarcinoma.”

• The diagnosis and treatment of epithelial
appendiceal neoplasms have become
increasingly nuanced as our understanding
of their variable histopathologic and molecular
characteristics has evolved.

• Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy have become
standard of care for many patients with
metastatic epithelial appendiceal cancer.
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TABLE 1. American Joint Committee on Cancer 8th Edition Staging System for Appendiceal Tumors3

T

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ (intramucosal carcinoma; invasion of the lamina propria or extension into but not through the
muscularis mucosae)

Tis(LAMN) Low-grade appendiceal mucinous neoplasm confined by the muscularis propria. Acellular mucin or mucinous
epithelium may invade into the muscularis propria. T1 and T2 are not applicable to LAMN. Acellular mucin or
mucinous epithelium that extends into the subserosa or serosa should be classified as T3 or T4a, respectively.

T1 Tumor invades the submucosa (through the muscularis mucosa but not into the muscularis propria)

T2 Tumor invades the muscularis propria

T3 Tumor invades through the muscularis propria into the subserosa or the mesoappendix

T4 Tumor invades the visceral peritoneum, including the acellular mucin or mucinous epithelium involving the serosa
of the appendix or mesoappendix, and/or directly invades adjacent organs or structures

T4a Tumor invades through the visceral peritoneum, including the acellular mucin or mucinous epithelium involving the
serosa of the appendix or serosa of the mesoappendix

T4b Tumor directly invades or adheres to adjacent organs or structures

N

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 One to three regional lymph nodes are positive (tumor in lymph nodemeasuring� 0.2 mm) or any number of tumor
deposits is present, and all identifiable lymph nodes are negative

N1a One regional lymph node is positive

N1b Two or three regional lymph nodes are positive

N1c No regional lymph nodes are positive, but there are tumor deposits in the subserosa or mesentery

N2 Four or more regional lymph nodes are positive

M

M0 No distant metastasis

M1 Distant metastasis

M1a Intraperitoneal acellular mucin, without identifiable tumor cells in the disseminated peritoneal mucinous deposits

M1b Intraperitoneal metastasis only, including peritoneal mucinous deposits containing tumor cells

M1c Metastasis to sites other than peritoneum

G G definition

GX Grade cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

When T Is… and N Is… and M Is… and the Grade Is… Then the Stage Group Is…

Tis N0 M0 0

Tis(LAMN) N0 M0 0

T1 N0 M0 I

T2 N0 M0 I

T3 N0 M0 IIA

T4a N0 M0 IIB

(Continued on following page)
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excisedwith appendectomy alonemay undergo surveillance,16

but right hemicolectomy should be performed for grade 2 and
grade 3 MANs for staging and oncologic purposes.

In addition to formal colectomy, a thorough examination of
the abdomen is required to assess for evidence of peritoneal
metastases. This involves searching for tumor or mucin
deposits in the omentum, paracolic gutters, diaphragmatic
surface, and pelvis. Any findings should be thoroughly
examined by an experienced pathologist. Low-grade MANs
with localized acellular mucinous deposits carry a low risk
for developing PMP (4%), whereas those with cellular
mucin are at a much higher risk for PMP (40%).20 These
findings clearly influence prognostic discussions and sur-
veillance decisions for patients.

Many patients eventually present with metastatic disease
that is limited to the peritoneum and amenable to CRS with
intraperitoneal chemotherapy. Although historically done
with palliative intent, it is now understood that an aggressive
surgical approach can result in long-term disease control
and even cure in many patients. Recent studies have found
an overall median survival of 51 to 156 months and a 10-
year overall survival up to 70%, with surgical morbidity of
20% to 50% and postoperative mortality between 1% and
10% (Table 3).21

There is little evidence to guide the use of systemic therapy
for MAN, but it is generally accepted that there is no role for
systemic chemotherapy in low-grade MAN and low-grade
PMP.16 The natural history of most grade 1 tumors suggests
that systemic chemotherapy may be of little use, and ret-
rospective studies have not found a benefit.31

For grade 2/grade 3 MAN/PMP, pre- and/or postoperative
systemic chemotherapy is generally recommended using
fluorouracil-based regimens, similar to those used for
colorectal cancer.16 Perioperative systemic chemotherapy
may lead to lower abdominal tumor burdens, fewer visceral

resections, and improved progression-free survival.32,33 In
one series, preoperative chemotherapy resulted in partial or
complete histologic response in 29% of patients, which
correlated with improved survival.32 For patients with unre-
sectable disease, systemic chemotherapy can provide disease
control in more than 50% of cases.34

APPENDICEAL NEUROENDOCRINE NEOPLASMS

Diagnosis and Staging

Neuroendocrine neoplasms have historically been referred
to as carcinoid because of their intermediate behavior that
was observed to be less aggressive than traditional carci-
nomas. This is an outdated term and has evolved as we
learn more about these tumors. Although they can occur
throughout the entire gastrointestinal tract, as well as the
lung, the appendix is the third most common site of primary
NENs behind the small bowel and rectum.35 Appendiceal
NENs appear to arise from subepithelial neuroendocrine
cells rather than epithelial neuroendocrine cells, as in other
gastrointestinal NENs.36 These subepithelial neuroendo-
crine cells are concentrated in the tip of the appendix, which
explains the propensity for NENs to develop in this location.

The most recent World Health Organization classification
system defines three categories for gastrointestinal NENs
(Table 4): well-differentiated neuroendocrine tumors
(NETs), poorly differentiated neuroendocrine carcinomas,
and mixed neuroendocrine-nonneuroendocrine neoplasms.
Themajority of cases are diagnosed as grade 1/grade 2NETs.
Given the rarity of neuroendocrine carcinomas and mixed
neuroendocrine-nonneuroendocrine neoplasms and the
common confusion with goblet cell carcinoids, these cases
should be always be reviewed by experienced centers and
pathologists.

Patients diagnosed with NENs often have their chromog-
ranin A and serotonin levels monitored to assess response to
treatment and early signs of tumor recurrence, although

TABLE 1. American Joint Committee on Cancer 8th Edition Staging System for Appendiceal Tumors3 (Continued)
When T Is… and N Is… and M Is… and the Grade Is… Then the Stage Group Is…

T4b N0 M0 IIC

T1 N1 M0 IIIA

T2 N1 M0 IIIA

T3 N1 M0 IIIB

T4 N1 M0 IIIB

Any T N2 M0 IIIC

Any T Any N M1a IVA

Any T Any N M1b G1 IVA

Any T Any N M1b G2, G3, or GX IVB

Any T Any N M1c Any G IVC

Abbreviation: LAMN, low-grade appendiceal mucinous neoplasm.
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these levels are not universally reliable. Imaging should
include contrast-enhanced CT of the chest/abdomen/pelvis
with triphasic protocol through the liver, the most frequent
site of metastasis. A newer option is somatostatin receptor

imaging with 68Ga-DOTATATE PET/CT. This method should
not be used routinely for diagnostic workup because of its
high costs and the high sensitivity of current contrast-
enhanced CT imaging. 68Ga-DOTATATE PET/CT is useful

TABLE 2. Peritoneal Surface Oncology Group International Classification of Primary Mucinous Appendiceal Neoplasms and Metastatic
Pseudomyxoma Peritonei9

PSOGI Terminology Characteristics Other Terminology

Primary Mucinous Appendiceal Neoplasm

LAMN Dysplastic lesion with low-grade cytohistologic features*
and any of the following architectural features:

Mucinous tumor of uncertain malignant potential

Loss of the lamina propria and muscularis mucosae Mucinous tumor of low malignant potential

Fibrosis of the submucosa

No infiltrative invasion** by neoplastic cells

With or without pushing invasion†

With or without mucin dissecting in wall

With or without mucin or cells outside appendix

With or without rupture of the appendix

High-grade appendiceal mucinous
neoplasms

Similar characteristics as LAMN except for the presence of
high-grade cytohistologic features

Noninvasive mucinous adenocarcinoma

Mucinous adenocarcinoma Infiltrative invasion** by neoplastic epithelial cells Mucinous adenocarcinoma

AJCC grade 2 (moderately differentiated)

AJCC grade 3 (poorly differentiated with or without
signet ring cells)

Pseudomyxoma Peritonei

Mucin without epithelial cells Acellular mucin NA

PMP with low-grade histologic
features*

Low-grade cytohistologic features Well-differentiated mucinous adenocarcinoma
(AJCC grade 1)

PMP1

DPAM

Low-grade mucinous carcinoma peritonei

PMP with high-grade histologic
features

One or more high-grade cytohistologic features Moderately differentiated mucinous
adenocarcinoma (AJCC grade 2)

PMP2

PMCA, PMCA-I/D

High-grade mucinous carcinoma peritonei

PMP with signet ring cells Presence of signet ring cells (regardless of other high-
grade cytohistologic features)

Poorly differentiated mucinous adenocarcinoma
(AJCC grade 3)

PMP3

Peritoneal mucinous carcinomatosis

High-grade mucinous carcinoma peritonei

Abbreviations: PSOGI, Peritoneal Surface Oncology Group International; MAN, mucinous appendiceal neoplasm; LAMN, low-grade appendiceal mucinous
neoplasm; AJCC, American Joint Committee on Cancer; PMP, pseudomyxoma peritonei; NA, not applicable; DPAM, disseminated peritoneal
adenomucinosis; PMCA, peritoneal mucinous carcinomatosis; I/D, intermediate/discordant.
*Low-grade cytohistologic features: mildly enlarged hyperchromatic nuclei, mild nuclear stratification, maintenance of cell polarity, minimal mitotic activity,
minimally prominent nucleoli, low cellularity (, 20%), no infiltrative invasion, no signet cells, no angiolymphatic invasion, no perinuclear invasion.
**Features of infiltrative invasion: tumor budding (discohesive single cells or clusters of up to five cells) and/or small irregular glands, typically within
a desmoplastic stroma characterized by a proteoglycan-rich extracellular matrix with activated fibroblasts/myofibroblasts with vesicular nuclei.
†Pushing invasion: broad front of cells expanding into surrounding tissue without “infiltrative” features (i.e., expansile or diverticulum-like growth).
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for three scenarios: assessing somatostatin receptor positivity
when considering treatment (discussed later), assessing
biologic activity of treated tumors, and investigating in-
conclusive soft tissue findings on CT.

Management

Despite an overall favorable prognosis, appendiceal NENs
have a relatively high incidence of lymph node metastasis. A
study of Surveillance, Epidemiology, and End Results data,
which does not provide granular histologic characterization
as described above, found lymph node involvement in 15%
of appendiceal NENs 1 cm or smaller, 47% of NENs be-
tween 1 and 2 cm, and 86% of NENs larger than 2 cm.37

The corresponding 10-year survival rates for patients with
nonmetastatic node-positive disease in these groups were
100%, 92%, and 91%, respectively. An older single-
institution study found that no patient with carcinoid tumors
smaller than 2 cm treated with appendectomy alone de-
veloped metastases.38 Based on these findings, it is gen-
erally recommended that appendectomy alone is sufficient
for well-differentiated NETs smaller than 2 cm or tumors
that are 1 to 2 cm with low-risk features.39 If completely
resected and node negative, no long-term follow up is
necessary.40

For well-differentiated NETs larger than 2 cm or those in-
volving the base of the appendix, right hemicolectomy is
generally recommended,39 although it may not improve
overall survival and is questioned by some investigators.39 A
recent series found that tumor size and type of resection did
not predict survival; presentation withmetastatic disease did
predict inferior survival and was associated with older age,
serosal invasion, lymphovascular invasion, and tumor
grade.39 Although current guidelines suggest right hemi-
colectomy for all appendiceal NETs larger than 2 cm,39

patient selection may be better tailored using histologic
grading and other characteristics that are more predictive of
metastatic disease and inferior survival.

There is less debate regarding patients with high-grade
NETs, neuroendocrine carcinomas, andmixedneuroendocrine–
non-neuroendocrine neoplasms, although the rarity of these
tumors limits their study. Although the risk of lymph node or
distant metastases for these patients is higher and survival is
worse than for low-grade NETs, it is unclear whether right
hemicolectomy improves survival.41 Without clear guide-
lines, these tumors should be considered high-risk histology
and treated with right hemicolectomy according to the
published guidelines.39

As mentioned, the most common site of metastasis for
appendiceal NENs is the liver. All patients with anatomically
resectable disease should be considered for surgical re-
section and/or ablation, because this approach offers an
opportunity for cure. However, many patients cannot un-
dergo resection for anatomic or medical reasons. These

patients should be evaluated for liver-directed therapies,
such as transarterial bland embolization, transarterial chemo-
embolization, or transarterial radioembolization. Transarterial
bland embolization is performed with a variety of embolizing
agents (e.g., gelfoam, polymers, or endospheres) that occlude
the predominantly arterial blood supply to these metastatic
tumors. Transarterial chemoembolization can be performed
using agents such as cisplatin, doxorubicin, streptozocin, or
drug-eluting beads. Transarterial radioembolization is most
commonly done with 90Y microspheres. Although outside the
scope of this review, the choice of agent is institution de-
pendent, and no study has demonstrated a clear superiority
at this time.

NENs also metastasize to the peritoneal cavity. As with
other causes of carcinomatosis, CRS with or without HIPEC
can improve disease control and survival in well-selected
patients.42,43 The ideal patients are those with well-differentiated
tumors and modest intra-abdominal tumor burdens. The
addition of chemoperfusion and the choice of agent are
variable, but platinum agents are the most common.

Currently, there are no studies indicating a clear role for
systemic therapy in the adjuvant setting for well-differentiated
NETs. However, there are several options for patients with
recurrent or metastatic disease. The PROMID study com-
pared treatment with octreotide long-acting release (San-
dostatin LAR) versus placebo for patients with metastatic
midgut NETs. The median time to tumor progression was
improved in the octreotide group (14.3 vs. 6 months).44 There
was no difference in long-term overall survival (83.7 vs. 84.7
months), but most patients in the placebo group eventually
crossed over to receive octreotide, which likely confounds
these results.45 Similarly, the CLARINET study compared
treatment with lanreotide versus placebo for locally ad-
vanced or metastatic gastrointestinal NETs and found im-
proved progression-free survival (not reached vs. 18months).46

Treatment with somatostatin analogs is tumoristatic, rather
than tumoricidal, and should be used to control unre-
sectable disease rather than to downstage tumors to
surgical resectability.

Everolimus has been studied in this setting as well. The
RADIANT-2 trial found that the addition of everolimus im-
proved progression-free survival for patients with advanced
NETs and carcinoid syndrome compared with octreotide
alone (16.4 vs. 11.3 months).47 The subsequent RADIANT-
4 trial compared everolimus with placebo for progressive,
nonfunctional, lung or gastrointestinal NETs and found
improved progression-free survival (11.0 vs. 3.9 months).
As a result, everolimus can be considered for patients with
progressive, metastatic gastrointestinal NETs.

Another option for patients with advanced disease is peptide
receptor radionuclide therapy. In a group of advanced
midgut NETs, the phase III randomized NETTER-1 study
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found that 177Lu-DOTATATE led to improved progression-
free survival (not reached vs. 8.4 months) and objective
tumor response (18% vs. 3%) compared with octreotide.48

As such, the National Comprehensive Cancer Network
panel currently recommends peptide receptor radionuclide
therapy with 177Lu-DOTATATE for patients with advanced/
metastatic gastrointestinal NETs that are somatostatin
receptor–positive on imaging.49

Adjuvant therapy should be considered for patients with
surgically resected neuroendocrine carcinomas.49 For pa-
tients with resectable disease that is locally advanced or
metastatic, neoadjuvant therapymay be considered. Potential
regimens include cisplatin/etoposide, carboplatin/etoposide,
folinic acid/fluorouracil/oxaliplatin, folinic acid/fluoroura-
cil/irinotecan, or capecitabine with or without temozolo-
mide. Patients with locally advanced or metastatic disease
should be treated with similar regimens.

GOBLET CELL ADENOCARCINOMA

Diagnosis and staging

Goblet cell adenocarcinomas demonstrate a mixed histol-
ogy, including neuroendocrine features as well as mucin-
secreting gland formation seen in typical adenocarcinomas.
They have historically been referred to as goblet cell car-
cinoids, goblet cell tumors, adenocarcinoids, mixed crypt
cell carcinoma, and mucinous adenocarcinoids. These
tumors are more aggressive than typical NETs, with more
frequent transmural invasion, lymph node involvement,
and peritoneal metastasis, and are generally treated like
adenocarcinomas.

Previously, the standard classification system was based on
a study from 2008 by Tang et al50: type A was typical goblet

cell carcinoids with minimal atypia or desmoplasia; type B
was signet ring type; and type C was poorly differentiated.
This grading systempredicted rates of lymph node involvement
(19% vs. 73% vs. 100%), extra-appendiceal spread (33% vs.
88% vs. 100%), 3-year disease-specific survival (100% vs.
85% vs. 17%), and 5-year disease-specific survival (100%
vs. 36% vs. 0%) for types A, B, and C, respectively. Survival
was more closely linked to goblet cell carcinoid type than
to disease stage.

Our understanding of these tumors has evolved, and the
most recent World Health Organization classification has
renamed these tumors GCAs, acknowledging the relatively
minor neuroendocrine component.4 GCAs are character-
ized by the degree of high-grade histologic features observed
(i.e., infiltrating tumor cells, complex tubules, cribriform
masses, loss of tubular or clustered growth, high-grade cy-
tology, and necrosis): grade 1 has less than 25% high-grade
patterns, grade 2 has 25% to 50% high-grade patterns, and
grade 3 has more than 50% high-grade patterns.4

GCAs differ significantly from AAs in terms of molecular
profile. Approximately 10%and 6%of GCAs have KRAS and
GNAS hotspot mutations, respectively, which is less fre-
quent than mutation rates for either gene in appendiceal
MANs or nonmucinous adenocarcinoma.11,51 The fre-
quency of high tumor mutation burden or highmicrosatellite
instability in GCA has been reported to range from 0% to
3%.11,51

As with most appendiceal tumors, GCAs are typically di-
agnosed on pathology after surgery for presumed appendi-
citis. Workup at that time should include contrast-enhanced
CT of the chest/abdomen/pelvis, although hematogenous
spread is rare. Serotonin, chromogranin A, and imaging used

TABLE 4. World Health Organization 2019 Classification and Grading Criteria for Neuroendocrine Neoplasms of the Gastrointestinal Tract and
Hepatobiliary Organs4

Terminology Differentiation Grade Mitotic Rate* (mitoses/2 mm2) Ki-67 Index* (%)

NET, G1 Well differentiated Low , 2 , 3

NET, G2 Well differentiated Intermediate 2–20 3–20

NET, G3 Well differentiated High . 20 . 20

NEC, small-cell type Poorly differentiated High** . 20 . 20

NEC, large-cell type Poorly differentiated High** . 20 . 20

MiNEN Well or poorly differentiated† Variable† Variable† Variable†

Abbreviations: NET, neuroendocrine tumor; G1, grade 1; G2, grade 2; G3, grade 3; NEC, neuroendocrine carcinoma; MiNEN, mixed
neuroendocrine-nonneuroendocrine neoplasm.
*Mitotic rates are expressed as the number of mitoses per 2mm2 (equaling 10 high-power fields at 40�magnification and an ocular field diameter
of 0.5 mm), as determined by counting in 50 fields of 0.2 mm2 (i.e., total area of 10 mm2); the Ki-67 proliferation index value is determined by
counting at least 500 cells in the regions of highest labeling (hot spots), which are identified at scanning magnification; the final grade is based on
whichever of the two proliferation indexes places the neoplasm in the higher-grade category.
**Poorly differentiated NECs are not formally graded but are considered high grade by definition.
†In most MiNENs, the neuroendocrine and nonneuroendocrine components are poorly differentiated, and the neuroendocrine component has
proliferation indexes in the same range as other NECs. This conceptual category allows for the possibility that one or both components may be well
differentiated; therefore, when feasible, each component should be graded separately.
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for NETs (e.g., DOTATATE PET/CT) are typically not helpful
for GCAs, but tumor markers, namely CEA, CA 19-9, and
CA-125, may be informative.52

Management

For GCA diagnosed after appendectomy without visible
carcinomatosis, a formal right hemicolectomy is recom-
mended for all patients.39 Some studies have challenged the
survival benefit of formal resection. Based on a small in-
stitutional series, it has been suggested that GCAs smaller
than 1 cm confined to the appendix and completely resected
with appendectomy may be spared right hemicolectomy.53

An analysis of the Surveillance, Epidemiology, and End
Results database similarly found no improvement in survival
associated with formal resection, although 94% of patients
underwent right hemicolectomy.54 Given the paucity of
studies, we must rely on consensus guidelines that recom-
mend formal resection for these patients.

As with other appendiceal tumors, patients with GCA often
develop carcinomatosis. In well-selected patients, CRS/HIPEC
can significantly improve survival, with median overall survival
reported from 18 to 37 months and up to 24% 4-year survival
rates.55–57 As with other conditions, survival is best for low-
grade tumors and those that can undergo complete
cytoreduction.

Shyu et al58 recently reported their experience with CRS/
HIPEC stratified according the more recent World Health
Organization classification of GCA. The majority of patients
had grade 3 GCA (73%), which predicted a similar tumor
burden but a lower likelihood of achieving complete
cytoreduction. Median survival was 33 months for grade 3
compared with 98 months for grades 1/2, and 5-year
survival was 23% versus 54%, respectively. On multivariate
analysis, grade 3 tumors and more than 50% extracellular
mucin correlated with inferior survival. Survival did not
correlate with PCI or complete cytoreduction (CC-0; HR,
1.96; p = .07).

Adjuvant chemotherapy is recommended for patients with
resected stage III/IV disease. Although no randomized data
exist, most investigators recommend fluorouracil-based
regimens similar to those used to treat other types of gas-
trointestinal adenocarcinoma.40,57 Retrospective studies have
failed to show differences in survival, likely as a result of
small numbers and selection bias.59 However, a recent
report of the National Cancer Database suggested improved
survival for patients with node-positive disease who received
adjuvant chemotherapy.60

COLONIC-TYPE (NONMUCINOUS) AND SIGNET
RING ADENOCARCINOMAS

Diagnosis and Staging

NonmucinousAA is similar to other lower gastrointestinal tumors
and is often referred to as colonic-type adenocarcinoma.

Although the prognosis for most of these patients is similar to
that for stage-matched colon cancer, survival is significantly
worse for patients with signet ring cell tumors.3 Genetically,
AA is not identical to typical colon cancer.

Like other appendiceal tumors, AA often presents as acute
appendicitis and is diagnosed at an advanced stage.
Standard AA presents with T3/T4 in 68% of cases, lymph
node involvement in 29% of cases, and metastatic disease
in 22% of cases. Signet ring cell tumors are more bi-
ologically aggressive and present with T3/T4, N1, and M1
disease in 91%, 61%, and 56% of cases, respectively. The
median survival for standard AA is 48 months, whereas it is
24 months for signet ring cell tumors.1 Lymph node in-
volvement is predictive of tumor recurrence, the majority of
which occur in the peritoneum.61 Most patients with signet
ring cell tumors develop metastatic disease, all with peri-
toneal disease and only 10% occurring at distant sites.62

Although AAs have a lower rate of KRAS and GNAS mu-
tations (56% and 25%, respectively) compared with
appendiceal MAN,11,63,64 the rates are still higher than those
seen in colorectal cancer. Mutation rates in TP53 (23%),
APC (2%), and PIK3CA (2%) are also lower than those seen
in colorectal cancer.63 Approximately 2% to 3% of AAs have
high tumor mutation burden status, almost all attributable to
high microsatellite instability status.11,51

Patients diagnosed with AA should undergo a metastatic
workup similar to colon cancer.65 This includes contrast-
enhanced CT of the chest/abdomen/pelvis as well as bio-
chemical testing, including CEA.

Management

Given the prognostic and therapeutic implications as well as
the frequency of lymph node involvement, all patients with
AA should undergo formal right hemicolectomy. A recent
National Cancer Database study found that 19% of AAs
larger than 1 cm had lymph node involvement; the rate was
28% for AAs that were 1 to 2 cm.66 Rates of lymph node
involvement were 0%, 11%, and 12% for tumors that were
in situ, T1, and T2, respectively. These numbers were quite
similar to those for primary colon adenocarcinomas. Sub-
sequently, the investigators concluded that all patients with
invasive AA should undergo right hemicolectomy, regard-
less of tumor size.

Retrospective data suggest that the addition of CRS/HIPEC
to standard systemic chemotherapy improves survival for
patients with AA and peritoneal metastases compared with
systemic therapy alone, with median disease-free survival
and overall survival of 23 and 48 months, respectively, and
5-year overall survival and disease-free survival of 56% and
36%, respectively.67,68 Improved survival is predicted by PCI
less than 7, CEA less than 6 ng/mL, and complete cytor-
eduction.67 Inferior survival is predicted by nonmucinous
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histology, signet ring cells, and increasing PCI.68 All patients
with perforated tumors or known peritoneal metastases
should be evaluated by amultidisciplinary team to assess for
resectability and coordinate treatment planning.

Systemic chemotherapy is recommended for AA, but there
are no appendix-specific guidelines. Because of the lack
of high-level data, recommendations for patients with AA
follow treatment algorithms for colon cancer. Patients with
nonmetastatic disease confined to the appendix and without
lymph node involvement do not need systemic therapy.
Patients with completely resected localized tumors who
have lymph node involvement may benefit from adjuvant
chemotherapy with a fluoropyrimidine/oxaliplatin doublet.
Patients with metastatic disease should receive systemic
regimens similar to those used for metastatic colorectal
cancer. This guidance includes perioperative regimens for
patients who are candidates for surgical resection.

There are small series that describe nuances in chemo-
therapy options for appendiceal tumors. Most use regimens
with a combination of fluorouracil, platinum, and irinote-
can.62 It has been suggested that EGFR inhibitors have less
of an impact on appendiceal KRASwild-type tumors than on
their colorectal counterparts.61 EGFR inhibitors have shown
greater benefit for patients with left-sided tumors versus
right-sided tumors,69 and appendiceal tumors have gen-
erally been excluded from such trials. More work is needed
to understand targetable aspects of AA that may respond
more favorably to specific systemic regimens.

CONTROVERSIES

Role of HIPEC

A large and growing body of literature supports the appli-
cation of CRS/HIPEC in well-selected patients with perito-
neal metastases arising from certain histologies. However,
CRS/HIPEC remains controversial in the general medical
community, especially outside of specialized centers. Some
investigators have questioned the additional benefit of
HIPEC compared with CRS alone.

A recently published phase III randomized French trial
(PRODIGE 7) failed to demonstrate an overall survival
benefit from combined CRS/HIPEC compared with CRS
alone in patients with colorectal peritoneal metastases.70

The specific HIPEC regimen used in the trial (bidirectional
therapy using intraperitoneal oxaliplatin for 30 minutes at
42°C and concurrent intravenous fluorouracil infusion) has
several important limitations: (1) most patients had pre-
viously been exposed to intravenous oxaliplatin-containing
chemotherapy regimens, so cancer cells that survived this
treatment were likely resistant to oxaliplatin71; (2) preclinical
studies have consistently demonstrated that exposure to
a longer duration of chemohyperthermia (. 90 minutes) is
required to induce a sufficient fraction of irreversible cell

death72; and (3) the trial was designed to demonstrate an
18-month improvement in overall survival, which is an overly
optimistic endpoint to assess the additional benefit of
a locoregionally delivered chemotherapeutic agent. Notably,
although this trial failed to demonstrate a survival benefit
attributable to short-duration oxaliplatin-based HIPEC, it
certainly provided encouraging data to support CRS for
patients with peritoneal metastases (median survival was 41
months, and 5-year survival was . 36%).73

Certain patients demonstrate clinicopathologic features
associated with an elevated risk for metachronous perito-
neal metastases, including T4 mucinous and signet ring
cancers, perforated and/or obstructed tumors, positive re-
section margins, and synchronous ovarian or low-volume
peritoneal metastases that are resected with the primary
tumor. In a recently published phase III French trial
(PROPHYLOCHIP-PRODIGE 15), patients with colorectal
cancer with synchronous and localized peritoneal metas-
tases removed during tumor resection (55%), perforated
primary tumor (44%), or resected ovarianmetastases (17%)
were randomly selected to receive surveillance or second-
look CRS/HIPEC (predominantly with oxaliplatin) after
6 months of adjuvant systemic chemotherapy and the
absence of recurrence by imaging. There was no difference
in 3-year disease-free survival or peritoneal relapse-free
survival between the groups.74 There are important limita-
tions that make this study challenging to interpret. The trial
included a heterogeneous group of patients with stage II/III
cancers (perforated) and stage IV cancers (ovarian and
peritoneal metastases). Because all patients in the ex-
perimental arm underwent CRS/HIPEC regardless of the
presence/absence of peritoneal disease, some patients
underwent prophylactic CRS/HIPEC, whereas the others
received therapeutic CRS/HIPEC. Although this study
may conclude that routine CRS/HIPEC for similar patients
does not improve survival, it did not specifically study the
benefit of CRS/HIPEC for patients with visible and re-
sectable peritoneal metastases. Indeed, the median PCI
in the CRS/HIPEC group was 4, and peritoneal metas-
tases were only confirmed on surgical pathology for 37%
of the patients. Therefore, extrapolating these results to
patients with known peritoneal metastases may not be
prudent.

Similarly, in a Dutch phase III randomized trial (COLOPEC),
patients with T4 or perforated colon cancer were randomly
selected to receive standard surgical resection, with or
without adjuvant HIPEC (oxaliplatin, 30minutes), at the time
of primary resection, followed by routine adjuvant systemic
chemotherapy for both groups. There was no difference in
peritoneal metastasis-free survival at 18 months.75 Again,
this was not a study of patients with known peritoneal
metastases; thus, conclusions cannot be made regarding
the effect of CRS/HIPEC in that setting.
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There is heterogeneity with regard to the HIPEC agent used,
with most institutions preferring oxaliplatin or mitomycin. A
multicenter randomized trial in the United States compared
HIPECwithmitomycin or oxaliplatin for patients with appendiceal
neoplasms (77%were low grade).76 TheHIPEC protocol for both
agents was 120minutes of chemohyperthermia, compared with
30minutes in the European trials. That study found slightly more
hematologic toxicity and lower quality-of-life scores with mito-
mycin relative to oxaliplatin, with no difference in overall survival,
leading the investigators to conclude that oxaliplatin may be
superior to mitomycin for HIPEC in MAN.76,77 Less than 20% of
the patients received preoperative chemotherapy; we cannot
extrapolate these recommendations to patients with colorec-
tal adenocarcinoma who receive neoadjuvant oxaliplatin-
containing regimens, as discussed previously.71

In summary, expert consensus supports CRS/HIPEC for
well-selected patients with appendiceal cancer based on
numerous retrospective studies and institutional experi-
ences showing improved survival and quality of life relative
to chemotherapy alone.16 However, there are no high-level
data comparing CRS/HIPEC with CRS alone or modern
systemic chemotherapy for appendiceal cancer specifically.
The aforementioned studies have all included colorectal
cancer, not specifically appendiceal cancer.

High Grade, High Peritoneal Carcinomatosis Index

Patient selection is crucial, but criteria for CRS/HIPEC are
often vague and multifactorial. It has been suggested that
tumors with high-grade cytology or signet ring cells may not
benefit from CRS/HIPEC. However, there are many factors at
play. Omohwo et al78 found that, although low-grade tumors
had better 3-year survival than high-grade tumors overall,
there was no difference if complete cytoreduction was
achieved. The interaction between grade and complete-
ness of cytoreduction was quite strong. Patients with low-
grade tumors with complete cytoreduction had a 3-year
survival of 100% compared with 80% for incomplete
cytoreduction. For patientswith high-grade tumors, survival rates
were 68% and 9%, respectively.78 Other studies also found
that complete cytoreduction predicted improved survival
for patients with high-grade or signet ring cell tumors.79–81

Some studies have assessed PCI cutoffs that may predict
futility of CRS/HIPEC. A French group studied CRS/HIPEC

for colorectal cancer and found a linear relationship between
PCI and survival.82 Although this linearity makes a definitive
threshold difficult to define, they concluded that CRS/HIPEC
was indicated for PCI less than 12 and contraindicated for
PCI greater than 17; for PCI between 12 and 17, other pa-
rameters must be taken into account. This group also sug-
gested that PCI greater than 15 is a relative contraindication
and strongly predicts small bowel involvement.83 All patients
in this cohort underwent complete cytoreduction (CC-0), and
the vast majority had PCI less than 17.

In a retrospective study from three high-volume American
institutions, PCI alone did not predict survival for patients
with high-grade appendiceal tumors.84 That group found
that the ability to achieve complete cytoreduction (CC-0)
was the most important predictor and that arbitrary PCI
cutoffs were not meaningful. High PCI was predictive of
incomplete cytoreduction, but PCI did not predict survival
for patients with CC-0 resection.

Other groups have similarly tried to identify PCI in-
flection points, with suggested thresholds ranging from
13 to 20.85,86 It is important to recognize that these
studies include patients with colorectal cancer, many
nonmucinous. Appendiceal tumors are unique with regard to
their biology, propensity to develop peritoneal-only metasta-
ses, and susceptibility to CRS/HIPEC. Indeed, even patients
with extensive carcinomatosis and high-grade tumors may
benefit from CRS/HIPEC.78,87 Strict application of PCI
cutoffs are difficult to define; these patients should always
be evaluated by experienced surgeons and teams familiar
with the disease when assessing the utility of CRS/HIPEC.

CONCLUSION

Appendiceal neoplasms are a rare group of malignancies
with a wide variety of biologic characteristics and malignant
behaviors. Our understanding of these tumors and their
treatment options has expanded dramatically in recent
years, and many patients experience improved survival and
quality of life as a result of more aggressive surgical ther-
apies and evolving systemic treatment options. Because of
the low incidence and lack of randomized data for most
scenarios, patients are best evaluated at high-volume in-
stitutions by medical and surgical oncologists who are fa-
miliar with these diseases.
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43. Goéré D, Passot G, Gelli M, et al. Complete cytoreductive surgery plus HIPEC for peritoneal metastases from unusual cancer sites of origin: results from
a worldwide analysis issue of the Peritoneal Surface Oncology Group International (PSOGI). Int J Hyperthermia. 2017;33:520-527.

44. Rinke A,Müller HH, Schade-Brittinger C, et al; PROMID Study Group. Placebo-controlled, double-blind, prospective, randomized study on the effect of octreotide
LAR in the control of tumor growth in patients with metastatic neuroendocrine midgut tumors: a report from the PROMID Study Group. J Clin Oncol. 2009;
27:4656-4663.

45. Rinke A, Wittenberg M, Schade-Brittinger C, et al; PROMID Study Group. Placebo-controlled, double-blind, prospective, randomized study on the effect of
octreotide LAR in the control of tumor growth in patients with metastatic neuroendocrine midgut tumors (PROMID): results of long-term survival. Neuroen-
docrinology. 2017;104:26-32.
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GASTROINTESTINAL CANCER—COLORECTAL AND ANAL

Locoregional Therapies for Colorectal Cancer
Liver Metastases: Options Beyond Resection
Johannes Uhlig, MD, MPH1,2; Jelena Lukovic, MD3; Laura A. Dawson, MD3; Reema A. Patel, MD4; Michael J. Cavnar, MD5; and

Hyun S. Kim, MD, MHS1

overview

Colorectal cancer was the third most common malignancy worldwide in 2018, and most patients present with

or develop distant metastases. Colorectal liver metastases are most commonly observed because of the

vascular drainage of the colon and superior rectum. Current guidelines recommend surgical resection as first-

line treatment; however, 80% to 90% of patients with colorectal liver metastases are ineligible for primary

resection. For patients with unresectable disease, a multidisciplinary treatment approach is favored, in-

corporating systemic therapy and a toolbox of local ablative therapies. These treatments either aim at

cytoreduction to enable a conversion to surgical resectability or control of disease progression and spread.

Each of these treatments carries unique outcomes and risk profiles, thereby contributing to an individualized

treatment strategy for patients with colorectal liver metastases. This review summarizes evidence on hepatic

artery infusion, stereotactic body radiation therapy, thermal ablation, transarterial chemoembolization with

drug-eluding beads, and transarterial radioembolization for treatment of colorectal liver metastases. Results of

large-scale prospective and retrospective studies and international guidelines are discussed to provide de-

tailed background on the current and prospective use of local ablative techniques inmanagement of colorectal

liver metastases.

In 2018, colorectal cancer (CRC) was the third most
common malignancy, accounting for 10.2% of in-
cident cancer cases worldwide.1 A total of 9.2% of
cancer-related deaths worldwide were attributed to
CRC in 2018, ranking CRC second after lung cancer.1

Among patients with CRC, 20% to 25% present with
distant metastases at the time of diagnosis, and an-
other 50% to 60% of initially localized CRC will spread
over the disease course.2,3 Because of the portal ve-
nous drainage of the colon and superior rectum, CRC
most commonly metastasizes to the liver. Up to 80% of
patients with stage IV CRC with at least one metastatic
site will have involvement of the liver (colorectal liver
metastases).4

TREATMENT ALGORITHM FOR PATIENTS WITH

COLORECTAL LIVER METASTASES

According to international guidelines by ASCO and the
European Society of Medical Oncology (ESMO), sur-
gical resection should be considered as first-line
treatment for patients with colorectal liver metastases.5,6

However, approximately 80% to 90% of patients with
colorectal liver metastases are ineligible for primary
resection based on the extent of their disease, pres-
ence of other metastases, and/or patients’ clinical
performance.7 For patients with unresectable disease,
a multidisciplinary approach is favored, incorporating
systemic therapy and a toolbox of local ablative

therapies.5 These treatments either aim to achieve
cytoreduction to enable a conversion to surgical re-
sectability or to control progression of colorectal liver
metastases and extrahepatic disease.5

One specific scenario for patients with metastatic CRC
is the so-called oligometastatic disease, which is de-
fined by the presence of limited metastases; most
guidelines arbitrarily define oligometastatic disease as
up to three sites and five lesions.5 In oligometastatic
disease, treatment strategies should be directed at
complete tumor destruction or control at all sites, using
surgical resection alone or in combination with local
ablative therapy after an initial course of systemic
therapy.5 For patients with oligometastatic disease with
colorectal liver metastases alone, systemic therapy
may even be omitted.

The toolbox of local ablative therapies for colorectal
liver metastases includes several treatments im-
plemented by a multidisciplinary team, including
therapies such as hepatic artery infusion, stereo-
tactic body radiation therapy (SBRT), thermal ab-
lation, transarterial radioembolization (TARE), and
transarterial chemoembolization. Each of these
techniques carries unique outcomes and risk pro-
files, thereby contributing to an individualized
treatment strategy for patients with colorectal liver
metastases.
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HEPATIC ARTERY INFUSION FOR COLORECTAL

LIVER METASTASES

Hepatic artery infusion chemotherapy has been available to
oncologists for more than 25 years as a therapeutic option
for patients with colorectal liver metastases. Hepatic artery
infusion has not gained widespread acceptance outside of
select high-volume tertiary centers, such as Memorial Sloan
Kettering Cancer Center (MSKCC), due to multiple factors,
including the need for complex yet precise dosing and
monitoring to avoid toxicity, specialized surgical techniques,
and multidisciplinary expertise. In addition, there is a pau-
city of large, prospective, multi-institutional clinical trials
evaluating hepatic artery infusion, and this treatment
method has not been directly compared with standard-of-
care combination systemic chemotherapy, which has
demonstrated efficacy. Nonetheless, long-term survival is
achievable for patients with colorectal liver metastases who
undergo complete liver resection, and therefore, modalities
such as hepatic artery infusion that facilitate reaching this
goal should be considered. Hepatic artery infusion has
shown to improve response rates in liver disease with long-
term control, without reaching resection. In 2020, ASCO
guidelines encouraged consideration of surgical resection at
institutions with a high level of experience, provided that
patients respond to chemotherapy.6

The hepatic artery is the main supply of nutrients for
liver metastases (. 3 mm diameter), whereas the portal

vein supplies the normal unaffected liver parenchyma.8

Importantly, the liver also metabolizes certain drugs at
first pass through hepatic arterial circulation. This results
in high intrahepatic concentrations with limited systemic
exposure, making drugs with short half-lives ideal for use
in hepatic artery infusion.9 Floxuridine (FUDR), a prodrug
of 5-fluoruracil (5-FU), exhibits these features and in
preclinical studies demonstrated a 94% to 99% extrac-
tion by the liver during first-pass metabolism.10 The major
toxicity of hepatic artery infusion FUDR is biliary toxicity,
requiring close monitoring; the risk of toxicity may be
reduced with concurrent use of dexamethasone during he-
patic artery infusion and close adherence to established dose
reductions.11 Other drugs including oxaliplatin and mito-
mycin have also been administered through hepatic artery
infusion, especially in countries without access to FUDR.

Hepatic Artery Infusion as Adjuvant Therapy After Liver

Resection

Recurrence after liver resection in colorectal liver metas-
tases has been observed in more than 50% of patients, with
liver-only recurrence in nearly half of those patients12; thus,
there is a strong rationale for incorporation of adjuvant
hepatic artery infusion therapy to decrease risk of hepatic
recurrence and improve survival. In 1999, 156 patients who
underwent complete resection of their colorectal liver me-
tastases at MSKCC were randomly assigned to receive
adjuvant hepatic artery infusion FUDR with systemic 5-FU/
leucovorin compared with adjuvant systematic therapy
alone. Hepatic artery infusion improved hepatic progression-
free survival (PFS) at 2 years, with a median of 37.4 months
versus 17.2 months, respectively. At 2 years, overall survival
(OS) was 86% versus 72% (p = .03), with a risk ratio for
death in monotherapy of 2.13 (p = .05).11 An update in
2005 showed that longer hepatic PFS persisted in the
hepatic artery infusion FUDR arm (median, not reached vs.
32.5 months; p , .01), with a 10-year survival of 41.1%
versus 27.2% (median, 68.4 months vs. 58.8 months);
however, the p value was no longer significant (p = .13).13

Hepatic artery infusion therapy was criticized for failure to
retain OS benefit; however, OS may have been affected by
crossover to the group that received hepatic artery infusion.
Critics of adjuvant hepatic artery infusion also noted that this
study was not performed in the era of modern systemic
therapy. Subsequent smaller prospective studies lacked
power or failed to accrue leading to incomplete studies;
however, retrospective studies continued to show im-
provement in liver-related outcomes14,15 and an association
of adjuvant hepatic artery infusion with longer OS and
disease-free survival.15 Overall, although hepatic artery in-
fusion remains a promising modality to control liver re-
currence after complete resection of colorectal liver
metastases, controversy has persisted as to its true benefit.

PRACTICAL APPLICATIONS

• Colorectal liver metastases are the most com-
mon metastases observed in patients with co-
lorectal cancer.

• Guidelines recommend surgical resection as
first-line treatment of colorectal liver metasta-
ses; however, most patients are surgically
ineligible.

• For patients who have surgically ineligible co-
lorectal liver metastases, a multidisciplinary
treatment approach is favored, incorporating
systemic therapy and a toolbox of local ablative
therapies.

• Local ablative therapies aim at cytoreduction to
enable a conversion to surgical resectability or
disease control.

• Local ablative therapies include hepatic artery
infusion, stereotactic body radiation therapy,
thermal ablation, transarterial chemo-
embolization with drug-eluding beads, and
transarterial radioembolization.
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In current treatment regimens, oxaliplatin and irinotecan are
often administered in the adjuvant setting paired with
systemic 5-FU/leucovorin and hepatic artery infusion
FUDR. A retrospective study of 125 patients treated be-
tween 2000 and 2005 with adjuvant hepatic artery infusion
FUDR and concurrent systemic chemotherapy including 5-
FU plus oxaliplatin or irinotecan found that patients who
received hepatic artery infusion FUDR with systemic che-
motherapy demonstrated improved OS and hepatic PFS
compared with those who received systemic therapy
alone.16 Another study showed similar results for patients
who underwent ablation of resection of recurrent colorectal
liver metastases along with adjuvant hepatic artery in-
fusion.17 In perhaps the strongest evidence for adjuvant
hepatic artery infusion in the modern era, the MSKCC group
reported results from 2,368 patients with consecutive co-
lorectal liver metastases resections who received modern
systemic chemotherapy, 785 of which also had adjuvant
hepatic artery infusion FUDR. Despite a higher disease
burden, patients who received combined therapy had
a longer median OS of 67months compared with 44months
for those who were treated with adjuvant systemic che-
motherapy alone (p , .01). Using propensity score
matching, this survival benefit persisted with an OS hazard
ratio (HR) for hepatic artery infusion of 0.67 (p , .001).18

Ten-year OS was 38.0% in the hepatic artery infusion/
modern systemic therapy group compared with 23.8% in
the systemic theapy–alone group, an outcome that has been
corroborated in a separate study of actuarial 10-year sur-
vivors.19 Although future confirmation is needed in pro-
spective multi-institutional trials, it is evident that for
appropriately selected patients, long-term benefit can be
achieved with liver resection followed by adjuvant hepatic
artery infusion FUDR combined with modern systemic
therapy.

Hepatic Artery Infusion in Unresectable Liver Metastases

In 2006, one of the few multi-institutional studies of hepatic
artery infusion was reported by the Cancer and Leukemia
Group B for patients with unresectable colorectal liver
metastases. A total of 135 patients with hepatic metastases
were randomly assigned to receive hepatic artery infusion
FUDR/leucovorin/dexamethasone compared with 5-FU/
leucovorin. Crossover was prohibited. Overall survival fa-
vored hepatic artery infusion FUDR at 24.4 months versus
20.0 months for systemic therapy, with 2-year survival rates
of 51% versus 35% (p = .0034), respectively. Time to
hepatic progression was 9.8 months versus 7.3 months (p =
.034), respectively. However, time to extrahepatic pro-
gression favored the systemic chemotherapy arm (14.8
months vs. 7.7 months; p = .29).20 Subsequent to this
study, future studies of hepatic artery infusion included
systemic chemotherapy for control of distant micrometastatic
disease.

For patients who have progressed on multiple lines of
chemotherapy, new therapies for metastatic CRC (excluding
targeted molecular and immunotherapies) have been lim-
ited to two drugs: regorafenib and trifluridine/tipiricil.
Placebo-controlled studies published in 2013 and 2015
revealed a median OS of 6.4 months and 7.1 months, re-
spectively, both showing a less than 2-month survival ad-
vantage compared with placebo.21,22 In contrast, another
study reported the results of 110 patients with colorectal
liver metastases who had progressed on at least three lines
of therapy (including anti-EGFR therapy in KRAS wild type)
and who had received hepatic artery infusion FUDR with
systemic therapy. Fifty-seven patients had hepatic in-
volvement only, whereas 53 patients also had extrahepatic
disease. In the hepatic-only group, 19 patients experienced
partial response, and 31 patients experienced stable dis-
ease, whereas in the hepatic/extrahepatic group, 19 pa-
tients experienced partial response and 24 patients had
stable disease; response rates were 33% and 36%, re-
spectively. Overall survival was 20.0 months and 11.4
months, respectively, comparing favorably to the outcomes
observed in regorafinib and trifluridine/tipiricil studies, al-
though patient selection for hepatic artery infusionmay have
biased the results.23

Hepatic Artery Infusion as Therapy to Increase Conversion

to Resectability

Although liver resection for colorectal liver metastases is
associated with long-term survival, this is only possible in
10% to 20% of patients at initial diagnosis. Hepatic artery
infusion has been used as a strategy to convert more pa-
tients to resection. In one retrospective report, 49 patients
with disease deemed unresectable received hepatic artery
infusion FUDR with systemic therapy (fluorouracil/leucovorin/
oxaliplatin [FOLFOX] or fluorouracil/leucovorin/irinotecan)
until resectable or progression.24 Forty-five patients
experiencedcomplete (8%) or partial (84%) responses, allowing
47% to then undergo resection (57% in chemotherapy-naı̈ve
disease), many of which had more than five lesions and
bilobar liver disease. Overall survival was 50.8 months
in patients with chemotherapy-na ı̈ve disease com-
pared with 35 months in those with previously treated
disease.

In a prospective phase II study, 33 of 64 (52%) patients
were reported to have conversion to resection after receiving
hepatic artery infusion FUDR with modern systemic che-
motherapy.25 The overall response rate was 73% in the
entire group and 86% for patients who had not yet received
chemotherapy. Twenty-five of the patients who received
resection had more than 75% necrosis. Of the 31 patients
(48%) who did not reach resection, one had a complete
response, 18 had partial responses, and 12 had stable
disease. Conversion to resection was associated with long-
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term survival, with a 5-year OS for resected disease at
63.3% compared with 12.5% for patients who did not un-
dergo resection. Univariate analysis revealed that absence
of previous therapy and conversion to resection were associ-
ated with improved OS. Of note, bevacizumab (anti-VEGF
monoclonal antibody) was given initially; however, be-
cause of correlation with higher biliary toxicity, it was re-
moved from the trial. Overall, these studies support use of
hepatic artery infusion to increase the number of patients
who are eligible for resection, which is associated with longer
survival.

Multidisciplinary Approach to Hepatic Artery Infusion and

Future Outlook

One of the main barriers to successful implementation of
hepatic artery infusion programs outside of MSKCC has
been amassing adequate multidisciplinary expertise to
navigate the complexities of care for colorectal liver me-
tastases, including a highly trained team of surgical on-
cologists, medical oncologists, nurses, pharmacists,
radiologists, and interventional radiologists. Perhaps more
importantly, another key barrier has been the lack of broad
consensus as to the utility, indications, and management of
hepatic artery infusion given the lack of modern level 1
evidence either for or against the treatment. However, an
increasing number of centers have recently reported es-
tablishment of active programs across North America and
Europe,26-28 an achievement that we have also accom-
plished at our institution (16 hepatic artery infusion pumps
implanted in 9 months; Patel RA et al, unpublished data,
2021). In addition, a group of hepatic artery infusion pro-
grams at 36 centers across the United States and
abroad (Netherlands, Canada, and Mexico) led by Duke
University and MSKCC has been established, with the
goal of designing and implementing prospective, ran-
domized clinical trials of hepatic artery infusion che-
motherapy to fill the gaps that currently exist in the
literature and improve long-term survival for patients
with colorectal liver metastases.

STEREOTACTIC BODY RADIATION THERAPY FOR
COLORECTAL LIVER METASTASES

SBRT has historically played a minor role in the potentially
curative treatment of patients with liver metastases because
of the limited radiotolerance of the liver and high doses
required to achieve local control. SBRT is a highly conformal
radiation technique that delivers large doses of radiation in
one or few fractions to well-defined targets, using image-
guidance and motion management.29 With SBRT, steep
dose gradients are created near the tumor edge, limiting the
dose delivered to the surrounding liver and adjacent organs-
at-risk.30 Because of its noninvasive nature and high rates of
local control, it has become an attractive option for patients
with oligometastases, including colorectal liver metastases.

SBRT has been shown to achieve high rates of local control
with minimal toxicity, delay the need for systemic therapy,
and improve PFS.31,32 Additionally, long-term results of the
SABR-COMET randomized phase II clinical trial have
demonstrated an improvement in OS at 5 years (17.7% vs.
42.3%; p = .006) with the use of SBRT in the management
of oligometastatic disease (although the minority of patients
had colorectal liver metastases).33 A U.K. prospective
registry reported that the use of SBRT for patients with
metachronous CRC oligometastases (any site) achieved
a 1-year and 2-year OS of 92% (95% CI, 86.6%–95.3%)
and 80.3% (95% CI, 71.8%–86.5%), respectively.32

Although there are no phase III randomized trials evaluating
the use of SBRT in the treatment of colorectal liver me-
tastases, several phase I and II prospective studies along
with retrospective case series have demonstrated promising
results in terms of OS, local control, and toxicity profile.34-41

Median OS after SBRT for colorectal liver metastases ranges
from 16 months to 32 months (Table 1); the wide range of
reported outcomes is likely secondary to the heterogeneity
of patients included in these studies, various lines of sys-
temic treatment used over time, and variable tumor biology
and mutation status. A 2018 systematic review evaluated
the efficacy of SBRT for patients with colorectal liver me-
tastases; 18 studies were included, totaling 656 patients.42

The pooled 1- and 2-year OS, respectively, were 67.2%
(95% CI, 42.1%–92.2%) and 56.5% (95% CI, 36.7%–

76.2%).37 Median OS in the pooled estimates was 31.5
months (range, 15–24.4 months).37 An important con-
sideration when evaluating these results in the context of
surgical series is that most patients enrolled in SBRT studies
were not eligible for surgery or presented withmetastases that
were too large for radiofrequency ablation and thus represent
a group with a poorer prognosis at baseline.

Local control for colorectal liver metastases treated with
SBRT ranges from 50% to 95% at 1 year, with better results
in more recent years (Table 1). A pooled 1- and 2-year local
control estimate was 67% (95% CI, 43.8%–90.2%) and
59.3% (95% CI, 37.2%–81.5%), respectively.42 Several au-
thors have reported improved local control for smaller vol-
ume tumors (diameter generally less than 3 cm) and higher
prescribed radiation dose.33,34,38 In particular, the bi-
ologically equivalent dose (BED) has been reported to be an
independent prognostic factor for local control.36,42,43 In a ret-
rospective review of 65 patients with colorectal liver metas-
tases, a BED10 of more than 75 Gy was an independent
prognostic factor for local control and a BED10 of more than
117Gywas required to achieve a 1-year local control of 90%.39

Similar results were reported in a retrospective analysis of 70
patients: the 2-year local control rates were 52%with a BED10

of 80 Gy or less; 83% with a BED10 between 100 Gy–112 Gy;
and 89%with a BED10 of 132 Gy ormore.43 Although delivery
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of a high BED appears to be associated with favorable out-
comes in terms of local control, it may not always be
achievable because of tumor factors (number of lesions, size
of lesions, tumor location), patient factors (volume of normal
liver, proximity of target lesion to organs at risk, motion of liver
and organs at risk), and treatment factors (radiation tech-
nique, motion management, image matching).

Local control after SBRT is also related to genomic subtypes
of CRC. It has been reported that tumors with KRAS mu-
tations have inferior local control compared with KRAS wild-
type tumors (1-year local control, 43% vs. 72%; p = .02).44

Local control is further decreased in tumors with both KRAS
and TP53mutations (1-year local control, 20% vs. 69%; p =
.001).44 Similar results were reported by Jethwa et al,45 who
demonstrated that tumors with a TP53 mutations had an
increased risk of local failure (HR, 3.1; 95% CI, 0.9–10.6;
p = .06) and those with both TP53 and KRASmutations had
an even higher risk (HR, 4.5; 95% CI, 1.1–18.7; p = .04).
Conversely, a prospective multicenter cohort study of CRC
oligometastases at various sites (liver, node, lung, bone)
found no difference in local control between KRAS wild-type
and mutant cases (log rank, p = .63), although there was an
improvement in PFS (HR, 0.42; 95% CI, 0.2–0.87; p =
.02).46 Although not yet validated in prospective studies,
when planning SBRT, the molecular genomic subtype of
the tumor should be incorporated into decision making;

for patients with either TP53 mutations, KRAS mutations,
or both, consideration should be given to dose escalation
wherever possible.

SBRT is generally well tolerated; the reported toxicity is
summarized in Table 1. The most common treatment-
related toxicities are fatigue, mild nausea, and transient
elevation of liver enzymes. The risk of significant (grade 3+)
toxicity, particularly radiation-induced liver disease, is less
than 10%, with most studies reporting no incidence of grade
3+ liver toxicity.35-39 Gastrointestinal toxicity has also been
reported secondary to the proximity of luminal structures
(stomach, duodenum, bowel) to the liver. One study reported
that five of 44 (11%) patients treated developed grade 3
intestinal toxicity within 6 months after SBRT.36 Hoyer et al38

reported two duodenal ulcerations (conservative manage-
ment), one colonic perforation (surgically managed), and
one treatment-related death caused by hepatic failure.
Adherence to liver and luminal gastrointestinal radiation
dose tolerances is important to ensure the risk of toxicity is
low. This makes SBRT of colorectal liver metastases ad-
jacent to the stomach or bowels less effective, because of
the need to reduce the prescribed dose to avoid toxicity.

There are several important considerations when pro-
ceeding with SBRT for colorectal liver metastases including:
patient positioning and CT/MRI simulation, treatment
planning, and motion management strategies. SBRT may

TABLE 1. Summary of Phase I to II Prospective Studies Evaluating the Use of SBRT in the Treatment of Colorectal Liver Metastases

Reference

No. of

Patients

Dose

Fractionation

(Gy; BED10 Gy)

Median

Follow-up

(mo)

Overall Survival

Local Control (1

year %) Toxicity

Median

(mo)

1-year/

2-year

(%)

Scorsetti et al,
2015,34 201841

42 75 Gy/3 fr (262.5
Gy)

24 29 65/65 95 Fatigue (55); transient hepatic transaminase
increase (25); nausea (12)

Herfath et al, 200435 18 14–26 Gy/1 fr
(33.6–93.6 Gy)

5.7 25 72/NR 71 No significant toxicity

Lee et al, 200936 40 27.7–60 Gy/
5–6 fr
(40.44–120
Gy)

10.8 17.6 63/NR 71 Rib fracture (3); gastritis (2); nausea (2);
grade 4 thrombocytopenia (1)

Rusthoven et al,
200937

15 36–60 Gy/3 fr
(79.2–180 Gy)

16 32 NR/30 95 No significant toxicity

Hoyer et al, 200638 44 45 Gy/3 fr (112.5
Gy)

52 19.2 67/38 — Grade 1-2 nausea (34), grade 1-2 diarrhea
(23)

Grade 3 intestinal toxicity (5), liver failure (2),
death (1)

Chang et al, 201139 65 22–60 Gy/1–6 fr
(40.5–180 Gy)

14 — 72/38 62 Grade 1-2 GI toxicity (17)

Grade 3+ GI toxicity (3)

McPartlin et al,
201740

60 22.7–62.1/5–6 fr
(31.28–126.37
Gy)

28.1 16 63/26 50 Grade 3 nausea (2)

Abbreviations: BED, biologically equivalent dose; GI, gastrointestinal; NR, not recorded.
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be used to treat multiple liver metastases simultaneously if
possible and if clinically appropriate. Additionally, SBRT can
be used to treat larger tumors than those treated with
radiofrequency ablation (most studies included tumors up
to 6 cm). MRI may aid in target definition because of its
superior soft tissue contrast resolution compared with CT.
When defining organs at risk for treatment planning,
wherever possible, standardized protocols and naming
conventions should be adopted. There are various strategies
that can be used to increase the therapeutic ratio and dose
escalate the primary tumor while reducing the dose de-
posited in organs at risk. The planning target volume ac-
counts for internal organ motion and daily set-up variation;
larger planning target volumes aremore likely to overlap with
greater areas of organs at risk. Therefore, implementing
techniques that allow for the reduction of planning target
volume size may concurrently allow for the reduction of the
dose deposited in organs at risk. For example, improved
image guidance and motion management (e.g., treatment
using active breathing control for liver tumors rather than
free breathing) generally allow for the use of smaller plan-
ning target volume margins. The use of new technologies,
such as MRI-guided radiation therapy, may also allow for
planning target volume reduction by improving target vi-
sualization and facilitating adaptive radiation therapy. Last,

biomarkers may be useful in patient selection for treatment
and dose selection during radiation treatment planning.

A clinical example of oligometastasis treatment is demon-
strated in Fig. 1. A 76-year-old patient who was other-
wise healthy completed treatment in February 2019 for
a T2N1M0moderately differentiated adenocarcinoma of the
colon. In July 2020, a new segment 7 lesion was noted on
surveillance CT; biopsy was consistent with metastatic CRC.
Given the patient’s comorbidities and preference for
a noninvasive treatment option, multidisciplinary consensus
was to proceed with SBRT. Figure 1A and 1B demonstrate
the gross tumor volume on the radiation planning CT and
MRI. Figure 1C shows the dose distribution; the lesion was
treated to a dose of 45 Gy in five fractions (BED10 = 85.5 Gy)
in August 2020. The treatment was delivered using an active
breathing control device for motion management. Figure 1D
demonstrates a 3-month follow-up CT scan (December
2020). Response is seen within the treated lesion (yellow
arrow), and radiation-related change is seen in the sur-
rounding tissue (red arrow) corresponding to the low dose
isodose lines.

In summary, SBRT is an effective noninvasive option for
patients with liver metastases secondary to CRC, providing
high rates of local tumor control without significant toxicity,
in colorectal liver metastases that are not adjacent to luminal

FIGURE 1. Stereotactic Body
Radiation Therapy Case Study

(A) CT simulation demonstrating
the gross tumor volume (GTV;
red) and planning target volume
(PTV; blue). (B) MRI simulation
(T1-weighted MRI) demonstrat-
ing the GTV (red) and PTV
(blue). MRI was obtained to aid
in target volume definition in this
case. (C) Axial CT slice demon-
strating the isodose distribution
for an SBRT plan delivering
45 Gy in five fractions (BED10,
85.5 Gy). (D) Diagnostic CT
obtained at 3 months after
treatment. Response is seen
within the treated lesion (yellow
arrow) and radiation-related
change is seen in the sur-
rounding tissue (red arrow)
corresponding to the low isodose
lines.
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gastrointestinal organs. Going forward, we advocate for
definitive prospective evaluation and validation of SBRT
in this setting.

THERMAL ABLATION FOR COLORECTAL LIVER METASTASES

Thermal ablation techniques induce tumoral cell death
through frictional heating resulting in tissue charring
(radiofrequency ablation) or through electromagnet agita-
tion of water molecules resulting in coagulation necrosis
(microwave ablation; Fig. 2). According to expert consen-
sus, thermal ablation can be considered for patients with

colorectal liver metastases that are deemed unresectable
because of tumor distribution, insufficient liver reserve, and
comorbidities, as well as for patients with specific treatment
preference.47 Thermal ablation is preferred for patients with
less than three lesions, each with a diameter less than 3 cm,
and those distant from vulnerable structures. The use of
thermal ablation in more advanced cases with up to nine
lesions, each with a diameter less than 5 cm, has also been
described.47 Generally, an ablation margin of at least 5 mm
surrounding the colorectal liver metastases is recom-
mended to attain adequate local control.48,49

FIGURE 2. Thermal Ablation
Case Study

(A) CT and PET CT demon-
strating oligoprogression in the
liver 2 years after the initial di-
agnosis of stage IV colorectal
cancer. (B) Image guidance for
targeted thermal ablation (mi-
crowave ablation) of colorectal
liver metastases. (C) Contrast-
enhanced CT after thermal ab-
lation showing no enhancement
in the treated colorectal liver me-
tastases, demonstrating complete
response aftermicrowave ablation.
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Several studies have been published over the last 2 decades
demonstrating the effectiveness and safety of thermal ab-
lation for colorectal liver metastases (Table 2).

One phase II trial randomnly assigned 119 patients with
colorectal liver metastases to systemic therapy versus
radiofrequency ablation plus systemic therapy with or
without surgical resection. Longer OS was reported for the
combination treatment (HR, 0.58; 95% CI, 0.38–0.88; p =
.01).53 Associated 5-year OS rates were 43.1% versus
30.3%, with a median OS of 45.6 months versus 40.5 months.

Sobiati et al51 reported results from 99 patients who were
treated with percutaneous radiofrequency ablation for co-
lorectal liver metastases at a technical success rate of 93%,
demonstrating a median OS of 53.2 months; major com-
plications were encountered in only 1.3% of the cases.
Similarly, Wang et al52 described excellent outcomes in 115
patients with colorectal liver metastases who underwent
percutaneous ultrasound-guided microwave ablation; 3-
year OS was 78.7% and the 3-year recurrence rate was
59.3%. Thoracocentesis was necessary in five cases for
pleural effusion drainage (4.3%).

Both radiofrequency ablation and microwave ablation show
comparable technical success rates, outcomes, and safety
in patients with colorectal liver metastases.55 However,
microwave ablation demonstrates a technical advantage
over radiofrequency ablation because of a reduced heat-
sink effect and it might thus be favorable in colorectal liver
metastaess that are in proximity to major vessels.49

TRANSARTERIAL CHEMOEMBOLIZATION FOR COLORECTAL
LIVER METASTASES

Transarterial therapies aim at delivering a high focal dose of
chemotherapy to colorectal liver metastases driven by their
rich vascularity while minimizing systemic drug exposure
and side effects. Promising a slower and constant release of
chemotherapeutic agents compared with conventional
chemoembolization, drug-eluting beads loaded with irino-
tecan (DEBIRI) have been increasingly studied over the last
years.56 According to the ESMO guideline, DEBIRI should
be considered for patients with colorectal liver metastases
that are not responding to chemotherapy,5 based on one
prospective phase III trial.57 Randomnly assigning 74 pa-
tients to receive either DEBIRI or fluorouracil/leucovorin/
irinotecan, Fiorentini et al57 demonstrated a longer OS
(median, 22 months vs. 15 months; p = .031) and PFS
(median, 7 months vs. 4 months; p = .006) for DEBIRI.57

Common terminology criteria for adverse events (CTCAE)
grade 3/4 toxicities were reported in 2% in the DEBIRI arm
and in 4% in the fluorouracil/leucovorin/irinotecan arm.

The effectiveness of DEBIRI for patients with treatment-
naı̈ve, nonresectable colorectal liver metastases has been
evaluated in one recent phase III trial.58 Martin et al58 randomly

assigned 70 patients to receive DEBIRI/FOLFOX versus FOL-
FOX, each with or without addition of bevacizumab. Although
PFS was numerically higher for DEBIRI/FOLFOX, no statistical
significance was reached compared with FOLFOX alone (me-
dian PFS, 15 months vs. 12 months; p = .18). However, liver
PFS was longer for DEBIRI/FOLFOX (median, 17months vs. 12
months; p = .05), whereas CTCAE grade 3/4 toxicities were less
common in the FOLFOX arm (60% vs. 80%; p = .03).

Summarizing the evidence on DEBIRI for 850 patients with
colorectal liver metastases, one meta-analysis reported
average DEBIRI response rates of 51% to 56%; high-grade
toxicities were observed in 10% of patients.56

TRANSARTERIAL RADIOEMBOLIZATION FOR COLORECTAL
LIVER METASTASES

TARE is a catheter-based intra-arterial technique that focally
delivers a high radiation dose to hepatic lesions, resulting in
tumoral necrosis and fibrosis.59 Most commonly, micro-
spheres loadedwith the β-radiator Yittrium-90 (90Y) are used.60

According to ESMO and National Comprehensive Cancer
Network guidelines, TARE should be considered for patients
with colorectal liver metastases and liver-limited disease that
has failed to respond to chemotherapeutic options.5,61 This
recommendation is based on a phase III randomized
controlled clinical trial of 44 patients with chemorefractory
disease who were treated with FU or TARE/FU.62 Combined
TARE/FU demonstrated longer time to tumor progression
(median, 4.5 months vs. 2.1 months; p = .03) and longer
time to liver progression (median, 5.5 months vs. 2.1 months;
p = .003). Although median OS was numerically longer for
TARE/FU, no statistical significance was reached (10 months
vs. 7.3 months; p = .8). CTCAE grade 3/4 toxicities were
reported in only one patient who received TARE/FU (5%)
compared with six patients in the FU arm (26%).

More recently, the utility of TARE for patients with treatment-
naı̈ve colorectal liver metastases has been evaluated in three
large randomized controlled trials. In the SIRFLOX trial, van
Hazel et al63 randomly assigned 530 patients with treatment-
naı̈ve disease to FOLFOX versus TARE/FOLFOXwith or without
bevacizumab. Although TARE/FOLFOX did not improve PFS
(median, 10.7 months vs. 10.2 months; p = .43), median liver
PFS was longer in the TARE trial arm (20.5 months vs. 12.6
months; p = .002). CTCAE grade 3/4 toxicities were
reported in 85.4% and 73.4% of patients in the TARE/FOLFOX
and FOLFOX treatment arms, respectively.

The combined results of the three phase III trials, SIRFLOX,
FOXFIRE, and FOXFIRE Global, which evaluated the ef-
fectiveness of TARE/FOLFOX as first-line treatment for
1,103 patients with treatment-naı̈ve colorectal liver me-
tastases, no prolonged OS was noted compared with
FOLFOX alone (median OS, 22.6 months vs. 23.3 months;
p = .61).64 Subgroup analyses suggested that selected
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patients might benefit from TARE.65 These analyses high-
light the necessity for optimized patient selection to maxi-
mize the clinical effectiveness of TARE and to provide
individualized treatment schemes.

Biomarkers for TARE Effectiveness

To further optimize treatment planning for patients with
colorectal liver metastases, several studies have evaluated
predictive TARE biomarkers (Table 3). Analyzing the
combined SIRFLOX, FOXFIRE, and FOXFIRE Global clinical
trials, Wasan et al65 reported that patients with right-sided
CRC showed longer OS if treated with TARE/FOLFOX versus
FOLFOX (median OS, 22 months vs. 17.1 months; p =
.007). In the same analysis, KRAS status did not affect TARE
effectiveness, with no significant OS difference reported for
TARE/FOLFOX versus FOLFOX, both in KRAS wild-type and
KRAS mutant disease (p . .05, each). Conversely, Case
et al showed that for patients with chemorefractory co-
lorectal liver mestastases receiving TARE, OS was shorter for
those with KRAS mutations compared with those with wild-
type mutations (median OS, 5.7 months vs. 8 months; p ,
.01).66 Favorable TARE outcomes for patients with KRAS
wild-type colorectal liver metastases have also been de-
scribed by Lahti et al67 and Magnetta et al.68

Another biomarker in patients with colorectal liver metas-
tases undergoing TARE is the neutrophil-lymphocyte ratio:
an elevated neutrophil-lymphocyte ratio has been shown to
be associated with poorer TARE outcomes, suggested to be

mediated by a decreased lymphocytic response to tumor
cells.69-71 Further TARE biomarkers that have been assessed
in smaller single-center studies include CEA, CA 19-9, LDH,
HMGB1, and VEGF.72-74

There are currently no prospectively validated biomarkers to
guide use of TARE for patients with colorectal liver me-
tastases, and TARE treatment is mainly driven by the clinical
expertise of the interventional radiologist.

ONGOING TRIALS AND FUTURE DIRECTIONS OF LOCAL
ABLATIVE THERAPIES IN COLORECTAL LIVER METASTASES

In the progressing field of colorectal liver metastases
treatment, there are several clinical trials aiming to improve
local ablative therapy outcomes and to optimize patient
selection. In particular, there is interest in the combination
of local ablative therapy and immunotherapy in colorectal
liver metastases: for example, one multicenter European
trial evaluated the effectiveness of combined thermal
ablation and immunotherapy (NCT03101475), whereas
two other trials from Europe and the United States assessed
the added benefit of TAREwith immunotherapy (NCT04659382
and NCT04108481). One large phase III randomized
controlled trial from the Netherlands is currently comparing
primary thermal ablation versus surgical resection of co-
lorectal liver metastases; the study aims to accrue 618
patients (COLLISION trial, NCT03088150). Furthermore, in
the United Kingdom, there are efforts to establish a national

TABLE 3. Selected Studies Evaluating TARE for Treatment of Colorectal Liver Metastases
Study Author/

Trial Name Year Design Patient cohort Intervention Comparison Outcomes Complications

Hendlisz et al62 2010 RCT 44 patients with
chemorefractory
CRLM

TARE + FU FU Median time to tumor
progression: 4.5 vs.
2.1 months (p , .05)

CTCAE grade 3/4
toxicities:
FU, 6 patients
(26%);
TARE + FU, 1
patient (5%)

Median time to liver
progression: 5.5 vs.
2.1 months (p , .05)

Median OS: 10 vs.
7.3 months (p = .8)

SIRFLOX63 2016 RCT 530 patients with
treatment-naı̈ve CRLM

TARE +
FOLFOX

FOLFOX Median PFS: 10.7 vs. 10.2
months, p = .43

CTCAE grade 3/4
toxicities:
TARE + FOLFOX,
85.4%;
FOLFOX, 73.4%

Median PFS in the liver: 20.5
vs. 12.6 months, p = .002

FOXFIRE Global Trial
Investigators64

2017 Combined
RCT

1,103 patients with
treatment-naı̈ve CRLM

TARE +
FOLFOX

FOLFOX Median OS:
22.6 vs. 23.3 months,
p = .61

CTCAE grade 3/4
toxicities:
TARE + FOLFOX,
74%;
FOLFOX, 67%

Abbreviations: CRLM, colorectal liver metastases; CTCAE, Common Terminology Criteria for Adverse Events; FOLFOX, fluorouracil/leucovorin/oxaliplatin; FU,
fluorouracil; OS, overall survival; PFS, progression-free survival; RCT, randomized controlled trial; TARE, transarterial radioembolization.
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registry to monitor the use and outcomes of DEBIRI in co-
lorectal liver metastases (NCT03697044).

CONCLUSION

With the advancement of CRC therapies and surgical,
radiation, and interventional technologies, patients with
colorectal liver metastases have several local ablative
therapy options. In particular, with improvements of
systemic therapeutic strategies and outcomes, metastatic

CRC with oligometastatic disease may benefit from local
ablative therapy approaches, of which strategies are in
active investigations. In most situations, there is lack of
high-level evidence for selection of one modality over
the other, and decisions are best made in a multidis-
ciplinary team based on patient and disease factors,
prior treatment schemes, institutional expertise, and
patient preferences.
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GASTROINTESTINAL CANCER—COLORECTAL AND ANAL

Management of Long-Term Toxicity From Pelvic
Radiation Therapy
Raj M. Dalsania, MD1; Kevin P. Shah, MD2; Eden Stotsky-Himelfarb, BSN, RN, ONN-CG3; Sarah Hoffe, MD4; and

Field F. Willingham, MD, MPH, FASGE1

overview

Pelvic radiation therapy is an integral component in the treatment of various gastrointestinal, gynecologic, and

genitourinary cancers. As survival rates from these malignancies improve, the prevalence of toxicity secondary

to pelvic radiation has increased. Gastrointestinal toxicities are the most common complications and greatly

impact quality of life. Toxicities can present in acute or late stages; although symptoms may be similar during

both, the management may differ. Acute toxicities represent an inflammatory reaction in response to the

radiation exposure, whereas late toxicities may arise as a result of small vessel disease, ischemia, and fibrosis.

Currently, there are no large clinical trials and only limited guidelines on the management of late gastro-

intestinal radiation toxicities. Therapy is generally approached in a stepwise manner from medical to en-

doscopic to surgical methods. Several endoscopic therapies, such as the treatment of radiation proctitis with

argon plasma coagulation and dilation of radiation bowel strictures, may prevent the need for surgical in-

tervention, which may be associated with high morbidity and mortality. Given that late toxicities can occur

years after radiation therapy, they are often difficult to recognize and diagnose. Successful management of

late toxicities requires recognition, an understanding of the underlying pathophysiology, and a multidisci-

plinary approach. More dedicated research could clarify the prevalence of gastrointestinal pelvic radiation

toxicities, permit a better understanding of the efficacy and safety profile of current therapies, and allow for the

development of novel therapeutic approaches.

INTRODUCTION

During the past few decades, pelvic radiation has
become an integral treatment modality for various
genitourinary, gynecologic, and gastrointestinal can-
cers. With increasing rates of early diagnosis and
successful treatment, survivorship has improved. As
a result, delayed toxicities from pelvic radiation have
becomemore evident, greatly affecting patients’ quality
of life. Pelvic radiation disease is defined as transient or
longer-term issues arising in noncancerous tissues
from pelvic radiotherapy; gastrointestinal manifesta-
tions are the most common.1 Large cohort studies with
long-term follow-up periods have suggested that 10%
to 20% of patients may develop gastrointestinal tox-
icities during a 10-year period.2 The incidence is likely
higher, because symptoms can present several de-
cades after therapy. Overall, 50% of patients report that
their gastrointestinal symptoms affect their quality of
life, and 20% to 40% say that this effect is moderate or
severe.3 The most common gastrointestinal toxicities
include diarrhea, bleeding, and incontinence,
and different presentations occur in acute versus
late stages. The severity of toxicity is affected by cancer
type, size, location, and radiation regimen. There are
several available therapies for the management of

pelvic radiation disease; however, they are often
underutilized, with late symptoms in particular going
underrecognized and or underreported. In this review,
we discuss the management of long-term gastroin-
testinal toxicity secondary to pelvic radiation therapy.

ACUTE VERSUS LATE RADIATION TOXICITY

Radiation toxicity is classified as acute if it occurs
within the first 3 months after treatment and is
classified as late if it occurs after 3 months.4 These
time frames were developed in studies by the Radi-
ation Therapy Oncology Group and the European
Organisation for Research and Treatment of Cancer to
evaluate radiation-induced toxicities. Successful treat-
ment of pelvic radiation disease requires understanding
of the disease process. Traditionally, the terms radiation
enteritis, ileitis, and proctitis are used; however, the late
course of toxicity does not always reflect inflammation.
On the contrary, late toxicity is related more to ischemic
changes from small vessel disease. As a result, com-
mon anti-inflammatory medications, such as amino-
salicylates, which are frequently used in inflammatory
bowel disease, may not provide relief for late pre-
sentations. Acute gastrointestinal toxicity is a re-
sponse from therapy leading to epithelial inflammation
that can manifest as diarrhea, bleeding, urgency, and
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tenesmus. These symptoms are often self-limited, improved
with cessation of additional radiation, and mitigated with
medications or endoscopic therapies. In some cases, these
adverse effects can interrupt or limit additional radiation
treatment.5 Late injury as a result of small vessel endothelial
damage, fibrosis, ischemia, and necrosis may become
symptomatic after a latent period between the end of acute
effects and the development of late effects.6 Although
symptoms can be similar in acute and late stages, the
treatment approach differs because the underlying insult
differs.

RISK FACTORS FOR PELVIC RADIATION TOXICITY

The risk of late gastrointestinal toxicity from pelvic radiation
is based on several factors. Tumor characteristics, such as
size and location, impact the potential for injury because
certain tumors may require a larger field or dose of radiation.
Advanced-stage tumors with local invasion to the bowel also
increase the risk of toxicity.7 During the past decade, ra-
diotherapy equipment and techniques have evolved in
terms of conformality, dose escalation, and normal tissue
sparing. Specifically, intensity-modulated radiotherapy has
become generalized in practice now, because it delivers
a more homogenous dose distribution with sharper fall-off
doses at target boundaries, aiming to spare adjacent normal
tissue.8 Intensity-modulated radiotherapy has been dem-
onstrated to reduce acute pelvic radiation toxicity; however,

late-phase toxicity studies remain limited.9 In a study
comparing conventional pelvic radiation therapy with
intensity-modulated radiotherapy in women with cervical
and endometrial cancers, fewer patient-reported gastroin-
testinal adverse events occurred in the intensity-modulated
radiotherapy group compared with the conventional pelvic
radiation therapy group for up to 1 year. However, these
differences were not seen between the two groups at the 3-
year follow-up.10 The overall reduction in late gastrointestinal
toxicities with intensity-modulated radiotherapy remains
unclear at this time, because symptoms can present several
decades after therapy. Patient factors can also contribute to
late-stage gastrointestinal toxicities. Patients with diabetes
mellitus, inflammatory bowel disease, concurrent chemo-
therapy, prior abdominal surgery, collagen vascular disease,
HIV, lower body mass index (, 18.5 kg/m2), and chronic
tobacco use have an increased risk for developing late
gastrointestinal toxicities.2

MANAGEMENT OF LATE GASTROINTESTINAL TOXICITY:
CHRONIC RADIATION PROCTITIS

Definition of Chronic Radiation Proctitis

The term radiation proctitis describes the manifestations of
long-term toxicity in patients who have received pelvic ra-
diation therapy. The term itself can be deceptive, because it
describes injury to the rectum secondary to radiation that
may or may not involve inflammation. In this review, we
focus on chronic radiation proctitis as opposed to acute
radiation proctitis, which is often self-limited and occurs
within several weeks to 3 months after pelvic radiation
therapy. Chronic radiation proctitis can develop starting at
3 months or longer after exposure to radiation or as a result
of progression of acute radiation proctitis beyond 3
months.11-14 Delayed onset of chronic radiation proctitis
typically occurs within 1 year of radiation exposure but has
been documented to occur up to decades later.13-15 Be-
cause of the wide variation in severity and the variability in
onset, it is difficult to estimate the true prevalence and
incidence of chronic radiation proctitis. The incidence has
been estimated to be between 2% and 20% according to
the type of malignancy and the radiation dosing received.16

Although data are limited, they suggest that the risk of
chronic radiation proctitis varies according to the type of
radiation therapy delivered (i.e., external beam therapy vs.
brachytherapy), the dose of radiation delivered, and the
volume of tissue being radiated.17 Dose-volume relation-
ships for radiation-induced rectal injury were examined and
revealed that the volume of rectal tissue exposed to 60 Gy or
more correlated with increased rectal bleeding and overall
toxicity.18

Symptoms of Chronic Radiation Proctitis

Symptom profiles for acute and chronic radiation proctitis
overlap greatly, but the symptoms of chronic radiation

PRACTICAL APPLICATIONS

• Late gastrointestinal radiation toxicities are
becoming more prevalent, because patients
undergoing pelvic radiation have improved
overall survival.

• The current terms of radiation proctitis and
enteritis are misleading for late toxicity and can
lead to improper treatment, because the injury
is actually mediated by small vessel ischemia
and not necessarily by mucosal inflammation.

• Current management of late gastrointestinal
radiation toxicities occurs in a stepwise esca-
lation of therapy from medical to endoscopic to
surgical methods.

• Because symptoms of late radiation toxicity can
occur several years after therapy, accurate di-
agnosis and treatment require a strong un-
derstanding of disease pathology and
a multidisciplinary treatment plan.

• Dedicated clinical trials and longitudnal studies
are required to understand disease prevalence,
evaluate the efficacy and safety of current
therapies, and develop new treatments.
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proctitis are generally more severe and less reversible as
a result of the degree of transmural damage secondary to
fibrosis and ischemia.14,19 Acute and chronic radiation
proctitis can present with diarrhea, tenesmus, abdominal
discomfort (including rectal/perineal areas), fecal urgency,
fecal incontinence, cramping, and mucus in the stool.
Rectal bleeding, although occasionally seen with acute
radiation proctitis, is much more pronounced in chronic
radiation proctitis secondary to radiation-induced forma-
tion of telangiectasias and neovascularization. It is one of
the most common presenting symptoms that prompts re-
ferral to a gastroenterologist. Additionally, patients with
chronic radiation proctitis are more likely to experience
severe or multiorgan manifestations of radiation toxicity,
such as fistulas, strictures, small bowel obstruction, and
perforation.17,20,21

Diagnosis of Chronic Radiation Proctitis

In patients presenting with a history of pelvic radiation
therapy and lower gastrointestinal tract symptoms, radiation
is often identified as the suspected etiology. However, it is
important to consider chronic radiation proctitis as a di-
agnosis of exclusion that may require endoscopic evalua-
tion. Clinicians must rule out other common causes of
proctitis, including ischemic colitis, infectious colitis, di-
version colitis, inflammatory bowel disease (Crohn’s disease
or ulcerative colitis), sexually transmitted infections, phys-
ical trauma, and secondary or recurrent malignancy.22-25

Patients with suspected chronic radiation proctitis generally
undergo sigmoidoscopy or colonoscopy based on clinical
suspicion for disease etiology. Direct visualization of mucosa
often shows pale friable tissue. In patients with severe rectal
bleeding, endoscopy typically reveals multiple telangiecta-
sias (Fig. 1).19,26 Biopsies of the rectum in patients with

suspected chronic radiation proctitis are generally avoided
because of the high risks of complications, such as bleeding
and the formation of fistulas. However, when biopsies are
necessary to establish diagnosis and guide therapy (e.g.,
suspectedmalignancy), tissue is obtained from the posterior
and lateral rectal walls.22,27 Adjunctive imaging studies,
such as barium enema, MRI, or CT, may also assist in the
detection of cancer recurrence or fistula formation.28

Management of Chronic Radiation Proctitis

There is not a consensus on a gold-standard therapeutic
approach for chronic radiation proctitis, and currently there
are only small and limited randomized controlled trials
(Table 1). Therapeutic options for treatment are often
classified as noninvasive or invasive (including endoscopic
and surgical) approaches.28 Approaches to therapy vary
according to the predominance of the symptoms, but they
generally start with less invasive approaches and escalate in
a stepwise manner. Patients with mild symptoms that do not
notably impact qualify of life can be treated conservatively
without therapy.19

Noninvasive approaches Although anti-inflammatory med-
ications are often regarded as a first-line therapy, data
suggesting efficacy are limited. Agents commonly used
include 5-aminosalicylic acid preparations and steroids
(oral/enemas). Data suggest that these agents may be more
likely to benefit patients with acute rather than chronic
radiation proctitis.21 A prospective study suggested clinical
and endoscopic improvement among patients receiving oral
sulfasalazine and rectal prednisolone enemas. However,
this regimen was compared with sucralfate enema rather
than a placebo control.34 Sucralfate enemas are commonly
used if a trial of anti-inflammatory medications is un-
successful. Sucralfate stimulates prostaglandin production,
which is theorized to promote barrier protection and tissue
repair.39 Similar endoscopic response has been found
between groups (sucralfate enema vs. oral sulfasalazine
and rectal prednisolone enemas); however, there was
a better clinical response and fewer adverse events in the
sucralfate arm.34 Currently, there are no large placebo-
controlled trials for sucralfate enemas. Oral metronidazole
has been shown to be effective in the treatment of chronic
radiation proctitis–associated bleeding and diarrhea in two
randomized controlled trials when combined with other
therapies, such as anti-inflammatory medications or irri-
gation and ciprofloxacin.29,36 Some studies suggest that, by
reducing oxidative stress, antioxidants (e.g., vitamins A, C,
and E) may be beneficial in reducing symptoms of chronic
radiation proctitis.32,40,41 Vitamin A may improve symptoms
in combination with formalin therapy.41 Finally, although
short-chain fatty acid enemas may be beneficial in acute
radiation proctitis, randomized trials suggest that their roles
in prevention and treatment are limited.37,42FIGURE 1. Chronic Radiation Proctitis With Nonbleeding Ectasias
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Invasive approaches Formalin has been used for decades
in the treatment of chronic radiation proctitis, particularly for
hemorrhagic proctitis.43–45 It serves as an agent for chemical
cauterization that can be applied in minimally invasive
techniques under light sedation (topically with endoscopy
or through rectal instillation of a solution).43 A systematic

review analyzing prospective and retrospective studies
found high response rates of 80% to 100%. However,
existing studies have variable primary outcomes, limited
qualify-of-life data, and no control groups.11,46 More-
over, safety concerns with formalin therapy include fis-
tulas, anal ulceration, pain, and fecal incontinence.11,19,47

TABLE 1. Randomized Controlled Trials in Chronic Radiation Proctitis

Study Article Title Year

No. of

Patients

Therapy

Approach Arms

Cavcić et al29 Metronidazole in the treatment of
chronic radiation proctitis: clinical trial

2000 60 Noninvasive Mesalamine plus betamethasone
enemas with and without
metronidazole

Chruscielewska-
Kiliszek et al30

Sucralfate or placebo following argon
plasma coagulation for chronic
radiation proctitis: a randomized
double-blind trial

2013 122 Invasive Oral sucralfate (with APC) vs. placebo
(with APC)

Clarke et al31 Hyperbaric oxygen treatment of chronic
refractory radiation proctitis:
a randomized and controlled blind-
blind crossover trial with long-term
follow-up

2008 150 Noninvasive Hyperbaric oxygen vs. atmospheric air

Ehrenpreis et al32 A prospective, randomized, double-
blind, placebo-controlled trial of
retinol palmitate (vitamin A) for
symptomatic chronic radiation
proctopathy

2005 10 Noninvasive Retinol palmitate vs. placebo

Glover et al33 Hyperbaric oxygen for patients with
chronic bowel dysfunction after pelvic
radiotherapy (HOT2): a randomised,
double-blind, sham-controlled phase
3 trial

2016 84 Noninvasive Hyperbaric oxygen vs. sham control

Kocchar et al34 Radiation-induced proctosigmoiditis.
Prospective, randomized, double-
blind controlled trial of oral
sulfasalazine plus rectal steroids vs.
rectal sucralfate

1991 37 Noninvasive Oral sulfasalazine plus rectal
prednisolone enemas vs. rectal
sucralfate enemas plus oral placebo

Lenz et al35 Comparative study of bipolar
electrocoagulation versus argon
plasma coagulation for rectal bleeding
due to chronic radiation
coloproctopathy

2011 30 Invasive Bipolar electrocoagulation vs. APC

Sahakitrungruang
et al36

A randomized controlled trial comparing
colonic irrigation and oral antibiotics
administration versus 4% formalin
application for treatment of
hemorrhagic radiation proctitis

2012 50 Combined Colonic irrigation plus ciprofloxacin plus
metronidazole vs. 4% formalin

Talley et al37 Short-chain fatty acids in the treatment
of radiation proctitis: a randomized,
double-blind, placebo-controlled,
cross-over pilot trial

1997 50 Noninvasive Butyric acid enemas vs. placebo

Yeoh et al38 Argon plasma coagulation therapy
versus topical formalin for intractable
rectal bleeding and anorectal
dysfunction after radiation therapy for
prostate carcinoma

2013 30 Invasive APC vs. topical formalin

Abbreviation: APC, argon plasma coagulation.
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Hyperbaric oxygen therapy has been hypothesized to be
beneficial for patients in promoting wound healing.22,46 A
randomized controlled trial showed a marked treatment
response and improved quality of life in patients with re-
fractory chronic radiation proctitis; however, outcomes are
mixed, with another randomized trial showing no benefit or
improvement in symptoms for chronic radiation proctitis.31,33

Although hyperbaric oxygen has its own complications, it may
be considered in refractory cases that are unlikely to benefit
from interventional approaches.31,48 Larger-scale trials may
clarify the role and outcomes.

Endoscopic coagulation has become the preferred ap-
proach in the management of rectal bleeding from chronic
radiation proctitis. The most common method utilizes argon
plasma coagulation, which delivers high-frequency, non-
contact thermal therapy to control bleeding in the gastro-
intestinal tract.49,50 In a systematic review of 33 studies and
more than 900 patients, a success rate of 87%, with an
adverse event rate of 4%, was found in a pooled analysis.50

Argon plasma coagulation has been shown to be effec-
tive and safe in multiple randomized trials. However,
these trials had multiple treatment arms without placebo
control. When argon plasma coagulation was compared
with topical formalin and bipolar electrocoagulation,
there was no marked differences in the control of rectal
bleeding. The addition of sucralfate enemas to argon
plasma coagulation did not change clinical or endoscopic
outcomes.30,35,38

Consensus guidelines The American Society of Colon and
Rectal Surgeons published clinical practice guidelines in
2018 for the treatment of chronic radiation proctitis. These
recommendations included medical and interventional
approaches to treatment, as well as grading of recom-
mendations according to the quality of available evidence.
In the medical management of chronic radiation proctitis,
sucralfate enemas were moderately effective in chronic
radiation proctitis–associated bleeding (grade 1c). Short-
chain fatty acid enemas were not effective in the treatment
or prevention of hemorrhagic chronic radiation proctitis
(grade 1b). Endoscopic argon plasma coagulation, hyper-
baric oxygen, and formalin therapy were found to be ef-
fective for chronic radiation proctitis–associated bleeding
(grade 1b). Other medical therapeutics and interventions
were deemed to have low evidence to support their wide-
spread use for chronic radiation proctitis.47 The American
Society for Gastrointestinal Endoscopy released updated
practice guidelines in 2019 that provided evidence of the effec-
tiveness of argon plasma coagulation, bipolar electrocoagulation,
heater probe, and radiofrequency ablation in the control of
chronic radiation proctitis–associated bleeding.50

Future therapy Although important advancements have
been made, it is clear that there is much more work to be

done, especially as it relates to improving the quality of life in
patients treated with pelvic radiation therapy. Early recog-
nition and prevention of fibrosis are key to future therapies
targeting chronic radiation proctitis.51 The ability of new
radiation therapy techniques to minimize exposure to rectal
tissue and consequences, such as chronic radiation proctitis,
may improve patient outcomes and quality of life after pelvic
radiation.22

MANAGEMENT OF LATE GASTROINTESTINAL TOXICITY:
CHRONIC RADIATION ENTERITIS

Definition of Chronic Radiation Enteritis

Although definitions vary, the term radiation enteritis de-
scribes damage that occurs to the small or large intestine
secondary to radiation therapy and that may or may not
involve inflammation. Damage to the rectum is excluded
from this definition and is classified separately as radiation
proctitis. In this review, we focus on chronic, as opposed to
acute, radiation enteritis. Acute radiation enteritis, which
may be self-limited, often occurs within 3 months of radi-
ation therapy and can frequently be managed with sup-
portive care. Chronic radiation enteritis can develop from
3 months to decades after radiation therapy.52-54

Symptoms of Chronic Radiation Enteritis

Patients with acute radiation enteritis typically present with
nonspecific gastrointestinal symptoms (nausea, vomiting,
diarrhea, cramping, tenesmus, abdominal pain, anorexia)
within weeks of receiving radiation therapy. Symptom
profiles of patients with chronic radiation enteritis can be
similar to those of patients with acute radiation enteritis but
often are also accompanied by malabsorptive or obstructive
features. Patients can experience bleeding, but it is often
less profuse than that seen in chronic radiation proctitis.
Colicky abdominal pain is a common symptom experienced
by patients who have a partial small bowel obstruction, often
secondary to a stricture. Chronic radiation enteritis can
become severe, sometimes involving multiple segments of
bowel. Fistulas, abscesses, and intestinal perforation are
less common but more severe manifestations of chronic
radiation enteritis.55-57 Similar to chronic radiation proctitis,
chronic radiation enteritis results from ischemic and fibrotic
changes within gastrointestinal tissue as a result of damage
to blood vessels.54 Although the true incidence of chronic
radiation enteritis is unknown, estimates are concerning. Up
to 89% of patients may develop long-term changes in bowel
habits after pelvic radiation therapy, and nearly half of these
patients report a negative impact on quality of life.58 Similar
to other radiation-associated gastrointestinal toxicities, the
manifestations of chronic radiation enteritis are considered
related to the type, length, and dose of radiation therapy as
well as the volume of tissue irradiated.54,59
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Diagnosis of Chronic Radiation Enteritis

The diagnosis of chronic radiation enteritis requires a high
clinical suspicion with supporting history/physical findings,
laboratory studies, and imaging.60,61 In a prospective cohort
of patients with new-onset gastrointestinal symptoms after
pelvic radiation therapy, fewer than half of the patients had
a singular gastrointestinal diagnosis, and one-third of di-
agnoses were unrelated to prior radiation therapy.51 Coex-
isting conditions and a wide array of presenting symptoms
increase the difficulty in establishing a diagnosis and
selecting the proper management.

A stepwise approach for suspected chronic radiation en-
teritis based on predominant symptoms has been pro-
posed.60 Colonic symptoms, such as diarrhea and rectal
bleeding, can be evaluated with colonoscopy, whereas
upper gastrointestinal symptoms (e.g., nausea/vomiting,
abdominal pain, dyspepsia, bloating) can be evaluated with
upper endoscopy or small bowel fluoroscopic studies.
Nonspecific symptoms (bloating, weight loss, abdominal
pain) can be evaluated with CT or magnetic resonance
enterography. If the above work-up is unrevealing, malab-
sorption may be considered. Etiologies may include bile salt
malabsorption, carbohydrate malabsorption, or small in-
testinal bacterial overgrowth.60-62 In patients with pre-
sentations suggestive of bleeding and with negative upper
and lower endoscopic studies, enteroscopy or capsule
endoscopy can be considered. However, caution must be
used with capsule endoscopy in patients who have un-
dergone pelvic radiation because of the risk of capsule
impaction secondary to stricturing.63-65 In chronic radiation
enteritis, direct visualization through standard endoscopy,
enteroscopy, or capsule endoscopy may show telangiec-
tasias, strictures, adhesions, mucosal ulceration, or, rarely,
necrotic changes.60,66 Laboratory values, such as C-reactive
protein, have limited utility in chronic radiation enteritis.60,67

Diagnoses that can mimic chronic radiation enteritis must
be excluded. These include, but are not limited to, re-
currence of malignancy, small intestinal bacterial over-
growth, pancreatic insufficiency, inflammatory bowel disease,
inflammatory bowel syndrome, infection, drug-induced colitis,
and ischemic colitis.68

Management of Chronic Radiation Enteritis

The management of chronic radiation enteritis is largely
symptom based and can be stratified by noninvasive and
invasive approaches. Noninvasive approaches may be used
as first-line therapies; however, patients with severe fea-
tures, such as fistulas, strictures, and perforations, may
require invasive endoscopic or surgical management.
Consensus expert guidelines are not readily available
for the management of chronic radiation enteritis.

Noninvasive approaches Dietary modifications are often
a first-line treatment of symptoms in chronic radiation

enteritis, especially for patients experiencing diarrhea; they
may be trialed on a case-by-case basis. A systematic review
of nutritional interventions for acute gastrointestinal toxicity
during pelvic radiotherapy concluded that there was not
enough evidence to make general recommendations during
or after radiotherapy.69 A large review that included acute
and chronic nutritional interventions in patients receiving
pelvic radiotherapy did not find any clear benefit in the
prevention or management of symptoms. Although evi-
dence is limited, patients are generally asked to try some
combination of a lactose-free, low-residue, and/or low-fat
diet.52,70 In severe cases or for patients with short gut
syndrome, parenteral nutrition may be required.52,61

Antidiarrheal agents can be effective in symptomatic
management. A randomized crossover trial in patients with
and without chronic radiation enteritis concluded that
loperamide can effectively slow intestinal transit and even
increase the absorption of bile acids.71 Some patients with
diarrhea may benefit from bile acid sequestrants (e.g.,
cholestyramine). This class of medications can be beneficial
for patients experiencing diarrhea secondary to bile salt
malabsorption.72,73 Patients presenting with symptoms of
small intestinal bacterial overgrowth (bloating, diarrhea,
abdominal pain) secondary to radiation therapy can be
treated with antibiotic therapy; local resistance patterns are
used to determine an appropriate regimen.52,60,74 Although
randomized trials suggest a role for probiotics for diarrhea
after radiation acutely, data regarding the role of probiotics
in chronic radiation enteritis are limited.57,75-77 Other
medications, such as angiotensin-converting enzyme in-
hibitors and statins, have been suggested to be protective of
gastrointestinal symptoms in patients for up to 1 year after
pelvic radiotherapy; however, the data are limited, and no
randomized controlled trial has been performed.78

Invasive approaches In patients who present with bleeding
or iron-deficiency anemia, endoscopic therapy with cauter-
ization can be used as in non–radiation-associated bleeds.79

Argon plasma coagulation has been successful in radiation-
induced enteritis caused by telangiectasias in the large and
small bowel.80,81 Although not routinely performed in chronic
radiation enteritis, double-balloon enteroscopy could be used
to reach bleeds deep in the small bowel or for dilation of
downstream small bowel strictures. This procedure could
decrease the need for surgical intervention in some patients;
however, more data would be beneficial.82,83

Compared with chronic radiation proctitis, approximately
one-third of patients with chronic radiation enteritis may
ultimately require surgical intervention for indications such
as obstruction, strictures, fistulas, or severe refractory
bleeding.60,79,84 Operating on these patients may pose
multiple challenges. At baseline, the bowel often has severe
adhesions and fibrosis. Postoperative complications are
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fairly common; it is estimated that half of patients un-
dergoing surgery require repeat intervention, often resulting
in short gut syndrome. Healthy tissue can be difficult to
distinguish from irradiated tissue, thereby resulting in high
rates of anastomotic leaks.60,84,85 Endoscopy may play a role
intraoperatively to assess the viability of tissue.86 Hyperbaric
oxygen remains an option for the treatment of chronic ra-
diation enteritis, especially as a result of its ability to target
multiple portions of noncontiguous small bowel. Marked
clinical improvement was found in a majority of patients in
a case series of 65 patients with chronic radiation enteritis.48,87

Notably, this modality of treatment can be expensive, making
widespread adoption difficult without larger trials.

MANAGEMENT OF LATE GASTROINTESTINAL TOXICITY:
RADIATION STRICTURES

Small bowel and rectosigmoid colon strictures are an un-
common complication of late toxicity from pelvic radiation;
however, they can be associated with high morbidity and
mortality. Over time, the submucosa of the affected bowel
becomes injured as endarteritis obliterans progresses from
inflammation to ischemia leading to fibrosis, predisposing
patients to strictures and obstruction.88 Patients with small
bowel strictures can present with postprandial nausea,
vomiting, abdominal pain, and distension. A diagnosis can
be made with a clinical history of prior radiation therapy and
cross-sectional or contrast-enhanced imaging.

Small Bowel Radiation Strictures

Complete small bowel obstructions from radiation strictures
may require surgical intervention. Approximately 30% of
patients with chronic radiation enteropathy may require
surgery.84 Surgical intervention is associated with a high rate
of postoperative morbidity (30%) and mortality (5%).89 The
affected segment can be resected with a primary anasto-
mosis or bypassed. Intestinal bypass has a lower operative
mortality and a decreased incidence of anastomotic de-
hiscence.90 Patients who are not surgical candidates can
obtain a decompressive gastrostomy and parental nutrition.
Partial small bowel obstructions caused by radiation stric-
tures are managed on the basis of presenting symptoms.
Generally, diet modification is recommended, with a soft
low-fiber/low-residue diet and small, frequent meals to re-
duce symptoms. Surgery is often avoided unless absolutely
necessary given the associated morbidity and mortality.
Endoscopic therapy for small bowel strictures is often lim-
ited, because the location can be difficult to access with
standard endoscopes. Endoscopic dilation of benign small
bowel strictures using double-balloon enteroscopy has been
demonstrated to have good technical and clinical success
in small retrospective studies. Most of these dilations
were performed on fibrostenotic strictures in patients with
Crohn’s disease; as a result, the efficacy and safety profile
for small bowel radiation strictures are inferred.91

Large Bowel Radiation Strictures

Pelvic radiation strictures can also occur in the sigmoid
colon and rectum. These patients can present with con-
stipation, abdominal pain, distension, nausea, and vomit-
ing. The diagnosis of a rectosigmoid colon radiation stricture
can be made with abdominal-pelvic imaging; however, the
etiology and characteristics are generally determined en-
doscopically. Initial work-up may include a colonoscopy or
flexible sigmoidoscopy with biopsies to determine whether
the stricture is benign or malignant. Additionally, if the
stricture can be traversed with the scope, stricture length
and mucosal detail should be assessed. It is important to
maintain a broad differential for colonic strictures, because
malignant, nonsteroidal anti-inflammatory drug–induced,
and inflammatory bowel disease strictures can have similar
presentations. In the setting of a complete colonic ob-
struction, surgical management is indicated with a diverting
colostomy or a resection with anastomosis.

In cases of partial colonic obstruction (Fig. 2), endoscopic
therapy can be performed to decrease the need for surgical
intervention. During the past 4 decades, small prospective
and cohort studies have suggested that endoscopic colonic
dilation may have good technical and clinical success for
radiation strictures.92 Dilations can be performed with
a push-type bougie dilator, which has a fixed diameter, or
radial expanding balloon dilators. Balloon dilators exert
a radial force across a stricture, whereas bougie dilators
exert radial and longitudinal shearing force across a stric-
ture.93 Typically, a flexible guide wire is advanced through
the scope to approximately 30 cm proximal to the stricture
under fluoroscopy, whereas the bougie dilator or balloon
apparatus can safely be advanced. Dilations may require
multiple sessions to achieve long-term patency.94 Stricture
length, diameter, and location determine the type of dilator
that is used. Through-the-scope balloon dilators are typ-
ically used for shorter, more focal strictures. Major ad-
verse events (perforation, bleeding, abscess, fistula, sepsis)
for dilation are reported to occur in fewer than 4%of patients.95

Several other endoscopic techniques have been studied
for the management of radiation strictures of the colon.
Intrastricture steroid injections can be performed after
a dilation to help prolong the time needed for repeat dilation.
Current data are equivocal and are limited to small case
series in anastomotic colonic strictures in Crohn’s disease;
as a result, the technique is performed on a case-by-case
basis.96 Self-expanding metal stents have been used for
malignant colonic strictures for palliative intent or as
a bridge to surgery. The current use for self-expandingmetal
stents in benign colonic strictures is generally reserved for
refractory strictures that did not respond to endoscopic
dilation in selected patients.97 Stent use in benign strictures
may be limited by stent migration.98
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CONCLUSION

With the increase in the use of pelvic radiation for gastro-
intestinal, gynecologic, and genitourinary cancers and the
improving survival rates, more patients are presenting with
pelvic radiation disease. Gastrointestinal toxicities are the
most common complications, and they can greatly impact
quality of life. Acute gastrointestinal toxicities can generally
be identified during or soon after treatment. Late toxicities
can occur in 3 months to decades after treatment. Medical,
endoscopic, and surgical therapies are available for the
treatment of late gastrointestinal toxicities. Successful de-
livery requires a multidisciplinary approach with a strong
understanding of disease pathophysiology. Ongoing work
to better focus the field of radiation delivery may reduce
complications in surrounding regions. Trials for medical
and endoscopic therapies may allow for a better un-
derstanding of treatment efficacy and safety profiles and
may reduce the need for surgical intervention. Alternatives
to radiation therapy may offer locoregional control with re-
duced adverse effect profiles for suitable patients.
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29. Cavcić J, Turcić J, Martinac P, et al. Metronidazole in the treatment of chronic radiation proctitis: clinical trial. Croat Med J. 2000;41:314-318.

30. Chruscielewska-Kiliszek MR, Regula J, Polkowski M, et al. Sucralfate or placebo following argon plasma coagulation for chronic radiation proctitis: a randomized
double blind trial. Colorectal Dis. 2013;15:e48-e55.

31. Clarke RE, Tenorio LMC, Hussey JR, et al. Hyperbaric oxygen treatment of chronic refractory radiation proctitis: a randomized and controlled blind-blind
crossover trial with long-term follow-up. Int J Radiat Oncol Biol Phys. 2008;72:134-143.

32. Ehrenpreis ED, Jani A, Levitsky J, et al. A prospective, randomized, double-blind, placebo-controlled trial of retinol palmitate (vitamin A) for symptomatic chronic
radiation proctopathy. Dis Colon Rectum. 2005;48:1-8.

33. Glover M, Smerdon GR, Andreyev HJ, et al. Hyperbaric oxygen for patients with chronic bowel dysfunction after pelvic radiotherapy (HOT2): a randomised,
double-blind, sham-controlled phase 3 trial. Lancet Oncol. 2016;17:224-233.

34. Kochhar R, Patel F, Dhar A, et al. Radiation-induced proctosigmoiditis. Prospective, randomized, double-blind controlled trial of oral sulfasalazine plus rectal
steroids versus rectal sucralfate. Dig Dis Sci. 1991;36:103-107.

35. Lenz L, Tafarel J, Correia L, et al. Comparative study of bipolar eletrocoagulation versus argon plasma coagulation for rectal bleeding due to chronic radiation
coloproctopathy. Endoscopy. 2011;43:697-701.

36. Sahakitrungruang C, Patiwongpaisarn A, Kanjanasilp P, et al. A randomized controlled trial comparing colonic irrigation and oral antibiotics administration versus
4% formalin application for treatment of hemorrhagic radiation proctitis. Dis Colon Rectum. 2012;55:1053-1058.

37. Talley NA, Chen F, King D, et al. Short-chain fatty acids in the treatment of radiation proctitis: a randomized, double-blind, placebo-controlled, cross-over pilot
trial. Dis Colon Rectum. 1997;40:1046-1050.

38. Yeoh E, Tam W, Schoeman M, et al. Argon plasma coagulation therapy versus topical formalin for intractable rectal bleeding and anorectal dysfunction after
radiation therapy for prostate carcinoma. Int J Radiat Oncol Biol Phys. 2013;87:954-959.

39. Rees WD. Mechanisms of gastroduodenal protection by sucralfate. Am J Med. 1991;91:58S-63S.

Management of Pelvic Radiation Toxicity

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook 155

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



40. Kennedy M, Bruninga K, Mutlu EA, et al. Successful and sustained treatment of chronic radiation proctitis with antioxidant vitamins E and C. Am J Gastroenterol.
2001;96:1080-1084.

41. Patel P, Subhas G, Gupta A, et al. Oral vitamin A enhances the effectiveness of formalin 8% in treating chronic hemorrhagic radiation proctopathy. Dis Colon
Rectum. 2009;52:1605-1609.

42. Vernia P, Fracasso PL, Casale V, et al. Topical butyrate for acute radiation proctitis: randomised, crossover trial. Lancet. 2000;356:1232-1235.

43. Tabaja L, Sidani SM. Management of Radiation Proctitis. Dig Dis Sci. 2018;63:2180-2188.
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GASTROINTESTINAL CANCER—COLORECTAL AND ANAL

Strategies to Minimize Late Effects From
Pelvic Radiotherapy
Ammoren Dohm, MD1; Julian Sanchez, MD1; Eden Stotsky-Himelfarb, BSN, RN, ONN-CG2; Field F. Willingham, MD, MPH, FASGE3; and

Sarah Hoffe, MD1

overview

During the past 30 years, radiation treatment techniques have significantly improved, from conventional

external-beam radiation therapy, to three-dimensional conformal radiation therapy, to current intensity-

modulated radiation therapy, benefiting patients who undergo treatment of pelvic malignancies. Modern

treatment options also include proton beam irradiation as well as low and high dose rate brachytherapy.

Although the acute adverse effects of these modalities are well documented in clinical trials, less well known

are the true incidence and optimal management of those late adverse effects that can occur months to years

later. In a population of survivors of cancer that is steadily increasing, with many such patients receiving

radiotherapy at some time during their disease course, these late effects can become a considerable

management and quality-of-life issue. This review will examine the range of late toxicities that can occur from

pelvic radiotherapy and explore strategies to prevent and mitigate them.

Improved overall survival rates for all cancers during
the past 40 years translate to higher numbers of
survivors of cancer, with more than 16.9 million U.S.
survivors alive on January 1, 2019.1 With survivors of
prostate, gynecologic, and colorectal/anal cancers
living longer, increased attention centers on how to
best evaluate the potential for long-term pelvic radiation–
induced toxicity. Tissue within the irradiated volume of
the pelvis can be subject to both acute (occurring within
90 days) and late adverse effects of treatment. Struc-
turally, there can be effects on the pelvic bones resulting
in pelvic insufficiency fractures or femoral head ne-
crosis/fractures.2,3 Accelerated atherogenesis can occur
to the blood vessels of the pelvis secondary to vascular
endothelial injury and result in peripheral vascular dis-
ease.4 Late urinary effects, such as radiation cystitis,
urethral stricture, ureteral stricture, defunctionalized
bladder, hemorrhagic cystitis, and fistulas, can occur
decades after treatment.5 Considerable long-term dis-
ruption in bowel function due to radiation enteritis or
proctitis can occur with additional problems such as
chronic diarrhea, bowel dysfunction, or fecal in-
continence.6 In addition, fertility is disrupted, with seri-
ous preservation implications for both men and women
caused by lack of viable sperm and oocyte production
after treatment.7 Sexual health is also affected, with vaginal
stenosis and early menopause affecting women and
erectile dysfunction and low testosterone affecting men.8

RADIATION THERAPY ADVANCES

Radiation techniques have advanced significantly
during the past 30 years, designed to increase the

ability to escalate dose to the tumor while significantly
sparing the surrounding healthy tissue. External-beam
radiotherapy and internal radiation with brachytherapy
can be delivered to pelvic tumors as definitive therapy,
either alone or in combination, as well as both pre- and
postoperatively. Moreover, some patients also receive
concurrent radiosensitizing chemotherapy or induction
therapy before pelvic radiotherapy. The sequence of
treatment matters with respect to pelvic toxicity; for
example, results reported in the setting of colorectal
cancer showed a notable decrease in grade 3 or 4 toxic
effects from 24% when delivered in the adjuvant setting
to 14%when the treatment was delivered preoperatively.9

Studies have shown that intensity-modulated radiation
therapy significantly decreases the acute toxicities in
many tumor types10-12 and may also reduce late
gastrointestinal side effects compared with three-
dimensional conformal radiation therapy, but addi-
tional long-term data are needed for confirmation.13

Advanced radiation technologies allow more precise
dose delivery through the capability to fuse diagnostic
studies, such as MRI and PET imaging, directly to the
radiation-planning CT scan to optimize slice-by-slice
determination of gross disease. Not only does that
increase confidence of delineation of the exact tumor-
bearing primary and nodal targets, but it also allows
for increased determination of the more viable normal
tissues to exclude, such as the PET-defined active
pelvic bone marrow.14 The dosimetric advances of
conforming the high-dose region to the shape of the
target with intensity-modulated techniques allow
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decreased mean and maximum doses to the surrounding
normal tissues, which leads to an improved therapeutic
ratio.15 These techniques can be combined with proton
delivery, with steep fall off, called the Bragg peak, secondary
to the physical properties of the beam.16 Intensity-
modulated proton therapy is currently being investigated
as a strategy to mitigate acute and potentially late toxicity,
with recent data in the prostate setting suggesting less acute
gastrointestinal toxicity secondary to enhanced sparing of
the small intestine.17 Another strategy designed to improve
the therapeutic ratio is stereotactic body radiation therapy,
which is defined as the delivery of one to five high dose-
per-fraction treatments. This treatment option is also being
explored for patients with favorable early-stage prostate

cancer and it has favorable short-term adverse effect pro-
files, but more evidence is needed to fully characterize the
incidence of late adverse effects.18

Improved image-guided radiation therapy techniques have
also been developed to verify the position of the tumor
before each daily radiation treatment.19 On standard radi-
ation delivery linear accelerator units, either cone beam CT
scans or kilovoltage AP and lateral imaging scans can re-
liably reproduce the intended treatment plan with narrow
margins. With the integration of MRI linear accelerator units,
there are now additional options for real-time imaging
throughout the course of a patient’s treatment to account
for the differences in target position caused by dynamic
changes in position as a result of bladder and rectal
filling, expanding the potential for improving the thera-
peutic ratio even more.20,21 As part of this MRI-guided
process, the plan from the day of simulation can be
applied to the day’s anatomy, and, if the normal tissue
constraints are not met on that particular day, an
adaptive replan can be triggered in real time.22 This
adaptation provides additional benefit to determine
optimal dose delivery based on the anatomy of the day.
Long-term data are awaited to see if adaptive replanning
will result in improved outcomes.

As radiation treatment planning and delivery systems
have improved, so too have innovative strategies to in-
tegrate these tools to minimize the potential for late ad-
verse effects. In the setting of prostate cancer, erectile
dysfunction remains the most common late effect from
treatment, with 40% of men noting treatment-induced
erectile dysfunction.23 Prior work by Zelefsky and Eid24

attributed erectile dysfunction to arteriogenic, cav-
ernosal, mixed, or neurologic factors, finding that patients
receiving definitive radiotherapy had a predominantly
arteriogenic pathology. Investigators from the University
of Michigan recently reported a novel strategy of vessel-
sparing radiotherapy to preserve erectile function in their
single-arm, phase II trial, finding that nearly 90% of
patients at 5 years remained sexually active.25 To ac-
complish this, they integrated the diagnostic MRI as well
as an MRI angiogram. By contouring the internal pu-
dendal artery and the corpus cavernosum, they were able
to significantly limit the arterial dose.26,27 Additional data
are awaited to confirm the efficacy of this approach to
preserve long-term erectile function.

Additional innovations have been developed to improve the
therapeutic ratio, such as the integration of rectal dis-
placement devices.28 Recent data comparing an implanted
hydrogel spacer between the prostate and the rectum
versus an endorectal balloon has shown significantly
improved dosimetry with the spacer, resulting in less 2-
year, grade 2 or higher, late rectal bleeding (19% vs. 3%;

PRACTICAL APPLICATIONS

• Late toxicities after pelvic radiation can occur
from 3 months to many decades after
treatment.

• Long-term side effects can significantly impact
the quality of life of the increasing population of
survivors cured of their gynecologic, gastroin-
testinal, and genitourinary primary cancers, but
robust data on true incidence are lacking be-
cause of late onset.

• Toxicities can affect any tissue in the irradiated
pelvis from the bone (insufficiency fractures),
blood vessels (accelerated peripheral vascular
disease), gastrointestinal system (proctitis, en-
teritis, strictures, incontinence, and fistula), and
genitourinary system (urethral or ureteral
stricture, erectile dysfunction, bladder dys-
function, ejaculatory dysfunction, fistula, low
testosterone, and infertility), to the gynecologic
system (vaginal stenosis, dyspareunia, and
ovarian failure with premature menopause,
infertility, and uterine dysfunction).

• Despite improved advances in radiation therapy
treatment planning and delivery, which have
evolved to decrease the dose to the normal
tissues, late effects remain a persistent clinical
management challenge.

• Future radiation innovative strategies, including
vessel-sparing radiotherapy, rectal spacers,
placement of intravaginal dilators during treat-
ment, improvements in intensity-modulated
photon and proton therapy, and real-time
adaptive replanning with magnetic
resonance–guided therapies and stereotactic
body radiation therapy, are undergoing active
investigation to prevent late treatment
morbidity.
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p = .003).29 Additional data from a recent phase III trial of
patients with prostate cancer also reported significantly
decreased rectal toxicity with a spacer and improved
quality of life.30 Figures 1 and 2 depict a rectal spacer
being used for the treatment of a patient with magnetic
resonance–guided stereotactic body radiation therapy as
well as a patient receiving high dose rate brachytherapy as
monotherapy. This work has been pioneered in prostate
cancers, suggesting a benefit with less late rectal toxicity,
so additional data in other cancer pelvic sites are eagerly
awaited.

RADIATION FIBROSIS SYNDROME

Damage to blood vessels within the irradiated field can result
in a chronic condition termed radiation fibrosis syndrome.31

In radiation fibrosis syndrome, the first phase consists of
chronic inflammation in which endothelial cells play a role.
This is followed by a phase of patchy areas of increased
fibrosis with a high density of myofibroblasts. The third
phase is the fibroatrophic phase, which is characterized by
the loss of parenchymal cells. The exact mechanism of
radiation fibrosis syndrome is unknown, but injury to the
vascular endothelium is thought to play a role, such that
excessive fibrin accumulates in the intravascular, peri-
vascular, and extravascular compartments. Radiation
increases chronic free radical production and oxidative
stress in treated tissues, upregulating numerous pathways
pertinent to vascular disease.32 These events cause pro-
gressive fibrosis, which is precipitated by molecular signals,
such as cytokines, chemokines, and growth factors. Indeed,
such high serum levels of proinflammatory cytokines have
been found in long-term survivors of atomic bombs con-
sistent with the postradiation development of a state of
chronic systemic inflammation.4 Additional clinical risk
factors for development include a patient’s age, medical
comorbidities, and exposure to chemotherapy33 as well as
additional treatment modalities (surgery), large-volume ra-
diotherapy plans, high total dose, concurrent infections,
operative complications, and inhomogeneity of dose de-
livery. Radiation fibrosis syndrome can affect nerves in an
irradiated field, causing neuropathic pain,34 with damage to
autonomic nerves causing orthostatic hypotension, bowel
and bladder dysfunction, and sexual dysfunction.35

When these changes affect irradiated pelvic arteries in
higher-risk patients, they are identical to those found in
atherosclerosis, with the acute endothelial cell damage
leading to the coagulation cascade and fibrin deposition as
well as transformation of fibroblasts into fibrocytes mediated
by transforming growth factor-β.36 The oxidative stress in-
duced by the radiation activates nuclear factor-kappa B in
the affected arteries, which induces proinflammatory
genes.37 This can result in radiation-induced peripheral
vascular disease of the common femoral and superficial

femoral arteries, which can present with intermittent clau-
dication and limb ischemia. Radiation-induced peripheral
vascular disease is managed the same way as non–radiation-
induced atherosclerosis, with consideration of medical
therapy and percutaneous therapy for revascularization.38 If
patients have hypertension or diabetes, those conditions
should be treated aggressively to mitigate these risks. Given
the risk of peripheral vascular disease, patients should be
counseled on smoking cessation and lipid modification as
well as lifestyle optimization. Future preventive strategies may
also include inhibitors of nuclear factor-kappa B or other
pharmacologic agents directed against components of the
upregulated oxidative stress pathway to treat radiation-
induced vascular disease.39,40

Because many patients receive multimodality treatments,
multidisciplinary evaluations, with consideration of the se-
quence of treatments as well as their individual and syn-
ergistic side effects and the range of potential onset, are
important to consider. This evaluation is especially impor-
tant when patients receive systemic therapies, such as
immunotherapy or targeted therapy, which can have syn-
ergistic toxicity even when delivered sequentially. Over-
lapping gastrointestinal toxicity in the form of ulceration or
perforation can occur and should promote increased
vigilance at surveillance following treatment.41 Current
models optimizing long-term survivorship of patients

FIGURE 1. Sagittal View of Magnetic Resonance–Guided Stereotactic
Body Radiation Therapy With a Rectal Spacer
The orange outline is the prescription dose of 36.25 Gy, which is de-
livered over 5 days, with a rectal spacer outlined in the lighter green
between the prostate and the rectum. Note that the 55% dose line is in
darker green, encompassing just a fewmillimeters of the rectumbecause
of the increased separation from the rectal spacer.
Courtesy of Daniel Grass, MD, PhD, and Kujtim Latifi, PhD.
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who received multimodality systemic therapies and pelvic
radiation therapy are currently lacking, but recent reports
suggest that new, personalized, gastrointestinal-centric
models for such patients are needed.42 In the sections
that follow (Table 1), we will detail how radiotherapy can
affect individual tissues in the irradiated pelvis, with im-
plications for survivorship.

URINARY SYSTEM

Within the first 6 months after prostate radiotherapy, pa-
tients commonly report dysuria, urinary frequency, and
hesitancy as well as nocturia, but there is considerable
recovery back to baseline after a year,43 andmost symptoms
are grade 1 to 2. Urinary retention is rare, with 3% of men
requiring catheter drainage after brachytherapy and higher
rates seen in patients with larger preimplant prostate vol-
umes or higher grades on the International Prostate Symp-
tom Score.44 Decades after pelvic radiotherapy, urinary
adverse events can be seen,45 including radiation cystitis,

defunctionalized bladder due to scarring, hemorrhagic
cystitis, ureteral stricture, urethral stricture, and fistulas,46,47

and estimates of high-grade adverse effects are in the 5%
to 13% range long term.5 Although the type of radiation
delivery has the potential to influence the adverse effect
profile, recent phase III data report the equivalence of
both acute and late urinary adverse effects if treatment
was given either conventionally over 8 weeks to 78 Gy or
hypofractionated over 7 days,48 suggesting that future
strategies of offering fewer daily treatment fractions may
become more accepted. Severe late urinary adverse ef-
fects are most common after radiotherapy to the prostate,
bladder, and cervix, where combination treatment with
brachytherapy and radiotherapy increases the risk. The
type of late urinary adverse effect varies by treatment site,
with more urethral strictures in patients treated for
prostate cancer, bladder hemorrhage and necrosis after
bladder cancer, and ureteral strictures after cervical

FIGURE 2. High Dose Rate Brachytherapy for Favorable-Risk Prostate Cancer With a Rectal Spacer
The axial (A), sagittal (B), and coronal (C) images represent the treatment doses received by a patient with favorable-risk prostate cancer receiving
brachytherapy alone delivered with a high dose rate technique. (D) Note the light blue rectal spacer between the prostate (white) and rectum (brown), with
the bladder (yellow) above. Note on A and B that very little dose is received by the anterior rectal wall because of the rectal spacer.
Courtesy of Daniel Fernandez, MD, PhD, and Kujtim Latifi, PhD.
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TABLE 1. Possible Long-Term Sequelae of Pelvic Radiotherapy With Associated Management Options
Toxicity Management Options

Sexual: Female

Vaginal stenosis Vaginal dilator insertion three times per week starting 1-month
postradiotherapy; some data to suggest insertion daily during
radiotherapy

Ovarian failure/infertility Fertility consult for ovarian preservation, possible ovarian transposition, or
oophorexy

Uterine dysfunction Not possible to carry fetus to term

Vaginal dryness Water-based lubricant early when healing, then can use oil- or silicone-
based lubricant; hormone replacement/intravaginal estrogen, if
appropriate

Premature menopause Hormone replacement/intravaginal estrogen, if appropriate

Dyspareunia Vaginal dilator, lubricant, or hormone replacement therapy/intravaginal
estrogen, if appropriate

Sexual dissatisfaction Referral to psychologist with expertise in postradiotherapy sexual
dysfunction

Sexual: Male

Erectile dysfunction Prevent, if possible, with vessel-sparing radiotherapy; treat with
phosphodiesterase-5 inhibitor. If unresponsive, consider penile
implant, vacuum erection device, or intracavernosal injections.

Low testosterone Consider hormone replacement, if appropriate.

Infertility Fertility consult for sperm banking

Ejaculatory issues Prevent as much as possible during radiotherapy planning with
avoidance of dose to vessels, penile bulb/bodies, and neurovascular
bundles.

Sexual dissatisfaction Referral to psychologist with expertise in postradiotherapy sexual
dysfunction

Genitourinary

Fistula Surgical evaluation

Cystitis Cystoscopy for diagnosis; to start, hydration, transfusion, and bladder
irrigation. If severe, consider embolization, endoscopic bladder
procedures, or hyperbaric oxygen.

Urethral stricture Dilation/stent

Ureteral stricture Dilation/stent

Bladder dysfunction Antispasmodics

Pelvic Arteries

Peripheral vascular disease Advise smoking cessation, maintain lipids in normal range, and educate
about signs of peripheral vascular disease. Treat aggressively if
hypertension or diabetes.

Pelvic Bone

Insufficiency fracture First: osteoporosis prevention, calcium, vitamin D, weight-bearing
exercise, and bisphosphonates. If fracture, consider sacroplasty.

Necrosis Surgical evaluation for fixation

(Continued on following page)
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treatment.5 Urinary adverse effects are less commonly
reported in patients treated for anal cancer.49 In patients
with rectal cancer receiving total mesorectal excision,
urinary dysfunction can occur in up to one-third of pa-
tients, but it has historically been attributed to surgical
nerve damage,35 which may improve as nerve-sparing
surgical techniques evolve. It is not known whether late
urinary adverse effects are detected more often after
bladder and prostate cancer because the patients are
seen by urologists. Although most trials are underpowered
or lack sufficient follow-up to measure late urinary adverse
effects, the ones that do follow up suggest that urinary ad-
verse effects continue to accrue at a consistent rate even 2
decades after treatment.5

FERTILITY

ASCO guidelines suggest a fertility preservation consult as
early as possible before treatment initiation to allow con-
sideration of multiple options.7 Oocytes are extremely ra-
diosensitive, with 50% destruction at doses less than 2 Gy.50

Given this, doses used in conventionally fractionated pelvic
radiotherapy will cause ovarian failure. Premature meno-
pause and the ensuing hormonal changes can lead to
hot flashes, mood changes, and vaginal dryness.8 ASCO
guidelines for patients receiving pelvic radiotherapy include
embryo or unfertilized oocyte cryopreservation, ovarian
transposition, and ovarian tissue cryopreservation and
transplantation. Ovarian transposition and oophoropexy are
surgical methods of moving the ovaries out of the radiation
field before initiation of treatment, and they are currently
done laparoscopically, with reported success rates ranging
from 16% to 90%; when the radiation field covers the entire
pelvis, the ovarian transposition procedure would be done to
move the ovaries out of the pelvis and into the upper ab-
domen.51 A suggested distance of at least 4 cm is rec-
ommended between the new position of the ovary and the
edge of the radiation field as long as the blood supply to the
ovaries is not compromised.52 In addition, the uterus in an
irradiated pelvis will not function to carry a fetus to term,
resulting in miscarriage, preterm labor, low birth weight, and
placental abnormalities.53 These pelvic radiotherapy effects

on the function of both the ovaries and the uterus must be
discussed with the patient before initiation so that appro-
priate counseling and planning can be done.

Male fertility is also negatively affected by pelvic radio-
therapy. Although the testicular tissues are not in the ra-
diation target volumes, the scatter dose of the nearby field
border can lead to permanently decreased populations of
radiosensitive germ cells that produce spermatocytes and
Leydig cells that produce testosterone. With respect to germ
cells, doses of 0.75 Gy to 3 Gy can cause permanent
azoospermia.54 Decreased testosterone production can
occur after Leydig cells receive radiotherapy doses higher
than 20 Gy.55 For male fertility preservation, ASCO guide-
lines suggest sperm cryopreservation before initiation of
therapy, because sperm DNA integrity may be compro-
mised after a single treatment; testicular tissue cryopres-
ervation and reimplantation or grafting of such tissues is only
recommended in the setting of a clinical trial.7

SEXUAL HEALTH

In the long term, women treated for cervical, endometrial,
rectal, and anal cancers who receive pelvic radiotherapy
can develop vaginal stenosis as well as vaginal dryness and
dyspareunia. Vaginal stenosis occurs secondary to in-
creased collagen production within the fibroconnective
tissue, leading to shortening and narrowing of the vagina;
changes in the vaginal mucosa also lead to atrophy of these
cells.56 Despite the advances in radiation technology with
intensity-modulated radiation therapy, high doses are given
to the upper and lower vagina because of the location of the
vagina immediately anterior to the anus and lower rectum
and for coverage of the gross and elective target volumes.
Vaginal stenosis can be scored according to a modified
version of the National Cancer Institute Common Termi-
nology Criteria for Adverse Events, which is based on physician-
assessed symptoms of grade 1, dyspareunia; grade 2, pain
with dilator use; or grade 3, vaginal dryness. In the setting of
patients treated definitively with chemoradiation for anal
cancer, such scoring showed a 79% incidence, with 14.3%
as grade 1, 27.1% as grade 2, and 37.1% as grade 3 during

TABLE 1. Possible Long-Term Sequelae of Pelvic Radiotherapy With Associated Management Options (Continued)
Toxicity Management Options

Gastrointestinal

Chronic diarrhea Loperamide or diphenoxylate/atropine, modify diet to avoid raw
vegetables, and add stool-bulking agents

Fecal incontinence Pelvic rehabilitation consult for Kegel exercises; consider sacral
stimulator if pelvic rehabilitation fails

Malabsorption Support nutrition, may need low-fat diet or cholestyramine for bile salt
deficiency

NOTE. The related topics of radiation proctitis, enteritis, stricture, and obstruction are covered in the article entitled “Management of Long-Term
Toxicity From Pelvic Radiation Therapy" by Dalsania et al in the 2021 ASCO Educational Book.
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a median follow-up of 2.5 years,57 with only 21.5% having
no identifiable vaginal stenosis at all. Similar reports of late
vaginal morbidity occur in the majority of patients treated for
gynecologic cancers.58 Regular use of vaginal dilators has
been shown to decrease clinically noteworthy vaginal short-
ening and/or tightening.59,60 In addition to radiation volume
and dose, patient age older than 50 and lack of vaginal dilator
compliance increase the risk of vaginal stenosis.61,62

To mitigate these risks, sexual rehabilitation after pelvic
radiotherapy has included the regular insertion of vaginal
dilators starting when the vaginal mucosa is healed, typically
1 month after treatment, with a frequency of two to three
times per week for 1 to 3 minutes and a duration of 1 year,60

with some investigators recommending treatment contin-
uation for the duration of the patient’s lifetime.63 A pro-
spective study fromMemorial Sloan Kettering Cancer Center
noted issues with vaginal dilator compliance, with only 25%
of patients compliant in the fourth quarter of the year; those
who used vaginal dilators had efficacy, with 82% of patients
maintaining preradiotherapy vaginal dilator size at 1 year,
and, of the 49%who had a decrease in vaginal dilator size at
1 month post-treatment, the majority (71%) had returned to
preradiotherapy vaginal dilator size at 1 year.63 To reduce
the potential for vaginal stenosis even more, investigators
from MD Anderson Cancer Center studied vaginal dilator
use during simulation and treatment and reported de-
creases in the mean dose to the vagina by 5.5 Gy, which
may, decrease future late vaginal morbidity long term.64 A
similar concept with a tampon to be inserted during daily
treatment is currently being assessed in a prospective,
ongoing European trial designed to measure the incidence
and grade of vaginal stenosis in patients definitively treated
for anal cancer.65

Dyspareunia is experienced by up to one in five women after
pelvic radiotherapy.66 Strategies to improve symptoms of
superficial dyspareunia at the level of the vaginal introitus
and mucosa in patients who are now functionally meno-
pausal include intravaginal estrogens and hormone re-
placement therapy, if appropriate.67-69 If hormone therapy is
contraindicated, application of vaginal moisturizers can be
applied two to three times each week to restore the vaginal
pH and improve the moisture content of the mucosa, with
consideration for oil-based or silicone-based lubricants
3 months postradiotherapy to relieve possible friction and
pain with intercourse.70 There is a strong correlation be-
tween sexual dysfunction and psychosocial distress.71 In
a study of survivors of anal cancer treated at MD Anderson
Cancer Center with a median of 5 years of follow-up, the
majority of recipients (65%) reported that lack of sexual
interest was “somewhat” or “very much” of a problem, with
(71%) noting that the inability to relax and enjoy sex was
also “somewhat” or “very much” of a problem.49 Indeed,
sexual difficulties after radiotherapy can include difficulty

with desire, arousal, orgasm, and sexual pain.72 Non-
biomedical strategies, ranging from cognitive behavioral
therapy to mindfulness, may be effective to improve
patients’ distress.73,74

For male patients, erectile dysfunction and ejaculatory issues
remain major issues in the setting of pelvic radiotherapy,72

with a range of possible ejaculatory issues, such as re-
duced ejaculate, ejaculatory pain, hematospermia, altered
orgasmic sensation, and reduced orgasmic intensity.75

These changes are thought to be secondary to arterial
damage as well as damage to the neurovascular bundles,
penile bulb, and penile bodies.76,77 To treat erectile
dysfunction after radiotherapy, sildenafil was effective in
57% of patients treated in a randomized trial.78 Similar effi-
cacy has been reported for tadalafil for erectile dysfunction
post-treatment, with successful intercourse in almost 50% of
patients,51 but not if given during treatment and for 24 weeks
thereafter to prevent erectile dysfunction.23 For men with
erectile dysfunction not responsive to phosphodiesterase-5
inhibitors, other options include penile implants, vacuum
erection devices, topical alprostadil, or constriction loops/
rings, whereas psychosexual therapy is advised for men with
orgasmic or ejaculatory issues.72

BONE EFFECTS

After pelvic radiotherapy, bones of the pelvic region can
undergo changes secondary to decreased osteoblast pro-
liferation and decreased bone blood flow as a result of blood
vessel fibrosis combined with bone resorption from osteo-
clast activity that can result in fracture or necrosis; risk is
increased in the settings of osteoporosis, kidney disease,
vascular disease, and long-term use of steroids or bisphosph-
onates.8 The most commonly affected bones are the sacrum,
pubic symphysis, and rami.79 The extent of radiation-induced
reactions is secondary to treatment-related factors, such
as the volume and dose irradiated as well as the technique,
and whether additional therapies are delivered, as well as
patient-specific factors, such as age, body weight, sex,
osteoporosis, and medications like corticosteroids.80 In-
sufficiency fractures resulting from progressive radiation-
induced reactions can lead to biomechanical bone in-
stability, which could be symptomatic with pain such that
CT-guided sacroplasty may be recommended.81 Post-
treatment, the bone marrow can recover, but this re-
covery is delayed, with a median time from occurrence of
radiation-induced reactions until first signs of recovery, as
demonstrated on MRI, of 16.5 months and a time of 39.5
months to return completely to normal.80

GASTROINTESTINAL SIDE EFFECTS

Late effects of pelvic radiotherapy can negatively affect
gastrointestinal quality of life and have been reported in 6%
to 78% of patients.6 These late gastrointestinal effects can
include diarrhea, dysmotility, food intolerance, nutrient
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malabsorption, or fecal incontinence, with rare development
of fistula, obstruction, or hemorrhage.8 Please see the article
entitled “Management of Long-Term Toxicity From Pelvic
Radiation Therapy” by Dalsania et al in the 2021 ASCO
Educational Book for additional discussion of radiation
proctitis, enteritis, and bowel strictures.

In addition to toxicities from pelvic radiotherapy, patients
may experience anal discharge as well as clustering and
frequency of bowel movements.82 Surgically treated
survivors of long-term rectal cancer may also be at risk
for low anterior resection syndrome, which occurs in
60% to 90% of patients83 and consists of fecal and gas
incontinence, urgency, frequent bowel movements,
clustering of stools, and difficulty with bowel emptying.84

Multidisciplinary discussion of the cumulative toxicities
from all modalities a patient is likely to experience is
important before treatment.

Multiple strategies have been investigated to improve side
effects in patients who develop fecal incontinence. Studies
have shown that a dose effect less than 40 Gy to the anal
sphincter is associated with less fecal leakage,85 which may
be helpful in the treatment of men with prostate cancer but
does not offer improvement for the other pelvic cancers, in
which radiotherapy to the sphincter complex exceeds 40 Gy
for curative-intent therapy. Thus, additional options are
needed and have ranged from adding bulking agents as well
as appropriate antidiarrheal treatments (loperamide and
diphenoxylate/atropine) to eliminating raw vegetables from
the diet.86 In addition, pelvic floor rehabilitation has been
explored to improve muscular function, because these

muscles are involved in continence, elimination, and
sexual arousal, with results showing improved pelvic floor
strength and sexual function.87 There are also some data
to support the integration of probiotics, with the sug-
gestion that this therapy can decrease loperamide use
and decrease the incidence of loose watery stools,88 but
more data are needed to understand the true impact of
such therapy. If conservative measures fail, the patient can
also be considered for a trial of a sacral nerve stimulator,
which has been shown to improve function in those with
severe incontinence.89

CONCLUSION

Techniques of pelvic radiotherapy have evolved during
the past few decades, with an improved therapeutic ratio
such that higher dose delivery to the tumor-bearing target
region is accompanied simultaneously by lower doses to the
surrounding healthy tissue. The modern range of treat-
ment techniques takes advantage of improved dosimetry
(intensity-modulated radiation therapy and intensity-
modulated proton therapy); better image guidance,
including real-time tissue visualization with an MRI
linear accelerator; and mechanical devices to be used
during therapy, including vaginal dilators and rectal
spacers. Yet, despite these advances, late toxicity from
pelvic radiotherapy continues to be a clinical problem as
the number of survivors of cancer continues to increase.
Future studies are needed to prospectively evaluate
patient-reported long-term outcomes so that we can
develop more effective strategies to mitigate these long-
term sequelae of treatment.
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Somatic Sequencing in Advanced Pancreatic
Cancer: Current Treatments and
Novel Opportunities
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overview

Performing germline and somatic sequencing in locally advanced and metastatic pancreatic cancer can

identify potentially targetable genomic aberrations that impact current standard treatment options or eli-

gibility for biomarker-targeted clinical trials. Testing for deleterious germline mutations in BRCA1/2 impacts

patient selection for platinum-based chemotherapy regimens and selection of patients who are candidates to

receive maintenance therapy with olaparib. Additional germline mutations also similarly introduce potential

vulnerabilities to the cancers that arise and may be targeted by clinical trials. Somatic mutation testing also

provides opportunities for optimal selection of patients for biomarker-driven clinical trials. Although KRAS
mutations are found in 90% to 93% of pancreatic cancers, there are increasing opportunities for therapies

against particular mutant KRAS isoforms, especially with the advent of KRAS G12C–specific small molecule

inhibitors, and KRAS targeting trials will increasingly require identification of the specific KRAS mutation

present. There are also a range of tumor site–agnostic molecular features, such as microsatellite instability

and NTRK fusions that, although rarely found in pancreatic cancers, impact selection of patients who have the

potential for dramatic benefit with immune checkpoint inhibitors such as pembrolizumab or TRK inhibitors

such as larotrectinib or entrectinib, respectively, and thus motivate broader somatic mutation and fusion

testing for patients with locally advanced and metastatic pancreatic cancers. Multiple other rare actionable

aberrations, particularly gene fusions in the 8% to 10% of KRAS wild-type pancreatic cancers, are also known,

and enrollment in basket trials for these rare patient cohorts is highly encouraged.

Pancreatic cancer is the third most common cause of
cancer mortality in the United States1 and the seventh
most common worldwide.2 The current standard of
care for patients withmetastatic pancreatic cancer with
adequate performance status is multiagent combina-
tion chemotherapy regimens such as 5-fluorouracil/
irinotecan/oxaliplatin3 or gemcitabine/nab-paclitaxel,4

but median overall survival with these regimens is less
than 12 months. Until recently, there were no pre-
dictive biomarkers to personalize selection of targeted
or biologic therapies as a part of standard of care
treatment. However, there is now a clear role for testing
pancreatic cancer for germline mutations, somatic
mutations and fusions, and microsatellite instability
(MSI)/mismatch repair deficiency to optimize selection
of therapies and identify clinical trials of targeted
agents.

GERMLINE SEQUENCING

Several studies have shown that 3.8% to 9.7% of
patients with pancreatic cancer carry a deleterious
germline mutation,5-9 with some large single-center

analyses having rates as high as 19.8%.10 As many
as 41.8% to 57% of patients ultimately found to have
a germline mutation did not have a suspicious family
history and would not have met prior screening criteria
for germline testing.8,10 The most commonly found
germline mutation is BRCA2, although additional
commonly mutated genes include BRCA1, PALB2,
ATM, CDKN2A, and TP53, and mismatch repair genes
(MLH1, MSH2, MSH6, and PMS2). BRCA1/2 muta-
tions and deficient mismatch repair have effective
therapies that are currently standard of care, and
several other germline mutations have a strong ratio-
nale for novel targeted therapies that are under
investigation.

BRCA1/2 Germline Mutations

Mutations in BRCA1 and BRCA2 cause homologous
recombination defects (HRD), impairing normal DNA
damage repair and enabling the accumulation of
mutations, contributing to carcinogenesis. However,
cancers arising in this context are particularly prone to
chemotherapies that induce double-stranded DNA
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breaks requiring homologous recombination for repair, like
platinum agents. Indeed, a recent phase II trial demon-
strated a response rate of 70% with a gemcitabine plus
cisplatin backbone regimen among patients with germline
HRD mutations (94% with BRCA1/2 germline mutations),11

and retrospective studies demonstrate that patients with
HRD pancreatic cancers have significantly better progression-
free survival when treated with first-line platinum-based
therapies.12 Moreover, cancers with HRD and mutations
in BRCA1/2 are unable to correct DNA damage and prevent
mitotic catastrophe and cell death when DNA damage is
induced. PARP inhibitors impair repair of single-strand
DNA breaks and also on binding to their PARP substrate
trap PARP on the DNA strand, generating additional
double-strand breaks and cell death.13 PARP inhibitors
are effective in a range of tumors with germline BRCA1/2
mutations that are platinum-sensitive. In the phase III POLO
trial, among patients with metastatic pancreatic cancer with
germline BRCA1/2 mutations with disease control after 4 to
6 months of induction platinum chemotherapy, mainte-
nance therapy with olaparib was superior to placebo, im-
proving median progression-free survival from 3.8 to

7.4 months (HR, 0.53; 95% CI, 0.35–0.82).14 Additionally,
health-related quality-of-life questionnaires showed no
significant difference in time to sustained clinically
meaningful deterioration in health-related quality-of-life
or physical functioning scores between patients who
received maintenance olaparib compared with pla-
cebo.15 However, there was no difference in overall
survival, with median overall survival of 19.0 versus 19.2
months (HR, 0.83; 95% CI, 0.56–1.22), although there
was a trend toward improved 36-month survival with
olaparib (33.9% vs. 17.8%).16 Olaparib maintenance
therapy is now U.S. Food and Drug Administration ap-
proved and a standard-of-care option for patients with
metastatic pancreatic adenocarcinoma with germline
BRCA1/2 mutations after at least 16 weeks of first-line
platinum-based chemotherapy.

Several studies are ongoing to study new combinations of
PARP inhibitors with additional therapies, notably with
immune checkpoint inhibitors. In BRCA1/2-deficient can-
cer models, PARP inhibition stimulated innate and adaptive
immune responses by upregulating interferon-stimulated
genes and thestimulator of interferon genes pathway,
with immune responses potentiated by addition of anti–PD-
1 antibody therapy.17,18 The SWOG S2001 trial is enrolling
patients who would be eligible for maintenance olaparib to
be randomly assigned to either olaparib alone or olaparib
plus pembrolizumab (NCT04548752). Multiple additional
DNA damage repair inhibitors are in development, but
clinical trials of combinations of these inhibitors, although
rational in patients with germline BRCA1/2 mutations, are
in early phases at this time.

Other HRD Germline Mutations

A range of additional germline mutations that confer HRD
are found in pancreatic cancer. Among these, mutations in
PALB2 and ATM are most common. PALB2 germline
mutation confers similar HRD phenotype as BRCA1/2
mutations, and case reports and small prospective trials
have suggested efficacy of PARP inhibitors for patients with
PALB2 germline mutated breast or prostate cancers.19-21 In
pancreatic cancer, many of the trials enrolling BRCA1/2
germline-mutated cancers also enrolled a small number of
patients whose tumors had PALB2 germline mutations, with
similar results suggesting PALB2 mutations also are pre-
dictive of response to platinum-based chemotherapy and
PARP inhibitors. For example, in a phase II study of main-
tenance rucaparib after induction platinum-based chemo-
therapy with 24 evaluable patients with germline HRD
mutations, two out of two tumors with PALB2 germline
mutation had response to rucaparib.22

Deleterious ATM germline mutations are found in 1.7% to
3.3% of pancreatic cancers.23,24 Preclinical studies sug-
gested that PARP inhibitors and topoisomerase-1 inhibitors,

PRACTICAL APPLICATIONS

• Germline mutation testing is recommended for
all patients diagnosed with pancreatic cancer,
regardless of stage, and patients with BRCA1/2
germline mutations should be treated with
platinum-based chemotherapy and considered
for maintenance olaparib therapy as a standard
treatment or for clinical trials of agents targeting
DNA damage repair pathways.

• Testing for actionable somatic genetic aberra-
tions, including fusions and mutations, and for
microsatellite instability/mismatch repair de-
ficiency is recommended for patients with lo-
cally advanced or metastatic pancreatic cancer
who are candidates for anticancer therapy.

• One percent to 3% of patients with pancreatic
cancer have KRAS G12C–mutated tumors, and
these patients should be identified and highly
considered for clinical trials of KRAS G12C
inhibitor–based combination therapies.

• SHP2 inhibitors and SOS1 inhibitors are highly
promising new classes of drugs that impair GTP
loading and thus activation of certain mutant
KRAS isoforms, such as most codon 12
mutations.

• Eight percent to 10% of patients with pancreatic
cancer have KRAS wild-type tumors, and this
cohort is enriched for patients with other ac-
tionable driver mutations or fusions.
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such as irinotecan, would be effective in ATM-mutated
cancers.24,25 However, case reports of ATM-mutated pan-
creatic cancers have not shown disease control with PARP
inhibitor maintenance therapy.26,27 Indeed, PARP inhibitor
monotherapy was only cytostatic but did not induce cell
killing in ATM-deficient preclinical pancreatic cancer cell
models.28 There are preclinical data suggesting efficacy of
ATM inhibitors, ATR inhibitors, and CHK1 inhibitors29 or of
combination therapies of multiple DNA damage repair–
targeting therapies,24 and there are ongoing early-phase
clinical trials at this time.30

Deficient Mismatch Repair and Lynch Syndrome

Germline mutations in the mismatch repair genes MLH1,
MSH2, MSH6, or PMS2 cause Lynch syndrome, with an
increased risk of developing multiple cancer types, partic-
ularly colorectal and endometrial cancers, but also pan-
creatic cancer. A registry study from 147 families with Lynch
syndrome revealed a 3.7% (95% CI, 1.45–5.88) cumulative
risk of pancreatic cancer up to age 70, which is an 8.6-fold
(95% CI, 4.7–15.7) increase compared with the broader
population.31 Given that these cancers are MSI-High,
pembrolizumab is an important standard therapy option, as
described in more detail later.

SOMATIC SEQUENCING

KRAS Mutations

Oncogenic KRAS mutations are found in 90% to 93% of
pancreatic cancers.32-34 KRAS is a small GTPase that
normally cycles between an inactive GDP-bound state and
an active GTP-bound state in response to activation of
upstream receptor tyrosine kinases, like the EGFR (epi-
dermal growth factor receptor) and the related family
members ERBB2 (HER2), ERBB3 (HER3), and ERRB4
(HER4). KRAS signaling is further modulated by guanine
exchange factors like SOS1 that catalyze exchange of GDP
for GTP to activate KRAS, and GTPase-activating proteins
that catalyze the intrinsic hydrolysis of GTP back to GDP to
inactivate KRAS. Activated KRAS binds to and activates
multiple downstream effector pathways, notably including
the RAF-MEK-ERK MAPK signaling pathway. Oncogenic
KRAS mutations impair GTP hydrolysis or accelerate GDP-
GTP exchange, resulting in an excess of active GTP-bound
KRAS.35,36 There are multiple activating mutations in KRAS,
found in varying proportions in different cancer types. Al-
though in pancreatic cancer the most commonly found
mutations are G12D, G12V, and G12R (Fig. 1), in lung
cancer, the most common mutation is G12C (46% of codon
12 mutations).35 Different KRAS mutations have different
effects on the rate of intrinsic or GTPase-activating
protein–mediated GTP hydrolysis and GDP exchange; for
example, G12C has a nearly normal rate of intrinsic GTP
hydrolysis but has impairment in GTPase-activating protein–
mediated hydrolysis.37

Direct KRAS inhibitors have been challenging to develop for
multiple reasons. Competitive inhibitors binding the GTP
binding site have not been feasible because of very high
picomolar affinity for GTP that cannot be outcompeted, and
allosteric inhibitors have been challenging because of KRAS
surface topology being thought to lack pockets for drug
binding.36 However, new approaches to target specific
KRAS mutations or impair the interaction of guanine ex-
change factors with KRAS are enabling targeting of this
previously undruggable gene.

KRAS G12C inhibitors KRAS G12C mutation is uncommon
in pancreatic cancer, comprising 1% of cases,32 but this
subgroup is important to identify. Specific G12C inhibitors
now can bind to a recently discovered P2 surface pocket on
KRAS and covalently bind to the reactive cysteine residue
in the mutant G12C protein.38,39 Sotorasib (AMG510) is
a G12C inhibitor that has a promising response rate in KRAS
G12C–mutant non–small-cell lung cancer of 32.2%, al-
though it yields primarily stable disease when given as
a monotherapy in colorectal and pancreatic cancer. Among
11 response-evaluable KRAS G12C–mutant pancreatic
cancers, there was 1 of 11 partial response, 8 of 11 stable
disease, and 2 of 11 progressive disease with sotorasib.40

Adagrasib (MRTX849), another KRAS G12C inhibitor, also
had highest response rate in KRAS G12C–mutant non–
small-cell lung cancer of 45%41; one patient with pancre-
atic cancer had a confirmed response.42 More effective
combinations of various targeted therapies with KRAS G12C
inhibitors in colorectal cancer and non–small-cell lung
cancer have been studied preclinically,43,44 and multiple
combinations are now in clinical trials. Ongoing studies
include new combination arms in the CodeBreak 101 trial
combining sotorasib with a MEK inhibitor, PD-1 inhibitor,
SHP2 inhibitor, pan-ERBB inhibitor, PD-L1 inhibitor, CDK
inhibitor, or mTOR inhibitor (NCT04185883); and the
KRYSTAL-2 trial of adagrasib combined with the SHP2
inhibitor TNO155 (NCT04330664). Multiple additional
G12C inhibitors are currently in clinical development as
well, including JNJ-74699157 (NCT04006301), GDC-
6036 (NCT04449874), and JDQ443 (NCT04699188).

Other mutation-specific direct inhibitors Additional KRAS
mutation–specific small molecule inhibitors are in preclinical
development, including novel KRAS G12D inhibitors,45 such
asMRTX1133, which is currently undergoing investigational
new drug–enabling studies. RMC-6236 is a RAS-selective
inhibitor that binds the chaperone protein cyclophilin A and
then forms a tricomplex with the target RAS protein,
inhibiting signaling of multiple RAS mutants in their GTP-
bound conformations, including KRAS G12V and KRAS
G12D, and is also currently in investigational new drug–
enabling studies.46
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SOS1 inhibitors SOS1 is a guanine exchange factor that
catalyzes GDP exchange for GTP to activate KRAS and
impair the SOS1-KRAS interaction, thus impairing GTP-
loading of KRAS.47 MEK inhibitor treatment decreases the
ERK-mediated phosphorylation of SOS1 and relieves neg-
ative feedback to SOS1,48 enabling SOS1-mediated feed-
back loops to reactivate RAS-mediated signaling. Novel
small molecule SOS1 inhibitors impair SOS1-KRAS binding
inmultiple KRASmutations. BI-3406 is a SOS1 inhibitor that
significantly decreased GTP-bound RAS and impaired
proliferation in nearly all KRAS codon 12 and 13 mutants
tested and synergized with MEK inhibitors by alleviating
feedback reactivation.49 However, resistance to BI-3406
was noted in KRAS G12R–mutant cancer, because KRAS
G12R does not interact with SOS1,50 and in KRAS codon
61–mutant cancers, which have lower intrinsic GTPase
activity37 and thus would be better able to maintain higher
GTP-bound KRAS levels despite impairment of guanine
exchange factor activity. The SOS1 inhibitor BI1701963 is
a clinical drug candidate that also synergized with trame-
tinib and induced regressions in vivo.51 Clinical trials are
underway of BI1701963 alone and in combination with
trametinib in KRAS-mutant cancers (NCT04111458). SOS1
inhibitors also have been shown preclinically to synergize
with KRAS G12C inhibitors in preclinical models,47,49

and clinical trials of BI1701963 with MRTX849 in KRAS
G12C–mutant cancers are planned.

SHP2 inhibitors in codon 12–mutant KRAS SHP2 (PTPN11)
is a nonreceptor protein tyrosine phosphatase that for-
ms signaling complexes in association with activation of
multiple receptor tyrosine kinases and facilitates SOS1-
dependent guanine exchange factor function and GTP-
loading and activation of KRAS.52 SHP2 is indispensable
for oncogenic KRAS mutations to drive carcinogenesis in
mouse models, and SHP2 inhibitors synergize with MEK

inhibitors in KRAS-mutant cancer models in vivo.53 Allo-
steric SHP2 inhibitors such as RMC-4550 impaired acti-
vation of multiple codon 12–mutated KRAS proteins,
although there was heterogeneous single-agent activity
across different cell lines that shared the same KRAS
mutation; notably, RMC-4550 monotherapy was ineffective
against codon 13 and codon 61 KRAS mutations.52 SHP2
inhibitor and MEK inhibitor combinations were more ef-
fective in mitigating feedback reactivation of the MAPK
pathway than either single agent in KRAS codon 12–mutant
models,54,55 with the possible exception of G12Rmutation,55

because G12R does not require SOS1 for its activity.50 SHP2
inhibitors also synergized with KRAS G12C inhibitors in
preclinical models.56 Multiple SHP2 inhibitors trials,
either as monotherapy (JAB-3312; NCT04045496) or in
combination with MEK inhibitors (RMC-4630/cobime-
tinib; NCT03989115) or G12C inhibitors, are ongoing in
KRAS-mutant pancreatic cancers. Given the early stage of
development, trials do not currently select for specific KRAS
mutations, but we expect that future studies will likely need
to select for specific KRAS codon 12 mutations, which do
comprise most KRAS-mutated pancreatic cancers.

KRAS mutation–specific oligonucleotide approaches
Oligonucleotide therapies modulate gene expression to
promote degradation of target mRNA molecules, enabling
targeting of specific oncogenic mutant alleles. The most
notable barriers in development of oligonucleotide therapies
include the need to optimize delivery to target tissues and to
avoid off-target interactions, and therapeutic candidates
require drug delivery strategies, including chemical modi-
fication, conjugation to cell-targeting molecules, and drug
formulation within nanoparticles.57 One recent example of
an attempt to target KRAS was AZD4785, an antisense
oligonucleotide against KRASmRNA, targeting both mutant
and wild-type KRAS for degradation via ribonuclease H.

FIGURE 1. Frequency of Selected Somatic Mutations in Pancreatic Cancer
(A) Frequency of specific KRASmutations in pancreatic cancer.32 (B) Among KRASwild-type pancreatic cancers, there is enrichment for actionable gene
fusions and other actionable aberrations.76
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AZD4785 showed in vivo activity when administered via
subcutaneous injections, inhibiting tumor growth, although
maximum KRASmRNA knockdown was only observed after
2 weeks of dosing.58 Although AZD4785 proceeded to
a phase I trial (NCT03101839), further development was
halted, likely related to nonselective targeting of both wild-
type and mutant KRAS. Indeed, more targeted oligonu-
cleotide therapies specifically targeting mutant KRAS are
now being studied. For example, in locally advanced
pancreatic cancer, an anti-KRAS G12D small interfering
RNA embedded in a biodegradable polymer matrix, dubbed
siG12D-LODER, can be directly injected into locally ad-
vanced KRAS G12D–mutated pancreatic tumors, with
in vivo studies demonstrating increased tumor necrosis after
injection of siG12D-LODER.59 A phase I/IIa clinical trial of
siG12D-LODER was performed with good tolerance,60 and
a phase II study continues in KRAS G12D–mutant pan-
creatic cancer (NCT01676259). Additional KRAS mutation–
specific oligonucleotide therapies are in development.61,62

Therapeutic oligonucleotides can be packaged within
exosomes, extracellular vesicles that contain membrane-
anchored proteins like CD47, which helps protect cells
from phagocytosis by macrophages and monocytes and
enhances half-life within the circulation as compared with
liposomes. Anti–KRAS G12D small interfering RNA was
electroporated into exosomes, dubbed iExosomes, and
injected into KRAS G12D–mutated pancreatic cancer
mouse models, improving overall survival compared with
gemcitabine-treated mice.61 Clinical-grade iExosomes
are now being manufactured,63 and clinical trials spe-
cifically for KRAS G12D–mutated pancreatic cancer are
starting (NCT03608631).

KRAS mutation–specific vaccine and cellular therapy
approaches Because KRAS mutations generate a neo-
epitope that could provoke a mutant protein-specific
adaptive immune response, immunologic therapeutic ap-
proaches are being studied. As proof of concept, a patient
with metastatic KRAS G12D–mutant colorectal cancer had
tumor-infiltrating lymphocytes cultured and expanded
ex vivo, with identification of HLA-C*08:02–restricted CD8+

T-cell clones that recognized the KRAS G12D epitope, and
reinfusion of the expanded T cells resulted in significant
response.64 Additionally, HLA-peptide prediction algorithms
noted that HLA-A*11:01 could potentially present mutated
KRAS epitopes, and in mouse models, T cells reactive to
KRAS G12V and G12D were generated.65 Indeed, HLA-
A*11:01–restricted T cells present in the peripheral blood of
patients with cancer were found to recognize KRAS G12V.66

Clinical trials of adoptive T-cell therapies targeting these
mutations were planned (NCT03190941), although they
have been suspended. Nevertheless, these studies dem-
onstrate the potential for a clinically effective adaptive im-
mune response against mutant KRAS epitopes.

mRNA-5671/V941 is an mRNA vaccine of the four most
common KRASmutations (G12D, G12V, G13D, and G12C).
Murine in vivo studies showed that CD8+ T-cell responses to
mutant KRAS antigen exposure were significantly greater
after prior injection with mRNA-5671. mRNA-5671/V941 is
being studied as a monotherapy or in combination with pem-
brolizumab in clinical trials, although at least initially restricted
to HLA-A*11:01 or HLA-C*08:02 markers (NCT03948763).67

Additionally, a pooled mutant KRAS–targeted long pep-
tide vaccine is being combined with nivolumab and ipi-
limumab in patients with colorectal or pancreatic cancer
harboring KRAS G12C, G12V, G12D, G12A, G13D, or
G12R mutation (NCT04117087).

Considerations in inhibiting effector pathway signaling
Multiple trials of MEK inhibitors have unfortunately failed to
demonstrate meaningful clinical activity in patients with
pancreatic cancer,68-70 likely because of feedback reac-
tivation of upstream pathways as previously described.
Notably, different KRAS mutations may confer differential
susceptibility to MEK inhibitors. Studies in organoid and
patient-derived xenograft mouse models have shown that
KRAS G12R–mutated pancreatic tumors have their growth
more significantly suppressed with MEK or ERK inhibitors
compared with other KRAS-mutant tumors, mechanistically
explained by the inability of the KRAS G12R–mutant protein
to bind to PI3K and activate the PI3K-AKT effector pathway
and thus having lower activity in this compensatory signaling
pathway that could otherwise help facilitate adaptation and
rescue from the effects of MEK or ERK inhibition.50 How-
ever, even in the KRAS G12R–mutant pancreatic tumor
patient-derived xenograft models, selumetinib only resulted
in tumor stability rather than regression, suggesting stable
disease is more likely to be attained rather than response.
Indeed, a prospective trial of selumetinib monotherapy in
KRAS G12R–mutated pancreatic cancer found zero of eight
patients had an objective response, and the study was
stopped for futility, although three of eight patients did have
stable disease for more than 6 months.71 These results
suggest that treatment with a more potent MEK or ERK
inhibitor and with rational combination therapies would
likely be necessary to yield responses, even in KRAS
G12R–mutant disease. A study of six patients with che-
morefractory KRAS G12R–mutated pancreatic cancer who
received cobimetinib and gemcitabine showed that one of
six patients had a partial response and six of six patients had
disease control, with median progression-free survival of
6.0months (95%CI, 3.0–9.3).72 Indeed, trials of MEK or ERK
inhibitor–based combinations selecting for patients with
KRAS-mutant pancreatic cancer are ongoing, particularly in
combination with autophagy inhibitors, because preclinical
studies showed that MEK or ERK inhibition caused a pro-
tective increase in autophagic flux, and autophagy inhibitors
such as hydroxychloroquine synergized with MEK or ERK
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inhibitors.73,74 Case reports have shown individual patients
who had response with MEK inhibitors combined with
chloroquine or hydroxychloroquine.74,75 Selected trials are
described in Table 1.

Patients with KRAS Wild-Type Tumors: Enriched for Other

Actionable Aberrations

The pancreatic cancer of approximately 7% to 10% of
patients is wild-type in KRAS.32,33 KRAS wild-type status is
more common in younger patients under age 5076,77; in
a large study of 3,594 patients, 20% of patients under age
50 had KRAS wild-type tumors compared with 11% of
patients over age 50 (p , .001).76 This KRAS wild-type
population is enriched for alternative driver aberrations that
are potentially actionable. The Cancer Genome Atlas found
that significantly more pancreatic cancers that were KRAS
wild-type harbored germline mutations (p = .027), partic-
ularly in ATM or PRSS1 (which causes familial pancreatitis)
but not in BRCA2.33 Both The Cancer Genome Atlas study
(10 patients with KRAS wild-type tumors) and a larger in-
ternational study (445 patients with KRAS wild-type tumors)
identified multiple actionable gene mutations and fusions
enriched in or exclusively found in KRAS wild-type pan-
creatic cancers. The most common aberrations included
BRAF-activating missense mutations (3.1% of KRAS wild-
type tumors), BRAF-activating in-frame intragenic deletions
(3.6%), BRAF kinase fusions (3.6%), FGFR2 fusions
(2.7%), RAF1 fusions (1.6%), and ALK fusions (1.1%), with
additional genes found to have fusions at less than 1%
frequency, including RET, MET, NTRK1, ERBB4, and
FGFR3. Additionally, HER2 amplification (3.4%) and MET
amplification (2.9%) were enriched in the KRAS wild-type
subgroup. Overall, 38% of the KRAS wild-type tumors had
other driver mutations or fusions activating the RAS-MAPK
pathway,76 many of which are potentially actionable (Fig. 1).

BRAF mutations Activating BRAFmutations are significantly
enriched in patients with KRAS wild-type tumors (11% of

KRAS wild-type vs. 0.4% of KRAS-mutant), and activating
in-frame deletions in BRAF are uniquely found in patients
with KRAS wild-type pancreatic cancer.76 BRAF muta-
tions are most commonly V600E mutations; a study of
445 KRAS wild-type pancreatic cancers found 14 BRAF
point mutations, of which more than half were V600E,
but additional mutations found at lower frequencies in-
cluded D594G, G469V, and G469S.76 Case reports or
trials with small pancreatic cancer cohorts describe
partial responses with vemurafenib78,79 and improvement
in CA19-9 with dabrafenib plus trametinib80 in BRAF
V600E–mutant pancreatic cancer. Clinical trials are un-
derway to test this combination in BRAF V600E–mutant
pancreatic cancer, such as encorafenib plus binimetinib
(NCT04390243).

BRAF non-V600 mutations are more heterogeneous in their
activity, but mechanistically have different effects on BRAF
dimerization and effector signaling activation, and BRAF
mutations can be classified in three classes.81 Class 1 is
composed of the canonical BRAF V600E mutation, causing
strong constitutive kinase activation in a dimerization- and
RAS-independent fashion. Class 2 BRAF mutations, such
as G469V/S, cause aberrant kinase activation via di-
merization in a RAS-independent fashion, and preclinical
studies suggest use of downstream effector signaling in-
hibitors like MEK inhibitors. Class 3 BRAF mutations, like
D594G, cause decreased or deficient kinase activity, but
instead promote aberrant overactive signaling on activation
by upstream receptor tyrosine kinases and RAS, suggesting
that a combination of MEK inhibitors and receptor tyrosine
kinases inhibitors or SHP2 inhibitors would be optimal.82,83

Thus, drugs with different active sites and mechanisms on
the BRAF protein have different effectiveness, and clinical
trials must account for this heterogeneity. For example, in
the MATCH trial, patients with multiple different cancer
types (although none with pancreatic cancer) with primarily
class 2 and 3 BRAF mutations who were treated with the

TABLE 1. Selected MEK or ERK Inhibitor–Based Combination Clinical Trials in Pancreatic Cancer
Therapies Biomarker Criterion ClinicalTrials.gov

MEK inhibitor + autophagy inhibitor (binimetinib + hydroxychloroquine) Any KRAS mutation on tumor or liquid biopsy NCT04132505

MEK inhibitor + anti–PD-L1 (selumetinib + durvalumab) – randomized
against FOLFIRI

Any KRAS mutation NCT04348045

MEK inhibitor + autophagy inhibitor + anti–PD-L1 (cobimetinib +
hydroxychloroquine + atezolizumab)

Any KRAS mutation NCT04214418

ERK inhibitor + CDK4/6 inhibitor (ulixertinib + palbociclib) Unselected NCT03454035

ERK inhibitor +/� autophagy inhibitor (LY3214996 +/�
hydroxychloroquine)

Unselected NCT04386057

MEK inhibitor + autophagy inhibitor (trametinib + hydroxychloroquine) Unselected NCT03825289

MEK inhibitor + JAK1/2 inhibitor (trametinib + ruxolitinib) Any KRAS mutation NCT04303403

Abbreviation: FOLFIRI, folinic acid/5-fluorouracil/irinotecan.
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MEK inhibitor trametinib had only a 3% response rate and
a 34% disease control rate.84

Additionally, activating in-frame BRAF deletions were found
in 3.6% of KRAS wild-type pancreatic cancers. The most
commonly found BRAF deletion was ΔN486_P490
(ΔNVTAP; 13/445 KRAS wild-type), with additional low-
frequency deletions including ΔV487_P492 and ΔV600_
K601.76 The most common ΔNVTAP deletion in BRAF
caused constitutive activation of BRAF, independent of
homodimerization or heterodimerization with CRAF.85

Crystal structures of the mutant protein showed that the
deletion constrains the protein into an active conformation
by locking the αC helix in an “in” conformation,85,86 and this
conformational change prevents some BRAF inhibitors,
such as vemurafenib, from binding the mutant BRAF
protein; indeed, cells with the ΔNVTAP BRAF mutation
were resistant to vemurafenib, partially sensitive to GDC-
0879 and dabrafenib, and sensitive to AZ-628.85 This in-
dicates that knowledge of the biochemistry and requisite
conformation for effective drug binding to mutant BRAF is
required. A case report of a patient with BRAF ΔNVTAP–
mutated pancreatic cancer described a partial response
and clinical improvement with dabrafenib therapy.87 Clinical
trials are enrolling patients with both atypical non-V600E
mutations and other aberrations (including activating de-
letions) in BRAF, including trials of the ERK inhibitor ulix-
ertinib (NCT04488003 and NCT02465060).

BRAF fusions BRAF fusions are found in 3.1% of KRASwild-
type pancreatic cancers. Of note, pancreatic acinar cell
carcinomas have a significantly higher incidence of BRAF
fusions, with 23% of pancreatic acinar cell carcinomas
having BRAF or RAF1 fusions, most commonly a SND1-
BRAF fusion causing activation of the MAPK pathway.88 In
pancreatic cancer, the BRAF fusion partner is again most
commonly SND1, but multiple additional fusion partner
genes are described. The effects of BRAF fusions are
heterogeneous and dependent on the breakpoint and the
fusion partner. For example, in melanoma cell lines with
a range of BRAF fusions, there was a wide range of sen-
sitivity to BRAF inhibitors across different BRAF fusion
models in vitro. However, all cell lines were resistant to
vemurafenib and dabrafenib, and some fusion partner
genes had dimerization domains that actually promoted
paradoxical activation of MAPK signaling pathways during
treatment with classic RAF inhibitors.89 The impact of these
preclinical observations on clinical efficacy of BRAF in-
hibitors is not well established, but different inhibitors are
likely to have varying effectiveness in different BRAF fu-
sions. A patient with CUX1-BRAF fusion pancreatic cancer
who received vemurafenib did experience a partial response
in the MyPathway basket trial.90 The MATCH trial is cur-
rently enrolling patients with BRAF fusions to receive ulix-
ertinib (NCT02465060).

NRG1 fusion Several groups have also identified activating
in-frame NRG1 fusions in KRAS wild-type pancreatic
cancers. NRG1 encodes neuregulin, a ligand of the kinase-
dead ERBB3 receptor, which then heterodimerizes with
ERBB2 and activates downstream RAS-RAF-MAPK path-
ways. In these fusion proteins, the EGF-like domain of NRG1
that binds to ERBB2 is preserved, and the fusion partner
encodes a transmembrane domain, with high transcrip-
tional activity of the fusion partner.91,92 Treatment with the
pan-ERBB inhibitor afatinib resulted in responses in two out
of three patients with NRG1-fusion pancreatic cancer in
a prospective case series.91 Another study specifically in 17
young adults with pancreatic cancer found four patients
who had KRAS wild-type tumors, three of whom had an
NRG1 fusion, and two responded to ERBB family-directed
treatments (one of afatinib, one of erlotinib/pertuzumab).77

Another report showed two patients responded to zen-
ocutuzumab (MCLA-128), a bispecific antibody targeting
ERBB2 and ERBB3.93 Given the rarity of the NRG1 fusion
and presence in multiple different cancer types, most
prospective studies are basket trials, although there may be
differences in response rates between different tumor
types.94 Multiple ongoing prospective trials of targeted
ERBB family inhibitors in patients withNRG1 fusion cancers
are ongoing, including afatinib in TAPUR (NCT02693535),
zenocutuzumab (NCT02912949), and tarloxitinib (a
hypoxia-activated prodrug of ERBB family inhibitor)
(NCT03805841).

ALK fusions A case series showed three-fourths of patients
with ALK rearrangements treated with ALK inhibitors such
as crizotinib or ceritinib had disease control or response.95

Another recent case report described a patient with ALK-
rearranged pancreatic cancer who had stable disease with
alectinib treatment and during progression had biopsy
showing novel ALK-resistance mutations G1202R and
V1180L, with disease stabilization with treatment with the
newer-generation ALK inhibitor lorlatinib.96 Several basket
trials are enrolling patients with ALK-rearranged solid tu-
mors including pancreatic cancer, such as crizotinib in
MATCH (NCT02465060), alectinib in the French Mega-
MOST trial (NCT04116541) and TAPISTRY (NCT04589845),
or entrectinib (NCT02568267).

NTRK1/2/3 fusions NTRK1/2/3 fusions are occasionally
found in pancreatic cancer, and entrectinib and laro-
trectinib are approved by the U.S. Food and Drug Ad-
ministration for management of TRK-fusion cancers in
a tumor-agnostic fashion, with entrectinib having an overall
response rate of 57% (95% CI, 43.2–70.8) and median
duration of response of 10.4 months (95% CI, 7.1–not
evaluable)97 and larotrectinib having an overall response
rate of 79% (95% CI, 72.0–85.0) with 16% complete re-
sponses and median duration of response of 35.2 months
(95% CI, 21.2–not evaluable).98,99 From the seminal clinical
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trials for TRK inhibitors, two out of three patients with
pancreatic cancer treated with entrectinib had a partial
response,97 and one of one patient with pancreatic cancer
treated with larotrectinib had a partial response.99 Case
series have also shown the benefit of TRK inhibitors in TRK-
fusion pancreatic cancers, including a case of larotrectinib
yielding partial response in a patient with CTRC-NTRK1
fusion100 and two cases of entrectinib yielding either partial
response or clinical benefit in two patients with TPR-NTRK1
fusions.101

Additional rare fusions MET fusions are occasionally found
in KRAS wild-type pancreatic cancer. A case report found
a patient with RDX-MET fusion had a complete response to
crizotinib lasting for more than 12 months.102

ROS1 fusions are rarely found in pancreatic cancer, and
a case report of a patient with KRAS wild-type pancreatic
cancer with an SLC4A4-ROS1 fusion treated with entrec-
tinib showed stable disease per RECIST 1.1 with clinical
benefit.101

RET fusions are also found in KRAS wild-type pancreatic
cancer. Selpercatinib (LOXO-292) resulted in stable disease
in two of two pancreatic cancers.103 Pralsetinib (BLU-667)
resulted in three of three partial responses in RET-fusion
pancreatic cancer.104 Ongoing basket trials for RET
fusions include a study of the dual RET/SRC inhibitor
TPX-0046 (NCT04161391) and a study of BOS172738
(NCT03780517).

FGFR1-3 fusions or rearrangements are also occasionally
found in pancreatic cancers. A case report of a patient with
an FGFR2 rearrangement in intron 17 who was treated with
the FGFR inhibitor erdafitinib showed partial response.105

Studies are ongoing to evaluate patients with FGFR fusions
to receive FGFR inhibitors, such as erdafitinib (NCT04083976)
and pemigatinib (NCT03822117).

MSI/Deficient Mismatch Repair

MSI-High is found in 1% to 2% of pancreatic ductal ade-
nocarcinoma and is associated with medullary and mu-
cinous/colloid histology and with a KRAS wild-type and
TP53 wild-type mutation profile.106 Patients with deficient
mismatch repair/MSI-High tumors benefit from immune
checkpoint inhibitor therapy, and pembrolizumab is ap-
proved by the U.S. Food and Drug Administration for use
in previously treated MSI-High cancers in a tumor/site-
agnostic fashion. In an early study of pembrolizumab in
MSI-High cancers, of eight patients with pancreatic cancer,
two (25%) had complete response and three (37%) had
partial response.107 In an update from the KEYNOTE-158
trial, of 22 patients with MSI-High pancreatic cancer, there
was one complete response and three partial responses, for
an overall response rate of 18.2% (95% CI, 5.2–40.3), with
median progression-free survival of 2.1 months (95% CI,

1.9–3.4), median overall survival of 4.0 months (95% CI,
2.1–9.8), and median duration of response of 13.4 months
(ranging from 8.1 to over 16.0 months). Although these
findings are meaningful, the response rate differed sub-
stantially between different tumor types, and the outcomes
among the pancreatic cancer subgroup were less favorable
than among the entire group of 233 noncolorectal MSI-High
cancers, where the overall response rate was 34.3% (95%CI,
28.3–40.8), median progression-free survival was 4.1
months (95% CI, 2.4–4.9), and median overall survival was
23.5 months (95% CI, 13.5–not reached).108

Tumor mutation burden: limited data in pancreatic cancer
In 2020, the U.S. Food and Drug Administration approved
pembrolizumab for cancers with a tumor mutation burden
of at least 10 mutations per megabase, based on data from
KEYNOTE-158 of nine cancer types (of which pancreatic
cancer was not one of the studied cancer types), showing
a high response rate of 29% (95% CI, 21.0–39.0) in tumor
mutation burden–high cancers, compared with a response
rate of 6% (95% CI, 5.0–8.0) in non–tumor mutation
burden–high cancers.109 In a recent retrospective cohort
study of 2,834 patients at Memorial Sloan Kettering Cancer
Center with a range of microsatellite stable solid tumors, only
two out of 36 (6%) pancreatic cancers had tumor mutation
burden of at least 10 mutations/Mb, and zero out of two of
these patients had a response to anti–PD-1 or PD-L1
therapy.110 Thus, unfortunately, there are limited to no data
to date of the efficacy of pembrolizumab in the small
subgroup of tumor mutation burden–high pancreatic
cancer.

Additional Selected Actionable Genomic Events

Somatic BRCA1/2 mutations and HRD Although the POLO
trial establishing the efficacy of maintenance olaparib was
only conducted in patients with germline BRCA1/2 muta-
tions, somatic BRCA1/2 mutations occur in up to 2% of
pancreatic cancers, and up to 4% of patients with pan-
creatic cancer harbor a somatic HRD mutation of any
kind.12 In a study of rucaparib in patients with either
germline or somatic BRCA1/2 mutations, among three
patients who had somatic BRCA2 mutations, one had
a complete response and one had a partial response.111

Indeed, a meta-analysis of eight studies describing re-
sponse rates for both somatic and germline BRCA1/2
mutations across a range of cancer types showed com-
parable response rates with PARP inhibitor therapy with
somatic mutations (55.8%) and germline mutations
(43.9%).112 Clinical trials for pancreatic cancer patients
including those with somatic BRCA1/2 or PALB2mutations
are ongoing, including niraparib combined with the PD-1
antibody dostarlimab (NCT04493060) or olaparib plus
pembrolizumab (NCT04666740).
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MTAP deletion and PRMT1 inhibitors MTAP (methyl-
thioadenosine phosphorylase) is an enzyme needed in
adenine and methionine salvage. MTAP is located on
chromosome 9p, adjacent to the tumor suppressor
CDKN2A (p16), which is very frequently deleted in cancers
and thus results in codeletion ofMTAP in 25% of pancreatic
cancers. In the context of MTAP loss, there is intracellular
accumulation of its substrate, methylthioadenosine, which
partially inhibits the activity of protein arginine methyl-
transferase 5. MTAP-deficient cells display synthetic le-
thality when treated with protein arginine methyltransferase
5 inhibitors, as they cannot survive further decrease in
protein arginine methyltransferase 5 activity,113,114 or with
methionine adenosyltransferase 2a inhibitors, which further
reduce protein arginine methyltransferase 5 activity.115,116 A
clinical trial inMTAP and/or CDKN2A homozygously deleted
pancreatic cancers of the methionine adenosyltransferase
2a inhibitor AG-270 combined with gemcitabine/nab-paclitaxel
is ongoing (NCT03435250).

CONCLUSION AND GUIDELINES

Germline and somatic sequencing to identify predictive
biomarkers and targeted therapies are now a standard of
care in management of metastatic pancreatic cancer.
Identification of germline mutations in BRCA1/2 is necessary
to identify patients who should receive platinum-based
chemotherapy regimens and who are candidates for

maintenance therapy with olaparib after induction chemo-
therapy with a platinum-based regimen. Tumor tissue testing
forMSI/deficient mismatch repair is recommended to identify
patients who are candidates to receive pembrolizumab. Al-
though NTRK fusions are rare, patients with NTRK fusions
are candidates to receive larotrectinib or entrectinib. Besides
NTRK fusions, multiple additional gene fusions are enriched
in the 7% to 10% of patients with KRAS wild-type pancreatic
cancer, and these patients should be highly considered for
clinical trials. Among the 90% to 93% of pancreatic cancers
that have KRAS mutations, the roughly 1% with a KRAS
G12C mutation should be identified for highly promising
G12C inhibitor trials. There are a wide range of clinical trials
enrolling patients depending on their underlying mutation
profiles, and widespread adoption of sequencing is necessary
to identify these patients. Consensus guidelines recommend
germline testing for any patient with confirmed pancreatic
cancer using comprehensive gene panels for hereditary
cancer syndromes and recommend testing patients with
locally advanced ormetastatic disease who are candidates for
anticancer therapy for actionable somatic aberrations, in-
cluding fusions, mutations, and mismatch repair deficiency
as described above. Although testing of tumor tissue is
preferred, there is often insufficient tissue for extensive
testing, and cell-free DNA testing is a reasonable alter-
native if tumor tissue testing is not possible.117
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GASTROINTESTINAL CANCER—GASTROESOPHAGEAL, PANCREATIC, AND HEPATOBILIARY

The Right Treatment of the Right Patient:
Integrating Genetic Profiling Into Clinical
Decision Making in Advanced Gastric Cancer
in Asia
Yoshiaki Nakamura, MD1,2; Kohei Shitara, MD1; and Jeeyun Lee, MD3,4

overview

Gastric cancer is a major global health burden, especially when patients are diagnosed with recurrent or

metastatic gastric cancer. Despite recent advances in treatment options with palliative chemotherapy, the

median overall survival of patients with gastric cancer remains within 1 or 2 years after the diagnosis of

metastatic disease. Gastric cancer is significantly more prevalent in eastern Asia (e.g., Japan and Korea).

Next-generation sequencing is rapidly being adopted as part of clinical practice in Korea and Japan, especially

in patients with gastric cancer. Approximately 10% to 15% of the patients with gastric cancer who undergo

next-generation sequencing of their tumor specimen are allocated to target-matched clinical trials in Japan

and Korea. In Japan and Korea, a cell-free DNA next-generation sequencing panel is also actively being

investigated as an alternative next-generation sequencing test for patients with gastric cancer, which may

reflect the tumor heterogeneity of gastric cancer. In Japan and Korea, multiple biomarkers, such as HER2,

mismatch repair, Epstein-Barr virus, PD-L1 (combined positive score), EGFR, FGFR2, and CLDN18.2, are

routinely assessed through immunohistochemistry or in situ hybridization before initiation of the first-line

treatment in all patients with gastric cancer. Most tertiary cancer centers in Korea routinely perform HER2,

mismatch repair, Epstein-Barr virus, and PD-L1 next-generation sequencing before palliative chemotherapy in

patients with gastric cancer. Biomarker evaluation for all patients with metastatic gastric cancer enables

clinicians to identify available biomarker-based clinical trials early during the course of treatment, which

expands treatment opportunities while patients are medically fit for clinical trials, if available. Comprehensive

genomic profiling using a tissue or circulating tumor DNA next-generation sequencing panel is considered

necessary during second-line or subsequent treatment. It is hoped that a comprehensive molecular profiling

strategy will facilitate greater use of precision medicine through molecularly targeted therapies for patients

with gastric cancer in the near future.

Gastric cancer is significantly more prevalent in
eastern Asia (e.g., Japan and Korea, which have the
highest rates worldwide among both sexes), whereas the
rates in North America and northern Europe are generally
low and are equivalent to those seen across Africa.1

Since 1965, gastric cancer has been divided into
diffuse and intestinal subtypes by histologic mor-
phology according to Lauren classification.2 The
two subtypes have distinct clinical features, with dif-
fuse gastric cancer showing poor survival.3 It is well
established that intestinal and diffuse subtypes appear
different under hematoxylin and eosin staining (tu-
bular vs. stromal, respectively) and have different
demographic populations (old vs. young, respectively)
and different survival (good vs. poor, respectively).
Gastric cancer is a largely heterogeneous disease
based on genomic sequencing. The Cancer Genome

Atlas genomically separated 300 gastric cancer
specimens into four subtypes: Epstein-Barr virus–
associated tumors, microsatellite instability–high tu-
mors, genomically stable tumors, and tumors with
chromosomal instability.4 Hence, several lines of evi-
dence support that gastric cancer is a heterogeneous
disease with different molecular segments present in
one tumor specimen, different levels of molecular
targets present within the tumor, or tumor molecular
targets changing during or after chemotherapy.5-8 One
of the reasons for the relatively low success rate in
recent phase III trials for gastric cancer may be due to
intratumoral or interpatient tumor heterogeneity. A list
of recent phase III trials with targeted agents and/or
immunotherapy is provided in Table 1. As seen in
Table 1, the pattern of clinical trial design in gastric
cancer is different before and after next-generation
sequencing (NGS) became available in the clinic.
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Moreover, the trials in which the patient population was
selected based on immunohistochemistry of a limited
number of tumor slides or without consideration of bio-
markers generally showed minimal clinical benefit, espe-
cially for targeted agents.

GENOMIC LANDSCAPE OF GASTRIC CANCER, FOCUSING ON
POTENTIAL THERAPEUTIC TARGETS

In 2014, The Cancer Genome Atlas reported the most
comprehensive analysis of gastric cancer.4 On the basis of
this analysis, gastric cancer was categorized into four
subtypes: genomically stable tumors, tumors with chro-
mosomal instability, Epstein-Barr virus–associated tumors,
and microsatellite instability–high tumors.4 Since then,
several key trials have highlighted the importance of this
molecular characterization. One of the key advances in
metastatic gastric cancer treatment in the past few years has
been the realization of the effectiveness of anti–PD-L1 in-
hibitors in a subset of patients based on The Cancer Ge-
nome Atlas subtypes.31,32 In 2020, the recent approval of
anti–PD-1 treatments in all patients with microsatellite
instability–high tumors, regardless of cancer type, indicates
that a majority of patients with metastatic gastric cancer are
receiving either mismatch repair tests by immunohisto-
chemistry or microsatellite instability tests by pentaplex
polymerase chain reaction during the course of their
treatment globally. Most of the molecularly targeted agents
tested in clinical trials for gastric cancer, such as inhibitors
against RTK amplification, are more enriched in the chro-
mosomally unstable subtype. For instance, the chromoso-
mally unstable subtype is characterized by a high frequency

of copy-number amplifications, especially in RTKs (ERBB2,
EGFR, MET, and FGFR2), cell-cycle genes (CCND1, CCNE1,
and CDK6), and transcription factor oncogenes (GATA4,
GATA6, and MYC). The chromosomally unstable subtype
is more frequent in the Western population, with chro-
mosomally unstable tumors being more prevalent in the
proximal stomach.

Genomically stable tumors, in contrast, are characterized by a
lack of the hypermethylation, mutation, and aneuploidy found
in tumors with chromosomal instability. Most genomically
stable tumors are diffuse type, with a high prevalence of CDH1
and RHO mutations. The genomically stable subtype has
a high recurrence rate, is less enriched in conventional mo-
lecular targets, and has the worst survival rate among the four
subtypes. Because of their aggressive biology, genomically
stable tumors require more focused clinical trials with an
improved treatment approach. Recently, recurrent fusion
genes in CLDN18 were identified and investigated using an
anti-CLDN18 antibody in a phase III clinical trial.

NEXT-GENERATION SEQUENCING CANCER PANEL IN ASIA

With the rapid application of NGS cancer panels using
tumor specimens in the past few years, we are learning that
each patient with gastric cancer has distinct genomic ab-
errations and therefore unique therapeutic targets. Globally,
more countries are approving NGS as part of their programs
for patients with cancer, including Asian countries such as
Korea, Singapore, and Japan. In Japan, NGS using tumor
tissue has been approved and reimbursed; additionally,
circulating tumor DNA NGS is under review by the national
health insurance system (as of March 2020). In Korea, NGS
cancer panels have been approved for all patients with
metastatic cancer (as of April 2017). In 2020, the European
Society for Medical Oncology published a general guideline
for using NGS in patients with cancer (Table 2); NGS is
recommended in gastric cancer if the patient is likely to
benefit from a clinical trial based on NGS.33 Of note, many
commercially available NGS tests now include microsatellite
instability and tumor mutational burden status as part of the
panel; there is a growing body of evidence that microsatellite
instability and tumor mutational burden are two important
biomarkers for immune checkpoint inhibitors, and the role
of NGS tests in practice will expand in the next few years.

The average turnaround time for an NGS panel using
a tumor tissue specimen ranges from 4 to 8 weeks, and the
identification and screening of appropriate clinical trials may
take another 6 to 8 weeks. To make this biomarker-drug
match process more efficient and feasible for patients with
cancer, novel clinical trial designs, such as umbrella (or
basket) and expansion-platform studies with simultaneous
multiple arms, have been introduced. An umbrella (or
basket) trial was designed to match patients according to
the molecular traits of their individual tumors. Several

PRACTICAL APPLICATIONS

• Gastric cancer is themost prevalent cancer type
in Korea and Japan.

• Next-generation sequencing is widely used as
a practice in patients with gastric cancer in
Korea and Japan.

• For metastatic gastric cancer, patients undergo
HER2, mismatch repair, Epstein-Barr virus, PD-
1, and tumor or cell-free DNA next-generation
sequencing as a routine practice.

• Approximately 10% to 15% of the patients with
gastric cancer who undergo next-generation
sequencing will be allocated to an available
biomarker-driven trial or practice.

• Biomarker evaluation for all patients with met-
astatic gastric cancer enables clinicians to
identify available biomarker-based clinical trials
early during the course of treatment, which
expands treatment opportunities while patients
are medically fit for clinical trials, if available.
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TABLE 1. Recently Reported Metastatic Gastric Cancer Phase III Trials and Treatment Outcomes

Target Trial

Type of

Study/Line

Patient Selection

Method Regimen

Results (Primary

Endpoint) Reference

HER2-Targeted Clinical Trials

HER2 ToGA Phase III/first HER2 IHC/
amplification

FU/capecitabine + cisplatin
6 trastuzumab

Positive (OS) 9

HER2 LOGIC Phase III/first HER2
amplification

Lapatinib + XELOX vs. XELOX Negative (OS) 10

HER2 TYTAN Phase III/
second

HER2
amplification

Paclitaxel + lapatinib vs.
paclitaxel

Negative (OS) 11

HER2 GATSBY Phase II/III/
second

HER2 IHC/
amplification

T-DM1 vs. paclitaxel or
docetaxel

Negative (OS) 12

HER2 JACOB Phase III/first HER2 IHC/
amplification

Pertuzumab Negative (OS) 13,14

EGFR-Targeted Clinical Trials

EGFR EXPAND Phase III/first All comers Cetuximab/XP vs. placebo/
XP

Negative (PFS) 15

EGFR REAL-III Phase III/first All comers Panitumumab/EOC vs. EOC Negative (OS) 16

EGFR ENRICH Phase III/
second

EGFR IHC Nimotuzumab/irinotecan vs.
irinotecan

Terminated NCT01813253

MET-Targeted Clinical Trials

HGF RILOMET-1 Phase III/first MET IHC Rilotumumab/ECX vs. ECX Negative (OS) 17

MET METGastric Phase III/first MET IHC Onartuzumab/FOLFOX vs.
FOLFOX

Negative (OS) 18

Antiangiogenesis Therapy Clinical Trials

VEGF AVAGAST Phase III/first All comers XP/bevacizumab vs. XP Negative (OS) 19

VEGFR-2 RAINBOW Phase III/
second

All comers Paclitaxel/ramucirumab vs.
paclitaxel/placebo

Positive (OS) 20

VEGFR-2 REGARD Phase III/
second

All comers Ramucirumab vs. placebo Positive (OS) 21

VEGFR-2 ANGEL Phase III/.
third

All comers Apatinib vs. placebo Negative (OS) 22

Others

mTOR GRANITE-1 Phase III/
second or
third

All comers Everolimus vs. placebo Negative (OS) 23

ATM GOLD Phase III/
second

All comers ATM
IHC

Paclitaxel/olaparib vs.
paclitaxel/placebo

Negative (OS) 24

PD-1 KN062 Phase III/first PD-L1 Pembrolizumab or
pembrolizumab/chemo vs.
chemotherapy

Negative for
superiority (OS)

25

PD-1 KN061 Phase III/
second

PD-L1 Pembrolizumab vs. paclitaxel Negative (OS) 26

PD-1 KN059 Phase III/first PD-L1 Pembrolizumab Positive (ORR) 27

PD-1 CheckMate649 Phase III/first PD-L1 Nivolumab/chemotherapy
vs. chemotherapy

Positive (OS, PFS) 28

(Continued on following page)
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platform trials have been investigated for gastric cancer. In
the United States, the PANGEA trial assigned patients with
gastric cancer to matched treatment according to bio-
marker, such as MET amplification, EGFR2 amplification,
EGFR expression, or FGFR2 amplification. Briefly, the
PANGEA trial demonstrated that the first-line response rate
was significantly superior to that in historical controls when
patients underwent biomarker-based treatment.41 The
targeted-agent VIKTORY trial, a Korean study, was designed
to classify patients with metastatic gastric cancer based on
clinical sequencing and focused on eight different bio-
marker groups (RAS aberration, TP53 mutation, PIK3CA
mutation/amplification, MET amplification, MET over-
expression, and all negative) to assign patients to one of 10
associated clinical trials for second-line treatment.42 Cap-
ivasertib (AKT inhibitor), savolitinib (MET inhibitor), selu-
metinib (MEK inhibitor), adavosertib (WEE1 inhibitor), and
vistusertib (TORC inhibitor) were tested in the presence or
absence of chemotherapy. Between 2014 and 2018, 772
patients with gastric cancer were enrolled, and NGS was
successfully performed for 715 patients (92.6%).42 This trial
showed that when NGS was accompanied by seamless
access to parallel biomarker-matched trials, 14.7% (105
patients) of patients received biomarker-assigned drug
treatment. In addition, the VIKTORY trial showed that the
biomarker-assigned treatment cohort (105 patients) dem-
onstrated significantly prolonged progression-free survival
when compared with the conventional second-line treat-
ment cohort (266 patients; median progression-free sur-
vival, 5.7 vs. 3.8 months, respectively; p , .0001). The
highest response rate was observed in the study arm of
patients with MET amplification matched to savolitinib
monotherapy (20 patients). Of note, responders were
enriched for higher MET copy number (7 of 10 with .
10MET copies), a biologic phenomenon seen inHER2- and
EGFR-amplified gastric cancer.9,36 On the basis of the trial,
patients with gastric cancer with high levels of circulating
tumor DNA MET amplification (by Guardant360 assay;
Guardant Health, Redwood City, CA) also demonstrated
more profound tumor shrinkage fromMET-targeted therapy;
however, this must be validated in an expansion cohort.

Overall, when NGS tests are performed at the right time and
are aligned with parallel biomarker-assigned clinical trials in
patients with metastatic gastric cancer, there is a patient
population who will benefit from the matched treatment.

NEXT-GENERATION SEQUENCING AND BEYOND: FOCUS
ON JAPAN

In Japan, SCRUM-Japan GI-SCREEN, a nationwide cancer
biomarker screening project using tissue-based NGS test-
ing, was launched in 2015 to accelerate the identification of
targetable alterations in advanced gastrointestinal cancers,
including gastric cancer. An analysis of 513 gastric cancers
revealed frequent recurrent mutations in TP53 and a large
number of alterations in only a small fraction of patients,
showing a long-tail distribution.43 This screening study
identified extremely rare rearrangements: FGFR3-TACC3
fusion and EGFR vIII in two patients each (0.4%) and
WIPF2-ERBB2 and GOPC-ROS1 fusions in one patient
each (0.2%). Patients in whom MET amplification, FGFR2
amplification, AKT1 mutation, ERBB2 amplification, and
ROS1 fusion were identified were enrolled in matched
targeted therapy trials.

Circulating tumor DNA has been shown to detect genomic
alterations for therapeutic selection in patients with ad-
vanced solid tumors. The SCRUM-Japan GI-SCREEN/
GOZILA study, a screening study using comprehensive
circulating tumor DNA sequencing to rapidly screen pa-
tients for trial eligibility, was initiated in Japan. The GOZILA
study detected genomic alterations with a prevalence
comparable to that previously reported in tissue genotyping
and successfully identified rare alterations, including
NTRK1 fusion.44 Comparison of utility between GI-SCREEN
(5,621 patients) and GOZILA (1,687 patients) revealed that
circulating tumor DNA genotyping demonstrated a more
rapid turnaround time than tissue genotyping (11 vs. 33
days). Furthermore, circulating tumor DNA genotyping led
to a considerable increase in genotype-matched enroll-
ment in clinical trials relative to such enrollment via tumor-
based screening (9.5% vs. 4.1% of patients; p , .0001),
without compromising treatment efficacy (response rate,

TABLE 1. Recently Reported Metastatic Gastric Cancer Phase III Trials and Treatment Outcomes (Continued)

Target Trial

Type of

Study/Line

Patient Selection

Method Regimen

Results (Primary

Endpoint) Reference

PD-1 ATTRACTION-4 Phase III/first All comers Nivolumab/chemotherapy
vs. chemotherapy/placebo

Positive (PFS) 29

Negative (OS)

PD-1 ATTRACTION-2 Phase III/�
third

All comers Nivolumab vs. placebo Positive (OS) 30

Abbreviations: ECX, epirubicin, cisplatin, and capecitabine; EOC, epirubicin, oxaliplatin, and capecitabine; FOLFOX, leucovorin, fluorouracil, and oxaliplatin;
FU, fluorouracil; IHC, immunohistochemistry; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; T-DM1, trastuzumab
emtansine; VEGF, vascular endothelial growth factor; VEGFR-2, vascular endothelial growth factor receptor 2; XELOX, oxaliplatin and capecitabine; XP,
capecitabine and cisplatin.
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20.0% vs. 16.7%; median progression-free survival, 2.4 vs.
2.8 months).

Additionally, circulating tumor DNA genotyping has been
used to identify heterogeneous alterations with minimal
invasiveness, which may be particularly advantageous for
gastric cancer, a heterogeneous cancer type. Longitudinal
circulating tumor DNA genotyping in a patient with EGFR-
amplified gastric cancer revealed the emergence of MET
amplification as well as a far higher number of EGFR
mutations than that seen in metastatic colorectal cancer
after anti-EGFR therapy, suggesting a high level of het-
erogeneity in gastric cancer.45 Using circulating tumor DNA
genotyping, umbrella/basket-type targeted clinical trials
have been conducted for rare fractions of patients with
advanced solid malignancies, including gastric cancer with
FGFR alteration, BRCA1/2mutation, ROS1 fusion, and high
tumor mutational burden, in the GOZILA study.46

Since June 2019, reimbursement has been provided for two
comprehensive genomic profiling tests, the FoundationOne
CDx Cancer Genomic Profile and the OncoGuide NCC
Oncopanel System, in Japan. Genomic profiling has been
recommended for patients with any type of advanced
cancer receiving systemic chemotherapy,47 although the
indication is restricted to those with advanced solid tumors
with disease progression during standard therapies or for
whom there are no appropriate standard treatments. The
Japanese Gastric Cancer Treatment Guidelines 2021
(version 6), which will be published this year, will weakly
recommend NGS testing for unresectable gastric cancer;
according to preliminary data, 747 patients, including those
with gastric cancer, underwent reimbursed comprehensive
genomic profiling tests as of January 2020, and 28 (3.7%)
received genomically matched treatments.48 The regulatory
application of the NGS-based circulating tumor DNA assay,
FoundationOne Liquid CDx, which has been approved by
the U.S. Food and Drug Administration, was submitted to
the Japanese Pharmaceuticals and Medical Devices Agency
in March 2020.

One of the greatest achievements in precision medicine for
patients with gastric cancer from Asia is the development
of trastuzumab deruxtecan in HER2-positive gastric can-
cer. Trastuzumab deruxtecan is a novel HER2-targeting
antibody-drug conjugate composed of a humanized anti-
HER2 antibody, an enzymatically cleavable peptide linker,
and a topoisomerase I inhibitor. On the basis of the
promising activity in a phase I trial, a randomized phase II
trial (DESTINY-Gastric01) was conducted to evaluate the
efficacy of trastuzumab deruxtecan compared with che-
motherapy in patients with HER2-positive advanced gastric
cancer who received at least two previous therapies, in-
cluding trastuzumab.49 A total of 188 patients were ran-
domly assigned in the primary cohort of high-level HER2-

positive disease; 80% of these patients were enrolled from
Japan, and 20% were from Korea. In the primary co-
hort, trastuzumab deruxtecan demonstrated a significantly
higher response rate (51% vs. 14%; p , .001) and longer
overall survival than chemotherapy (median, 12.5 vs. 8.4
months; HR, 0.59; 95% CI, 0.39–0.88). On the basis of
these results, trastuzumab deruxtecan was approved for
patients with previously treated HER2-positive gastric
cancer in Japan, followed by approval by the U.S. Food and
Drug Administration. This study also demonstrated pre-
liminary efficacy in patients with lower HER2 expression. In
total, 20 and 24 patients were enrolled in the immuno-
histochemistry 2+/in situ hybridization–negative and
immunohistochemistry 1+ cohorts, respectively. The con-
firmed response rate was 26.3% in the immunohis-
tochemistry 2+/in situ hybridization–negative cohort and
9.5% in the immunohistochemistry 1+ cohort; the median
progression-free survival was 4.4 and 2.8 months, re-
spectively, and themedian survival was 7.8 and 8.5months,
respectively. Importantly, not all patients with high HER2
expression responded to trastuzumab deruxtecan, and
several patients responded even with HER2-low status.
Additional studies analyzing HER2 expression in fresh bi-
opsy tissues and circulating tumor DNA are needed to clarify
the relationship between status of HER2 or other genes and
trastuzumab deruxtecan efficacy, possibly leading to im-
proved patient selection or clarification of the resistance
mechanism.

TABLE 2. List of Level I/II/III Genomic Alterations by ESCAT in Metastatic Gastric
Cancer According to ESMO
Gene Genomic Alteration Prevalence (%) ESCAT* Reference

ERBB2 Amplification 16 IA 11

Mutation 3 IIIA 34

MSI-high 8 IC 4

NTRK Fusion 2 IC 35

EGFR Amplification 6 IIB 36

MET Amplification 3 IIB 37

FGFR2 Amplification 4 IIIA 38

ATM Mutation 3 IIIA 24

BRCA1/2 Mutation 1–5 IIIA 39

ROS1 Fusion , 1 IIIA 40

Data adapted.33

Abbreviations: ESCAT, ESMO Scale for Clinical Actionability of Molecular Targets;
ESMO, European Society for Medical Oncology; MSI, microsatellite instability.
*ESCAT level I, the match of an alteration and a drug has been validated in clinical
trials and should drive treatment decision in daily practice; level II, a drug that
matches the alteration has been associated with responses in phase I/II or in
retrospective analyses of randomized trials; level III, alterations that are validated in
another cancer but not in the disease to treat; and level IV, includes hypothetically
targetable alterations based on preclinical data.
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CONCLUSION

The success of studies evaluating molecular stratification
strategies, especially in Japan and Korea, such as VIKTORY
and GI-SCREEN/GOZILA, has highlighted the importance of
comprehensive molecular profiling for precision medicine in
gastric cancer therapy. From global perspectives, there is
a huge effort in establishing guidelines for NGS testing for
patients with cancer. It is complicated to establish a uniform
guideline for NGS because of the various medical insurance
and medical care systems. Nevertheless, in general, NGS
tests are being adoptedmore in clinical practice in a growing
number of countries. In addition, the provision of NGS tests
in pathology service is becomingmore advanced because of
the availability of NGS analysis programs. In the National
Cancer Center Hospital East (Japan), multiple biomarkers,
such as HER2, mismatch repair, Epstein-Barr virus, PD-L1
(combined positive score), EGFR, FGFR2, and CLDN18.2,

are routinely assessed through immunohistochemistry or
in situ hybridization before initiation of first-line treatment in
all patients with gastric cancer. Most tertiary cancer centers
in Korea routinely perform HER2, mismatch repair, Epstein-
Barr virus, and PD-L1 NGS before palliative chemotherapy
in patients with gastric cancer. Biomarker evaluation for all
patients with metastatic gastric cancer enables clinicians to
identify available biomarker-based clinical trials early during
the course of treatment, which expands treatment oppor-
tunities while patients are medically fit for clinical trials, if
available. Comprehensive genomic profiling using a tissue
or circulating tumor DNA NGS panel is considered nec-
essary during second-line or subsequent treatment. It is
hoped that a comprehensive molecular profiling strategy will
facilitate greater use of precision medicine through mo-
lecularly targeted therapies for patients with gastric cancer
and improve treatment outcomes.
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GASTROINTESTINAL CANCER—GASTROESOPHAGEAL, PANCREATIC, AND HEPATOBILIARY

Where to Start and What to Do Next: The
Sequencing of Treatments in Metastatic
Esophagogastric Cancer
Hirva Mamdani, MD1 and Shadia I. Jalal, MD2

overview

Esophagogastric cancer is associated with rising incidence and high mortality. Nearly 40% of patients have

metastatic disease at the time of diagnosis with poor 5-year overall survival. The treatment of squamous cell

carcinoma of the esophagus and gastroesophageal adenocarcinoma has started to bifurcate in recent years,

owing to the evolving understanding of the biologic and genomic characteristics of these tumors. Incorporation

of HER2-directed therapy in the form of monoclonal antibody and antibody-drug conjugate is now standard of

care for patients with HER2-positive disease. The addition of immune checkpoint inhibitors to the therapeutic

landscape of metastatic esophagogastric cancer is associated with modest improvement in overall survival,

and definition of predictive biomarkers of response to checkpoint inhibition remains imprecise. A number of

therapeutic targets including FGFR2b, Claudin 18.2, DKK-1, and DNA repair defects are being explored in

clinical trials. Similarly, combination immunotherapy and novel HER2-targeting agents, such as bispecific

antibody and small-molecule inhibitors, are at various stages of clinical development. Despite the progress

made in the field of targeted therapies and checkpoint inhibition, chemotherapy remains an integral part of

treatment of metastatic esophagogastric cancer but is associated with considerable toxicity. Clinical trials

focusing on minimizing toxicity of currently available therapeutic agents, development of novel biomarker-

driven treatment strategies, and overcoming resistance to immune checkpoint inhibition will define the future

of this traditionally indelible disease.

BURDEN OF DISEASE

Cancers of the upper gastrointestinal tract are asso-
ciated with high morbidity and mortality. Esoph-
agogastric cancer is among the top 10 leading causes
of cancer-related mortality in the world and in the
United States.1,2 The turn of the 21st century has
witnessed a revolutionary change in the therapeutic
and prognostic landscape of several malignancies,
including non–small cell lung cancer, leading to
substantial improvement in overall survival of patients
with advanced disease.3 In contrast, development of
novel treatment strategies for patients with metastatic
esophagogastric cancer has lagged behind. This is in
striking contrast with the dramatic rise in the incidence
of adenocarcinoma of the esophagus (EAC) and gas-
troesophageal junction (AGEJ), especially among the
adult White male population in the Western
countries.4,5 Although the incidence of squamous cell
carcinoma of the esophagus (ESCC) has steadily de-
clined, the incidence rate of distal EAC increased by
more than 350% in White males between the 1970s
and 1990s.6 Most of this increased incidence involved
tumors at the gastroesophageal junction and gastric
cardia and was largely accounted for by increasing

prevalence of gastroesophageal reflux disease and
obesity.7,8 In 2020, esophageal and gastric cancer
accounted for over 46,000 new cases and 27,180
deaths in the United States.9 Nearly 40% of patients
havemetastatic disease at the time of diagnosis, with 5-
year overall survival of less than 5%.9

MOLECULAR HETEROGENEITY

Despite the obvious differences between ESCC and
EAC with regards to histology, anatomic location of the
primary tumor, and risk factors, the majority of the
landmark clinical trials have enrolled patients with both
histologies grouped together. Similarly, the distinction
among EAC, AGEJ, and gastric adenocarcinoma has
remained imprecise at best. The development and
wider availability of cutting-edge technology allowing
comprehensive molecular profiling of solid tumors
have offered an invaluable insight into biologic differ-
ences among various types of esophagogastric can-
cers. For example, next-generation sequencing-based
genomic profiling of 302 tumors, including 71 ESCC
and 231 EAC, demonstrated several key molecular
differences between ESCC and EAC. Genomic alter-
ations involving KRAS, ERBB2, and SMAD4 were more
common in EAC, whereas those involving PIK3CA,
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PTEN,NOTCH1,RB1, SOX2, andNFE2L2were common in
ESCC.10 Similarly, another study evaluating the molecular
profile of 164 tumors demonstrated that ESCC resembled
squamous cell carcinoma of other organs, such as head and
neck, more than it did EAC, whereas EAC strongly re-
sembled the chromosomally unstable variant of gastric
adenocarcinoma.11 Accumulating evidence suggests that
AGEJ also consists of a molecularly heterogeneous group of
tumors. A study evaluating genomic, transcriptomic, and
proteomic characteristics of AGEJ samples from The Cancer
Genome Atlas cohort and Seoul National University cohort
identified two molecularly distinct subgroups: the EAC-like
group, with a significantly higher copy number amplification
and increased protein expression of ERBB2 and EGFR; and

the gastric adenocarcinoma located at the fundus or body of
the stomach–like group, with significantly activated phos-
phoinositide 3-kinase–AKT signaling with decreased ex-
pression of ERBB2.12 Finally, comprehensive molecular
analysis of primary gastric adenocarcinoma tumors from
The Cancer Genome Atlas has suggested four distinct
molecular subtypes, including tumors positive for Epstein-
Barr virus, with recurrent PIK3CA mutations, extreme DNA
hypermethylation, and amplification of JAK2, PD-L1, and
PD-L2; microsatellite unstable tumors, with elevated mu-
tation rates; gnomically stable tumors, with mutations or
fusions involving RHO family GTPase-activating proteins;
and tumors with chromosomal instability, with marked
aneuploidy and focal amplification of receptor tyrosine ki-
nases.13 Interestingly, the proportion of microsatellite
instability–high (MSI-H) tumors increases with more distal
location of the primary tumor within the upper gastroin-
testinal tract.14

WHERE TO START?

Clinical trials conducted between the late 1980s and early
2000s established that treatment with chemotherapy im-
proved overall survival of patients with metastatic esoph-
agogastric cancer compared with best supportive care and
that combination chemotherapy regimens, mostly including
5-fluorouracil and a platinum, were superior to single-agent
chemotherapy.15-21 Subsequently, addition of a third drug in
the form of an anthracycline was shown to improve response
rates but did not improve overall survival in advanced AGEJ
and gastric adenocarcinoma, and randomized trials con-
firmed noninferiority of capecitabine and oxaliplatin–
containing regimen (epirubicin, oxaliplatin, and cape-
citabine) compared with 5-fluorouracil and cisplatin–based
regimens (epirubicin, cisplatin, and 5-fluorouracil).22-24 Fi-
nally, in a randomized phase II trial, 5-fluorouracil, leuco-
vorin, and oxaliplatin (FOLFOX) had comparable efficacy
and better tolerability compared with epirubicin, cisplatin,
and 5-fluorouracil, and addition of cetuximab to either
regimen failed to show improvement in efficacy.25 The
majority of these early trials either combined ESCC and EAC
under the umbrella term of “esophageal cancer” or grouped
EAC, AGEJ, and gastric adenocarcinoma as “esoph-
agogastric cancer.” Based on these data, combination
chemotherapy containing fluoropyrimidine and platinum
became a standard of care first-line treatment of patients
with metastatic esophagogastric cancer, regardless of the
histology. Despite the overall response rate (ORR) ranging
from 35% to 45%, median overall survival on these trials
ranged from approximately 9 to 11 months, clearly in-
dicating the need for development of novel treatment
strategies.

The expanding understanding of the molecular differences
between ESCC and EAC and those between different

PRACTICAL APPLICATIONS

• Squamous cell carcinoma and adenocarci-
noma of the esophagus are two distinct disease
entities with significant genomic differences.
Clinical trials should not group them together,
especially with the growing evidence of differ-
ential response to checkpoint inhibitors and the
unique genomic targets.

• Gastric and gastroesophageal junction adeno-
carcinomas should be tested for microsatellite
instability status, as microsatellite instability–
high status correlates with higher response
rates and longer duration of responses to
checkpoint inhibitors.

• The first-line treatment of metastatic esopha-
geal adenocarcinomas is evolving. The stan-
dard of care for patients with HER2-positive
disease is trastuzumab in combination with
chemotherapy. Chemotherapy has been the
standard of care in HER2-negative patients, but
recent data suggest benefit with the addition of
checkpoint inhibitors to chemotherapy. The
combination is not U.S. Food and Drug Ad-
ministration approved yet, and it remains to be
seen whether this will be approved in both
squamous and adenocarcinomas and what the
PD-L1 cutoff will be for that approval.

• Second-line treatment options remain limited,
with trastuzumab deruxtecan as an active agent
for patients with HER2-positive disease pro-
gressing on trastuzumab-based therapies. For
patients with HER2-negative disease, paclitaxel
with or without ramucirumab remains standard
of care.

• Reducing toxicities of chemotherapy and de-
velopment of biomarker-driven treatment
strategies should continue to be the main goals
of clinical trials.
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subtypes of AGEJ and gastric adenocarcinoma has marked
the beginning of the era of precision medicine for patients
with metastatic esophagogastric cancer. In the recent years,
the treatment of metastatic esophagogastric cancer has
started to diverge based on the histology, immune phe-
notype, and applicability of targeted therapies.

The first and best-known targetable genomic alteration
identified in patients with esophagogastric adenocarcinoma
is HER2 amplification. HER2 is amplified and/or overex-
pressed in 7% to 34% of esophagogastric adenocarci-
nomas, being more common in AGEJ compared with gastric
adenocarcinoma.26-28 A randomized phase III trial (ToGA)
evaluated efficacy and safety of combining trastuzumab,
a monoclonal antibody targeting HER2, with chemotherapy
(cisplatin plus capecitabine or 5-fluorouracil) compared
with chemotherapy alone for first-line treatment of patients
with HER2-positive advanced gastric adenocarcinoma or
AGEJ.26 HER2 positivity was defined as either 3+ staining on
immunohistochemistry or fluorescence in situ hybridization
positivity (HER2/CEP17 ratio 2 or higher).29 Overall, 22% of
screened patients were found to have HER2-positive dis-
ease. Compared with chemotherapy alone, addition of
trastuzumab to chemotherapy resulted in higher ORR (47%
vs. 35%; p = .0017), longer progression-free survival
(median, 6.7 vs. 5.5 months; hazard ratio [HR], 0.71; 95%
CI, 0.59–0.85; p = .0002), and longer overall survival
(median, 13.8 vs. 11.1 months; HR, 0.74; 95% CI, 0.60–
0.91; p = .0046). The rate of all-grade and grade 3 to 4
adverse events was similar between the two groups. Cardiac
adverse events were rare, with no difference between the
two arms.26 Based on these results, the combination of
trastuzumab with chemotherapy became the standard of
care first-line treatment of patients with HER2-positive
metastatic AGEJ or gastric adenocarcinoma and was ap-
proved by the U.S. Food and Drug Administration in 2010.
In a similar randomized phase III trial (TRIO-013/LOGiC),
lapatinib, a small-molecule inhibitor of HER2, in combi-
nation with chemotherapy failed to show statistically note-
worthy overall survival benefit compared with chemotherapy
alone in patients with HER2-amplified gastroesophageal
adenocarcinoma.30 Furthermore, addition of pertuzumab to
trastuzumab and chemotherapy did not show an im-
provement in overall survival compared with trastuzumab
and chemotherapy in this patient population.31 Therefore,
trastuzumab remains the only HER2-targeted agent with
proven efficacy in the first-line setting at this time. As-
sessment of left ventricular ejection fraction at baseline
and periodically during treatment with trastuzumab is
recommended. Patients who develop clinically significant
decline in left ventricular ejection fraction should dis-
continue trastuzumab. Considering variability in practice
patterns across the globe with regards to preferred first-
line chemotherapy regimens, these data are sometimes

extrapolated to different chemotherapy backbones, such as
FOLFOX or capecitabine plus oxaliplatin. Although patient
selection for HER2-directed therapy is largely informed by
the criteria used in the ToGA trial, currently available data
suggest that HER2/CEP17 ratio of greater than 3.69 and
HER2 gene copy number of higher than 7.75 predict better
outcomes in patients with HER2 immunohistochemistry 2+
or less.32 These cutoffs are higher than the traditional
fluorescence in situ hybridization positivity threshold.

In recent years, there has been a growing interest in ex-
ploring synergy between HER2-targeted therapy and im-
mune checkpoint inhibition because of data suggesting
augmented HER2-specific immunity during treatment with
trastuzumab.33,34 Combination of trastuzumab with PD-1
inhibitor pembrolizumab has shown remarkable activity in
previously untreated HER2-positive advanced esoph-
agogastric cancer with an ORR of 91% and median overall
survival of 27.3 months.35 The ongoing phase III KEYNOTE-
811 trial (NCT03615326) is evaluating the combination of
pembrolizumab with trastuzumab and chemotherapy for
first-line treatment of HER2-positive metastatic esophagogastric
cancer.

For patients with HER2-negative tumors, the standard of
care first-line therapy paradigm is shifting. Two recently
presented phase III trials have introduced the role of im-
mune checkpoint inhibitors in combination with chemo-
therapy as a frontline treatment option for these patients.
Pembrolizumab was approved by the U.S. Food and Drug
Administration in 2017 for third-line and beyond treatment
of PD-L1–positive esophagogastric cancer, based on results
of the phase II KEYNOTE-059 trial showing an ORR of 16.4%
with pembrolizumab among patients receiving third-line ther-
apy, including 22.7% in PD-L1–positive tumors and 8.6%
in PD-L1–negative tumors. Median duration of response
was 8.1 months in the PD-L1–positive group. PD-L1
positivity was defined as combined positive score (CPS) of
1 or higher as determined by 22C3 pharmDx immuno-
histochemistry.36 In 2019, pembrolizumab was approved
for second-line and beyond treatment of advanced ESCC
with PD-L1 CPS of 10 or higher based on a randomized
phase III trial (KEYNOTE-181) comparing pembrolizumab
with investigator-choice chemotherapy (paclitaxel, doce-
taxel, or irinotecan) as second-line treatment of patients
with advanced ESCC and EAC, which showed longer
overall survival with pembrolizumab in patients with CPS
10 or higher (median, 9.3 vs. 6.7 months; HR, 0.69; 95%
CI, 0.52–0.93; p = .0074) and ESCC (median, 8.2 vs. 7.1
months; HR, 0.78; 95%CI, 0.63–0.96; p = .0095). Of note,
the overall survival was not different between the two
groups in the overall patient population, including EAC.
Additionally, the comparator arm did not include paclitaxel
plus ramucirumab, which is the standard second-line
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treatment option for advanced EAC.37 Therefore, pem-
brolizumab remained a third-line option for EAC.

Building up on these data showing modest efficacy of im-
mune checkpoint inhibition in later line settings and the
success of combining immune checkpoint inhibition with
chemotherapy in other tumor types, such as non–small cell
lung cancer, a randomized phase III trial (KEYNOTE-590)
evaluated the efficacy and safety of combining pem-
brolizumab with cisplatin and 5-fluorouracil as first-line
treatment of patients with advanced gastroesophageal
cancer. In this trial, 749 treatment-naive patients with ad-
vanced EAC, ESCC, or Siewert type I AGEJ were randomly
assigned to receive either pembrolizumab plus chemo-
therapy or placebo plus chemotherapy for up to six cycles,
followed by maintenance pembrolizumab plus 5-
fluorouracil or placebo plus 5-fluorouracil for up to 35 cy-
cles. Although the majority of patients had ESCC (73.5%),
this was the first randomized phase III trial in esoph-
agogastric cancer that stratified patients based on histology.
Nearly 50% of patients had PD-L1 CPS of 10 or higher. At
preplanned interim analysis and median follow-up of 10.8
months, pembrolizumab plus chemotherapy, compared
with chemotherapy alone, was associated with higher ORR
(45% vs. 29.3%; p , .001) and longer overall survival
(median, 12.4 vs. 9.8 months; HR, 0.73; 95% CI, 0.62–
0.86; p, .001).38 Although the benefit was seen acrossmost
of the subgroups including patients with ESCC, ESCC with
PD-L1 CPS of 10 or higher, and all patients with PD-L1 CPS
of 10 or higher, the HR for overall survival in patients with
adenocarcinoma and those with PD-L1 CPS of less than 10
was associated with a wider confidence interval and did not
reach statistical significance. Although this could be partly
because of the relatively small number of patients in these
subgroups, the data are consistent with KEYNOTE-181 in
which most of the benefit of immune checkpoint inhibition
was observed among patients with ESCC and those with PD-
L1 CPS of 10 or greater. Treatment-related adverse events
and immune-mediated adverse events were consistent
with what is previously reported in similar trials.39,40 The
final analysis and longer-term follow-up of KEYNOTE-590
results are eagerly awaited. In the meantime, the U.S.
Food and Drug Administration has granted a priority re-
view to pembrolizumab plus chemotherapy as first-line
treatment of advanced esophageal and gastroesophageal
junction cancer. As noted above, chemotherapy back-
bones other than cisplatin and 5-fluorouracil are
commonly used as first-line treatment of metastatic
esophagogastric cancers, and it remains to be determined
whether the data from KEYNOTE-590 can be extrapolated to
a combination of pembrolizumab with other chemotherapy
regimens.

Another randomized phase III trial (CheckMate 649) pre-
sented at the European Society for Medical Oncology Virtual

Congress in 2020 addressed the same question. This trial
was based on two prior studies showing activity of nivolumab
in advanced esophagogastric cancer.41,42 CheckMate 649
trial randomly assigned patients with previously untreated,
HER2-negative, advanced EAC, AGEJ, or gastric adeno-
carcinoma to receive either nivolumab plus ipilimumab,
nivolumab plus chemotherapy (capecitabine plus oxali-
platin or FOLFOX), or chemotherapy alone until disease
progression or unacceptable toxicity. Nivolumab was given
for a maximum of 2 years. The primary endpoints of the
study were overall survival and progression-free survival in
patients with PD-L1 CPS 5 or higher determined by PD-L1
immunohistochemistry 28-8 pharmDx assay. Nearly 70% of
patients had gastric adenocarcinoma. Of note, 4% of pa-
tients who received nivolumab plus chemotherapy had
MSI-H disease. At data cutoff with minimum follow-up of
12.1 months, nivolumab plus chemotherapy was found to
be superior to chemotherapy in patients with PD-L1 CPS 5
or greater, with higher ORR (60% vs. 45%) and longer
overall survival (median, 14.4 vs. 11.1 months; HR, 0.71;
95% CI, 0.59–0.86; p , .0001). The toxicity profile of the
combination was similar to previous studies combining
immunotherapy with chemotherapy.43 The U.S. Food and
Drug Administration has granted a priority review to nivo-
lumab plus chemotherapy as first-line treatment of patients
with advanced gastroesophageal adenocarcinoma.

Although both KEYNOTE-590 and CheckMate 649 com-
pared chemoimmunotherapy with chemotherapy as a first-
line treatment, there are a few key differences and simi-
larities. First, the majority of patients on KEYNOTE-590 had
ESCC, and patients with gastric adenocarcinoma were not
included in this trial. In contrast, CheckMate 649 included
patients with adenocarcinoma histology only, and the ma-
jority had gastric adenocarcinoma. Second, both studies
used different immunohistochemistry assays and cutoffs to
determine PD-L1 positivity. This is important because the
impact of addition of immunotherapy to chemotherapy
seemed to be different based on the cutoff of PD-L1 ex-
pression. Third, only 25% to 30% of patients on both studies
had EAC or AGEJ. In a subset analysis, these patients
seemed to derive less benefit from the addition of immu-
notherapy to chemotherapy compared with ESCC in KEY-
NOTE-590 and with gastric adenocarcinoma in CheckMate
649. Third, the chemotherapy arm in KEYNOTE-590
seemed to have underperformed compared with historical
data from first-line trials. In contrast, the outcomes of the
chemotherapy arm in CheckMate 649 were consistent with
prior studies. Finally, the improvement in median overall
survival in both trials was modest compared with what is
seen with chemoimmunotherapy in other disease types,
such as non–small cell lung cancer. Regardless, these trials
do establish the role of chemoimmunotherapy as first-line
treatment of patients with PD-L1–positive, HER2-negative,
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advanced gastroesophageal cancer, and these regimens
are now added to the NCCN guidelines.

In addition to PD-L1 expression, mismatch repair deficiency
or MSI-H is an important consideration in determining the
patient population that is likely to benefit from an
immunotherapy-based regimen. The subset analysis of
CheckMate 649 showed that among the 34 patients with
mismatch repair deficiency/MSI-H tumors, median overall
survival was not reached for those treated with chemo-
immunotherapy versus 8.8 months with chemotherapy
alone (HR for death, 0.33).43 Similar results were observed
in the randomized phase III KEYNOTE-062 trial. In this trial,
patients with previously untreated advanced gastric ade-
nocarcinoma or AGEJ were randomly assigned to receive
pembrolizumab, pembrolizumab plus chemotherapy, or
chemotherapy plus placebo. Although the overall analysis
showed that pembrolizumab-based therapy was not su-
perior to chemotherapy, the subset analysis demonstrated
higher ORR and longer median overall survival with the
immunotherapy-based regimen in patients with MSI-H tu-
mors in the PD-L1 CPS 1 or higher cohort.44 Recently re-
ported data from the KEYNOTE-177 trial showing longer
progression-free survival with pembrolizumab compared
with chemotherapy as first-line treatment of MSI-H/mis-
match repair deficiency advanced colon cancer provide
further evidence to support the use of pembrolizumab in this
biomarker-selected patient population.45 Finally, KEYNOTE-
158, a phase II trial of pembrolizumab in previously treated
mismatch repair deficiency/MSI-H advanced noncolorectal
cancer, which included 24 patients with gastric adeno-
carcinoma, showed an ORR of 34.3% and median overall
survival of 23.5 months with pembrolizumab.46 Altogether,
these data show checkpoint inhibitors have considerable
activity in mismatch repair deficiency/MSI-H esoph-
agogastric cancer.

As new biomarker-driven treatment strategies continue to
emerge, it is now recommended that molecular profiling be
performed for every patient with newly diagnosedmetastatic
esophagogastric cancer. This should include analysis of
HER2, PD-L1, and MSI status at the very least. However,
with the accelerating pace of development of targeted
therapies and availability of clinical trials, comprehensive
molecular profiling at the time of diagnosis may be a rea-
sonable approach to guide treatment.

WHAT TO DO NEXT?

HER2-Positive Disease

The optimum second-line and beyond treatment option for
patients with HER2-positive disease who progress on first-
line trastuzumab and chemotherapy combination is not
well established. The most promising results have been
reported with trastuzumab deruxtecan, an antibody-drug
conjugate consisting of an anti-HER2 antibody, a cleavable

tetrapeptide-based linker, and a topoisomerase I inhibitor
payload. In an open-label randomized phase II trial (DES-
TINY-Gastric01), 187 patients with advanced HER2-
positive gastric adenocarcinoma or AGEJ with disease
progression after at least two prior lines of therapy, including
trastuzumab, were randomly assigned to receive trastuzu-
mab deruxtecan or physician’s choice of chemotherapy.47

Documentation of HER2 positivity was required at the time
of enrollment. Trastuzumab deruxtecan was associated with
a higher ORR (51% vs. 14%; p, .001), longer progression-
free survival (median, 5.6 vs. 3.5months; HR, 0.47; 95%CI,
0.31–0.71), and longer overall survival (median, 12.5 vs.
8.4 months; HR, 0.59; 95% CI, 0.39–0.88, p = .01). No-
table toxicities were cytopenia, including 38% grade 3 to 4
neutropenia, and 10% drug-related interstitial lung disease
or pneumonitis. Trastuzumab deruxtecan is now approved
by the U.S. Food and Drug Administration for treatment of
patients with locally advanced or metastatic HER2-positive
gastric adenocarcinoma or AGEJ who have received a prior
trastuzumab-based therapy. The recommended dose for
this indication is 6.4 mg/kg every 3 weeks, which is higher
than the dose for HER2-positive breast cancer. Monitoring
of complete blood count and close clinical monitoring for
development of new respiratory symptoms is recommended
during treatment with trastuzumab deruxtecan. Patients
with clinically significant lung disease, including pneumo-
nitis and pulmonary fibrosis, were excluded from the trial
and may not be ideal candidates to receive trastuzumab
deruxtecan.

Another antibody-drug conjugate, ado-trastuzumab emtan-
sine, consisting of trastuzumab, a thioether linker, and
a microtubule inhibitor payload, failed to show overall survival
benefit compared with taxane-based chemotherapy in pa-
tients with previously treated HER2-positive advanced gastric
adenocarcinoma or AGEJ.48 Nearly 80% of patients in this
study had received prior trastuzumab. Similarly, lapatinib,
either as a single agent or in combination with chemotherapy,
has failed to show convincing evidence of superiority over
chemotherapy in second-line and beyond settings.49,50 The
question of continuation of trastuzumab after disease pro-
gression after a prior trastuzumab-containing regimen, largely
derived by the literature in HER2-positive breast cancer, was
addressed by a randomized phase II trial (T-ACT study) in
which 91 patients with disease refractory to trastuzumab plus
fluoropyrimidine and platinum-based chemotherapy were
randomly assigned to receive either trastuzumab plus pac-
litaxel or paclitaxel alone.51 The ORR, median progression-
free survival, and median overall survival were not different
between the two arms. A possible explanation for these re-
sults is loss of HER2 positivity following first-line therapy. On
exploratory analysis of the T-ACT study, HER2 positivity was
lost after first-line therapy in 11 (69%) out of 16 patients
whose tumor tissues were available, and circulating HER2
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DNA amplification was detected in 41 (60%) out of 68
patients.

Putting these data in clinical context, trastuzumab der-
uxtecan is a reasonable option for second-line treatment of
patients with HER2-positive disease who progress on
trastuzumab-based therapy. Third-line and beyond treat-
ment options for this patient population are not well
established. Trastuzumab combined with single-agent
chemotherapy is sometimes used in this setting, but this
approach is not data driven, and confirmation of HER2
positivity is strongly recommended prior to considering it.
Treatment regimens used for patients with HER2-negative
disease (as discussed in the next section) are reasonable
treatment options in this setting.

HER2-Negative Disease, Previously Treated

With Immunotherapy

At least five randomized trials and a pooled analysis have
established the survival benefit of systemic therapy, in-
cluding ramucirumab, a monoclonal antibody targeting
VEGFR-2 plus paclitaxel, single-agent ramucirumab, doce-
taxel, and irinotecan, for patients with previously treated ad-
vanced esophagogastric cancer when compared with best
supportive care.52-57 The choice of regimen largely depends
on patient-related factors, including performance status,
coexisting comorbidities, and patient preferences; disease-
related factors, such as molecular characteristics and his-
tology; and the type of prior therapy, duration of benefit from
prior therapy, and presence of persistent side effects from
prior regimen. For example, patients with persistent severe
peripheral neuropathy from first-line oxaliplatin-based regi-
mens may not be able to receive subsequent therapy with
a taxane. Similarly, ramucirumab-based regimens are in-
dicated in adenocarcinoma alone and may not be safe for
patients with recent history of substantial gastrointestinal
bleeding. In general, enrollment in a clinical trial is always
preferred whenever possible.

In the absence of an option of enrollment in a clinical trial,
ramucirumab plus paclitaxel is the preferred second-line
treatment option for patients with HER2-negative advanced
esophagogastric adenocarcinoma who have either pre-
viously received chemoimmunotherapy or are ineligible
to receive immunotherapy, based on results of the ran-
domized phase III RAINBOW trial. In this trial, 665 patients
with advanced gastric adenocarcinoma or AGEJ who
had disease progression at or within 4 months after first-
line chemotherapy were randomly assigned to receive
either ramucirumab plus paclitaxel or placebo plus pacli-
taxel. Ramucirumab plus paclitaxel resulted in longer me-
dian overall survival (9.6 vs. 7.4 months; HR, 0.807; 95%
CI, 0.678–0.962; p = .017) and higher ORR (28% vs. 16%;
p = .0001) compared with paclitaxel plus placebo. Grade 3
or higher adverse events were more frequent in the

ramucirumab arm, including neutropenia, hypertension,
and fatigue.52 Within the caveat of cross-trial comparison,
ramucirumab and paclitaxel combination has shown su-
perior ORR and median overall survival compared with
placebo-controlled trials evaluating single-agent ramucir-
umab, docetaxel, and irinotecan.53-56 Therefore, it is
a preferable regimen if there are no contraindications. With
regards to single-agent chemotherapy, there are no data to
suggest superiority of one over the other. For example, two
clinical trials comparing second-line irinotecan with pacli-
taxel showed no statistically noteworthy difference between
the two.58,59 Another study showed no difference between
irinotecan and docetaxel.56 These agents can be sequenced
based on prior treatment history and toxicity profile. Tri-
fluridine/tipiracil, an oral cytotoxic chemotherapy consisting
of a thymidine-based nucleoside analog, trifluridine, and
a thymidine phosphorylase inhibitor, tipiracil, is another
U.S. Food and Drug Administration–approved option for
third-line and beyond treatment of advanced esoph-
agogastric adenocarcinoma based on a randomized phase
III trial (TAGS)60 showing improvement in overall survival
with trifluridine/tipiracil compared with placebo (median, 5.7
vs. 3.6 months; HR, 0.69; 95% CI, 0.56–0.85; p = .00058).
Grade 3 or worse adverse events of any cause occurred
in 80% of patients in the trifluridine/tipiracil group, with
neutropenia (34%) and anemia (19%) being most
frequent.

With ramucirumab-based therapy being an option for ad-
enocarcinoma only, treatment options for second-line
therapy of patients with advanced ESCC who are either
ineligible to receive immunotherapy or received immuno-
therapy as a part of first-line treatment include chemo-
therapy agents not used in the first-line regimen.

HER2-Negative Disease, Immunotherapy Naive

For patients with advanced esophagogastric cancer with
mismatch repair deficiency/MSI-H tumors who did not re-
ceive immunotherapy as a part of their frontline treatment,
single-agent pembrolizumab is a reasonable second- and
later line treatment option based on data from KEYNOTE-
158 and KEYNOTE-062 as discussed previously.44,46

Second-line U.S. Food and Drug Administration–approved
treatment options for immunotherapy-naive patients with
advanced ESCC include pembrolizumab (for PD-L1 CPS
10 or higher) and nivolumab (irrespective of PD-L1
expression).37,61 The U.S. Food and Drug Administration
approval of nivolumab in this setting was based on the
randomized phase III ATTRACTION-3 trial showing superior
overall survival with nivolumab compared with investigator’s
choice of taxane in patients who had received at least one
prior line of chemotherapy. Approximately 50% of patients
had PD-L1 expression of less than 1%.61
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Second-line treatment options for immunotherapy-naive
patients with gastroesophageal adenocarcinoma are still
ramucirumab plus paclitaxel or single-agent taxane or iri-
notecan if there is a contraindication to ramucirumab. The
only immune checkpoint inhibitor approved in the United
States for treatment of gastroesophageal adenocarcinoma is
pembrolizumab for patients with PD-L1 CPS 1 or higher
after failure of two separate chemotherapy regimens based
on data from the KEYNOTE-059 trial.36

Tumor mutational burden is one of the predictive bio-
markers of activity of immunotherapy. Approximately 2.4%
of esophageal cancers and 5% to 19% of gastric cancers
harbor high tumor mutational burden, using 20 or more
mutations per megabase as the cutoff.62,63 Based on results
of a randomized phase II trial (KEYNOTE-158), pem-
brolizumab is approved for treatment of patients with
unresectable or metastatic tumor mutational burden–high
solid tumors that have progressed following prior treat-
ment.64 Tumor types included in this study were anal, bil-
iary, cervical, endometrial, mesothelioma, neuroendocrine,
salivary, small cell lung, thyroid, and vulvar cancer. Al-
though these data open a new treatment option for a variety
of solid tumors, the study did not include patients with
gastroesophageal cancer. Additionally, the tumor muta-
tional burden cutoff used in this study was largely validated
in non–small cell lung cancer and urothelial cancer cohorts,
and it is unclear if the same threshold is applicable to other
tumor types. Finally, the tumor mutational burden was
assessed using FoundationOne CDx, and correlation of
results with tumor mutational burden analyzed through
other platforms remains speculative. Therefore, we do not
recommend single-agent pembrolizumab in patients with
high tumor mutational burden if the PD-L1 expression is
negative.

Table 1 summarizes the results of landmark clinical trials in
metastatic esophagogastric cancer. The preferred treat-
ment algorithm for these patients is outlined in Fig. 1.

CHALLENGES AND FUTURE DIRECTIONS

Although the introduction of immunotherapy in the frontline
setting and a building of momentum in the field of HER2-
positive disease are exciting, the incremental benefit offered
by addition of a PD-1 inhibitor to first-line chemotherapy is
relatively small. This can be partly explained by lack of
a well-defined cutoff for PD-L1 expression and other bio-
markers of response to immunotherapy in esophagogastric
cancer to guide optimum patient selection. However, ac-
cumulating evidence suggests that esophagogastric cancer,
especially adenocarcinoma, is associated with a immuno-
suppressive tumor microenvironment, and the tumors are
either inherently resistant or quickly acquire resistance
to PD-1 inhibition. The putative mechanisms include de-
creased level of interferon gamma and granzyme B and high

expression of immune-suppressive factors, such as
cyclooxygenase-2, vascular endothelial growth factor, and
interleukin-8 in the tumor microenvironment; interleukin-
6–driven epithelial-to-mesenchymal transition; IDO1expression;
and abundance of cancer-associated fibroblasts and tumor-
associated macrophages in the tumor microenvironment.65-69

Therefore, treatment strategies beyond PD-1/PD-L1 inhibitors
are needed.

Armed with this information and accumulating genomic,
transcriptomic, and proteomic data from deep sequencing
of tumors, further efforts to improve treatment strategies
for esophagogastric cancer should pivot around several
broad aspects. First, attempts to improve the efficacy of
immunotherapy through combination approaches should
be undertaken. Several ongoing clinical trials are evalu-
ating the combination of PD-1 or PD-L1 inhibition in
combination with TIGIT (T cell immunoreceptor with
immunoglobulin and ITIM domains). The results of the
nivolumab and ipilimumab arm of the CheckMate 649 trial
are still pending and would shed light on whether com-
bination immune checkpoint inhibition can replace tra-
ditional chemotherapy-based regimens in a biomarker-
selected patient population. Combination of immune
checkpoint inhibition with vascular endothelial growth
factor–directed therapy is another interesting avenue that
has shown promising results in renal cell cancer and
hepatocellular carcinoma, yet remains to be explored in
esophagogastric cancer.70,71

Second, development of treatment strategies beyond im-
munotherapy, includingmolecularly targeted therapies, is of
paramount importance. Several ongoing trials are in-
corporating novel HER2-targeted treatments, such as
tucatinib, and combination of immune checkpoint inhibition
as well as chemotherapy with HER2-directed therapy. An
ongoing trial is evaluating the efficacy of PARP inhibitor
niraparib for the treatment of homologous recombination-
deficient or loss of heterozygosity–high gastroesophageal
cancer.72 FGFR2b has emerged as another exciting ther-
apeutic target in esophagogastric cancer.73 The expanding
spectrum of biomarker-driven treatment options further
emphasizes the importance of obtaining comprehensive
molecular profiling for every patient with esophagogastric
cancer. Additionally, the role of circulating tumor DNA or
blood-based biomarkers in patient selection for treatment
and follow-up is gradually unfolding.74 Table 2 summarizes
notable ongoing clinical trials.

Third, advancement of treatment strategies for curable,
nonmetastatic, esophagogastric cancer by leveraging the
advances in the metastatic setting is of prime necessity.
Recently reported results of phase II and III trials have
shown the role of immune checkpoint inhibition following
trimodality therapy in a select subset of patients with locally
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FIGURE 1. Treatment Algorithm for Metastatic Esophagogastric Cancer
Patients with MSI-H tumors should receive pembrolizumab as first-line or second-line treatment, regardless of PD-L1 expression. Enrollment in
a clinical trial is always preferable if a suitable trial is available.
Abbreviations: MSI-H, microsatellite instability high; 1L, first line; 2L, second line; ESCC, esophageal squamous cell carcinoma; EAC, esophageal
adenocarcinoma; AGEJ, adenocarcinoma; GA, gastric adenocarcinoma; CPS, combined positive score; 3L, third line.
aThe combination of immunotherapy with chemotherapy in 1L setting and the PD-L1 cutoff for the indication are awaiting U.S. Food and Drug
Administration approval.
bPembrolizumab is approved for 2L and beyond treatment of advanced ESCC with PD-L1 CPS � 10, in the absence of prior treatment with an
immune checkpoint inhibitor.
cNivolumab is approved for 2L and beyond treatment of advanced ESCC regardless of PD-L1 expression, in the absence of prior treatment with an
immune checkpoint inhibitor.
dPembrolizumab is approved for 3L treatment of advanced gastroesophageal adenocarcinoma with PD-L1 CPS � 1, in the absence of prior
treatment with an immune checkpoint inhibitor.
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advanced esophageal adenocarinoma andAGEJ.75,76 Several
clinical trials are evaluating the role of immune checkpoint
inhibitor and HER2-directed therapy as a part of neoadjuvant
or adjuvant treatment in patients with resectable disease.
These strategies are likely to improve the cure rate of patients
who are diagnosed in the nonmetastatic stage; however, this
will make it challenging to interpret and apply the recently
emerged frontline chemoimmunotherapy data in the meta-
static setting and may limit treatment options if these patients
in fact go on to develop metastatic disease.

Fourth, the design of clinical trials should move away from
combining ESCC and EAC without predefined stratification
because they are biologically distinct diseases. Similarly,
whether AGEJ tumors are combined with distal EAC or
gastric tumors should be determined based on molecular
characteristics.

Finally, efforts should be made to reduce morbidity asso-
ciated with treatment. Most of the agents used in the
treatment of esophagogastric cancer, including oxaliplatin,
taxane, and ramucirumab, are associated with considerable
burden of toxicity. More research is needed in the area of
developing biomarkers to predict toxicity and approaches to
tailor treatment regimens for high-risk patients.

CONCLUSION

The treatment of metastatic esophagogastric cancer has
evolved and diverged in the recent years owing to the

advancing grasp of the biology and molecular charac-
teristics of the disease. Immunotherapy is now moving to
the frontline treatment of patients with metastatic ESCC,
EAC, AGEJ, and gastric adenocarcinoma with modest
improvement in overall survival. Chemotherapy in com-
bination with trastuzumab is a standard of care first-line
regimen for patients with HER2-positive disease. The pre-
ferred second-line treatment option for patients with ade-
nocarcinoma who have received immunotherapy in the first-
line setting is ramucirumab plus paclitaxel, whereas che-
motherapy not used in prior lines is an option for patients
with squamous cell carcinoma. Trastuzumab deruxtecan
is approved for patients with HER2-positive disease fol-
lowing progression on trastuzumab-based therapy. Pem-
brolizumab is a good option for patients with mismatch
repair deficiency/MSI-H disease, regardless of PD-L1 ex-
pression. Although the incorporation of immunotherapy
and molecularly targeted therapies may not have shown
dramatic improvement in overall survival, the strides made
in this field have certainly created a foundation for the
development of precision medicine–driven treatment ap-
proaches for the disease in which chemotherapy has
remained a standard treatment for over 4 decades. De-
velopment of new, well-designed, biomarker-selected
clinical trials and robust patient enrollment will be the
key to build on the early success we have witnessed in the
past 2 years.
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GENITOURINARY CANCER—KIDNEY AND BLADDER

Breaking Barriers: Addressing Issues of
Inequality in Trial Enrollment and Clinical
Outcomes for Patients With Kidney and
Bladder Cancer
Jeannie Hoffman-Censits, MD1; Ravindran Kanesvaran, MD2; Rick Bangs, MBA4; Lola Fashoyin-Aje, MD, MPH3; and

Chana Weinstock, MD3

overview

Despite recent treatment advances, kidney and bladder cancer cases have continued to rise in both incidence

and mortality over the last few decades. Not every demographic subgroup of patients diagnosed with these

cancers has an equivalent outcome. Women diagnosed with bladder cancer have worse overall survival than

men diagnosed with bladder cancer. Older adults with muscle-invasive bladder cancer have worse cancer-

specific outcomes than do younger patients. Black patients diagnosed with kidney and bladder cancers appear

to have worse overall survival than White patients diagnosed with these cancers. Although these differences in

outcomes are likely multifactorial, in many cases they may be based on modifiable approaches to screening,

diagnosing, and treating patients. We explore various causes of these differences in outcomes between

patients and address patient engagement strategies and avenues to effect change. In 2021, equity in cancer

and cancer care delivery has amore prominent place in the hierarchy of the continuum ofmedicine. Continued

focus on this topic is critical, with clear accountabilities established and barriers to best care for patients

eliminated.

Kidney and bladder cancers remain among the top 10
most common cancers diagnosed in the United States
annually and, despite recent treatment advances, were
the cause of death of more than 32,000 individuals in
2020.1 Cases have continued to rise in both incidence
and mortality over the last few decades, with an esti-
mated 73,750 new diagnoses of kidney cancer and
81,400 urinary bladder cancer cases in the United
States in 2020.2 Data suggest that not every de-
mographic subgroup of patients diagnosed with these
cancers has an equivalent outcome. For example,
women diagnosed with bladder cancer appear to have
worse overall survival thanmen diagnosed with bladder
cancer.3 Older adults with localized, muscle-invasive
bladder cancer have worse cancer-specific outcomes
than younger patients.4 Black patients diagnosed with
kidney and bladder cancers appear to have worse
overall survival than White patients diagnosed with
these cancers.5,6 These observed differential outcomes
are most likely multifactorial; however, in many cases,
they may be based on modifiable approaches to
screening, diagnosing, and treating patients.

We explore various aspects and root causes of dif-
ferences in outcomes between patients and address
some ways to address these issues going forward, via

avenues such as patient engagement strategies, sys-
temic change, and strategic changes to clinical trial
enrollment. We outline what an equity framework
would look like, where all patients diagnosed with
kidney or bladder cancer have equal access to care,
including the equal chance to enroll in appropriate
clinical trials and to obtain the best possible outcomes
for their cancers. We also discuss the disparities that
lead to current differences in access to care and to
outcomes, and thoughts about how these could be
modified to optimize outcomes for all patients.

BARRIERS TO BEST CARE: A PATIENT’S PERSPECTIVE

In 2020, COVID-19, COVID-19 vaccinations, and the
death of Mr. George Floyd amplified concerns about
inequities in health care delivery in the United States
and globally. Although disparities in outcomes and
barriers to equitable access to care have long been
recognized and often discussed by clinicians and re-
searchers, public awareness of these issues has been
increasing since the events of 2020. In the last year,
there has been a call to action for diversity, equity, and
inclusion in medicine and cancer (and bladder and
kidney cancers are no exception).

What does equity look like? Patients diagnosed with
cancer all seek one thing: the best possible outcome
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with the least possible burden. No matter what the cancer
diagnosis, most patients will believe results to be insufficient
in one or more dimensions: incidence may be higher for
their cohort; treatments may not work as well, may not work
as quickly, may have side effects, may not exist at all, may
cost too much, may require too much time, or may not be
locally available; and/or outcomes may vary from patient to
patient.

An equity framework would ideally provide the opportunity
to learn about potential variability in response and safety
because of increased diversity of clinical trial participation.
That is not the current state of knowledge for many cancers,
because these dimensions are not consistent across can-
cers. Some cancers have deep knowledge, extensive re-
search and research funding, effective and widely available
treatments, modest side effects, and good outcomes. Others
do not. Although this type of equity framework is the desired
end state, a more pragmatic goal must be established:
improved knowledge of variability in results relative to pa-
tients with that same diagnosis, no matter who the patient is
and where they are located and treated.

Achieving such consistency will require the removal or
mitigation of barriers driving disparities. Such barriers must
be mitigated along the continuum of medicine: Knowledge
→ Research → Clinical Trials → Results/Publication →
Standard of Care → Pattern of Practice.

In the context of bladder and kidney cancer, the barriers
across this continuum are like those in other cancers but
with unique characteristics. To start, knowledge is relatively

immature compared with other cancers. In addition, re-
search is underfunded compared with other cancers based
on incidence and death rate.7 Research also tends to focus
on the rule and not the exceptions. The larger sub-
populations within kidney and bladder cancer have his-
torically received the most funding, the most research
emphasis, and the highest prioritization overall. Funding,
then, is the first barrier to overcome, followed by emphasis.
Funding research for subpopulations must not continue to
be a lower priority, characterized as something we cannot
afford.

Within bladder and kidney cancers, the more common
types of disease (such as urothelial bladder cancer) have
been emphasized. Within that context, White males are
predominant. The second barrier to overcome is to work
from the bottom up instead of the top down, recalibrating
the emphasis on other histologies, racial and ethnic sub-
populations, and women. More research across a more
diverse population is needed to elucidate the factors con-
tributing to differences in incidence rates and outcomes in
these subpopulations (women, Blacks adults, older adults,
etc.) and, until that occurs, there can be no equity. Re-
search priorities must be more equitable. Sponsors and
funders must incentivize research equity and force ac-
knowledgment of deficiencies where they exist. A recali-
bration of priorities and mindset is achievable by convening
a multidisciplinary group of stakeholders and assessing
what is known and not known about subpopulations in
a think tank or similar construct.

Within clinical trials, forecasts should be created during
design that account for subpopulations. Accrual cannot be
viewed independent of subpopulations: the characteristics
of patient subpopulations matter. Representative accrual
must be the goal or signal will never be found, let alone
definitive evidence of disparate outcomes. Results must be
continually monitored against those forecasts at multiple
checkpoints after activation and not just at the trial’s
conclusion.

Equally as important is that diversity, equity, and inclusion
goals for patients relative to trials and clinical care are stated
by major stakeholders: the U.S. Food and Drug Adminis-
tration (FDA), industry partners, the National Cancer In-
stitute and the National Clinical Trials Network groups, other
clinical trial consortiums, ASCO and professional oncology
societies, institutions and care facilities, payers, advocacy
groups, and others. Such guidance has been issued by
several of these groups already.

In addition, however, every member of the clinical trial study
team must have equity as a goal and be clear on the role
they play to make that happen at every step. The clinical trial
team must also have no impediments to doing so. Such
a methodology (i.e., “equity as goal”) is not in the public

PRACTICAL APPLICATIONS

• An equity framework would ideally provide the
opportunity to learn about potential variability
in response and safety because of increased
diversity of clinical trial participation.

• Sex-based outcomes in trial design should be
considered as the bladder cancer community
strives to improve outcomes for women.

• Older patients with kidney or bladder cancers
who are fit should receive the same type of
treatment as their younger counterparts.

• The U.S. Food and Drug Administration has
specifically encouraged enrollment of a diverse
group of patients whose ethnic and racial
makeup is representative of the U.S. population
in clinical trials for kidney and bladder cancer.

• By necessity, the COVID-19 reality may have
brought innovative approaches to expanding
accessibility of care and may thus have dem-
onstrated the feasibility of this approach.
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domain today and represents a significant barrier. At the
Southwest Oncology Group, for example, a multidisciplinary
team has developed amethodology to overcome this barrier.

Within both the clinical trial and clinical practice settings,
barriers to delivery of equitable care must be overcome.
Patients face tremendous barriers in their search for eq-
uitable care: health literacy, logistical costs and time, and
comorbidities that increase with age and reduce treatment
options (such as receipt of platinum chemotherapy or
surgeries such as radical cystectomy). Removal of the
health literacy barrier will require acknowledgment that
reading levels alone are insufficient; cultural calibrations
and messengers are also important. Logistical costs and
time are significant barriers for many patients and may
reduce referrals by clinicians for trials and state-of-the-art
treatment and self-referral by patients. The increasing use of
multimodality therapies that include immunotherapy may
make logistical and cost considerations even more signifi-
cant and potentially untenable for patients. A current
Southwest Oncology Group bladder cancer trial requires
a minimum of 35 treatment visits in the less burdensome
arm. The time considerations alone are substantial, but the
costs of that, conservatively estimated at more than $1,500,
may be insurmountable even in the absence of medical
costs. Failure to address the costs related to clinical trial
participation and logistical considerations will not only im-
pact time to market but also representative accrual.

WOMEN AND BLADDER CANCER: ENSURING THE BEST CARE
FOR ALL OF OUR PATIENTS

The issue of equity in care and differential outcomes is
particularly pronounced when looking at women with uro-
thelial cancers of the bladder and upper urothelial tract (as
opposed to kidney cancers, where disparities in outcomes
based on sex may be less pronounced). Urothelial cancers
comprise the fourth most common cancer in men.2 Al-
though this cancer is less common in women, with an in-
cidence of approximately 25% that of men, women tend to
present with more advanced disease and tend to die of
urothelial cancers at a higher rate than men.3 The reasons
for this sex disparity in bladder cancer are partially un-
derstood, primarily because the most common presenting
symptom of urothelial cancer is hematuria. Although
evidence-based evaluation guidelines exist for hematuria
workup,8 during workup, many women experience more
deviations from these guidelines, including a longer time
from first symptoms to diagnosis, compared with men.9,10

During this lead time, women have been found to see more
nonurology specialists, undergo more urine culture evalu-
ations, and receive more antibiotic courses than their male
counterparts.11,12 In a study of Medicare beneficiaries,
compared with men, women are less likely to undergo
a complete evaluation for hematuria within 180 days of

initial presentation with the symptom.13 How these varia-
tions and interventions affect patients or how they impact
bladder cancer prognosis is unknown. It is generally be-
lieved that diagnostic delay contributes to stage migration in
female patients.

Like all cancers, treatment algorithms are predicated on
tumor stage. For bladder cancer, therapeutic plans diverge
significantly if a cancer is stage II or muscle-invasive. Early-
stage (nonmuscle-invasive) bladder cancers are treated
locally with resection and intravesical therapy, and, in the
United States, this is mostly managed by urologists. Muscle-
invasive bladder cancer is a potentially lethal disease
state, with standard recommendations for systemic che-
motherapy followed by cystectomy or trimodality therapy of
combined transurethral resection, radiation, and radio-
sensitizing chemotherapy.14 Thus, it is surprising to find
that even when women present to urology specialists, care
can continue to deviate from standard compared with male
counterparts. Using the Los Angeles Surveillance, Epide-
miology, and End Results database from 2004 to 2005,
Chamie et al15 found that poor staging quality (as defined as
no muscle in tumor specimen to accurately assess stage)
was more likely in women compared with men. This and
other studies have shown that poor staging accuracy is
predictive of inferior survival outcomes, likely related to
delayed treatment and undertreatment.16 Furthermore,
women undergoing definitive radical cystectomy were more
likely to have non–organ-confined disease, and, not sur-
prisingly, increased cancer-specific mortality in several
cohorts.17-19 Finally, inside and outside of the United States,
women were less likely to undergo definitive curative rad-
ical cystectomy compared with men.10,20 It is unclear if
advanced age or other comorbidities factor into these
decisions.

In the last decade, a significant amount of research has
described the heterogeneity of invasive bladder cancer,
elucidating different subtypes with predictive disease
characteristics and responses to therapy. Like breast can-
cer, subtypes of luminal-like and basal-like clusters and
additional subclusters have been identified based on gene
expression data.21-24 Tumors that were identified in the
basal-like clusters had poorer survival and were more likely
to be enriched, with women recapitulated in several cohorts.
How these subtypes correlate with response or resistance to
anticancer therapies is a topic of ongoing discovery.22,25

Less is understood about the interaction of female sex with
responses to treatment of bladder cancer; however, several
retrospective studies have shown that women are less likely
to receive chemotherapy compared with men.10,26 Although
outcomes in retrospective studies appear consistently in-
ferior in women compared with men, women treated in the
context of clinical trials appear to have similar tolerance to
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and similar overall survival with chemotherapy compared
with men.27 Immunotherapy is a therapeutic option for
several different disease states in urothelial cancer, and, for
other cancers, it has been demonstrated that outcomesmay
be impacted by host factors, including sex.28 Hoffman-
Censits et al presented data pooling patient outcomes
with atezolizumab in IMvigor studies, finding nonsignificant
higher response rates in men compared with women,
without survival difference, at the European Society for
Medical Oncology 2019 Congress.29

To date, no trials have prespecified endpoints defined by
sex in urothelial cancer. Based on the population charac-
teristics, trials in urothelial cancer are universally skewed
with more men (approximately 75%–80% males in most
studies) compared with women, which makes under-
standing sex-based considerations in outcomes partic-
ularly challenging. In the last 5 years, discovery in urothelial
cancer has exploded, with multiple new targets and ther-
apies available to treat patients. Moving forward, sex-based
outcomes in trial design should be considered as the
bladder cancer community strives to improve outcomes
for women.

OLDER, WISER, BETTER: CLINICAL TRIAL ENROLLMENT AND
OPTIMAL CARE FOR OLDER ADULTS WITH KIDNEY AND
BLADDER CANCERS

Kidney and bladder cancers predominantly afflict older
adults, with nearly half of all patients newly diagnosed with
kidney cancer and bladder cancer diagnosed at age 65 and
older.30 Optimal care of older adults with these cancers
would ideally require treatment that has undergone the rigor
of clinical trials that have specifically evaluated these
therapies as safe and efficacious in older adults. However,
fewer than a quarter of the adults enrolled in clinical trials
that enroll in the United States are age 70 or older.
Moreover, patients enrolled in these trials are generally fitter
and have fewer comorbidities than the average older adult in
the general population and thus may not fully represent the
concerns of treating all older adults.31

To decide what is optimal care for older adults with kidney
or bladder cancer, a geriatric assessment should be
performed.30,32 Based on the outcome of the geriatric as-
sessment, these patients can be broadly classified as fit,
vulnerable, or frail. Older patients with kidney or bladder
cancers who are fit should receive the same type of treat-
ment as their younger counterparts.30,32

Fit patients with localized kidney cancer should be offered
surgical resection of their tumors or nephrectomy when
indicated. Frail older adults with localized kidney cancer,
however, can be treated with less radical but effective
approaches like local ablation or observation, which offer
reasonable outcomes while preserving quality of life.33 In the
metastatic renal cell carcinoma setting, fit older adults

receiving standard-of-care, first-line treatment were found to
derive similar benefits in terms of efficacy as younger adults,
although there were limited data regarding toxicities strat-
ified by age in the pivotal studies.30 Selected frail older
adults with metastatic renal cell carcinoma can be offered
observation or single-agent immunotherapy in the first
line,34 with the caveat that there is currently no immuno-
therapy labeled for single-agent (non-combination) use in
this setting.

Older adults with localized muscle-invasive bladder cancer
have been found to have poorer survival and higher mor-
bidity compared with younger patients, likely because of
a smaller proportion receiving radical curative therapy,
implying gross undertreatment in this population.4 Spe-
cialized perioperative treatment (the incorporation of pre-
operative assessment and optimization, intraoperative care,
and enhanced postoperative care) for older adults may help
increase the number of older adults suitable for optimal
radical treatment, such as neoadjuvant chemotherapy fol-
lowed by surgery.32 For patients who desire bladder pres-
ervation, a randomized control trial using trimodality therapy
showed that adults age 75 or older derive similar efficacy
benefits as those who were younger.35 In the metastatic
setting, older adults who are fit and who are deemed
cisplatin-eligible should get standard-of-care, cisplatin-
based regimens.36 The advent of immunotherapy in met-
astatic bladder cancer has enabled older adults who are
unfit for chemotherapy to still receive effective and tolerable
life-prolonging systemic treatment.37

Although there has been some improvement seen in the
treatment of older adults with bladder and kidney cancers
over the last decade, there are still many unanswered
questions and gaps in care that must urgently be addressed.
The International Society of Geriatric Oncology has orga-
nized disease-specific task forces to update the knowledge
base and to provide evidence-based clinical guidance on
how best to treat these patients.30,32 One major area of need
is for clinical trials to include more older adults with kidney
and bladder cancers. A recent systematic review has out-
lined critical barriers to the enrollment of older adults with
cancer, which were divided into system-related, patient-
related, provider-related, and caregiver-related barriers.31

This review article highlighted important recent advances
made by the FDA in collaboration with ASCO in creating
a geriatric oncology workshop in 2017. The FDA released
a Draft Guidance to Industry in 2020, providing specific
suggestions for inclusion of older adults in all phases of
oncology drug development, including registration trials.31,38

Public policy initiatives like this will ultimately provide the
much needed impetus for an increase in the enrollment of
older adults with kidney and bladder cancer. This will help
address the numerous unknowns regarding this vulnerable
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group of patients and in turn will help oncologists provide
optimal care for them.

RACIAL DISPARITIES IN KIDNEY AND BLADDER CANCERS

Much has been written about the overall decrement in
outcomes seen in patients diagnosed with cancer who are
members of underserved minority groups, such as Black
patients in the United States. For example, Black patients
have a higher cancer burden and face greater obstacles
to cancer prevention, detection, treatment, and survival.
Overall, Black patients have the highest death rate and
shortest survival of any racial or ethnic group for most
cancers in the United States.39

Kidney and bladder cancers are no exception to this trend.
In kidney cancer, a disparity in survival exists between Black
and White patients. This is true even when controlling for
specific treatment received and for other prognostic factors
including stage, tumor size, and grade.5,40 Although the
exact cause of this disparity in mortality is unknown, it is
likely multifactorial and may be because of a disparity in
access to health care, differences in health care quality, and
disadvantages related to differential socioeconomic sta-
tus.40 Research has shown that overall, Black patients
present with higher-stage bladder cancer than White,
Hispanic, or Asian patients. Five-year disease-specific
survival is consistently worse for African American pa-
tients than for those who are members of other racial
groups, even when stratified by stage and grade.6

When looking at clinical trial enrollment, recent registra-
tional trials for kidney and bladder cancer enrolled pre-
dominantly White patients. An FDA analysis combining data
from seven trials that led to the approval of various im-
munotherapy agents in advanced bladder cancer reveals
that, overall, 82% of enrolled patients were White and 10%
were Asian, with only 7% of patients overall enrolled being
members of other races or ethnicities.41 The same is true for
kidney cancers, in which the vast majority of patients en-
rolled in randomized trials that led to approval of several
immunotherapy-containing combinations were White
(75%–87%).42-44 This disparity in clinical trial enrollment
in these settings between White patients and those pa-
tients of other races/ethnicities is likely indicative of other,
entrenched systemic barriers to care that are prevalent in
the U.S. health care system. Underrepresentation in clinical
trials is also problematic from an equity standpoint given
that, for many diseases, clinical trials are the preferred
treatment option and outcomes for patients enrolled in
clinical trials have been shown to be better than outcomes
for patients not enrolled in clinical trials.45 Unfortunately, the
race and ethnicity data are infrequently described in the
manuscripts reporting the results of notable trials in kidney
and bladder cancers, including those trials that support FDA
approval; rather, they were obtained from U.S. product

labeling. This emphasizes the importance of appropriate
considerations when it comes to journal articles describing
clinical research. Efforts to improve the reporting of en-
rollment of patients according to race and ethnicity in
clinical trials in journal articles are ongoing and have
been described.46 The gap in reporting these data in an
easy-to-find way is an ongoing issue and one that should be
corrected, as we cannot change what we do not measure.

REGULATING CHANGE

On the regulatory front, one way to encourage a change in
the conduct of clinical trials is through encouraging en-
rollment of a diverse group of patients who best reflect the
population of patients likely to use a drug if approved. The
FDA has primarily done this through publication of guidance
encouraging broadening eligibility criteria for clinical trial
enrollment.47-51 This effort includes encouragement of en-
rollment of broader age ranges of patients, especially at the
young and older range end of potentially eligible patients, as
well as via developing strategies to enroll patients tradi-
tionally excluded from clinical trials, such as those who have
organ impairment. The general expectation is that broad-
ening eligibility criteria and adopting more inclusive en-
rollment practices should improve the quality of studies by
not only ensuring a more representative population but also
by facilitating discovery of important safety information
about use of the investigational agent in those who will be
prescribed the agent after approval. Despite these efforts,
challenges to participation in clinical trials remain, and
many groups continue to be underrepresented in clinical
trials.

The FDA has specifically encouraged enrollment of study
populations whose demographic characteristics, such as
sex, age, and race and ethnicity, are reflective of the U.S.
population; the FDA has conveyed this expectation to
sponsors of clinical trials for bladder and kidney cancer. The
FDA has observed that, in trials submitted to the FDA that
enroll patients globally, a minority are enrolled from U.S.
sites. For example, a review of four of the bladder cancer
trials that led to approval of immunotherapy agents in the
metastatic setting revealed that 39% of patients enrolled
were from the United States.52 In kidney cancer, the per-
centage of patients enrolled from theUnited States was even
smaller in three of the trials that supported recent approval
of combination immunotherapy regimens and that reported
statistics for U.S. enrollment, with none enrolling more than
30% of patients from the United States.53-55 The repre-
sentation of U.S. racial and ethnic minorities in these trials
may therefore be impacted by this trend. Efforts to increase
enrollment of U.S. patients may result in a study population
that is more reflective of the racial/ethnic diversity in the
United States, particularly as the categories that denote race
and ethnicity in the United States may not be applicable to
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other regions. Notwithstanding this limitation, the FDA
encourages diverse regional representation, including
countries in sub-Saharan Africa, Central and South Amer-
ica, and Southeast Asia.

Even in trials that enroll primarily in the United States, many
barriers to care affect access to clinical trials and resultant
enrollment by patients who are members of minority groups.
These barriers are multifactorial and must be addressed in
conjunction with efforts by the health care system in general
to address issues of access to care. However, recent ex-
perience with conducting clinical trials in the era of COVID-
19 has in many cases introduced some flexibility in the
modalities used to access care by patients, and many have
considered what clinical trial conduct might look like in
a post–COVID-19 era. These may be particularly relevant to
underserved and/or rural populations. For example, the
FDA’s guidance on conduct of clinical trials during COVID-
19 considers trial participation of those who may not be able
to come to the investigational site for protocol-specified visits
and encourages sponsors to evaluate whether alternative
methods for assessments could be implemented when
feasible, in a manner that would be sufficient to assure the
safety of trial participants.56 This flexibility in conducting on-
study evaluations is a real-life example of an approach that is
also championed in the FDA’s guidance on enhancing
diversity in clinical trial enrollment by aiding in accessibility
of participation.47 This guidance encourages consideration
of strategies such as the use of interactions via telephone/
mobile telephone, secured electronic mail, social media
platforms, or digital health technology as tools that might be
used to replace site visits.56 By necessity, the COVID-19
reality may have in many cases brought these innovative
approaches to expand the accessibility of care to many
settings and may have demonstrated the feasibility of this
approach to successfully broaden access to care. However,
further study to determine the potential for disparities

resulting from these approaches is also important, as this
may impact those patients with no internet or smartphone
access and those who may be technologically challenged.

In terms of specific recommendations to remove barriers to
clinical trial enrollment when designing a new trial in kidney
and bladder cancer, there are many possible approaches,
and this area of focus continues to evolve. An important
strategy is the involvement of additional stakeholders on the
trial design team who represent the interests, values, and
beliefs of underrepresented populations. Thesemay include
diversity, equity, and inclusion experts, engaged community
and research advocates, and advocacy groups. Suggestions
made by these stakeholders could then be implemented
early to address barriers to enrollment at the earliest
planning stages of the clinical trial. Forecasts for enrollment
can then be made that reflect known demographic trends
for kidney and bladder cancer incidence, with the protocol
proactively reviewed for feedback on ways to make changes
that would make it easier for patients to enroll and remain
under study. Additional resources may be required to help
with outreach and engagement efforts, and these can also
be identified early. Accrual plans can be developed that
specifically take into account diversity of enrollment at
identified sites, and study accrual can be monitored in real
time, with diversity of subpopulations reviewed as a primary
metric. Early and prospective attention to these issues can
have a large downstream impact on enrolling a trial pop-
ulation that best reflects the population affected by kidney
and bladder cancer in the real-world setting.

CONCLUSION

In 2021, equity in cancer and cancer care delivery has
amore prominent place in the hierarchy of the continuum of
medicine. Continued focus on this topic is critical, with clear
accountabilities established and barriers to best care for
patients eliminated.
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GENITOURINARY CANCER—KIDNEY AND BLADDER

Immune Checkpoint Inhibition in Advanced
Bladder and Kidney Cancer: Responses and
Further Management
Mamta Parikh, MD, MS1, and Thomas Powles, MD, MRCP, MBBS2

overview

Immune checkpoint inhibitors have an established role in the treatment of newly diagnosed metastatic kidney

cancer. Treatment regimens combining nivolumab plus ipilimumab, pembrolizumab plus axitinib, nivolumab

plus cabozantinib, and pembrolizumab plus lenvatinib have demonstrated superior overall survival compared

with sunitinib in randomized studies. Response rates vary from 42% to 71.1% with these combinations.

Atezolizumab and pembrolizumab have been approved for the treatment of cisplatin-ineligible patients with

metastatic bladder cancer. These and other checkpoint inhibitors have been studied in metastatic bladder

cancer and are routinely used after progression on platinum-based chemotherapy. Durable responses are

observed in bladder and kidney cancer. Although some patients may experience immune-related adverse

events requiring treatment discontinuation, a portion of these patients will continue to experience a response

off-therapy. At the time of progression, patients with metastatic kidney cancer may be treated with anti-

angiogenesis agents, and there are data suggesting that they may also be treated with a rechallenge of

immunotherapy. In patients with metastatic bladder cancer who have progression after immune checkpoint

inhibition, there are considerable data supporting the use of enfortumab vedotin. Ongoing studies are

evaluating novel combinations of immune checkpoint inhibitors with other agents; thus, the treatment

landscape of metastatic bladder and kidney cancer is expected to continue to evolve rapidly.

INTRODUCTION

Monoclonal antibodies targeting immune checkpoints,
such as CTLA-4, PD-1, and PD-L1, have become
important components of the treatment for advanced
solid tumors. Checkpoint inhibition can restore anti-
tumor immunity, reverse immune evasion, and pro-
mote cell death.1 Treatment of advanced or metastatic
clear cell renal cell carcinoma (mRCC) and advanced
or metastatic urothelial carcinoma (mUC) has evolved
rapidly in recent years as a result of markedly improved
outcomes with the use of these antibodies. Based on
the CheckMate 214, CheckMate 9ER, KEYNOTE-426,
and CLEAR trials, immune checkpoint inhibitor therapy
has been incorporated into first-line treatment of pa-
tients withmRCC.2-5 Previously, patients withmUCwho
were ineligible to receive cisplatin or had platinum-
refractory disease had few options for treatment;
however, they can now be treated with immune
checkpoint inhibitors based on several clinical trials
establishing efficacy in mUC.6-13 These treatments
result in improved responses compared with previous
standards of care; as a result of the mechanism of
immune modulation, long-term responses are ob-
served. Thus, it is important to review the nature of
responses to immune checkpoint inhibitors in mUC

and mRCC, as well as options for further treatment of
patients who respond.

RESPONSES IN METASTATIC RENAL CELL CARCINOMA

Immune modulation has been known to play a role in
the management of mRCC for decades, because the
first therapies that showed benefit in patients with
mRCC were the cytokines interleukin-2 and interferon
alpha, but the use of immune checkpoint inhibitors led
to further strides in treatment. Nivolumab, a PD-1
inhibitor, was first studied in refractory mRCC and
resulted in an improvement in overall survival (OS)
compared with everolimus in the CheckMate 025
trial.14 In that study, 25% of patients treated with
nivolumab experienced an objective response; OS of
25.0 months (95% CI, 21.8–not evaluable) was ob-
served with nivolumab compared with 19.6 months
(95% CI, 17.6–23.1) with everolimus. The KEYNOTE-
427 study enrolled patients with newly diagnosed
mRCC; in that study, pembrolizumab, a PD-1 inhibitor,
resulted in a 33.6% objective response rate (ORR;
95% CI, 24.8–43.4).15 These results demonstrated
that immune checkpoint inhibitors have efficacy as
single agents in mRCC; however, given the relatively
modest response rates, combination therapies were
studied in the setting of untreated mRCC.
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Currently, four treatment regimens are approved by the
U.S. Food and Drug Administration for patients with newly
diagnosed mRCC based on superior OS compared with
sunitinib. The first approved combination regimen is
nivolumab and ipilimumab, which are anti–PD-1 and
anti-CTLA4 antibodies, respectively; the combination has
shown benefit in the treatment of mRCC that is deemed to
be intermediate or poor risk per the International Meta-
static RCC Database Consortium criteria.2,16 The combi-
nation of nivolumab plus ipilimumab was compared with
sunitinib in the randomized CheckMate 214 trial of pa-
tients with newly diagnosed mRCC.2 Among patients with
intermediate- or poor-risk disease, OS was not reached for
the nivolumab plus ipilimumab combination compared with
26.0 months with sunitinib (HR for death, 0.63; p , .001).
The ORR for nivolumab plus ipilimumab among patients
with intermediate- or poor-risk mRCC was 42% (95% CI,
37%–47%) compared with 27% (95% CI, 22%–31%) with
sunitinib (p , .0001). Of note, complete responses (CRs)
were seen in 9% of patients treated with nivolumab plus
ipilimumab versus 1% of patients treated with sunitinib. Of
the intermediate- and poor-risk patients enrolled in the trial,
81% of the patients in the nivolumab plus ipilimumab group

had a duration of response of at least 1 year, with themedian
duration of response not reached.2 With an extended follow-
up of at least 4 years, OS among patients with intermediate-
or poor-riskmRCCwas 48.1months (95%CI, 35.6months–not
evaluable) in the nivolumab plus ipilimumab group and
26.6 months (95% CI, 22.1–33.5) in the sunitinib group.17

Of the 59 patients who experienced a CR, 19 (32.2%)
were still on therapy, 27 (45.8%) discontinued therapy
without a need for further treatment, and 13 (22%) required
a change to subsequent systemic treatment. Among
the 156 patients who experienced a partial response
(PR), 28 (17.9%) remained on therapy, 67 (42.9%) dis-
continued treatment without additional therapy needed,
and 61 (39.1%) required a change to additional systemic
therapy. The median duration of response was not reached
in the nivolumab plus ipilimumab group.

The remaining three immune checkpoint inhibitor combi-
nations for treatment-naive mRCC involve the use of an
immune checkpoint inhibitor with agents that target the
vascular endothelial growth factor (VEGF) pathway. In the
phase III KEYNOTE-426 trial, patients with untreated mRCC
were randomly selected to receive pembrolizumab com-
bined with axitinib or sunitinib.3 In that trial, in which pa-
tients were stratified by International Metastatic RCC
Database Consortium (IMDC) risk groups, pembrolizumab
plus axitinib resulted in an ORR of 59.3% (95% CI, 54.5%–

63.9%) compared with 35.7% (95% CI, 31.1%–40.4%) in
the sunitinib group regardless of IMDC risk. In that study,
5.8% of patients treated with pembrolizumab plus axitinib
experienced a CR. Superior OS was also observed in
comparison with sunitinib (HR, 0.53; 95% CI, 0.38–0.74;
p , .0001). At 1 year, 70.6% of patients in the pem-
brolizumab plus axitinib group had an ongoing response.
With a median follow-up of 12.8 months, 59% of patients
receiving pembrolizumab plus axitinib were still receiving
treatment. With extended follow-up, the CR rate increased
to 9%.18 The median duration of response was 23.5 months
for patients treated with pembrolizumab plus axitinib
(95% CI, 19.4–29.0) compared with 15.9 months (95% CI,
13.8–20.4) in the sunitinib group. At 24 months, 47% of
patients (95% CI, 40%–54%) in the pembrolizumab plus
axitinib group had an ongoing response.

Nivolumab combined with cabozantinib is another regimen
combining an immune checkpoint inhibitor with a VEGF-
targeting agent that was recently approved for patients with
untreated mRCC. The phase III CheckMate 9ER trial ran-
domly assigned patients, stratified by International Meta-
static RCC Database Consortium risk, to receive nivolumab
plus cabozantinib or sunitinib.4 Across risk groups, the
combination of nivolumab plus cabozantinib resulted in
superior OS (HR, 0.60; 95% CI, 0.40–0.89; p , .001).
Median OS was not reached in either group, but the
probability of OS at 12 months was 85.7% (95% CI,

PRACTICAL APPLICATIONS

• Immune checkpoint inhibitors have demon-
strated efficacy in patients with metastatic renal
cell carcinoma and have become a standard of
care in the treatment of patients with newly
diagnosed metastatic renal cell carcinoma.
Durable responses are seen.

• Immune checkpoint inhibitors also have dem-
onstrated efficacy in patients with metastatic
urothelial carcinoma, both in those patients who
are ineligible to receive first-line cisplatin-based
chemotherapy and in those who have de-
veloped platinum-refractory disease. Durable
responses are observed in both of these
settings.

• For those patients who develop adverse events
requiring discontinuation of immune check-
point inhibitor therapy, some will continue to
maintain a response to therapy and enjoy
a treatment-free interval.

• There are treatment options for those patients
who develop progression on immune check-
point inhibitor therapy. For patients with met-
astatic renal cell carcinoma, this includes
treatment with antiangiogenesis agents. For
patients with metastatic urothelial carcinoma,
treatment with antibody-drug conjugates has
established efficacy.
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81.3%–89.1%) with nivolumab plus cabozantinib and 75.6%
(95% CI, 70.5%–80%) with sunitinib. The combination of
nivolumab plus cabozantinib also resulted in an ORR of
55.7% (95% CI, 50.1%–61.2%). Complete responses
were noted in 8.0% of patients treated with this regimen.
Median duration of response for patients treated with
nivolumab plus cabozantinib was 20.2 months.

The final combination was evaluated in the phase III CLEAR
study, which led to the approval of lenvatinib plus pem-
brolizumab for the treatment of mRCC.5 This study stratified
patients by Memorial Sloan Kettering Cancer Center risk
criteria and randomly assigned patients with untreated
mRCC to receive lenvatinib plus pembrolizumab, lenvatinib
plus everolimus, or sunitinib. Again, OS was improved
across risk groups with the use of lenvatinib plus pem-
brolizumab compared with sunitinib (HR, 0.66; 95% CI,
0.49–0.88; p = .005). The combination of lenvatinib plus
pembrolizumab resulted in an ORR of 71.1%, with 16.1% of
patients treated with this combination experiencing a CR.
The median duration of response was 25.8 months (95% CI,
22.1–27.9). At a median follow-up of 26.6 months, 79.2% of
patients receiving lenvatinib plus pembrolizumab were alive.

All four of these studies established that combination
therapies with immune checkpoint inhibitors result in
durable efficacy. However, treatment of patients with re-
sponses to immune checkpoint inhibitors can be com-
plicated, in part because of the propensity of immune
checkpoint inhibitors to result in immune-mediated adverse
events. Management of immune-mediated adverse events
is well described,19,20 but it is worthwhile to review the rate of
immune-mediated adverse events in patients with mRCC
treated with combination immune checkpoint inhibitor
therapy. For example, in the CheckMate 214 study, 80% of
patients treated with nivolumab plus ipilimumab had an
immune-mediated adverse event; 35% required high-dose
glucocorticoids.2 In that trial, 22% of patients treated with
nivolumab plus ipilimumab discontinued treatment as
a result of a treatment-related adverse event. In the KEY-
NOTE-426 study, adverse events of interest were noted in
51.3% of patients treated with pembrolizumab plus axiti-
nib.3 As a result of those adverse events and the 28% rate of
serious adverse events also occurring in patients treated
with pembrolizumab plus axitinib, 44% of patients in the
pembrolizumab plus axitinib group required interruption of
pembrolizumab, 62% required interruption of axitinib, and
30% required interruption of both. Moreover, adverse
events led to discontinuation of pembrolizumab, axitinib, or
the combination in 21%, 20%, and 7% of patients, re-
spectively. In the CheckMate 9ER study, immune-mediated
adverse events led to treatment with high-dose glucocorti-
coids in 19.1% of patients receiving nivolumab plus
cabozantinib. Discontinuation of at least one drug prior to
progression occurred in 19.7% of patients, with 5.7% of

patients requiring discontinuation of nivolumab and cabo-
zantinib.4 Among patients receiving pembrolizumab plus
lenvatinib in the CLEAR study, 37.2% required treatment
discontinuation, with 13.4% requiring discontinuation of the
combination.5 These combinations have not been studied
with as much follow-up as nivolumab plus ipilimumab or
pembrolizumab plus axitinib.

Although adverse events from VEGF-targeting agents tend to
manifest early in treatment, immune-mediated adverse
events from immune checkpoint inhibitors can occur at any
time. Thus, vigilance is required, even in patients who have
had a sustained response to immune checkpoint inhibitor
therapy. Extended follow-up in the CheckMate 214 and
KEYNOTE-426 trials has been reassuring; no worsening of
safety events were observed with extended treatment.17,18

Interestingly, examining the current regimens for first-line
treatment of mRCC, there are data that durable responses
can persist, despite discontinuation of therapy because of
adverse events. In one small retrospective study of 19
patients with mRCC who experienced any clinical benefit
from PD-1 or PD-L1 inhibitor therapy and who also dis-
continued all systemic therapy because of immune-
mediated adverse events, 68% of patients experienced
a durable benefit of at least 6 months off-therapy, and 36%
remained off subsequent treatment for more than 1 year.21

This small study supports treatment holidays for patients
with mRCC who experience immune-mediated adverse
events that are severe enough to require treatment dis-
continuation. Similar trends have been seen in patients
with advanced melanoma who are treated with immune
checkpoint inhibitors and experience immune-mediated
adverse events.22

FURTHER MANAGEMENT IN METASTATIC RENAL
CELL CARCINOMA

Because patients with immune-mediated adverse events
may have a durable response, despite discontinuation of
therapy, there has been interest in determining whether
a response-adaptive approach could be taken to therapy.
The phase II TITAN-RCC trial enrolled patients with mRCC
who were treatment naive or had received one prior VEGF
tyrosine kinase inhibitor. Patients were treated with nivo-
lumab every 2 weeks for four cycles of therapy. Those
patients with a PR or CR were continued on nivolumab
alone, whereas those with stable disease or progression
received intensified therapy with the addition of ipilimu-
mab.23 Of the 108 patients who were treatment naive and
were treated with nivolumab monotherapy, ORR was
28.7%. The ORR increased to 37%when including patients
who went on to receive nivolumab with ipilimumab. In
another phase II study, the OMNIVORE trial, immune
checkpoint inhibitor–naive patients with mRCC received
nivolumab alone. If a PR or CR was confirmed within
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6 months of treatment, nivolumab was discontinued; it was
reinitiated only if progressive disease developed.24 Patients
with stable disease continued treatment with nivolumab
while receiving additional intensified therapy with two doses
of ipilimumab. Partial responses were seen in 11% of pa-
tients, with 45% of these patients remaining off nivolumab
for at least 1 year. Of those who had stable disease after
treatment with nivolumab, 4% converted to a PR with in-
tensification of ipilimumab. This study argues against
premature discontinuation of nivolumab, as well as dein-
tensification of nivolumab plus ipilimumab.

In contrast to efforts at deintensification, an ongoing trial in
patients with intermediate- or poor-risk mRCC is evaluating
the possibility of improved response with early incorporation
of VEGF-targeting therapy. In the Alliance A031704 (PDI-
GREE) trial, patients with untreated intermediate- or poor-
risk mRCC received nivolumab plus ipilimumab.25 If
patients experience a PR or stable disease after initial
treatment with four cycles of nivolumab plus ipilimumab,
they will be randomly selected to receive nivolumab alone or
nivolumab plus cabozantinib. The primary objective of the
trial is OS; thus, it will evaluate whether early introduction of
cabozantinib is beneficial to patients with incomplete re-
sponses to immune checkpoint inhibitor therapy.

Data are limited with regard to rechallenging with immune
checkpoint inhibitor therapy after progression on initial
immune checkpoint inhibitor–based treatment. A retro-
spective analysis of 69 patients who had been treated with at
least two lines of immune checkpoint inhibitor–based
therapy evaluated responses and immune-mediated ad-
verse events.26 Although most patients discontinued treat-
ment as a result of disease progression or immune-
mediated adverse events, the ORR to second treatment
with immune checkpoint inhibitor–based therapy was 23%.
Responses appeared to bemore likely in those with previous
responses to immune checkpoint inhibitors. Among pa-
tients receiving a rechallenge with immune checkpoint
inhibitor therapy, 16% had grade 3 or higher immune-
mediated adverse events.

A phase II study of lenvatinib combined with pem-
brolizumab enrolled patients who had experienced disease
progression after at least two doses of immune checkpoint
inhibitor therapy.27 In this study, the ORRwas 55% (95%CI,
45%–65%), with a median duration of response of 12 months
(95% CI, 9–18). This response appeared to be indepen-
dent of prior immune checkpoint inhibitor combination
therapy. Data are not available about whether the patients
had a previous response to immune checkpoint inhibitors.
There may be a role for novel immune checkpoint inhibitor
combinations in patients with mRCC progressing on initial
immune checkpoint inhibitor treatment; however, further
studies are needed.

Many of the therapies available for the treatment of mRCC,
such as sunitinib, pazopanib, and axitinib, were developed
prior to the adoption of immune checkpoint inhibitors in the
first-line setting. Thus, there is a paucity of prospective data
on the efficacy of treatments in patients with mRCC who
have previously been treated with or responded to immune
checkpoint inhibitors. The phase III METEOR study, which
established the superior efficacy of nivolumab compared
with cabozantinib in patients with refractory mRCC, allowed
for patients with prior immune checkpoint inhibitor ther-
apy.28 When the 32 patients with prior immune checkpoint
inhibitor treatment were evaluated, ORR was 22% for
cabozantinib compared with 0% for everolimus. Median OS
was not reached for patients treated with cabozantinib.28

Some retrospective studies have also evaluated VEGF-
targeting agents after immune checkpoint inhibitor ther-
apy. A retrospective analysis of 86 patients with mRCC who
received cabozantinib after progression on immune check-
point inhibitors or immune checkpoint inhibitor combinations
found that 36% of patients (95% CI, 26%–47%) had an
ORR.29 The median OS in these patients was 13.1 months
(95% CI, 8.7–not reached). Another retrospective analysis of
84 patients with mRCC who received cabozantinib after
nivolumab treatment revealed anORR of 52%, with amedian
OS of 17.3 months.29 In general, retrospective data suggest
that VEGF-targeting agents still have efficacy in patients
with mRCC who were previously treated with mRCC.30,31

Thus, it is quite reasonable for patients who progress af-
ter immune checkpoint inhibitor therapy to be treated with
VEGF-targeting agents with the expectation of similar re-
sponses as those previously seen in immune checkpoint
inhibitor–naive patients.

RESPONSES IN METASTATIC UROTHELIAL CARCINOMA

Patients with mUC who are treated with immune checkpoint
inhibitors generally fall into three categories: those who have
experienced progression on platinum-based chemotherapy
regimens, those who are cisplatin ineligible and have ad-
equate expression of PD-L1, and those who are chemo-
therapy ineligible. A number of anti–PD-1 and anti–PD-L1
antibodies have been approved for treatment of mUC, al-
though it should be noted that pembrolizumab and ate-
zolizumab are the only immune checkpoint inhibitors that
have been studied specifically in cisplatin-ineligible patients
with mUC.

Patients with untreated cisplatin-ineligible mUC were
studied in the IMvigor210 trial, a phase II study in which
patients were treated with atezolizumab, an anti–PD-L1
antibody.8 Among those patients, an ORR of 23% (95%
CI, 16%–31%) was observed, with a CR rate of 9%. With
a 17.2-month median follow–up, the median duration of
response was not reached among these patients, and 70%
of responses persisted. The KEYNOTE-052 trial was another
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phase II study of untreated cisplatin-ineligible patients with
mUC.6 A single arm evaluated pembrolizumab in these
patients; it resulted in an ORR of 28.6% (95% CI, 24.1%–

33.5%), with 9% of patients experiencing a CR. After
a median follow-up of 29.3 months, the median duration of
response was 30.1 months (95% CI, 18.1 months–not
reached). Of responding patients, 67% maintained a re-
sponse for at least 12 months, and 52% maintained re-
sponse for at least 24 months.

The IMvigor210 and KEYNOTE-052 studies treated pa-
tients regardless of PD-L1 status. Subsequent to the
approval of atezolizumab and pembrolizumab, evaluation
of data indicated that cisplatin-ineligible patients should
only be treated if their tumor tissue exhibited adequate
PD-L1 expression. In patients without adequate PD-L1
expression, atezolizumab and pembrolizumab resulted
in detrimental outcomes compared with chemotherapy.
However, for patients with adequate PD-L1 expression,
response rates were only slightly more robust. In the
IMvigor210 study, the ORR was 28% for patients with
PD-L1 tumor-infiltrating cells at least 5%.8 In the KEYNOTE-
052 trial, for patients who had a PD-L1 combined positive
score of at least 10, the ORR was 47.3%, with a 20% CR
rate.6

Two phase III studies evaluated immune checkpoint in-
hibitors compared with chemotherapy in patients with mUC
who had recurrence or progression after platinum-based
chemotherapy. The phase III KEYNOTE-045 study was
a randomized study of patients with mUC who were re-
fractory to platinum-based treatment; it demonstrated that
treatment with pembrolizumab resulted in superior OS
compared with investigator’s choice of paclitaxel, docetaxel,
or vinflunine (HR, 0.73; 95% CI, 0.59–0.91; p = .002).12,13

Among patients treated with pembrolizumab, the ORR was
21.1% (95% CI, 16.4%–26.5%), with 9.3% of patients
experiencing a CR (95% CI, 6.1%–13.4%). After a median
follow-up of 27.7 months, the median duration of response
was not reached for pembrolizumab. Of patients who
responded, 68% had a response persisting for at least 12

months. In terms of long-term responders, 9.8% of patients
completed 2 years of pembrolizumab therapy. In contrast,
atezolizumab was compared with chemotherapy in patients
withmUC that was refractory to platinum-based treatment in
the phase III IMVigor211 study.32 In this study, atezolizumab
was not associated with significantly improved OS com-
pared with chemotherapy. Although ORR for atezolizumab
versus chemotherapy was not significantly different (23%
and 22%, respectively), the duration of response was longer
in the atezolizumab group. With a median follow-up of 17.3
months, the median duration of response was 15.9 months
(95% CI, 10.4 months–not reached) for patients treated
with atezolizumab. Other single-arm phase II studies
demonstrated that nivolumab, durvalumab, and avelu-
mab have benefit in patients with mUC that is refractory
to platinum-based treatment.9-11 These are outlined in
Table 1. Although the ORR for these immune checkpoint
inhibitors ranges from 17.8% to 19.6%, CRs are observed
and durable responses are seen with these treatments.9-11

Of note, approvals for atezolizumab and durvalumab
have recently been voluntarily withdrawn for patients
with refractory mUC as the result of follow-up efficacy
data from the phase III IMVigor211 and DANUBE studies,
respectively.32

Similar to the treatment of mRCC, immune checkpoint in-
hibitors lead to adverse events in patients with mUC that
require monitoring and vigilance (Table 2). The rate of grade
3/4 treatment-related adverse events ranges from 6.8% to
20% with immune checkpoint inhibitors in patients with
mUC, and the rate of discontinuation ranges from 1.6% to
9.1%.7,9-12 Interestingly, there are data suggesting that
immune-mediated adverse events may be associated with
responses to therapy in mUC, as well as in other solid
tumors.33-36 Again, as in mRCC, some of these responses
persist despite discontinuation of therapy. Thus, patients
with a response to immune checkpoint inhibitors who re-
quire discontinuation of therapy should be monitored for
evidence of clinical or radiographic progression prior to
initiating further treatment.

TABLE 1. Responses to Immune Checkpoint Inhibitors in Chemotherapy-Refractory Metastatic Urothelial Carcinoma

Agent Mechanism

No.

Patients

Follow-up, Median

(range),

Months ORR (95%CI),% CR, %

Median DOR,

Months

Patients With

Ongoing

Responses, %

Atezolizumab32* PD-L1 inhibitor 467 17.3 23 (15.6–31.9) 7 15.9 62

Avelumab9 PD-L1 inhibitor 44 16.5 (15.8–16.7) 18.2 (8.2–32.7) 11.4 Not reached 75

Durvalumab11* PD-L1 inhibitor 191 5.78 (0.4–25.9) 17.8 (12.7–24) 3.7 Not reached 76.5

Nivolumab10 PD-1 inhibitor 270 7.00 (2.96–8.77) 19.6 (15.0–24.9) 2 Not reached 77

Pembrolizumab13 PD-1 inhibitor 270 27.7 21.1 (16.4–26.5) 9.3 Not reached 68

Abbreviations: DOR, duration of response; ORR, objective response rate.
*U.S. Food and Drug Administration approval was voluntarily withdrawn based on phase III data.
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FURTHER MANAGEMENT IN METASTATIC
UROTHELIAL CARCINOMA

Perhaps in contrast to the treatment of mRCC, patients with
mUC who have been treated with immune checkpoint in-
hibitor therapy have been enrolled in recent trials evaluating
agents that are now approved for the treatment of refractory
mUC. For example, the phase II BLC2001 trial enrolled pa-
tients with mUC with prespecified FGFR alterations to receive
erdafitinib.37 Patients enrolled in this trial had progressed on at
least one course of chemotherapy and were permitted to have
received prior immune checkpoint inhibitors. Of the 99 pa-
tients enrolled, 22 (22%) had experienced progression or
relapse after immune checkpoint inhibitor treatment; how-
ever, only one had exhibited a response prior to enrollment in
the BLC2001 trial. Erdafitinib resulted in an ORR of 34%
(95%CI, 25-44); however, the ORR was 59% among patients
who were treated previously with immune checkpoint in-
hibitors. It appears that patients with FGFR3 mutations or
FGFR2/3 fusion alterations do not tend to respond to immune
checkpoint inhibitors. However, not enough patients with
these FGFR alterations who respond to immune checkpoint
inhibitors have been studied to conclude whether erdafitinib
would benefit them, likely as a result of their scarcity.

Most notably, enfortumab vedotin, an antibody drug con-
jugate that targets nectin-4, which is highly expressed in
urothelial cancer, was studied in the phase II EV-201 trial.38

To be eligible for enrollment, the trial required that patients
with mUC had been treated with platinum-based chemo-
therapy and a immune checkpoint inhibitor. The ORR was
44% (95%CI, 35.1%–53.2%) for the 125 patients enrolled in
the trial. Of the patients treated with enfortumab vedotin,
those who were deemed to be prior responders to immune
checkpoint inhibitors had a better ORR (56%; 95% CI,
34.9%–75.6%) compared with patients classified as non-
responders (ORR, 41%; 95% CI, 31.3%–51.3%). Based on
the results of that trial, enfortumab vedotin was approved by
the U.S. Food and Drug Administration. A follow-up phase III
study (EV-301 study), in which patients who were refractory
to platinum and had immune checkpoint inhibitor exposure
were randomly selected to receive enfortumab vedotin or
investigator-chosen chemotherapy, confirmed the efficacy of

enfortumab vedotin.39 That study demonstrated that enfor-
tumab vedotin had superior OS (HR, 0.70; 95% CI, 0.56–
0.89; p = .001).

Based on these data, patients with mUC who have expe-
rienced progression after immune checkpoint inhibitors
should be treated first with enfortumab vedotin. Trials
studying the combination of enfortumab vedotin with
pembrolizumab are ongoing; the results could further alter
the treatment landscape for mUC.

CONCLUSION

The rapidly evolving landscape of treatment of mRCC and
mUC has now incorporated immune checkpoint inhibitor
treatment in nearly all patients. Combinations of immune
checkpoint inhibitors or immune checkpoint inhibitors
with VEGF-targeting agents have become first-line therapy
for mRCC and they result in substantial and durable re-
sponses. Currently, single-agent immune checkpoint in-
hibitors have established efficacy in the treatment of mUC,
with durable responses observed. Although treatment
discontinuations are sometimes required because of
immune-mediated adverse events, a large portion of patients
continue to respond to therapy and enjoy a treatment-free
interval. Future studies should include endpoints, such as
time to subsequent therapy or treatment-free survival, to
better quantify the nature of durable PRs and CRs. Patients
with mUC who were treated previously with immune
checkpoint inhibitors should be treated with enfortumab
vedotin at the time of progression, given the robust data re-
garding its efficacy. Immune checkpoint inhibitors combined
with novel agents may further alter the treatment landscape in
mUC. In patients with mRCC who were previously treated with
immune checkpoint inhibitors, single-agent VEGF-targeting
agents are reasonable options for treatment. Future combi-
nations of immune checkpoint inhibitors, alone or with novel
agents in the second- and third-line setting in mRCC, may
result in further responses to immunotherapy. More studies
are needed to better characterize responders to immune
checkpoint inhibitors and whether their responses are as-
sociated with true differences in responses to subsequent
therapy.

TABLE 2. Safety of Immune Checkpoint Inhibitors in Refractory Metastatic Urothelial Carcinoma
Agent Grade 3/4 Treatment-Related AEs, % Discontinuation Due to AEs, %

Atezolizumab32 20 7

Avelumab9 6.8 9.1

Durvalumab11 6.8 1.6

Nivolumab10 18 5

Pembrolizumab13 16.5 6.8

Abbreviation: AE, adverse event.
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overview

Systemic therapy for first-line metastatic renal cell carcinoma has evolved toward immune checkpoint

blockade combinations incorporating a PD-1/L1 inhibitor along with CTLA-4 inhibition or VEGF-targeted

therapy. The new treatment paradigm that integrates immunotherapy for treatment-naı̈ve advanced meta-

static renal cell carcinoma creates a new therapeutic challenge for clinicians including the optimal way to

integrate multidisciplinary care involving surgery, radiotherapy, and application of contemporaneous systemic

treatment in subsequent lines of therapy following discontinuation of combination therapy. We outline the

available data for the multidisciplinary management of metastatic renal cell carcinoma, systemic therapy

options in the post–immune checkpoint blockade setting, and novel therapies in development for advanced

renal cell carcinoma. We provide practical considerations to assist clinicians in treatment choice and map

future directions for progress.

Combination therapy incorporating immune check-
point blockade (ICB) with a PD-1/L1 inhibitor along
with CTLA-4 inhibition or VEGF-targeted therapy has
created a new standard of care with improved out-
comes for patients with metastatic renal cell carcinoma
(mRCC).1-4 Historical data used to guide treatment
decisions and inform guideline recommendations were
from the era predating ICB. As patients now develop
resistance or toxicity to ICB in the first-line treatment of
mRCC, a new challenge has emerged of how to op-
timally treat patients in the second line who have re-
ceived first-line immunotherapy. The applicability of
evidence formed in the context of a targeted therapy or
cytokine backbone requires repeat evaluation for the
application of subsequent systemic therapies and in-
tegration of complementary modalities of surgery and
radiotherapy.

ROLE OF VEGF-TARGETED THERAPY
FOLLOWING IMMUNOTHERAPY

Data for the role of VEGF-targeted agents following
immunotherapy stem from small prospective cohorts
and collection of retrospective series (Table 1). Pro-
spective data come from a phase II trial where dose
escalation of axitinib was performed in 40 patients who
had received ICB (alone or in combination) as the most
recent line of therapy. Seventy-two percent of patients
had at least two prior systemic therapies, and 70% re-
ceived prior VEGF therapy. Although the trial did not meet
its primary endpoint (an improvement in progression-free
survival [PFS] from 6.5 to 9.5 months defined from
historical cohorts), the reported 8.8-month PFS and

overall response rate (ORR) of 45% are favorable in
a pretreated setting; dose-titrated axitinib was safe and
active in the post-ICB space.5

The utility of tivozanib post-ICB was detailed in a posthoc
analysis from the TIVO-3 study, where tivozanib was
compared with sorafenib as third- or fourth-line therapy in
mRCC. In 91 patients (26% of 350 total patients) having
previously received treatment with ICB, median PFS fa-
vored tivozanib at 7.3 months compared with 5.1months
with sorafenib (hazard ratio [HR], 0.55; 95% CI, 0.32–
0.94). Overall response rate was not reported within the
ICB cohort but was 18% for tivozanib and 8% for sor-
afenib in the intention-to-treat population.7

Data outlining VEGF blockade single-agent activity are
also available from a posthoc analysis of the METEOR trial,
which compared cabozantinib to everolimus for patients
with VEGF-pretreated mRCC. Of 32 patients who had
received prior ICB therapy (5%of the total cohort), activity
metrics favored cabozantinib over everolimus consistent
with the overall population, with ORR of 22% versus 0%,
median PFS (HR, 0.22; 95% CI, 0.07–0.65), and overall
survival (OS; HR, 0.56; 95% CI, 0.21–1.52).6 The single-
agent activity of cabozantinib is also reported in a large
retrospective series by McGregor et al18 in 86 patients
with a median of two total lines of prior therapy. Cabo-
zantinib demonstrated an ORR of 36% with a median
time to treatment failure of 6.5 months.6

Large retrospective series have detailed the utility of
VEGF monotherapy, reporting the pooled activity for
multiple tyrosine kinase inhibitors following treatment
with ICB. These series differ in the number of lines of
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prior therapy, prior ICB regimen, timing of exposure to prior
ICB, and prior VEGF-directed therapy. Collectively, the ORR
ranges from 13%–36%, with a median PFS or time to
treatment failure of 4 to 13 months (Table 1).

Data also support the combination of VEGF- and mTOR-
targeted therapy with lenvatinib/everolimus. Wiele et al9

conducted a retrospective study of patients treated with
lenvatinib alone (30%) or in combination with everolimus
(70%) following ICB. Patients had received at least two
(median, 4) prior lines of therapy. The combination strategy
yielded an ORR of 30% with a median PFS of 4.2months
and median OS of 10.8months.9 A small case series also
detailed the activity of lenvatinib and everolimus in patients
whose tumors were refractory to first-line therapy with ty-
rosine kinase inhibitor or ICB. Hamieh et al10 described the
outcomes in seven patients, five of which had been exposed
to ICB. In this limited series, two of five patients (40%) with
primary progression on ICB-based therapy (both pretreated
with ipilimumab/nivolumab) had tumors that responded to
lenvatinib/everolimus.

Collectively, this prospective and retrospective data support
the role of VEGF inhibition following ICB. Further pro-
spective trials are warranted to investigate the relative ef-
ficacy of these agents alone or in combination following

modern frontline regimens, which include ICB combination
therapies.

ROLE OF IMMUNE CHECKPOINT BLOCKADE
FOLLOWING IMMUNOTHERAPY

The combination of ipilimumab and nivolumab improves
outcomes compared with sunitinib in intermediate and poor
International mRCC Database Consortium risk mRCC.1

Given that single-agent anti–PD-1 monotherapy is well
tolerated and associated with a significant response rate and
durable remission, an important clinical question is whether
toxicity may be reduced by avoiding the upfront use of
ipilimumab in some patients by starting on nivolumab
monotherapy, with “salvage” ipilimumab administered for
nonresponding or progressive disease.19 Three trials (TITAN-
RCC, OMNIVORE, and HCRN GU16-260), utilizing an
adaptive therapy design, have interrogated this question
and provide evidence on the activity of ipilimumab/nivolumab
in a group of patients who experience primary progression on,
or achieve a best response of stable disease to nivolumab
monotherapy (Table 2).20-22 These trials were not performed in
a uniform setting, differing in the proportion of pretreated
patients and the number of salvage ipilimumab cycles de-
livered. However, the additional response rate is consistent
between studies at 5%–15% with addition of ipilimumab to
nivolumab, with limited complete responses reported.

Further evidence comes from the FRACTION-RCC study, an
open-label, randomized, phase II trial.23 In contrast to the
adaptive trial designs outlined above, track 2 of this study
evaluated the activity of ipilimumab/nivolumab for patients
who had been heavily pretreated (50% received three or
more lines of prior therapy), and all had eventually pro-
gressed on PD-1/L1 immunotherapy (as opposed to re-
ceiving ipilimumab for nonresponse). The primary endpoint,
ORR, was 15%; seven of 46 patients had tumors that achieved
a partial response, duration of response ranged from 2–19
months, and no patients experienced a documented complete
response. Themedian PFSwas 3.7months (95%CI, 2.2–7.3).
These data indicate that there is a potential role of ipilimumab
blockade, though efficacy parameters appear inferior to use
in the frontline setting.

Additional data on the activity of ipilimumab and nivolumab
in a real-world setting following progression or exposure to
prior PD-1/L1 therapy stem from a retrospective series by
Gul et al.24 This retrospective multi-institutional analysis
included 45 patients who received salvage ipilimumab/
nivolumab after a median of three lines of prior therapy that
included PD-1/L1 with or without VEGF therapy.24 At a median
follow-up of 12 months, the ORR was 20%; nine patients
(20%) had tumors achieving a partial response and seven
patients (16%) had stable disease. The median PFS was
4 months (range, 0.8–19 months), with median duration of
response of 7 months (range, 2–17 months).

PRACTICAL APPLICATIONS

• Choice of second-line systemic treatment is
dependent on the agent(s) used in the frontline
setting; use of VEGF inhibition is supported by
prospective clinical data and retrospective
series.

• Treatment utilizing a second immune check-
point blockade combination regimen appears
active and safe; the activity relative to VEGF
monotherapy is unclear.

• Surgery remains an important modality,
preferentially used when patients can have
the majority of their disease burden resected
(cytoreduction) or rendered free of macroscopic
disease (metastasectomy).

• Stereotactic body radiation therapy use has
high rates of locoregional control, but the role for
synergy with systemic treatment for patients
with oligometastatic and oligoprogressive
disease is still being defined.

• Clinical trials are important to inform future
practice; novel agents such as HIF-2α
antagonists demonstrate activity in
patients pretreated with immune checkpoint
blockade.
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Overall, in patients who have been previously exposed to or
progressed on PD-1/L1 therapies, the use of ipilimumab/
nivolumab provides a response rate of 5%–15%, with
limited complete responses observed. The duration of re-
sponse in patients with tumors that respond remains poorly
defined with low sample sizes, a heterogeneous population,
and limited follow-up duration. The additional benefit of
continuing nivolumab during ipilimumab salvage therapy
remains unresolved; given the long biologic half-life of ICB,
there may be limited benefit in continuing PD-1 therapy with
concurrent ipilimumab. Yang et al25 previously reported
a response rate of 13% for ipilimumab monotherapy in
patients with cytokine-pretreated mRCC, albeit utilizing higher
doses of ipilimumab to 3 mg/kg.25

Given the activity of combinations in first-line therapy, an
enticing strategy is to incorporate VEGF inhibition with PD-1/
L1 blockade in patients pretreated with ICB therapy. Fol-
lowing promising activity in a phase Ib/II trial, the combi-
nation of lenvatinib 20 mg daily and pembrolizumab was
tested in a phase II expansion cohort of 104 patients with
mRCC, all of whom had recently progressed on PD-1/L1
inhibition; 65% had prior VEGF exposure, and most (58%)
patients had received two or more prior anticancer regi-
mens. Overall response rate was a robust 51% with a me-
dian PFS of 11.7 months and amedian duration of response
of 9.9 months.26

The activity of immunotherapy combinations other than
nivolumab and ipilimumab have been detailed in a retro-
spective series from Ravi et al27 who described the out-
comes of utilizing a second ICB-containing regimen in

a multicenter study of 69 patients with mRCC. The majority
of patients had previously received single-agent ICB (27
patients; 39%) or ICB in combination with a VEGF-targeted
therapy (29 patients; 42%) as the prior immunotherapy
regimen. Immune checkpoint blockade rechallenge in-
cluded mixed regimens; salvage PD-1/L1 plus a VEGF
pathway–targeted agent (42%), PD-1/L1 monotherapy
(39%), or ipilimumab/nivolumab therapy (13%). Use of
a second ICB regimen was associated with an ORR of 23%,
and 16% of patients experienced a grade 3 or higher
immune-related adverse event.27

SAFETY OF RECHALLENGE WITH IMMUNE
CHECKPOINT BLOCKADE

The presence of comorbid autoimmune disease or prior
immune-related adverse events is important when con-
sidering subsequent systemic therapy incorporating ICB.

Limited data suggest that rechallenge with ICB following
interruption for toxicity appears safe. Abou Alaiwi et al28

performed a multicenter retrospective study that identified
patients with mRCC treated with ICB who had more than
1 week of therapy interruption for immune-related adverse
events. Within this cohort, 47% had experienced a grade
3 or 4 event. After retreatment following a median treat-
ment interruption of approximately 1 month, 50% experi-
enced subsequent immune-related adverse events (12
new, 6 recurrent) with 19% being grade 3 or greater events.
Rechallenge resulted in 23% additional complete or partial
responses in patients whose disease had not previously
responded. Clinicians who rechallenged ICB in this cohort
likely selected patients in whom serious sequelae from the

TABLE 1. Activity of Targeted Therapy Following Immune Checkpoint Blockade

Author Study Agents

No. of

Patients ORR PFS/TTF

Ornstein et al5 Prospective; phase II Axitinib, dose titrated 38 45% 8.8 months

Choueiri et al6 Subgroup; phase III, METEOR Cabozantinib/everolimus 32 22% NR/4.1 months

Rini et al7 Subgroup; phase III, TIVO-3 Tivozanib 47 NR 7.3 months

Singh et al8 Retrospective Cabozantinib 86 36% 6.5 months

Wiele et al9 Retrospective Lenvatinib +/� everolimus 40 30% 4.2 months

Hamieh et al10 Retrospective Lenvatinib + everolimus 5 40% NR

Shankar et al11 Retrospective VEGF TKI 70 41% 13.2 months

Powles et al12 Retrospective VEGF TKI 70 28% 6.4 months

Hammers et al13 Retrospective VEGF TKI 56 13% 6.9 months

Ravi et al14 Retrospective VEGF TKI 56 33% 8.0 months

Choueiri et al15 Retrospective VEGF TKI 55 30% 3.7/5.4 months*

Choueiri et al16 Retrospective VEGF TKI 33 36% 8 months

Tykodi et al17 Retrospective VEGF TKI 33 29% 6.4 months

Abbreviations: ORR, overall response rate; PFS, progression-free survival; TTF, time to treatment failure; NR, not reported; TKI, tyrosine kinase
inhibitor.
*Following immune checkpoint blockade-VEGF and ipilimumab-nivolumab combination, respectively.
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primary immune-related adverse events were considered
a limited risk in the event of recurrence. Notably, one-third
of the immune-related adverse events observed with
rechallenge constituted a new, rather than recurrent, tox-
icity. Serious adverse events such as neurologic sequelae or
myocarditis would represent a contraindication to rechal-
lenge. Furthermore, where an immune-related adverse
event had been experienced on ipilimumab/nivolumab, the
future use of single-agent PD-1/L1 is likely associated with
a lower risk of further immune-related adverse events
compared with ipilimumab rechallenge.28

INTEGRATION OF SURGERY AND RADIATION THERAPY IN THE
MANAGEMENT OF METASTATIC RENAL CELL CARCINOMA

The role of surgery and radiotherapy in treating mRCC are
both evolving (Tables 3 and 4). The precise role of surgery
and its timing with systemic therapy in treating patients with
mRCC remains controversial, especially in the context of
contemporary frontline treatment combinations for patients
with advanced disease. Risk stratification is an important
element of determining prognosis and selecting treatments for
patients with mRCC. The Memorial Sloan Kettering Cancer
Center/Motzer and International mRCC Database Consor-
tium/Heng criteria are two models that use baseline serum
laboratory values and clinical factors to assign patients to
either favorable, intermediate, or poor risk categories.29,30

These models have been widely used to better inform
prognosis, to interpret study results, and more recently to
guide therapy selection for treatment-naı̈ve patients with
advanced disease. Moreover, differences in survival based

on histologic subtype and location of metastasis may also
help guide selecting patients for surgery.31

Surgical options for mRCC encompass both cytoreductive
nephrectomy and metastasectomy. Cytoreductive nephrec-
tomy is thought to palliate symptoms and prolong survival in
patients with mRCC, potentially mediated through en-
hancement of the antineoplastic immunologic response by
removal of an “immunologic sink,” where circulating anti-
bodies and lymphocytes may be diverted to the primary
tumor and away from distant metastases, or through de-
creased production of cytokines and growth factors by the
primary tumor.32,33 Cytoreductive nephrectomy can also be
performed to relieve tumor-related symptoms, such as
hematuria or pain.

Similarly, metastasectomy is generally used to supplement
resection of the primary tumor and systemic therapy to
improve survival and delay disease progression in carefully
selected patients, predominantly those with International
mRCC Database Consortium favorable risk disease where
complete resection of oligometastatic disease is feasible.34

Radiation therapy, delivered via stereotactic body radiation
therapy (SBRT), can be used as metastasis-directed ther-
apy and is now being investigated to treat the primary tumor
in combination with systemic therapy.

Cytoreductive Nephrectomy

Cytoreductive nephrectomy became the gold standard
for treating mRCC in the 2000s after the SWOG-8949 and
EORTC-3047 trials both demonstrated increased OS for pa-
tients with mRCC who underwent cytoreductive nephrectomy

TABLE 2. Regimen Activity in Patients Exposed to Prior Immunotherapy
TITAN-RCC21 OMNIVORE22 HCRN GU16-26020 FRACTION-RCC23 Gul et al24 Yang et al25

Regimen (mg/kg) Nivo 3/ipi 1 Nivo 3/ipi 1 Nivo 3/ipi 1 Nivo 3/ipi 1 Nivo 3/ipi 1 Ipi 1 or 3

Total Patients 207 83 123 46 45 61

ccRCC, (n [%]) 207 (100) 80 (99) 123 (100) 44 (96) 40 (89) 61 (100)

First-Line (n [%]) 108 (52) 42 (51) 123 (100) 1 (2) 0 (0) 0 (0)

Prior VEGF Yes Yes No Yes Yes No

Induction Nivo Duration (months) 4 6 3 NA NA NA

Salvage Nivo/Ipi Cycles (n) 4 2 4 4 4 NA

IMDC Risk (%) — — — — — —

Favorable 3 33 24 NR 20 NR

Intermediate 71 54 65 NR 64 NR

Poor 27 13 10 NR 7 NR

ORR for Nivo/Ipi (%) 12 4 13 15 20 13 *for ipi

CR (%) 3 0 0 0 0 0

Abbreviations: nivo, nivolumab; ipi, ipilimumab; ccRCC, clear cell renal cell carcinoma; NA, not applicable; IMDC, International mRCC Database
Consortium; NR, not reported; ORR, overall response rate; CR, complete response.
*3 mg/kg loading followed by 1 mg/kg (cohort A) or 3 mg/kg (cohort B) very 3 weeks.
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with interferon alfa-2b compared with interferon alfa-2b
alone.35-37 However, as the armamentarium of systemic
therapies has significantly expanded and outpaced surgical
clinical trials, data incorporating the use of systemic therapy
in conjunction with cytoreductive nephrectomy have been
largely limited to retrospective studies.38

In 2018 and 2019, two landmark trials, CARMENA and
SURTIME, respectively, were published that challenged
the value of cytoreductive nephrectomy for patients re-
ceiving frontline single-agent VEGF inhibition.39,40 CARMENA
(NCT00930033), a noninferiority randomized phase II trial
that was open to accrual for 8 years but closed before
reaching its planned enrollment target of 576 patients,
randomly assigned 450 patients with Memorial Sloan Ket-
tering Cancer Center intermediate and poor risk clear cell
mRCC to receive either cytoreductive nephrectomy followed
by sunitinib or sunitinib alone. Notably, 18% of patients in
the cytoreductive nephrectomy/sunitinib group never re-
ceived systemic therapy, and 17% in the sunitinib-only
group ultimately underwent cytoreductive nephrectomy.
The trial population differed from that traditionally thought
to benefit from cytoreductive nephrectomy (favorable In-
ternational mRCC Database Consortium risk patients and/or
those with limited extrarenal disease), as 43% of patients

harbored Memorial Sloan Kettering Cancer Center poor risk
disease reflected in the control arm OS of 18 months
compared with 22–26 months in contemporary VEGF trials.
After 50.9 months of follow-up, there was nodifference in OS
between the sunitinib-only and cytoreductive nephrectomy/
sunitinib groups (18.4 vs. 13.9 months, respectively; HR,
0.89; 95% CI, 0.71–1.10) demonstrating that the results of
the sunitinib-only group were noninferior to those in the
cytoreductive nephrectomy followed by sunitinib group.40 Sub-
sequent subgroup analyses (that were not prespecified)
have explored outcomes based on International mRCC
Database Consortium risk score; for intermediate risk pa-
tients with two risk factors, the sunitinib alone group dem-
onstrated a median OS of 16.6 months compared with
31.2 months for sunitinib with cytoreductive nephrectomy
(HR, 0.61; 95% CI, 0.41–0.91; p = .015). However, of the
48% of patients who had one risk factor (interval between
diagnosis and treatment less than 1 year), the use of
cytoreductive nephrectomy in combination with sunitinib
suggests a modest benefit compared with sunitinib alone
(median OS, 30.5 vs. 25.2 months; HR, 1.24; 95% CI,
0.81–1.90).

The phase III SURTIME trial (NCT01099423) evaluated
the optimal sequencing of targeted therapy and cytoreductive

TABLE 3. Select Ongoing Clinical Trials Investigating Cytoreductive Nephrectomy or Metastasectomy With Systemic Therapy
Trial Number (Trial

Name) Phase

No. of

Patients Treatment Sequence Primary Endpoint Status Trial Start

NCT03977571
(NORDIC-SUN)

III 400 (1) Nivolumab/ipilimumab → CN →
nivolumab

OS Recruiting September
2019

(2) Nivolumab/ipilimumab → nivolumab

NCT04510597
(PROBE)

III 364 (1) Nivolumab, pembrolizumab, or
avelumab → ongoing

OS Recruiting November
2020

(2) Nivolumab or pembrolizumab or
avelumab → CN → systemic therapy

NCT04322955
(Cyto-KIK)

II 48 Nivolumab/cabozantinib → CN
(cabozantinib stopped 21 or 14 days
prior) → nivolumab/cabozantinib

Complete response Recruiting March 2020

NCT04370509 II 84 (1) Pembrolizumab → CN or
metastasectomy → pembrolizumab

Tumor-infiltrating
immune cells

Recruiting November
2020

(2) Pembrolizumab + axitinib → CN or
metastasectomy → pembrolizumab +
axitinib

NCT02210117 I 105 (1) Nivolumab/bevacizumab → CN →
nivolumab

Adverse events Active November
2014

(2) Nivolumab/ipilimumab → CN →
nivolumab

NCT03473730 I 30 Daratumumab → CN → daratumumab Adverse events Recruiting May 2018

NCT03324373 I 15 Lenvatinib/everolimus → CN → systemic
therapy

Adverse events Recruiting March 2019

Abbreviations: CN, cytoreductive nephrectomy; OS, overall survival.
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nephrectomy by randomly assigning patients to receive
either upfront cytoreductive nephrectomy followed by
sunitinib or sunitinib with subsequent cytoreductive ne-
phrectomy. Enrollment was closed early given poor accrual
leading to an underpowered analysis and difficult to draw
conclusions. However, cytoreductive nephrectomy follow-
ing sunitinib was demonstrated as safe and feasible. The
intention-to-treat analysis displayed that median OS was
longer for the delayed cytoreductive nephrectomy com-
pared with the upfront cytoreductive nephrectomy arm
(32.4 vs. 15.0 months, respectively; HR, 0.57; 95% CI,
0.34–0.95; p = .03).39

The imperfections of these studies underscore the impor-
tance of patient selection and highlight the need for high-
quality prospective studies utilizing contemporary treatment
strategies to optimally assess the role and timing of systemic
therapy plus cytoreductive surgery.38 The NORDIC-SUN
trial (NCT03977571) is enrolling patients with International
mRCC Database Consortium intermediate and poor risk
treatment-naı̈ve mRCC. Patients will be randomly assigned
to receive delayed cytoreductive nephrectomy following
induction treatment with ipilimumab and nivolumab, fol-
lowed by maintenance nivolumab. The primary endpoint is

OS with secondary endpoints including PFS, time to sub-
sequent systemic therapy, and ORR.41

Two new trials investigating the role of cytoreductive ne-
phrectomy with immuno-oncologic agents were opened in
2020. The phase III PROBE trial (NCT04510597) aims to
enroll 364 patients with treatment-naı̈ve mRCC who will
undergo treatment with modern ICB combination therapies.
Patients deemed surgical candidates will then be randomly
assigned to receive either cytoreductive nephrectomy fol-
lowed by the continuation of systemic therapy or systemic
therapy alone. The primary endpoint is OS.42

Cyto-KIK (NCT04322955) is a phase II multicenter trial
where patients with mRCC will receive cabozantinib and
nivolumab in combination for 12 weeks prior to undergoing
cytoreductive nephrectomy. Patients in both cohorts will
resume systemic combination therapy postoperatively. The
primary outcome is complete response rate with secondary
outcomes being OS, PFS, primary tumor size reduction,
toxicity, and surgical complications.43

Metastasectomy

Metastasectomy is another surgical option used in select
patients with advanced RCC. Mostly performed for oligo-
metastatic disease, much of the evidence surrounding

TABLE 4. Select Ongoing Clinical Trials Investigating Radiotherapy in the Treatment of mRCC
Trial Number

(Name) Phase

No. of

Patients Intervention Control

Primary

Endpoint(s) Trial Start

NCT02811250
(RSR-1)

I 13 SBRT (8–12 Gy in 4–5
fractions)

NA Safety October 2010

NCT01896271 II 26 High-dose IL-2 + SBRT
(8–20 Gy in 1–3 fractions)

NA ORR October 2013

NCT02019576 II 68 Sunitinib + SBRT to
metastatic sites

NA Locoregional
control at 1 year

May 2014

NCT02306954 II 84 High-dose IL-2 High-dose IL-2 and SBRT (2
doses, 20 Gy)

ORR December2014

NCT02781506 II 7 Nivolumab + SBRT (1–3
fractions)

NA ORR June 2016

NCT02599779
(OZM-065)

II 35 Pembrolizumab with SBRT
at progression

Pembrolizumab lead-in SBRT
given before second course
of pembrolizumab

PFS December
2016

NCT03065179
(RADVAX)

II 29 Ipilimumab + nivolumab +
SBRT

NA Safety March 2017

NCT03469713
(NIVES)

II 69 Nivolumab + SBRT (30 Gy in
3 fractions)

NA ORR July 2017

NCT04299646
(GETUG-StORM-
01)

II 114 Systemic treatment (VEGF,
mTOR inhibitor,
immunotherapy)

Systemic treatment + SBRT PFS July 2020

NCT04090710
(CYTOSHRINK)

II 78 Ipilimumab + nivolumab Ipilimumab + nivolumab and
SBRT (30–40 Gy in 5
fractions)

PFS January 2020

Abbreviations: mRCC, metastatic renal cell carcinoma; SBRT, stereotactic body radiation therapy NA, not available; IL-2, interleukin-2; ORR,
overall response rate; PFS, progression-free survival.
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metastasectomy is derived from retrospective studies in
the pretargeted therapy era and is likely influenced by
selection bias with fitter patients harboring more favorable
disease more likely to receive surgical intervention. A
2020 study using the Canadian Kidney Cancer information
system compared 229 patients with mRCC diagnosed be-
tween 2011 and 2018 who underwent complete meta-
stasectomy matched with 803 patients not treated with
metastasectomy.34 There was no difference in preoperative
rates of treatment with targeted agents. After both 1 and
5 years, survival rates were higher in the metastasectomy
group; these patients also exhibited longer time to initiation
of systemic therapy after surgery.34 A 2021 analysis in-
vestigating the utility of complete and incomplete meta-
stasectomy in the era prior to frontline ICB regimens
evaluated 314 patients with mRCC. After a mean follow-up
of 25.3 months, those who underwent complete meta-
stasectomy displayed longer OS than patients with in-
complete or no metastasectomy. Metastasectomy status
was found to be a predictor of OS on multivariate analysis.44

The role of systemic therapies to complement meta-
stasectomy has not been well studied in mRCC. The best
prospective evidence comes from the E2810 trial, an ad-
juvant trial of pazopanib versus placebo in patients rendered
with no evaluable disease after metastasectomy. The trial
enrolled 129 patients, and the study did not meet the pri-
mary endpoint of disease-free survival (HR, 0.85; 95% CI,
0.55–1.31; p = .47) in favor of pazopanib, with a trend
toward worse OS with the pazopanib arm (HR, 2.65; 95%
CI, 1.02–6.9; p = .05).45 Trials evaluating the role of adjuvant
VEGF tyrosine kinase inhibitor therapy following nephrec-
tomy for localized disease also did not translate into an
improvement in survival, although these did not include
patients with metastatic disease rendered with no evaluable
disease by surgical resection.46-49 Current trials recruiting in
the adjuvant space utilizing ICB with PD-1/L1 inhibitors may
add useful insights. The KEYNOTE-564 trial is investigating
adjuvant treatment following nephrectomy for high-risk lo-
calized disease and will include patients with metastatic
disease that has been completely resected, utilizing pem-
brolizumab compared with placebo.50 Similarly, the
IMmotion010 trial is assessing the role of adjuvant atezo-
lizumab following nephrectomy for high-risk localized dis-
ease and will include patients following complete resection
of metastatic disease.51 Also exploring the benefits of
metastasectomy with targeted therapy and ICB, a phase II
trial (NCT04370509) will randomly assign patients with
advanced or mRCC to receive neoadjuvant pembrolizumab
or pembrolizumab/axitinib followed by cytoreductive ne-
phrectomy with or without metastasectomy followed by
adjuvant therapy. The primary endpoint is an increase in
tumor-infiltrating immune cells with secondary endpoints of
OS, disease-free survival, and PFS.4

STEREOTACTIC BODY RADIATION THERAPY

Data supporting use of radiation therapy in treating RCC are
limited but quickly expanding with the adoption of modern
techniques.52,53 Traditionally, RCC has been considered
radio-resistant, but the advent of SBRT, which delivers very
high localized doses of radiation, has demonstrated success
in treating both localized and advanced RCC, with high rates
of locoregional control and low rates of toxicity.53 Moreover,
SBRT has been used successfully to treat RCC brain me-
tastases, a more common and problematic site of failure as
systemic therapy improves.54

Considering the use of SBRT within a multidisciplinary
treatment plan involving systemic therapy or surgery is
important; limited evidence informs therapy in the setting of
oligoprogression, where loss of disease control is experi-
enced at one or a small number of sites. One approach is to
use SBRT at the site or sites of progressive disease. Promising
safety and efficacy data in combination with systemic
therapy have been reported. In a retrospective analysis of
28 patients with oligoprogressive mRCC, Gebbia et al55 ex-
amined patients who received pazopanib with subsequent
hypofractionated SBRT to growing metastatic sites. Oligo-
progression occurred after a median of 9.5 months on
pazopanib. Treatment to progressive sites with SBRT resulted
in a PFS following radiotherapy of 4.6 months.55

The effect of changing or continuing systemic therapy after
SBRT in oligoprogressive mRCC has been described by
Barata et al56 where patients received SBRT for progressive
brain or spinal disease in the setting of controlled or
responding disease outside the SBRT target fields. The
treatment and disease outcomes were defined based on
whether patients continued on current therapy or were
switched to another regimen. No difference was noted in
treatment duration or OS between groups.56

Stereotactic body radiation therapy–treated tumors dem-
onstrate an increased expression of immunomodulatory
molecules, suggesting a rationale for combining SBRT with
immune-activating approaches including checkpoint in-
hibition and vaccination.8 Data supporting the use of se-
quential SBRT and pembrolizumab for oligometastatic disease
were reported by Shankar et al11 from the RAPPORT trial,
where SBRT was administered to one to five sites of oli-
gometastatic disease followed by PD-1 therapy. Median PFS
was 15.6 months, with freedom from local progression at
2 years of 92%, and no concerning safety signal. Also
exploring this concept, a retrospective international multi-
center register study evaluated 53 patients who underwent
both SBRT and either systemic therapy with targeted
therapy or ICB. After 1 year of follow-up, OS, local metastasis
control, and PFS rates were 71%, 75%, and 25%, re-
spectively. Both oligometastatic disease and Eastern Co-
operative Oncology Group status were predictors of prognosis.53
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RADVAX (NCT03065179) is an ongoing single-armphase II trial
assessing the use of nivolumab/ipilimumab and subsequent
SBRT and maintenance nivolumab in patients with mRCC.
Toxicity and ORR are the primary and secondary endpoints,
respectively.12 Preliminary results in 25 patients demonstrated
a 56% ORR and a median PFS of 8.2 months. All 25 patients
experienced a grade 1 or 2 adverse event, the most
common being fatigue, pruritis, and diarrhea. Thirty-six
percent of patients reported grade 3 or 4 treatment-related
adverse events, only one of which, colitis, was attributed
directly to radiation.13

The need for prospective randomized trials is important in
determining the benefit and optimal context of SBRT in
treatingmRCC.With a reduction in cytoreductive nephrectomy
being performed in the post-CARMENA era, treating the
primary with SBRT is being evaluated in CYTOSHRINK
(NCT04090710), a phase II study that will enroll 78 patients
with advanced treatment-naı̈ve RCC classified as having
International mRCC Database Consortium intermediate or
poor risk disease who are not candidates for cytoreductive
nephrectomy. Patients will be randomly assigned to receive
nivolumab/ipilimumab with or without SBRT to the primary
renal mass. PFS is the primary endpoint.1 The NRG
SAMURAI trial will randomly assign patients with In-
ternational mRCC Database Consortium intermediate and
poor risk mRCC undergoing ICB combination therapy to
receive SBRT to the primary tumor and will complement the
data to be derived from the CYTOSHRINK trial. Patients who
qualify may also undergo subsequent cytoreductive ne-
phrectomy, with PFS as the primary endpoint.

NOVEL TARGETS IN METASTATIC RENAL CELL CARCINOMA

A progressive understanding of the molecular basis of
mRCC has been key in the development of novel therapies.
Several are under development or have clinical trials in
progress, utilizing pathways that are upregulated in mRCC
such as HIF (hypoxia-inducible factor), stimulating the
immune response through novel immune checkpoint or
cytokine therapies, or exploiting metabolic dysregulation.14

The HIF-2α transcription factor is a key oncogenic driver
for clear cell RCC. Small molecule inhibitors against HIF-
2α have been successfully developed and demonstrate
significant activity in ICB-pretreated patients. In a phase I/II
trial of 55 patients, belzutifan (MK-6482), the second
generation HIF-2α inhibitor, produced an ORR of 24%with
69% of patients experiencing some tumor shrinkage. Forty
patients (73%) had received prior PD-1/L1 therapy, and 34
(62%) had received three or more lines of therapy.15 These
promising results have translated into a large phase III
trial that will examine the activity of MK-6482 relative to
everolimus in the pretreated setting (patients must have
received three or fewer prior systemic regimens, which

must include a PD-1/L1 inhibitor and a VEGF-targeted
therapy).16

Combination therapy incorporating MK-6482 is being
explored; a phase II study of MK-6482 with cabozantinib
in mRCC is in progress; cohort 2 will comprise patients
who have received prior ICB and no more than two prior
regimens for mRCC and will detail the safety and activity
of the combination.17 Expanding on the use of doublets, a large
phase III study of MK-6482 in combination with lenvatinib
versus cabozantinib as second-line or third-line treatment is
planned in participants with advanced RCC whose disease
has progressed after prior anti–PD-1/L1 therapy.57

Metabolic dysregulation is another pathway for therapeutic
development in mRCC. Glutamine metabolism is upregu-
lated in mRCC and important for tumor cell proliferation and
survival. Inhibition of the mitochondrial enzyme glutaminase,
a regulator in a critical step of tumor cell metabolism of
glutamine, may modulate tumor growth. The glutaminase
inhibitor telaglenastat (CB-839) showed promising activity in
heavily pretreated mRCC, for which a combination of tela-
glenastat with everolimus extended PFS compared with
everolimus alone.58 The large phase III CANTANA trial
evaluated a combination of telaglenastat in combination
with cabozantinib compared with cabozantinib mono-
therapy in a less pretreated setting (patients had received
one or two prior lines of systemic therapy including either
a VEGF inhibitor or combination treatment with nivolumab
and ipilimumab). A press release has reported the primary
outcome PFS as negative; median PFS was 9.2 months
among the telaglenastat and cabozantinib arm com-
pared with 9.3 months with cabozantinib and placebo
(HR, 0.94; p = .65).59

TRIALS IN PROGRESS

With frontline ICB-containing combination therapy estab-
lished as the standard of care, trials in the post-ICB space
are needed to inform optimal treatment sequencing. The
additive utility of combining ICB with VEGF compared with
VEGF monotherapy is an important undefined question; the
CONTACT-03 clinical trial is an international randomized,
open-label phase III study of atezolizumab/cabozantinib
versus cabozantinib monotherapy following progression on
or after ICB treatment in patients with mRCC.60 Using a 1:1
randomization, the trial will explore the additional activity of
PD-L1 blockade to cabozantinib monotherapy, with PFS
and OS as primary outcome measures.

Prospective data on the activity of cabozantinib mono-
therapy are also being explored. The European CaboPoint
trial is a phase II, open-label, single-arm study of cabo-
zantinib in adults with mRCC whose disease has progressed
after therapy with ipilimumab and nivolumab alone (cohort
A) or a combination of ICB with VEGF-targeted therapy
(cohort B). The primary endpoint is ORR.61
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CONCLUSION

Significant advances in systemic treatment have re-
quired the re-evaluation of previous multidisciplinary
care standards and treatment pathways for patients with
therapy-naı̈ve mRCC and required new insights in the

immunotherapy pretreated setting. The optimal timing and
sequence for interventions is informed by less high-level
evidence, and ongoing clinical trials will provide firmer
insights on which to base future practice and guideline
recommendations.
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GENITOURINARY CANCER—PROSTATE, TESTICULAR, AND PENILE

Beyond the Androgen Receptor: The Sequence,
the Mutants, and New Avengers in the Treatment
of Castrate-Resistant Metastatic Prostate Cancer
Daniel Westaby, MD1; Paul V. Viscuse, MD2; Rahul Ravilla, MD3; Maria de los Dolores Fenor de la Maza, MD1; Andrew Hahn, MD2;

Adam Sharp, MD1; Johann de Bono, MB, ChB, PhD1; Ana Aparicio, MD4; and Mark T. Fleming, MD5

overview

Targeting the androgen receptor by depriving testosterone with gonadotropin-releasing hormone agonists or

antagonists, or surgical castration, has been the backbone of metastatic prostate cancer treatment. Although

most prostate cancers initially respond to androgen deprivation, metastatic castration-resistant prostate

cancer evolves into a heterogeneous disease with diverse drivers of progression and mechanisms of thera-

peutic resistance. Development of castrate resistance phenotype is associated with lethality despite the recent

noteworthy strides gained via increase in therapeutic options. Identification of novel therapeutics to further

improve survival and achieve durable responses in metastatic castration-resistant prostate cancer is a clinical

necessity. In this review, we outline the existing avengers for treatment of metastatic castration-resistant

prostate cancer by clinical presentation, placing into context the clinical state of the patient, such as burden of

disease and symptoms. Doing so might aid in the ability to optimize the sequence of agents and allow for

maximal exposure to life-prolonging therapeutics. Realizing the limitations of the androgen signaling in-

hibition, we explore the androgen-indifferent prostate cancer: the mutants. Classically, these subtypes have

been associated with variant histology, but androgen-indifferent prostate cancer features are now frequently

observed in association with heterogeneous morphologies, including double-negative prostate cancers,

lacking both androgen receptor and neuroendocrine features, or clinicopathologic criteria, such as the ag-

gressive variant prostate cancer criteria. The framework of new avengers against metastatic castration-

resistant prostate cancer based on mechanism, including DNA repair, immune checkpoint inhibition, PTEN/

PI3K/AKT pathway, prostate-specific membrane antigen targets, bispecific T-cell engagers, and radionuclide

therapies, is summarized in this review.

Targeting the androgen receptor (AR) by depriving
testosterone with gonadotropin-releasing hormone ag-
onists or antagonists, or surgical castration, has been the
backbone of metastatic prostate cancer treatment for
the past 80 years. Castration-resistant prostate cancer
(CRPC) is defined as cancer that progresses radio-
graphically, clinically, or biochemically when cas-
trate levels of testosterone (less than 50 ng/dL) were
achieved either chemically or surgically. Metastatic
CRPC (mCRPC) is a heterogeneous disease with diverse
drivers of progression and mechanisms of therapeu-
tic resistance. Development of a castrate resistance
phenotype is associated with lethality driven by the lack
of therapies capable of generating durable responses,
as evident by the 5-year survival rate dropping to less
than 10%.1 In recent years, the molecular charac-
terization of mCRPC has proved critical to improving
disease outcome and understanding responses to anti-
androgen therapy, chemotherapy, targeted therapies,
and immunotherapy.2-12 Identification of novel thera-
peutics to improve survival and achieve durable

responses in CRPC is a clinical necessity. In this review,
we discuss the sequencing of the available avengers,
the mutant avengers (i.e., targeting androgen-indifferent
prostate cancers [AIPC]), and the evolving new avengers
for the treatment of mCRPC.

THE AVENGERS

Advances in understanding the biology of prostate
cancer, availability of next-generation sequencing tools
to identify predictive and prognostic genetic alterations,
and newer therapeutics have given us hope that much
needed gains in improving survival in prostate cancer
are possible. Targeting the AR signaling axis by de-
priving testosterone with gonadotropin-releasing hor-
mone agonists or antagonists, or surgical castration,
has been the backbone of metastatic prostate cancer
treatment for the past 80 years. Themajority of prostate
cancers initially respond to androgen deprivation and
are considered hormone sensitive at the time of di-
agnosis. Castration-resistant prostate cancer is defined
as cancer that progresses radiographically, clinically,
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or biochemically when castrate levels of testosterone (less
than 50 ng/dL) were achieved either chemically or surgi-
cally.8 Earliest known mechanisms of castrate resis-
tance were identified to be enhancement of autocrine and
paracrine androgen synthesis in the tumor microenviron-
ment, increased expression of AR, and stimulation by extra
gonadal sources of androgen.8 The discovery of these
mechanisms translated to advent of second-generation
novel hormonal therapies like abiraterone acetate and
enzalutamide.9,10 Additional avengers approved against
mCRPC include cabazitaxel, docetaxel, radium-223, and
sipuleucel-T.13-16 Similarly, olaparib and rucaparib were
recently approved for those harboring defects in homolo-
gous DNA repair mechanisms.4,5 Pembrolizumab is ap-
proved in cancers with high tumor mutation burden (more
than 10 per megabase) or those with microsatellite in-
stability and is not just specific to prostate cancer.17

CHOOSING THERAPEUTIC AGENTS BASED ON
CLINICAL PRESENTATION

Despite this arsenal, real-world use of available agents in
treating mCRPC has been poor, and there are no definitive
guidelines on the optimal sequence. A retrospective review
of a large health care analytics database identified about
77% of patients with mCRPC receive at least one line of
treatment, but the rate of subsequent therapy use declined
by more than 50%.11 Patient-related factors, like the
presence of symptoms, performance status, comorbidities,
and disease burden, affect the number of lines of therapy
received. Improved survival is associated with receiving
subsequent lines of treatment. In this review, we discuss
the sequencing of available therapies based on clinical

presentation, cancer-specific factors, and available evidence
using the clinical state model.12

Nonmetastatic Castration-Resistant Prostate Cancer

Nonmetastatic CRPC is an early spectrum of CRPC in
which the prostate-specific antigen (PSA) continues to rise
despite achieving castrate levels of testosterone with no
radiologic evidence of metastasis. Second-generation AR
antagonists darolutamide, enzalutamide, and apalutamide
were approved to treat nonmetastatic CRPC based on
improved metastasis-free survival compared with placebo
in patients with rapid PSA doubling time (less than 10
months).18-20 Across the studies, these drugs also showed
overall survival benefit (Table 1). Currently, there is no
evidence to support use of advanced androgen blockade
in nonmetastatic CRPC with PSA doubling time of more
than 10 months.

Asymptomatic Metastatic Castration-Resistant

Prostate Cancer

Next in the spectrum of CRPC is mCRPC with limited dis-
ease burden, no visceral metastasis, and minimal or no
cancer-related symptoms. Abiraterone acetate, an andro-
gen synthesis inhibitor targeting CYP17A1 in the adrenal
steroidogenesis pathway, enzalutamide, and sipuleucel-T,
a cellular immunotherapy, are current agents approved for
use in this presentation. Sipuleucel-T, a personalized den-
dritic cell–based cellular immunotherapy, has been indi-
cated formanagement ofmCRPCwithminimal or no symptoms
and no visceral metastasis since 2010. Two randomized
clinical trials have proven an overall survival benefit with
sipuleucel-T compared with placebo.16,24 Abiraterone and
enzalutamide also showed similar survival benefit in
mCRPC that were chemotherapy naive22,25 (Table 2).

Symptomatic Metastatic Castration-Resistant

Prostate Cancer

Patients with mCRPC may develop symptoms from cancer
based on extent of disease and location of metastasis. These
can be local effects of metastasis causing pain, systemic
effects like fatigue, decreased appetite, or end-organ dam-
age, like pathologic fracture or liver failure. Docetaxel, a cy-
totoxic microtubule inhibitor, was one of the first agents that
showed improved survival in mCRPC over other chemo-
therapeutic agents and has been standard of care for many
years before the advent of novel hormonal therapies radium
223 and cabazitaxel.14

Radium 223, an alpha-emitting bone-seeking calcium
mimetic, has been approved in mCRPC with symptomatic
bone metastasis but without visceral metastasis or bulky
lymphadenopathy.15 Real-world data show that radium 223
is mostly used in second-line and third-line treatment of
mCRPC, and observational evidence suggests early use of
radium 223 to be associated with improved overall survival.27

PRACTICAL APPLICATIONS

• A summary of the existing avengers in the
treatment of metastatic castration-resistant
prostate cancer is provided.

• The goal is to provide a framework to optimize
sequencing of existing avengers to allow optimal
exposure to life-prolonging therapies.

• Androgen-indifferent prostate cancer is out-
lined, including variant histology, double-
negative prostate cancer, and aggressive vari-
ant prostate cancer criteria.

• The framework of new avengers against met-
astatic castration-resistant prostate cancer
based on mechanism, including DNA repair,
immune checkpoint inhibition, PTEN/PI3K/AKT
pathway, prostate-specific membrane antigen
targets, bispecific T-cell engagers, and radio-
nuclide therapies, is summarized.
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Both abiraterone acetate and enzalutamide showed similar
survival benefit in patients with mCRPC that progressed after
docetaxel when compared with placebo.9,10 Cabazitaxel,
another cytotoxicmicrotubule inhibitor, has showed activity in
mCRPC that progressed after docetaxel (Table 3).13

Few studies have evaluated the sequencing of available
agents and its impact on outcomes of mCRPC. A small,
randomized phase II crossover trial showed advantage of
time to second PSA progression and PSA response on
second-line therapy using abiraterone first followed by
enzalutamide, based on good activity of enzalutamide in
those who failed abiraterone but not vice versa. A trend
toward improvement in overall survival is noted but not
statistically remarkable.28 Another systematic review of
various clinical trials evaluating abiraterone and enzaluta-
mide sequencing arrived at a similar conclusion.27

Another evidence-based sequencing strategy in patients
who progressed on docetaxel and novel hormonal therapies
(either abiraterone or enzalutamide) is to prefer cabazitaxel
as third-line treatment rather than using alternate novel
hormonal therapy, as shown in the CARD study. The cab-
azitaxel arm had improved outcomes compared with novel
hormonal therapies, including imaging-based progression-
free survival (8 months vs. 3.7 months; HR, 0.54; 95% CI,
0.40–0.73) and overall survival (13.6months vs. 11months;
HR, 0.64; 95% CI, 0.46–0.89).29

There is limited evidence to recommend a sequencing
strategy for patients who were treated with novel hormonal
therapies or docetaxel up front in the mCRPC setting. Some
studies have looked at rechallenging with docetaxel in
mCRPC and found it is a reasonable strategy in those who
have achieved more than a 50% drop in PSA and in those
who had progression-free interval more than 6 months.30

CHOOSING THERAPEUTIC AGENTS BASED ON MOLECULAR
AND PATHOLOGIC FEATURES

A subset of patients with mCRPC develop neuroendocrine
differentiation and the AR splice variant 7 (AR-V7) and are
resistant to novel hormonal therapies due to AR-independent
proliferation of cells.31,32 They have an aggressive clinical
course and present with visceral metastasis. These patients
benefit more from chemotherapy regimens. These are further
discussed in the “Androgen-Indifferent Prostate Cancers:
The Mutants” and “The New Avengers in the Treatment
of Prostate Cancer” sections below. Metastatic castration-
resistant prostate cancer has a wide spectrum of clinical
presentation with varied prognosis. It is important to use the
appropriate choice of treatment based on clinical scenario
and underlying pathologic features, so patients can use all
available agents for clinical benefit. Further discussion on
mechanisms of androgen independence, how to target these,
and new therapeutics on the horizon are discussed below.

TABLE 1. Studies Showing Efficacy of Novel Hormonal Therapies in Nonmetastatic Castration-Resistant Prostate Cancer
Clinical

Trial mMFS (Months) Survival Benefit Reference

Darolutamide ARAMIS 40.4 vs. 18.4 (HR for metastasis or death,
0.41; 95% CI, 0.34–0.50; p , .001)

83% vs. 77% OS at 3 years (HR for death,
0.69; 95% CI, 0.53–0.88, p = .003)

Fizazi et al18,21

Enzalutamide PROSPER 36.6 vs. 14.7 (HR for metastasis or death,
0.29; 95% CI, 0.24–0.35; p , .001)

67 months vs. 56.3 months mOS (HR,
0.73; 95% CI, 0.61–0.89; p = .001)

Sternberg et al19 and
Beer et al22

Apalutamide SPARTAN 40.5 vs. 16.2 (HR for metastasis or death,
0.28; 95% CI, 0.23–0.35; p , .001)

73.9 vs. 59.9 months mOS (HR, 0.78;
95% CI, 0.64–0.96, p = .016)

Small et al20 and Smith
et al23

NOTE. All drugs were compared with placebo.
Abbreviations: mMFS, median metastasis-free survival; OS, overall survival; mOS, median overall survival.

TABLE 2. Studies Showing Efficacy of Approved Agents in Metastatic Castration-Resistant Prostate Cancer With Less Disease Burden and
Chemotherapy Naive

Clinical Trial PFS (Months) OS (Months) Reference

Sipuleucel-T IMPACT 3.7 vs. 3.6 (HR, 0.95; 95% CI,
0.77–1.17; p = .63)

25.8 vs. 21.7 (HR, 0.78; 95% CI,
0.61–0.98; p = .03)

Kantoff et al16

Abiraterone Acetate COU-AA-302 16.5 vs. 8.3 (HR, 0.53; 95% CI,
0.45–0.62; p , .001

34.7 vs. 30.3 (HR, 0.81; 95% CI,
0.70–0.93; p = .0033)

Ryan et al25,26

Enzalutamide PREVAIL 20 vs. 5.4 (HR, 0.32, 95% CI,
0.28–0.37; p , .0001)

32.4 vs. 30.2 (HR, 0.77, 95% CI,
0.67–0.88; p = .0002)

Beer et al22

NOTE. Study drugs were compared with placebo.
Abbreviations: PFS, progression-free survival; OS, overall survival.
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Androgen-Indifferent Prostate Cancers: The Mutants

Androgen signaling inhibition is the backbone of prostate
cancer systemic therapy and results in profound and pro-
longed responses in a majority of men with this disease.33

However, most ultimately progress, and a subset appears to
have primary resistance to androgen signaling inhibitors.
Although the AR is likely to remain a driver in many of the
tumors that progress, others are considered AIPC. Androgen
indifference has been classically associated with variant
histology, such as the poorly differentiated small cell or
neuroendocrine prostate cancer (SCPC/NEPC) or sarcoma-
toid carcinomas. With the increase in biopsies of CRPC
metastases, an increased prevalence of SCPC/NEPC has
been described and termed secondary or treatment-
emergent NEPC.34,35 However, it has also become clear
that AIPC features are frequently observed in association with
heterogeneous morphologies, including adenocarcinomas
and poorly differentiated carcinomas with or without the
expression of neuroendocrine markers such as chromogra-
nin A, synaptophysin, or CD56.36 For example, a subset of
CRPC tumors demonstrating androgen indifference following
initial response to AR signaling inhibition and lacking ex-
pression of both AR and neuroendocrine markers has been
described and termed double-negative prostate cancer.37

Another approach to provide a framework for the devel-
opment of objective biomarkers and enable the prospective
evaluation of candidate therapies for the AIPC has been to
compile clinicopathologic criteria characteristic of the
SCPC/NEPC for patient selection, regardless of their pros-
tate tumors’ morphologies. One such set of criteria, termed
aggressive variant prostate cancer criteria, include: (1) the
presence of exclusive visceral metastases; (2) pre-
dominantly lytic bone metastases; (3) bulky (5 cm or more)
tumor masses, including lymphadenopathy or high-grade
tumor masses in the prostate or pelvis; (4) low PSA relative
to tumor burden, specified as a PSA 10 ng/mL or less at

initial presentation (before androgen-deprivation therapy) or
at the time of symptomatic progression of castrate-resistant
disease plus high-volume (20 or more) bonemetastases; (5)
serum carcinoembryonic antigen and/or lactate de-
hydrogenase twice the upper limit of normal; (6) short interval
(6 months or less) to castration-resistant progression fol-
lowing initiation of hormonal therapy; and (7) SCPC/NEPC
morphology.38 Additional criteria that have been used in
prospective studies to evaluate therapies for the AIPC have
included clinically progressive disease and low PSA and
development of liver metastases in the absence of PSA
progression.39,40 Molecular studies in samples from patients
meeting aggressive variant prostate cancer criteria showed
that these tumors are characterized by combined (two or
more) alterations in the tumor suppressors TP53, RB1 and
PTEN.41 Similarly, studies of SCPC/NEPC identified recurrent
loss of RB1 and TP53 at the DNA and mRNA level.34,42 This
profile has been linked to lineage plasticity and androgen
indifference in murine prostate cancer models.43-46 Others
have linked the AIPC to the loss of RB1 alone and to low
transcriptional output of AR signaling pathways.47-49

Are the androgen-indifferent prostate cancers induced by
potent androgen signaling inhibition? The AIPC have been
postulated to arise as a result of exposure to potent an-
drogen signaling inhibitors.34,37,47 An autopsy study of
patients dying with mCRPC observed an increase in the
proportion of patients with SCPC/NEPC and double-
negative prostate cancer tumors obtained during the
modern era (2012–2016) compared with the pre-AR
signaling inhibitor era.37 Two contemporary studies of
men with mCRPC found that SCPC/NEPC was present at
higher rates after treatment with an AR signaling inhibitor
and was associated with a shorter overall survival.34,47

However, markers linked to androgen indifference have
been observed in samples from hormone-naive prostate
tumors. In a large transcriptomic study of AR activity in

TABLE 3. Drugs Approved in Metastatic Castration-Resistant Prostate Cancer With Symptoms
Study Drug Clinical Trial TTP PSA (Months) mOS (Months) Reference

Docetaxel TAX 327 7.7 vs. 7.8 18.9 vs. 16.5* (HR 0.76, 95% CI,
0.62–0.94; p = .009)

Tannock et al14

Radium 223 ALSYMPCA 3.6 vs. 3.4 14.9 vs. 11.3 (HR, 0.70; 95% CI,
0.58–0.83; p , .001)

Parker et al15

Abiraterone acetate COU-AA-301 10.2 vs. 6.6 (HR 0.58; 95% CI,
0.46–0.73; p , .001)

14.8 vs. 10.9 (HR, 0.65; 95% CI,
0.54–0.77; p , .001)

de Bono et al9

Enzalutamide AFFIRM 8.3 vs. 3.0 (HR 0.25; 95% CI,
0.20–0.30; p , .001)

18.4 vs. 13.6 (HR 0.63; 95% CI,
0.53–0.75; p , .001)

Scher et al10

Cabazitaxel TROPIC 6.4 vs. 3.1 (HR 0.75; 95% CI,
0.63–0.90, p = .001)

15.1 vs. 12.7* (HR 0.70 (95% CI,
0.59–0.83, p , .0001)

de Bono et al13

NOTE. Compared with placebo.
Abbreviations: TTP, time to progression; PSA, prostate-specific antigen; mOS, median overall survival.
*Compared with mitoxantrone.
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treatment-naive primary prostate tumors, a distinct subset of
low AR activity tumors was identified in approximately 10%
of samples. This low AR activity subset was enriched in
higher-grade tumors with less sensitivity to androgen-
deprivation therapy and increased sensitivity to platinum
chemotherapy.48 In another report, clinical-grade, targeted,
massively parallel sequencing assay of samples from 43
patients with de novo metastatic and 205 localized hormone-
naive prostate cancers revealed combined (two or more)
alterations in the tumor suppressors TP53, RB1, and PTEN
in 28% and 11% of cases, respectively, and was associated
with a poor prognosis.50

Thus, pre-existing AIPC subclones may already exist in
some untreated tumors and emerge under the selective
pressure imposed by androgen signaling inhibition in some
cases, whereas in others, mutations and/or other molec-
ular alterations may be acquired during castrate-resistant
progression that results in androgen indifference. This
indicates that, for a subset of prostate cancers, inclusion of
therapies directed at AIPC early in the course of the dis-
ease may be beneficial and that, for the remainder, bio-
markers that can be monitored serially will be critical to be
able to identify its emergence and initiate effective therapy
in a timely manner.

Existing therapies for the androgen-indifferent prostate
cancers The lack of biomarkers that can identify the AIPC
prospectively has, until recently, hampered the develop-
ment of therapies specific to this subset. Extrapolating data
from small cell lung cancer, the National Comprehensive
Cancer Network guidelines for prostate cancer recommend
combination platinum-based (carboplatin or cisplatin) che-
motherapy as first-line therapy for primary SCPC/NEPC. One
prospective phase II clinical trial evaluated the addition of
doxorubicin to cisplatin and etoposide in patients with both
primary and treatment-emergent NEPC. Although 22 of 36
(61%; 95% CI, 43%–77%) of the patients achieved
a partial response in measurable disease, the median
time to progression was only 5.8 months (95% CI, 4.1–6.
9), and the median overall survival was only 10.5 months
(95% CI, 7.5–14.3) at the cost of severe toxicity. Thus, the
addition of doxorubicin to the platinum combination is not
recommended.39,51

In contrast to the histologically defined SCPC/NEPC, neu-
roendocrinemarker expression alone has not been shown to
predict for response to platinum-based chemotherapy.52,53

In fact, approximately 20% to 30% of metastatic prostate
adenocarcinomas without SCPC/NEPC features also have
favorable responses to platinum-based chemotherapy.54

However, the presence of aggressive variant prostate can-
cer clinicopathologic and/or molecular features described
above do seem to enrich for platinum sensitivity.41,55

In a single-arm phase II study of 113 men with mCRPC

demonstrating at least one aggressive variant prostate
cancer clinical feature, a median overall survival of
16.0 months (95% CI, 13.6–19.0) was observed following
sequential carboplatin plus docetaxel followed by salvage
cisplatin plus etoposide upon progression.38 In a sub-
sequent phase II study, 160 men with mCRPC stratified by
the presence of aggressive variant prostate cancer clini-
copathologic criteria were randomly assigned to receive to
cabazitaxel with or without carboplatin. The hazard ratio
for progression in men meeting aggressive variant prostate
cancer criteria treated with the combination versus single-
agent cabazitaxel was 0.58 (95% CI, 0.37–0.89).55

Furthermore, the presence of combined (two or more) al-
terations in TP53, RB1, and PTEN in a post hoc analysis of
participants’ tumor samples was associated withmeaningful
improvements in outcomes with the addition of carboplatin
to cabazitaxel, which was not observed in patients without
these molecular alterations. A follow-up phase III study with
stratification by presence or absence of aggressive variant
prostate cancer criteria is planned.

It should be noted that, although the need for androgen-
deprivation therapy has not been evaluated prospectively in
AIPC, common practice has been to maintain castration to
address potential AR-driven adenocarcinoma components
that may be admixed within AIPC tumors.

Therapies in development for the androgen-indifferent
prostate cancer Over the last decade, an increased
awareness of the AIPC subset has led to an improved
understanding of their underlying biology and the eval-
uation of several novel therapies in prospective clinical
trials. For example, the observation that mitotic genes,
including Aurora kinase A, are overexpressed in SCPC/
NEPC led to a phase II study of the Aurora kinase A
inhibitor alisertib in metastatic NEPC. Although the study
failed to meet its primary endpoint, the authors observed
some examples of treatment response.40 The implication
of EZH2 in AIPC pathogenesis has provided the rationale
for a phase Ib/II trial combining the EZH2 inhibitor CPI-
1205 with enzalutamide or abiraterone acetate in men
with mCRPC who progressed on a second-generation an-
drogen signaling inhibitor (NCT03480646), with preliminary
results indicating the combination is well tolerated and has
antitumor activity.56,57 Additional EZH2 inhibitors are being
investigated in early-phase trials for men with mCRPC in
general (NCT03460977 and NCT04179864) and aggres-
sive variant prostate cancer in particular (NCT04388852).
In the double-negative prostate cancer, mitogen-activated pro-
tein kinase pathway activation via aberrant fibroblast growth
factor receptor signaling has been implicated as a mechanism
of resistance to androgen signaling inhibitors, so multiple
studies are evaluating fibroblast growth factor inhibitors in
these tumors (NCT00831792 and NCT03999515).37 Also,
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based on the observation that the loss of tumor suppressor
genes increases DNA replication stress and that platinum
sensitivity is associated with response to PARP inhibition, an
ongoing phase II study is evaluating the efficacy of main-
tenance PARP inhibition with olaparib following induction of
carboplatin plus cabazitaxel in men meeting aggressive
variant prostate cancer criteria (NCT03263650).43

Finally, whereas the experience in clinical trials of un-
selected mCRPC has suggested that men with visceral
metastases, high lactate dehydrogenase levels, and other
virulent features associated with AIPC have limited benefit
from immune checkpoint inhibitor therapies, the survival
improvements observed in SCLC with the addition of
anti–PD-1 or anti–PD-L1 immune checkpoint inhibitors to
platinum-based chemotherapy or their use in the salvage
setting have led to off-label use for the AIPC by many
providers.58-63 In a phase II basket trial of dual anti–CTLA-4
and anti–PD-1 blockade in nonpancreatic neuroendocrine
tumors, the DART SWOG 1609, two patients with high-
grade SCPC/NEPC were included. One patient progressed
rapidly, whereas the other had a prolonged partial re-
sponse.64 Ongoing prospective clinical trials dedicated to
the AIPC are evaluating the efficacy of immune checkpoint
inhibitors with or without chemotherapy (e.g., NCT03179410,
NCT04592237, NCT04709276, and NCT03582475) or in
combination with various other agents such as the EZH1/2
inhibitor valemetostat (NCT03263650) or the dipeptidyl
peptidase inhibitor BXCL701 (NCT03910660) and should
be prioritized over off-label use. Alternative immune mod-
ulators are also being examined for the treatment of AIPC.
For example, an anti-DLL3 � CD3 bispecific T-cell engager
(NCT04702737) and a DLL3-targeted trispecific T-cell–activating
construct (NCT04471727) have recently entered clinical trials
based on the observation that the transmembrane ligand DLL3 is
frequently overexpressed in SCPC/NEPC.65

Whether induced using increasingly potent androgen sig-
naling inhibitors or present de novo, an increased recog-
nition of AIPC subsets has led to an improved understanding
of their underlying biology. It is important for the treating
oncologist to recognize this entity, as these tumors are
associated with poor responses to conventional therapies
and dismal outcomes. Patients with AIPC should be en-
couraged to participate in ongoing clinical trials whenever
possible. Alternatively, the use of platinum-based chemo-
therapy combinations may be considered in men with AIPC
features.

THE NEW AVENGERS IN THE TREATMENT OF
PROSTATE CANCER

mCRPC is a heterogeneous disease with diverse drivers of
progression and mechanisms of therapeutic resistance. Its
lethality is driven by the lack of therapies capable of gen-
erating durable responses. In recent years, the molecular

characterization of mCRPC has proved critical to improving
disease outcome and understanding responses to anti-
androgen therapy, chemotherapy, targeted therapies, and
immunotherapy.2-7

Androgen Receptors and Resistance to Hormonal Therapy

and Chemotherapy in Prostate Cancer

Androgens and the AR play a crucial role in prostate car-
cinogenesis; studies have shown that changes in AR ex-
pression in part related to gene amplification as well as AR
mutation and alternative splicing contribute to AR reac-
tivation despite castrate levels of androgens.2,66,67 AR copy
gains are associated with worse outcomes for patients on
novel hormonal therapy; somatic AR mutations can also
promote its promiscuous activation by noncanonical steroid
ligands, and expression of the splice variant AR-V7 correlates
with worse outcomes (lower PSA response and shorter
progression-free survival and overall survival) in patients
treated with novel hormonal therapies.2,66-68 Next-generation
sequencing and polymerase chain reaction–based methods
are being used to analyze AR genomic alterations in plasma
using cell-free DNA, unlocking the potential for these to be
used as a biomarker for selecting treatment in mCRPC.69 For
example, AR mutations causing ligand promiscuity, and
making corticosteroids activating ligands, may lead to rec-
ommending iatrogenic steroid discontinuation.

DNA Damage Repair, Homologous Recombination

Pathway, and Prostate Cancer

DNA damage and defective DNA repair drive the devel-
opment of cancer by inducing deleterious genetic alter-
ations.70 DNA damage response proteins including ataxia
telangiectasia mutated are activated by DNA damage and
activate repair, including homologous recombination repair
maintaining genomic integrity.70 In this setting, the PARP1
and PARP2 enzymes are key to DNA damage response,
acting as DNA damage sensors and signal transducers to
repair DNA lesions.70 At least 20% to 30% of mCRPC harbor
defects in DNA repair genes, and some of these defects
confer increased sensitivity to PARP inhibitors based on the
concept of synthetic lethality.71

At present, two PARP inhibitors (olaparib and rucaparib) are
approved by the U.S. Food and Drug Administration for use
in mCRPC with germline or somatic homologous re-
combination repair mutations.4,5 The TOPARP A and B trials
showed superior activity for olaparib in patients with mCRPC
and specific DNA damage response gene alterations
compared with those without.3,72 The randomized phase III
PROfound trial subsequently demonstrated that treatment
with olaparib, 300 mg twice daily, improved radiographic
progression-free survival in patients whose tumors had
deleterious alterations in BRCA2, BRCA1, and ATM, when
compared with enzalutamide or abiraterone.4 The final
analysis also showed notable overall survival benefit in
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patients with BRCA1/2 or ATM alterations treated with
olaparib, despite allowing crossover from the control arm at
progression.4 Rucaparib was the second PARP inhibitor
approved by the U.S. Food and Drug Administration for
patients with mCRPC. This drug was granted accelerated
approval based on the results of the open-label, single-arm
TRITON phase II trial.5 Treatment with rucaparib, 600 mg
twice daily, showed promising results with respect to ob-
jective response rate (43.5%; 95% CI, 31–56.7%) and
radiographic progression-free survival (9 months; 95% CI,
8.3–13.5) in patients with mCRPC and deleterious germline
or somatic alterations in BRCA1/2 previously treated with
novel hormonal therapies and taxane chemotherapy.5 Full
approval of this drug is contingent upon a favorable efficacy
and safety profile in the phase III randomized TRITON 3
study, which is currently ongoing. The efficacy of other
PARP inhibitors, such as talazoparib and niraparib, is also
under investigation in patients with mCRPC and DNA repair
deficits.73,74

Despite promising results with PARP inhibitors, intrinsic and
acquired resistance along with differential intrapatient re-
sponses, probably due to genomic heterogeneity, have im-
pacted efficacy.75 The antitumor activity of PARP inhibitors is
particularly impressive in tumors harboring mutations in
BRCA2; deleterious alterations in other DNA repair genes did
not appear to be as sensitizing, and further investigation to
identify predictive biomarkers is of high importance.4

Loss of the ataxia telangiectasia mutated protein is a com-
mon DNA repair defect, being present in up to 10% of
advanced prostate cancers.76 Interestingly, ataxia telangiec-
tasia mutated loss can confer sensitivity to ataxia telangiectasia
and Rad3-related protein inhibition in preclinical models;
preclinical studies have shown that olaparib-resistant cancer
cells with or without ataxia telangiectasia mutated loss may be
resensitized to olaparib when combined with ataxia telangi-
ectasia and Rad3-related protein inhibitors.76-78 This has
provided rationale for using ataxia telangiectasia and Rad3-
related protein inhibitors, either alone or in combination with
PARP inhibitors, in phase I and II clinical trials, which are
currently ongoing.79,80

Immune Checkpoint Inhibitors and Prostate Cancer

In recent years, immunotherapy has impacted cancer care
with several immune checkpoint inhibitors demonstrating
durable responses and improved overall survival for multiple
tumors considered more immunologically “hot” due to their
inflamed microenvironment with considerable T-cell in-
filtration, increased PD-L1 expression, high neoantigen
load, and high level of microsatellite instability or defective
mismatch repair.81 However, prostate cancer is a “cold”
tumor with minimal T-cell infiltration, lower mutational load,
a very limited response to single-agent immune checkpoint
inhibition, and a variable estimated prevalence of defective

mismatch repair (3% to 12%) as a result of different assays
currently used to identify these aberrations.81-90 For that
reason, identifying the subset of patients most likely to
benefit from immune checkpoint inhibitors is key to opti-
mize treatment responses. Prostate cancers with defective
mismatch repair, high level of microsatellite instability, and
cyclin-dependent kinase 12 (CDK12) biallelic alterations
can be sensitive to immunotherapy with higher PD-L1 ex-
pression, increased neoantigen load due to single nucleotide
alterations or tandem duplications causing high genomic
rearrangements, and frequently higher T-cell infiltration;
these T-cell subsets may, however, be immunosuppressive
in nature, with this meriting further study.83

PTEN/PI3K/AKT Pathway in Prostate Cancer

Genomic aberrations in the PI3K-AKT axis are common in
primary prostate cancer and enriched in mCRPC (ap-
proximately 17% and 50%, respectively).91 This pathway is
mainly activated due to mutations in the tumor suppressor
gene PTEN, although alterations in PIK3CA, PIK3CB,
PIK3R1, and AKT have also been reported.92,93 PTEN loss is
associated with adverse outcomes such as increased tumor
grade and stage, earlier biochemical recurrence after radical
prostatectomy, metastases, prostate cancer–specific death,
and androgen-independent progression.85 The PI3K/AKT
pathway has also been implicated in resistance to anti-
androgen therapy, as AR inhibition is associated with an
increase in AKT pathway activation, suggesting that the tumor
compensates for the loss of one pathway with another.93,94

Pathogenic alterations of the PTEN/PI3K/AKT pathway
therefore represent putative predictive biomarkers of re-
sponse to PI3K and AKT inhibitors. The randomized phase
III IPATential trial showed that the combination of the AKT
inhibitor ipatasertib and abiraterone, as first-line treatment
of mCRPC, resulted in significantly improved radiographic
progression-free survival and antitumor activity compared
with abiraterone and placebo in patients with mCRPC with
PTEN loss (18.5 months vs. 16.5 months; HR, 0.77; 95%
CI, 0.61–0.98; p = .0335).95 The pan-AKT inhibitor cap-
ivasertib, in combination with enzalutamide, is also currently
under investigation in this setting.96

Prostate-Specific Membrane

Antigen–Targeted Radiopharmaceuticals

Prostate-specific membrane antigen (PSMA) is overex-
pressed in most prostate cancers, making it a promising
molecular target for imaging and treatment.97-99 Expression
is higher in castration-resistant disease.100 PSMA-targeting
tracers have been labeled with a wide variety of radio-
nuclides for both diagnostic (e.g., positron emitter 68Ga)
and therapeutic purposes (e.g., with the alpha-particle
emitter 225Ac and the beta-particle emitter 177Lu). Tracers
are delivered intravenously and accumulate at PSMA-
expressing tumor sites, where radioactive decay of

Westaby et al

e196 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



alpha and beta particle–emitting radionuclides induce
DNA damage that can result in cancer cell death. Al-
though these agents clearly have antitumor activity, be-
cause PSMA is also expressed in other tissues, including
the kidney and salivary glands, off-target radiotoxicity can
be problematic.97 Intra- and interpatient heterogeneity in
PSMA expression also provides challenges with respect to
biomarker development and patient selection.101,102

Multiple clinical trials are assessing PSMA-targeting ra-
dionuclides, as monotherapy and in combinations, but
phase III data are awaited.

Beta-emitting radionuclide therapy 177Lu-PSMA-617, a
PSMA ligand labeled with beta-emitter 177Lu, has shown
promising antitumor activity in early phase trials and is the
most clinically developed PSMA-targeting agent. A single-
arm phase II study enrolled 50 patients with progressive
mCRPC after standard of care treatments.103 Patients un-
derwent both PSMA-PET and fluorodeoxyglucose-PET/CT
to confirm high PSMA expression and exclude discordant
PSMA-negative metastases prior to enrolment. A total of 32
patients (64%) achieved the primary endpoint and had
a PSA decline 50% or higher, including 22 patients (44%)
with a PSA decline of 80% or higher. Of the 27 patients who
had measurable soft tissue disease at baseline, 15 (56%)
had an objective response by RECIST 1.1 criteria. The most
common treatment-related toxicities included grade 1 to 2
dry mouth (66%), transient grade 1 to 2 nausea (48%),
grade 3 anemia (10%), and grade 3 to 4 thrombocytopenia
(10%). Results from the TheraP trial, a randomized phase II
trial comparing 177Lu-PSMA-617 against cabazitaxel for
men with mCRPC whose disease has progressed after
docetaxel, has revealed a significantly higher PSA response
rate (PSA decline 50% or higher) in those who received
177Lu-PSMA-617 (66% vs. 37%; difference 29%; 95% CI,
16–42; p , .0001), and there were fewer grade 3 to 4
adverse events (33% vs. 53%).104 Overall survival data,
however, remain immature. VISION is the first phase III
randomized controlled trial evaluating 177Lu-PSMA-617,
and the results are eagerly awaited. The trial has suc-
cessfully recruited 750 men with mCRPC whose disease
has progressed after at least one taxane and one novel
androgen axis drug. Patients have been randomly assigned
2:1 to either 177Lu-PSMA-617 in addition to best standard/
best supportive care or best standard/best supportive care
alone.105 Other beta-emitting radionuclides in clinical de-
velopment with early phase antitumor activity include
a 177Lu-labeled 1,4,7,10-tetraazacyclododecane-1-(gluta-
mic acid)-4,7,10-triacetic acid (DOTAGA)–based PSMA
ligand [177Lu-DOTAGA-(I-y)fk(Sub-KuE)], also known as
PSMA-I&T for “imaging and therapy,” and 177Lu-labeled
anti-PSMA monoclonal antibody J591 (177Lu-J591).106,107

Alpha-emtting radionuclide therapy PSMA-targeted alpha
particle–emitting radionuclides are also being developed

and may overcome beta-emitter resistance. Alpha particles
have higher linear energy transfer, resulting in more double-
stranded DNA breaks and increased cytotoxicity.108,109

Consequently, alpha emitters may produce superior anti-
tumor activity than beta emitters but can also result in higher
toxicity to PSMA-expressing healthy tissues, although they
do have shorter penetration depths. Multiple retrospective
case series have reported favorable outcomes using PSMA-
targeted actinium (225Ac-PSMA-617) for patients with
chemotherapy-naive or 177Lu-PSMA-617–resistant CRPC,
but dose-limiting xerostomia leading to weight loss and treat-
ment discontinuation was problematic.110,111 Several other al-
pha particle–emitting PSMA-targeting radionuclides are in
clinical development, including 225Ac-J591, an antibody-
based radionuclide; PSMA-TTC, a small-molecule PSMA-
targeted thorium-227 conjugate; and 225AC-PSMA-I&T, a
DOTAGA conjugate.112-114

Prostate-Specific Membrane Antigen–Targeted

T-Cell Engagers

Immune checkpoint inhibitors are efficacious in only
a small subset of patients with mCRPC, most likely due to
the immunosuppressive microenvironment in prostate
cancer.81,82,84,85,115-117 T-cell engager therapy uses the cy-
totoxic nature of a patient’s own immune system to kill
cancer cells by physically linking endogenous T cells to
tumor-expressed antigens. Bispecific T-cell engager mol-
ecules are artificial antibody constructs with two binding
domains, one targeting a tumor-expressed antigen (e.g.,
PSMA) and the other binding to CD3 on T cells.118 Anti-
PSMA/CD3 bispecific T-cell engagers have demonstrated
antitumor activity in preclinical models with tumor-specific
cell lysis, T-cell activation, and cytokine release.119,120 Several
agents (e.g., pasotuxizumab/AMG212/BAY2010112 and
AMG160) are in clinical development, either as monotherapy
or in combination with an anti–PD-1 antibody. Pasotuxizumab
has been shown to induce clinical activity with an accept-
able safety profile in a first-in-human phase I trial.121 Initially,
subcutaneous administration was studied, but this resulted in
antidrug antibody development, leading to termination of this
cohort. Sixteen patients with mCRPC refractory to standard
therapy were enrolled into five continuous intravenous dosing
groups. The most common adverse events were fever (94%)
and chills (69%). Adverse events of grade 3 or higher were
reported in 81% (13 out of 16), with the most common being
decreased lymphocyte count (44%) and infection (31%).
Three patients (16%) developed cytokine release syndrome.
A dose-dependent PSA decline was observed with a PSA
decrease 50% or more in three patients with two long-term
responders, one of which had a near-complete regression of
lymph node and bone metastases.

AMG160, a half-life–extended anti-PSMA/CD3 bispecific
T-cell engager, is being assessed in a two-part phase I study
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as monotherapy and in combination with pembrolizumab
(anti–PD-1) in patients with mCRPC refractory to prior novel
hormonal therapy and one to two taxane regimens. Interim
results in the monotherapy group (32 subjects) demon-
strated a manageable toxicity profile, with cytokine release
syndrome as the most common adverse event (84%), and
preliminary efficacy with a dose-dependent reduction in
PSA.122 HPN424 is a trispecific T-cell–activating construct
with three binding domains, targeting PSMA, CD3, and
albumin (for half-life extension). Preliminary data from
a first-in-human study have revealed an acceptable safety

profile and early signs of clinical activity, with reductions in
PSA and circulating tumor cells.123

CONCLUSION

This concise update of the avengers against mCRPC pro-
vides a framework for all clinicians to rationally approach
the sequencing of life-prolonging therapies and approach
AIPC. Finally, the future avengers are promising to target
the heterogeneous disease of mCRPC via translational
mechanism–based approaches.
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GENITOURINARY CANCER—PROSTATE, TESTICULAR, AND PENILE

Evolution of Disparities in Prostate Cancer
Treatment: Is This a New Normal?
Frank C. Cackowski, MD, PhD1; Brandon Mahal, MD2; Elisabeth I. Heath, MD1; and Bradley Carthon, MD, PhD3

overview

Despite notable screening, diagnostic, and therapeutic advances, disparities in prostate cancer incidence and

outcomes remain prevalent. Although commonly discussed in the context of men of African descent, dis-

parities also exist based on socioeconomic level, education level, and geographic location. The factors in these

disparities span systemic access issues affecting availability of care, provider awareness, and personal patient

views andmistrust. In this review, we will discuss common themes that patients have noted as impediments to

care. We will review how equitable access to care has helped improve outcomes among many different groups

of patients, including those with local disease and those with metastatic castration-resistant prostate cancer.

Even with more advanced presentation, challenges with recommended screening, and lower rates of genomic

testing and trial inclusion, Black populations have benefited greatly from various modalities of therapy,

achieving comparable and at times superior outcomes with certain types of immunotherapy, chemotherapy,

androgen receptor–based inhibitors, and radiopharmaceuticals in advanced disease. We will also briefly

discuss access to genomic testing and differences in patterns of gene expression among Black patients and

other groups that are traditionally underrepresented in trials and genomic cohort studies. We propose several

strategies on behalf of providers and institutions to help promote more equitable care access environments

and continued decreases in prostate cancer disparities across many subgroups.

Prostate cancer continues to be the leading cancer
among men in the United States, with 33,000 deaths
and 191,000 cases occurring in 2020.1 One in ninemen
overall in the United States develops prostate cancer in
his lifetime. In Black men, however, this rate is one in
seven, and the incidence rate among Black men is 2.2
times that in White men, with the death rate 1.7 times
higher.1 Moreover, although Black men are diagnosed
at younger ages, they present routinely with more ad-
vanced disease and higher prostate-specific antigen
(PSA) levels at presentation than other groups.2-7

Disparities have been shown to exist not only between
ethnic groups but also based on socioeconomic
level,8,9 education level,10 and rural versus urban
residency.11 Here, we will examine common areas of
disparity in prostate cancer. We will also address some
of the systemic and personal patient views that con-
tribute to these disparities. We will show how equitable
access to care may alleviate some of these areas of
disparity, especially in the context of challenges
brought on by the COVID-19 pandemic. Lastly, we will
examine molecular signatures and the trends and roles
they may play in disparate outcomes in patients with
prostate cancer.

CHANGING TRENDS

Over the last few decades, technologic and screening
advances have led to a decrease in some of the noted

prostate cancer disparities.12 U.S. Surveillance, Epi-
demiology, and End Results database analyses show
that at a peak in 1992, there were approximately 237
new cases per 100,000 patients. This decreased
markedly over time to a nadir of 102 cases per 100,000
patients.13,14 Five-year overall survival increased during
the same period of time, from 96% to greater than 98%
for all patients registered.13,15 Moreover, the disparities
between Black and White patients have narrowed over
time, with recent analyses of prostate cancer survival
rates between 2001 and 2016 showing Black men with
metastatic prostate cancer are surviving at a similar
rate to White men, with approximately 31% of men
alive at 5 years.12,15 There are likely several reasons for
this, including screening increases as well as treatment
advances being available. The rates and any differ-
ences in incidence andmortality in the future remain to
be seen. Changes in screening recommendations by
the U.S. Preventive Services Task Force in 2012
against general PSA screening and later in 2018 to
favor open-ended discussion on screening for most
men at general risk of prostate cancer may have played
a role in a disproportionate effect within Black pop-
ulations, which had a 29% decrease in screening rates
after the recommendation changes, despite being at
higher risk.16 Decreases in screening have previously
been shown to have an effect on later presentation
patterns. Indeed, in the 5 years after the initial
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decreased PSA screening recommendation, there was
a decrease in incidence of local stage disease but increases
in regional and distant metastases.17-19 Drops in screen-
ing rates have also become more problematic during
the COVID-19 pandemic. Data demonstrate that prostate
cancer screening rates dropped approximately 60% to 75%
in different series during the COVID-19 pandemic when
compared with prior time periods.20,21 Prostate cancer
pathologic diagnoses have also decreased in several series
examined, with declines ranging from 20% to 39% lower
than the preceding year.20,22 The total effects of the COVID-
19 pandemic on overall outcomes are not yet clear, but early
analyses paint a challenging picture. A recent case control
analysis of more than 73 million electronic medical records
showed that Black patients with prostate cancer were five
times more likely to be infected with COVID-19 (odds ratio,
5.10; 95% CI, 4.34–5.98; p , .001). There was a syner-
gistic adverse effect of COVID-19 and cancer with regard to
patient rates of hospitalization (Black patients, 55.56% vs.
White patients, 43.24%; p = .003).23 The life expectancy for
all men in the United States is estimated to have dropped by
approximately 1.13 years during the early parts of the
COVID-19 pandemic, but the life expectancy for Black men
decreased by approximately 2.10 years and the life ex-
pectancy for Latino men decreased by approximately
3.05 years during the same period.24 This rapid decrease in
life expectancy has been suggested to be due in large part to
COVID-19 effects. The long-term effects of delayed care
with regard to the most common medical comorbidities,
such as cardiovascular disease, chronic kidney disease,
diabetes, and cancer, present in these groups remain to be
seen, but indeed, these groups seem to have increased
COVID-19–related mortality in the short term in meta-

analyses.25 Moreover, loss of insurance stemming from
jobs that were disproportionally affected during the pan-
demic can amplify the effects of normal medical visits and
screening to detect these comorbid conditions and cancers,
especially among Black and Hispanic workers.26

Whereas some of these changes in prostate cancer epi-
demiology are related to policy changes on screening and
recent pandemic-related factors, there remains a host of
other underlying problems affecting clinical care and even
beneficial measures such as clinical trial participation.
Standard-of-care benchmark treatments and clinical trials
are vitally important parts of cancer care progress. Limited
access to care, language barriers, transportation, and cost
of care, even among insured patients, can also play a role in
trial participation.27 Patients who live farther from cancer
centers have been shown to be less likely to enroll in clinical
trials as well.28 Underserved patients have also been shown
to be less likely to regularly visit their physicians or enroll in
interventional clinical trials.29-32 Importantly, hurdles remain
because of patient perception and medical mistrust among
many affected high-risk groups.

Engaging local resources within respective communities
may help provide culturally appropriate screening strategies
and methods to address prostate cancer treatment. Sur-
veyed men noted insufficient information regarding prostate
cancer, medical mistrust, poor relationships with medical
providers, and lack of sustained relationships from within
the community as barriers to an emphasis on prostate
health.33 Embarrassment and fear of a positive diagnosis,
reluctance to talk about sexually related complications, and
beliefs that prostate cancer may stem from sexual behavior
have also been cited during focus groups, which may affect
continuity of cancer education and care.34 Strong emphasis
on a role for information from cancer survivors was
noted.33,35,36 Successful outreach efforts have used com-
munity institutions such as churches and barbershops
along with trusted community educators and local patients
with cancer and contacts.37-41 Indeed, familiarity with pre-
senters has been shown to lead to more highly rated and
effective engagement during educational ventures.42,43

Partners and spouses are also highly useful participants
in educational efforts.

DIFFERENCES IN PATTERN OF AND RESPONSE TO
TREATMENT: NOT JUST RACE

In the last several years, patients, the research community,
and the press have appropriately paid an increasing amount
of attention to disparities in outcomes based on race for
prostate cancer and other malignancies. However, prostate
cancer disparities also exist based on other factors, in-
cluding rural versus urban location, socioeconomic status,
ethnicity, clinical trial participation, and country of treat-
ment. Here, we briefly discuss the multiple demographic

PRACTICAL APPLICATIONS

• Prostate cancer disparities exist in the context
not only of race and ethnicity but also of so-
cioeconomic level, education level, and geo-
graphic location.

• Systemic hurdles to access with regard to
screening, diagnostics, and therapeutics, as
well as personal patient views and medical
hesitancy, may play a role in noted disparities.

• Despite presenting with more advanced dis-
ease, Black patients demonstrate favorable
outcomes in trial formats and equal access
environments with regard to multiple types of
therapy.

• Genomic trial data and information useful for all
patients depend on diverse patient inclusion to
ensure applicability to a wide population.
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determinants of disparities in prostate cancer and focus on
treatment and response to treatment rather than purely on
outcomes. These disparities are complex in etiology and
may be addressed in part by providers familiarizing them-
selves with where disparities exist and options for care,44

improving communication skills,42 and standardizing treat-
ment options.45 Health care entities may also help by pro-
viding more broadly based support with navigators and other
support mechanisms for clinical choices and presenting trial
opportunities for patients.46-48

Race and Ethnicity

Patients with prostate cancer may receive different treat-
ments based on stage, but there is a striking racial disparity
in the treatment of localized disease. Using U.S. Surveil-
lance, Epidemiology, and End Results data, Moses et al45

reported that Black men were less likely than White men to
receive definitive treatment by either prostatectomy or de-
finitive radiation therapy for localized prostate cancer (odds
ratio, 0.73; 95% CI, 0.71–0.75; p , .001). Although of
a smaller magnitude, a significant disparity also existed
between Hispanic and White patients, with fewer Hispanic
patients receiving definitive treatment (odds ratio, 0.95;
95% CI, 0.92–0.98; p , .001). The racial disparity also
seems to extend to the use of molecular imaging. In a single-
center study, Black patients were more likely than White
patients to receive the older fluciclovine PET/CT as opposed
to the newer gallium-68 prostate-specific membrane anti-
gen PET/CT to evaluate biochemically recurrent prostate
cancer.49 Although direct comparison studies do not exist,
prostate-specific membrane antigen–based PET scans are
generally agreed to be more sensitive than fluciclovine PET
scans.50 Although on average Black patients with prostate
cancer receive less intensive treatment of localized disease,
they unfortunately are more likely to have decisional regret
afterward and may later wish they had opted for more
aggressive approaches to their treatment.51 Lastly, even if
assigned the same treatment, Black patients might be less
likely to complete it. In a study of 25,727 Black and 126,199
White patients, 12.8% of Black men did not complete
definitive radiation therapy for localized prostate cancer as
compared with 11.8% of White men (odds ratio, 1.14; 95%
CI, 1.09–1.19; p , .001).52

Geographic Location

Other factors besides race and ethnicity are associated with
disparities in prostate cancer treatment. Patients in non-
urban areas are more likely than patients in urban areas to
receive no treatment of prostate cancer. Conversely, pa-
tients in urban areas are more likely to receive radical
prostatectomy than patients in nonurban areas.53 Many
researchers might expect that underserved patients treated
at academic centers might receive more optimal or perhaps
more aggressive care for prostate cancer than those patients

treated at nonacademic centers. However, this does not
consistently seem to be the case. Black, Hispanic, and
uninsured patients were all more likely to experience
treatment delays than White patients at both academic and
nonacademic centers.54 Delays were actually slightly longer
at academic centers, although academic and nonacademic
centers were not directly compared. However, in a different
study, patients at an academic center were more likely to be
treated with radical prostatectomy (odds ratio, 2.57; 95%CI,
2.45–2.69; p, .001) as compared with community sites.55

Financial and Socioeconomic Status

Another key area affecting treatment of prostate cancer
comprises financial concerns and socioeconomic status.
Sayyid et al56 found in a U.S. population that high socio-
economic status was associated with an increased odds
ratio for receipt of definitive treatment of localized disease.
Socioeconomic status is interrelated with race, and the two
can be difficult to disentangle. In a large series of patients
from Detroit, Michigan, Black patients with prostate can-
cer had lower survival, but adjustment for treatment and
socioeconomic status removed the survival difference.57

However, even in a more homogenous population (Geneva,
Switzerland), patients with prostate cancer of lower socio-
economic status had shorter survival. The survival difference
was attributed to delayed diagnosis, different diagnostic
workup, and less invasive treatment.58 Prostate cancer
treatment also differs on a wider scale, between rich and poor
countries, as opposed to between patients of different so-
cioeconomic status within a country. As an example, clinical
trial participation varies greatly between countries. A recent
study estimated that 96% of participants in clinical trials are
White and that only 3% of African and Caribbean countries
are even included in any clinical trials.59 Cooperative group
trials in the United States are somewhat better, but Black
patients make up only approximately 9% of participants, less
than the overall population and less than the overall per-
centage of patients with prostate cancer.60,61 The relatively
low population of patients in clinical trials across many trial
formats makes it challenging to apply trial results to a diverse
population.

RESPONSE TO PROSTATE CANCER TREATMENT AND
MITIGATION OF DISPARITIES

Despite the disparities in outcome discussed earlier and the
differing treatment patterns outlined, one may argue that
meaningful differences can be made by the practice pat-
terns of individual physicians.44,62 Other points of view would
support that often-touted biologic differences areminimal as
opposed to large-scale societal issues that may address
disparities.63 Despite the complexity and multiple factors at
play, mitigation of prostate cancer disparities will likely in-
volve efforts such as enrollment in clinical trials that con-
tribute toward better outcomes. Importantly, Black men in
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particular seem to respond at least as well as White men to
standardized prostate cancer treatments.

Black Patients Have Equal or Better Treatment Response

In the metastatic setting, Black men seem to respond better
than or similar to White men to multiple different treatments.
Among those with metastatic castration-resistant prostate
cancer, Black patients have better and more durable PSA
responses.64,65 In the area of immunotherapy, which has
overall been disappointing in prostate cancer, the survival
data in Black men are more encouraging. In a registry
analysis, Black men treated with sipuleucel-T had a signif-
icant reduction in risk of death, with hazard ratios of 0.81
(95% CI, 0.68–0.97; p = .03) for all patients and 0.70 (95%
CI, 0.57–0.86; p , .001) in patients with matched PSA
values.66 This pattern was corroborated on additional
analyses.67 Black men treated with docetaxel for metastatic
castration-resistant prostate cancer had a similar survival
to that of White men by raw numbers but had a lower risk
of death when adjusted in a multivariable fashion within
a large meta-analysis (HR, 0.81; 95% CI, 0.72–0.91; p ,
.001).68 Differences have also been examined in the use of
radium-223, a radiopharmaceutical agent approved in the
castration-resistant prostate cancer setting. In a retrospec-
tive analysis of 318 patients receiving this agent, Black men
had a lower risk of death from the time of radium-223
initiation (HR, 0.75; 95% CI, 0.57–0.99; p = .045).69 Dif-
ferences in treatment response have also been well eluci-
dated with regard to oral novel androgen receptor pathway
inhibitors. In the prechemotherapy castration-resistant
prostate cancer setting, Black patients had a 53% rate of
PSA decrease to greater than 90%, whereas only 31% of
corresponding White patients had a similar reduction with
abiraterone, a CYP-17 lyase inhibitor.70 Statistical power in
this study was limited by the low number of Black patients
(28 of 1,088 total patients).70 Patients treated in an equal
access center had similar patterns of PSA decline with
abiraterone, with 68.9% of Black patients demonstrating
PSA level decline of 50% or greater versus 48.9% of
White patients (p = .028).64 A separate analysis of abir-
aterone or enzalutamide in castration-resistant prostate cancer
showed improved overall survival of 918 days for Black
patients versus 781 days over their White counterparts (HR,
0.826; 95% CI, 0.732–0.933).71 Importantly, this benefit of
androgen-based therapies has also been analyzed in
a prospective fashion, where PSA progression-free survival
was approximately 16.6 months in Black patients (95% CI,
11.5 to not reached) versus 11.5 months in non-Black pa-
tients (95% CI, 8.5–19.3) treated for castration-resistant
prostate cancer.65 These various outcomes in prostate
cancer for Black patients are summarized in Table 1.72

The reason for similar or enhanced responses in Black
patients versus White patients with metastatic castration-

resistant prostate cancer is not completely understood.
Genomic differences that may play a role in effects on
various treatment pathways are explored more in depth later
in this review. For example, in small cohorts of patients with
metastatic castration-resistant prostate cancer, Black men
demonstrated more tumor mutations in androgen receptor
and DNA repair genes compared with other men.73 Lastly,
Black patients may have an equal or better response to
therapy in localized disease as well, if they receive the same
treatment as their White counterparts. As mentioned, in
selected U.S. Surveillance, Epidemiology, and End Results
analyses, Black men were more likely to receive no treat-
ment at all or to receive radiotherapy versus radical pros-
tatectomy when compared with White men (HR, 1.03; p =
.041).62 The patients with similar risk profiles analyzed in
this study had no difference in overall survival. In a separate
analysis of data from the U.S. Veterans Administration,
however, Black men had a lower 10-year all-cause mortality
thanWhite men who received definitive radiation therapy for
localized prostate cancer.74 The mortality racial differences
by type of primary treatment seen in some series of patients
with prostate cancer but not others require more study and
analysis. Most analyses have been retrospective and may
have been affected by various types of bias. Additional
prospective analyses for localized prostate cancer treatment
outcomes by race are necessary.

Treatment in Clinical Trials Mitigates Disparities

Black men and patients from other minority groups have
a lower rate of participation in prostate cancer clinical trials,
both in the United States75 and globally.59 Additionally, rural
residents are less likely to enroll in clinical trials overall,
although there are limited analyses specific to prostate
cancer.76 However, treatment in a clinical trial has been
shown to eliminate differences in overall survival, both for
Black patients with metastatic castration-resistant prostate
cancer77 and for patients with cancer in rural areas overall.76

Several problematic issues exist even with large clinical trials
that may confound trial availability and outcomes for mar-
ginalized patients. These may include site selection that
favors more affluent populations, criteria that neglect
comorbidities with real-world populations, distance from
trial sites, and lack of insurance.

Importantly, additional confounding issues may also affect
clinical trial availability. Lack of accrual has been shown to
be a major reason for clinical trial closure and affects the
presence of clinical treatment options for future patients.78

Poor performance status is often a major reason for patients
not qualifying for or being excluded from clinical trials.28

Analyses of large phase III clinical trials demonstrated that
96% of patients enrolled across 600 analyzed trials had
an Eastern Cooperative Oncology Group performance
status of 0 or 1.79 Analysis of clinical trial enrollment in
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a predominantly Black population also showed that these
patients were often unable to take part in clinical trials
because of comorbid conditions.80 Although large clinical
trials may help answer pertinent and relevant questions,
they often exclude the very groups that may benefit most.
These limitations in clinical trial design highlight the im-
portance of including a diverse population of patients who
are able to safely enroll.

Outreach, Communication, and Action Items

Individual physicians and other health care providers have
the capacity to educate and help mitigate disparities in
prostate cancer treatment and outcomes in their practice.
Given that Black men have had similar or better responses
to treatment than White men for both localized and meta-
static prostate cancer, we recommend treatment for Black
men should be as intensive as is safe and supported by the
literature. This contrasts with a potential pitfall of treating
Black patients more conservatively to avoid doing harm.
Second, we recommend treatment in a clinical trial for any
patient, but especially for underserved populations. Be-
cause Black men in particular have higher mistrust of the
medical system in general and of clinical trials in particular,
special efforts in communication may be required for Black
patients. Although working to help rectify entrenched so-
cietal differences may seem daunting for an individual
practitioner, recognizing that there are existing organiza-
tions in place can be the first step in countering systemic
obstacles to care. These include the National Cancer In-
stitute Geographic Management of Cancer Health Dispar-
ities and National Cancer Institute Center to Reduce Cancer
Health Disparities.81,82 These entities not only support re-
search but also provide assistance to cancer health pro-
fessionals and patients and work to diversify the cancer care
workforce.

Patient beliefs may also play a role in outcomes, both during
screening and also once a patient is actually diagnosed with
cancer andmust undergo therapy. The exact contribution of
patient beliefs (versus implicit or explicit bias) to systemic
access issues is difficult to determine.83,84 Race alone has
not been shown to be predictive of poor outcomes when
examining multiple forms of treatment, including watchful
waiting,85 prostatectomy,85 or even definitive radiation
therapy.86,87 Various studies suggest that hurdles such as
more adverse presenting features, negative patient beliefs,
and systemic access issues may be overcome to some
degree by receiving care in more equitable access envi-
ronments or via other mechanisms.

Patient navigation is an opportunity to make use of nursing
and other support professionals for better health outcomes.
This also has the potential to provide increased access to
clinical trial enrollment among diverse populations. This
approach has been used in several cancers and has been

shown to help with screening and treatment planning in
Black patients with prostate cancer. Men benefited by
having more timely and increased rates of follow-up.43,88

Standard use of patient navigators may improve patient
outcomes with regard to disparities in screening and overall
outcomes in prostate cancer.

As we discussed, treatment in a clinical trial can help
eliminate racial disparities,89 but Black patients are less
likely than White patients to participate in prostate cancer
clinical trials.75 Therefore, we encourage prostate cancer
physicians to offer clinical trials to patients in all de-
mographic groups. Additionally, the U.S. Food and Drug
Administration has studied potential solutions to disparate
clinical trial enrollment in patients from multiple de-
mographic groups in part through workshops.90 Multiple
solutions were proposed in a nonbinding U.S. Food and-
Drug Administration guidance document,91 including
loosening exclusion criteria throughout clinical trials, not
copying overly restrictive phase II exclusion criteria in phase
III trials, making trials less burdensome for patients by in-
cluding more telehealth visits and reimbursing trial partic-
ipants for travel expenses, conducting community outreach
events, and including trial sites with a high percentage of
underrepresented populations in patient pools. Although
Black people make up approximately 12% of the U.S.
population and approximately 22% of patients with cancer
in the United States,60 they constitute a small proportion of
patients enrolled in pharmaceutical industry–sponsored
trials (approximately 3%) and are enrolled less frequently in
general in cooperative group (approximately 9%) and other
types of trials.61 Therefore, in addition to individual physi-
cians, authors of clinical trial protocols in academia and
industry have an opportunity to lessen prostate cancer
health disparities through thoughtful trial design.

PROSTATE CANCER DISPARITIES: GENOMIC DATA

A historical and persistent difficulty in the management of
prostate cancer is being able to identify and distinguish
indolent from aggressive disease.92-94 Prostate cancer
incidence and mortality rates vary widely by ancestry,
with men of African ancestry experiencing the greatest
burden of disease, likely because of the interplay of so-
cioeconomic factors, environmental exposures, and bi-
ologic/epigenetic phenomena.95-100 Decades of evidence
have clearly established that Black men have a much
greater burden of prostate cancer than men of European
ancestry, including a nearly two-fold increased risk of
developing prostate cancer and a more than 2.2-fold
increased risk of dying as a result of prostate cancer.1 As
noted earlier, Black men present at earlier ages and with
more advanced disease but are less likely to have access
to screening and guideline-concordant care, when
compared with other men.101
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FIGURE 1. Tumor Mutation Profiles by Race in Primary and Metastatic Prostate Cancer
Tumor mutation profiles (MSK-IMPACT and Dana-Farber Sequencing) by race in 2,393 patients (2,109 White; 204 Black; 80
Asian) with primary (1,484 patients [1,308White; 133 Black; 45 Asian]) or metastatic prostate cancer (909 patients [801 White;
71 Black; 37 Asian]). (A, B) Total mutation count was calculated in the MSK-468 cohort. (C, D) Mutation frequency in primary
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The increasing use of precision genomics and medicine has
the potential to improve outcomes for all men with prostate
cancer; however, genomic efforts and clinical studies have
been highly Eurocentric, and there is a risk of widening
disparities in the precision medicine era if efforts continue to
not include cohorts that are representative of local, national,
and global populations.102-106 Efforts to address racial dif-
ferences in prostate cancer outcomes have largely been
focused on investigating the contribution of social versus
biologic factors in high-risk populations.107-109 Now, there is
increasing evidence that many genomic prognostic models
and subsequent targeted therapies are most likely to benefit
White patients and least likely to benefit Black patients with
cancer and other diseases.102-106 Furthermore, there are no
specific tumor-based biomarkers or tailored nomograms to
guide workup and management of prostate cancer among
the subset of patients of African descent who are known to
have a higher risk of death resulting from prostate
cancer.110,111 This is largely due to insufficient minority
participation in cancer research, hence the present lack of
validated predictive tools for this patient population.

This lack of inclusion of men of African descent is a par-
ticular potential hazard in prostate cancer, given the disease
has some of the greatest disparities recorded to date.
Clinically relevant alterations may occur at different fre-
quencies across race that could have implications for
prognosis, therapy response, and enrollment of minority
populations in clinical trials and precision oncology studies.
An alternative possibility for outcome disparities would
suggest that outcome differences could be accounted for by
differences in environment, socioeconomic differences,
and/or contributors from structural racism. However, there
may be a more complex biologic component to these
outcomes as well. Preliminary studies in small cohorts of
men with metastatic prostate cancer have demonstrated
that Black men were more likely to have tumor mutations in
androgen receptor, actionable mutations, and DNA repair
genes compared with other men (Fig. 1).73,110,111 Never-
theless, conclusions cannot be drawn until appropriate

studies are conducted with large numbers of non-White
patients and that include data on environmental exposures.

Of note, only 13% of the samples from a recent study ex-
amining genomic variants in prostate cancer were from
Black patients.112 Several issues complicate the availability
of genomic clinical trials and next-generation sequencing to
all patients. Insurance issues and cost may make these
items financially unavailable. Patients may also refuse ge-
nomic testing because of a misunderstanding of terminol-
ogy and hesitancy regarding what is believed to be genomic
research.113 Availability of appropriate and standard genetic
counseling may also provide a major impetus to overcoming
such hurdles. Adherence to recent consensus meeting
recommendations regarding genomic testing and utility of
navigation may provide a way to definitely decrease the
disparity in genomic analyses,114 but this will require re-
sources to implement.

FUTURE DIRECTIONS

Despite the progress in prostate cancer survival, treatment,
and disparity, much work remains. Because the etiology of
these disparities is multifactorial and based not only on
ethnicity, geographic location, and socioeconomics, the
approach to address these disparities must also be multi-
faceted. We encourage and recommend:

1. More studies of novel therapies stratified by race
2. Use of patient navigation with clinical therapies and trial

enrollment in underserved patient settings
3. Enhanced and guideline-driven use of genomic testing to

personalize therapies
4. Standardization of treatment such that care is delivered

in more equal access environments and pathways for
optimal outcomes

It is hoped that ongoing community-based educational
efforts using invested and familiar partners will continue to
address the advances made in cancer therapies and ap-
proaches that have led to progress in eliminating prostate
cancer disparities.
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(22.5%) compared with White men (15.6%; p = .05). Mutations in ATR andMSH6 occurred more often in Black compared with
Whitemen (7.0% vs. 1.1%; p = .0002 for both). Actionablemutations includeABL1, EGFR, ERBB2, BRAF, BRCA1/2, FGFR2/3,
KIT, NTRK1/2/3, PDGFRA, RET, ROS1, ALK, and PIK3CA. In metastatic cases, actionable gene mutations occurred more often
in Black (26.7%) compared with White men (18.0%; p = .05).
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GERIATRIC ONCOLOGY
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Continuum for Older Adults: Lessons From
Multidisciplinary Perspectives
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overview

Older adults comprise a considerable proportion of patients with cancer in the world. Across multiple cancer

types, cancer treatment outcomes among older age groups are often inferior to those among younger adults.

Cancer care for older individuals is complicated by the need to adapt treatment to baseline health, fitness, and

frailty, all of which vary widely within this age group. Rates of social deprivation and socioeconomic disparities

are also higher in older adults, withmany living on reduced incomes, further compounding health inequality. It

is important to recognize and avoid undertreatment and overtreatment of cancer in this age group; however,

simply addressing this problem by mandating standard treatment of all would lead to harms resulting from

treatment toxicity and futility. However, there is little high-quality evidence on which to base these decisions,

because older adults are poorly represented in clinical trials. Clinicians must recognize that simple ex-

trapolation of outcomes from younger age cohorts may not be appropriate because of variance in disease stage

and biology, variation in fitness and treatment tolerance, and reduced life expectancy. Older patients may also

have different life goals and priorities, with a greater focus on quality of life and less on length of life at any

cost. Health care professionals struggle with treatment of older adults with cancer, with high rates of variability

in practice between and within countries. This suggests that better national and international recommen-

dations that more fully address the needs of this special patient population are required and that primary

research focused on the older age group is urgently required to inform these guidelines.

Medical care for the older adult, who for the purpose of
this article is defined as a patient older than age 65, is
a high priority because of the rapid increases in life
expectancy, which have doubled in the last 200 years.
Although early gains from several decades ago were
the result of reduced infant mortality, more recently,
improvements in life expectancy have occurred pre-
dominantly among older adults.1,2 The proportion of
the population older than age 65 will more than double
in the next 20 years.3 Older adults also carry a higher
burden of comorbidity3 and frailty4 compared with
younger adults. Moreover, cancer is a disease of older
adults, with incidence rates predicted to increase by
almost 50% in the next 15 years, largely because of the
increase in the older adult population. The link be-
tween cancer and aging is complex and reflects
substantial overlap in the molecular etiology of aging5

and cancer.6

For a majority of cancers, modern-day treatment is
often delivered in a multimodal manner, with combi-
nations of surgery, radiation therapy (RT), chemo-
therapy, and targeted biologic therapies all applied.
Multimodal cancer treatment may create both benefits
and harms, particularly among older adults in whom

cancer often occurs in a complex setting of multi-
morbidity and geriatric conditions, including frailty and
functional and cognitive impairment. Interactions be-
tween these factors and cancer treatments have
a substantial impact on cancer outcomes and quality of
life among older adults. These interactions can (and
sadly often do) have a negative impact on survival rates
and quality of life. Addition of geriatric assessment
measures can lead to better care when performed by
clinicians at the outset of therapy.

A majority of cancer therapies may be associated with
higher toxicity burdens in individuals with comorbid
geriatric conditions. The therapeutic window is therefore
narrower, and tighter selection criteria must be used.
These criteria in terms of age, frailty, and comorbidity
are poorly defined and often overly simplistic. With
regard to chemotherapy criteria in breast cancer,
many of the earlier chemotherapy trials had upper age
limits of 60 or 65 (with the exception of CALGB
49907,7 among others). Consequently, there are few
data for chemotherapy outcomes in adults older than
age 70.

Eliciting and incorporating patients’ values and pref-
erences into treatment decision-making is a critically

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on April 7,
2021, and published
at ascopubs.org on
May 6, 2021:
DOI https://doi.org/
10.1200/EDBK_
319841

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook e215

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



important endeavor when caring for individuals of any age.
This takes on particular significance in geriatric oncology
practice, because as people age, many develop a pragmatic
acceptance of the inevitability of death and wish to preserve
their quality of life and independence.8 It is therefore crucial
that oncology professionals have the training and facility to
be able to effectively explore the preferences, thresholds,
and potential tradeoffs relevant to each patient when
making shared treatment decisions.

OVERCOMING BARRIERS TO EQUITABLE CARE AMONG OLDER
ADULTS WITH CANCER

Many factors, including social determinants of health,
mobility, social support, cognition, geriatric syndromes,
organ function, transportation, technology, ageism, access,
and assessment, play a role in creating barriers to equitable
care for older adults with cancer. This section will briefly
address three key targetable areas in which to overcome
existing barriers to cancer care: ageism, access, and as-
sessment (Fig. 1). These three domains work together to
increase health care disparities among older adults but are

modifiable factors through which the average clinician,
whether in an academic setting or community practice, can
implement real change within a short period of time.

Ageism

Age is just a number. Cancer screening, diagnosis, and
treatment planning should never be based on age alone.
However, ageism persists and contributes to global health
care disparities.9,10 Physiologic age does not equal chro-
nologic age. Unfortunately, age is a factor associated with
disparities in cancer screening, diagnostic procedures,
clinical trials, and treatments.11 Clinicians early in training
are taught to recite as follows in each clinical case: “This is
an 80-year-old man with a history of chronic obstructive
pulmonary disease admitted for worsening shortness of
breath…” Instantly, the listener starts weighing the bene-
fits and challenges of potential screening, diagnosis, and
treatment options based on the patient’s age. This is
problematic, because extensive heterogeneity exists within
and between age groups. One octogenarian may still be
running, gardening, living independently, and completely
independent in all activities of daily living12 and instrumental
activities of daily living.13 A second octogenarian may be
playing cards and socializing but living in a skilled nursing
facility and dependent in activities of daily living and in-
strumental activities of daily living. If a provider solely chose
and discussed treatment options based on age, these two
patients would receive the same treatment. This could result
in undertreatment of the fit octogenarian, withholding po-
tentially life-extending treatment, but overtreatment of the
frail octogenarian, leading to treatment toxicity and perhaps
life-shortening treatment. Additional information is needed
to synthesize potential treatment options and plan next
steps that are required before clinicians can engage in
shared decision-making with the older adults and their
caregivers, if present. Overcoming ageism as a barrier will
require a paradigm shift not only for clinicians but also for
clinical trialists, payers, industry, and policy makers.

Access

As a result of ageism, older adults can be discouraged from
seeking medical attention or simply cannot navigate the
health care system to engage in health care. Limited access
can be the result of insurance status, mobility limitations,
cognitive impairment, lack of transportation, or complexity
of the health care system. In the United States, insur-
ance should be accessible through Medicare (age 65 or
older benefit); however, many older adults remain un-
derinsured.14 Their out-of-pocket medication costs and/or
high health plan deductibles are prohibitive to seeking care
when on a fixed monthly income. Physical mobility limita-
tions and cognitive impairment may delay or prohibit access
by resulting in an inability to navigate the complexity of the
health care system or simply by limiting their ability to drive.

PRACTICAL APPLICATIONS

• Health care inequalities disproportionately af-
fect older adults because of a complex range of
social, health-related, and economic factors.

• All older adults with cancer should undergo
a full geriatric assessment, including their
comorbidities as well as physical and cognitive
function, frailty, nutritional status, and medi-
cation use, before treatment decisions
are made.

• All health care professionals caring for older
adults with cancer should have training and
facility in the use of assessments for evaluating
physical function, frailty, and cognitive
impairment.

• Health care professionals should involve older
adults (and/or their caregivers as appropriate) in
shared decision-making and should respect
patient preferences for nonstandard care,
without making assumptions regarding pa-
tients’ prioritization of quality of life versus
length of life.

• Rehabilitation and prehabilitation tailored to the
needs of the individual should be appropriately
initiated before surgery and radiation therapy
and before or during systemic treatment among
older adults to reduce the adverse impacts of all
types of cancer treatments and to increase
functional, physical, and psychological
resilience.
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Lack of transportation increases with age, particularly in the
United States and in rural areas because of the lack of
public transportation. There are basic steps a practice can
take to improve access in these areas. Asking patients about
their finances and transportation needs can help link them
to available resources in the community. Patient navigators,
case managers, community health workers, and social
workers are some of the potential resource-rich staff that
can break down barriers to health care access.15 Telehealth
or virtual health is also an emerging technology (which has
advanced rapidly during 2020 because of the COVID-19
pandemic) that can reach older adults in rural areas,16 but it
is still not available equally to all older adults.17

Assessment

The lack of assessment of older adults can result in both
overtreatment and undertreatment.18 As oncology pro-
viders, we may deliver treatment that could result in toxicity,
poorer quality of life, and even death (overtreatment). Al-
ternatively, we may withhold treatment that could improve
symptoms, quality of life, functional status, and life ex-
pectancy (undertreatment). Brief tools to ascertain func-
tional status and patient goals that could ameliorate both
under- and overtreatment are sporadically implemented
across health care systems. In addition, trainees in medical
oncology should be exposed to and should learn baseline
geriatric oncology competencies.19 The assessment of older
adults is imperative in order for oncology clinicians and
trainees to understand underlying geriatric syndromes and
barriers to health care not explained by Eastern Cooperative
Oncology Group performance status. For older adults with
solid tumors, the use of a geriatric assessment and optimization

has led to less treatment-related toxicity,20,21 improved
quality of life and survival,22 and lower health care resource
use23 in randomized controlled trials. Fried’s frailty phe-
notype and Rockwood’s clinical frailty scale are
among the most commonly used measures to characterize
frailty.24,25 Comprehensive geriatric assessment and geri-
atric comanagement can take place in multiple health care
settings and can be performed by a primary care physician
or geriatrician,22 or in a multidisciplinary onco-geriatric
clinic.26 Comprehensive geriatric assessment can be re-
source- and time-consuming; however, there are brief as-
sessment tools that can be implemented in a short amount
of time.27 Using these screening tools, such as the G828 and
the EQ-5D-5L, or simply asking about activities of daily living
and instrumental activities of daily living can uncover
functional disability,29 pain,30 and psychological31 impair-
ments that would otherwise go unrecognized and are in-
dependently associated with poor patient outcomes. More
recently, the ELDERS study demonstrated that older adults
with advanced lung cancer or melanoma receiving immu-
notherapy with a positive G8 screening test (� 14 points)
had a higher risk of hospital admissions (p = .03) and death
(p = .01), but not a higher incidence of treatment-related
toxicity.28 There are also brief tools to assess the risk of high-
grade chemotherapy toxicity, such as the Cancer and Aging
Research Group chemotherapy toxicity tool,32 the Che-
motherapy Risk Assessment Scale for High-Age Patients
tool,33 and the Cancer and Aging Research Group breast
cancer–specific tool.34 These brief tools can identify dis-
ability and other areas of impairment such that we are able
to intervene in a meaningful way to improve health care
disparities. Multiple tools are currently available for the
practicing oncologist, as described by Loh et al.27 However,
these tools must be validated among patients receiving
newer systemic treatment, such as immunotherapy and/or
oral targeted treatments. There also is a need to adapt the
geriatric assessment based on specific cancer types or
receipt of combined treatment modalities. This is currently
an active area of geriatric oncology research.

DISPARITIES IN THE CARE OF OLDER ADULTS: A RADIATION
ONCOLOGIST’S PERSPECTIVE

More than 11.2 million older adults with a history of cancer
were alive on January 1, 2019, in the United States, and this
number is projected to grow by more than 30% by January
1, 2030. Approximately half of these individuals receive
RT as part of cancer treatment to accomplish one or more of
the following: cure cancer, alleviate symptoms from can-
cer, and/or improve quality of life with cancer.35-39 Geriatric
conditions are commonplace among older adults with
cancer, but their relationship to RT outcomes is still unclear.
Studies have shown that older adults with cancer have
a higher prevalence of geriatric conditions than those
without cancer.40 These include conditions such as hearing

FIGURE 1. Three Modifiable Barriers to Equitable Cancer Care

Cancer Care Disparities in Older Adults
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impairments, falls, and urinary incontinence.41 Older pa-
tients with cancer are also more likely to have functional
impairments, low self-rated health, and frailty.40,42-44

Medical oncologists, having recognized the link between
geriatric conditions and cancer treatment outcomes more
than 2 decades ago, have developed32-34 and validated32,34

chemotherapy toxicity risk prediction tools that evaluate key
health domains in older adults (e.g., functional status,
comorbidity, cognition, and nutritional status) and pre-
dict the occurrence of grade 3 or higher adverse events
according to the Common Terminology Criteria for Adverse
Events45 from chemotherapy with higher accuracy than
traditional oncology performance measures (e.g., Karnofsky
performance status).46,47 As a result, geriatric assessment is
now recommended by ASCO before chemotherapy initiation
in older adults.48 However, in radiation oncology, the data
are nascent, and little is known about the relevance of
geriatric assessment to outcomes from RT. The delivery of
RT (daily treatments over several weeks) and its adverse
effects are distinct as compared with chemotherapy, and, as
such, a separate study of these is indicated. The goals of the
particular radiation coursematter as well, because expected
toxicity profiles as well as an individual’s values and pref-
erences for treatment and outcome differ for different tumor
types, anatomic treatment sites, and treatment intents (e.g.,
curative intent vs. palliative [noncurative] intent). Prediction
of functional outcomes after RT is equally important for
decision-making for older adults considering RT as part of
their cancer treatment.

The paucity of evidence for risk stratification of older adults
and lack of knowledge among radiation oncologists about
optimal treatment both drive treatment variability and
consequently care disparities. Surveys of radiation oncol-
ogists reveal that up to 80% do not routinely incorporate any
geriatric assessment during evaluation of older adults before
RT. Almost 50% of radiation oncologists report low levels of
confidence in treating complex issues in older adults.49-51

Therefore, it is no surprise that there is wide variability in how
radiation oncologists make treatment decisions in older
adults. Older adults less often receive guideline-based RT
and are more likely to receive deintensified regimens (e.g.,
fewer sessions or lower RT doses).52,53

Although RT use does decline with age,54-58 suggesting that
radiation oncologists may variably account for age and its
associated geriatric conditions in treatment decisions, data
as to which subgroups of older adults are most likely to
benefit from specific types (e.g., short vs. long treatment
durations, high vs. low dose, external beam vs. brachy-
therapy, and wider vs. narrower field sizes) of RT are not yet
available.59 Potential overtreatment with palliative RT is
evident in data showing that one in six RT courses is
interrupted and one in five prematurely terminated.60,61 Up

to 30% of patients older than age 65 have major adverse
outcomes, including hospitalization or death, soon after RT
completion.62-64 However, potential undertreatment in RT is
a problem as well. For instance, two population-based data
set studies of older adults with curable-stage soft tissue
sarcoma revealed that adults older than age 70 were less
likely to receive definitive therapy, suggesting that older
adults were less often being offered curative treatment
based on their age.52,65 Another study of palliative (non-
curative) RT found that receipt of palliative RT decreased
with increasing patient age, implying that older adults with
advanced cancer were less likely to be offered this poten-
tially quality of life–enhancing treatment as well.54

The variability in radiation oncology decision-making is
partially related to the presence of an evidence base for the
utility of geriatric assessment for RT that is both limited and
conflicting. There have been 13 small nonrandomized
studies (mean of 63 participants) and two systematic re-
views that have attempted to assess the link between ge-
riatric conditions and RT outcomes. Because of their small
numbers and underpowered nature, these studies have
produced conflicting results and have left outstanding
knowledge gaps.66-68 For instance, although geriatric as-
sessment tools (e.g., Vulnerable Elders Survey-1369 and
G8 screening tools70,71) have predicted RT incompletion
in patients older than age 75,69 mortality in patients
older than age 70 with head and neck cancer receiving
chemoradiation,72 and late-occurring68 (but not acute73)
adverse effects from lung irradiation, post-RT functional
status was not examined in any of these studies.60 In another
analysis of 46 patients undergoing chemoradiation, pre-RT
functional disability, defined as a score of 14 or lower on the
Instrumental Activities of Daily Living scale, predicted lower
quality of life and increased patient-reported toxicities
6 weeks after RT, but did not predict treatment delays,
change in prescribed therapy, hospitalization, or death.74

RT completion was not assessed. Geriatric assessment was
performed once pre- and once post-RT; possible changes in
functioning occurring between these time points were not
able to be captured. The remaining studies did not show
any link between geriatric conditions and RT-related out-
comes and did not follow trajectories of function or quality
of life after RT. Additionally, participation of older adults
in clinical trials that include RT has been low, with such trials
being plagued by the same recruitment limitations as che-
motherapy and other cancer drug trials, namely age cutoffs
and minimum performance status restrictions.11

For older adults to consistently receive truly equitable
treatment from radiation oncologists, a redesign of the
system of how we think about fitness for (and recover from)
RT is needed at several levels. First, the gap in geriatric
education must be addressed during radiation oncology
training. Residents should have a basic understanding of
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the components of a geriatric assessment and the common
screening tools used to evaluate each of these components.
Next, there is an urgent need for high-quality prospective
research to better understand how, and for how long,
RT affects older adults’ functioning, quality of life, in-
dependence, and other potentially modifiable factors im-
portant and pertinent to older adults with or without geriatric
conditions. Finally, clinical trials that involve RT should use
more nuanced eligibility criteria by incorporating compo-
nents of the geriatric assessment, rather than simply using
age cutoffs or performance status (e.g., Eastern Cooperative
Oncology Group or Karnofsky performance status) alone.

ACHIEVING HEALTH EQUITY AMONG OLDER ADULTS: A
SURGICAL ONCOLOGIST’S PERSPECTIVE

Surgery is the primary treatment modality for a majority of
early-stage solid tumors. The morbidity and mortality

associated with most forms of surgery have improved
dramatically in the past 3 decades as a result of technologic
advances in surgical techniques, better perioperative care,
and safer anesthesia.75 However, surgery is still associated
with postoperative death and major complications, which
are more common among older adults.76 In addition, older
adults are more likely to experience a decline in physical
function after surgery because of muscle disuse atrophy,
which they may never regain.77 Some of these harms may
be mitigated by the use of prehabilitation78 and enhanced
perioperative care, which should be tailored to the physical
health status of the individual. Such personalized care is not
routine, and high rates of variability in outcomes exist in
clinical practice.79

In some types of cancer, in addition to variability in out-
comes from surgery itself, there are variations in rates of
surgery used as compared with less oncologically effective

FIGURE 2. Rates of Surgery for Breast Cancer in the United Kingdom
Funnel plots showing (A) case mix–unadjusted and (B) casemix–adjusted (for age, comorbidity, social deprivation status, tumor stage, and grade) rates of
surgery (proportion) against the number of breast cancers treated annually either by breast unit (top row) or by breast surgeon (bottom row) in the United
Kingdom, based on U.K. registry data for women older than age 70 at the time of diagnosis.
Abbreviation: s.d., standard deviation.
Reproduced with permission from Morgan et al.81
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alternatives. Nonsurgical treatment options tend to be
preferred in the very frail or comorbid patient for whom the
risks of surgery are very high. Examples include the use of
palliative endocrine therapy in prostate cancer rather than
prostatectomy, stenting in luminal gastrointestinal cancers
(e.g., colorectal and esophageal) rather than colectomy
or esophagectomy, and primary endocrine therapy in
estrogen-sensitive breast cancer rather than mastectomy or
breast-conservation surgery.

Reflecting in more detail on breast cancer, rates of primary
endocrine therapy vary widely around the world. In Europe,
rates of surgery for stage I breast cancer vary widely, from
almost 94% in Poland to 75% in the United Kingdom.80

Surgery is the norm in the United States for almost all
women, regardless of age. Even within countries, variation is
marked. In the United Kingdom, for example, rates of
surgery vary between 30% and 100%81 based on national
U.K. registration data. Even when adjusting for case mix
(i.e., stage, age, and comorbidities), the variation persists
(Fig. 2). Detailed exploration of the reasons for this variation
using qualitative interviews and questionnaires with health

care professionals found a wide variation in thresholds for
age, fitness, frailty, and cognition.82,83 A key problem is the
lack of detailed guidelines setting reproducible thresholds.
A majority of guidelines simply state that if a woman is fit for
surgery, she should have surgery.84 However, although
a majority of older women will survive breast cancer surgery
because it has moderate morbidity and very low mortality
rates,85 this does not mean that surgery is appropriate for all
older women. Primary endocrine therapy, when selected
appropriately, may be a reasonable option for frail women or
women with complex comorbidities and/or low estimated life
expectancy. Randomized trials comparing surgery and
primary endocrine therapy found no significant survival
advantage with surgery after 5-year follow-up,86 although
these trials were flawed by modern standards, because
participants were younger than the age at which women
would generally be offered primary endocrine therapy and
did not all have estrogen receptor–positive cancers. On
longer-term follow-up, surgery does have a beneficial ef-
fect. The key is to select older women with a predicted
life expectancy of fewer than 3 to 5 years for primary
endocrine therapy. The Age Gap observational cohort

FIGURE 3. Outcomes for Older Women With Early Breast Cancer
Comparison of a range of outcomes (unadjusted and propensity score–matched outcomes [matched for age, health, frailty, tumor stage, and grade]) for
older women (age . 70) with estrogen receptor–positive early breast cancer according to whether they were treated with surgery (plus adjuvant therapy;
blue) or primary endocrine therapy (orange). (A, B) Overall survival, (C, D) breast cancer–specific survival, and (E, F) recurrence-free survival.
Abbreviations: BCS, breast cancer–specific survival; PET, primary endocrine therapy.
Reproduced with permission from Wyld et al.87
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study attempted to define the health characteristics of
women suitable for primary endocrine therapy by recruiting
women older than age 70 with early breast cancer and
adjusting for baseline health and fitness using detailed pro-
pensity score matching. The study found that when matched
cohorts with similar health status treated with either surgery
or primary endocrine therapy were compared, there was
no survival advantage with surgery (Fig. 3).87 The median
age of this matched cohort was 82 to 83, with higher rates
of frailty and comorbidity than the general population.

Surgery for all women with breast cancer regardless of their
health and fitness may cause needless harm to some. This
may be particularly true among women residing in nurs-
ing homes who receive breast cancer surgery. Tang et al88

found high rates of morbidity and mortality among women
after surgery for early breast cancer in the postoperative
period, and many of the women died within 12 months of
surgery, suggesting that the surgery was likely to have had
little benefit. Another factor to consider is the views of the
women themselves. When surgery and primary endocrine
therapy choices were adequately explained with the use of
a decision support tool,89 a higher percentage of women
chose less aggressive therapy.90 Qualitative interviews with
older women about this treatment choice revealed that for
many, a key priority was the maintenance of independence
and quality of life, even if survival outcomes were less
certain.91

The above highlights the need for focused research to set
advisory thresholds of health, fitness, and frailty in cancer
settings where less aggressive options may be offered.
These may be used to develop decision support tools to aid

in shared decision-making with older patients. One example
of this is the Age Gap Decision Tool,92 which has been
developed to support the choice between surgery and
primary endocrine therapy in older women.93

CONCLUSION

Disparities in cancer care among older adults are multi-
factorial. The causes include ageism, a sweeping gener-
alization of health status based upon chronologic age
rather than physiologic age; variable access to medical
care resulting from difficulty navigating the health care
system and/or being discouraged from receiving care in
the first place; and lack of proper use of geriatric as-
sessment measures. In radiation oncology, the causes of
age disparity additionally include a lack of geriatric edu-
cation among radiation oncologists, a paucity of older
adults in clinical trials, and a paucity of high-quality re-
search detailing the linkage between geriatric conditions
and RT outcomes. In surgical oncology, there is a lack of
detailed guidelines that set reproducible advisory thresh-
olds of health, fitness, and frailty in cancer settings in
which less aggressive options may be offered; for instance,
in breast cancer, there may be reasonable nonsurgical
treatment options. Further research and guideline devel-
opment would lead to more appropriate personalized
care for older adults with cancer. Interventions targeting
these sources of disparity would lead to improved cancer
management outcomes.
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overview

Accurate pathologic evaluation is essential for proper diagnosis and treatment of patients with cancer. ASCO

and the College of American Pathologists have successfully collaborated over the last 15 years to improve

collaboration between clinical oncologists and pathologists and to standardize pathologic assay techniques.

Cancer is an increasingly recognized societal burden in low- and middle-income countries. In 2015, ASCO

and the College of American Pathologists implemented an initiative to identify countries that could benefit

from peer insights by jointly convening an international workshop among members of both organizations and

pathologists and clinical oncologists from Haiti, Honduras, Vietnam, and Uganda. Honduras was chosen as

a pilot site, and representatives of ASCO, the College of American Pathologists, and the Honduras pathology

and clinical oncology communities have identified areas in which collaboration might be productive. Multiple

barriers, including high poverty levels, poor cancer awareness educational programs, lack of human resources,

and delayed diagnosis and treatment, have resulted in a higher cancer mortality rate in Honduras compared

with high/moderate-income countries and are shared by other low-income countries. ASCO and the College of

American Pathologists member faculty supported a symposium led by Honduras colleagues for interested

Honduran pathologists and oncologists. The Honduran communities are now working to establish national

resource-appropriate guidelines for both pathology and clinical oncology. Taken together, these efforts in-

dicate that barriers to meet the needs of the clinical oncologists in a low-income country such as Honduras are

challenging but not insurmountable.

COLLABORATION BETWEEN ASCO AND THE COLLEGE OF
AMERICAN PATHOLOGISTS

Accurate and reliable pathologic evaluation is essential
for proper diagnosis and treatment of patients with
cancer. ASCO and the College of American Patholo-
gists (CAP) have successfully collaborated over the last
15 years to improve cooperation between clinical on-
cologists and pathologists and standardization of
pathologic assay techniques. This initiative began in
the mid-2000s with the identification of the need for
standardized methods of analysis of HER2 in breast
cancer coincident with the astounding results of ad-
juvant trastuzumab. Representatives of the two orga-
nizations met and proposed precise methods of
analysis and determination of cutoffs for HER2, and
most importantly established proficiency testing for this
biomarker linked to CAP laboratory accreditation.
These recommendations were simultaneously pub-
lished in the Journal of Clinical Oncology and the Ar-
chives of Pathology & Laboratory Medicine.1-3 A similar

project was completed regarding hormone receptor
analysis (estrogen and progesterone receptors) in
breast cancer.4,5 These guidelines have now been
updated on several occasions.6-11 Taken together,
these papers represent some of the most commonly
cited articles in both journals.

CAP and ASCO established shared goals and expected
outcomes at the genesis of their collaboration. Each of
these goals and outcomes is designed to optimize care
for patients with cancer; to foster excellence in the
practices of pathology and oncology; and to promote
interprofessional education, policy advocacy, quality
improvement, international outreach, and practice
guideline development.

The ASCO/CAP collaboration for HER2 guidelines set
the stage for ongoing and future initiatives. Sub-
sequently, ASCO and CAP have collaborated on de-
veloping other evidence-based guidelines to help
oncologists make informed decisions and provide the
highest quality of care, including ongoing provision of
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pathology training, laboratory accreditation, and proficiency
testing for selected tumor biomarker tests in breast as well as
other cancers, such as gastrointestinal, colorectal, and lung
malignancies.12-23 Moreover, ASCO and CAP partnered to de-
velop a guide adoption of “liquid biopsies” into clinical care.24,25

The following other areas are examples in which ASCO and
CAP are currently working together:

• Advocacy and Policy: ASCO and CAP have consulted or
collaborated in the following areas:
o Regulatory review of policies
n CAP and ASCO have consulted and both commented
over the years regarding reform of the regulatory
oversight of laboratory developed tests as well as the
designation of companion diagnostics.

o Reimbursement
n CAP, ASCO, and the American Society of Hematology
collaborated to make relative value units and practice
expense recommendations to the American Medical
Association Relative Value Scale Update Committee for
new Current Procedural Terminology codes 38220,
38221, and new Current Procedural Terminology code
38222 (diagnostic bonemarrow biopsy and aspiration).

n Additionally, ASCO and CAP worked in conjunction
with the American Society for Transplantation and
Cellular Therapy and the American Society of He-
matology to develop Category III Current Procedural
Terminology codes for CAR T-cell therapy.

n CAP and ASCO worked together to advise the Center
for Medicare and Medicaid Services regarding Na-
tional Coverage Determination for certain genetic tests
and for fluorescence in situ hybridization.

• Professional Education:
o CAP and ASCO collaborated with the Association for
Molecular Pathology and ASCO University on a Molec-
ular Oncology Tumor Board series, an online and user-
driven resource, and a published consensus statement
regarding Standards and Guidelines for the Interpretation
and Reporting of Sequence Variants in Cancer26 to help
cancer care providers interpret and understand tumor
molecular profiling tests and studies.

• Patient Education (principally, postings on ASCO’s
patient-focused Cancer.Net website):
o CAP and ASCO provide pathologist-generated content,
primarily videos and infographics, from the existing CAP
patient-focused landing page, YourPathologist.org, and
the YouTube channel for the health-engaged public.

o CAP and ASCO have posted pathologist-generated content
for patient information, including blogs from CAPmembers,
on Cancer.Net with CAP’s Professional and Community
Engagement Committee. Some examples include:
n “Reading a Pathology Report”: http://www.cancer.

net/navigating-cancer-care/diagnosing-cancer/reports-
and-results/reading-pathology-report

n “Understanding Targeted Therapy”: http://www.cancer.
net/navigating-cancer-care/how-cancer-treated/
personalized-and-targeted-therapies/understanding-
targeted-therapy

n “Biopsy: 5 Things Every Patient Should Know”: http://
www.cancer.net/blog/2016-05/biopsy-5-things-
every-patient-should-know

n “Spotlight On: Pathologists”: http://www.cancer.net/
blog/2015-03/spotlight-pathologists

• Scientific Initiatives:
o Health information technology:
n CAP and ASCO worked together to standardize data
capture and transmission of structured data for pa-
tients with cancer and on initiatives and working groups
resulting from the ASCO 2016 Oncology Standards &
Interoperability Summit.

n CAP is represented on ASCO’s CancerLinQ Oncology
Leadership Council. CancerLinQ harnesses the power
of big data to help improve the quality of care for every
person living with cancer. CAP’s inclusion is a direct
result of the intention of CancerLinQ to convene on-
cology professional societies and other stakeholders
in a multidisciplinary collaboration for learning and
quality improvement, and current initiatives include
an analysis of CancerLinQ data elements used for
oncology quality reporting.

n CAP has a full member on the ASCO’s Targeted Agent
and Profiling Utilization Registry (TAPUR) Steering Group
and is represented on the Molecular Oncology Tumor
Board, which helps with difficult cases that cannot be
dealt with through the automated drug assignment

PRACTICAL APPLICATIONS

• Multiple barriers to adequate cancer treatment
in low-income countries include a high level of
poverty, lack of human resources, lack of
specific diagnosis and treatment guidelines,
lack of educational programs, diminished sci-
entific research in oncology, lack of national
tumor registries, and inadequate and in-
sufficient cancer facilities and infrastructure.

• Practical resolutions to barriers include the
following: adequate training (professional [pa-
thologists, medical oncologists]; staff [histology
technicians]); communication among clinical
oncologists and pathologists (what assays/tests
do clinical oncologists need relevant to what
therapies are available; what assays/tests can
be performed with high levels of accuracy); and
resource-appropriate guidelines (diagnosis and
treatment; pathology [analytical]).
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system. TAPUR is a nonrandomized clinical trial con-
ducted by ASCO that aims to describe the performance
(both safety and efficacy) of commercially available,
targeted anticancer drugs.

n CAP collaboration also exists within the ASCO TRG
(technical review group) for mCODE (minimal On-
cology Data Elements).

• International Humanitarian Initiatives:
o CAP and ASCO have worked to identify actions that
would be both relevant and sustainable in low- and
middle-income countries.

CANCER IN LOW- ANDMIDDLE-INCOME COUNTRIES AND THE
ASCO/CAP INITIATIVE

The latter initiative is directly relevant to this article and
the accompanying 2021 ASCO Annual Meeting Educa-
tion Session. Cancer is a progressively recognized societal
burden in low- and middle-income countries where the in-
cidence of cancer is rapidly increasing. The International
Agency for Research on Cancer projects that, by 2030, there
will be 13 million new cases of cancer annually in low- and
middle-income countries (or nearly double the number pro-
jected for high-income countries; https://www.iarc.who.int/
research-groups-csu-rationale/). In 2015, the World Health
Organization expanded its Essential Medicines List, which is
used by national governments around the world to prioritize
health care investments, to include 16 additional drugs for
cancer (https://www.who.int/news-room/fact-sheets/detail/
cancer). The list was derived from 29 disease-based
documents where effective treatment was possible. For
each of these 29 diseases, specific needs of pathology
expertise were delineated. The World Health Organization
determined that without pathologic diagnosis, appropriate
treatment with these essential drugs cannot be successful.

In 2015, responding to the clear need for enhanced pa-
thology in low- and middle-income countries, ASCO and
CAP held an international workshop among members of
both organizations and pathologist and clinical oncologist
delegates from Haiti, Honduras, Vietnam, and Uganda to
identify opportunities to improve pathology services in
resource-limited settings. One outcome of the workshop
was the selection of Honduras as a pilot site to determine
a pathway for improvement of diagnosis and pathology with
the intent to subsequently provide “lessons learned” to
other interested countries. To proceed with this pilot ini-
tiative, a joint Task Force was formed, consisting of rep-
resentatives of CAP (Drs. Matthew Zarka and Harris
Goodman, and staff member Devon Snedden), ASCO (Dr.
Daniel F. Hayes and staff member Doug Pyle), and Hon-
duras pathology (Dr. Sylvia Portillo) and clinical oncology
(Dr. Jose Angel Sanchez) communities.

Over the last 5 years, led by the Task Force, representatives
of ASCO, CAP, and the Honduras pathology and clinical

communities have conducted regular meetings to identify
areas in which collaboration might be productive. In 2018,
ASCO and CAP worked with Honduran colleagues to send
a letter to the Government of Honduras articulating the
importance of pathology in overall cancer care, which
resulted in the appointment of a governmental represen-
tative to liaise with the ASCO/CAP initiative (Fig. 1). The
collaboration has included the following components, some
of which will be outlined in greater detail below:

• Analysis of oncology and pathology capacity in Honduras
and initial assessment of key gaps, published in ASCO’s
JCO Global Oncology;

• Initial implementation of CAP accreditation program
checklists in Honduras, which are a global standard in
pathology;

• Networking among oncology and pathology colleagues in
Honduras for coordinated action nationwide;

• Establishment of routine, monthly conference calls with
oncology and pathology experts appointed by ASCO and
CAP for international collaboration and development of an
action plan for improving pathology in Honduras; and

• Conducting a workshop hosted by ASCO, CAP, and
Honduran pathology and oncology faculty via videocon-
ference with pathologists and oncologists from around
Honduras (Fig. 2).

Cancer Treatment Resources in Honduras

Honduras was chosen as a pilot country in part due to its high
mortality rate of patients with cancer. Honduras encompasses
112,492 km2 and has 9,900,000 inhabitants. The Honduran
public health system consists of 30 state hospitals distributed
in 18 departments that serve more than 60% of the population
(https://www.ine.gob.hn/). According to GLOBOCAN, there
were 10,602 new cases of cancer and 6,378 cancer deaths
in 2020 (https://gco.iarc.fr/today/data/factsheets/populations/
340-honduras-fact-sheets.pdf). Cancer management is pro-
vided in two of the 30 state hospitals, one in San Pedro Sula
and a second in Tegucigalpa (Hospital General San Felipe).

Recently, Dr. Sanchez published the results of a study of the
incidence and prevalence of the factors that might lead to
worse cancer outcomes in Honduras.27 He studied 202
patients diagnosed with a variety of cancers at the Hospital
General San Felipe (female urogenital; digestive and hep-
atobiliary; head and neck; colorectal; skin, muscle, and
bone; male urogenital; respiratory tract; hematologic; and
unknown primary tumor), specifically to address the interval
from onset of first symptoms to treatment.

Ninety-five percent of these patients presented as a result of
symptoms or signs of their diseases. Only 5% sought
medical attention because of findings on x-ray imaging
studies or cervical cytology. Nearly one-half of the patients
presented with pain. Other reasons were self-detected
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FIGURE 1. Letter From College of American Pathologists and ASCO to Honduras Secretary of Health
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FIGURE 1. Letter From College of American Pathologists and ASCO to Honduras Secretary of Health (Continued)
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FIGURE 1. Letter From College of American Pathologists and ASCO to Honduras Secretary of Health (Continued)
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FIGURE 1. Letter From College of American Pathologists and ASCO to Honduras Secretary of Health (Continued)
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palpable tumors, bleeding, unexplained weight loss, and
gastrointestinal abnormalities. These symptoms were spe-
cific to the cancer diagnoses, including digestive, hep-
atobiliary, female urogenital, and colorectal cancers.

Eighty-three percent of the patients were initially diagnosed
by general doctors, gynecologists, internists, general sur-
geons, or nonmedical personnel, such as nurses and
naturalists. Subsequent evaluation and care was principally
provided for over 90% of the patients by surgical and
medical oncologists.

Some form of cancer treatment was initiated in 123 patients,
and 79 patients had not received treatment when the study
was closed. The reason why patients had not received
treatment was beyond the objective of this study. The survey
demonstrated a median of more than 7 months’ delay from
first clinical manifestations of the cancer to initiation of treat-
ment. This included a mean of 68 days between symptom
onset and seeing any health provider, and a mean time from
first symptom to evaluation by a cancer specialist of 147 days.

Most relevant to this manuscript, over 10% of patients did
not have a biopsy report in their medical record. Of those
who did, 44% did not have a biopsy before seeing a cancer
specialist, further delaying the start of effective therapy.

For patients whose date of beginning of treatment was possible
to determine, the mean time to surgery was 7 days (range,
1 day to 858 days), and to chemotherapy and radiation it was
88 days and 102 days, respectively. The difference in time
interval from onset of symptoms to treatment in patients who
had an ordered sequence of evaluation (meaning from
general practitioner, oncologist’s consultation, or biopsy report
to treatment) versus those who did not have an ordered
sequence was not statistically significant (Table 1).

Taken together, these data demonstrate that in Honduras,
as in many low-income countries, cancer mortality is higher
than in high-income countries. The causes of this disparity
are likely multifactorial, including, as suggested by these
data, delayed diagnosis, with an accompanying advanced
state of disease before oncologic treatment is initiated.28,29

These data are similar to those in other low-income
countries and stand in contrast to those reported in high-
income countries, in which the interval is 1 to 2 months.30-32

Moreover, these data indicated that there is not a rigid
system of public health attention in Honduras. However,
surprisingly, following an ordered sequence did not de-
crease the time to cancer treatment initiation, probably
because of other sources of delay, such as multiple medical
evaluations before oncologist consultation, time of referral to
a cancer specialist, and delays in obtaining diagnostic test
results or in initiation of treatment.

The observation that first presentation was due to symp-
toms associated with advanced disease, including bleeding,

weight loss, and changes in bowel habits, highlights the
necessity of better public information services, like those
that are available in high-income countries. Indeed, public
announcements by well-known celebrities in the United
States, for example former First Lady Betty Ford (breast
cancer) and former President Ronald Reagan (colon can-
cer), highlighted the importance of cancer discussions and
led to many citizens seeking the attention of a health pro-
vider in a timely fashion.30,33

In addition to a delay in seeking or receiving cancer services,
this study also identified a major inconsistency in timing and
reporting of biopsies. Importantly, patients with a biopsy
report obtained before being evaluated by a cancer spe-
cialist started treatment much more quickly than those
whose biopsy report was not available.

In summary, these cumulative delays are thought to be re-
sponsible for the high cancer mortality in Honduras, and
likely in other low-income countries as well. Such delays are
unacceptable because they result in greater cancer morbidity
andmortality when compared with diagnoses and treatment
initiated earlier in the disease process. In addition to ad-
versely affecting quality and length of life, these delays
also result in downstream cultural and economic adversity.
These results strongly suggest that appropriate measures
must be taken to reduce the time to initiate cancer therapy
in Honduras.

Models for Pathology Improvement in

Resource-Limited Settings

The work of the Task Force allowed CAP and ASCO to
understand opportunities and limitations for reproducible
and sustainable collaborations in resource-limited settings.

FIGURE 2. First Honduras Joint Pathology/Oncology Workshop With CAP
and ASCO Faculty Contributing Virtually
Abbreviation: CAP, College of American Pathologists.
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As referenced in the project overview, the Task Force first
identified areas of opportunity for leverage of existing CAP
and ASCO resources to help guide associated objectives.
Eventually, more focused needs were identified, and more
aspirational deliverables were supported in later phases of
the collaboration.

Phase I: Evaluation In the early phase of the project, the
Task Force worked toward improving laboratory operations
and functionalities to support Honduran pathologists with
continuing education and mentorship for access to ad-
vancements in anatomic pathology practiced in the United
States. All pathologic cases were shared using digital im-
ages. Although this is not the predominant method of review
of slides, it is certainly becoming more prevalent and more
accepted within the pathology community. Use of digital
images is particularly useful for consultation, as it eliminates
the delay and cost of shipping, as well as the risk of loss of
materials, and is especially useful in this setting. Consensus
on cases is obtained exactly the same way as in-person
cases, via a collegial discussion. If no consensus can be
reached, experts in the specific area of pathology are then
consulted.

On the positive side, the Honduran pathologists and resi-
dents were extremely enthusiastic about these collaborative
continuing education sessions with CAP pathologist cohorts.
Teaching conferences, conducted remotely, were always
welcomed and a positive experience, and appeared to
motivate residents to improve the overall delivery of ana-
tomic pathology services in Honduras.

However, hurdles to effectively provide these sessions were
identified, including connectivity issues, time zone differ-
ences, and preferred spoken language. Each of these
hampered the overall learning experiences. Nonetheless,
some of these issues (e.g., connectivity) conceivably could
be easily overcome with only a limited amount of additional
resources.

The pathologists in Honduras were also very enthusiastic
about implementing the CAP accreditation requirements
(also known as the CAP Checklists). Accreditation by CAP
requires meeting all of the requirements and represents the
highest level of patient care and laboratory safety. CAP does
not have more lenient requirements for international or
under-resourced laboratories. Therefore, given the lim-
ited resources in personnel and equipment in Honduras,
CAP accreditation was not believed to be achievable in
the short term.

However, again in a positive aspect, the CAP accreditation
policy did not prevent Honduran pathologists from utilizing
the CAP Checklists to improve upon the analysis, diagnosis,
and consistent and reproducible reporting of cancer cases,
which we maintain will ultimately lead to improved cancer
care. Additionally, evaluation of the shared CAP Checklists
compared with Honduran laboratory operations allowed the
team to identify foundational areas for improvement and
focused action.

Phase II: Foundational Action Insights from phase I stimu-
lated the Honduran pathology and oncology team to establish
a formal engagement with the Honduran Department of the
Secretary of Health. A 1-day workshop among Honduran
pathologists, pathology residents, and medical oncologists,
as well as faculty from CAP and ASCO, was held to discuss
provision of Honduran patients with breast cancer with better
quality of life and longer lifespans while managing limited
oncologic resources (Fig. 2). The proceedings were used as
a case study to exemplify opportunities for action with leaders
of the Honduran Secretary of Health, who were in atten-
dance. In the case study, a view of the Honduran oncology
situation was outlined, and the Task Force suggested areas
for support in early detection, correct diagnosis, preanalytic
factors, and reporting detail, comprehensiveness, and con-
sistency. At the conclusion of the workshop, Honduran health
officials pledged to support efforts through future centers of

TABLE 1. Time Intervals Between Clinical Manifestations of Cancer and Treatment at the Hospital General San Felipe in Tegucigalpa, Honduras
No. of Patients (%)

Interval £ 30 Days 31–90 Days ‡ 90 Days UD Total No. of Patients Mean Time (Days)

IST1 87 (43.07) 32 (15.84) 48 (23.76) 35 (17.33) 202 67.84

IST2 58 (28.71) 42 (20.79) 86 (42.57) 13 (6.44) 199 146.57

IST3 64 (31.68) 8 (3.96) 7 (3.47) 14 (6.93) 93 25.63

IST4 46 (22.77) 30 (14.85) 22 (10.89) 9 (4.46) 107 85.52

NOTE. Table does not include the following information: three patients (1.49%) went directly to the cancer specialist; 24 patients (11.88%) had not
had a biopsy when they were referred, whereas 85 patients (42.08%) had a biopsy; 79 patients (39.11%) had not begun treatment with an average
time elapsed of 101.63 days; and 16 patients (7.92%) had begun treatment before receiving a histopathologic diagnosis.
Abbreviations: IST1, mean time between symptom onset and seeing any health provider; IST2, mean time from first symptom to evaluation by
a cancer specialist; IST3, mean time elapsed from cancer specialist evaluation to obtaining the biopsy report; IST4, mean time elapsed after
obtaining a biopsy report to initiation of specific treatment; UD, undefined (patients did not remember dates).
From Sánchez et al27 with permission.
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excellence established by practice and incidence data
evaluation.

In the spirit of the pilot initiative, the workshop served not
only as a positive event but also provided a “lessons-
learned” opportunity. It was initially planned as an in-person
activity to be held in Tegucigalpa. However, continued po-
litical unrest in Honduras resulted in three subsequent
postponements, and, finally, the Task Force elected to hold it
in person for participants in Honduras but virtually for faculty
in the United States. In spite of these obstacles, the meeting
was quite successful in establishing our goals and strategies.
Although the workshop preceded the COVID-19 pandemic,
it illustrated the opportunity to use virtual interactions to
accomplish collaboration between CAP/ASCO and a low-
income country, such as Honduras.

The Task Force worked together to identify areas for future
resource prioritization by performing two separate surveys
(see Fig. 3 for example of the surveys, in English and
Spanish): (1) a survey of Honduras pathologists to outline
factors, laboratory and pathology capabilities, and important
preanalytic and postanalytic factors. Both of these surveys
raised considerations for prioritization of allocation of health
care resources; and (2) a survey of Honduras medical/
clinical oncologists (surgical, radiation, and medical on-
cologists) to determine what pathology services they would
like to meet their needs relative to available therapeutic
opportunities and delivery of treatment to patients, including
availability of medical specialists.

These evaluations focused on variables unique to Hon-
duras. Pathology and oncology landscapes were assessed
by location and practitioner demographics as well as by
resources available and in need. Surveys among respective
country practitioners supported insights for focus as well as
foundational actions for improved outcomes. For oncology
practitioners, the survey results included the following
downstream activities (Table 1): (1) leveraging the Hon-
duras Secretary of Health data for incidence at clinical sites,
(2) filtering by oncologist locations, (3) filtering by thera-
peutic opportunities for outcome impact (overlayingmedical
oncology therapeutic sites) to assess unaddressed treat-
ment opportunity, (4) supporting sites with guidelines and
complement CAP and ASCO checklists and references for
laboratory and radiology and other diagnostic needs, (5)
identifying key oncology/diagnostic, laboratory, and pa-
thologist champions at each site, and (6) implementation of
checkpoints for adoption with identified ASCO and CAP
champions as virtual mentors.

For pathology practitioners, the survey results were also
helpful in initiating the following new processes: (1) as-
sessing the Honduras Secretary of Health for incidence at
clinical sites, (2) filtering by methodology capabilities for
high incidence disease states, (3) filtering by therapeutic

opportunities for outcome impact (overlaying medical on-
cology therapeutic sites), (4) supporting sites with guide-
lines that complement CAP checklists for laboratories, (5)
identifying key laboratory, pathologist, and medical oncol-
ogist champions at each site, and (6) outlining imple-
mentation checkpoints for adoption with ASCO/CAP
champions as virtual mentors.

Data from these surveys were provided by the Honduran
representatives of the Task Force to the Honduras Secretary
of Health to propose important legislative change. Perhaps
the most concrete and impactful of these is consideration
of establishment of an Oncology Center of Excellence in
Tegucigalpa.

Again, to highlight another “lesson-learned” from this pilot
initiative, the Task Force initially sent out the survey to
pathologists in both English and a strictly translated version
in Spanish. Several of those who were surveyed noted
difficulty in filling out the spreadsheet to answer some of the
questions. For the subsequent survey sent to clinicians, an
adjusted survey with a more precise interpretation was
provided, leading to better acceptance and satisfaction
among those surveyed.

Phase III: Ongoing Best Practice Collaboration Medium- and
long-term areas for continued collaboration among CAP/
ASCO and Honduras pathologists and oncologists have also
been identified and discussed. Implementation of support
for the foundational needs provided a more stable base for
the Task Force clinicians’ goal of advancing the quality of
care delivered to patients. Additional opportunities that were
considered include observership opportunities in the United
States for Honduran pathology and oncology trainees,
support for online patient information and synoptic
reporting, support through industry-sponsored programs, and
in-person workshops. These efforts will build on past work in
Honduras by ASCO and its collaborator Health Volunteers
Overseas to provide training in multidisciplinary cancer treat-
ment and palliative care through volunteer visits to Honduran
medical facilities, in-person training workshops, and pro-
fessional development awards for young oncologists.34

The established collaboration has endured through political
unrest, natural disasters, and global pandemics. Focus on
needs identified by endemic Honduran clinicians allowed
investment and agility by local clinicians and Honduran
authorities, lending sustainability and evergreen collabo-
ration to the project.

Applying a similar evaluation in different resource-limited
situations could support unique insights and solutions rel-
evant to a setting’s needs and proposed outcomes. Notably,
this model allows for application in a whole-country setting
or a defined region within a country. More importantly, this
model and evaluation algorithm can be applied to different
disease incidence situations and country need situations
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A

FIGURE 3. Surveys of Current Practices and Needs of Honduras Pathologists and Clinical Oncologists
A. Survey of Honduras Pathologists (in English and Spanish)
B. Survey of Honduras Clinical Oncologists (in Spanish only)
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FIGURE 3. Surveys of Current Practices and Needs of Honduras Pathologists and Clinical Oncologists (Continued)
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Molecular Testing Guideline for the Selection of Lung 
Cancer Patients for Treatment With Targeted Tyrosine 
Kinase Inhibitors – Update

24
Guía de las pruebas moleculares para la 
selección de pacientes con cancer de pulmon 
para el tratamiento dirigido a los inhibidores de la 
tirosinquinasa -actualización 

Guia para el diagnóstico de cancer de colon y 
recto
h�ps://documents.cap.org/protocols/cp-gilower-
colonrectum-17protocol-4010.pdf 25 protocolo para el diagnostico de resección de 

carcinoma colon y recto

Colorectal Cancer Biomarkers/ EGFR Biomarcadores de cancer 
colorectal/EGFR

Molecular Biomarkers for the Evaluation of Colorectal 
Carcinoma 26 Biomarcadores para la evaluación de carcinoma 

colorectal

Guia para el diagnóstico de cancer de tiroides

h�ps://documents.cap.org/protocols/cp-endocrine-
thyroid-19-4200.pdf 27 protocolo para el diagnostico de carcinoma de 

tiroides 

Guia para el diagnóstico de cancer de prostata

h�ps://documents.cap.org/protocols/cp-malegenital-
prostate-radicalprostatectomy-19-4041.pdf 28 protocolo para el diagnostico de prostatectomia 

radical por carcinoma prostatico

h�ps://documents.cap.org/protocols/cp-malegenital-
prostate-turp-19-4041.pdf 29 protocolo para el diagnostico de biopsia 

trasuretral de carcinoma prostatico

h�ps://documents.cap.org/protocols/cp-malegenital-
prostate-18protocol-4030.pdf 30 protocolo para el diagnostico de biopsia de 

carcinoma de prostata

Guia para el diagnóstico generico (de 
cualquier tipo de muestra)

h�ps://documents.cap.org/protocols/cp-other-
generictemplate-biopsy-19-1000.pdf 31 protocolo para el diagnostico de biopsia de 

cualquier carcinoma no protocolizado

h�ps://documents.cap.org/protocols/cp-other-
generictemplate-resec�on-19-1000.pdf 32 protocolo para el diagnostico de resección de 

cualquier carcinoma no protocolizado
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TABLE 2. Overall Status of CAP/ASCO/Honduras Pilot Project

Initiative Goal Accomplishments

Lessons Learned/

Obstacles to Success

Strategies to Overcome

Obstacles Next Steps

Monthly program
planning
conference calls

• Plan and troubleshoot
ongoing initiatives

• Discuss potential new
initiatives

Held monthly • Calls cancelled for
months during the
pandemic

•Poor internet
confounded some
discussions

• Competing priorities
and scheduling
conflicts

• Asynchronous
communications, such
as email

•Recent improvement in
communication
capabilities

• Resume regular calls
• Consider broadening
the planning calls to
include other
stakeholders as
initiatives evolve
postpandemic

Joint CAP/ASCO
letter to
Honduras
Secretary of
Health

• Bring issues of cancer care
and pathology limitations
and opportunities to
attention of Secretary of
Health

•Highlight role and
contributions of Honduran
pathology and oncology
representatives

• Communicate ASCO and
CAP support for these
efforts

• Personal engagement
of Honduras Secretary
of Health

• Appointment of
a representative
liaison to the pilot
program

• Consideration for
allocating resources
to cancer diagnosis
and treatment

• Civil unrest, COVID-
19 pandemic and
economic impacts
disrupt
governmental plans
and priorities

• Need for sustained,
ongoing support and
effort to ensure
sustainable
governmental
commitment

• Re-engage
governmental
representatives in
concert with
Honduran
representatives
postpandemic

In-person
symposium
regarding
pathology and
oncology care in
Honduras

• Gain perspectives
of clinical and
pathology cohorts in
Honduras

• In-person symposium
held, but CAP and
ASCO had to join
virtually

• Political unrest (and
later pandemic-
related concerns)
prevented CAP and
ASCO faculty from
attending in person

• Establishing virtual
attendance

•Holding in-person
training workshops
and symposia
postpandemic

• Present a breast cancer
case study for support in
early detection, diagnosis,
preanalytical issues and
reporting detail to facilitate
discussion for areas of
collaboration opportunity

• Proceedings and
recommendations
presented to
Honduras Secretary of
Health

• Consider ongoing
virtual initiatives to
sustain engagement
of relevant
stakeholders

• Engagement of Honduras
stakeholders, including
governmental authorities,
in issues regarding
oncology care in Honduras

• Development of
resource-appropriate
guidelines identified
as a key priority

• Identify issues that CAP
and ASCO could help
support

• Opportunities to
engage ASCO and
CAP in guidelines
development were
identified

Pathologist
workshop for
sample
collection
improvement

• Improve diagnoses through
optimized sample
collection

• To be determined • In-person workshop
on hold until
postpandemic travel
resumes

• Discussion refocused to
plan for Honduras
residents to spend time
in sponsored programs
in the United States

• Identify resident and
fellow support
programs for
Honduras
pathologists to receive
hands-on, resource-
based training

• Educate pathology leaders
to teach improvedmethods
to other colleagues

(Continued on following page)
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and produce actionable results. This model is not de-
pendent on attenuated guidelines or American intervention.

THE WAY FORWARD: LESSONS FROM HONDURAS FOR
RESOURCE-LIMITED SETTINGS

As noted, with only 43 pathologists, the pathology workforce
in Honduras is insufficient in size and is concentrated in the
biggest cities, Tegucigalpa and San Pedro Sula. Though it is
estimated that only about one-half of them currently use
CAP Guidelines in their pathology reports, the remainder
have indicated a willingness to implement the guidelines
into their practices. Currently, in the public health care
setting, in which the majority of patients with cancer are
treated, there are three units of classic pathology with
limited immunohistochemistry techniques. There are no
laboratories of molecular pathology in the country. Taken
together, these data reflect that cancer diagnosis in Hon-
duras is based generally in classic pathology.

How can this situation be rectified? To start, at least 18
pathology units are needed around the country, and at least
a single molecular pathology laboratory is urgently needed.
Continued mentorship from colleagues and countries who
are familiar with these standards, guidelines, and imple-
mentations has proven successful; indeed, this mentorship
must be established for ongoing support and implemented
in other countries to continue to effect change.

Recognizing this need, the College of American Pathologists
Foundation has had a history of grant support for human-
itarian teaching and research projects in pathology in
resource-limited settings in developing countries over the
last decade. In 2020, the Foundation inaugurated the
College of American Pathologists Foundation Global Pa-
thology Committee charged with identifying impactful,
sustainable, and accretive global health care initiatives/
opportunities for CAP members for result of the expansion
and advancement of the specialty of pathology under-
resourced areas internationally. The CAP/ASCO/Honduras
Task Force is currently discussing an application to College
of American Pathologists Foundation to support needed
expansion of pathology services.

Perhaps more importantly, this experience has identified
obstacles that could be overcome with visionary changes in
public policies to provide a more comprehensive approach
against cancer in Honduras. The support of international
partners like ASCO and CAP offers an opportunity to im-
prove local medical capacity. However, as established at the
start of this initiative, ultimately change can only come from
within the respective country, based on perceived needs
and priorities. Themost important aspect that arose from the
initiative is the concept that advocacy for policy changes will
drive building a structure that can be developed through the

TABLE 2. Overall Status of CAP/ASCO/Honduras Pilot Project (Continued)

Initiative Goal Accomplishments

Lessons Learned/

Obstacles to Success

Strategies to Overcome

Obstacles Next Steps

Conduct surveys of
Honduras
pathologists and
clinicians

• Identify current resources
for diagnosis and treatment
of cancer

• Surveys completed • Initial translation
from English to
Spanish too literal

• Incomplete
participation among
those asked to
participate in survey

• Improved translation
from literal to colloquial
Spanish

• Establish resource-
appropriate programs
to improve cancer
care in Honduras• Identify resource

limitations and obstacles to
providing modern cancer
care in Honduras

• Results summarized

• Identify needs for
improving cancer care in
Honduras

• Results provided to
Honduras Secretary of
Health

Introduce CAP
laboratory
accreditation
and
accreditation
checklists in
Honduras

• Improve and standardize
pathology diagnostic
reports

• CAP checklists as
written not feasible in
low-income
countries

• Used CAP checklists to
improve care despite
lack of CAP
accreditation

• Identification of
foundational areas for
improvement

• CAP accreditation
not attainable if all
checklist
requirements are not
met

Monthly seminars
between
Honduran
pathologists and
CAP faculty

• Provide continuing
education and mentorship
for access to advances in
anatomic pathology

• Connectivity
problems

• Planned submission
of proposal to CAP
Foundation to support
needed expansion of
pathology services

• Time zone
differences

• Language barriers

Abbreviation: CAP, College of American Pathologists.
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years. Coupled with the experience of colleagues within
Honduras and from the United States, we have developed
a vision of a world full of opportunities to provide improved
care for patients with cancer.

We began this initiative prior to the COVID-19 pandemic. As
noted, due to travel and safety concerns, we encountered
obstacles to providing our planned in-person interactions.
However, we successfully overcame these obstacles with
virtual telecommunication technology, both for the workshop
and subsequent interactions between Honduras pathologists
and members of CAP, including monthly meetings of the
steering committee (Drs. Hayes, Goodman, Sanchez, and
Portillo and members of ASCO and CAP staff). With the advent
of the pandemic, as the world became more comfortable with
virtual telecommunication technologies, such interactions
became easier logistically. Indeed, as noted, virtual productive
review sessions were held between pathologists from Hon-
duras and CAP. We continue to believe that face-to-face in-
teractions are important to build collegial collaborations, but
use of such technologies for virtual meetings provide great
opportunities to more easily continue our long-distance efforts.

This exchange of opinions and vision has taught us that we
live in a world that can get closer using the communication
technology that we share in this part of the world. It is always
a barrier to speak a different language. However, this barrier
can be overcome to encourage people to get involved in
different educational activities. In the end, themost important
task is to find the way to have people coming to share their
experience face to face in ways that circumvent issues related
to national security and global pandemics, which will con-
tinue to be problems on a global scale. With clever use of
available technologies, and a will to succeed, we can work on
building bridges with local organizations (nurses, pharma-
cists, patients, families, etc.) to keep cancer in the national
health agenda as an important issue. This ongoing pilot
experience, arising from commitment of all involved, has
already improved, and will continue to improve, the situation
of patients and their families in Honduras and other low- and
middle-income countries (Table 2).
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GLOBAL HEALTH

Is Independent Clinical Research Possible in
Low- and Middle-Income Countries? A Roadmap
to Address Persistent and New Barriers
and Challenges
Carlos H. Barrios, MD,1 and Max S. Mano, MD, PhD2

overview

Cancer is an increasing and significant problem for both high- and low- and middle-income countries. Basic,

translational, and clinical research efforts have been instrumental in generating the outstanding improve-

ments we have witnessed over the last few decades, answering important questions, and improving patient

outcomes. Arguably, a substantial portion of currently ongoing research is sponsored by the pharmaceutical

industy and specifically addresses questions under industry interests, most of which apply to high-income

countries, leaving behind problems related to the much larger and underserved population of patients with

cancer in low- and middle-income countries. In this scenario, discussing independent academic research is

an important challenge, particularly for these countries. Although different countries and institutions face

different problems while establishing independent research agendas, some generalizable barriers can be

identified. A solid regulatory and ethical framework, a strong and sustainable technical supporting in-

frastructure, and motivated and experienced investigators are all paramount to build a viable and productive

academic research program. Securing funding for research, although not the only hurdle, is certainly one of

the most basic hurdles to overcome. Noticeably, and as an added impediment, public and governmental

support for cancer research has been decreasing in high-income countries and is almost nonexistent in the rest

of the world. We propose an initial careful diagnostic assessment of the research resource scenario of each

institution/country and adjustment of the strategic development plan according to four different research

resource restriction levels. Although not necessarily applicable to all situations, this model can be helpful if

adjusted to each local or regional situation.

Although cancer remains a formidable challenge for
humankind, the recent impressive advances observed
in the understanding and management of the disease
need wholehearted recognition. Unquestionably, la-
borious, and well-conducted basic, translational, and
clinical research represent the underlying mechanism
driving the introduction of much-needed innovations in
oncology. Of utmost importance for this discussion is
the fact that low- andmiddle-income countries (LMICs)
are home to most of the world’s population and, as
a consequence, where most of the world’s cancer
burden is now concentrated. In these nations, although
infectious and communicable diseases still represent
a major burden, the ongoing epidemiologic transition
is making noncommunicable diseases, in particular
cancer, a growing challenge.1 Of note, health care
priorities of LMICs, such as tackling the cancer epi-
demic and its growing role in mortality, the persistent
burden of relatively preventable types of cancer, such
as head and neck, lung, cervical, and gastric cancers,
and the challenge of constantly incorporating costly

novel technologies should be considered important
drivers of the current clinical research agenda. Yet, we
see instead a persistent under-representation of the
generally more vulnerable population of LMICs in ongoing
cancer clinical trials.2,3

Acknowledging the multidimensional nature of the
scientific process, the question posed in this article is
timely and important. The future of cancer research is
a major issue in both high-income countries and
LMICs, but the latter do cope with many more hard-
ships in addressing the problem and face greater
challenges and barriers to conducting independent
research.4 Within a global perspective, scientific de-
velopment should reflect and address the variations
and different problems we see across the world. Dif-
ferent countries and cultures face dissimilar challenges
and can have varying priorities when adopting a clinical
research agenda. This is a multifaceted and complex
problem with important consequences for the future of
health care. Arguably, LMICs have not been properly
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exploring the immense potential of addressing pertinent
regional questions in their mostly underserved populations.

Clinical research is a mandatory step in the evaluation and
development of new therapies to treat cancer.5 A deeper
analysis of currently ongoing cancer clinical trials registered
at ClinicalTrials.gov indicates that more than 87% are being
conducted in the United States, Canada, Europe, Australia,
and Japan, whereas less than 30% are available in other
countries.6 Therefore, it should not come as a surprise that
most of these trials address questions that are much more
relevant to high-income countries than to LMICs.7 From this
perspective, focusing on the needs of these underserved
populations, for which the benefit of clinical research would
be the greatest, should be a priority.8

The objective of this article is to address aspects of clinical
research related to the development of academic or in-
dependent research in LMICs. We will focus on some of the
perceived barriers and propose mechanisms to improve the
current situation.

ANALYSIS OF CURRENTLY ONGOING CLINICAL RESEARCH

Cancer clinical research is an essential part of the process of
bringing new treatment alternatives to clinical practice.
Importantly, the ultimate goal of clinical trials is to improve
the outcomes of patients in the real world.

Appropriately, clinical research directed to drug develop-
ment is an evolving and highly regulated activity.9 Although
erratic information varies according to the area, current
estimates indicate that research and development costs
for a new medicine have been increasing over the last
few decades and are placed between US$200 million
and US$2.9 billion.10 This current explosion in costs
and the associated regulatory and bureaucratic de-
mands make academic participation in clinical re-
search much more challenging and help explain the
fact that most ongoing cancer clinical research is now
being conducted and sponsored by pharmaceutical
companies.

This raises an important discussion with far-reaching
consequences. As a very telling example, available evidence
from the United States indicates a decreasing trend in the
number of independent trials and public National Institutes
of Health funding.11 Data obtained from ClinicalTrials.gov
indicate a decrease of 24% in National Institutes of
Health–funded trials from 2006 to 2014, with a parallel
impressive 43% increase in pharmaceutical industry–
sponsored trials over the same period of time.6 According to
the National Cancer Institute and adjusted for inflation, the
support for cancer research has been stable with a de-
creasing trend over the last 10 years.12

Furthermore, analyzing abstracts presented at ASCO An-
nual Meeting plenary sessions (most of which were selected
for their potential practice-changing impact) over the last
10 years (2010 to 2020), of the 46 reported studies, 56%
were pharmaceutical industry sponsored, 23% were sup-
ported by the National Cancer Institute or other North
American institutions, and only 19% were sponsored by
non-American research groups.13,14 Importantly, only two of
20 nonindustry-sponsored trials that we can consider as
independent clinical research were conducted and co-
ordinated outside high-income countries. These were two
trials designed in India addressing early diagnosis of cervical
cancer and the optimal surgical approach to regional lymph
nodes in head and neck cancer—two situations we can
consider outside the current scope of pharmaceutical in-
dustry interests.15,16

These numbers reflect the imbalance between pharma-
ceutical industry–sponsored and academic research and
the imbalance of scientific output from high-income
countries and LMICs that deserve careful analysis. Lim-
ited available evidence indicates that the imbalance is worse
in some regions of the world where the availability of gov-
ernmental agency support for clinical research is almost
nonexistent. This is particularly true in LMICs, where re-
source allocation and funding priorities are preferentially
directed to other areas. Figure 1 shows a distribution of
research and development expenditure as a percentage of
gross domestic product (including public and private in-
vestments) across the world and clearly illustrates current
regional scientific outcomes.17 At the same time, and with
a significant impact on our ability to propose strategies to
address the problem of independent research in LMICs, we
must recognize that among different regions of the world, we
find different scenarios that do require locally adapted
solutions. Clearly, the research agenda and the research
output of different LMICs reflect the extreme heterogeneity
and diversity these countries show in all other areas of
development.

Pharmaceutical companies mostly support research that is
oriented to their specific interests. The commercial impact

PRACTICAL APPLICATIONS

• Academic research is a challenge in low- and
middle-income countries.

• Pertinent questions for local populations remain
largely unaddressed.

• Countries and regions are heterogeneous in
terms of research infrastructure and output.

• This article proposes a four-level diagnostic
restriction assessment.

• A workforce of motivated investigators is re-
quired for success.
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of the results is certainly one of the main concerns when
discussions of a new trial are started. Disease burden, the
size of the specific patient population, or the market share
being addressed are certainly major discriminating issues
from the start, leaving behind important clinical questions
with lower commercial impact that remain unexplored.
Therefore, diseases or specific situations more prevalent in
countries that are able to pay the ever-increasing prices of
new medicines take priority over clinical situations more
frequent in less-developed settings.

A few examples include issues such as the ideal duration of
therapies, the optimal sequencing of drugs for certain
diseases, and many head-to-head comparisons. Further-
more, simple but important analysis such as more detailed
exploration of postprogression therapies (with an impact on
overall survival interpretation) are routinely not adequately
performed. Although these questions impact all cancer
clinical research in general, issues addressing special tumor
types with particular impact on LMICs have usually been left
outside of the pharmaceutical industry’s interest and should
be the focus of independent research. In summary, phar-
maceutical industry–sponsored research interests are, in
general, not aligned with LMIC needs, most of which can
only be addressed by independent or partially independent
research.

To be fair, the potentially different interests in research
questions of pharmaceutical industry–sponsored and

academic research are clearly observed in high-income
countries as well. Based on a logic of survival, hybrid
models of trial and research design have been applied by
most large academic research groups (Breast International
Group, European Organisation for Research and Treatment
of Cancer, Southwest Oncology Group, Eastern Cooperative
Oncology Group, Alliance for Clinical Trials in Oncology,
National Cancer Institiute of Canada, Latin American Co-
operative Oncology Group, etc.). In this sense, the groups
propose investigator-initiated ideas that, if aligned with the
development interests of the pharmaceutical industry, are
likely to succeed. Financial resources obtained in the
process of conducting these clinical trials are then applied
within each group to smaller studies and academic projects
not otherwise supported. Most academic leaderships rec-
ognize this hybrid model as challenging to implement, re-
quiring a great deal of effort and being significantly
vulnerable. For a more detailed and instructive discussion
on this interaction, refer to the article, "Overcoming Barriers
to Clinical Trials Cooperation: The Breast International
Group Example," by Piccart-Gebhart et al in the 2021 ASCO
Educational Book.

Therefore, in the current scenario and with the globaliza-
tion of clinical research, the participation of high-income
countries in cancer research has been mostly limited to
recruiting patients to trials designed by the pharmaceutical
industry or North American or European academic groups.8

FIGURE 1. Gross Domestic Expenditure on Research and Development as a Percentage of Gross Domestic Product, 2018 or Latest Year Available
(http://uis.unesco.org)
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Although this is not an ideal situation, it should be noted that
this process brings a number of important benefits for
participating centers and countries. Arguably, the most
important one is providing access to drugs that otherwise
would not be available to most patients in those underserved
scenarios. At the same time, we should recognize the
stimulus to the creation of clinical research centers and the
valuable associated experience in conducting research.
Certainly, this process leads to better training and devel-
opment of qualified and experienced human resources,
a key requirement for countries and institutions to be able to
conduct independent research at a later development
stage. However, all these benefits should not overshadow
the fact that the most important goal of conducting clinical
research in LMICs is to address and answer questions that
are pertinent to that particular setting.

THE CHALLENGE OF ACADEMIC OR INDEPENDENT
CLINICAL RESEARCH

There is no single definition of independent/academic re-
search, but the term is mainly applied toresearch performed
free from commercial interests. In clinical research, this
usually means research that is independent from phar-
maceutical companies’ interests.

Academic freedom is considered a hallmark of independent
research. This applies not only to independence in the
analysis and interpretation of the data but also all other steps
of the research process, including hypothesis formulation
and study design. Therefore, the standing of a research
study has a wide spectrum of possible independence status,
ranging from fully industry driven to fully independent. The
subtlety here is the (common) situation in which a reportedly
independent study (i.e., officially non–pharmaceutical in-
dustry sponsored) is in fact fully or partially funded by grants
from pharmaceutical companies, because companies
might scrutinize the study design and propose changes/
adjustments that are not necessarily inappropriate or unfair
but require balanced judgment. Importantly, the very ex-
istence of such a study implies a certain level of bias be-
cause a pharmaceutical company is unlikely to fund a study
that turns against its interests; such studies may end up
never being conceived/performed. We could refer to this
situation (of a relative conflict of interest) as partially in-
dependent research. This is why even minor potential
conflicts of interest must always be reported to the scientific
community: a policy that has become standard practice
among scientific journals and meetings.

However, we acknowledge that partially independent re-
search is still a broad definition, and different levels of
breach of a study’s independence may apply. A favorable
scenario would be a study fully conceived by the in-
vestigator, addressing a question that is truly relevant to the
community, that underwent no or very limited changes

imposed by the sponsor, and that will be conducted and
analyzed independently and with a commitment from both
parties to disclose the results regardless of the outcome. A
much less independent study would be one addressing
a topic of ultimate importance to the sponsor (and poten-
tially not as much to the community), which is their own
idea, in which the data are not owned by the investigator/
research group and the data analyses are fully performed by
the sponsor or its affiliates.

It is difficult to measure precisely how much research is
independent in a specific country. However, by applying the
search terms “type of sponsor-industry” and selecting
“interventional studies” at the ClinicalTrials.gov website
(a widely used clinical research search tool), it appears
that only 884 (30%) of 2,834 studies were non–industry
sponsored in Latin America compated with 20,792 (55%) of
37,924 in the United States and Canada, roughly indicating
the scale of the gap between high-income countries and
LMICs in terms of independent research output as pre-
viously addressed.6

In the modern world of clinical research, collaboration
between individual investigators and/or independent re-
search groups with pharmaceutical companies has been
increasingly common and should probably be encouraged.
However, data ownership and sharing remain challenging
interfaces that have evolved significantly over the years
as the relationship between independent investigators/
research groups and pharmaceutical companies has
reached a higher level of maturity. In clinical research,
a healthy collaboration involves trust and credibility. As
this relationship is still maturing in LMICs, independent
investigators/research groups should seek opportunities to
collaborate with more mature researchers/research groups
either in specific projects or within the context of official
partnerships. This strategy might facilitate the accom-
plishment of specific projects because of the high level of
expertise and credibility owned by renowned international
research groups.

Another significant benefit of performing independent re-
search is the education of new investigators/researchers. By
conducting independent research, they will be confronted
with a wide range of hurdles and challenges that are usually
unfamiliar to investigators participating in pharmaceutical
industry–sponsored clinical trials. This includes securing
funds and insurance, assigning responsibility for ethics and
safety reports, setting up independent monitoring com-
mittees, finding and affording specialized biostatistical
support, and even reporting the study results. In the authors’
long experience trying to conduct independent research in
an LMIC, these challenges are highest for individual (in-
stitutional) researchers trying to conduct research on their
own and lower when research is conducted under the
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umbrella of a well-structured collaborative research group.
As an example, the structure of the Latin American Co-
operative Oncology Group provides support for aspiring
investigators in every step of the clinical research process.

Although this article mainly addresses clinical research as
clinical trials or drug development trials, there are other
forms of independent clinical research that are easier to
perform in LMICs and may still produce meaningful data.
These include, but are not limited to, retrospective and
epidemiologic studies (now greatly facilitated by the high
level of digitalization of patient charts and clinical data in
general) that can have significant regional impact on gen-
erating important and pertinent information addressing local
unexplored issues. Translational research studies and
studies addressing quality of life, cancer survivorship issues,
and career development can also be considered. Other
significant areas of research that can be the focus of an
independent research agenda include surgical procedures,
radiotherapy schedules, and epidemiologic and pharma-
coeconomic questions.18-21 Some of these studies can be
conducted with significantly lower costs and may represent
optimal choices for students entering a formal postgraduate
training program that will lead to a thesis. Ideally, developing
research groups should have a structure allowing for
nonclinical trial projects that help to enrich the group’s
curriculum and gradually increase its credibility, which is
a key requirement for further developments (Table 1).

The barriers to perform independent clinical research are
identifiable at system, organizational, and individual levels
and can be summarized as follows: (1) insufficient financial
and/or human capacity; (2) ethical and regulatory system
hurdles; (3) lack of a research environment/culture; and (4)
operational barriers and competing demands.22 Although
the relative importance of these barriers may vary
depending on the country/region, they are usually familiar to
all. These barriers, along with potential solutions, are further
addressed in Table 2.

In Latin America, for example, the most successful projects
carried out by the Latin American Cooperative Oncology
Group did involve partnerships with pharmaceutical com-
panies, proving that the model might also work for LMICs.23

However, these initial experiences have yet to evolve into
a significant source of practice-changing clinical trials, and
thus far, they remain no more than an unreliable source of
scientific output and income for the group. We believe this is
partly because of a persistent culture of “second-class
grants only” from the pharmaceutical companies’ part-
ners and of “low-profile grants for clinical research” from our
public funding agencies. In a way, this is not surprising,
because our credibility as a reliable partner for performing
cutting-edge clinical research is still evolving, and this is
a slow process. However, we find this regretful, because

many fully capable research centers with enormous patient
recruitment potential are available in the region, as proven
by their past performance in competitive global clinical
trials.

Other than the pharmaceutical industry, main potential
sources for clinical research funding include governmental
agencies and philanthropy. However, in LMICs, public in-
vestment in research is scarce, if there is any. Philanthropy,
on the other hand, remains largely unexplored, and we can
surely state that the culture of donating to research remains
a major challenge in LMICs. Even when philanthropy ini-
tiatives are identified, they have not been directed to cancer
research. Although, as mentioned, National Cancer Institute
funding of independent clinical research has decreased
over the years (it is still huge compared with the funding
available to LMICs), this strategy has been key to the es-
tablishment of independent research groups in the United
States. However, these mature research groups have now
been able to make independent research possible through
other sources of funding and partnerships. We acknowledge
that National Cancer Institute sponsorship of independent
research has been a successful model that should definitely
be used by LMICs to boost independent research of their
own interest.

Of note, the complex relationship between independent
research groups and pharmaceutical companies is not
restricted to research funding and may involve individual
group member’s conflicts of interest with pharmaceutical
companies (most commonly with compensated educa-
tional/advisory activities) and sponsorships of the group’s
educational activities, among others; many of them are still
considered crucial for the group’s survival. It is therefore of
paramount importance that the research group and its
members draw clear lines separating these potential con-
flicts of interest from the research development process so
that its core concepts of independence remain untouched.

Finally, and as per previous experiences of other collabo-
rative research groups, a typical clinical trial portfolio of
a research group should contain a healthy mixture of fully
sponsored, partially independent, and fully independent
studies. Although the former tends to develop naturally and
quickly, it is the group’s task to exploit the ground provided
by sponsored research to set up a growing portfolio of in-
dependent research. We understand that this cannot be
achieved without effective leadership, which must motivate
the driving force of scientific output (i.e., the young gen-
eration of investigators) to create the right incentives for
a career dedicated to clinical research and to remove the
regulatory and cultural barriers that stand in the way of many
LMICs’ full scientific development.

Although there are certainly many individual and/or in-
stitutional success stories of independent research

Is Independent Clinical Research Possible in LMICs?

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook 225

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



development that would be impossible to report in this
article, in our personal experience and that of most other
investigators in the region, the establishment of an active,
well-structured, multicultural, and multispecialty collabo-
rative research group such as the Latin American Co-
operative Oncology Group (although there are other
examples) was the most important step ever taken to pro-
mote independent research in the region. The group has
been able to attract new (independent and pharmaceutical
industry–sponsored) clinical trials, provide solid bio-
statistical support, and assist busy investigators with the
hard task of writing protocols and clearing regulatory pro-
cesses, among many other services. The results of these
efforts are now becoming evident; for instance, one of the
Latin American Cooperative Oncology Group’s investigator-
initiated trials was selected for an oral presentation during
the 2020 ASCO Virtual Scientific Meeting.23 Furthermore, at
least in our experience in Brazil, organizing investigators
and promoting an active discussion of our regulatory bar-
riers has generated a proposal of new legislation that is

currently being evaluated by the legislative chamber to
improve and speed the approval process facilitating access
to research.

PROPOSED STRATEGIES FOR THE DEVELOPMENT OF
INDEPENDENT CLINICAL RESEARCH IN LMICs

Considering the different and very heterogeneous research
situations we encounter in different regions of the world, it is
clearly challenging to offer solutions that could be applicable
in all regions. A regionally adaptable and context-conscious
approach is likely to result in the best outcomes. The initial
approach is to perform a careful and detailed analysis of the
existing academic research situation at an individual, in-
stitutional, and country level. This diagnosis is paramount to
enable all involved stakeholders to tackle all identified
barriers and build a solid research agenda. Seeking the help
of more experienced researchers or independent research
collaborative groups while performing this initial evaluation
is important to accurately identify the major needs for each
specific country or institution.

TABLE 1. Other Forms (Nonclinical Trials) of Independent Research That Are Easy to Perform in LMICs and Still Potentially Relevant
Type of Study Barriers Potential Solutions

Retrospective and epidemiologic studies Lack of appropriate digital medical charts inmany
institutions

Provide greater access to high-quality digital
charts

Low cultural and financial stimulus to invest in
databases

Promote the value of investing in databases for
the only purpose of research

Low availability of qualified biostatisticians Invest in training and valuation of biostatisticians’
careers

Barriers in terms of tougher patient data
protection regulations

Work together with authorities to remove
potentially excessive regulatory barriers

Translational research studies Low availability of tumor banks Promote the establishment of properly regulated
tumor banks

Heterogeneous capacity to perform complex
laboratory analyses

Invest in cell-free DNA translational research,
potentially much simpler to collect and store

Establish collaboration with foreign or regional
laboratories or more developed research
groups

Studies on quality of life and cancer survivorship Sometimes attract limited interest from
physicians; often too focused on clinical trials
and patient care

Can often be carried out by nonmedical staff in
collaboration with the medical team

Studies on career development Can sometimes be linked to a postgraduate
thesis, which enhances the motivation of
younger investigators

New surgical procedures and radiotherapy
schedules

Also require insurance but the regulatory process
is less complex than drug clinical trials

Integrate surgeons and radiation oncologists into
the research environment of the oncology
collaborative groups in the regionTrial-associated costs are significantly lower than

drug development protocols

Pharmacoeconomic studies, including of shorter,
less toxic, and lower-cost schedules

Complex regulations (similar to those used for
sponsored research) often apply

Work together with authorities to simplify the
regulatory path

Limited expertise in biostatistical support Invest in training and valuation of biostatisticians’
careers

Abbreviation: LMICs, low- and middle-income countries.
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Unquestionably, the three main focuses of this initial ap-
proach include establishing a regulatory and ethical
framework, building an adequate research infrastructure,
and developing human resource experience in all aspects
involved in academic or independent research. As these
requirements are heterogeneously distributed in different
regions, a careful assessment of the local needs is essential
for successful strategic planning. From a practical per-
spective, research resource scenarios can be explored
according to the availability of an appropriate infrastructure,
experienced medical and supporting professionals, and the
basic and extremely important regulatory and ethical legis-
lation—one of the most critical starting points. Importantly,
a motivated investigator and/or institution remains the main
driving force behind the whole process in all possible scenarios.

For instance, in many LMICs, there has been a tendency
from health authorities to centralize the regulatory handling
of clinical trials. Although this has varied from country to
country, in Brazil, for instance, proposals have a sequential
local and central ethics approval process. Although this
process has theoretical advantages (of enhanced control
and a more homogeneous decision-making process), in our

experience, it has mainly generated further delays with
limited added safety for research subjects. Therefore, LMICs
should remain attentive to the research flow process they
will implement to ensure it will not become an additional
barrier.

Based on previous work addressing different resource
scenarios, we propose a prioritized stratification that should
be considered according to the specific scenario (also
summarized in Table 3).24

The first or initial research resource level includes a scenario
where there is interest in developing research activities, but
there is no established regulatory legislation in place. In-
terested investigators and or institutions in this situa-
tion should concentrate on building the regulatory and
ethical framework addressing the issue with the appropriate
authorities.

The second research resource level could be identified as
one in which the regulatory/ethical framework is already in
place, but there is no adequate infrastructure to support the
conduct of independent research. Many times, investigators
can overcome the lack of this kind of support by personal
effort and dedication; however, this strategy is unlikely to

TABLE 2. Main Barriers to Perform Independent Clinical Research in LMICs and Potential Solutions
Nature of the Barrier Likely Causes of the Barrier Potential Solutions

Insufficient financial and/or human
capacity

Training staff and physicians in research skills is not
a priority (training is instead driven to clinical practice
skills)

Promote value in research jobs

Salaries are usually higher in clinical practice than in
research, both for physicians and research staff

Make training in research skills mandatory in graduation
and residency training programs

Highly skilled staff are easily attracted by the higher
wages offered by pharma companies

Secure funding for research fellowship programs

Ethical and regulatory system
hurdles

Too much control over the regulatory process, though
potentially necessary at the initial stages, may become
counterproductive

Gradually delegate decision-making power to (qualified)
institutions

IRBs and central ethics committees and not professional
activities

Create professionalized ethics committees

Contract handling is often not specialized Promote specialization in research for lawyers and their
supporting team

Establish clear and reasonable deadlines for regulatory
approvals

Lack of a research environment/
culture

CV development and research output are not sufficiently
valued in LMICs

Promote the value of CV development and research
output at the institutional and society level

Promote the notion that an institutional claim of being
a "reference cancer treatment facility" is dependent on
the existence of a comprehensive research program

Operational barriers and competing
demands

The regulatory burden of research is often absorbed by
busy and burned-out physicians

Provide sufficient operational infrastructure to free
physicians to focus on research and clinical care of the
research subjectThere is a persistent culture of physician-centralized

patient care

Abbreviations: CV, curriculum vitae; IRBs, institutional reviews boards; LMICs, low- and middle-income countries; pharma, pharmaceutical.
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result in continuous and significant scientific output. In-
vestments in building a supporting structure of dedicated
administrative staff, data management and monitoring staff,
a statistician, and dedicated nursing and pharmacy per-
sonnel, among other professionals are probably a very good
starting point in this kind of setting. Guidance and training
from established research groups and pharmaceutical in-
dustry partners has been extremely helpful in this situation.
The experience gained in the conduct of pharmaceutical
industry–sponsored or international collaborative group
research is invaluable to develop expertise that is essential
to focus further independent research.

One caveat to be considered when looking at established
regulatory frameworks is the fact that they may actually
be too restrictive to allow independent research. Many
times, while concentrating on regulating pharmaceutical
industry–sponsored research, specific legislation may un-
willingly establish significant barriers for academic in-
vestigators. In this regard, one example reported in some
countries is legislation requiring sponsors to pay for stan-
dard-of-care procedures involved in the treatment of pa-
tients participating in research protocols. Although this is an
undesirable but manageable hurdle in most pharmaceutical
industry–sponsored trials, it is an unsurmountable barrier
for independent research.

A third research resource level would be one where the
ethical infrastructure is in place and where experience
with large phase III trials has been gathered in different
research centers. Here, the objectives are to identify potential
research questions of interest and go through the process of

protocol development with all the required steps, many of
which only become apparent when you actually decide to
face the challenge of undertaking independent research
(secure funding, insurance, case report form development,
statistical plan, etc.). As mentioned in the previous step,
guidance from more experienced researchers and groups
should certainly ease the way and should be an important
part of this process. One of the most critical aspects of this
stage of independent research development is building
credibility. As you are able to identify an appropriate and
important question, develop a protocol, and conduct and
publish the research, you start constructing a reputation that
will be helpful for future ideas and will serve as an example
for other colleagues or institutions in your region or in similar
settings tofollow. Collaboration among research centers and
investigators and dissemination of the initial effort are es-
sential parts of building a strong and sustainable regional
academic network.

The fourth research resource level involves more mature and
experienced infrastructures that can be identified in some
LMICs or regions. In this situation, the challenge is to expand
independent research, build sustainable strategies to guar-
antee sources of funding (pharmaceutical industry, philan-
thropy, government, etc.), and, very importantly, develop new
generations of investigators. Building on the experience of
having reached this stage of development, two fundamental
aspects should guide investigators at this stage: first, the clear
mission of focusing research on problems that are pertinent
to the region and will impact important patient outcomes;
and second, and not less critical, develop a collaborative

TABLE 3. Research Resource Restriction Levels
Research Resource

Restriction Level Needs Assessment Required Strategies

1 Interest in research but no regulatory or ethical framework Build a solid regulatory and ethical research framework; requires
involved discussion with government authorities

2 Lack of technical infrastructure or experience to conduct
independent research

Investments in building a supporting structure of dedicated
administrative staff, data managing and monitoring staff,
statistician, dedicated nursing, and pharmacy personnel
among other professionals; gain hands-on experience with
international independent groups or pharma-sponsored trials

3 Lack of experience in protocol development, implementation,
conduct and analysis

Generate regionally pertinent questions that can lead to protocol
proposals; seek funding and carry out all steps involved in
protocol development and implementation; build credibility

4 Requires sustainability strategies and expansion of initial
established experience and infrastructure

Expand and disseminate independent research efforts; develop
strategies to guarantee sustainability of the research
infrastructure; stimulate and mentor the development of a new
generation of academic researchers; foster a culture of
international collaboration and data sharing in research
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international culture of sharing efforts, ideas, and data. Only
with the collective involvement and a strong sense of col-
laboration between academic research groups and the en-
gagement of many branches of society will we be able to
address the unanswered questions so vital for patients from
high-income countries.

CONCLUSION

Independent research has a long way to go in LMICs, and,
at least in the near future, it will remain hard to compete

with high-income countries in cutting-edge, practice-
changing research. However, in the meantime, with the right
infrastructure in place and motivated investigators, in-
dependent or academic research should be able to produce
meaningful data, provided that the right strategy is chosen
and the appropriate investments are made.25 Furthermore,
it should be noted that, contrary to most high-tech phar-
maceutical industry–sponsored research, LMICs them-
selves may be the greatest beneficiaries of this type of
investment.
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GLOBAL HEALTH

Overcoming Barriers to Clinical Trials
Cooperation: The Breast International
Group Example
Martine J. Piccart-Gebhart, MD, PhD1; Theodora Goulioti, MD2; Carolyn Straehle, PhD, MS2; and David Cameron, MD, MA, MBBS2,3

overview

Clinical trials cooperation is not a luxury; it is a necessity, nowmore than ever, first in light of the segmentation

of tumors according to their molecular targets—which are being matched to an increasing number of

competitive drugs—and second because it is the only chance to maintain academic research centered on

addressing patients’ needs. In its 21 years of existence, the Breast International Group, an umbrella or-

ganization supporting the activities of 54 member groups across six continents, has been confronted with

challenges that include (1) keeping trust and motivation within the network; (2) improving the interface

between academia and industry; (3) improving patient involvement and trust in clinical trials; and (4)

fundraising for noncommercial research. We describe how these challenges have been addressed so far, with

the hope of empowering the next generation of clinical investigators.

The great progress in the management of cancer is
linked, to a large extent, to decades of sustained
commitment to randomized clinical trials. The land-
scape of clinical research, however, has undergone
drastic changes since the turn of the century: on one
hand, the broad access to next-generation sequencing
technologies has revealed the genomic complexity of
tumors, which are now segmented according to their
molecular targets, against which new drugs are being
developed in an exponential fashion; on the other
hand, the dramatic increase in clinical trial bureau-
cracy and complexity has contributed to rising costs,
which are strangling noncommercial research.

It is in this climate that the Breast International Group
(BIG) was created in 1999 as an umbrella organization
harnessing the efforts and supporting the activities of
numerous national and international collaborative
groups and trial data centers worldwide conducting
breast cancer research (Figs. 1 and 2).

Its aims were to reinvigorate academic involvement in
practice-changing clinical trials, avoid duplication of
efforts, and accelerate the delivery of innovative ther-
apies to patients with common but also with rare breast
cancer subtypes.

In its 21 years of existence, BIG has been confronted
with a number of challenges. Here we describe how we
attempted to solve them, with the hope of providing
a useful roadmap for the next generation of clinical
investigators who are interested in the setup and the
running of umbrella networks of cooperative groups.

KEEPING TRUST AND MOTIVATION WITHIN
THE NETWORK

The longevity of an umbrella network of cooperative
groups depends on several pillars, illustrated in Fig. 3.

Agreeing on the vision and mission of the collaboration
is the first building block to be constructed. BIG’s vision
is to cure breast cancer through global research and
collaboration, while its mission is to facilitate breast
cancer research internationally and to do so by en-
abling groups to do more than their individual parts
while agreeing on specific research principles that will
preserve academic freedom. All studies are developed
with substantial input from and control by BIG in-
vestigators, even when partnering with the pharma-
ceutical industry, and aim to answer potentially
practice-changing clinical questions essential for im-
proving and saving the lives of patients with breast
cancer.

Irrespective of sponsorship and funding models, BIG’s
scientific independence from industry must be pre-
served, a principle that has been increasingly chal-
lenged nowadays, as discussed in the next section.

Although the vision raises immediate enthusiasm from
partners, the long-term adherence to the mission re-
quires demonstrating the added value brought by the
network to the clinical trial enterprise. In the case of
BIG, it is the HERA trial that cemented its member
groups together 20 years ago and helped to convince
the most skeptical ones: the recruitment of more than
5,000 patients with a relatively uncommon breast
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cancer subtype—namely, HER2-positive breast cancer-
—was accomplished in fewer than 3 years across Europe,
North America, Latin America, and Australasia. This was
rapidly followed by the European Medicines Agency’s
endorsement of the life-saving drug trastuzumab, an
achievement that was unmatched at the time.

Rotating Leadership Roles Within the Network

The centralization of most clinical trial functions within one
data center specialized in breast cancer was themodel used
for HERA and several other subsequent pivotal trials (such
as APHINITY), with a rapid learning curve about how best to
organize the clinical trial machinery and respond to the
industry’s needs. However, a single model of collaboration
cannot be the only one used by the umbrella network;
it will nourish frustrations and progressively demotivate

cooperative group members, which themselves are com-
petent in running clinical trials.

For this reason, BIG developed the collaborative “colead”
model, in which tasks and responsibilities linked to the
clinical trial are shared between two or three member
groups (for example, one group is responsible for the clinical
trial database, another for the statistical analyses, and
a third for the translational research). The fine-tuning of this
model is still ongoing, as clearly defining roles and re-
sponsibilities to avoid overlap and duplication of efforts
among the study partners may sometimes be challenging.
This requires a basis of trust and regular and open com-
munication between the partners.

Recognizing the Contributions of All Those Involved

Although day-to-day problems during the trial’s conduct are
best tackled by a small joint study management team, all
clinical research groups must have a feeling of ownership of
the clinical trial they participate in. This is achieved in three
ways: establishing a representative clinical trial steering
committee, which for BIG trials can be very large (up to
55 people); producing a periodic clinical trial newsletter;
and allocating authorship on the clinical trial related to
publications.

Because academic promotions still heavily depend on peer-
reviewed publications, this last point should never be
neglected and requires a great deal of time and diplomacy in
allocating authorship positions on papers with transparency
and fairness. In BIG’s experience, it is quite helpful to
discuss authorship positions early on, with a distribution
agreed upon for at least the two main publications, namely
the ones related to the primary and secondary endpoints.
Revisions can always be introduced based on the true merit
of the partners. BIG also avoids redundancy in the allocation
of themost prominent authorship positions (namely, the first
and last authors must be different from one publication to
the other).

Facilitating Involvement Across Regions

BIG began as a largely European network but was quickly
found to be attractive by cooperative groups in other regions
of the world, such as Latin America and Asia. With their
patient recruitment, these groups have contributed sub-
stantially to the successful and rapid recruitment to many of
BIG’s largest adjuvant trials. Nevertheless, there has been
an inherent European bias inmuch of BIG’s research, which
the network has also tried to address. With Latin American
groups, for example, the BIG Executive Board and the Latin
American cooperative groupmembers organized a retreat in
Brazil with the aim of understanding the local challenges of
each group, discussing common concerns, and de-
termining areas of highest need to facilitate participation in
international clinical trials or the conduct of collaborative

PRACTICAL APPLICATIONS

• The Breast International Group is one example
of clinical trials cooperation involving a large
network of national and international collabo-
rative groups with the goal to accelerate the
delivery of innovative therapies to patients with
breast cancer and to reinvigorate academic
leadership in breast cancer clinical cancer
research.

• Keeping trust andmotivation within such a large
umbrella network is the first challenge to be
overcome, with solutions including agreement
on the vision and mission of the collaboration,
rotation of leadership roles within the network,
recognition of the contribution of all involved,
reinforced cross-talk between the regions rep-
resented, and willingness to solve conflicts as
they arise.

• The Breast International Group implemented an
alternative partnership model with the phar-
maceutical industry for the conduct of pivotal
adjuvant breast cancer trials; it is an attempt to
build on the strengths of the two worlds in the
best interests of patients. Examples of how
conflicts emerging along this journey can be
solved are provided.

• Although the Breast International Group is
starting to involve patients more closely in its
scientific agenda, it is also the guardian of a not-
for-profit research enterprise on the academic
side, as this is an absolute requirement for
keeping patients’ trust in clinical trials.

• Fundraising can be part of the solution for the
conduct of noncommercial trials, but it is par-
ticularly challenging for international research
initiatives.
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research important for the region. This led to a training
program for young investigators identified as the groups’
future leaders. A similar initiative has been ongoing with
some of the Asian cooperative groups in BIG, with the aim to
mentor a young generation of researchers to lead future
breast cancer trials across multiple Asian countries, or even
more broadly under the BIG umbrella.

Solving Conflicts As They Arise

Conflicts between group leaders within the network cannot
be avoided, but ignoring them can be highly detrimental to
the network and compromise its survival. The network
headquarters plays an essential role in resolving such
conflicts, as do officers of the Executive Board, who oversee
the global collaboration and understand that this is also part
of their responsibilities.

IMPROVING THE INTERFACE BETWEEN ACADEMIA
AND INDUSTRY

Although generating trust among partners of an umbrella
organization takes time, it is a slowly growing construction
that in principle is there to stay. The same cannot be said
about building trust between the academic network and the
pharmaceutical industry; indeed, the rapid turnover of
leaders in the pharmaceutical industry implies that one
must be prepared to constantly renew efforts to create the
best possible synergies between the two worlds. There is
also very little room for mistakes on the part of academia:
bad news disseminates much faster than good news.

Although many studies under the BIG umbrella are purely
academic, many of BIG’s most well-known trials have in-
volved pharmaceutical partners that have also served as
study sponsors. Figure 4 highlights all the critical pieces one
must bring together for a successful partnership between

these two worlds. This puzzle applies to any type of co-
operative group trial run in collaboration with industry, but it
comes with some added layers of complexity for an umbrella
network. Negotiating this complexity means that trial initiation
may be slightly slower, but fortunately this is compensated by
the significant acceleration in patient recruitment, which in
most cases is successfully completed long before the pro-
jected timelines.

Study Design, Statistical Plan, and Finalization of

the Protocol

These critical and essential initial steps require a mutual
understanding of the sometimes-divergent interests of the
two worlds and talent for negotiating compromise. There is
no doubt that the pharmaceutical industry’s role in clinical
research is fundamental. Although companies today are
trying to do their best for patients, the fact that they must
generate profit for their shareholders results understandably
in their preference for clinical trial designs that bring greater
and faster returns on investment and may be more likely to
result in a positive outcome.

Academia has no such limitations and therefore it plays
a key role as the guardian of patients’ interests when it
comes to assessing the burden of treatment, studying long-
term side effects, or identifying early on the specific pop-
ulations for whom therapies will be ineffective. As long as
governments leave the financial risks of pivotal trials entirely
in the hands of the pharmaceutical industry, academia will
be in a weak position to defend, for example, shorter du-
ration treatment arms. But with the support of a very large
network of cooperative groups, the negotiation can some-
times be successful, as was the case for the design of the
BIG1-98 trial, in which academia managed to include
two arms of sequential adjuvant endocrine therapies

FIGURE 1. Who Is in the Breast
International Group?
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(tamoxifen/letrozole or the reverse) in the study design initially
set out to include only two single-drug arms (tamoxifen or
letrozole) selected by the industry partner. In BIG’s experi-
ence, close collaboration with pharmaceutical partners to
develop the statistical plan and finalize the protocol jointly is
the best way to start building a strong partnership.

Selection of Countries and Sites

In an ideal world, any cooperative group from the network
should be able to join the trial, if interested. Unfortunately,
this is rarely the case, as the cost of clinical research in
oncology is considerable, and the approval process for
clinical trials can be very complicated in some countries.
Therefore, pharmaceutical industry partners, based on prior
experience, logistical issues, or budget constraints, will
make the final decisions about which countries can
participate.

Contract

It should be noted that in BIG trials, the sponsor may be
either the industry partner, or one of the network’s co-
operative groups. When a pharmaceutical company is in-
volved in a study, either as a sponsor or as the entity
providing the funding, a clear contract between academia
and the industry partner is an essential building block for
successful collaboration, but it can take many months—in
some cases, more than 1 year—to agree on the model of
collaboration, the distribution of tasks, the timelines, the
budget, and, last but not least, the intellectual property
rights.

When conducting clinical studies with BIG, the industry
partner first needs to accept BIG’s principles of research
conduct, which are nonnegotiable:

• BIG does not function as a contract research organiza-
tion, nor does it carry out studies solely conceived by
industry. All studies are developed and conducted with
substantial input from BIG investigators and leadership
and aim to answer potentially practice-changing clinical
questions essential for improving and saving the lives of
patients with breast cancer.

• The main study (clinical) database is managed by one of
the academic partners involved in the study. Industry
partners may access the full trial study data only after the
release of the study results.

• All statistical analyses and study reports related to a BIG
study are executed or supervised by one or more aca-
demic statisticians.

• The study steering committee is representative of the
groups and centers participating in the study. Industry
collaborators may be represented on the steering com-
mittee, but neither hold the majority of seats, nor have the
power of veto. However, the steering committee may not
take decisions that have a major impact on the study
budget, timelines, or the sponsor’s ability to be compliant
with legal requirements.

In consideration of the importance of long-term efficacy and
safety evaluations, BIG strongly endorses the long-term
follow-up of patients participating in clinical studies. The
length of the follow-up is an element that can trigger ne-
gotiations with many industry partners, who may not want to
commit to this, unless the study has a positive outcome for
their drug.

In terms of intellectual property rights, BIG accepts that all
intellectual property rights related to the drug under de-
velopment by the industry partner, as well as biomarkers
linked to its use, will be attributed to them. However, a lot of

FIGURE 2. Past and Ongoing
Breast International Group Clinical
Trials and Research Programs
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time is spent on negotiating intellectual property rights that
may be generated by the future research conducted by
investigators using the study data and biologic materials to
which patients have consented, beyond the objectives of the
study, and that is not funded by the industry partner. BIG
acknowledges that industry partners should obtain freedom
to operate with their study drug, but a return to an inventor
for new discoveries not related to the drug is also appro-
priate. Unfortunately, some industry partners do not agree
with this, which can be a blocking factor for further research.

Many barriers along the path toward an agreement between
the legal teams can be overcome through regular tele-
conferences—and, whenever necessary and feasible, face-
to-face meetings—involving the parties, rather than emails.
When blocking points are identified, early escalation to the

individuals with decision-making authority on both sides is
often the best solution, with all partners and lawyers at-
tending the meeting.

How to Ensure Smooth Trial Conduct and Adherence to

the Protocol

An efficient way to identify and solve problems as they arise
during the trial setup and conduct is to establish a joint study
management team early on, with representatives from both
the pharmaceutical industry and academic partners holding
regular virtual meetings. This provides the industry partner
with the reassurance that issues that may affect the quality
of the data will be tackled from the beginning.

Studymonitoring is also implemented with this goal: in BIG’s
experience, site monitoring can be conducted in part or

FIGURE 3. Keeping Trust and
Motivation Within the Clinical
Research Network

FIGURE 4. Improving the In-
terface Between Academia and
Pharmaceutical Partners
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exclusively by industry partners; however, involvement of
the cooperative groups in the site monitoring whenever this
is feasible seems to be of great value, because it usually
results in a better spirit of collaboration with the participating
hospitals. As for the central monitoring of the study and
associated monitoring plan, supervision by academia is
necessary.

Handling the Clinical Trial Database

In recent years, there has been an increasing push by the
pharmaceutical industry to exert greater control over clinical
trial data, eroding academic leadership. In such scenarios,
the latter is confined to the role of “member of the trial
steering committee,” which is set up by the industry and
consulted periodically for advice. The control of the trial
database is lost; it is put in the hands of the pharmaceutical
industry, often outsourced to a contract research organi-
zation. In this scenario, academic investigators’ involvement
in overseeing the database is only theoretical, as is their
involvement in the data analysis. They may provide input on
the study results they receive, as well as on related pre-
sentations and publications, but are unable to exert their
expertise in a scientifically independent way.

BIG continues to defend the old model of partnering with
pharmaceutical partners, which requires substantial in-
volvement from the academic cooperative groups and their
leaders, but secures a higher degree of scientific in-
dependence, and in principle can contribute to a better
balance between commercial and public health interests
(Fig. 5). Of note, in this model, all the responsibilities of
a company related to safety reporting and preparation for
the regulatory submissions are respected; safety data are
transferred to the sponsor real-time, as needed, and all the
necessary actions to ensure timely submission of the data to
the regulatory authorities are agreed between the academic
partners and the company during the setup of the study.

Steering Committee and Translational

Research Committee

Recognition of all the partners involved in the trial is vital,
and it materializes through the setting up of a trial steering
committee, which will also allocate seats to the pharma-
ceutical partner.

With the increasing complexity of tools that are being used in
translational research, BIG often favors the creation of
a parallel translational research committee of experts with
hands-on experience using these tools and who are in
charge of recommending the best possible use of the
precious patients’ biologic specimens collected in the trial.
The final decision-making, however, resides with the steering
committee.

It should be noted that, because translational research
committee members are selected based on their specific
expertise and personal track record, and because phar-
maceutical companies employ individuals with strong
translational research expertise, the translational research
committee also involves company scientists.

These committees can become poorly functional when
their—often overly extended—members cannot commit the
time needed to move things forward efficiently. It is therefore
recommended to have a policy in place to replace non-
performing members whenever necessary. Finally, interest
from investigators can decrease markedly after the publi-
cation of the primary endpoint, and the formation of
a smaller steering committee comprising the members most
committed to the study is recommended at that point.

Independent Data Monitoring Committee

The independent data monitoring of clinical trials has long
been recognized as essential for the protection of patients,
and it is the task of a small group of individuals who have
clinical trial experience but who neither participate in the

FIGURE 5. Variations of the Part-
nership Model Between Industry
and Academia
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trial nor are representatives of the sponsor. Independent
data monitoring committees always involve an independent
statistician and often a patient representative.

For the conduct of one of BIG’s very large registration trials
conducted with a pharmaceutical partner, BIG encountered
a new challenge. Based on apparently past negative experi-
ences with a poorly functional independent data monitoring
committee, the partner requested the creation of an interface
committee. The role of this entity is to examine independent data
monitoring committee recommendations and decide whether
they should be adopted; this decision is then forwarded to the
trial steering committee for final decision. The rationale for the
creation of this committee, as presented to the academic
partners, was that regulatory authorities have expressed con-
cerns that clinical studies may be biased if clinical investigators
(i.e., steering committee members or the study partner teams
managing the study) are made aware of independent data
monitoring committee recommendations that are not eventually
adopted and that may, unintentionally, convey unblinded in-
formation. For non-BIG studies sponsored by this company, the
interface committee only consists of representatives from the
company. In the case of the BIG study mentioned, a tough
negotiation ensued, with the final agreement being that this new
entity would be composed of an equal number of represen-
tatives from the company and the academic partners (3+3) but
would be chaired by an additional member, a statistician not
employed by the sponsor. The same principle was applied for
other BIG studies sponsored by the same company.

Analysis, Regulatory Submission, and Publication

There will be no challenges to overcome here if three
conditions are fulfilled: (1) the statistical plan was jointly
prepared by the academic and the pharmaceutical partner
statisticians; (2) the company had the opportunity to test the
database to prepare its registration file by accessing the full
data of a small segment of the trial population; (3) the list of
coauthors of the publication has been discussed and
agreed upon long in advance.

Beyond the Primary Endpoint

Considering the importance of long-term efficacy and safety
evaluations, BIG strongly endorses the long-term follow-up
of patients participating in its randomized clinical trials,
particularly trials run in the early disease setting. However,
securing this long-term follow-up is very challenging now-
adays. Pharmaceutical companies, being under consider-
able pressure today in a highly competitive environment,
often lose interest in a trial after obtaining the new drug
registration and prioritize investment in other diseases or
other studies.

The two potential solutions here are

(1) to negotiate a reasonable budget to secure long-term
follow-up as part of the main contract; or

(2) to turn to patient-reported outcomes with the use of
digital tools to capture worrisome side effects as well as
late relapses or secondary cancers.

Data sharing in the era of General Data Protection Regu-
lation can also be a challenge. For example, the definition of
identifiable data is rather broad and can include restrictive
conditions on data sharing within the European Union and
even more outside the European Union, where different
data protection standards apply. Although we understand
that the aim of General Data Protection Regulation is to
protect patients’ data protection rights, data sharing is very
important for progress in science because it maximizes the
potential for scientists from around the world to make new
discoveries. We believe that legislators and researchers
should engage in dialogue to develop a privacy framework
that is better suited for clinical and translational research.

Tremendous knowledge can be gathered through clinical
data sharing—as already exemplified by the impressive
work of the Early Breast Cancer Trial Cooperative Group in
the last 30 years—but the time has also come to share
biomarker data linked to clinical data, as this will be the
driving force in the transition toward truly personalized
oncology. Therefore, conditioning such data sharing on the
requirements of General Data Protection Regulation may
ultimately come at a cost of patient access to better
treatments.

IMPROVING PATIENT INVOLVEMENT AND PATIENT TRUST IN
CLINICAL TRIALS

As stated by one of our most vocal patient representatives,1

“Greatness in medical research is measured in lives well
lived, not in articles published or honors received.”How can
we make sure that our clinical research is relevant to pa-
tients? The answer is clear: by involving them more closely,
but how we involve them is not straightforward. Once again,
this involves an interface between different worlds, and the
relationship takes time and effort to build.

One essential building block, besides offering training in
clinical research, is to define expectations on both sides.
This was done through a recent initiative of BIG—joined by
the North American Breast Cancer Group—where a brain-
storming meeting involving patients took place on the theme
of adjuvant treatment de-escalation, and resulted in the
writing of a consensus paper to which patients greatly
contributed.2

Patients should be on the board in trial committees, and
they can be of great help in improving informed consent
forms as well as communicating trial results to the external
world. Moreover, over time, as the relationship builds, they
should be present at the same table with the leadership of
academic research networks to contribute to strategic
decision-making.
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A more delicate issue is the one related to conflicts of in-
terest, which may jeopardize the patient’s best interests.3

The conflicts of interest of pharmaceutical companies are
clear and known to the public; they must ensure a rea-
sonable return on investment in a challenging environment
characterized by more demanding regulatory procedures,
diminished market exclusivity, and progressively smaller
markets resulting from the rapidly increasing molecular
segmentation of the cancer population.

Academia, for many years, has faced conflicts of interest in
the form of the “publish or perish” principle, which en-
courages financial relationships with pharmaceutical
companies allowing the conduct of or the participation in
clinical trials. More recently, another source of conflicts of
interest has emerged that is less transparent to the public:
this is the setting-up of for-profit academic research groups.
Although the legislative and fiscal context in some countries
may lead some cooperative groups to decide to operate
under a for-profit structure, two scenarios should be dif-
ferentiated here: the for-profit academic research group that
re-invests all the profit in a foundation to suppor non-
commercial trials and to secure the sustainability of the
group, and the for-profit academic research group that
distributes the profit among its members, research staff, or
shareholders.

BIG considers the second scenario noncompatible with the
spirit of truly academic research and potentially risky for
patients, and calls for greater transparency in declaring this
new research model, which is inappropriately named
“academic.”

FUNDRAISING

As noncommercial research is under threat nowadays,
some cooperative groups have created separate foun-
dations to help raise funds for patient-centered trials of
no interest to the pharmaceutical industry, or they have
established philanthropy units within their existing legal
structures, which is the case with BIG. Fundraising for
an international organization like BIG is not straight-
forward. When BIG’s Executive Board decided to es-
tablish a unit within its headquarters in late 2012, it was
aware that this effort would require several years of
investment, primarily in fundraising staff, before seeing
any returns.

In the meantime, BIG has been greatly helped by the
substantial financial support it has received from the Breast
Cancer Research Foundation for the conduct of its ambi-
tious academic research program on metastatic breast

cancer, called AURORA. Once a BIG fundraising team was
on board, decisions had to be made about how to engage
well beyond BIG’s hitherto purely scientific public and make
BIG’s work both visible and tangible to a lay audience. A first
step was to rebrand BIG with a new logo, incorporating
graphic elements and colors symbolic of BIG’s vision to cure
breast cancer through global research and collaboration. A
new name to complement BIG’s formal, legal denotation
used for all research activities (Breast International Group)
was also created for all philanthropic activities: BIG against
breast cancer. Purely academic studies requiring support
were identified, and the challenge of writing compelling
cases for support began. Fundraisers for research must
appeal to the emotion of potential donors and explain study
objectives in simple terms, but doing this in a way that does
not distort the research being conducted or inappropriately
raise expectations about outcomes is not always easy. In
parallel, the strategy implemented first focused on potential
major donors and organizing gala events, but gradually
expanded to include establishing corporate partnerships,
seeking grant opportunities from a range of foundations,
and building a broad base of supporters through social
media and targeted communications campaigns. Another
challenge is that although donors should see the impact of
their donations on a local level, BIG’s trials are international,
and thus funds raised should not in principle be restricted
geographically, as long as they support costs such as patient
enrollment or other legitimate study costs. Moreover,
crossing borders to raise funds means potentially coming
into conflict with national research groups, and thus such
initiatives are only feasible if working in close collaboration
with them and when a common and relevant local story can
be told. Finally, many real funding needs are related to the
human research infrastructure required to facilitate the
international research process (for example, at BIG’s
headquarters), but this is much less tangible, and at-
tractive, than investing in a new hospital machine. Despite
these challenges, and with the help of an enthusiastic
group of ambassadors, after 4 years, the funds raised
versus costs of supporting a philanthropic unit within BIG
reached the break-even point, and, during subsequent
years, the level of funds raised annually increased sub-
stantially. Notwithstanding the COVID-19 pandemic and its
significant impact on the ability to raise funds in 2020, the
expectation is that with patience, persistence, and crea-
tivity, BIG against breast cancer will continue to provide
a steady stream of funding for the network’s purely aca-
demic trials.
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GLOBAL HEALTH

Supportive Care: Low Cost, High Value
Razvan Andrei Popescu, MD, MRCP(UK)1; Fausto Roila, MD2; Jann Arends, MD3; Giulio Metro, MD2; and Maryam Lustberg, MD, MPH4

overview

Supportive care aims to prevent and manage adverse effects of cancer and its treatment across the entire

disease continuum. Research and clinical experience in dedicated centers have demonstrated that early

appropriate supportive care interventions improve symptoms, quality of life, and overall survival in a cost-

effective manner. The challenge is to assess symptoms and needs with validated tools regularly and, ideally,

between clinic appointments; electronic patient-reported outcome measures and dedicated easily accessible

supportive care units can help. Asmanagement of certain problems improves, others come to the fore. Cancer-

related fatigue andmalnutrition are very frequent and need regular screening, assessment of treatable causes,

and early intervention to improve. Pharmacologic agents and phytopharmaceuticals are of little use, but other

interventions are valuable: physical exercise, counseling on fatigue, and cognitive behavioral therapy/mind-

body interventions (e.g., for fatigue). Nutrition should be oral, rich in proteins, and accompanied by muscle

training adapted to the patient’s condition. Psychological and societal counseling is often useful; nausea

or other problems such as gastrointestinal dysmotility or metabolic derangements must be tackled.

Chemotherapy-induced peripheral neuropathy frequently worsens quality of life and has no established

prevention strategy (notwithstanding current interest in cryotherapy and compression therapy) and thus

requires careful assessment of patient predisposition to develop it with the consideration of feasible dose and

treatment alternatives. When painful, duloxetine helps. Nonpharmacologic strategies, including acupuncture,

physical exercise, cryotherapy/compression, and scrambler therapy, are promising but require large phase III

trials to become the accepted standard. Personalization of chemotherapy, dependent on realistic goals, is key.

EARLY AND APPROPRIATE INTEGRATION OF
SUPPORTIVE CARE IN TREATMENT OF PATIENTS
WITH CANCER

The Multinational Association of Supportive Care in
Cancer definition of supportive care highlights “the
prevention and management of the adverse effects of
cancer and its treatment. This includes management
of physical and psychological symptoms and side ef-
fects across the continuum of the cancer experience
from diagnosis through treatment to post-treatment
care. Enhancing rehabilitation, secondary cancer pre-
vention, survivorship, and end-of-life care are integral to
supportive care.”1 In 2012, ASCO was the first oncology
society to publish a clinical opinion on integration of
palliative care in oncology, to then update and establish
it,2 and to develop a global resource-stratified guideline.3

The European Society for Medical Oncology (ESMO) has
also stated in 2014 that oncologists should be com-
mitted to preserving the quality of life of patients with
cancer through the entire “cancer journey,” including
optimal supportive care.4 In a more recent position
paper on supportive and palliative care,5 ESMO has
suggested that the term “patient-centered care” be
used to cover both supportive and palliative care ap-
proaches during the continuum of cancer illness, with
regular multidisciplinary team assessments of patients’

needs, which vary and evolve over time. Multiple possible
assessments and interventions tailored to cancer-
related symptoms and toxicities of anticancer treat-
ments are listed, including appropriate prevention and
training goals agreed in the ESMO/ASCO curriculum.

A cancer pandemic has been triggered by the COVID-
19 crisis, leading to delayed diagnoses and initiations
of treatment that will have a staggering cost in hu-
man lives.6 Thus far not quantified is the impact of
the COVID-19 pandemic on quality of treatment and
supportive care for patients with cancer. New barriers
to access to cancer specialists, clinics, and hospitals,
perceived or real, mean that many patients may have
unnecessary symptoms caused by disease or toxicity
of oncologic treatments. Unfortunately, this comes at
a time when it has been established beyond doubt that
appropriate timely supportive care interventions im-
prove symptom burden, performance status, overall
management costs, and survival.

Basch et al7 used electronic patient-reported outcome
measures systematically to monitor patients’ symptoms
and to detect problems earlier. Through early inter-
vention, this led to improved symptom management,
decreased symptom severity and number of hospitali-
zations or emergency room visits, and increased sur-
vival, probably through more time on effective therapy.8
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Concurrently, patients with lung cancer after initial treatment
were randomly assigned in five French centers9 to either
receive routine clinical and CT scan follow-up or web-guided
follow-up. In this latter group, weekly patient-scored symp-
toms triggered an alert when predefined criteria were met. In
the experimental arm, progression was spotted earlier, and
performance status had not yet significantly deteriorated in
a higher proportion of patients who were thus able to receive
optimal treatment, leading to a 7-month improvement in
overall survival that increased with longer follow-up.10

VARIOUS MODELS OF EARLY SUPPORTIVE CARE
IMPLEMENTATION HAVE BEEN DEVELOPED

One strategy is regular digital monitoring and management
of symptoms and needs using regular electronic patient-
reported outcome measures, as pioneered by the above-
discussed trials, with data being evaluated by the cancer
professionals treating the patients, often primarily led by
experienced nurses.11 This approach has the advantage of
picking up deteriorations in overall well-being between
scheduled clinic visits and potentially predicting toxicity,
with high patient and health care provider satisfaction with
improved workflow in oncology units and time savings by
reduction of phone calls and emergency visits.12 Modern
digital health monitoring apps allow both an overview of
all patients in the program within the last week (Fig. 1) and
of symptoms development in given patients over time.
Given the wide availability of smartphones, even in low-
income countries in which primary care structures may
be weak and access to specialist care constrained, such

follow-up strategies, possibly automated, may greatly im-
prove outcomes.

Another strategy developed in many cancer centers world-
wide is the establishment of ambulatory and inpatient sup-
portive care units that grant patients low-barrier access to
expertise in supportive care while at the same time mini-
mizing disruption to acute oncology clinics. The Multinational
Association of Supportive Care in Cancer has begun to certify
centers of excellence in supportive care in cancer that apply
this principle to optimize supportive care along the whole
disease trajectory.13

Finally, successful models of supportive care implementation
are promoted by national supportive care societies, such
as those of France (Association Francophone des Soins
Oncologiques de Support), Italy (Network Italiano Cure di
Supporto in Oncologia), Russia (Russian Society of Sup-
portive Care in Oncology), India (Indian Association of
Supportive Care in Cancer), and Japan (Japanese Associa-
tion of Supportive Care in Cancer). In the United Kingdom,
the “enhanced supportive care” program initiated by Dr.
Richard Berman, consultant in palliative care at the Christie
Hospital, was so successful regarding earlier referral of pa-
tients with supportive care needs, improved symptomcontrol,
improved quality of life, improved overall survival, and re-
duced health care costs that the National Health Service in
the United Kingdom supported its implementation in 21
cancer centers across the United Kingdom.14 The key steps
in achieving this feat in the United Kingdom are summarized
in this guidance document.15

As availability and quality of supportive and palliative care
have improved, there have been vast shifts in symptoms and
toxicities most feared by patients and their families.16 A
classic example is the fear of vomiting with highly emeto-
genic chemotherapy; this was once a nearly universal oc-
currence. Advances in understanding emesis mechanisms,
an early report,17 and rigorous trials that established 5-HT3
antagonists as standard in nausea and vomiting led to
recognition of this supportive care breakthrough as one
of ASCO’s top five advances in 50 years.18 Incorporation
of neurokinin 1 receptor antagonists and olanzapine in
strategies to optimize antiemetic efficacy19 has further im-
proved nausea and vomiting control, the latter drug also
being cheap and widely available. However, adherence to
guidelines for prevention of nausea and vomiting is still low
in certain settings,20 and nonadherence is associated with
avoidable acute health care use and costs.21

High-quality guidelines exist for most supportive care topics.
Table 12,3,22-44 provides an overview of selected guidelines,
as well as the ASCO guidelines (www.asco.org/research-
guidelines/quality-guidelines/guidelines/supportive-care-and-
treatment-related-issues%20), ESMO guidelines (www.esmo.
org/guidelines/supportive-and-palliative-care), and National

PRACTICAL APPLICATIONS

• The “cancer pandemic” caused by the COVID-
19 crisis raised obstacles for patients to be
treated in a timely fashion but also to reach
appropriate and early supportive care.

• Regular symptoms-monitoring using digital
patient-reported outcome measures or
dedicated supportive care units facilitating
information access and management of
symptoms will improve symptom burden, per-
formance status, overall management costs,
and survival.

• Cancer-related fatigue is among the most dis-
tressing issues for patients with cancer and
should be approached mainly with non-
pharmacologic interventions.

• Nausea and other risks of malnutrition require
close attention and multiprofessional care.

• Neuropathy symptoms must be monitored, and
dose reductions/modifications should be
considered based on functional status.
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Comprehensive Cancer Network recommendations (www.
nccn.org/professionals/physician_gls/default.aspx#supportive).

This 2021 ASCO Annual Meeting educational session this
article is based on will further focus on three major symptoms
that are leading current symptoms and toxicities lists and
on where appropriate intervention (or refraining from thera-
pies with unproven benefit) may greatly improve the well-being
of patients with cancer.

EXHAUSTED: DEALING WITH FATIGUE

Cancer-related fatigue is defined as a distressing, persistent,
subjective sense of physical, emotional, and/or cognitive

tiredness or exhaustion related to cancer and/or cancer
treatment. Cancer-related fatigue is not proportional to re-
cent physical activity and interferes with usual functioning.
In comparison with the fatigue experienced by healthy in-
dividuals, fatigue related to cancer is seldom alleviated by
rest or sleep.24,26,45

Cancer-related fatigue is reported by 60% to 65% of pa-
tients and can occur at any time for patients with cancer,
before, during, and even long after the completion of an-
tineoplastic treatment. Cancer-related fatigue occurs in up
to 40% of patients at diagnosis, 80% and 90% of patients
during chemotherapy and radiotherapy, respectively, and

FIGURE 1. Bird’s-Eye View of Symptoms for Patients Replying to a Chemotherapy Questionnaire in the Last 2 Weeks
Symptoms are sorted by ascending fatigue severity. Each line represents a patient, and each column represents a symptom.
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in approximately 30% to 35% of patients in the post-
treatment phase.

Possible causes of cancer-related fatigue are 5-HT neuro-
transmitter dysregulation, vagal afferent activation, alterations
in muscle and ATP metabolism, hypothalamic-pituitary-
adrenal axis dysfunction, circadian rhythm disruption, and
cytokine dysregulation.46

All patients with cancer should be routinely screened for the
presence and severity of fatigue at their first visit and then
during therapy and approximately every year in the post-
treatment phase. Screening should be done using brief and
validated tools with established cutoff values for severity,
such as the Numerical Rating Scale and the Brief Fatigue
Inventory, which integrate the assessment of fatigue severity
and its impact on important functional domains. For pa-
tients who test positive for cancer-related fatigue (values of
Numerical Rating Scale . 3, indicating moderate to severe
fatigue), it is necessary to identify treatable contributing
factors (e.g., anemia, pain, sleep dysfunction, weight loss,
concomitant medications such as opioids, and type of
anticancer therapies) and comorbid conditions (e.g.,
endocrinopathies; cardiopulmonary disorders; hepatic, re-
nal, and neurologic dysfunctions). To do this, oncologists
should address the fatigue history, perform a physical ex-
amination, evaluate the status of the malignant disease and
psychological status of the patient, and ask for a minimum
battery of laboratory tests.26

If patients refer with mild fatigue (Numerical Rating Scale
� 3), not interfering with activities of daily living, patients
can be reassured and counseled about strategies for coping
with fatigue (physical activity and energy conservation). If
patients refer with moderate/severe fatigue (Numerical
Rating Scale. 3) interfering with activities of daily living, the
factors that contribute to cancer-related fatigue should be
identified and, whenever possible, treated. Management of
cancer-related fatigue can benefit from both pharmacologic
and nonpharmacologic interventions.

Several randomized, double-blind, placebo-controlled stud-
ies have been carried out to evaluate the fatigue effects of
various pharmacologic, phytopharmaceutic, and nutraceutic
interventions. At the present time, no pharmacologic treat-
ment has been approved by the U.S. Food and Drug Ad-
ministration for the management of cancer-related fatigue.

Psychostimulants have been evaluated in 19 randomized
controlled trials (11 with methylphenidate and dexmethyl-
phenidate, four with modafinil, three with armodafinil, and
one with dexamphetamine). In 15 of these trials, no supe-
riority with respect to placebo was demonstrated, whereas
four studies showed less fatigue with methylphenidate. As
a result, more well-conducted studies are still necessary to
define the role of psychostimulants.

Antidepressants were studied in three double-blind con-
trolled studies (two using paroxetine and one sertraline) of
patients with fatigue submitted to chemotherapy and did not
demonstrate superiority with respect to placebo.

The acetylcholinesterase inhibitor donepezil was not su-
perior to placebo in controlling fatigue.

Two double-blind studies with corticosteroids (one with
dexamethasone and one with methylprednisolone admin-
istered for 7–14 days) have been carried out with patients
with end-stage cancer and demonstrated superiority with
respect to placebo.

Eszopiclone, a sedative hypnotic drug, and the progestinic
agent megestrol acetate have not yet shown enough
evidence to be recommended for cancer-related fatigue
treatment.

In conclusion, all studied drugs evaluated for cancer-related
fatigue, with the exception of dexamethasone and meth-
ylprednisolone for patients with terminal cancer, yielded
negative results.

There is not enough evidence to support the use of either
phytopharmaceutics such as American or Wisconsin gin-
seng (Panax quinquefolius) or Asian ginseng (Panax gin-
seng), guarana, mistletoe (Viscum album), or astragalus or
nutraceutic agents such as L-carnitine, coenzyme Q10,
melatonin, or taurine for the management of cancer-related
fatigue. In one study, Wisconsin ginseng was superior to
placebo, but this study enrolled a very heterogenous cancer
population (different neoplasms and different stages of
disease).

Nonpharmacologic interventions have been carefully stud-
ied. The role of physical exercise for patients with cancer-
related fatigue during and after active cancer treatment has
been documented by multiple systematic reviews and
meta-analyses. Some guidelines encourage 150 minutes of
moderate aerobic exercise per week, such as fast walking,
cycling, or swimming, with an additional 2 to 3 days of
strength training per week, such as weightlifting, unless
contraindicated (e.g., extensive lytic bone metastases, fe-
ver, or active infection).

Psychosocial interventions (e.g., information on cancer-
related fatigue, its potential causes, and contributing fac-
tors) should be offered to patients with cancer. Counseling
can help patients cope with fatigue (recommendations
about physical activity, energy preservation, and how to
delegate less important activities). Psychoeducation may be
helpful for patients to identify sources of psychosocial
distress and eliminate stress-producing activities whenever
possible. Cognitive behavioral therapy has been demon-
strated to decrease cancer-related fatigue, addressing the
following factors: coping with the experience of cancer, fear
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of disease recurrence, dysfunctional thoughts and beliefs
regarding fatigue, sleep dysregulation, and so on.

Mindfulness-based clinical interventions combine meditation
exercises with psychoeducational elements, cognitive-
behavioral interventions, and movement exercises. Mindfulness-
based clinical interventions in oncology demonstrated some
benefits in the management of cancer-related fatigue for
patients after treatment.

A Cochrane review evaluating 24 studies carried out with
patients with breast cancer showed that yoga reduced
cancer-related fatigue compared with no therapy. This has
been confirmed recently by a systematic review including
29 randomized controlled trials. Finally, a randomized
clinical trial conducted in 410 survivors of cancer showed
a significant effect of yoga on cancer-related fatigue.

Several randomized controlled trials have been carried out
to evaluate acupuncture for the control of cancer-related
fatigue. Recently, a meta-analysis of 10 randomized clinical
trials including 1,327 patients who have completed cancer
treatment showed that acupuncture reduced cancer-
related fatigue.

The following other mind-body interventions may offer some
benefit against cancer-related fatigue, although additional
studies, particularly of patients after cancer treatment, are
needed: biofield therapies (touch therapy), massage, music
therapy, relaxation, moxibustion (applications of heat of
burning herbs on the skin), reiki, and qigong (traditional
Chinese energy exercises and therapies).

NUTRITION AND NAUSEA

Weight loss occurs frequently during anticancer treatments
and impacts quality of life, completion of therapies, and risk
of complications. For many patients with advanced cancer,
ongoing weight loss and accelerated catabolism lead to
malnutrition (weight loss . 5%), sarcopenia (low muscle
mass, below the fifth percentile of healthy reference), and
cachexia (disease-related malnutrition [i.e., weight loss wors-
ened by activated systemic inflammation]),47,48 with nega-
tive effects on quality of life, activities of daily living, and
overall prognosis. Nausea may exhaust patients during
anticancer treatment and during advanced disease, restricting
quality of life and body resources.

Best supportive care regarding nutrition requires (1) early
identification of patients at risk, performed most reliably
using validated screening tools; (2) careful diagnosis of
relevant impairments, best performed as professional as-
sessment by trained experts; and (3) individualized targeted
supportive care aiming to abolish or at least diminish
symptomatic and prognostically unfavorable deficits.25,49

All patients with cancer should be screened every 3 to 6
months, if with stable disease, or else more frequently for the
risk or presence of malnutrition. A number of validated brief

questionnaire tools are available (Numerical Rating Scale
2002, Malnutrition Universal Screening Tool, Malnutrition
Screening Tool, Short Nutritional Assessment Question-
naire, etc.)50; it is less important which tool to choose than to
reliably screen all patients. Most screening tools ask for the
presence of weight loss, impaired food intake, and a feeling
of sickness. Further expert assessment should ask diligently
for nutritional impact symptoms impairing food intake;
quantify body resources (body weight and, if possible, body
composition [e.g., by anthropometry, bioelectrical imped-
ance, or CT if available]); estimate food (including protein)
intake; define gastrointestinal deficits and metabolic de-
rangements such as systemic inflammation; determine the
physical activity level; and, finally, screen for the presence of
chronic pain and for psychological and social distress.25

While designing and preparing for nutritional care, if re-
quired, expert support should be invited from gastroen-
terology, surgery, pain specialists, psychologists, and social
workers. The first goal of nutritional care should be to enable
the patient to eat normally or, if this is not possible, to offer
dietary counseling to allow adequate feeding by imple-
menting changes in food selection, food texture, meal
frequency, guidance on choosing high-energy, high-protein
foods, enriching foods (e.g., by adding fat/oils, protein
powder), and use of oral nutritional supplements. If these
measures prove inadequate, tube feeding should be offered
if the lower gastrointestinal tract is working; otherwise,
parenteral nutrition is the method of choice. Separate routes
of feeding may be combined for optimal effect. Nutritional
requirements depend on age, sex, physical activity, disease-
associated metabolic rate, and other factors, but in general
may be assumed as a first approximation to be per kilogram
body weight and day: energy, 25 to 30 kcal; water, 30 to
40 mL; protein, 1.2 to 1.5 g; carbohydrates, 3 to 4 g; fat, 1
to 1.5 g. In tube feeding and parenteral nutrition, require-
ments of electrolytes, vitamins, and trace elements must
be supplied daily.25

To antagonize catabolism of body proteins in general and
muscle mass in particular, nutritional interventions for pa-
tients who are catabolic and cachectic should ensure an
adequate provision of proteins (see earlier) and should al-
ways be accompanied by muscle training, best guided by
a physiotherapist or exercise physiologist. Physical exercise
is known to mediate anabolic and anti-inflammatory effects.
In addition, to attenuate systemic inflammation, every effort
should be made to prevent and rapidly treat bouts of in-
fection, use surgical techniques minimizing metabolic stress,
avoid and effectively treat all wounds, and, given the presently
not clearly defined benefit-risk ratios, prudently consider
symptomatic anti-inflammatory agents (e.g., corticosteroids,
nonsteroidal anti-inflammatory drugs, or long-chain n-3 fatty
acids/fish oil).25 Several pharmacologic agents are being
studied to enhance appetite, stimulate protein anabolism,
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and dampen systemic inflammatory activity; the growth
hormone receptor analog and appetite stimulant anamorelin
recently has been approved for use in cancer cachexia in
Japan,51 whereas none of the other experimental agents have
reached approval yet.

Nausea may be induced by pharmacologic agents (e.g.,
opioids, chemotherapy agents) and other toxins, gastroin-
testinal motility disorders (e.g., obstruction, stenosis, pa-
resis), stomatitis, [hypo]pharyngeal disorders or esophagitis
(e.g., radiation injury, thrush), metabolic derangements
(hypercalcemia, uremia), and raised intracranial pressure
(e.g., brain metastases).52 Nausea may also result indirectly
from pain, fear, or other serious psychological stressors.
Fear and stress should be alleviated, and all settings that
might possibly induce nausea via sight or odor should be
avoided. In cases of exulcerated wounds, small bowls may
be positioned (filled with coffee powder, lemon, or mint).
Prevention and treatment of chemotherapy-induced nausea
and vomiting should follow standard guideline recom-
mendations, including the structured use of dexametha-
sone, serotonin/5-HT3 inhibitors, and the neurokinin 1
antagonist aprepitant.22 In the palliative setting, the fol-
lowing agents are recommended as single agents: butyro-
phenones (droperidol and haloperidol) in low doses for
metabolic/toxic causes; metoclopramide or domperidone
for gastroparesis; diphenhydramine in case of brain me-
tastases or in cases of accompanying hypersalivation or
diarrhea; phenothiazines (promethazine, levomeproma-
zine) are effective but should be limited to very low doses
because of side effects of dizziness and sedation; and
corticosteroids are effective especially in cases of brain
metastases. Escalation may be achieved by combining
butyrophenones and metoclopramide or metoclopramide
and phenothiazines. Finally, serotonin antagonists may be
added.52 If all these efforts fail, agents may be applied
intravenously with separate infusion of fluids and nutrients.
A percutaneous endoscopic gastrostomy may be inserted
to drain gastric fluids, and gastrointestinal secretions
may be reduced effectively by parenteral somatostatin or
analogs.53

Nutritional guidance should include conveying the impor-
tance of adequate drinking to replace fluid losses, loose
clothing, keeping the head elevated, getting distracted by
reading or other media, trying to carefully warm the belly,
and using ginger (fresh, tea, or other).54 Examples of
practical knowledge include chewing well and slowly and
drinking slowly, chewing some dry bread before rising from
bed, preferring several small to few large meals, trying warm
broth, preferring simple foods with few ingredients to fa-
cilitate detection of incompatibilities or aversions, preferring
light foods and steaming to roasting, and trying soft foods,
possibly puréed; oatmeal gruel may be helpful, as may be
bitter vegetables (e.g., endive, radicchio). Fatty and spicy

foods, foods with a strong aroma or smell, and flatulent foods
(e.g., cabbage, legumes, onions) are best avoided.

CHEMOTHERAPY-INDUCED PERIPHERAL NEUROPATHY

Chemotherapy-induced peripheral neuropathy (CIPN) is
among the most common adverse effects of chemotherapy.
Symptoms can include pain, tingling, numbness, and in-
creased temperature sensitivity. The chemotherapeutic
agents most commonly associated with CIPN include
paclitaxel and oxaliplatin, although this toxicity is reported
with a variety of other agents, including other taxanes
(docetaxel) and platinum agents (cisplatin and carboplatin),
vinca alkaloids (particularly vincristine), thalidomide, car-
filzomib, and bortezomib. Chemotherapy-induced periph-
eral neuropathy poses a global health burden worldwide; it
negatively impacts survivors of cancer by reducing dose
intensity of cancer treatments, can cause permanent
functional impairments, and adversely affects quality of life
and well-being.

The biologic mechanisms underlying neurotoxic injury that
lead to clinical symptoms of CIPN are multifactorial and
include inflammatory, apoptotic, and neurodegenerative
pathways.55,56 Despite the extensive research effort focused
on understanding mechanisms involved in the development
of CIPN, the translation of this mechanistic understanding
into rationally designed, clinical intervention studies re-
mains problematic and limited in scope.27,28,57

While we await improved biologic insights into CIPN, cli-
nicians and patients continue to grapple with how to best
manage this very common toxicity. The clinical prevention
andmanagement of CIPN has a number of knowledge gaps.
Two recent clinical guidelines from ASCO and ESMO ap-
praised most of these gaps.27 According to the most recent
2020 ASCO CIPN guideline,27 no agents can be recom-
mended for the prevention of CIPN because of lack of high-
quality evidence in general, which remains unchanged
since the initial 2014 guideline. The ASCO guideline also
supports duloxetine as the sole treatment option for
established painful CIPN. There are insufficient data for the
use of tricyclic antidepressants, gabapentinoids, or topical
amitriptyline/ketamine/baclofen for treatment of CIPN, although
these agents are used commonly in routine clinical practice.
ESMO–European Oncology Nursing Society–European Asso-
ciation of Neuro-Oncology 2020 guidelines,28 which charac-
terized the level of evidence for the different CIPN strategies,
were in agreement with ASCO and included detailed adjudi-
cation of the levels of evidence for the different strategies that are
used, including various pharmacologic and nonpharmacologic
approaches.

Therefore, in light of these limited levels of evidence for
management of CIPN, what are patients and clinicians to do
to manage this very common toxicity? One of the most
important considerations includes the evaluation of fitness
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for neurotoxic chemotherapy, including the presence of
other comorbidities such as preexisting neuropathy, di-
abetes, or family hereditary neuropathy.58 For older patients,
a comprehensive geriatric assessment can evaluate the
likelihood of chemotherapy’s causing harm.44 Clinicians
and patients are encouraged to review together goals of
care, and, if appropriate, substitution of non- or less neu-
rotoxic regimens can be considered.

The oncology field has also recognized that there is
a need to adapt the maximum tolerated dose of che-
motherapy to an optimal patient-centered dose. Per ASCO
2020 guidelines, clinicians should assess and discuss
with patients the appropriateness of dose delays and dose
reductions for patients who are symptomatic from CIPN.27

Dose modifications and prescription of drugs at lowest
dose that produced the maximum biologic effect have
been the subject of active discussion within the field
and can lead to significant cost-savings and decreased
toxicity.

An additional high-yield strategy for management of CIPN is
to actually avoid interventions that have been shown to be of
no benefit or even detrimental. For example, although the
supplement industry actively markets a variety of supple-
ments to patients undergoing cancer treatment, not one
single supplement has been shown to be beneficial for the
prevention or treatment of CIPN.27 Hence, there are in-
sufficient data to recommend any supplement per both
ESMO and ASCO guidelines, and these should not be
recommended as part of routine oncologic care for pre-
vention of CIPN.27,28

There is currently increasing interest in nonpharmacologic
strategies for prevention or treatment of CIPN because
of promising early-phase studies and better tolerability.
However, phase III evidence of benefit for these ap-
proaches, including acupuncture, physical exercise, cryo-
therapy/compression, and scrambler therapy, is not yet
available, and larger clinical trials are needed to better
delineate their utility.

Several studies have evaluated acupuncture therapy as
a nonpharmacologic option for CIPN. One small random-
ized, sham-controlled trial of weekly electro-acupuncture for
the prevention of taxane-induced peripheral neuropathy did
not show any differences in neuropathy between groups.59

A recent randomized controlled trial comparing 8-week
acupuncture intervention with usual care led to clinically

meaningful and statistically significant improvements in
neuropathic sensory symptoms in survivors of breast cancer
with mild and moderate CIPN.58 Additional larger studies
are needed to confirm the effect of acupuncture therapy
on CIPN.

In recent years, the efficacy of cryotherapy and compression
therapy to prevent taxane-induced peripheral neuropathy
has been investigated by several groups. Several clinical
trials also revealed that compression therapy using surgical
gloves is a safe and potentially effective therapy for the
amelioration of CIPN.60,61 However, a recent study com-
pared the efficacy of cryotherapy and compression therapy
for CIPN and found no difference in incidence of CIPN using
either cryotherapy or compression therapy.62 Additional
trials are ongoing to evaluate the benefits of cryotherapy,
compression therapy, and/or cryo-compression therapy for
prevention of CIPN.63

Another emerging approach is scrambler therapy for
treatment of CIPN. Scrambler therapy is a cutaneous neuro-
stimulatory treatment for the management of chronic pain
syndromes and for the management of CIPN.64 A recent
randomized phase II pilot trial was conducted to evaluate
the effect of scrambler therapy for treating CIPN.65 Com-
pared with transcutaneous electrical nerve stimulation,
scrambler therapy showed at least a 50% documented
improvement for patients. To confirm the effect of scrambler
therapy on treatment of CIPN, larger, sham-controlled,
double-blinded clinical trials are needed.

Several studies have suggested that exercise may be
beneficial for other types of peripheral neuropathy. Physical
exercise may attenuate CIPN through its influence on blood
circulation/oxidative stress, inflammation, neurotransmit-
ters, endogenous opioids, growth factors, neuroplasticity,
and coping and symptom interaction mechanisms.66 Sev-
eral studies have shown promise in CIPN.67-69 Additional
primary studies are being planned.

Considering the debilitating consequences of CIPN on
quality of life, it is imperative that shared decision-making
and patient-reported outcomes are evaluated in making
treatment decisions and treatment modifications for toxicity.
The future development of improved, efficient intervention
strategies for CIPN requires collaborative strategies that
involve a multidisciplinary team of experienced phar-
macologists, statisticians, and oncologists, partnered with
patients.
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Expanding Our Impact in Cervical Cancer
Treatment: Novel Immunotherapies, Radiation
Innovations, and Consideration of
Rare Histologies
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overview

Cervical cancer is a socially and scientifically distinguishable disease. Its pathogenesis, sexual transmission

of high-risk HPV to a metaplastic portion of the uterine cervix, makes cervical cancer preventable by safe

and effective HPV vaccines commercially available since 2006. Despite this, cervical cancer remains the

deadliest gynecologic cancer in the world. Regrettably, global incidence andmortality rates disproportionately

affect populations where women are marginalized, where HIV infection is endemic, and where access to

preventive vaccination and screening for preinvasive disease are limited. In the United States, cervical cancer

incidence has gradually declined over the last 25 years, but mortality rates remain both constant and dis-

parately higher among communities of color because of the adverse roles that racism and poverty play in

outcome. Until these conditions improve and widespread prevention is possible, treatment innovations are

warranted. The last standard-of-care treatment changes occurred in 1999 for locally advanced disease and in

2014 for metastatic and recurrent disease. The viral and immunologic nature of HPV-induced cervical cancer

creates opportunities for both radiation and immunotherapy to improve outcomes. With the advent of

T cell–directed therapy, immune checkpoint inhibition, and techniques to increase the therapeutic window of

radiation treatment, an overdue wave of innovation is currently emerging in cervical cancer treatment. The

purpose of this review is to describe the contemporary developmental therapeutic landscape for cervical

cancer that applies to most tumors and to discuss notable rare histologic subtypes that will not be adequately

addressed with these treatment innovations.

Cervical cancer is nearly 99% attributable to HPV in-
fection, whereby HPV subtypes 16 and 18 are re-
sponsible for more than 70% of all cases. Effective
preventive vaccines have been commercially available
since 2006, but because of low uptake and poor ac-
cess, cervical cancer remains the leading cause of
gynecologic cancer death worldwide.1 The United
States has lower incidence and mortality rates with
13,800 and 4,290 annual cases, respectively,2 largely
because of pap and HPV screening programs and
treatment of preinvasive disease. Cervical cancer
treatment recommendations are based on stage at
diagnosis and, in some cases, plans for future child-
bearing. Patients with early-stage disease (International
Federation of Gynecology and Obstetrics IA-IB2 and
IIA13) are candidates for curative-intent surgery
inclusive of radical hysterectomy and pelvic lym-
phadenectomy, with or without adjuvant radiation
and with or without chemotherapy.4,5 Some women
with tumors 2 cm or smaller and disease localized to
the cervix are candidates for fertility-sparing radical
trachelectomy with utero-vaginal reconstruction.6,7

Locally advanced disease (International Federation of
Gynecology and Obstetrics stages IB3-IIIA and IVA3)
is treated with a combination of external beam radio-
therapy with concurrent low-dose radiosensitizing
cisplatin followed by intracavitary brachytherapy; this
treatment has a 3-year overall survival rate of ap-
proximately 67%. Cervical cancer that is metastatic
at presentation or is recurrent or persistent following
chemoradiotherapy is generally incurable but con-
trollable with systemic platinum, paclitaxel, and
bevacizumab in the first line.8 Second-line treatment
and beyond is an area of high unmet medical need
where the sole U.S. Food and Drug Administration–
approved agent is pembrolizumab under the accelerated
approval mechanism and limited to PD-L1+ tumors.
The relative success of bevacizumab in 2014 and
of pembrolizumab in 2018 are driving further de-
velopment of antiangiogenic and immune-oncology
agents in the spaces of the highest unmet needs:
locally advanced and metastatic recurrent or persis-
tent disease.
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THE EMERGING ROLE OF IMMUNOTHERAPY IN
MANAGEMENT OF CERVICAL CANCER

Although most cervical HPV infections are cleared by
a robust immune response, establishment of a latent in-
fection with eventual integration of the genes expressing
viral oncogenic proteins (predominantly E6 and E7) leads to
cellular transformation and ultimate cancer development.
Integrated HPV sequences persist in the cancer cells and
thus serve as a source of antigens recognized as foreign by
the adaptive immune system. Because of the immunoge-
nicity conferred by HPV protein expression, the process of
cervical cancer carcinogenesis is thus highly dependent on
multiple mechanisms of immune resistance that allow
cervical cancers to evade T cell–mediated killing of cancer
cells expressing HPV and other neoantigens. Over the last
decade, a variety of immunotherapeutic approaches tar-
geting HPV oncoproteins, mechanisms of immune evasion,
and other cancer-associated surface markers have been
explored in cervical cancer.

HPV-DIRECTED VACCINES

The principal mechanism of action of cancer vaccines relies
on the provision of tumor-associated antigens in a prepa-
ration that is optimized to stimulate activation of antigen-
presenting cells, ultimately leading to priming of new T-cell
responses or boosting of preexisting T cells targeting the

antigen of interest.9 Preventive vaccines against the most
common oncogenic HPV strains have been shown to
be highly effective in preventing HPV infection and will
likely result in reduction of HPV-mediatedmalignancies.10,11

However, these vaccines predominantly target the viral
surface glycoproteins and thus play no therapeutic role in
the setting of therapy against HPV-transformed cells that
lack expression of these genes. Most therapeutic vaccines
against HPV to date have targeted HPV16 and HPV18 E6
and E7 proteins. Data from the trials exploring this strategy
in the setting of preinvasive cervical and vulvar lesions have
provided compelling evidence that vaccination against HPV
can induce robust T-cell response leading to elimination of
precancerous cells. A phase Ib trial of HLA-restricted
peptides HPV16 E712-20 and E86-93 was conducted in
patients with high-grade vulvar or cervical lesions and
demonstrated an overall response rate of close to 50% and
an increase in inflammatory response in the lesions.12

Similar results were observed in a study of ISA-101,
a vaccine using overlapping HPV16 E6 and E7 synthetic
long peptides with incomplete Freund’s adjuvant. A re-
sponse rate of 79% with complete response of 47% was
seen in the patients at 12 months.13 A phase IIb trial using
a DNA-based VGX-3100 vaccine encoding HPV 16/18 E6
and E7 in patients with cervical preinvasive lesions (CIN2/3)
similarly demonstrated clinical regression in 50% of pa-
tients.14 A phase III trial for VGX-3100 in this patient pop-
ulation is currently accruing (NCT03185013). Finally,
vaccination regimens in precancerous lesions using prime-
boost approaches using viral vectors have also been re-
ported with similar clinical response rates and evidence of
induction of HPV-specific immunity.15,16

Several HPV vaccination strategies have been explored in
the setting of advanced and recurrent cervical cancer, albeit
with lower efficacy. Axalimogene filolisbac (ADXS11- 001) is
a live attenuated Listeria monocytogenes vaccine encoding
HPV-16 E7 protein fused with the endogenous Listeriolysin
O protein. A phase II trial of ADXS11-001 administered with
or without cisplatin for treatment of recurrent/refractory
cervical cancer (GOG-265) demonstrated a response rate of
14% to 17%, with a median overall survival of approximately
8 months.17 A follow-up study of ADXS11-001 in 50 patients
with advanced cervical cancer demonstrated an overall
response rate of only 6% but with 12-month overall survival
of 38%, which compared favorably to the historical 12-
month survival rate of 21%.18 A study of an HPV16 synthetic
long peptide vaccine in 13 patients with advanced cervical
cancer demonstrated an overall response rate of 0%, de-
spite the evidence of vaccine-induced T-cell response in
most patients.19

Overall, although therapeutic vaccination against HPV E6
and E7 demonstrates compelling evidence for induction
of HPV-specific immune responses and regression of

PRACTICAL APPLICATIONS

• Cervical cancer is associated with profound
socioeconomic, sex, and racial disparities in
incidence, mortality, and clinical trial
participation.

• Preventive vaccination and screening and
treatment of preinvasive disease remain key to
cervical cancer control but are inconsistently
adopted and not widely accessible.

• Immune checkpoint inhibitors are changing the
landscape of cervical cancer clinical trials in all
lines of therapy, with one accelerated regulatory
approval in the United States to date.

• Innovations in radiation delivery and in choices
of radiosensitizing agents are improving the
therapeutic window of curative-intent pelvic
radiotherapy.

• Rare histologies, such as adenocarcinoma and
neuroendocrine tumors, are biologically distinct
from squamous cell carcinoma andmay benefit
from alternative targeted therapies. However,
their rarity is a barrier to systematically im-
proving outcomes given the challenges of
conducting pivotal trials in rare patient
populations.
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precancerous lesions, data from HPV vaccination in an
advanced setting to date have failed to demonstrate evi-
dence of significant clinical activity. It is likely that the
immunosuppressive mechanisms present in established
cervical cancer tumors dampen the activity of HPV-targeted
T cells generated in response to vaccination, arguing that
combination therapies targeting the mechanisms of im-
mune resistance will be required to explore the full thera-
peutic potential of therapeutic HPV vaccines.

IMMUNE CHECKPOINT BLOCKADE

As a strategy to reverse tumor-mediated immune resistance,
agents targeting immune checkpoints, most commonly PD-
1, PD-L1, and CTLA-4, have been explored across a number
of disease settings. KEYNOTE-158 was a basket phase II
trial in which 98 patients with cervical cancer were treated
with pembrolizumab. Twelve patients achieved an ob-
jective response, with responses only observed in the
tumors expressing PD-L1, leading to the aforementioned
accelerated approval of pembrolizumab by the U.S. Food
and Drug Administration for advanced PD-L1+ cervical
cancers.20 The results were comparable to the outcomes of
the phase I/II CHECKMATE-358 trial, a multicohort study of
nivolumab with or without ipilimumab for virus-associated
cancers. In the monotherapy arm of this trial, an overall
response rate of 26.3% and 20% was observed in the 19
treated patients with cervical cancer and the five treated
patients with vulvar/vaginal cancer, respectively.21 The
combination of ipilimumab and nivolumab appeared to in-
crease the response rate, particularly in patients who had not
previously received chemotherapy in the advanced disease
setting, with a 36% response rate in previously treated
patients and a 46% response rate in untreated patients.22

Although these findings were too preliminary to warrant
regulatory approval or off-label adoption of the combination,
these findings are consistent with immune-oncology trials in
other tumor types in which checkpoint inhibitors were
shown to be more efficacious in earlier lines of therapy. A
separate cohort of the KEYNOTE-158 study focusing on
patients with tumors exhibiting high tumor mutational bur-
den, defined as 10 or more mutations per megabase, has led
to U.S. Food and Drug Administration approval of pem-
brolizumab for patients with a tumor mutational burden of 10
or more irrespective of cancer type, including cervical cancer.23

addition of bevacizumab to the PD-L1 blockade with atezoli-
zumab in patients pretreated wtih bevacizumab did not appear
to increase the response rate in an ETCTN-sponsored phase II
study, prompting the study discontinuation after accrual of 10
patients to the first stage,24 although interest still remains in this
combination in an earlier line of therapy and with a sur-
vival end point. The number of additional agents tar-
geting PD-1 and PD-L1 are currently being explored
across a number of studies in recurrent/metastatic cervical

cancer, both alone and in combination with frontline
chemotherapy and bevacizumab (NCT03257267,
NCT03830866, NCT03635567), or antibodies targeting
other checkpoints such as CTLA-4 and TIGIT (NCT03894215,
NCT04300647).

Highlighting the potential of therapeutic vaccines in this
setting, a recently reported trial of HPV16- and HPV18-
directed DNA vaccine GX-188E administered in combina-
tion with pembrolizumab in 36 patients with advanced
cervical cancer demonstrated an overall response rate of
42%, including responses in patients whose tumors were
negative for PD-L1 expression.25 Despite the small trial size,
these preliminary data compare quite favorably to single-
agent activity of pembrolizumab in KEYNOTE-158.20

In line with the findings of improved efficacy in the earliest
possible line of therapy, a number of studies are currently
evaluating the combination of chemoradiation with PD-1
or PD-L1 blockade in the upfront locally advanced setting,
including durvalumab, pembrolizumab, and atezolizumab
(NCT02635360, NCT03830866, NCT03738228). As opti-
mal sequencing of chemoradiation and immunotherapy is
not known, the NRG-GY017 study (NCT03738228) is spe-
cifically investigating whether administration of atezolizumab
prior to chemoradiation versus concurrent administration
with chemoradiation results in superior immune outcomes.

ADOPTIVE T-CELL THERAPY

Adoptive cell therapies refer to therapeutic approaches
relying on infusion of large numbers of antigen-specific
T cells into patients. In cervical cancer, approaches based on
infusion of ex vivo–expanded tumor-infiltrating lymphocytes
and T cells genetically modified to express HPV-targeted
T-cell receptors have been explored in several studies.

In a study of nine patients with metastatic cervical cancer,
infusion of tumor-infiltrating lymphocytes resulted in two
durable complete responses and one partial response.26 In
a larger phase II trial of adoptive T-cell therapy conducted at
the National Institutes of Health, responses were observed
in 28% of 18 patients with cervical cancer.27 An interim
analysis of another phase II trial of tumor-infiltrating lym-
phocyte therapy in 27 patients with advanced cervical cancer
demonstrated a response rate of 44%.28Using an engineered
T-cell receptor targeted to HLA-A*02:01-restricted epitope
of HPV-16 E6, Hinrichs et al demonstrated responses in
two of nine patients (both with anal cancer).29 In a separate
study using HPV16 E7–targeted T-cell receptors, a response
was seen in four of 12 treated patients.30

TUMOR-TARGETED ANTIBODIES AND
ANTIBODY-DRUG CONJUGATES

Identification of surface proteins predominantly restricted to
tumor cells provides for an opportunity for development of
antibodies and antibody-drug conjugates targeting these
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antigens. Tissue factor is a cell surface protein playing a key
role in coagulation cascade and is involved in cancer-related
signaling pathways, angiogenesis, and metastasis,31 with
high expression observed in most cervical cancers.32 Tiso-
tumab vedotin is a monomethyl auristatin E–like anti-tissue
factor antibody-drug conjugate that has been evaluated in
a phase I/II study in patients with advanced solid tumors. In
the cohort of 55 pretreated patients with cervical cancer,
tisotumab vedotin resulted in an overall investigator-assessed
response rate of 24% and a 6-month progression-free sur-
vival of 40%.33 A phase III trial of tisotumab vedotin versus
chemotherapy in patients with pretreated cervical cancer is
ongoing (NCT04697628).

PROGRESS AND FUTURE DIRECTIONS IN RADIATION
ONCOLOGY FOR THE MANAGEMENT OF LOCALLY ADVANCED
CERVICAL CANCER

Radiation is used for both postoperative adjuvant therapy
and primary curative-intent therapy for locally advanced
disease. Adjuvant therapy is recommended for patients
whose tumors have high-risk pathologic factors after radical
surgery including lymphovascular invasion, tumors larger
than 2 cm, deep stromal invasion, lymph node and/or
parametrial metastases, and/or positive margins. External
beam therapy alone is curative in 85% of patients and is
generally well tolerated.4 In the locally advanced set-
ting, external beam radiation therapy is escalated by add-
ing concurrent cisplatin and intracavitary or interstitial
brachytherapy,7 but the cure rate is much lower than that for
high-risk early-stage disease, specifically 67% survival at
3 years as previously mentioned. In addition, the doses
needed to achieve this outcome are associated with mor-
bidity in the form of radiation inflammation, fibrosis, and, less
commonly, fistulae of the bladder, vagina, and/or rectum.
Therefore, there is room for continued improvement in the
therapeutic window of radiation therapy. The field of radi-
ation oncology has seen a remarkable transformation over
the last few decades with advances in treatment planning
and delivery techniques. One of the most significant in-
novations over the last 20 years in the management of
cervical cancer has been the implementation of image-
guided adaptive brachytherapy, which allows for personal-
ized prescription doses and treatment volumes to ensure
adequate coverage of disease while minimizing damage to
normal tissues. One strategy to improve the efficacy and
tolerability of radiation therapy is to use novel systemic
therapies during radiation to selectively sensitize the tumor
while sparing normal tissue. There are many ongoing clinical
trials combining novel systemic therapies with radiation in
the management of cervical cancer. This review focuses on
the benefits of image-guided adaptive brachytherapy and
the promising combination strategies with novel systemic
agents, including immunotherapy and radiation.

IMAGE-GUIDED ADAPTIVE BRACHYTHERAPY

Radiation therapy is essential for the definitive treatment of
locally advanced (i.e., International Federation of Gyne-
cology and Obstetrics IB2–IVA) cervical cancer. The stan-
dard treatment consists of 45 Gy to 50 Gy of external beam
radiation therapy delivered over 5 to 6 weeks to the primary
tumor and regional nodes with concurrent cisplatin-based
chemotherapy.34 Radiographically involved nodes receive
higher doses up to 54 Gy to 66 Gy depending on size and
proximity to adjacent normal structures. This is followed by
a brachytherapy boost to the primary tumor to increase dose
to tumor up to at least 80 Gy to 85 Gy in 2-Gy equivalents.

Brachytherapy uses internal placement of a radioactive
source directly adjacent to or within a target. In cervical
cancer, the steep dose gradient in brachytherapy allows
delivery of high doses to the residual primary tumor while
sparing surrounding normal tissue.

Beginning in the 1920s, various brachytherapy treatment
planning systems were developed to provide guidelines for
implantation geometries and dose prescriptions for cervical
cancer. The most widely used was the Manchester sys-
tem.35 The classic intracavitary implant consists of an in-
trauterine tandem that carries radioactive sources through
the cervix and into the uterus in a straight line and intra-
vaginal ovoids on either side of the tandem that allow for
radioactive source placement on either side of the cervix.
Traditional planning with a two-dimensional technique used
orthogonal x-ray images to prescribe dose to an arbitrary
point in space, known as point A. This point was defined as
2 cm cephalad along the tandem from the apices of the
lateral vaginal fornices and 2 cm perpendicularly lateral to
the tandem and cervical canal. As such, point A does not
represent the same fixed point in all individuals because it is
relative to the placement of the device and therefore follows
the axis of the tandem. Although a two-dimensional tech-
nique was quite effective and remained the standard of care
until the 2000s, tumor and soft tissue anatomy were poorly
visualized on orthogonal x-ray imaging, making it difficult to
tailor treatment plans to a patient’s unique anatomy and
tumor characteristics. This led to incomplete tumor cov-
erage in some cases and overtreatment of adjacent normal
tissues, increasing the risk for disease recurrence and
treatment complications.36

The ability to delineate target volume and identify normal
organs at risk can be achieved with CT or MRI, thus allowing
three-dimensional–based treatment planning, which is the
current standard of care in the United States.37 Image
guidance allows for both adaptive target volume delineation
and risk-adapted dose prescription. Adaptive target volume
delineation refers to prescribing the dose to cover gross
disease and areas of microscopic disease rather than to an
arbitrary point in space. This method accounts for tumor
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shrinkage and topography of normal tissues at the end of
chemoradiation. Similarly, risk-adapted dose prescription
refers to tailoring the prescribed dose to the precise
volume of residual disease at the time of brachytherapy,
because smaller tumors can be eradicated with lower doses
of radiation and larger tumors require a higher dose. In
a nonrandomized prospective French study that compared
two-dimensional planning on orthogonal x-rays with three-
dimensional planning (82% used CT, 18% used MRI) in
patients with early-stage and advanced-stage cervical
cancer, three-dimensional–based planning demonstrated
improved local control with an approximate 50% reduction
in toxicity. In patients treated with concurrent chemo-
radiation followed by brachytherapy, 2-year local control
was 73.9% versus 78.5% (p = .003), favoring three-
dimensional planning, with a 20% reduction in grade 3 to 4
urinary or gastrointestinal toxicities in the three-dimensional
planning arm (22.7% vs. 2.6%, p = .002).5 Other ret-
rospective cohort data of three-dimensional–based plan-
ning for brachytherapy also indicate high rates of local
control and decreased toxicity.38,39

Although organs at risk can be delineated as well on CT as
on MRI, the extent of tumor invasion of the parametria,
vagina, uterus, bladder, and rectum are better visualized on
MRI.40,41 Use of MRI at the time of brachytherapy allows for
optimization of the dose delivered to the tumor and areas
likely to contain microscopic disease.42 The GEC-ESTRO
GYN Working Group, established in 2000, first published
recommendations on MRI-based image-guided adaptive
brachytherapy to define tumor volume in the context of
treatment response and to standardize dose and volume
reporting.43,44 In 2008, GEC-ESTRO initiated the EMBRACE
study (external beam radio-chemotherapy and MRI-based
adaptive brachytherapy in locally advanced cervical can-
cer), with the goal of benchmarking image guided bra-
chytherapy and improving clinical outcomes.

The first EMBRACE study (EMBRACE I) was a prospective
observational study that accrued a total of 1,416 patients
who were treated with external beam radiation therapy and
MRI-based image-guided adaptive brachytherapy. The in-
dividualized dose prescription in EMBRACE I resulted in
improved target dose coverage, whereas the isodose sur-
face volumes decreased by 23% overall compared with
standard two-dimensional plans used with point A bra-
chytherapy. Twenty-one percent of patients with high-
volume residual gross disease had an escalation in isodose
surface volumes compared with the point A prescription
technique, suggesting that without image guidance, there
would be areas of gross disease that would have received an
insufficient dose. EMBRACE I has also provided valuable
information regarding dose volume effects and toxicities,
and these data were collectively used to define standardized
constraints for organs at risk.45-47 In 2016, EMBRACE II was

launched with the primary aim to prospectively validate the
findings of EMBRACE I and benchmark excellent clinical
outcomes using advanced target volume delineation, de-
tailed contouring protocols, a multiparametric brachyther-
apy dose prescription protocol, use of advanced external
beam radiation therapy techniques including intensity-
modulated radiation therapy and image-guided radiation
therapy, and use of advanced brachytherapy techniques,
including MRI-guided adaptive brachytherapy. The study
also incorporates translational research including imaging
and tissue biomarkers.48

It is important to remember that cervical cancer is largely
a disease of lower- and middle-income countries. There
are a number of barriers to implementing image-guided
adaptive brachytherapy in these countries including lack
of brachytherapy equipment, diagnostic imaging devices,
and qualified personnel. There is a need to explore different
techniques and workflows to ensure that these innovations
are available in other countries. These issues are currently
the focus of the GEC-ESTRO Brachy-HERO (Health Eco-
nomics in Radiation Oncology) working group in collabo-
ration with the International Atomic Energy Agency and
the World Health Organization.49

NOVEL SYSTEMIC THERAPIES UNDER INVESTIGATION FOR
USE CONCURRENTLY WITH RADIATION

The value of adding cisplatin or cisplatin-based chemo-
therapy to radiation for the treatment of locally advanced
cervical cancer is strongly supported by randomized studies
and meta-analysis.34 Nevertheless, therapeutic results are
far from optimal with many patients treated with definitive
intent ultimately dying of metastatic disease. As such, there
is significant interest in investigating novel therapies for use
with radiation for the definitive management of locally ad-
vanced cervical cancer. Mechanistically these agents can
be considered in three general categories: (1) immuno-
modulatory agents; (2) DNA damage response inhibitors;
and (3) other novel therapeutics including agents that in-
terfere with cell signal pathways. Herein, we explore the
mechanisms underlying some of these novel strategies and
highlight some ongoing trials. Although the timing and
sequence of therapies is under active investigation and
radiation–drug combinations are explored in a number of
disease settings, for the purposes of this review, we will
focus on agents being studied for use concurrently with
radiation in the management of cervical cancer. Table 1
summarizes the ongoing clinical trials in this area.

IMMUNOMODULATORY AGENTS

Although radiation has historically been viewed as an im-
munosuppressant, more recent data demonstrate that
radiation can enhance the antitumor immune response
via a number of mechanisms including induction of pro-
inflammatory chemokines and cytokines, modification of
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adhesion molecules on tumor vasculature, enhancing T-cell
receptor diversity, and increasing the density of tumor-infiltrating
lymphocytes.16 DNA damage and its associated inflammatory
cascade may be capable of reinvigorating an anergic,
tumor-tolerant immune system. Thus, immunomodulatory
agents are uniquely poised for potential synergy with
radiation.50

It is well established that radiation modulates the expression
of immune checkpoint ligands, including PD-L1 on the
surface of cancer cells.51 In a recent phase I clinical trial in
locally advanced cervical cancer, chemoradiation increased
PD-L1 expression, thus providing additional rationale for use
of PD-1/PD-L1 inhibitors with radiation as a combination
strategy in cervical cancer.52 As previously mentioned, there
are two ongoing randomized, placebo-controlled, phase III
trials investigating the benefit of PD-1/PD-L1 inhibitors in
combination with chemoradiation for the treatment of pa-
tients with locally advanced cervical cancer: KEYNOTE-A18/
GOG 3047/ENGOT cx-11 (pembrolizumab; NCT04221945)
and CALLA (durvalumab; NCT03830866). Both studies
randomly assigned patients to receive standard-of-care
chemoradiation plus placebo followed by adjuvant placebo
compared with chemoradiation plus checkpoint inhibitor
followed by maintenance checkpoint inhibitor. Accrual to
CALLA is completed and KEYNOTE-A18 remains ongoing.

DNA DAMAGE RESPONSE INHIBITORS

The primary mechanism of action of radiation therapy is
DNA damage, which triggers a network of cellular DNA
damage responses (DDRs) that allow a cell to sense, signal,
and attempt to repair DNA lesions. The fact that ionizing
radiation is an effective treatment for cancer indicates that,
for the most part, normal (i.e., nonmalignant) cells are better
equipped to repair DNA than malignant cells. This is
supported by evidence that abnormalities in the DDR
network are a fundamental characteristic of tumorigenesis
As such, the capacity of malignant cells to repair such
damage can contribute to treatment resistance. Inhibition of
DNA repair via DDR inhibitors in combination with radia-
tion is actively being investigated given the potential for
exploiting these pathways as a means of radiosensitization.
The DDR network consists of molecules that both regulate
DNA repair such as PARP and cell cycle regulators, in-
cluding ataxia telangiectasia and RAD3-related kinase,
WEE1, and ribonucleotide reductase.

A number of early-phase clinical trials are exploring the use
of DDR inhibitors in combination with radiation as shown in
Table 1. To our knowledge, triapine, an inhibitor of the
M2 subunit of ribonucleotide reductase, is the only agent
in this class currently being explored in a phase III trial
(NCT02466971), with an estimated study completion date
in 2023. Triapine increases a cell’s vulnerability to radiation
by prolonging DNA repair time and arresting cancer cells at

the G1/S checkpoint. This agent has shown promise in
cervical cancer, which is associated with overactive ribo-
nucleotide reductase.53

SPECIAL CONSIDERATIONS FOR RARE HISTOLOGIES

HPV infection and cervical cancer malignant transformation
occur in the squamo-columnar (glandular) junction of the
ecto- and endocervical epithelium. This metaplastic zone,
widely accepted to contribute to the pathogenesis of the
HPV virus, is predominantly comprised of squamous epi-
thelium. Therefore, approximately 70% of cervical cancers
are of squamous histology. Furthermore, nearly 90% of
patients treated on cervical cancer clinical trials had
squamous tumors. Thus, our treatment paradigms are not
only most validated for this cell type but also difficult to
meaningfully study in rarer types, of which adenocarci-
nomas of the glandular epithelium are most common, with
neuroendocrine tumors and adenoma malignum com-
prising the remainder.

Adenocarcinoma accounts for approximately 20% of all
cervical cancer. Although the incidence of squamous tu-
mors has declined, interestingly, the relative and absolute
incidence of adenocarcinoma has increased.54 A large
ancillary analysis of patients with adeno- and adeno-
squamous carcinoma treated on Gynecologic Oncology
Group chemoradiotherapy trials showed 10% inclusion of
these types and a worse comparative prognosis that was
mitigated with the addition of cisplatin.55 Biologically these
tumors have higher rates of hormone-receptor positivity56

and are more frequently negative for PD-L157 than their
squamous counterparts to the degree that squamous his-
tology is a surrogate for PD-L1 expression. KEYNOTE-158
reported pembrolizumab response in only one of six ade-
nocarcinomas that was atypically PD-L1+.20 The long-known
epidemiologic associations between cervical adenocarci-
noma and oral contraceptives and obesity are consistent
with these biologic characteristics.58

Neuroendocrine carcinoma is a rare and aggressive cervical
cancer histology accounting for approximately 1.4% to 2%
of invasive cervical cancer.59 Classified as high grade
(encompassing small cell and large cell histology) or low
grade (carcinoid), the small cell histology accounts for more
than 80% of tumors, with the large cell variant being much
less common at 12% to 15% of cases and low-grade his-
tology at 2% to 5%.1 They are more likely to be diagnosed at
a later stage with symptoms of local and/or metastatic
disease and are unlikely to be detected by routine cervical
cancer screening because of this aggressive behavior.60,61

Median overall survival remains 22 months to 25 months,
with a 5-year survival rate of just more than 30%.62 Much of
the traditional information regarding prognosis and thera-
peutics in this disease has been extrapolated from small cell
lung cancer data given their histologic similarities. Most studies
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of cervical neuroendocrine carcinoma are small and retro-
spective, making treatment decisions difficult for providers.

Initially thought to be less commonly associated with HPV
infection, more recent data including a meta-analysis of 143
studies have revealed evidence of HPV infection in up to
85% of women with small cell carcinoma, with similar rates
in the large cell variant.63 However, its distinctly aggressive
biology suggests additional driver mutations are a factor.
Frumovitz et al studied 44 small cell or mixed tumors that
underwent mutational analysis with next-generation se-
quencing and identified the most common mutations as
PIK3CA, KRAS, and TP53, noting that of 24 patients in
which a mutation was identified, 88% had at least one
targetable mutation with a currently available class of
agents.64 A systematic review highlighted the importance of
a similar spectrum of mutations including p52, KRAS,
PIK3CA, and c-Myc and also identified loss of heterozygosity
in 30% of cases.65,66 Additionally, somatic BRCA mutations
have been reported, as well as recent data indicating a high
rate of sPARP-1 mutations.6769

Evaluation for PD-L1 expression and microsatellite in-
stability has been found to be universally negative in these
studies. One study examining immunohistochemistry fac-
tors associated with prognosis found Her-2/neu expression
in 41% samples and saw evidence of longer survival in those
patients.68 These findings were supported by the Cancer
Genome Atlas Program as well.56

Multimodal treatment remains the mainstay of neuroen-
docrine carcinoma management. With little evidence to

guide practice, squamous histology practices are also ex-
trapolated to neuroendocrine carcinoma tumors. Their
known poor prognosis leads most providers to recommend
platinum-etoposide–based chemotherapy in addition to
stage-based surgery or chemoradiotherapy.70,71

Acceptable second-line regimens include carboplatin,
paclitaxel and bevacizumab, or topotecan, paclitaxel, and
bevacizumab because they have been shown to be both
efficacious and tolerable in this population.72 Despite being
characterized as PD-L1–, immunotherapy for neuroendo-
crine tumors includes a phase II study of nivolumab (PD-1
inhibitor) and ipilimumab (anti–CTLA-4) as combination
therapy, with case reports showing responses in patients.73

Additionally, an open-label, multicenter phase II basket
study exploring the efficacy and safety of neratinib as
monotherapy or in combination with other therapies in
participants with HER (EGFR, her2) mutation–positive solid
tumors included patients with her2 mutation–positive
heavily pretreated metastatic cervical cancer and showed
a durable response and disease control.74 Although most of
these patients had adenocarcinoma histology, given the
evidence for HER-2/neu expression in some neuroendo-
crine tumors, this regimen may show promise for these
patients. Given the evidence of BRCA and PARP mutations
identified in these tumors, PARP inhibitors are an attractive
potential therapeutic agent either as monotherapy or in
combination with other targeted agents. Such studies are
nearly impossible to execute by traditional clinical trial
procedures given the rarity of disease and the frequent
exclusion of these poor prognosis patients from clinical

SIDEBAR 1. KEY POINTS

• Immunotherapeutic approaches in cervical cancer have focused on targeting HPV oncoproteins, mechanisms of immune
evasion, and cancer-associated surface proteins.

• Therapeutic vaccines against HPV E6 and E7 have shown efficacy for therapy of preinvasive lesions but have had limited
single-agent activity against advanced cervical cancers to date.

• Adoptive T-cell therapies have demonstrated an ability to induce deep and durable responses in a subset of patients with
cervical cancer.

• Antibody-drug conjugates targeting cancer-associated surface proteins such as tissue factor have demonstrated promising
early signals of activity; confirmatory trials are ongoing.

• Pembrolizumab is currently the only approved immunotherapy agent in PD-L1(+) cervical cancers and cervical cancers
exhibiting a tumor mutational burden of 10 or greater.

• Image-guided adaptive brachytherapy allows for individualized treatment delivery to ensure adequate coverage of gross
disease while reducing dose to normal structures.

• Retrospective data consistently demonstrate improved rates of local control and toxicity with image-guided brachytherapy
over two-dimensional techniques.

• MRI-guided brachytherapy allows for improved tumor delineation compared with CT-guided brachytherapy, particularly in
determining extent of parametrial disease.

• Checkpoint blockade with concurrent chemoradiation in locally advanced cervical cancer is being explored in a number of
clinical trials, including two phase III trials.

• A number of DNA damage response inhibitors are in early-phase clinical development for the use in combination with
radiation.
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trials. To improve knowledge of this disease, MD Anderson
Cancer Center maintains an actively recruiting tumor reg-
istry for patients with a diagnosis of neuroendocrine car-
cinoma of the cervix, with both a retrospective record review
and frequent patient contact,75 aimed to serve as a surro-
gate for systematic prospective trials.

Finally, adenoma malignum represents less than 1% of all
cervical cancers. Characterized by benign clinical ap-
pearance with paradoxically aggressive biology, this rare
tumor has recently been associated with STK11 mutation
and identified as part of the Peutz-Jeghers syndrome.76

Patients identified as Peutz-Jeghers probands can be of-
fered risk-reducing hysterectomy after completion of
childbearing. Because of the rarity of disease, quantification

of the benefit is not likely possible, but the relative risk of
cancer is likely more than 100-fold in mutation carriers.

CONCLUSION

The novel therapies discussed in this review give hope for
improved outcomes in women with cervical cancer (Sidebar
1). The accelerated approval pathway in the United States is
changing the landscape and pace at which treatments
become available to patients. Despite this excitement, it is
imperative that the very patients who experience high-risk
cervical cancer by virtue of their socioeconomic status and
race are not at a disadvantage for clinical trial participation
and novel therapy access and affordability.
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HEAD AND NECK CANCER

Artificial Intelligence and Radiomics in Head and
Neck Cancer Care: Opportunities, Mechanics,
and Challenges
Lisanne V. van Dijk, PhD,1,2 and Clifton D. Fuller, MD, PhD1

overview

The advent of large-scale high-performance computing has allowed the development of machine-learning

techniques in oncologic applications. Among these, there has been substantial growth in radiomics (machine-

learning texture analysis of images) and artificial intelligence (which uses deep-learning techniques for

“learning algorithms”); however, clinical implementation has yet to be realized at scale. To improve

implementation, opportunities, mechanics, and challenges, models of imaging-enabled artificial intelligence

approaches need to be understood by clinicians whomake the treatment decisions. This article aims to convey

the basic conceptual premises of radiomics and artificial intelligence using head and neck cancer as a use

case. This educational overview focuses on approaches for head and neck oncology imaging, detailing current

research efforts and challenges to implementation.

INTRODUCTION: BEATING THE HUMAN EYE OR BRAIN

Radiomics and artificial intelligence (AI) have become
buzzwords in the oncology research field and are now
often the go-to proposed solution for complex clinical
prediction problems when imaging is available. This is
fueled by the promise of radiomics (machine-learning
approaches for image features analyses) and AI
(neural networks that learn from the image directly) to
be able to extract information in images that cannot be
observed by the human eye.1 Nevertheless, more than
just detecting meaningful features that cannot visually
be observed, these machine-learning pipelines can
facilitate pattern recognition in images, detection in
biomarker data, and integration with nonimaging vari-
ables that cannot be comprehended by the human
brain, due to the large number of potential variables.2-4

This article aims to convey the basics of radiomics and
AI in relation to head and neck oncologic imaging
by addressing the application space for leveraging
medical images, radiomics, and basic deep-learning
mechanics and the challenges of cancer imaging–
enabled AI specifically for patients with head and neck
cancer.

OPPORTUNITIES: MODEL-BASED PERSONALIZED
TREATMENT DECISION-MAKING

In general, medical machine learning can be cate-
gorized as focused on regression or classification tasks,
which depends on the predicted outcome. Regression
methods (e.g., linear regression, polynomial, and
support vector regression) aim to predict continuous

values, such as tumor volume reduction, weight loss,
or biomarker values, whereas classification methods
(e.g., logistic regression and random forest) aim to
predict a binary/categorical value, such as tumor re-
currence or toxicity development. An additional de-
viation of the classification is Cox hazard regression,
which incorporates the time-to-event together with
a binary event (e.g., death or censored). Using these
classification and regression approaches, a broad
swath of problems can be addressed that, on the
surface, seem radically distinct in scope. For ex-
ample, similar deep-learning approaches can be
used for tasks as different as risk stratification,
biomarker detection, image segmentation, and im-
age reconstruction.
The most evident example is risk prediction of overall
survival or tumor control after treatment based on
imaging tumor and clinical characteristics in patients
with head and neck cancer. By identifying patients who
are at specific high or low risk of treatment failure
before treatment, therapy can be tailored to their an-
ticipated risk. For instance, HPV-positive tumors have
exceptionally good outcome rates (5-year overall sur-
vival approximately 80%5-7); thus, having provoked
clinical trials to reduce radiation fractionation dose,8

magnetic resonance (MR)–guided adaptive radia-
tion dose de-escalation,9 and sparked discussions
about the relative, as-yet-unquantified, potential ben-
efits associated with chemotherapy for these patients.10,11

Nevertheless, not all patients with HPV-associated
oropharyngeal cancer may do well with a de-escalated
treatment regimen; thus, models based on radiomics
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combined with clinical variables (e.g., smoking status) and
biomarkers (e.g., HPV subtypes) can play a role in directing
treatment alterations more effectively. Similarly, for pa-
tients with head and neck cancer at high risk of treatment
failure, clinical trials can target these patients specifically for
intensified treatment regimens (e.g., image-guided dose-
escalation or induction chemotherapy). Although intensified
regimens may not be effective when applied to the full
population with head and neck cancer and may do more
harm by increasing treatment-induced toxicity rates, it could
be effective in a cohort saturated with high-risk patients
only. Moreover, in general, for any treatment approach in
which variable effectiveness response can be observed,
such as immunotherapy for patients with head and neck
cancer,12,13 prediction models can be potentially developed
to identify patients who are likely to experience treatment
success versus treatment failure and alter treatment
accordingly.

Another application for image biomarkers is toxicity devel-
opment after chemoradiation, as it is highly variable in
patients with head and neck cancer (i.e., patients who
receive a similar dose to critical organs can have a com-
pletely different toxicity profile after treatment). Tumor in-
formation is readily available not only in the form of clinical
CT, PET, and MRI but also that of the normal tissues.
Normal tissue image features can be extracted and may
provide patient-specific radiosensitivity characteristics that
are associated with toxicity development. For instance, the
prediction of late xerostomia was improved with parotid
gland CT radiomics features,14 which indicated that higher
heterogeneity of the parotid glands was associated with
a higher risk of xerostomia. Subsequently, from T1-weighted
MRI image biomarkers, it was observed that higher fat
concentrations in the parotid gland were associated with
a higher risk of developing xerostomia.15 A handful of other

studies have investigated the relationship between CT in-
formation and the development of a radiation-induced
toxicity,16-18 whereas the use of MRI information on nor-
mal tissues is a relatively uncharted domain.19,20

Other areas within head and neck oncology imaging in
which AI has already had a practical impact is auto-
segmentation of tumor or organ at risk, which is, in essence,
a voxel-based classification task.21 The clinical usability of
autosegmentation is to aid radiation oncologists (or clini-
cians) in organ and tumor definition, decreasing delineation
times.22-25 Furthermore, AI is being deployed for MRI
deformation,26-28 improved image reconstruction,29-31 and
MRI to pseudo-CT.32-35 These applications show particular
promise for MRI-based adaptive radiation and combined
imaging-treatment device (such as MRI-linear accelerator)
applications, as improved deformation can improve adap-
tive warping of contours to new scans. Adequate pseudo-CT
approximations will allow for dose optimization from MRI
only, whereas today, a CT scan is required to calculate
radiation absorption for treatment planning.

This capacity to generate usable data is not limited to
therapy delivery, however. For example, AI is being applied
to develop MR fingerprinting, which is an acquisition
strategy allowing multiparametric MRI reconstruction from
a single acquisition.36,37 The practical benefit of MR fin-
gerprinting is that it allows for the acquisition of multiple
quantitative MR sequences (such as T1 or T2 maps) from
a single scan acquisition, significantly reducing the total
scan time. Because this process involves deep learning to
reconstruct the images, the same deep-learning approach
could simultaneously allow front-end integration of radio-
mics, segmentation, and motion correction in a “near
live” time interval. This idea of solving multiple algorithmic
processes simultaneously is an especially exciting de-
velopmental opportunity for AI-based approaches (but
necessarily requires sufficiently large and representative
training data sets).

Although radiomics and AI research studies are emerging
exponentially, clinical implementation is often not (yet)
reached for most of the prediction models at a level of
clinical usability or with interpretable visualization in-
terfaces. To improve implementation, models must be
presented in a manner in which the results can be un-
derstood and adequately interpreted by clinicians, whom
are responsible for making the treatment decisions.
Moreover, the models must be reliable (i.e., well trained and
validated on representative data), as well as transparently
inform on risk uncertainty per individual prediction. This
need for decision-support tools that allow for automatic
integration of data processing, prediction, and quality as-
surance with effective interpretability to the end user is an
imperative. The next sections will deal with themechanics of

PRACTICAL APPLICATIONS

• Radiomics and imaging artificial intelligence are
rapidly being deployed in research-level appli-
cations in head and neck cancer.

• Personalized medicine using radiomics and
artificial intelligence is necessarily dependent
on the quality, robustness, and generalizability
of generated prediction/classification models.

• Though exceptionally promising, rigor in model
development, reporting, and implementation
will require oncologists to have a general un-
derstanding of these approaches, their advan-
tages over traditional methods, and their
limitations.
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radiomics and AI in head and neck cancer to improve the
understanding of their potential and challenges.

MECHANICS: FROM PICTURE APPRECIATION TO
ARTIFICIAL INTERPRETATION

Current oncology practice is necessarily dependent upon
medical images, and this dependence has increased in
the last decades. CT scans are generally considered the
standard imaging modality for diagnostic and therapy
planning purposes, with their intensities consistently rep-
resenting electron tissue density. For patients with head and
neck cancer in particular, MRI is a valuable additional
image modality38 due to its exceptional soft tissue contrast
as a result of the decomposition of radiofrequency reso-
nance. Additionally, by detecting metabolic activity of tis-
sues, PET can provide physiologic information to aid in
distinguishing between normal and tumor tissues. This
explains why MRI and PET are generally regarded as in-
dispensable in tumor diagnosis, delineation, and response
assessment,39,40 as well as detection and tumor border
definitions.41-43 Moreover, the introduction of functional MRI
sequences, such as diffusion-weighted imaging and dy-
namic contrast enhanced, provide spatially localized
physiologic information in frame with anatomy, introducing
an additional dimensionality to differentiate tumor from
normal tissue.44-51

Semantic Image Evaluation

Because a trained human eye is excellent in pattern rec-
ognition, qualitative image evaluation by the radiologist has
historically been the conventional clinical standard. Con-
sequently, initial imaging research focused on semantic
image features, which are image content descriptions
according to human perception (e.g., “radiologically positive
lymph node,” “hypodense tumor,” or “heterogeneous le-
sion” on a radiologist report), or simple image characteristic
values (e.g., maximum longitudinal tumor diameter and
mean intensity values). For instance, simple MRI and
18F-fluorodeoxyglucose PET evaluation measures improved
the diagnostic accuracy for malignant lymph node de-
tection.52 The predictive value of semantic imaging features
directly translates to the clinical TNM staging based on
radiologic image evaluation.53 Furthermore, Wang et al54

showed that tumor invasion and heterogeneity evaluation on
MRI were predictive for local control in patients with na-
sopharyngeal cancer.

The improved quality and quantity of medical imaging of the
last decades have opened doors to move from semantic or
qualitative observer assessments (primary classification
tasks) to quantitative machine-readable imagemeasures for
model-based treatment decision support. Additionally, the
current climate of computational processing power, avail-
able large-scale (imaging) data, machine-learning, and AI

approaches are now reaching a stage to exploit the ever-
growing imaging data.

Machine Learning

In the early 2000s, terms such as computer-aided treat-
ment, computer-aided detection, or computer-aided di-
agnosis were used to describe computational processes that
process clinically useful image information.55 In the last
decades, AI has made is entrance in the head and neck
oncology field. The definition of AI is the capability of
a machine to imitate intelligent human behavior and is
a collective term for all computer processes that fall under
this definition.

Machine learning is a subfield within AI (Fig. 1), which in
a broader sense refers to a computerized algorithm that
learns to solve tasks by recognizing patterns in the data.56 In
other words, the “machine” (i.e., statistical model) learns
from the associations in the presented data by minimizing
the model’s cost function. Predefined variables can be
continuous (e.g., height and weight), categorical (smoking
status: never, former, or current), ordinal (e.g., T-stage and
performance score), or binary (yes or no; 1 or 0). Machine
learning for medical images requires feature extraction from
specific areas in the images, such as mean intensity or
volume of the delineated tumor. More advanced image-
processing techniques have allowed for image character-
istic extraction that can quantify more comprehensive and
complex aspects of an image, referring to the umbrella
terminology radiomics.

RADIOMICS: IMAGE FEATURE MINING

The wealth of raw images acquired for oncology treatment is
a great source of information for patient-specific anatomy
and physiology and can be used beyond the scope of tumor
detection and delineation. Radiomics refers to the process
of quantifying patient-specific tissue characteristics from
images into features (i.e., image biomarkers), translating
intensity, texture, and geometric properties of the tissue
from a specific volume of interest into single variables that
can be fed into amachine-learningmodeling process (Fig. 2).
Although these features can describe similar characteristics
as semantic features (think: heterogeneity of the tumor), the
hypothesis is that they can reveal more information in
a quantitative manner, because the medical images are
processed as data not as pictures.57,58 Although image
texture analyses originated in the 1970s to 1980s,59-61 the
radiomics concept was not introduced until 2012 by Aerts
et al,4 proposing comprehensive extraction of geometric,
first-order, and texture feature extraction, thereby con-
verting medical images into high-dimensional minable
data.3,58,62 Aerts et al4 showed that pretreatment CT-based
radiomics features, describing the density, heterogeneity,
and shape of the tumor, could predict overall survival of
patients with non–small cell lung cancer and validated this
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in an independent patient cohort of both head and neck and
lung cancer. Several subsequent studies have confirmed
that tumor radiomics features can contribute to the pre-
diction of overall, disease-free, and progression-free survival
in patients with head and neck,4,63-66 lung,4,67 cervical,68

prostate, and rectal69 cancer. The explanation of radiomics
features is often intuitive and relatable to the semantics,
such that high values of texture feature that capture higher
heterogeneity of the tumor are associated with a higher risk
of recurrence.57,66 The geometric features can indicate that
larger (e.g., volume) and more irregularly shaped (e.g.,
surface and bounding box) tumors are related to worse
survival rates.66 Radiomics features have been shown to
have additional prediction value to clinical variables such as
age, TNM stage, and performance score, but they can also
replace them. As shown by Zhai et al,66 the feature major
axis length of all lymph nodes (i.e., the maximum length
between pathologic lymph nodes) performed better in
predicting survival than N stage. This indicates the potential
of quantification of clinical variables, as well as the im-
portance of being wary of multicollinearity (i.e., high in-
terassociations between the independent variables).

DEEP LEARNING: MODELING DIRECTLY FROM THE IMAGE

Deep learning is a subtype of machine learning (Fig. 1) yet
distinguishes itself from general machine learning by not
requiring predefined features or variables, but rather in-
culcating both feature selection and variable weighting si-
multaneously directly from the image or data within the
deep-learning network.70,71 In imaging, the first layers of
the neural network are convolutional layers, which are
different sequential combinations of imaging filters that
emphasize or suppress certain textures or patterns (Fig. 3).
The convolution and fully connected network layers can
extract image characteristics (e.g., eyes, tumor heteroge-
neity, and organ at-risk edges) without the human engi-
neering of variables, thus being autodidactic in determining
the most important aspect of the images. Similar to other
machine-learning techniques, but even more prominent for
deep learning, is the need to be wary for overfitting and lack
of generalizability of the deep-learning model to new data.
Important algorithm implementations have been made to
charge a network for overfitting (e.g., dropout, internal cross
validation, and permutations); nevertheless, it is extremely
important to have a completely independent validation test
set that has not been used during any part of model training
process.

CHALLENGES IN MODELING

As for any statistical model, an overarching challenge is
generating a generalizable model, meaning that the model
will perform well in new unseen data. Key challenges that
jeopardize the model generalizability and fragility are (1) the
risk of false-positive associations, (2) over- and underfitting,

(3) data representation bias, (4) unbalanced data, (5)
multicollinearity, and (6) model result interpretability.

A false-positive variable refers to a statistically significant
variable (p value less than set threshold) without a real
underlying association of a variable with the outcome.72 This
is particularly important for radiomics features, as they may
be highly coherent in the representation of an imaging
characteristic of a given region of interest. Radiomics ap-
proaches specifically would be well advised to carefully
implement correction strategies as a function of the number
of candidate biomarkers/thresholds/features. A proposed
approach is multiple testing corrections,73 but they are often
considered too simplistic for machine-learning approaches,
and there is limited consensus on p-value adaptation in
machine learning, as other methods may be more appro-
priate. This is a less direct issue for deep learning, but
a network can detect “significant” areas in an image that for
a biased relation with the endpoint or creating false areas in
case of reconstruction.74

Overfitting or underfitting are main concerns in machine
learning.75 Although underfitting refers to not giving the
model enough degrees of freedom to fit to the data (Fig. 4,
left), overfitting refers to fitting a model very specifically on
training data (Fig. 4, right). In both scenarios, this results
in a model that does not perform well when presented to new
data. In other words, the model is not “generalizable” to
external data. Addressing under- and overfitting remains
a challenge during all steps of any machine-learning analysis
that requires serious and continuous considerations.

The patient sample size can cause incorrect model fitting
and, hence, make a model ungeneralizable to new data.
The main concern of training a model on a small data set is

FIGURE 1. Definitions in Artificial Intelligence
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FIGURE 2. Radiomics Extraction Process
The segmented volume of interest is extracted from an image (I). The following radiomics types are extracted from this volume of interest: intensity image
intensity features (II), geometric features (III), and texture features (IV). A gray-level run length matrix is given as example for texture calculation, which
quantifies the number of repetitions of gray intensities from left to right.
Abbreviations: 3D, three-dimensional; Max, maximum.

FIGURE 3. Deep Convolutional Neural Network Example for Classification Prediction Problem
Starting with an MRI, for example, as the input layer, followed by convolutional, pooling, and flatten layers, which is followed by fully connected layers to
output the endpoint local tumor control vs. local tumor failure.
Abbreviation: Max, maximum.
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that it is not an accurate representation of the full pop-
ulation. Moreover, medical data are often noisy, contain
outliers, and nearly always hold some incorrect or erroneous
information, due to clinical complexity and human error.
Moreover, processes and reactions within the body are
rarely fully predicted with a handful of variables in a simple
linear manner. In other words, adequate patient numbers
are required to represent medical processes and predict
clinical outcome measures.

Unbalanced data can be a concern even in a representative
cohort, as the dependent variable can be imbalanced, re-
ferring to a low number of events in the data set. For ex-
ample, predicting the local recurrence with tumor image
features in a cohort of patients with HPV-positive stage I to II
oropharynx carcinomas is problematic due to extremely low
local recurrence rates (approximately 2 in 100 patients).
Fig. 5 demonstrates that the area under the curve perfor-
mance measure is likely to be unrealistically high in un-
balanced data, as isolated events can be falsely be
detected. To mitigate this, the number of patients and

events need to be increased. The pragmatic rule of thumb is
that per 10 events in a data set, a model can contain
a variable. Nevertheless, this is just a guideline and should
be carefully evaluated in combination with overfitting
monitoring measures.76 For deep learning, upsampling
methods have been proposed to overcome the shortcoming
of imbalanced data; however, similar to general machine
learning, the training performance measures must be
evaluated with caution, and effectiveness needs to be better
investigated77; regardless, the model will always need to be
tested on a large enough imbalanced data set.

Multicollinearity refers to the high correlated relation be-
tween variables; if variables are introduced in a model
without having added value to each other, that can result in
overcompensation and redundancy. This a particular
concern for radiomics approaches, as this is better miti-
gated in deep learning. It is important to be aware of
multicollinearity during the modeling process, as it can
easily occur due to the competition of similar variables, and
variables are wrongfully selected or omitted.

FIGURE 4. Example Case for
a Classification Task

To distinguish the patients in red
(e.g., recurrences) from those in
black (e.g., local tumor control),
a model is optimized to define
a borderline that increases the
distance between the two groups.
Examples of model fits that are
underfitted (left), adequately fit-
ted (middle), and overfitted (right)
are depicted.

FIGURE 5. Logistic Regression
Area Under the Curve Perfor-
mance in Random Data for Highly
Imbalanced Event Data (2%
Event Rate, Left) and More Bal-
anced Data (30% Event, Right)
AUC for imbalanced data is
unrealistically high.
Abbreviation: AUC, area under
the curve.
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Model result interpretability can aid in the understanding of
the modeling process, generalizability, and acceptance of
a model by the medical community. The benefit of deep
learning is that it allows for learning directly of the image
itself and comes with the trade-off that it is much more
a black box compared with radiomics machine-learning
approaches, in which selected features, generally, can be
compared with semantic understandings (e.g., tumor size
and high heterogeneity). Efforts are arising to improve the
human interpretability of deep-learning networks by visu-
alizing the determining convolutional filters.78,79 However,
there is an unmet need for a transition from representation
to derive the underpinning biologic processes or conditions
detected by machine learning. For example, radiomics
features derived algorithmically have been demonstrated to
serve as representations of physiologic tissue-level char-
acteristics, such as fattiness15 and physiologic activity80 of
the parotid glands associated with the development of
xerostomia.

CHALLENGES IN ONCOLOGIC IMAGING USING RADIOMICS
AND ARTIFICIAL INTELLIGENCE

The largest challenge for image-based machine-learning
approaches is in consistent and large-scale curated and
standardized image data acquisition. Ger et al81 showed that
even if the same scanning protocol was used for CT image
acquisition, this still resulted in differences in radiomics
feature calculation on 100 scanners in 35 institutes. This
illustrates that even CT, which is a much easier calibrated
modality than PET or MRI, still suffers from substantial inter-
and intrascanner variations. Many other studies have also
illustrated the impact of different image reconstruction
kernels, tube current, slice thickness, and scanner man-
ufacturers on radiomics features.82-84 This emphasizes both
the importance of image acquisition standardization and
calibration as well as testing the robustness of prediction
image-based models in a new patient population that are
scanned with different scanners or imaging acquisition
protocols. This challenges interinstitutional implementation
of prediction models.

For MRI, an additional hurdle is the lack of consistently
available scans, which consequently results in small cohort
sizes and lack of external validation in research studies.
Systematic MRI acquisition is hampered due to continu-
ous MRI sequence development, resulting in periodical
changes in the image acquisition parameters and large
differences in acquisition settings between treatment sites.
Furthermore, the vast majority of the MR radiomics studies
do not incorporate any intensity standardization of MR
scans, which is questionable due to known biases in MR

intensities.85 A major, and often underestimated, challenge
of MR-based AI applications is the lack of intrinsic value of
MR intensities for the majority of acquisition methods (e.g.,
T1-/T2-/proton density–weighted images), meaning that
they do not represent a specific fixed entity (i.e., they have
arbitrary units), but rather have relative contrast value to
adjacent MR intensity and structures (Fig. 6). MR nor-
malization is currently still somewhat uncharted terrain
outside the brain area.86-88 Quantitative imaging modalities
have been introduced, designed to represent diagnosti-
cally meaningful intensity values. Examples are diffusion-
weighted imaging, T1-weighted or T2-weighted maps, and
dynamic contrast-enhanced MRI,89-91 yet currently, these
MR sequences often have a limited signal-to-noise and
courser resolution.

REPORTING AND SHARING RADIOMICS AND ARTIFICIAL
INTELLIGENCE APPROACHES

One major limitation is that processes and approaches of AI
development and testing do not conform to historical fre-
quentist hypothesis framework in many instances, thus
making reporting of radiomics92 and AI models93,94 difficult
and representing a considerable barrier to advanced
application for clinical use and external validation. Nev-
ertheless, the field is evolving to more consistency and
more rigorous modeling approaches. Many standardized
guidelines are being introduced for modeling reporting
(e.g., Transparent Reporting of a multivariable prediction
model for Individual Prognosis or Diagnosis [TRIPOD]
methods),95 image acquisition (e.g., Quantitative Imaging
Biomarkers Alliance),96 consistent image biomarker/
radiomics extraction (e.g., Image Biomarker Standardiza-
tion Initiative),97 AI-driven clinical trials98 and general AI
reporting,99 and imaging-specific applications.100 Moreover,
to propel the field forward, more efforts are surfacing to
publish data to make head and neck cancer imaging data
FAIR (“Findable, Accessible, Interoperable, Reusable”)101

and thus spur new model building and validation. Simi-
larly, through platforms like GIThub software/script publi-
cation, sharing and validation has become highly efficient.
Finally, ontologies102 has made a concerted effort through
improving the data annotation and informatics stan-
dards across data sources,103 allowing facilitation of model
development103 and data transfer. These processes con-
tribute to the implementation of robust actionable models
in the head and neck cancer clinical practice and thereby
consequently make it possible to tailor the treatment
of head and neck cancer to improve therapy outcome
and quality of life, allowing the transition of radiomics and
AI from the laboratory to the clinic.
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HEAD AND NECK CANCER

Assessment Criteria and Clinical Implications of
Extranodal Extension in Head and Neck Cancer
Shao Hui Huang, MD, MSc, MRT(T)1; Rebecca Chernock, MD2; Brian O’Sullivan, MD1; and Carole Fakhry, MD, MPH3

overview

Tumor breaching the capsule of a lymph node is termed extranodal extension (ENE). It reflects aggressiveness

of a tumor, creates anatomic challenges for disease clearance, and increases the risk of distant metastasis.

Extranodal extension can be assessed on a pathology specimen, by radiology studies, and by clinical ex-

amination. Presence of ENE in a pathology specimen has long been considered a high-risk feature of disease

progression and would ordinarily benefit from the addition of chemotherapy to adjuvant radiotherapy. Al-

though the eighth edition of the Union for International Cancer Control/American Joint Committee on Cancer

stage classification dichotomizes pathologic ENE according to its presence or absence, emerging evidence

suggests that the extent of a pathologic ENE may provide additional value for risk stratification to guide

adjuvant therapy. Recent data suggest that the prognostic importance of pathologic ENE is also applicable for

HPV-associated head and neck squamous cell carcinoma. In addition, compelling data demonstrate that

indisputable radiologic ENE is a powerful risk stratification tool to identify patients at high risk for treatment

failure, especially distant metastasis, applicable for both HPV-positive and HPV-negative head and neck

squamous cell carcinoma. However, the definition and taxonomy of radiologic ENE requires standardization.

The goal of this review is to clarify the contemporary understanding of the prognostic implications of ENE in

head and neck squamous cell carcinoma, present the nuances of what is presently known and unknown, and

elucidate how to classify ENE pathologically and radiologically with an understanding of the strengths and

weaknesses of each approach. Finally, with the development of several risk stratification methods, the relative

role of ENE and other prognostic schema will be explored.

INTRODUCTION

Extranodal extension (ENE) is tumor growth beyond the
capsule of a lymph node that typically presents
a natural barrier for tumor progression. Presence of
ENE reflects the aggressiveness of a tumor,1 creates
anatomic challenges for disease clearance, and in-
creases the possibility of tumor cells entering the blood
stream, which, in turn, raises the risk of distant me-
tastasis.2 In locally advanced head and neck squa-
mous cell carcinoma (HNSCC), ENE has long been
considered a pathologic high-risk feature, meaning
that patients are at increased risk of disease pro-
gression and would benefit from the addition of che-
motherapy to adjuvant radiotherapy.

This oncologic tenet of HNSCC care along with its
underlying prognostic implications have recently been
questioned in the context of HPV-associated oro-
pharynx squamous cell carcinomas, which now ac-
count for most HNSCCs in North America. The gold
standard for assessment of ENE is based on pathologic
evaluation of the neck dissection specimen (pENE)
and is predicated on receipt of primary surgical ther-
apy. However, the therapeutic paradigm of advanced
HNSCCs of select anatomic sites has evolved to also

encompass primary radiotherapy as a modality of
equivalent oncologic efficacy. Therefore, alternative
methods of assessing ENE pretreatment (e.g., radio-
logic) have been explored.

The goal of this review is to clarify the contemporary
understanding of the prognostic implications of ENE,
the nuances of what is presently known and unknown,
and how to classify ENE pathologically and radiologi-
cally with an understanding of the strengths and
weaknesses of each approach. Finally, with the de-
velopment of several risk stratification methods, the
relative role of ENE and other prognostic schema will
be explored.

BACKGROUND

Historically, HNSCC was a disease caused nearly
uniformly by tobacco and alcohol use. Surgery was the
mainstay of primary therapy, with radiation and che-
motherapy reserved for an adjuvant role. Several piv-
otal observations in the 1980s to 2000s contributed to
a transformation in the care of patients with HNSCC.
The first was the landmark Veterans Affairs Laryngeal
Study Group that demonstrated that induction che-
motherapy preceding primary radiotherapy was onco-
logically equivalent to surgery and adjuvant radiotherapy
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and resulted in organ preservation.3 The second was the
Intergroup RTOG 91-11 study, which built on the first and
demonstrated higher laryngeal preservation in the concurrent
chemoradiotherapy than in the radiotherapy alone or in-
duction chemotherapy groups.4 Several other groups made
similar observations for HNSCCs of heterogeneous anatomic
sites, including hypopharynx, larynx, oropharynx, and
pharynx.5 The third was the demonstration that patients with
locoregionally advanced HNSCC benefited from the addition
of chemotherapy to adjuvant radiotherapy in terms of overall
survival and recurrence in two synchronous trials in the
United States and Europe. In a combined analysis of the two,
in the presence of ENE and/or positive margins, chemo-
radiotherapy was associated with improved prognosis com-
pared with adjuvant radiotherapy alone.6 With growing
appreciation for functional outcomes, oncologic equivalency,
and the higher risk of severe and fatal complication rates from
surgical approaches from an earlier era,7 radiation-based
therapy emerged as the favored primary approach for
many HNSCCs.

In the last 15 years, several innovations, including transoral
surgery, the emergence of HPV-related HNSCCs with
evolving demographics and improved prognosis, and an
improved understanding of functional comorbidities, has
led to a re-examination of prior data.

PROGNOSTIC VALUE AND CLINICAL IMPLICATIONS OF MAJOR
VERSUS MICROSCOPIC PATHOLOGIC ENE IN HPV-POSITIVE
AND HPV-NEGATIVE HNSCC

Early observations of ENE were limited to the prognostic
impact of the presence of this pathologic entity, which was
associated with higher rates of regional and distant

recurrence and worse overall survival and disease-free
survival. Although they were not termed microscopic or
major ENE, there were descriptions of malignancy replacing
a node and minimally overreaching the capsule, being
histologically distinct and of better prognosis than malig-
nancy, and not only replacing a node but extending to
adjacent soft tissue.8,9 This literature was based on single-
institution case series and comprised heterogenous ana-
tomic sites, consistent with the treatment paradigms of the
times. The benefit of these studies is that they provided
estimates of survival for ENE alone. They established that
ENE reduced survival by 50% and that this pathologic
marker more reliably predicted prognosis than staging.
Based on this early literature, single-institution and later
multi-institution studies showed the prognostic benefit of
adjuvant radiation therapy in ENE-positive disease. Building
on this understanding, Johnson et al10,11 showed an in-
crementally reduced risk of death or recurrence (local,
regional, and distant) with the addition of chemotherapy to
adjuvant radiation therapy. Our understanding of the
prognostic impact of ENE was solidified by the pooled
analysis of EORTC 22931 and RTOG 9501.6 This demon-
strated the benefit of the addition of chemotherapy to ad-
juvant radiotherapy; however, it is important to appreciate
that the analysis was not restricted to the prognostic in-
formation of ENE alone but rather included ENE and/or
positive margins. Yet, this study remains informative with its
large sample size, uniformity of treatment, being prospective
in nature, and 53% to 57% of each study population having
ENE either alone or in combination with positive margins.
The pooled risk of locoregional relapse and death across
both trials was reduced by chemotherapy by 42% and 30%,
respectively.6

As the epidemiology of HNSCC has markedly changed in
recent decades, the relevance of ENE in HPV-associated
oropharynx cancer, a disease of generally good prognosis,
has been questioned.12 Several retrospective studies have
evaluated the prognostic impact of ENE as a binary variable
(present vs. absent) without accounting for the pathologic
nuances. Although some studies have found significant
reductions in survival associated with ENE,13-19 others have
not.20,21 Importantly, in studies that lacked statistical sig-
nificance, especially smaller ones without ample statistical
power to detect differences, the direction and magnitude of
the differences have been consistent across studies.
Generally, ENE is associated with a two- to eight-fold in-
creased risk of recurrence or death and even in some cases
after adjusting for other independent predictors including
smoking and positive margins. Notably, these differences
have generally been observed in series of patients who have
received adjuvant therapy, which improves prognosis for
ENE, thereby attenuating differences that would be ob-
served without receipt of adjuvant therapy. Indeed, in

PRACTICAL APPLICATIONS

• Extranodal extension reflects aggressiveness of
a tumor and creates anatomic challenges for
disease clearance.

• Pathologic extent of extranodal extension may
provide additional prognostic information for
patients with head and neck cancer, but ad-
ditional data are needed.

• Radiologic extranodal extension is a strong
prognostic factor in both viral-related and
-unrelated head and neck cancer, but stan-
dardization of assessment criteria is warranted.

• Extranodal extension has potential in risk
stratification and refinement of future TNM N
classifications.

• Standardization of taxonomy and criteria for
radiologic extranodal extension is warranted.
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a series of patients who did not receive adjuvant therapy, 8
of 16 with ENE experienced relapse.22 In the United States,
it appears that ENE remains strongly predictive of the receipt
of adjuvant chemoradiotherapy.23 With the recognition of
the more nuanced grading of ENE, analyses have shown
that prognosis is associated with the grade of ENE; hence, in
the current understanding, major ENE and overt clinical
signs of ENE are strongly associated with poor prognosis.
However, the impact of microscopic ENE may be relatively
less influential. Given the limitations in inter- and intrarater
classification of microscopic ENE and grades of ENE, in-
terpretation of its impact on prognosis is further restricted.

By contrast, in HPV-negative oropharynx cancer and
nonoropharyngeal HNSCC, there is no controversy re-
garding the prognostic significance of ENE.24 To reflect this
dichotomy, the eighth edition of the Union for International
Cancer Control/American Joint Committee on Cancer
staging includes ENE in nodal classification for non–HPV-
associated HNSCC but excludes it for HPV-associated
oropharynx cancers (and Epstein-Barr virus–associated
nasopharynx cancers). The presence of ENE effectively
upstages nodal disease, thereby reflecting a decrement in
prognosis. Also noteworthy is the collection of microscopic
ENE (� 2 mm) and major ENE (. 2 mm), without inclusion
in the staging schema.

ASSESSMENT OF PATHOLOGIC ENE EXTENT

In the seventh edition of the Union for International Cancer
Control/American Joint Committee on Cancer stage clas-
sification, extent of pENE was quantified simply as mac-
roscopic versus microscopic; however, neither extent nor
even presence of ENE was incorporated into the N

classification.25,26 Macroscopic pENE was defined as clin-
ically or grossly apparent (to the naked eye) soft tissue
involvement, whereas microscopic disease was defined as
only visible histologically.25 The distinction between mac-
roscopic and microscopic is subjective and imprecise. At
least one study attempted to define macroscopic pENE as
more than a few layers of tumor cells extending outside the
lymph node,27 but this definition remains vague. Never-
theless, several studies demonstrated a worse prognosis
with macroscopic pENE compared with microscopic pENE
in laryngo-hypopharyngeal cancer28 and other HNSCCs.29

This has not been a universal finding.30

Several attempts were subsequently made to more spe-
cifically quantify the degree of pENE. Yamada et al31 cat-
egorized pENE extent into types A (few tumor cells outside of
the capsule), B (slight invasion of soft tissue with capsular
destruction), and C (macroscopic invasion). These defini-
tions are still vague, and only type C was associated with
a worse prognosis in oral cavity squamous cell carcinoma
(SCC) on multivariate analysis. Lewis et al32 established
a more well-defined grading system (grades 0–4) for pENE.
However, Lewis grade 1 (thickened capsule with no ex-
tension beyond the capsule) is not considered true ENE
(Fig. 1), and the distinction between grades 2 and 3 (cutoff of
1 mm) was arbitrarily determined.31 Multiple studies31,33,34

have failed to show significance of this grading system in
multivariate analysis for both HPV-positive and HPV-negative
tumors.

Direct measurement of pENE in millimeters is a more
precise method for quantifying extent of soft tissue invasion
by nodal metastases. A continuous variable allows for the

FIGURE 1. Lymph Node Metastases Without Pathologic Extranodal Extension
Lewis grade 1 extranodal extension (left) shows a thickened and obscured lymph node capsule (arrow) without infiltration into the surrounding soft tissue.
This pattern is not considered true extranodal extension. For comparison, a lymph node metastasis without a thickened capsule (arrow) is shown (right).
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determination of an optimal cutoff point to define clinically
relevant ENE. A few earlier studies that examined direct
measurement of pENE extent in millimeters were limited by
study design. For example, Greenberg et al35 did not find
2 mm to be a significant cutoff point in oral tongue SCCs;
however, the sample size was small (33 patients), and the
cutoff point of 2 mm was arbitrary and not empirically
derived. In contrast, Kwon et al36 identified 2 mm or greater
as a poor prognostic indicator of cancer-specific survival in
multivariate analysis. However, it is difficult to draw con-
clusions from this study because it included oropharyngeal
and nonoropharyngeal sites without information on HPV
status.

More recently, direct measurement in millimeters has been
carefully investigated in several single-institution retro-
spective studies (with pathology review) of oral cavity SCC.
When directly measured, most lymph nodes with ENE
(. 90%) show 5 mm or less of extension beyond the
capsule, and the average extent is typically around 2
mm.37,38 Evidence is emerging that 2 mm may be an im-
portant cutoff point, but data are limited and conflicting.
Wreesmann et al39 used receiver operating characteristics
curve analysis to determine that 1.7 mm or less of extra-
nodal extension had the same disease-specific survival as
no extranodal extension in oral cavity SCC, whereas those
with more than 1.7 mm of extranodal extension fared worse,
including in multivariate analysis. Based on their data,
a cutoff point of 2 mm was included in the latest, eighth
edition of the Union for International Cancer Control/
American Joint Committee on Cancer staging manual, with
major considered as 2 mm or greater and microscopic as

2mm or less. A more precise measurement such as 1.7 mm
was considered unlikely to be reproducible. Although
presence/absence of ENE was incorporated into the nodal N
staging system, inclusion of extent was only for data col-
lection purposes, because further validation was needed.

Since the publication of the eighth edition of the Union for
International Cancer Control/American Joint Committee on
Cancer staging manual, attempts to validate the 2-mm
cutoff between major and microscopic ENE have been
mixed. Mamic et al40 found a similar cutoff of 1.9 mm by
receiver operating characteristics curve analysis to be
prognostic in multivariate analysis of oral cavity SCCs, al-
though only patients with clinically occult nodal disease
were included in the study. In contrast, a recent examination
of ENE in oral cavity SCC38 found that a 2-mm cutoff was not
prognostic; instead, 5 mm imparted worse disease-free and
overall survival but only in univariate analysis. Large pro-
spective studies and studies that include nonoral cavity sites
and HPV-negative and HPV-positive tumors are needed.
Analysis of the ENE data that are now being routinely col-
lected per the American Joint Committee on Cancer
guidelines will be helpful.

It is important to keep in mind that measurement of ENE can
be challenging in some lymph nodes. If the capsule is ef-
faced, extranodal extent can be estimated by attempting
to reconstruct the capsule (Fig. 2). Yet, capsular re-
construction may not be possible in all cases, especially if
the lymph node is entirely replaced (soft tissue metastasis).
Most cases, even if not directly measurable, can be cate-
gorized asmajor (. 2mm) or microscopic (� 2mm) despite
these limitations. Interobserver agreement studies, which

FIGURE 2. Lymph Node Metastases With Pathologic Extranodal Extension
The extent of extranodal extension can be measured when the capsule is focally effaced by perpendicular measurement from a reconstructed capsule
(left). A completely effaced capsule in a soft tissue metastasis cannot be reconstructed (right) but is consistent with major (. 2 mm) extranodal extension.
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are currently lacking, would be helpful to determine the
reproducibility of extranodal extent measurements. Previous
studies41,42 have shown only moderate agreement among
pathologists in the dichotomous classification of extranodal
extension as either present or absent. Lewis et al41 found
that providing pathologists with precise definitions im-
proved agreement only modestly. Thus, it is unclear
whether measurements of ENE are reproducible among
pathologists.

Another often overlooked factor that may impact extent of
ENE measurement is lymph node sampling. The amount of
tissue submitted for histologic evaluation of grossly positive
metastases is variable and institution-dependent. No uni-
versally accepted standards exist; however, representative
sampling of larger metastases is common. Sampling
method could impact the extent measurement or even
whether ENE is identified at all. Standardization of lymph
node processing may increase the accuracy of detecting
pENE extent.43

ASSESSMENT OF RADIOLOGY STUDIES OF ENE: CRITERIA,
PATTERN, AND CORRELATION WITH PATHOLOGIC ENE

As noted earlier, the gold standard for ENE detection is
based on pathologic findings, but ENE can also be identified
by radiologic assessment (rENE).44-46 The essence of rENE
is based on radiologic signs of tumor breaching through the
nodal capsule into and beyond surrounding fat. The early
hallmark of rENE would typically be an indistinct nodal
margin on anatomic imaging (CT or MRI).47 The specificity
of rENE based on this sign alone for pENE is highly de-
pendent on the threshold adopted by individual radiologists
to declare it positive. As tumor breaches the nodal capsule
further, the radiologic signs of rENE become more explicit
(to eventually be considered indisputable), resulting in
a very high specificity (. 90%) of rENE for pENE.45,47

Many radiologic features of rENE have been described in the
literature, likely reflecting the extent of rENE (Table 1).
Huang et al48 summarized rENE in the following patterns
that link to the extent of rENE (Fig. 3): (1) Pattern 1 de-
scribes tumor invasion through a single nodal capsule but
confined to perinodal fat, characterized as ill-defined nodal
borders; (2) Pattern 2 describes tumor invasion through the
nodal capsule of two or more lymph nodes but confined to
perinodal fat, subdivided into separate disassociated nodes
each with rENE (Pattern 2a) or inseparable adjoining nodes
exhibiting unambiguous effacement of any component of
their internodal plane(s) (implying replacement by tumor) to
form a coalescent nodal mass (Pattern 2b); and (3) Pattern
3 describes tumor invasion beyond surrounding nodal fat
planes to invade or encase muscles and neurovascular
structures. The frequency of Pattern 1 rENE and Pattern 2a
is rare (, 3%) in reality.48 Pattern 3 rENE represents the
worst form of rENE, often associated with clinical signs of

ENE: invasion of skin (characterized by ulceration, cuta-
neous tumor nodules, or presence of peau d’orange), in-
filtration of musculature and adjacent structures (fixation or
dense tethering on clinical palpation), or cranial/peripheral
nerve dysfunction.49 Similarly, Lu et al50 classified rENE
extent into three grades: Grade 1 includes infiltration into the
surrounding fat only (a combination of Huang’s Pattern 1
and Pattern 2a rENE); Grade 2 includes presence of co-
alescent nodes; and Grade 3 includes invasion into adjacent
structures. Ai et al51 had a similar description of rENE extent
except the inclusion of coalescent nodes (Table 2).

A normal lymph node is an isolated structure. However, with
tumor invasion, several lymph nodes may aggregate to form
a confluent nodal mass. The underlying basis of a confluent
nodal mass is tumor intrusion/transgression through the
nodal capsule manifested as rENE. Several radiology terms
have been used in describing aggregates of lymph nodes
that are not clearly delineated from each other (i.e., Pat-
tern 2b rENE). These terms include "conglomerate,"52

"matted,"53,54 and "coalescent" lymph nodes.48,50 A con-
glomerate nodal mass is an erstwhile term originally
intended to indicate multiple juxtaposed nodes that are
inseparable from each other (implying the presence of
rENE). This concept was introduced by the American Joint
Committee on Cancer in the fifth edition staging manual,
with a focus on ascertaining the presence/absence of in-
ternodal fat.55 However, the term conglomerate does not
emphasize the disappearance of internodal capsules (an
important sign of rENE). Matted is another term that has also
been used previously to describe Pattern 2b rENE, but it lacks
inclusivity with the requirement of three or more involved
lymph nodes, because the aggregation of two lymph nodes
with partial or complete disappearance of internodal capsules
(a sign of rENE) has been shown to attain similar impor-
tance.56 Therefore, the term coalescent may be a more
appropriate description of the Pattern 2b rENE.50,57

PROGNOSTIC VALUE AND CLINICAL IMPLICATION OF
RADIOLOGIC ENE

As described earlier, pENE has long been recognized as
a strong prognostic factor for HNSCC. However, the prog-
nostic value of rENE has varied among studies, likely
reflecting variation in sample size and the stringency/
certainty of rENE assessment. The proportion of patients
with pENE rarely approaches 60% in a population with
� pN1 (Table 1). Considering the limitation of visualization
on imaging, it is estimated that about 50% to 60% of pENEs
are visible on imaging; the proportion of patients with un-
ambiguous rENE should ordinarily be less than 40% in
a normally distributed cohort.

If stringent criteria are used, the prognostic value of rENE is
convincing, and its prognostic value may rival that of
pENE.16,45 In fact, emerging data consistently show that
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rENE may be even more powerful than TNM and patient
factors in both viral-unrelated45,57-59 and viral-related head
and neck cancer (i.e., nasopharyngeal carcinoma50,51,56,60,61

and HPV-associated oropharyngeal carcinoma16,48,53,54,62).
The adverse effect is mainly caused by the increased risk
of distant metastasis rather than reduction in locoregional
control (Table 2).16,50,58,62

Given the strong prognostic value of rENE, it is conceivable
that rENE could play an important role in risk stratification
and refinement of future staging. In the eighth edition of the
Union for International Cancer Control/American Joint
Committee on Cancer TNM stage classification, rENE alone
was not included for cN classification and risk stratification
of nonviral HNSCC because of uncertainty about the re-
liability of rENE assessment. Similar to pENE, rENE (and
clinical ENE) is not included for viral-related HNSCC.
However, compelling evidence suggests that rENE can be
reliably ascertained if stringent criteria are used. It has the
potential to refine the cN classification and facilitate treat-
ment selection in both viral-related and -unrelated HNSCC.
Recognizing the prognostic importance of rENE, proposals
have been made to include rENE in future cN classification
for nasopharyngeal carcinoma50,60 and HPV-associated48

and potentially HPV-negative oropharyngeal carcinoma.58

Lu et al50 proposed a new cN classification that classifies
most overt rENE (i.e., Pattern 3 rENE, tumor invading ad-
jacent structures) to cN3b, while classifying coalescent
nodes (i.e., Pattern 2b rENE) one step higher in the cN
classification. Huang et al48 proposed a new N classifica-
tion for HPV-associated oropharyngeal carcinoma that in-
corporates rENE as a dichotomized parameter, relocating any
case with rENE to N3b. It is important to point out that rENE
ascertainment should follow stringent criteria, with only un-
equivocal/indisputable radiologic evidence being used. Un-
der such amandate, Pattern 1 and Pattern 2a rENEs are rare,
and most rENEs exhibit additional features such as overt
nodal coalescence or adjacent structures invasion.48

The concerns about using rENE clinically include low
sensitivity and the subjectivity of its assessment. Low sen-
sitivity of rENE for pENE is understandable because imaging
is not designed to recapitulate findings detectable by the
microscope. The literature regarding sensitivity and speci-
ficity of the rENE-pENE correlation varies significantly
depending on the stringency, certainty, and extent of rENE
(Table 1). Similar to pENE measurement, when the radio-
logic features of rENE are subtle (i.e., with less certainty) or
the extent of rENE is minimal, subjectivity of interpretation
increases and interrater reliability reduces.56 In contrast,
when rENE is assessed with a higher degree of certainty63-65

or for greater extensiveness of rENE,33,66 the presence of
rENE almost certainly indicates the presence of pENE
(specificity . 90%). The rate of rENE in a study cohort may
provide an index of the accuracy of clinically important rENE.
In general, for prognostically relevant rENE that may impact
the outcome of HNSCC in a cN+ cohort, the proportion of
rENE should not exceed 40%, which has been shown
consistently in studies over the past decade (Table 1).

Not surprisingly, the sensitivity of rENE for pENE is only
modest. It is conceivable that less extensive pENE identified
by the microscope will not be readily visible on imaging.
However, the modest sensitivity of rENE for pENE does not
prevent its use in clinical staging, because staging requires
a parameter with high specificity to maintain its prognostic
importance. Conversely, if identifying the likelihood of pENE
is important for treatment selection, high sensitivity would be
desirable. For example, TNM (eighth edition classification)
stage I HPV-positive oropharyngeal carcinoma can be
treated with either primary surgery or primary radiotherapy.
To avoid potential triple modality treatment, using rENE to
identify patients with a high likelihood of pENE is important.
Therefore, high sensitivity is needed in this setting, because
present guidelines for patients who are pENE+ recommend
the addition of chemotherapy to adjuvant radiotherapy.

FIGURE 3. Pattern and Extent of Radiologic
Extranodal Extension

Abbreviations: ECA, external carotid artery;
ICA, internal carotid artery; LN, lymph node.
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Clinical care requires prioritizing sensitivity and specificity
depending on the purpose of using this parameter. For TNM
staging and risk stratification, high specificity (low false
positive) is needed to avoid overcalling that could dilute its
prognostic value. In contrast, for screening and treatment
decision-making, high sensitivity (low false negative) is
desirable to avoid a potential miss in providing optimal care.
Radiologic interpretation should address both sensitivity
and specificity of rENE and other adverse nodal features to
serve different clinical needs. A strategy could be to partner
with our medical imaging colleagues to develop guidelines
for reporting the presence/absence of adverse nodal fea-
tures (such as rENE) and the degree of certainty of
these features (e.g., likely/suspicious, highly suspicious/
unequivocal/definite). In addition, standardization of radi-
ology taxonomy, formalization of radiology reporting tem-
plates, and exploration of the potential for artificial intelligence
to predict the existence of rENE may improve sensitivity and
accuracy.67-69 Such initiatives may additionally facilitate the
clinical utility of the rENE parameter.

CONCLUSION

Convincing evidence has emerged that ENE is one of the
strongest prognostic factors for both viral-related and

-unrelated HNSCC. Clinical examination of ENE and pENE
are new N category modifiers for nonviral HNSCC. Within
these subsets defined by such N descriptors, microscopic
and major pENE may convey different degrees of clinical
importance. rENE also plays a role in risk stratification of
HNSCC. rENE may manifest as unequivocal evidence of
clearly discernible loss of the sharp definition between the
lymph node capsule and its surrounding fat or formation of
a coalescent nodal mass characterized as partial or com-
plete disappearance of internodal capsules or invasion of
adjacent muscle/neurovascular structures. Standardization
of pENE assessment and reporting (especially addressing
pENE extent and cutoffs) could further refine the use of the
pENE parameter for risk stratification and future staging.
Increasing awareness, training, and agreement on rENE
assessment criteria among radiologists should increase
reliability and accuracy of rENE assessment. Indisputable
rENE has the potential to replace clinical examination of
ENE for treatment selection, risk stratification, and future
stage refinement.
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HEAD AND NECK CANCER

Barriers to Comprehensive Multidisciplinary
Head and Neck Care in a Community
Oncology Practice
Muralidhar Beeram, MD1; Andrew Kennedy, MD2; and Nathan Hales, MD3

overview

Complex, coordinated, and collaborative care of patients with head and neck cancer can be challenging yet

amazingly rewarding and successful. The high symptom burden across multiple functional domains in pa-

tients with head and neck cancer, even in early stages of disease, mandates a multidisciplinary team approach

that harnesses the combined contributions of physicians and ancillary providers to drive greater patient-

centered care, addressing factors that heavily influence morbidity, mortality, and quality of life. Well-organized

community-basedmultidisciplinary teams fulfill this unmet need and benefit patients with conveniently located

comprehensive services that are typically found in large academic centers. Equivalent, if not superior, outcomes

can be achieved in a unified community-based multidisciplinary team with shared patient-centered and

outcomes-based goals. However, implementing true multidisciplinary team care in today’s complex health care

environment is fraught with challenges and pitfalls. So how have some community-based practices managed to

create safe and efficient programs with successful outcomes? The purpose of this review is to discuss barriers to

reaching this success and emphasize practical solutions to such challenges.

INTRODUCTION

Contemporary treatment of patients with head and
neck cancer is multifaceted and relies on many
uniquely qualified professionals. Despite the avail-
ability of resources, patients often experience frag-
mented and uncoordinated care that leads to delays
in treatment, compromised outcomes, severe dis-
tress in patients and families, and dissatisfaction
with care. Patients experience numerous stressors
such as severe symptoms due to the disease and
the aggressive treatments, body image concerns,
loss of speech, difficulty in swallowing, nutritional
issues, and respiratory problems that affect their
quality of life and ability to function on a day-to-day
basis.1,2 Additionally, patients experience barriers
to accessing quality, timely care throughout all stages
of the cancer care continuum, from diagnosis through
survivorship. This leads to decreased treatment com-
pliance, intensified psychosocial distress, financial
hardship, and poor overall outcomes.3

A well-coordinated multidisciplinary team (MDT) ap-
proach is the present standard-of-care for pa-
tients with head and neck cancer. Studies show that
an integrated team approach yields better 5-year
survival outcomes, increased rates of completion of
planned therapy, and higher compliance with speech-
language pathologists’ recommendations.4 A recent
systematic review of the literature concluded that the

improved outcomes are associated with an MDT
approach to care.5 Forming a comprehensive multi-
disciplinary head and neck cancer team with pro-
fessionals from multiple specialties that delivers
high-quality care is a time- and labor-intensive effort
(Fig. 1). A very high level of willingness from the team
members to organize and come together in a scheduled
fashion is integral to the team’s success. All the par-
ticipants must recognize the inherent value and commit
voluntarily to the endeavor. Routine weekly tumor
boards, which are the fundamental underpinnings of
good multidisciplinary care and exist in most aca-
demic centers, are not always freely available in
community practices and must be created. The true
value of an MDT approach to cancer care in com-
munity practice lies in the order-of-magnitude of
improvement in benefit to patients, given that more
than 80% of all cancer care in the United States is
delivered in the community practice setting. How-
ever, establishing a fully functional and efficient MDT
is fraught with significant challenges and barriers
especially in community practices, where the various
subspecialists and the ancillary providers reside in
geographically disparate locations and do not always
have coordinated clinic schedules. These challenges
can, however, be surmounted in thoughtful and
creative ways. Barriers to multidisciplinary care are
broadly categorized and described in the sections
below.
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PROVIDER-CENTERED BARRIERS

Barrier: Gaps in the “Team” (Provider Identification)

Some of the challenges in providing excellent compre-
hensive coordinated care of patients with head and neck
cancer lies in identifying all of the necessary subspecialists
required to create the “team.” The National Comprehensive
Cancer Network (NCCN) guidelines outline those specialties
recommended as part of the team, including head and neck
surgery, plastic surgery, medical oncology, radiation on-
cology, dental oncology, head and neck neuro-radiology,
pathology, speech pathology, clinical nutrition, social work,
and physical therapy/lymphedema specialist.6

Solution

Create an MDT that meets weekly for a multidisciplinary
tumor board (in person and/or virtual). It encourages pro-
viders to build relationships of trust and hold each other to
the standard of care. Be open and transparent in these
meetings to discuss areas of accomplishment and concern.
Be complimentary and specific about needs or expectations
(outcomes, imaging reads, and staging). Expect 100%
commitment to the team to the extremes of quality and
outcomes. Motivate each other to stay current in their re-
spective fields of interest. Support each other in the toughest
of challenges and situations. Invite all specialists with a role
on the team. With time, loyalty and teamwork will lead to
team success. Treatment of patients with head and neck
cancer by a dedicated MDT that meets for tumor boards
regularly results in improved survival and can be accom-
plished in a community setting.7

Physical therapy is widely available in most communities.
We have worked to establish a good rapport with several
physical therapy providers in our community. These provide
support during and after treatment as well as spinal

accessory nerve rehabilitation after surgery. Commercial
companies are also available to provide new treatments for
lymphedema management.

Barrier: Availability Patients with head and neck cancer all
too often present with symptoms affecting eating, talking,
and breathing. Prompt evaluation, work-up, and treatment
initiation are necessary.

Solution

Providers should be committed to same-week appoint-
ments, even same day in very urgent cases. Be available to
help each other and promote efficient and immediate care.
Weekly tumor board meetings are key as this facilitates
weekly communication and coordination. Be available to
help each other. Admit at the same hospital. Be willing to
see consults at the hospital (this is a fading art). Have a point
of contact for each office with emails and texts to make
communication is easier. Encourage the staff at each office
to be kind and quick to reply to these requests. Remind
them how important they are to the team.

Barrier: Physician Communication

This includes inadequate discussion of the treatment op-
tions and shared decision-making, goals of therapy, treat-
ment side effects, and short- and long-term quality of life
issues.8 The resulting erosion of patient trust and confi-
dence in the provider often leads to failure to adhere to the
recommendations and poor outcomes.

Solution

Shared decision-making as an ideal and patient perspective
and autonomy as guiding goals of care are essential to every
physician-patient interaction. Patient empowerment with
information about their disease and the applicable treat-
ment options in a balanced manner, to make informed
decisions, is critical. Constraints of time in a busy clinical
practice must be balanced with making time for commu-
nicating with the patient in a fashion that they understand. In
some instances, this may mean enlisting the help of family
members and providing written information and online re-
sources for review by the patient and their families. Access
to translators in minority-prevalent communities where
translation is required in their spoken language may be
considered to aid in optimizing communication. Physician
extenders such as physician assistants and nurse practi-
tioners are effective surrogates to ensure adequate in-
formation transfer and to develop a rapport with the patients.
Documentation of anticipated short- and long-term out-
comes and a survivorship plan must be embedded in the
care pathway as a part of every patient’s care plan. Lastly,
written, informed consent for chemotherapy should be
mandatory for every patient before starting a new line of
therapy.

PRACTICAL APPLICATIONS

• Highly successful care of patients with head
and neck cancer can be coordinated in the
community setting.

• Numerous disease-specific, social, and finan-
cial barriers exist, threatening successful
outcomes.

• Multidisciplinary teams that meet weekly are
essential to overcoming these challenges.

• Identifying and including all necessary sub-
specialties and key ancillary staff is vital in the
short- and long-term success of the team.

• Community-based practices can create safe
and efficient head and neck programs with
successful outcomes.
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Barrier: Variable Adherence to Guidelines

Adherence to clinical practice guidelines such as NCCN,
ASCO, and American Society for Radiation Oncology
guidelines is variable among surgical, medical, and radia-
tion oncologists and can lead to disparities in care and
patient outcomes.

Solution

Standardization of care through development of level 1
pathways powered by national guidelines that are approved by
all participants in the MDT is critical. Team members should
meet regularly to discuss and provide input toward stratifying
the guidelines into pragmatic patient-specific pathways. ASCO
criteria for high-quality oncology pathway programs aimed at
pathway development, implementation, anduse, and analytics
should be used as a framework not only to support the
measurable delivery of care across participating medical on-
cologists but also to bring expert opinion to the point of clinical
care for the growing number of complexities of cancer ther-
apy.9 Having a pathway does not ensure its use, usefulness, or
production of informative analytics, and as such, deviations
from the pathways once developed should be kept to a min-
imum and explained. Pathway compliance, implementation,
and ongoing sustainability should be monitored over time and
reported to the MDT.

Barrier: Inadequate Diagnostic Expertise

This includes lack of radiologic and pathologic support,
which can delay and compromise patient care.

Solution

Weekly molecular tumor boards, which include a dedicated
pathologist familiar with molecular targets in head and neck
cancer and salivary gland and thyroid cancers, and a ra-
diologist with expertise in identifying radiographic evidence
of extracapsular extension of disease, are essential to the
MDT given the complexities of molecularly targeted thera-
pies and rapidly emerging data on clinical significance of
extranodal extension. A dedicated radiologist and pathol-
ogist should be part of the MDT, and rotation of specialists
who do not have a stated interest in head and neck cancer
as “fillers” in the tumor board must be minimized.

Barrier: Insurance

This includes lack of insurance, underinsured patients, and
that fact that not all providers take insurance.

Solution

This can be a significant challenge if your MDT includes
several groups as not all groups participate in the same
insurance plans. This is even more complicated with the
upcoming governmental insurances that have limited ac-
cess and require significant referrals. Having more than one
medical oncologist and radiation oncologist from two dif-
ferent groups on the team can overcome some of this
challenge. If these are on separate sides of the city or have
multiple locations, it also serves to overcome some of the
travel barriers. Working to navigate the out-of-network sys-
tem can also be helpful. The team should discuss openly

FIGURE 1. Schema of a Multi-
disciplinary Head and Neck Can-
cer Care Team
Abbreviation: PEG, percutane-
ous endoscopic gastrostomy.
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how to handle situations where the patient is not insured,
hopefully creating opportunities to accept and take in these
patients through charity support and/or governmental
subsidies. We have also found that the hospital will often
provide a reduced cost contract or payment plan for surgical
services for patients who do not have insurance. The nurse
navigator can also play a key role in helping the patients find
outside sources of support and charitable resources (see
travel section).

The following are cost containment strategies to consider
are as follows:

• Prior authorizations from health insurance companies to
determine if a prescribed procedure, service, or medi-
cation will be covered: Significant variations in prior
authorization requirements exist at the state level, and it is
helpful to have a financial counselor well versed in these
issues advise patients of their specific obligations a priori.
This can significantly reduce the unanticipated costs of
care and enhance patient trust and compliance with the
recommended treatment.

• Step therapy to curtail costs, wherein patients are required
to try a lower cost medication or test before a more costly
approach is often required by insurance, even when the
latter is recommended by their physicians: Step therapy
can delay care and, at times, lead to patients with cancer
having to forgo treatments altogether. Added impact of
out-of-pocket costs to patients for prescription drugs and
diagnostic testing because of the insurance company
mandated step therapy requirements must be discour-
aged when possible.

• Narrow insurance networks limiting the number of pro-
viders within network lead some enrollees to pay high out-
of-network costs for cancer care when seeking specialized
areas of excellence outside of the network. The greatest
impact of this process is on residents of rural and un-
derserved areas where people have relatively few options
for comprehensive cancer care. This should be prevented
and regulated at a legislative level by appropriate gov-
ernment agencies.

PATIENT-CENTERED BARRIERS

Barrier: Fear/Anxiety About the Future and Feeling Lonely/

Isolated

The very diagnosis of head and neck cancer, sometimes
associated with facial disfigurement, has been shown to
cause significant anxiety, depression, and fears of social
ostracization in patients. This has been shown to cause
social withdrawal and failure to seek and receive care.10

Solution

Empowering patients with information such that they feel
engaged in the treatment plan and can make informed

decisions about their care may alleviate some of the fears.
An open-ended, transparent discussion of the stage of
disease, prognosis, treatment options, goals of therapy, and
anticipated outcomes is essential. An important and
sometimes challenging aspect of this discussion is the
constraint of time in a high-volume practice. The additional
time spent during the initial visits to address patients’
concerns and fears can significantly impact the subsequent
delivery of care. Patients may benefit from information about
peer support groups and social gatherings/chat rooms to
hear about other patients’ experiences. An evaluation from
a trained psychologist early in the disease course is
invaluable.

Barrier: Family and Social Support, Mental Health

Counseling, and Screening for Psychosocial Distress

Patients with head and neck cancers without support of
family or close friends lack critical assistance in key areas
of need as they receive cancer treatment. Consensus
guideline treatment of head and neck cancer is complex
and demanding, often involving large time commitments
throughout weeks of continuous therapies. Critical needs
include transportation, navigating multidisciplinary care and
appointments, obtaining prescription and over-the-counter
medications for alleviation of acute toxicities, help with care
of percutaneous endoscopic gastrostomy tube, and chal-
lenges of taking in adequate nutrition. Daily and sometimes
twice daily radiotherapy is a significant effort for even the
most supported patients over a 6- to 7-week total course of
curative radiotherapy. In a validated assessment tool study
of community-based care of patients’ perception of care
coordination in a cross section of cancer types, these factors
were significant in a patient’s perception of poorer care: the
diagnosis of head and neck cancer, the lack of family/friend/
relative support, and provider type.11

Psychosocial distress often represents themost unmet need
for patients with head and neck cancer.12 The reasons for
this are many, including perceived stigma associated with
seeking psychiatrist/psychologist evaluation, an acute
shortage of qualified practitioners in most communities, and
pay-for-services that are not covered by insurers, among
others. Patients’ resistance to accept help appears multi-
factorial and includes their perception of self, familial and
societal perceptions, and financial constraints of prioritizing
essential care among others. Decrease in family support
and decline in interpersonal relationships with a diagnosis of
head and neck cancer are often a major barrier in patients’
ability to travel for their care visits and hence their ability to
receive and complete recommended treatment.

Solution

The physician and all team members should emphasize to
the patient that it is essential to involve family and friends to
prioritize helping the patient from the start of the cancer
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journey through to survivorship. This should be a priority.
Literature shows strong association between family/friend
involvement and success of treatment, decreased use of
emergency services, unplanned hospital admissions, test
duplication, and satisfaction of patient.11 It is important to
help the patient through various appointments (coordination
of care) that sometimes involve multiple health systems, and
family and friends can also help patients obtain supplies for
percutaneous endoscopic gastrostomy tube and manage
acute side effect medications and skin care, provide
emotional support, and assist the patient to be accountable
to coming every day for treatment despite not feeling well.

Identifying and designating a trained psychologist to be
a member of the MDT is one of the greater challenges of
creating an MDT in community practice. A psychcologist
evaluation of every patient with head and neck cancer at
diagnosis should be a standard part of the comprehensive
evaluation. Subsequent visits may be tailored based on
patient need after the initial evaluation. Transportation as-
sistance to and from the treatment and clinic visits to
mitigate the burden on the family can be discussed with
each patient during their initial evaluation by the financial
counselors or the nurse navigators. Arrangements can be
made a priori, especially for patients receiving radiation or
concurrent chemoradiation, which require daily visits.

Barrier: Travel

The demands of seeing multiple providers (head and neck
surgery, medical oncology, radiation oncology, radiology,
etc.) over a short period of time to complete work-up and
staging are often overwhelming. Subsequent preparation
and coordination of treatment often requiring multiple
modalities and visits from ancillary services (speech and
swallow, audiology, gastroenterology, and dental, to name
a few) only add to the stress. Traditional multi-appointment
clinics that are geographically distant can result in delays in
initiation of care from diagnosis as patients travel to see the
individual specialists on different days.

This is especially true for curative-intent radiotherapy where
treatment requirements are significant with one or two daily
treatments in courses that last 6 to 7 weeks in duration. It is
known that treatment breaks in radiotherapy for head and
neck cancers can lower the chance of local control and cure
due to accelerated repopulation of cancer cells. Recent
literature also suggests that community-based care can
differ from academic care institutions in delivery of radio-
therapy in important metrics of total dose (Gy), number of
delivered fractions of radiotherapy, dose per fraction (Gy),
duration of treatment delays, early termination of radio-
therapy, and not completing full-course radiotherapy.13

Analyses by various groups identify travel/transportation
issues as a major cause of patients not receiving guideline-
adherent radiotherapy in head and neck cancers.14,15 In

a comprehensive root cause analysis of radiotherapy initi-
ation timing in postoperative radiotherapy in head and neck
cancers, multiple factors were identified related to commu-
nication, process, and social support. Specifically identified in
the social support area was the lack of transportation support
as a cause of increased time to initiation of postoperative
radiotherapy.15 Delays in receiving postoperative radiother-
apy are known to negatively impact overall survival in head
and neck squamous cell carcinomas.14-16

Solution

Employ a head and neck nurse navigator. These can be
helpful in coordination between offices. They can be an-
other reliable contact for patients overwhelmed by the
seemingly countless things to get done in preparation to be
treated or just the robust schedule of treatment and follow-
up for radiation, chemotherapy, or surgery. It is important
that the navigator feels like part of the team, be generously
available and dependable, understand their role, and serve
as a bridge to overcome gaps between offices and not create
new ones (i.e., animosity between offices).17,18 Funding for
this position can often be provided by the hospital. Nurse
navigator assistance in streamlining patient appointments,
such that all essential evaluations can be performed within
24 to 48 hours of the first clinic visit, ensures that patients’
treatment starts within 30 days of diagnosis.19 Admittedly,
this is still suboptimal as patients are still required to travel to
multiple locations; however, it may mitigate the potential for
compromised patient outcomes.

Providers with offices in different areas of the city can also
make access for patients easier in larger cities. Two of the
authors (M.B. and N.H.) of this review practice in the
seventh largest city in the United States. Each has two
offices. Though it is a challenge to maintain both, it does
make access and travel easier for the patient. A separate
group including a medical oncologist and radiation oncol-
ogist in the MDT practice on the other side of the city and
further assist in overcoming travel challenges. Admissions
and inpatient work are coordinated at a single hospital
centrally located in the city.

Develop within the MDT a strong social services network of
local volunteers, cancer support groups, and church vol-
unteer groups and provide up-to-date information on
available city, county, and state resources for patients with
head and neck cancer. Low-cost and sometimes free
transportation is available through municipal services for
a course of treatment or most of a course (i.e., 25–30 trips),
as well as vouchers for taxi, Uber, and Lyft and prepaid debit
cards for gas.

Barrier: Financial

This includes financial distress due to concerns about
high out-of-pocket cost for services, high deductibles, high
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premiums, high copay for medications, not enough in-
formation to make decisions about insurance, and having to
travel long distances to receive care.20-23

In surveys where patient opinions were sampled, the rea-
sons for not discussing financial issues included the fol-
lowing: the clinician did not bring it up,24,25 the patient was
embarrassed to discuss personal finances, poor un-
derstanding of insurance coverage, visit was too short/
rushed, did not want to upset the physician and be seen as
a difficult patient, and concerns about receiving low-quality
care if cost was discussed.

Solution

Assign a designated financial specialist who can meet with
each new patient early in the disease course to develop
a rapport, advise the patient about the specific nuances of
their insurance, and address the concerns regarding out-of-
pocket costs, premiums, and deductibles in a transparent
fashion before treatment initiation. Information regarding
locally and nationally available foundation grants to offset
the cost of treatment can be provided by the specialist to
mitigate the anxiety associated with the financial burden of
therapy. The patient can work together with the nurse
navigator to access a wide range of local and regional
resources.

Barrier: Lack of Dietary and Nutritional Counseling

A nutritionist or dietician consultation should be advised
pretreatment, and mandatory follow-up visits should be
scheduled during and after completion of therapy. Typically,
however, most patients are referred during or after treat-
ment. A potential reason for the delay is that patients are
overwhelmed with multiple physician appointments, espe-
cially when initially diagnosed.26-28

Solution

Be creative in finding nutritional support. As percutaneous
endoscopic gastrostomy tubes are frequently placed to
support patients undergoing treatment, we have found that
the durable medical equipment companies that supply the
formulas and supplies are often staffed by a clinical nutri-
tionist. They often make home visits, which can be a very
creative way to gain nutritional support without additional
expense to the team. Certainly, work closely with the hospital
clinical nutritionist during the postoperative period while the
patient is in the hospital.

Consider a gap analysis to identify best practice care in-
dicators, such as time to treatment with the various mo-
dalities including surgery, chemotherapy, and radiation,
and supportive care interventions, such as nutrition,
speech, and language pathology evaluations. To measure
gaps in the metrics against benchmarks, the Agency for
Healthcare Research and Quality tool provides a systematic
method to compare current practices with best practices,

determine the barriers to best practices and feasibility of
implementing the recommendations such as ensuring speech
pathology, audiometry, and nutritionist/dietitian evaluation
pretreatment, during, and post-treatment.29 Enlisting the sup-
port of nurse navigators with knowledge of a clearly defined
care pathway for head and neck cancer care in facilitating
these evaluations can be invaluable. Establishing a pre-
defined care pathway that all members of the MDT agree
upon and follow diligently with each patient encounter can
assist in streamlining visits.

Barrier: Dental Care

Dental care is a unique challenge to head and neck cancer.
It can be very difficult as it is often very expensive, medical
insurance does not cover it, and yet it is a very important part
of pretreatment and post-treatment care directly affecting
long-term quality of life.

Solution

Invite and motivate a designated dentist to be part of this.
Encourage them to seek training with other dental oncol-
ogists such that they can provide the detailed cleanings,
fluoride treatments, radiation stents, and other compre-
hensive dental care that is so important to these patients.
They can also facilitate obturators and complex dental
appliances as needed. Invite them to attend a tumor board.
Treat them as a vital part of the team.30

SPECIALTY-SPECIFIC BARRIERS

Barrier: Timely Surgery Scheduling

Solution Surgical care for patients with head and neck
cancer is often complex and requires coordination of special
equipment, specialized operating rooms, and multiple
providers. Although there have been advances in surgical
care in the last 10 years with greater access now available
via robotic and transoral techniques, these often require
special robotic rooms at the hospital, laser support, or other
specialized equipment that is not often owned by the
hospital and has to be brought in or coordinated. Having
a designated surgical scheduler/coordinator is key to
streamlining these cases.

Complex ablative cases requiring significant reconstruction
often necessitate the combined services of a microvascular
surgeon, gastroenterologist, and sometimes oral surgery.
Access to microvascular free flap reconstruction is be-
coming more and more available even in the community
setting. Coordinating the schedules of multiple busy pro-
viders can be difficult. The more these services work to-
gether, the more the staff coordinate together, and the
easier this gets. Having designated days and times each
week that each office can plan predictably for long complex
cases can also help. Working toward a steady stream of
referrals and cases leads to predictable weekly filling of
this time. Providers of each specialty should continually
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acknowledge the urgency and importance of timely
scheduling to prevent growth and progression of stage
between work-up completion and surgical intervention.
Sometimes this means compromising and rearranging one’s
schedule for the benefit of the rest and better outcomes for
the patient. Delays in scheduling result in poorer outcomes.

Access to gastroenterology services in the operating room
can be a challenge. Not all gastroenterology groups/
providers are willing to come to the operating room to
place the percutaneous endoscopic gastrostomy tube at
the time of ablative surgery. Although avoiding a second
anesthetic is ideal, one may consider having the per-
cutaneous endoscopic gastrostomy tube placed prior to
the large ablative procedure such to improve nutritional
support prior to surgery and to shorten the overall length
of a planned lengthy ablative and reconstructive com-
bined surgery. This is often feasible in patients not in airway
compromise and often far more appealing to the gastroen-
terology team.

Barrier: Hospital Support

Solution Not all hospitals are fit or willing to support large
ablative and reconstructive surgeries. These are often time,
energy, resource, and staff demanding. All the specialized
equipment (microscopes, lasers, couplers, and Doppler
monitoring devices, etc.) must be available and functioning.
If this equipment is lacking, most hospitals with enough
notice will work to create a business plan that can budget to
acquire them in the future.

Access to a surgical robot can be difficult in some areas. Not
all community hospitals have a robot capable of transoral
surgery. It is becoming more and more available as robotic
procedures in other surgical specialties become more and
more common and provide a driving force for access. This
can be a two-edged sword, however, as scheduling to use
the robot becomes more difficult as other specialties
dominate its time. Make it a point to have scheduled robotic
block time wherever possible.

Postoperative support is also very important. Given the ef-
fects of surgery on breathing and swallow as well as the
aggressive flap monitoring and care, necessary early mo-
bilization, and speech and swallowing therapy to name
a few, postoperative care is extensive and requires highly
trained staff and therapists. Intensive care unit availability
can be a challenge in some areas. We have found that most
cases, even flaps and tracheostomies, can be managed
safely on the surgical floor with continuous pulse oximetry
and Doppler monitoring. We have spent a lot of time training
a team of nurses to care for these patients who are available
and reliable and play a key role in the success of our team.
We work hard to be available and are eager to support our
nursing team.

Barrier: Preoperative and Postoperative Support

Solution As surgical inpatient stays have shortened over the
years, it is important to work closely with the case manager
to meticulously arrange postoperative supplies, therapy,
and rehabilitation services. Find rehabilitation centers in the
area that can be trusted and that understand the special
needs of these patients. Understanding the importance of
continued care after discharge and recognizing the need for
timely discharge so that adjuvant care (postoperative ra-
diation or chemo-radiation) can be started in a timely
fashion are both key.

Preoperative and postoperative speech and swallow
evaluations and therapy play a very important role in
successful long-term outcomes and quality of life.31 Ac-
cess to inpatient and outpatient speech services are ideal.
Early and aggressive swallowing and voice therapy is vital.
Recovery is often a long road that requires patience and
ongoing effort.

Support groups (in person or virtual) are a huge source of
energy and support for patients at all stages of treatment,
recovery, and survival. Participation in these groups has
been shown to improve quality of life during and after
treatment.35 These can be easily and inexpensively
started in the community setting and can be supported by
providers of all specialties. Starting a local chapter of
a national society (i.e., Support for People with Oral and
Head and Neck Cancer) is simple and very rewarding.
These meetings empower patients to support and sustain
each other.

Barrier: Timely Postoperative Adjuvant Therapy

Delays in initiation of postoperative radiation therapy of more
than 45 to 50 days have been shown to adversely affect
overall outcomes and long-term survival.16

Solution

Review of each postoperative patient’s final surgical pa-
thology the week following surgery at tumor board can fa-
cilitate improved communication as to the date of completed
surgery and allow for the radiation therapist to plan ac-
cordingly. This gives 4 to 5 weeks for the radiation team to
successfully coordinate imaging, planning, masking, and
treatment initiation.

Coordinating follow-up with the surgeon at 1 to 2 weeks
postoperation in the office is also very helpful. An email to
the participating radiation oncologist and team, to update
them of the patient’s postoperative status and to facilitate
timely adjuvant therapy, can be helpful.

Barrier: Lack of Infrastructure for Clinical Trials

This represents a major barrier not only in suburban and
rural centers but also in large urban clinical practices. A
fully functional clinical research unit staffed by personnel
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with expertise in various aspects of clinical research, as
shown in Fig. 2, can place a significant financial strain on
community practices. Additionally, inadequate access to
disease-specific clinical trials that encompass early- and late-
stage disease and poor accrual to clinical trials remains
a concern.

Solution

Partnering with MDTs for other disease types in the com-
munity to defray the cost, and pool resources, is a consid-
eration. Alternatively, partnering with a local academic
center and referring patients for enrollment in clinical trials
where applicable may be considered. Even in community
centers where clinical trials are accessible and resources
exist, patient enrollment in clinical trials remains poor.
Studies have shown an improvement in clinical trial accrual
when they are embedded into the pathways for patient care
that are routinely used.33,34 Periodically reviewing the
clinical trials open to patient enrollment at multidisciplinary
tumor boards and frequent discussion of clinical trials as

a therapeutic option where applicable may help enhance
patient accrual to clinical trials.

CONCLUSION

Treatment of patients with head and neck cancer is complex
and multifaceted. Numerous barriers exist, creating chal-
lenges in quality and timely care throughout all stages of the
cancer care continuum, from diagnosis through survivor-
ship. Forming a comprehensive multidisciplinary head and
neck cancer team with professionals from multiple spe-
cialties that delivers high-quality care is time and commit-
ment intensive but is feasible and highly rewarding in
the community setting. Weekly tumor boards are the
keystone to the group’s success. With good communi-
cation, hard work, adherence to national guidelines, and
creative coordination of community resources, barriers to
multidisciplinary care can be overcome, and individualized,
personable, and highly successful care can be provided to
patients with head and neck cancer in the community
setting.

FIGURE 2. Clinical Research Unit Organization Chart
Abbreviations: PK, pharmacokinetics; RN, registered nurse.
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HEAD AND NECK CANCER

Making the Best of Limited Resources: Improving
Outcomes in Head and Neck Cancer
Johannes J. Fagan, MBChB, MMed, FCS (ORL)1; Vanita Noronha, MBBS, MD, DM2; and Evan Michael Graboyes, MD, MPH, FACS3

overview

The overwhelming majority of head and neck cancers and related deaths occur in low- and middle-income

countries, which have challenges related to burden of disease versus access to care. Yet the additional health

care burden of the COVID-19 pandemic has also impacted access to care for patients with head and neck

cancer in the United States. This article focuses on challenges and innovation in prioritizing head and neck

cancer care in Sub-Saharan Africa, the Indian experience of value-added head and neck cancer care in busy

and densely populated regions, and strategies to optimize the management of head and neck cancer in the

United States during the COVID-19 pandemic.

Head and neck cancer is primarily a disease of low- and
middle-incomecountries, with substantial challenges related
to high burden of disease, late presentation, and poor
access to care. Low- and middle-income countries
account for 67% of head and neck cancer and 82% of
head and neck cancer–related deaths.1 Patients in
these countries present with advanced disease; in
India, two-thirds of patients present with advanced
head and neck cancer,2 and in Cape Town, South
Africa, approximately 50% of laryngectomees require
emergency tracheostomy.3 Only 5% of patients with
cancer in Africa and 3% in South Asia have timely
access to safe, affordable surgery,4 and, in 2017, only
24 out of 52 African countries had radiotherapy ser-
vices.5 Less than 4% of people in India suffering from
chronic pain from cancer have access to morphine,6

and many African countries do not dispense opioids.

Although theUnited States provides highly sophisticated
cancer care, the additional health care requirements
resulting from the COVID-19 pandemic have revealed
deficiencies in the health care system and highlighted
inequalities to access to care in the United States, in-
cluding for patients with head and neck cancer.

This article focuses on challenges and innovation in
prioritizing head and neck cancer care in Sub-Saharan
Africa (Fagan), the Indian experience of value-added
head and neck cancer care in busy and densely pop-
ulated regions (Noronha), and strategies to optimize the
management of head and neck cancer in the United
States during the COVID-19 pandemic (Graboyes).

CHALLENGES AND INNOVATION IN PRIORITIZING HEAD
AND NECK CANCER CARE IN SUB-SAHARAN AFRICA

Sub-Saharan Africa has more than 1 billion people.
Yet it has only 19 fellowship-trained head and neck

surgeons, and less than 50% of countries have radiation
therapy facilities.5 Even where radiation is available, old
technology is often used, and treatment delays can
approach a year.7 In addition, access to cytology, his-
topathology, and specialized radiology services are
limited, and many patients cannot afford to pay out of
pocket for cancer care. Several innovations have been
introduced to address these challenges in Sub-Saharan
Africa, and are discussed below.

African Head and Neck Surgery Fellowship Training

Two African head and neck fellowship programs have
trained 17 head and neck surgeons from 13 African
countries. The University of Cape Town has a 1-year
hands-on program modeled on North American fel-
lowships. It is funded by Karl Storz Endoscopy and
is currently training its 15th fellow. The Pan-African
Academy of Christian Surgeons/Johns Hopkins Fel-
lowship is based in Mbingo Baptist Hospital in
Cameroon and has a novel outreach fellowship train-
ing model with teaching faculty rotating from North
American institutions. In an analysis of whether African
fellowships have made a sustainable impact on head
and neck cancer care in Sub-Saharan Africa, it was
reported that all fellows had returned to their countries;
all were doing work in public hospitals and hence
were involved in transferring surgical skills to trainees;
all of those with local radiation therapy services had
established head and neck multidisciplinary teams;
and there had been a 335% increase in major head
and neck surgeries. The authors concluded that high-
volume specialized head and neck surgical training
was possible in Africa; that training was appropriate in
terms of pathology, types of surgery, and affordability;
and that the fellowship model made a sustainable
change to head and neck practice in Sub-Saharan
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Africa by populating it with surgeons and teachers of head
and neck surgery, by establishing centers of excellence, by
building clinical capacity, and by instituting resource-
appropriate management.7

African Head and Neck Society

The African Head and Neck Society (https://afhns.org) was
established in 2016 by the first 14 African fellowship-trained
head and neck surgeons. Its mission is to improve outcomes
of patients with diseases of the head and neck in Africa
through prevention, clinical excellence, teaching, training,
and research and by promoting the highest professional and
ethical standards; to coordinate and advance training and
education of those engaged in the treatment of patients with
diseases of the head and neck in Africa; and to promote
friendship and collaboration among those engaged in the
treatment of patients with diseases of the head and neck in
Africa. It has since held annual conferences and cadaver
dissection surgical courses and ultrasound workshops, has
published research papers, has served as a link for in-
ternational otolaryngology and head and neck societies with
Africa, runs the African Head and Neck Society Virtual
Tumor Board meetings, and has promulgated the African
Head and Neck Society Clinical Practice Guidelines for
Head and Neck Cancers in Developing Countries and
Limited Resource Settings. It is therefore fulfilling a key role
in advancing head and neck cancer care and training in
Sub-Saharan Africa.

African Head and Neck Society Virtual Tumor Board

With the advent of COVID-19 and development of virtual
conferencing software, the African Head and Neck Society
introduced a monthly virtual tumor board meeting using
Zoom in 2020. It is a free, open-access, multidisciplinary
meeting at which interesting clinical cases are presented
from around Africa. The second meeting was held in as-
sociation with the American Academy of Otolaryngology–
Head and Neck Surgery. It has attracted more than 150
attendees per meeting and illustrates how virtual confer-
encing has empowered low- and middle-income countries
in terms of knowledge dissemination and networking, and

has introduced new opportunities for international collab-
oration and teaching using virtual platforms.

The African Head and Neck Society Clinical Practice

Guidelines for Head and Neck Cancers in Developing

Countries and Limited Resource Settings

International head and neck cancer guidelines may be
unhelpful, inappropriate, or even harmful when applied in
resource-constrained settings, when special investigations,
radiotherapy, and complex surgery might not be available or
be unaffordable, when management of sequelae of treat-
ment such as hypothyroidism, renal failure, and dysphagia
are inadequate, or when cancer surveillance is not possible.
The African Head and Neck Society Clinical Practice
Guidelines for Head and Neck Cancers (https://afhns.org or
https://developingworldheadandneckcancerguidelines.
com/) seek to optimize cancer care by tailoring in-
vestigations and treatment according to resources available
to the individual patient and the treatment center. It reflects
the expert opinion of members of the African Head and
Neck Society, as well as selected affluent-world surgeons
and oncologists. It is directed at local surgeons and on-
cologists, as well as those undertaking surgical outreach to
low- and middle-income countries.

The “Global South” is best qualified to write its own
guidelines, as it understands the challenges, constraints,
and possibilities of cancer care in limited-resource settings.
The promulgation of these guidelines also reflects the Global
South’s taking ownership, leadership, and responsibility for
head and neck cancer practice in low- and middle-income
countries. Guidelines have thus far been released for
cancers of the thyroid, salivary glands, oral cavity, oro-
pharynx, hypopharynx, and larynx, with guidelines pending
for nasopharynx and the unknown primary. In the initial 22
months, the guidelines have been accessed by more than
8,300 visitors with more than 43,000 page views, with the
top 10 countries (listed in order of highest to lowest number
of visits) being South Africa, the United States, Kenya, India,
Nigeria, the United Kingdom, Turkey, France, Italy, and
Uganda.

Open Access Atlas of Otolaryngology, Head and Neck

Operative Surgery

Accessing educational and scientific material is key to
improving head and neck care in low- and middle-income
countries. Yet many trainees, practitioners, and researchers
in Sub-Saharan Africa cannot afford textbooks and pay-to-
view journals, and the content of modern journals and
textbooks is often inappropriate for resource-constrained
settings. The Open Access Atlas of Otolaryngology, Head
and Neck Operative Surgery (www.entdev.uct.ac.za/guides/
open-access-atlas-of-otolaryngology-head-neck-operative-
surgery/) is a free, open-access surgical atlas self-published
by Johannes J. Fagan in Cape Town, South Africa. More

PRACTICAL APPLICATIONS

• There are substantial global and region-specific
inequities in head and neck cancer care.

• Innovative strategies to prioritize resources and
decision trees are presented that optimize and
individualize patient care.

• The impact of the COVID-19 pandemic on head
and neck cancer care and mitigations are
discussed.
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than 100 authors from more than 20 countries have con-
tributed, and volunteers have translated chapters into
Portuguese, Spanish, and French. The senior authors are
mostly international leaders who volunteered to contribute.
It provides detailed descriptions of surgical procedures. It
includes surgical cancer procedures no longer performed in
high-income countries, such as laryngofissure and hemi-
laryngectomy for early laryngeal cancer, that would not be
included in modern textbooks. Being in electronic format,
chapters are very detailed, with numerous photographs and
video clips. The textbook received the Open Education
Consortium 2017 Award for Open Education Excellence,
a tribute to its contributors (www.oeconsortium.org/projects/
open-education-awards-for-excellence/2017-oe-award-winners-
oer-categories/).

Head and Neck Cancer Staging

How head and neck cancers are investigated and managed
in high-income compared with low- and middle-income
countries is increasingly divergent because of technologi-
cal, financial, and infrastructural differences. Therefore,
having a universal staging system is becoming ever more
difficult to achieve. Although anatomic site and tumor extent
remain central to defining cancer prognosis and staging, the
American Joint Committee on Cancer and Union for In-
ternational Cancer Control have been incorporating an in-
creasing number of nonanatomic prognostic factors into
stage groupings. In the eighth edition of the American Joint
Committee on Cancer Cancer Staging Manual, p16 status
was included in staging of oropharyngeal cancer. Yet, for 16
out of 17 fellowship-trained head and neck surgeons in
13 Sub-Saharan African countries, p16 testing was not
routinely available for their patients with oropharyngeal
cancer because of unavailability or unaffordability of the
laboratory test.8 Another challenge that staging bodies must
consider is the diversity of the type and quality of therapeutic
interventions in high-income versus low- and middle-
income countries that might affect outcomes and progno-
sis. In 2019, only 24 out of 52 African countries had ra-
diotherapy facilities, and treatment could have been
delayed for up to 46 weeks.7 Certain chemotherapy drugs
andmost targeted agents are also not available to patients in
these countries. Such diversity in management might, for
instance, invalidate the favorable prognosis for advanced
p16+ oropharyngeal cancer reflected in the current stag-
ing in such resource-constrained settings. Although
the American Joint Committee on Cancer/Union for Inter-
national Cancer Control should continue to refine staging
systems that best reflect prognosis by incorporating non-
anatomical factors, anatomically based staging systems
must be retained to serve the needs of resource-constrained
settings. A model that may be considered is that of a staging
system that considers available diagnostic and therapeutic
resources, as has been done in the African Head and Neck

Society Clinical Treatment Guidelines for Head and Neck
Cancer. If the American Joint Committee on Cancer and
Union for International Cancer Control do not develop
resource-appropriate staging, it would reduce their global
relevance and disadvantage most of the world’s patients
with cancer. This may be an opportunity for the Global
South to promulgate its own resource-appropriate staging
guidelines.

CHOOSING WISELY: VALUE-ADDED HEAD AND NECK CANCER
CARE IN DENSELY POPULATED AND
RESOURCE-CONSTRAINED REGIONS—THE
INDIAN EXPERIENCE

Head and neck cancer constitutes between 30% and 40%
of cancers in India.9 Oral cavity cancer is the most common
cancer in Indian men10; one in every 60 Indians will develop
cancer of the oral cavity or pharynx during their lifetime.11

The causative factors for head and neck squamous cell
carcinoma in India include smokeless tobacco, smoking,
and alcohol; HPV plays a less important etiologic role.9

Curative Setting

Resectable oral cancer Patients with resectable oral can-
cer, both localized and locally advanced, are best treated
with surgical resection, followed by adjuvant therapy based
on various risk factors.12 In most centers in India, micro-
vascular free tissue transfer reconstructive surgery is not
available, and either primary closure or pedicled flaps are
used. Such surgeries can be performed more quickly and
more cheaply, thereby facilitating treatment of more pa-
tients. The outcomes of patients thus treated match those
reported in the global literature, suggesting that even in the
absence of a dedicated reconstructive surgical team, good
oncologic outcomes are possible.13

Until recently, the management of the N0 neck with early-
stage oral cancer was controversial. Options range from
elective neck dissection to addressing only the oral primary
and performing neck dissection for recurrence.14 In India,
watchful waiting is challenging, as patients often travel long
distances, and compliance with regular follow-up and ra-
diologic surveillance is poor; this may lead to unsalvageable
recurrences. Hence, elective neck dissection is commonly
performed. This practice was supported by the N0 trial,
which proved that patients with early-stage clinically node-
negative oral cancer treated with elective neck dissection
had an improved disease-free and overall survival as
compared with patients managed with watchful waiting.15

Patients with tumors at high risk of recurrence are treated
with adjuvant chemoradiotherapy. The standard of care
from the landmark trials was high-dose cisplatin adminis-
tered at 100 mg/m2 once every 3 weeks during radiation.
However, this regimen was difficult to administer in the
Indian setting because of patient-related issues (lower body
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weight, poorer nutrition, and higher toxicity) and logistic
(hospitalization and intravenous hydration) and infrastruc-
ture issues (challenges with supportive care). Low-dose
cisplatin at 30–40 mg/m2 administered once a week dur-
ing radiation was widely introduced even in the absence of
level 1 evidence.16 A subsequent randomized controlled
trial comparing high-dose once-every-3-weeks cisplatin to
lower-dose once-a-week cisplatin concurrently with radical
radiotherapy taught us several important things.17 First, it is
possible to administer high-dose cisplatin in the Indian
setting, despite the challenges. Second, high-dose cisplatin
led to better locoregional control than weekly cisplatin and
should therefore continue as the standard of care. However,
overall survival (which was not the primary endpoint of the
study) was similar between the two cisplatin schedules,
suggesting that low-dose weekly cisplatin could possibly be
used, with less toxicity, supportive care, and resource uti-
lization, without compromising overall survival. Recent data
from Japan suggest that outcomes are similar between the
once-a-week and once-every-3-weeks cisplatin schedules
when combined with radical radiotherapy.18

Technically unresectable oral cancer A large proportion of
our patients present with bulky, extensive oral cancers,
which, although localized, are not easily resectable with
negative margins. These include buccal mucosa primaries
with edema extending up to the zygoma and tumor ex-
tension to the infratemporal fossa, primaries of the anterior
two-thirds of the tongue extending to the hyoid or posteriorly
to the vallecula, or cancers extensively infiltrating skin. Such
patients are usually treated conservatively with radiotherapy
or concurrent chemoradiotherapy or palliative chemother-
apy and have dismal outcomes, with median survival be-
tween 2 and 12 months. Induction chemotherapy in an
attempt to downstage a tumor, followed by resection, is an
exciting approach.19 In a cohort of 721 patients with
technically unresectable oral cancers, we found that with
this approach, 43% were able to undergo surgery. The 2-
year locoregional control of the entire cohort of patients with
technically unresectable oral cancer treated with induction
chemotherapy was 21%. Patients who could undergo re-
section had better outcomes: 2-year locoregional control of
32%, 2-year overall survival of 47%, and a median overall
survival of 19.6 months (95% CI, 9.6–25.2) as compared
with 15%, 20%, and 8.2 months (95% CI, 7.6–8.6), re-
spectively (p = .0001).20

Oropharyngeal cancer HPV positivity with oropharyngeal
cancer in India is approximately 23%.21 The availability of
robotic surgery is limited. The primary treatment is transoral
or open resection or definitive radiotherapy or concurrent
chemoradiotherapy depending on disease stage.22 Patients
with stage II and higher disease benefit from the addition of
concurrent cisplatin. In a randomized phase II trial, 40mg/m2

of cisplatin once a week concurrently with radiotherapy

improved oncologic outcomes; the 3-year overall survival
and the median overall survival were 62%/not reached
versus 42%/27 months (95% CI, 15.2–36.8) in patients
treated with concurrent chemoradiotherapy versus radical
radiotherapy, respectively.23 This is a feasible approach in
the Indian setting.

Treatment intensification can improve outcomes for pa-
tients with HPV-negative oropharyngeal cancer, by ad-
dition of the EGFR (epidermal growth factor receptor)
antibody nimotuzumab to concurrent cisplatin-based
chemoradiotherapy.24 A subset analysis of a phase III
randomized controlled trial showed that nimotuzumab
added to weekly cisplatin-based chemoradiotherapy
greatly improved locoregional control and progression-
free and overall survival. There was an absolute improve-
ment in the 2-year locoregional control of 19%, with 2-year
progression-free survival of 26% and 2-year overall survival of
19%. In this trial, 87% of patients were treated with con-
ventional radiation, further emphasizing that oncologic out-
comes are not compromised by forgoing intensity-modulated
radiotherapy.25

Hypopharyngeal/laryngeal cancer A retrospective analysis
of 501 patients with locally advanced hypopharyngeal
cancer treated with radical radiotherapy or concurrent
chemoradiotherapy (30 mg/m2 of cisplatin once a week)
reported a 3-year locoregional control rate of 47.1% and 3-
year disease-free survival of 40.9%. As radiotherapy ma-
chines are widely available and therefore easily accessible to
many Indian patients, this is the usual practice in India.26

For patients with locally advanced laryngeal tumors, es-
pecially without cartilage involvement, induction chemo-
therapy can result in laryngeal preservation in up to 70% of
patients.27

Precision-based radiotherapy Both in definitive and adju-
vant settings, multiple studies from our institution that used
conventional radiotherapy for most patients had similar
oncologic outcomes to those reported in international
trials.17,25,28 Thus, conventional radiation remains an im-
portant option for our patients and permits treatment of
patients in remote areas where teletherapy machines exist.
In 2019, there were approximately 545 teletherapy ma-
chines in India for an estimated population of 1.35 billion.29

However, increasing access to therapy and the ability to
treat more patients should not come at the cost of poorer
oncologic outcomes. Several randomized clinical trials have
reported that conventional three-dimensional conformal
radiation led to similar locoregional control and survival
compared with intensity-modulated radiation therapy, albeit
with an increased risk of xerostomia.30-32

Palliative Setting

Platinum-sensitive disease Systemic therapy is the stan-
dard of care for patients with unresectable recurrent or
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metastatic disease. Two approaches that have been shown
to prolong survival include the addition of cetuximab to
intravenous chemotherapy (i.e., the EXTREME regimen),
and immunotherapy, either combined with intravenous
chemotherapy or as a single agent, based on the tumor
PD-L1 expression. Unfortunately, both of these treat-
ment approaches are unaffordable to 97% of the Indian
population. Thus, almost all patients are treated with
either intravenous chemotherapy or oral metronomic
chemotherapy.

Metronomic chemotherapy is chemotherapy that is ad-
ministered at low doses on a continuous basis, without
breaks. Low-cost oral metronomic chemotherapy consisting
of 15 mg/m2 of oral methotrexate once a week and 200 mg
of celecoxib twice daily is widely used in India in the palliative
setting. A retrospective analysis of 340 patients treated
with oral metronomic chemotherapy reported a median
overall survival of 5.1 months (95% CI, 4.6–5.6).32

A randomized phase II study revealed that an oral metro-
nomic chemotherapy regimen led to a considerable pro-
longation of median progression-free and overall survival
compared with 75 mg/m2 of intravenous cisplatin once in 3
weeks, and with lower toxicities.33 We recently reported the
results of our phase III noninferiority trial, in which 422
patients with relapsed, recurrent, or newly diagnosed head
and neck squamous cell carcinomas were randomly
assigned to oral metronomic chemotherapy or intravenous
cisplatin. Patients who received oral metronomic chemo-
therapy had improvement in oncologic outcomes and
quality of life. The median overall survival of patients in the
oral metronomic chemotherapy arm was 7.5 months (95%
CI, 4.6–12.6) versus 6.2 months (95% CI, 3.2–9.6) for
patients who received intravenous cisplatin. There were
fewer adverse events for patients who received oral met-
ronomic chemotherapy and an improvement in global
health-related quality of life.34

A phase II study of 114 patients with newly diagnosed locally
advanced unresectable incurable nonmetastatic disease
evaluated palliative radiotherapy (20 Gy in 5 fractions)
compared with palliative radiotherapy with 6 mg/m2 of daily
cisplatin, with reassessment at 4 weeks and completion of
radical chemoradiotherapy (70 Gy of a radiobiologically
equivalent dose; 40 mg/m2 of cisplatin once a week added
in the chemoradiotherapy arm) for patients who had
a partial response. Compared with palliative radiation, pa-
tients who received palliative chemoradiotherapy had higher
conversion to radical chemoradiotherapy (46.4% vs. 25.5%),
prolongation of median survival (10.1 vs. 5.9 months), and
improved symptoms and quality of life.35

Platinum-refractory disease Patients with disease that re-
lapses within 3 to 6 months of receiving cisplatin-based
therapy have very poor outcomes. The standard of care is

immunotherapy, which is out of reach for 97% to 99% of
Indian patients. Most patients therefore receive various
regimens of intravenous or oral metronomic chemotherapy.
A retrospective analysis of oral metronomic chemotherapy
of 100 patients with platinum-refractory oral cancers
revealed only limited efficacy, with median overall survival of
3.6 months (95% CI, 2.8–4.4).36 This led us to explore the
use of triple oral metronomic chemotherapy (i.e., addition of
erlotinib to the double oral regimen of 9 mg/m2 of metho-
trexate weekly and celecoxib daily). A phase I/II study of 91
patients with platinum-refractory oral cancer showed
promising efficacy from the triple oral metronomic che-
motherapy regimen; 6-month progression-free survival and
6-month overall survival were 34.5% (95% CI, 23.9–45.3%)
and 61.2% (95% CI, 49.2–67.8%), respectively. The me-
dian progression-free survival and overall survival were
4.6 months (95% CI, 4.1–5.3) and 7.17 months (95% CI,
5.93–8.10), respectively.37 Although the data are preliminary,
this represents an emerging option for our patients with
platinum-refractory oral cancers. An outline of the man-
agement of oral cancers is provided in Fig. 1.

Adjunctive Treatments

The primary expectation of patients treated in the palli-
ative setting is prolongation of life in 41.0%, whereas
58.5% of the patients rate symptom relief as either the
primary goal or at least of equal importance.38 Almost
45% of patients experience high distress levels at the start
of palliative intent therapy. Counseling by the clinician
leads to resolution of distress in 59% of patients; an
additional referral to a psychologist leads to resolution of
distress in 75%.39 To maximize quality of life for patients,
close attention must be paid to various supportive care
measures, including analgesia, management of muco-
sitis, dysphagia, nutritional support, and psychological
counseling.

DRIVERS OF OUTCOMES AND STRATEGIES TO OPTIMIZE
CARE FOR PATIENTS WITH HEAD AND NECK CANCER IN THE
UNITED STATES DURING THE COVID-19 PANDEMIC

Responding to the COVID-19 pandemic in the United States
necessitated that health systems urgently reallocate health
care resources such as hospital beds, ventilators, health
care workers, and personal protective equipment toward the
management of COVID-19 and away from other clinical
activities.40 Concurrently, health systems instituted new
infection control measures to minimize transmission of the
severe acute respiratory syndrome coronavirus 2, which
were of particular relevance to head and neck oncology
providers because of the risk of acquiring COVID-19 from
aerosols generated during a physical examination or pro-
cedure of the upper aerodigestive tract.41 As a result,
health systems saw a precipitous decrease in their capacity
to care for patients with head and neck cancer and
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substantial reductions in head and neck cancer–related
clinical activity.42,43

Against the backdrop of hitherto unforeseen resource
constraints and the potential for viral transmission, novel
methods of head and neck cancer service delivery needed
to be developed. Frameworks, protocols, and consensus
statements from leading academic centers44-49 and pro-
fessional organizations provided recommendations for
head and neck cancer surgical,50 radiation,51,52 and med-
ical oncologic care.53 Although diverse in scope, these
recommendations shared a common thread of attempting
to develop novel care delivery strategies that recognized the
oncologic importance of delivering timely treatment that
adheres to evidence-based standards of care amid new
capacity limitations. The following sections discuss the role
of timely treatment and guideline adherence as drivers of
outcomes for patients with head and neck cancer in the
United States, examine strategies to optimize head and
neck cancer care during the COVID-19 pandemic, and
explore the ways in which COVID-19–associated care de-
livery changes may exacerbate existing disparities in access
to care and outcomes for patients with head and neck
cancer in the United States.

Drivers of Oncologic Outcomes: Delivery of Timely Head

and Neck Cancer Care

Because of the robust and consistent association between
treatment delays and worse oncologic outcomes for patients
with head and neck cancer,54 strategies to optimize head
and neck cancer care delivery in spite of COVID-19 in the
United States attempted to ensure timely treatment despite
resource constraints and nosocomial infection risks. Across
a range of studies, delays in treatment initiation are asso-
ciated with stage migration,55 higher rates or recurrence,56

and worse overall survival.57 Although precise threshold
values for delayed treatment initiation vary,54 a number of
studies suggest that mortality increases precipitously for
delays beyond 60 days.56,57 The association of treatment
delay with survival also varies by stage, with an increased
hazard of mortality for stages I/II head and neck cancer
relative to stages III/IV.58 Other intervals of timely head and
neck cancer care also have a strong and consistent asso-
ciation with recurrence and survival, including initiation
of postoperative radiation therapy within 6 weeks of
surgery,54,59,60 the duration of radiation therapy,60-62 and
treatment package time.63,64 The oncologic impact of
treatment delays for patients with head and neck cancer is

FIGURE 1. An Algorithm Outlining the Suggested Management of Oral Cancers, Based on Resectability and Financial Constraint Considerations
Abbreviations: +ve, positive; MTHS, months; CHEMO, chemotherapy; RT, radiotherapy; wk, week; +/�, with or without; OMCT, oral metronomic
chemotherapy; CPS, combined positive score; EXTREME, cetuximab plus combination chemotherapy; PEMBRO, pembrolizumab; IV, intravenous; BSC,
best supportive care.
*Preferred for patients with limited financial resources.
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extensive; the excess hazard conferred by delayed initiation
of postoperative radiation therapy or prolonged radiation
duration are comparable in magnitude to the mortality risk
associated with adverse features such as positive margins or
extranodal extension.60

Drivers of Oncologic Outcomes: Delivery of National

Comprehensive Cancer Network

Guideline-Adherent Treatment

Because of the strong association between the delivery
of National Comprehensive Cancer Network guideline-
adherent care and oncologic outcomes for patients with
head and neck cancer,65,66 novel head and neck cancer
care delivery strategies during the COVID-19 pandemic
attempted to balance concordance with evidence-based
standards with newly limited capacity and viral trans-
mission risk.67 Given the clinical equipoise between surgical
and nonsurgical management of certain head and neck
subsites/stages, nonsurgical management became the
preferred treatment modality. However, adherence to Na-
tional Comprehensive Cancer Network guidelines to treat
oral cavity cancer68,69 and T4a laryngeal cancer70 with
a primary surgical approach is associated with improved
survival. Other aspects of National Comprehensive Cancer
Network guideline-adherent care for patients with surgically
treated head and neck cancer that are associated with
improved overall survival include negative-margin resection,
adjuvant radiation therapy for pT3–4 or N2–3 disease,
adjuvant chemoradiation therapy for extranodal extension or
positive margins, and initiation of adjuvant therapy within
6 weeks of surgery.59,71,72 Designing new head and neck
cancer care delivery systems to reflect these drivers of
oncologic outcomes was thus an important consideration in
attempts to optimize care delivery during the COVID-19
pandemic.

Drivers of Oncologic Outcomes: Social Determinants

of Health

As the COVID-19 pandemic unfolded in the United States,
the observed racial/ethnic differences in incidence and
outcomes served as a magnifying glass for the stark racial/
ethnic disparities in outcomes for patients with head and
neck cancer.73 Although the reasons underlying observed
racial/ethnic differences in mortality for patients with head
and neck cancer are multifactorial, disparities in social de-
terminants of health are major drivers for poor outcomes.73,74

As health systems massively reoriented strategies to deliver
timely, guideline-adherent head and neck cancer care, it
became imperative to consider how COVID-19–related
changes to health care delivery might exacerbate existing
racial/ethnic disparities in access to care and worsen on-
cologic outcomes for racial/ethnic minority patients with head
and neck cancer.75

Strategies to Optimize Care: Enhancing Access

via Telemedicine

To enhance access to care while minimizing footfall in
outpatient clinics, head and neck cancer providers
pivoted to direct-to-consumer, telemedicine-based platforms
(phone- or video-based) for initial consultations of patients
with suspected head and neck cancer and post-treatment
follow-up/survivorship care.76 This forward triage strategy
allowed for remote assessment and screening of patients
with possible head and neck cancer to protect patients,
clinicians, and the community fromCOVID-19. At the start of
the pandemic, there was little experience and a lack of data
to guide telemedicine-based evaluation for newly diagnosed
head and neck cancer.77 Nevertheless, initial reports re-
flected relatively high uptake of telemedicine-based eval-
uation and treatment of patients with head and neck
cancer,77,78 and it was effective at reducing in-person
visits.79 The efficiency of telemedicine can be further en-
hanced through the use of risk calculators such as the head
and neck cancer risk calculator V.2.78 Using patient
symptoms to calculate a risk of head and neck cancer, the
head and neck cancer risk calculator V.2 allows patients
with a low predicted risk of primary or recurrent head and
neck cancer to be directly discharged or have in-person
appointments deferred, thereby minimizing clinic footfall.78

Despite the publication of practical guides to optimize
telemedicine for head and neck cancer,80 challenges re-
main because of intrinsic limitations of the physical ex-
amination, lack of endoscopic evaluation, and inability to
perform biopsies.76 In addition, disparities in telemedicine
usage for patients with head and neck cancer have been
reported, as those who were low-income or on Medicaid or
uninsured were more likely to complete a telephone visit in
lieu of a video-based visit.81 Nevertheless, it is clear that the
COVID-19–inspired shift to telemedicine-based head and
neck cancer care delivery will remain in some form long
after the COVID-19 pandemic ends.82

Strategies to Optimize Care: Prioritization of Head and

Neck Cancer Management

In the setting of an instantaneous and precipitous decre-
ment in resource allocation and capacity, providers and
health care systems were forced to make difficult but
obligatory decisions regarding prioritization of care for pa-
tients with head and neck cancer. Because of the con-
siderable risk of virus transmission during transmucosal
aerosol-generating procedures of the upper aerodigestive
tract as well as the resource intensity of perioperative care,
strategies for prioritizing head and neck cancer manage-
ment focused particularly on triaging patients for head and
neck cancer surgery.44 In general, two triage strategies
emerged: (1) general frameworks and (2) prioritization al-
gorithms. General prioritization frameworks were preferred
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by some because they facilitate case-by-case decision-
making and allow for flexibility and the use of clinical
judgment,45 whereas others favored prioritization algorithms
to minimize the logistical challenges, cognitive burden, and
inherent bias associated with case-by-case, framework-
based decision-making.83

Numerous frameworks for ethically triaging and priori-
tizing head and neck cancer care during the COVID-19
pandemic in the United States were developed from
leading academic institutions.44-49 These frameworks
focused on a number of variables, including the acuity
and risk of treatment delay, expected oncologic outcomes,
risk of viral transmission during surgery, availability of sup-
portive resources, and safety of health care personnel. To
help minimize variability and confusion for providers stem-
ming from the massive number of triage frameworks, an
international consensus statement from 35 interprofessional
societies was developed to help prioritize surgical care
for patients with head and neck cancer. The top five factors
to consider for triaging patients with head and neck cancer
for surgery (from most to least important) were: (1) risk of
cancer progression with delay; (2) COVID-19 status of the
patient; (3) oncologic prognosis; (4) availability of operative
infrastructure; and (5) effectiveness of and availability of
alternative treatment modalities.51

The Surgical Prioritization and Ranking Tool and Navigation
Aid for Head and Neck Cancer is a validated, point-based
scoring algorithm to prioritize head and neck cancer sur-
gical care based on 15 variables related to the patient,
tumor, treatment, resource availability, and wait time fac-
tors.83 Surgical Prioritization and Ranking Tool and Navi-
gation Aid for Head and Neck Cancer scores range from
�17 to 20, with higher scores representing more urgent
prioritization for surgical treatment of head and neck can-
cer.83 Although the Surgical Prioritization and Ranking Tool
and Navigation Aid for Head and Neck Cancer helps pri-
oritize surgical management of head and neck cancer
among those diagnosed with head and neck cancer, it does
not provide a health care system with guidance for how to
prioritize head and neck cancer surgery relative to other
surgical procedures. The Medically Necessary, Time-
Sensitive scoring system is a surgical scoring system to
triage and prioritize surgical cases at the health system level
amid the scarce resources of the COVID-19 pandemic,
according to 21 variables across three categories (procedure,
disease, and patient factors).84 Cumulative Medically
Necessary, Time-Sensitive scores range from 21 to 105,
with higher scores suggesting poorer perioperative patient

outcomes, increased risk of COVID-19 transmission to the
health care team, and/or increased hospital resource
use.84 Each health system can assign upper and lower
thresholds for Medically Necessary, Time-Sensitive scores
and adjust them dynamically based on evolving resource
availability.

CONCLUSION

The prevalence, etiology, and treatment paradigms for head
and neck cancer are variable by region. However, diverse
health care delivery systems in Sub-Saharan Africa, India,
and the United States (during the COVID-19 pandemic) all
face substantial challenges related to high burden of dis-
ease, late presentation, and inadequate access to care.
Importantly, limitations in capacity and resources constrain
head and neck cancer care delivery in all three settings. In
Sub-Saharan Africa, the challenges of care delivery are
primarily driven by the inadequate number of providers and
technology. In India, resource constraints reflect the
enormous population and the high incidence of head and
neck cancer. During the COVID-19 pandemic in the United
States, acute resource reallocation, concurrent with a nos-
ocomial infection risk, resulted in a precipitous decrease in
capacity to provide head and neck cancer care.

Although the particular strategies adopted by each health
system to deliver head and neck cancer care amid resource
constraints are variable, their solutions reflect cross-cutting
themes and underlying principles that can facilitate and
inform care delivery for patients with head and neck cancer
more generally. For example, algorithm-based tools and
other objective decision aids were used to prioritize and
allocate resources in terms of the type and timing of therapy.
In each setting, when it was not feasible to deliver in-
ternationally accepted guideline-concordant care based on
resource constraints, key stakeholders with knowledge and
expertise of the local context adapted guidelines to optimize
local fit. Technology-enhanced solutions were also key to
improving capacity. Finally, attempts were made in all
settings of resource constraint to enhance the multidisci-
plinary evaluation and treatment of patients with head and
neck cancer.

In conclusion, the cross-cutting themes described in this
article reflect important strategies for how to make the best
of limited resources when caring for patients with head and
neck cancer. These initiatives help optimize outcomes for
individual patients with head and neck cancer, provide
value-driven care at a population-level, and minimize dis-
parities in access and outcomes.
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HEMATOLOGIC MALIGNANCIES

CAR T-Cell Therapy in Hematologic Malignancies:
Clinical Role, Toxicity, and Unanswered Questions
Saar Gill, MD, PhD1, and Jennifer N. Brudno, MD2

overview

At the time of writing, five anti-CD19 CAR T-cell products are approved by the U.S. Food and Drug Ad-

ministration for seven different indications in lymphoid malignancies, including B-cell non-Hodgkin lym-

phoma, pediatric B-cell acute lymphoblastic leukemia, and multiple myeloma. CAR T cells for chronic

lymphocytic leukemia, acute myeloid leukemia, and less common malignancies such as T-cell lymphomas

and Hodgkin lymphoma are being tested in early-phase clinical trials worldwide. The purpose of this overview

is to describe the current landscape of CAR T cells in hematologic malignancies, outline their outcomes and

toxicities, and explain the outstanding questions that remain to be addressed.

COMMERCIAL CAR T CELLS

The first CAR T-cell product to receive U.S. Food and
Drug Administration approval was tisagenlecleucel
T for the treatment of patients age 25 or younger with
relapsed or refractory B-cell acute lymphoblastic leu-
kemia (B-ALL). The most recent U.S. Food and Drug
Administration approval was for idecabtagene vicleucel
to treat patients with relapsed or refractory multiple
myeloma. Between these two milestones, there were
five other approvals, for axicabtagene ciloleucel, tisa-
genlecleucel (two separate approvals), brexucabtagene
autoleucel, and lisocabtagenemaraleucel for aggressive
and indolent B-cell non-Hodgkin lymphoma (Table 1).
These products are made from autologous cells derived
from the patient by leukapheresis and contain a CAR
targeting a disease-associated lineage antigen (CD19
for B-cell malignancies, BCMA for multiple mye-
loma). The CAR transgene is transduced into cells
using a replication-incompetent retrovirus (axicabta-
gene and brexucabtagene) or lentivirus (all others)
and contains a costimulatory molecule (CD28 for
axicabtagene and brexucabtagene; CD137, also
known as 4-1BB, for all others). The U.S. Food and
Drug Administration label mandates use of lympho-
depleting chemotherapy, consisting of fludarabine
and cyclosphosphamide, before infusion (with the
exception of tisagenlecleucel in adults with B-cell
non-Hodgkin lymphoma, in whom bendamustine may
be substituted or chemotherapy may be omitted en-
tirely if the patient’s white blood cell count is 1 � 109/L
or less in the week before infusion). Lisocabtagene is
unique in consisting of a predefined 1:1 ratio of CD4
and CD8 cells.

Remarkably, all these CAR T-cell products received
regulatory approval on the basis of modestly sized

single-arm studies (92 patients with pediatric ALL,
74–344 patients with non-Hodgkin lymphoma, and
140 patients with multiple myeloma). Subsequent real-
world registry reports have largely validated those
obtained in the pivotal trials: the complete re-
sponse (CR) rate for tisagenlecleucel in B-ALL was
81% in the pivotal ELIANA trial and was 86% in
255 patients treated in the real world, and the esti-
mated 12-month event-free survival rates were 50%
and 52%, respectively.1,2 In large B-cell lymphoma
treated with axicabtagene, the CR and 12-month
progression-free survival were 58% and 44%, re-
spectively, in the pivotal ZUMA-1 trial compared with
64% and 45%, respectively, among 275 patients
treated in the real world.3,4 In large B-cell lymphoma
treated with tisagenlecleucel, the CR rate in the
pivotal JULIET trial was 40% compared with 40%
among 155 real-world patients.2,5 These results are
summarized in Table 2.

To prescribe CAR T cells in the United States, the
treating center must be accredited by the Foundation
for Accreditation of Cellular Therapy, and the individual
physician must have been trained according to a Risk
Evaluation and Mitigation Strategy drug safety pro-
gram that is mandated by the U.S. Food and Drug
Administration. Patients must remain within proxim-
ity (typically interpreted as up to a 2-hour drive) of
the treatment center for at least 4 weeks after ad-
ministration of the product because of toxicities such
as cytokine release syndrome and immune cell–
associated neurotoxicity syndrome, which require
specific awareness, monitoring, and management. All
products other than tisagenlecleucel must be admin-
istered in an inpatient setting, and the patient must be
monitored at least daily for 7 days. At the time of writing,
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130 centers were accredited to treat patients with tisa-
genlecleucel and 35 were accredited to administer liso-
cabtagene in the United States.

CAR T CELLS IN EARLY CLINICAL TESTING

Multiple CAR T-cell products have been evaluated clinically
in settings other than the above-mentioned registration trials
in single-center or small multicenter trials (Table 3). Not-
withstanding the limitations of cross-trial comparisons,
clinical outcomes appear quite reproducible across differ-
ent products, institutions, and countries. This observation
points to the robustness of the CAR T-cell platform and
provides some clues regarding the interaction of CAR T cells
with disease and patient biology.

In B-ALL, infusion of anti-CD19 CAR T cells uniformly leads
to high rates of deep, measurable residual disease–negative
CRs. As shown in Table 3, in 322 adults and children across
seven different trials, the CR rates were 83% to 93%.
Unfortunately, many patients experience relapse, with
a relapse-free survival rate of approximately 50% at 12
months. In patients whose CAR T cells persist and remain
functional (with demonstration of ongoing B-cell aplasia),
relapse largely occurs through loss of CD19.6,7 CD19 loss
occurs through mutations or epigenetic alterations, likely in
pre-existing leukemia subclones.8-10 Inadequate CAR T-cell
expansion or persistence after infusion is a less common
cause of failure in ALL and may be related to inherent or
induced T-cell dysfunction.11 Factors that appear to protect
against relapse include duration of T-cell persistence, low
antigen burden, and receipt of a consolidative allogeneic
hematopoietic cell transplant.6,12-14 CAR T cells specific to
more than one B-cell antigen may be deployed to mitigate
against antigen-negative leukemia escape, either se-
quentially (e.g., anti-CD22 CAR T cells after failure of prior
CD19-specific therapy) or simultaneously (e.g., coinfusion

of CART19 and CART22 or using dual-specific CAR
platforms).15,16 Another exciting recent development in
B-ALL is the administration of T cells derived from healthy
donors, in which the potential for graft-versus-host disease
is abrogated by gene knockout of the T-cell receptor.
Notably, T-cell expansion and clinical responses appear to
require the addition of the highly immunosuppressive anti-
CD52 monoclonal antibody, alemtuzumab, to obviate
immune rejection of these human leukocyte antigen–
disparate cells.17

In B-cell non-Hodgkin lymphoma, the CR rates are lower
than in B-ALL, but these responses tend to be durable. For
example, long-term follow-up of the JULIET trial shows
60% of responders were still in remission at 5 years18 The
mechanisms of failure of CAR T cells are less well un-
derstood in B-cell non-Hodgkin lymphoma than in B-ALL. In
particular, T-cell expansion or persistence is less well cor-
related with lymphoma response than in B-ALL.19,20 Instead,
baseline tumor burden, characteristics of the CART19
product (memory state and polyfunctionality), and response
to lymphodepletion (elevation in favorable cytokines such as
interleukin [IL]-7, IL-15, or monocyte chemoattractant
protein-1) appear to be more predictive.21-26 Interesting
recent developments include testing of tandem anti-CD19/
CD20 CAR T cells that led to a CR rate of 71% and a 12-
month progression-free survival of 64% and the first
demonstration of genetically engineered anti-CD19 natural
killer cells derived from healthy cord blood stem cells with
a CR rate of 64% at early follow-up.27,28

Although patients with chronic lymphocytic leukemia were
among the first to be treated with CAR T cells, clinical
development in chronic lymphocytic leukemia has lagged
behind that of ALL or non-Hodgkin lymphoma. In chronic
lymphocytic leukemia, the CR rates are lower than in non-
Hodgkin lymphoma (approximately 25% by International
Workshop on Chronic Lymphocytic Leukemia criteria), al-
though, as with non-Hodgkin lymphoma, those remissions
appear to be very durable.29-31 Sustained remissions are
associated with a higher frequency of CD27+CD45RO�

CD8 T cells and with other memory and STAT3-related gene
signatures in the apheresis sample.32 Notably, administra-
tion of the Bruton’s tyrosine kinase inhibitor ibrutinib con-
currently with CAR T cells may improve the CR rates.33,34

In multiple myeloma, a number of modest-sized trials tar-
geting BCMA have been published. The CR rates appear
generally high (45%–86%), and the median progression-
free survival in some of the larger studies is 12 to 15months.
However, with relatively short follow-up, there already ap-
pears to be little evidence of a survival plateau.35-38 A novel
angle is being pursued using nonviral (transposon/transposase-
based) transduction in a process that results in a relative
enrichment for T-stemmemory cells, leading to slower T-cell

PRACTICAL APPLICATIONS

• Clinical data have led to the regulatory ap-
provals of CAR T cells for B-cell malignancies
and multiple myeloma.

• Extensive clinical experience with CAR T cells in
lymphoid malignancies provides an important
context in which to place the future develop-
ment of CAR T cells for other diseases.

• The toxicity profile associated with CAR T cells is
now well understood and appears broadly
similar between different products. The man-
agement of cytokine release syndrome is data
driven, whereas the management of immune
effector cell–associated neurotoxicity syndrome
is still poorly standardized.
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expansion kinetics, low rates of CRS, and a 57% overall
response rate after a single administration.39

CD30 is a validated immunotherapy target in Hodgkin
lymphoma. Autologous anti-CD30 CAR T cells in Hodgkin
lymphoma were tested in 41 patients in two different
centers, and the CR rate for the 32 evaluable patients was
59%. Unfortunately, the progression-free survival at 1 year
was 36%.40

Conspicuously absent from the published literature are
trials of CAR T cells against myeloid malignancies. There
are early indications that CAR T cells may have activity
against myeloid malignancies; for example, two of five
patients with acute myeloid leukemia achieved a CR
after infusion of anti-CD123 CAR T cells (published in
abstract form).41 At the time of writing, 24 trials were open
to enrollment worldwide for acute myeloid leukemia,
seven were not yet recruiting, three were terminated, two
were withdrawn, one was active and not recruiting, and
only one was completed. The myeloid targets being
pursued are CD123, CD33, CLEC12A, or NKG2D ligands
using autologous, allogeneic, or universal-donor gene-
edited cells.

OPEN QUESTIONS

Having established the response rates, durability, and some
parameters that are associated with clinical outcomes,
some important questions remain to be addressed.

• Given the occurrence of CD19-negative and CD22-dim
relapses in ALL, should all future CAR T-cell platforms
incorporate multitargeting, and, if so, which targets (likely
CD19 and CD22) should be used and what is the optimal
design for such constructs?

• Can patients be retreated with CAR T cells after failure of
the first infusion? Patients re-treated with axicabtagene
after relapse on ZUMA-1 (aggressive B-cell non-Hodgkin
lymphoma) who had evidence of response to the first
infusion and no evidence of CD19 loss had limited re-
sponse to re-treatment.42 In contrast, patients enrolled in
ZUMA-5 (indolent B-cell non-Hodgkin lymphoma) who
were re-treated according to similar criteria appeared to
benefit from re-treatment.43 These observations are
preliminary and based on a small group of patients and
therefore must be viewed with caution.

• When should patients with non-Hodgkin lymphoma be
referred for CAR T-cell therapy? Retrospective data
suggest a trend to better outcomes if patients receive
CAR T cells earlier (i.e., after two lines of chemotherapy
or after autologous stem cell transplant that followed two
lines of chemotherapy) rather than later (i.e., after at
least three lines of chemotherapy or after receipt of
additional treatment after autologous stem cell trans-
plant).44 In a similar vein, an intent-to-treat retrospective
comparison of CAR T cells or allogeneic hematopoietic
cell transplant for multiply relapsed diffuse large B-cell
lymphoma showed, at 12 months, a significantly lower
nonrelapse mortality (3% vs. 21%, in favor of CAR
T cells; p = .04), whereas differences in relapse rates,
progression-free survival, and overall survival were not
statistically significant.45

• Can CAR T-cell therapy be moved earlier in the treatment
of patients with non-Hodgkin lymphoma? A single-center,
retrospective, observational study compared the outcomes
in 69 patients receiving CAR T cells with 146 historical
controls and showed improved CR, progression-free

TABLE 1. Commercial CAR T-Cell Products

Name Indication

Date of FDA

Approval Manufacturer Trial Data Reported

Tisagenlecleucel Pediatric and young adult (age � 25) R/R acute
lymphoblastic leukemia

August 30, 2017 Novartis Pivotal ELIANA1 and real
world2

Axicabtagene ciloleucel R/R large B-cell lymphoma (DLBCL, PMBCL, high-
grade B-cell lymphoma, transformed FL)

October 18, 2017 Kite Pharma Pivotal ZUMA-13 and real
world4

Tisagenlecleucel Adult R/R DLBCL May 1, 2018 Novartis Pivotal JULIET5 and real
world2

Brexucabtagene
autoleucel

Mantle cell lymphoma July 24, 2020 Kite Pharma Pivotal ZUMA-279

Lisocabtagene
maraleuecel

R/R large B-cell lymphoma February 5, 2021 Juno Therapeutics Pivotal TRANSCEND
NHL00151

Axicabtagene ciloleucel R/R FL March 5, 2021 Kite Pharma Pivotal ZUMA-520

Idecabtagene vicleucel Multiple myeloma March 26, 2021 BMS and Bluebird
Bio

Pivotal KarMMa (not
published)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; FDA, U.S. Food and Drug Administration; FL, follicular lymphoma; PMBCL, primary mediastinal B-cell
lymphoma; R/R, relapsed/refractory.
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survival, and overall survival in favor of CAR T cells.46

This important question will be definitively answered
when results from phase III trials of second-line treat-
ment with axicabtagene, tisagenlecleucel, or lisocabta-
gene versus standard of care (respectively, ZUMA-7,
NCT03391466; BELINDA, NCT03570892; or TRANS-
FORM, NCT03575351) are released. Axicabtagene is
being tested in a phase II, multicenter, open-label, single-
arm study after two cycles of first-line chemoimmuno-
therapy in patients with high-risk large B-cell lymphoma
(ZUMA-12). Preliminary data from this study showed
a CR rate of 74%, underpinned by a higher frequency of
CCR7+CD45RA+ naı̈ve cells.47

• What are the mechanisms and correlates of CAR T-
cell response or failure in multiple myeloma? Compared
with analyses in ALL and non-Hodgkin lymphoma, the
causes of CAR T-cell failure remain relatively opaque to
date, with the exception of several preliminary obser-
vations. T cells derived from patients early in multiple

myeloma therapy exhibit better fitness for CAR T
manufacturing than those derived from patients at
a later stage of the disease.48 Dim expression of BCMA
expression can be mitigated by gamma secretase in-
hibitor therapy, and this approach is now being tested in
a clinical trial (NCT03502577). Notably, one instance
of biallelic loss of BCMA after CAR T-cell therapy was
recently identified, suggesting that, at least in this one
case, BCMA expression was crucial to multiple mye-
loma cell survival.49 CS1-specific CAR T cells are also in
clinical trials (NCT03710421, NCT04142619).

• What will be the role of allogeneic products derived from
healthy donors? Will their obvious advantages (more
streamlined manufacturing and logistics, healthier
T cells) be outweighed by their immunogenicity? This
approach is currently being tested in the setting of CD19,
BCMA, and CD123. What, if any, is the advantage of
using effector cells other than α/β T cells (e.g., natural
killer cells, natural killer/T cells, γ/δ T cells)?

TABLE 2. Commercial and Advanced CAR T-Cell Outcomes
Name Reference Patients Responses Survival

Pediatric and Young Adult (£ 25 years) Patients With R/R Acute Lymphoblastic Leukemia

Tisagenlecleucel Pivotal ELIANA1 92 enrolled, 75 treated Per protocol: CR/CRi, 81%
at 3 months

Per protocol: EFS, 50%; OS,
76% (12 months)

Tisagenlecleucel Real world2 255 treated CR, 86% EFS, 52%; OS, 77% (12
months)

R/R Large B-Cell Lymphoma

Axicabtagene
ciloleucel

Pivotal ZUMA-13 111 enrolled, 101 treated ORR, 82%; CR, 58% PFS, 44% (12 months); OS,
52% (18 months)

Axicabtagene
ciloleucel

Real world4 275 treated ORR, 82%; CR, 64% PFS, 45%; OS, 64% (12
months)

Axicabtagene
ciloleucel

Real world50 122 ORR, 70%; CR 50% OS, 57% (12 months)

Tisagenlecleucel Pivotal JULIET5 165 enrolled, 93 treated ORR, 52%; CR, 40% RFS, 65%; OS, 49% (12
months)

Tisagenlecleucel Real world2 155 treated ORR, 62%; CR, 40% PFS, 39%; OS, 71% (6 months)

Lisocabtagene
maraleuecel

Pivotal TRANSCEND
NHL00151

344 apheresed, 269 treated, 256
evaluable for efficacy

ORR, 73%; CR, 53% PFS, 44%; OS, 58% (12
months)

Mantle Cell Lymphoma

Brexucabtagene
autoleucel

Pivotal ZUMA-279 74 enrolled, 68 treated ORR, 93%; CR, 67% PFS, 61%; OS, 83% (12
months)

R/R Follicular Lymphoma

Axicabtagene
ciloleucel

Pivotal ZUMA-520 123 treated (follicular lymphoma
only)

ORR, 94%; CR, 80% PFS, 74%; OS, 93% (12
months)

Multiple Myeloma (BCMA)

Idecabtagene
vicleucel

Pivotal KarMMa115 140 enrolled, 128 treated (dose
escalation)

ORR, 73%; CR, 33%;
MRD-ve, 26%

Median PFS, 8.8 months; OS
78% (12 months)

Abbreviations: CR, complete response; CRi, CR with incomplete hematologic recovery; EFS, event-free survival; MRD-ve, minimal residual disease negative;
ORR, overall response rate; OS, overall survival; PFS, progression-free survival; RFS, relapse-free survival; R/R, relapsed/refractory.
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TABLE 3. Notable Early-Phase Clinical Trials
Name Citation Patients Outcomes Notes

Acute Lymphoblastic Leukemia

CART19 (of defined
subset
composition)

59 29 adults CR, 93% CD8 T cell–mediated anti-CAR
transgene immune responses
were seen in some patients.
Addition of fludarabine to
cyclophosphamide improved
persistence and DFS.

CART19 (of defined
subset
composition)

6 43 pediatric CR, 93% Duration of T-cell persistence was
associated with phenotypic and
functional attributes of the T-cell
product as well as CD19 antigen
load at infusion.

CART19 (long-term
follow-up)

12 53 adults CR, 83%; median EFS, 6.1
months; median OS,
12.9 months

Patients with , 5% marrow blasts
before treatment had improved
remission duration, toxicity profile,
and survival.

CART19 (FHCRC) 13 53 adults CR (MRD-ve), 85% Described factors predictive of EFS
included addition of fludarabine
and subsequent alloHCT.

CART19 (Penn) 14 35 adults, 20 patients optimized
with high-dose fractionated
administration schedule

CR, 33% in low-dose group;
CR, 90% in high-dose
optimized group

Nonrandomized receipt of
subsequent alloHCT associated
with superior EFS.

CART19 (in B-ALL
with high-risk
features)

1 110 adults and children CR, 93%; MRD-ve CR, 87%;
LFS, 58%; OS, 64% (12
months)

LFS and OS were 77% and 79% in
those who received an alloHCT vs.
12% and 32% in those who did not
(nonrandomized).

Low-Affinity CART19
(CARPALL)

116 14 children CR (MRD-ve), 86%; EFS, 46%;
OS, 63% (12 months)

Based on preclinical data showing
superiority of low affinity CD19
binders compared with the
canonical FMC63 clone

CAR19 and CAR22
Coinfusion

15 51 adults and children CR (MRD-ve), 96% Only one antigen-loss relapse (CD19-
ve, CD22 dim)

UCART19 17 7 children, 14 adults CR/CRi, 67%; PFS, 27%; OS,
55% (6 months)

Gene-edited, healthy, donor-derived
alloCART; responses only seen in
patients receiving alemtuzumab in
addition to FluCy lymphodepletion.

Nonviral CIK CAR19 117 13 adults and children CR in six of seven patients
receiving . 3 � 106/kg dose

Nonviral (transposon/transposase)
system

CART-22 16 58 children and young adults CR, 70%; median OS,
13.4 months

Of 58 patients, 51 had received prior
anti-CD19 therapy. HLH-like
manifestations seen in 33% of
patients.

R/R Large B-Cell Lymphoma

CART19 (long-term
follow-up)

118 43 (DLBCL, PMBCL, FL, and CLL) Median EFS, 55 months DOR lasting . 3 years occurred in
51% of treatments. Remissions of
up to 9 years are ongoing.

CART19 (after
autoSCT)

119 15 PFS, 30% (2 years) High rates of CRS and ICANS

Nonviral CART19
(after autoSCT)

120 7 PFS, 71%; OS, 86% (5 years) Nonviral (transposon/transposase)
system

Tandem CAR19/20
China

28 33 ORR, 79%; CR, 71%; PFS,
64% (12 months)

Dual-expressing tandemCAR system

(Continued on following page)
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TABLE 3. Notable Early-Phase Clinical Trials (Continued)
Name Citation Patients Outcomes Notes

Tandem CAR19/20
United States

121 22 (NHL and CLL) ORR, 82%; CR, 64% Dual-expressing CAR system; dose
escalation trial, CR 92% at the
optimal dose

CB-Derived NK
CAR19

27 11 (NHL and CLL) ORR, 73%; CR, 64% NK cells were manufactured from
cord blood stem cells. Transgene
included an IL-15 secretion
system and an inducible caspase
9 suicide switch.

Chronic Lymphocytic Leukemia

CART-19 (MSKCC) 30 16 treated, 12 evaluable CR, 25% Of the three patients who achieved
a CR, two were on ibrutinib at
leukapheresis and infusion.

CART-19 (Penn) 31 38 treated, 32 evaluable ORR, 44%; CR, 28%; median
PFS, 1 month; median OS,
64 months

Randomized to low or high dose of
CAR T cells, with no significant
difference in outcome.

CART19 (concurrent
with ibrutinib;
FHCRC)

34 19 ORR, 83%; CR (MRD-ve),
61%; PFS, 38% (1 year)

Low CRS severity

Multiple Myeloma

NCI 35 16 ORR, 81%; CR/VGPR, 63%;
median EFS, 31 weeks

BCMA expression variable; loss of
BCMA found in one patient.

Penn 122 25 dose escalation ORR, 48%; median DOR,
125 days

Residual MM cells had decreased
BCMA expression in responders.

Bb2121 36 33 ORR, 85%; CR, 45%; median
PFS, 11.8 months

Dose escalation from 50 to 800� 106

CAR T cells. CAR T-cell
persistence up to 1 year in some
patients

Legend LCAR-B38M 37 57 ORR, 88%; CR, 68%; median
PFS, 15 months

CAR directed against two distinct
epitopes on BCMA

JNJ-4528 (LCAR-
B38M)

CARTITUDE-1
(unpublished)

29 ORR, 100%; sCR, 86% PFS 86% (9 months)

Myeloid Malignancies

NKG2D (CYAD-01) 123 7 ORR, 0% Dose escalation; NCT03018405 is
a follow up dose-escalation study

CAR33 124 1 PR Case report

CAR123 125 1 Case report

CAR123 41 7 CR in 2/5 patients receiving 2�
108 CAR T-cells

Abstract

Hodgkin Lymphoma

Anti-CD30 CAR 40 41; 32 evaluable for response ORR, 72%; CR, 59%; PFS,
36%; OS, 94% (1 year)

First large trial of CAR T cells for HL

Abbreviations: alloCART, allogenic CAR T cell; alloHCT, allogeneic hematopoietic cell transplant; B-ALL, B-cell acute lymphoblastic leukemia; CD19-ve,
CD19 negative; CLL, chronic lymphocytic leukemia; CR, complete response; CRi, CR with incomplete hematologic recovery; CRS, cytokine release syndrome;
DFS, disease-free survival; dim, diminished; DLBCL, diffiuse large B-cell lymphoma; DOR, duration of response; EFS, event-free survival; FL, follicular
lymphoma; FluCy, fludarabine/cyclophosphamide; HL, Hodgkin lymphoma; HLH, hemophagocytic lymphohistiocytosis; ICANS, immune cell–associated
neurotoxicity syndrome; LFS, leukemia-free survival; MM, multiple myeloma; MRD-ve, minimal residual disease negative; NK, natural killer; ORR, overall
response rate; OS, overall survival; PFS, progression-free survival; PMBCL, primary mediastinal B-cell lymphoma; PR, partial response; R/R, relapsing/
remitting; sCR, stringent complete response; SCT, stem cell transplant; VGPR, very good partial response.
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MECHANISMS AND MANAGEMENT OF SHORT- AND
LONG-TERM CAR T-CELL TOXICITIES

Short-Term Toxicities of CAR T-Cell Therapy

Cytokine release syndrome and neurologic toxicity: clinical
presentation, risk factors, and grading Cytokine release
syndrome (CRS) and neurologic toxicity, also known as immune
effector cell–associated neurotoxicity syndrome, are considered
the main barriers to widespread use of CAR T-cell therapy.
Constitutional symptoms and signs associated with CRS include
high fevers, chills, rigors, sinus tachycardia, myalgias, and fa-
tigue. More severe toxicities, such as hypotension, hypoxia,
arrythmias, depressed cardiac ejection fraction, and other
end organ dysfunction, may also occur. Intensive care is
needed for toxicity management in an estimated 7% to 47% of
patients treated receiving commercially available CAR T-cell
products.1,50,51 Organ toxicities associated with CRS include
reversible renal insufficiency, elevation of hepatic enzymes,
electrolyte depletion, cytopenias, and coagulopathy. Neurologic
toxicity presents in diverse ways, with severity ranging frommild
hand tremors or subtle language deficits to aphasia, seizures,
and obtundation. Cerebral edema has been reported after CAR
T-cell therapy in association with severe neurologico toxicity.52,53

Frequencies of reported toxicities of commercially available CAR
T-cell products are summarized in Table 4. Neurologic toxicity
almost always occurs after the onset of fever, although delayed
instances have been reported.7,54,55 However, CART-cell toxicity
management has improved with time, with an increased un-
derstanding of the underlying drivers, and with wider use of
tocilizumab and corticosteroids.

Although CAR T-cell expansion is necessary for anti-
malignancy efficacy and is considered a biomarker of re-
sponse, increased peak CAR T-cell levels have also been
associated with an increased risk of CRS and neurologic
toxicity. Many serum cytokines and inflammatory proteins
have been implicated in the etiology of CRS and neurologic
toxicity, although different proteins have been reported for
different CAR T-cell products. These proteins include tumor
necrosis factor-α, interferon-γ, IL-2, granzyme B, and
granulocyte macrophage colony stimulating factor, which
may be produced by the CAR T cells themselves upon
interaction with the target antigen; IL-1, IL-6, IL-8, IL-10,
IL-5, interferon-γ–induced protein 10, monocyte chemo-
attractant protein-1, macrophage inflammatory protein-α,
and nitric oxide, produced by downstreammyeloid cells and
bystander cells; and ANG2 and von Willebrand factor,
produced by activated endothelial cells.1,54,56-58 The acute-
phase reactants ferritin and C-reactive protein are elevated
during CRS and can be tracked using readily available
laboratory assays. For any given CAR T-cell product, higher
cell doses, variations in cell processing techniques, and
addition of fludarabine to cyclophosphamide as condi-
tioning chemotherapy may increase the risk of toxicity,

although these regimens may also increase the anti-
malignancy response.16,59-61 The burden of bone marrow
involvement with malignancy has been associated with an
increased risk of severe CRS for patients with ALL or non-
Hodgkin lymphoma.61 Both bone marrow malignancy
burden for patients with ALL and lymph node disease
burden in patients with diffuse large B-cell lymphoma
have been associated with a greater risk of severe neuro-
logic toxicity.24,54 Elevated markers of endothelial activation
and disseminated intravascular coagulation have been
associated with severe CRS and neurologic toxicity.54,61,62

The CAR structure has been implicated in the risk for
toxicity, with an earlier onset of toxicity and a greater risk of
neurologic toxicity reported with CAR constructs that have
a CD28 costimulatory domain.63 Variations in the hinge and
transmembrane domains have affected rates of neurologic
toxicity, demonstrating that multiple aspects of the CAR
structure affect cytokine production and toxicity.55,64

Multiple grading scales for CRS and neurologic toxicity have
been published,12,63,65,66 most recently the American So-
ciety for Transplantation and Cellular Therapy (i.e., ASTCT)
grading scale described by Lee et al,67 which has been
increasingly adopted (Table 5). The use of differing grading
systems in clinical trials evaluating the currently commer-
cially available CAR T-cell products makes comparing the
toxicity profiles of each product challenging. The ASTCT
grading system of CRS has the benefit of being a sim-
plified, user-friendly system that primarily incorporates
hemodynamic and respiratory status. It is worth noting
that this system does not capture other end organ tox-
icities. Similarly, the use of the Common Terminology
Criteria for Adverse Events, CARTOX CRES grading sys-
tem, and the immune effector cell–associated neuro-
toxicity syndrome grading systems may yield differing
results in the grading of neurologic toxicity.63,67,68 The
immune cell–associated neurotoxicity syndrome system
is increasingly used.

Management of cytokine release syndrome Supportive care
for patients experiencing CRS includes the management of
constitutional symptoms, typically with antipyretics, fluid
resuscitation as needed for insensible losses, and moni-
toring for hemodynamic changes. Patients who receive
a CAR T-cell infusion on an outpatient basis and become
febrile or develop new neurologic symptoms should be
hospital ized for monitoring.69,70 Supportive care for
hospitalized patients after CAR T-cell infusion is summa-
rized in Table 6. Because tumor lysis syndrome has been
observed after CAR T-cell infusion71,72 even in the absence
of chemotherapy,72 prophylactic use of allopurinol and
hydration should be used in patients with a higher disease
burden. Cytopenias occurring in the first month after CAR
T-cell infusion are common and are at least in part related to
conditioning chemotherapy. However, the CAR T cells may
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exert a myelosuppressive effect, as cytopenias in the ab-
sence of chemotherapy have been observed,72 and the
duration of cytopenias appears to be associated with the
severity of CRS.61,73 Timing of growth factor support for
neutropenia is controversial, because growth factors have
a hypothetical risk of worsening CRS, but neutropenia
carries a clear risk for infection. Administration of gran-
ulocyte macrophage colony stimulating factor is contra-
indicated after CAR T-cell infusion because of the risk of
worsening CRS.70 Delaying growth factor support with fil-
grastim or pegfilgrastim for 3 weeks after CAR T-cell infusion
and until resolution of CRS has been recommended,70,74 but
the approach must be tailored to the risk of infection in the
individual patient. Although coagulopathy is a common
finding during severe CRS, major hemorrhage is infrequent.
Monitoring and replacement of fibrinogen may be especially
important in the setting of grade 3 to 4 CRS, in which severe
hypofibrinogenemia has been described.75

The role of anticytokine and corticosteroid therapy for CRS is
continually evolving. Tocilizumab, a monoclonal antibody
targeting the IL-6 receptor, is approved by the U.S. Food and
Drug Administration for CRS mediated by immune effector
cell therapy and is the most commonly given first-line agent
for CRS. Corticosteroids are usually reserved for second-line
therapy,63 as per early observations of decreased CAR T-cell
expansion after high-dose corticosteroid therapy.76 There
are no universally agreed upon thresholds for administration
of anticytokine or corticosteroid therapy in the absence of
large randomized trials. Approaches include administering
tocilizumab for a predefined list of hemodynamic changes
and organ toxicities69,77 or administration on the basis of
CRS grade,56,63,77 followed by corticosteroid therapy for
refractory CRS. Consideration of tocilizumab in cases of

grade 2 CRS by ASTCT criteria,72 with strong consideration
given for grade 3 CRS, has been recommended by multiple
groups.56,70 Tocilizumab use has been suggested in cases of
persistent fevers refractory to antipyretics.63 However, there
is general agreement that organ toxicities and comorbidities
of the individual patient should inform decisions about
tocilizumab administration. Retrospective analyses of clin-
ical results for axicabtagene ciloleucel3 and brexucabtagene
autoleucel78 have shown no clear difference in response
rates for patients receiving tocilizumab or corticosteroid
therapy for toxicity compared with patients who did not
receive these agents; however, greater cumulative doses of
corticosteroids, more prolonged duration of use, and earlier
use may have deleterious effects on survival outcomes after
axicabtagene ciloleucel.79 Prospective studies have been
performed to evaluate various early intervention strategies in
small numbers of patients (Table 7). Pre-emptive strategies
of administering tocilizumab and/or low-dose corticoste-
roids for lower grades of CRS compared with various in-
stitutional standard approaches have yielded lower rates of
severe CRS without clear effects on CAR T-cell expansion or
worsening of neurologic toxicity.80-82 Similarly, prophylactic
tocilizumab, given at a defined time interval regardless of
toxicity, appears to decrease severe CRS without a clear
increase in neurologic toxicity83,84 or changes in CAR T-cell
expansion.84 Early administration of tocilizumab and/or
corticosteroids appears not to decrease response rates or
duration,80-82,84 although no firm conclusions can be drawn
from these small sample sizes and nonrandomized designs.

Clinical trial experience with alternative pharmacologic agents
to manage CRS remains limited. Siltuximab, anakinra,
and etanercept have been used in cases of tocilizumab-
refractory CRS, but their optimal use in relation to

TABLE 5. American Society for Transplantation and Cellular Therapy Consensus Cytokine Release Syndrome Grading
Parameter Grade 1 Grade 2 Grade 3 Grade 4

Fever* Temperature �
38°C

Temperature � 38°C Temperature � 38°C Temperature � 38°C

With

Hypotension None Not requiring vasopressors Requiring vasopressors with or without
vasopressin

Requiring multiple vasopressors
(excluding vasopressin)

And/Or**

Hypoxia None Requiring low-flow† nasal
cannula or blow-by

Requiring high-flow† nasal cannula,
facemask, nonrebreather mask, or
Venturi mask

Requiring positive pressure (e.g., CPAP,
BiPAP, intubation and mechanical
ventilation)

Abbreviations: BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; CRS, cytokine release syndrome.
*Fever: defined as temperature� 38°C not attributable to any other cause. Fever is no longer required to grade subsequent CRS severity in patients who have
CRS and then receive antipyretic or anticytokine therapy. In these cases, CRS grading is determined by hypotension and/or hypoxia.
**CRS grading is determined by the more severe event: hypotension or hypoxia not attributable to other cause.
†Low-flow nasal cannula is defined as oxygen delivery at � 6 L/min. Low flow also includes blow-by oxygen delivery. High-flow nasal cannula is defined as
oxygen delivery . 6 L/min.
Adapted from Lee et al.65 Reproduced under the Creative Commons Attribution-NonCommercial-No Derivatives License (CC BY NC ND).
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TABLE 6. Supportive Care After CAR T-Cell Infusion
Toxicity Type Monitoring and Supportive Care*

Fever and Constitutional Changes Baseline and daily CRP, LDH, and ferritin; consider monitoring CPK in cases of high fevers

Acetaminophen for symptom control

NSAIDs should be avoided in renal impairment, thrombocytopenia, and coagulopathy

Cooling blankets/ice packs may be needed for high fevers

Judicious use of IV fluids to balance insensible losses; monitor for developing hypoxia

Cardiovascular Baseline echocardiogram or MUGA before CAR T-cell therapy

Vital sign monitoring every 2–4 hours in hospitalized patients

Cardiac monitoring for patients with tachycardia or hypotension

ECG and echocardiogram for patients with persistent tachycardia or hypotension requiring
vasopressors

Initial treatment of mild hypotension with bolus IV fluids

Consider early ICU transfer for worsening hypotension

Consider early transition to vasopressors for hypotension to avoid worsening capillary leak to due
volume resuscitation

Standard anti-arrhythmic therapy for arrythmias; caution use of beta blockers in patients with
hypotension

Pulmonary Continuous pulse oximetry if changes in respiratory status

Chest x-ray and/or chest CT to evaluate new hypoxia

Supplemental oxygen if needed

Consider early ICU transfer for worsening hypoxia or increased work of breathing

Renal Creatinine and electrolyte panel, including magnesium and phosphorus, and a uric acid level at least
daily

Aggressive electrolyte repletion for hypokalemia, hypophosphatemia, hypomagnesemia, and
hypocalcemia

Consider allopurinol +/� IV fluid support for tumor lysis syndrome prophylaxis for patients with high
disease burden

Aggressive hydration and rasburicase for confirmed tumor lysis syndrome

Gastrointestinal Standard anti-emetics for nausea; avoid corticosteroids

Evaluate diarrhea for infectious etiologies

Infection Risk Baseline testing for Hepatitis B, Hepatitis C, HIV, and CMV

SARS-CoV-2 testing before lymphodepletion chemotherapy

HSV/VZV and PJP prophylaxis for at least 6 months after cell infusion

Consider fungal and/or gram-negative bacterial prophylaxis for severe or prolonged neutropenia,
prolonged corticosteroid use

Pharmacologic HBV prophylaxis in patients with detectable HBV DNA, HBsAg+, or HBcAb+

Blood and urine cultures in febrile patients

Empirical broad spectrum antibiotics for patients with fever and neutropenia

Cytopenias At least daily CBC with differential

Transfusion support as needed. Suggested goals of hemoglobin � 8 g/dL and platelets � 20 k/mL for
febrile patients

Avoid corticosteroids for transfusion premedication

The timeline for filgrastim support for neutropenia is controversial

Coagulopathy At least daily PT/INR, aPTT, D-Dimer, fibrinogen in patients experiencing CRS

FFP and cryoprecipitate as needed for coagulopathy or hemorrhage

(Continued on following page)
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corticosteroids remains unknown.1,85,86 Cyclophosphamide,
antithymocyte globulin, and alemtuzumab have been used
for steroid-refractory CRS, but data are limited.1 Other
pharmacologic agents being investigated for CRS pre-
vention or treatment include JAK/STAT pathway targeting
agents, such as itacitinib (NCT04071366).87-89

Hemophagocytic lymphohistiocytosis is an infrequent com-
plication of CAR T-cell therapy. It is unclear whether
hemophagocytic lymphohistiocytosis is a distinct entity with
its own pathophysiology or a manifestation of severe CRS.
Suggested criteria for CAR T-cell–related hemophagocytic
lymphohistiocytosis are a peak serum ferritin level of more
than 10,000 ng/mL and at least two additional criteria re-
lated to renal, hepatic, and pulmonary function and/or
bone marrow findings (Table 6).63 First-line treatment of
hemophagocytic lymphohistiocytosis is treatment of con-
current CRS or neurologic toxicity with tocilizumab and/or
corticosteroids. Etoposide has been used in instances of
lack of response to tocilizumab and corticosteroids. Suc-
cessful treatment of hemophagocytic lymphohistiocytosis

with anakinra has been reported, although data are
limited.16

Management of neurologic toxicity Monitoring of neurologic
status after CAR T-cell infusion is essential for early rec-
ognition and management of neurologic toxicity. Hospital-
ized patients should have a neurologic assessment at least
daily—including a neurologic physical examination and an
immune effector cell–associated encephalopathy67 score or
Cornell assessment of pediatric delirium score67—or more
frequently if neurologic toxicity is present. A brain MRI may
be helpful to evaluate neurologic toxicity if the patient’s
hemodynamic stability and airway status do not preclude
MRI, especially in severe cases in which the finding of
cerebral edema may influence the escalation of cortico-
steroid therapy. Lumbar puncture may assist in the eval-
uation of other etiologies of mental status changes, such as
infections, and for measurement of opening pressure.
However, thrombocytopenia, coagulopathy, and crit-
ical illness may preclude the procedure. Evaluation by

TABLE 6. Supportive Care After CAR T-Cell Infusion (Continued)
Toxicity Type Monitoring and Supportive Care*

HLH If suspected, consider evaluation with bone marrow biopsy, fibrinogen, triglycerides, and soluble CD25
level.

Diagnosis requires ferritin . 10,000 ng/mL and at least two of the following:

• Grade � 3 bilirubin, AST or ALT increase

• Grade � 3 creatinine increase, or oliguria

• Grade � 3 pulmonary edema

• Presence of histologic hemophagocytosis in bone marrow or organs

First-line therapy is treating CRS with tocilizumab +/� corticosteroids and ICANS with corticosteroids

Consider etoposide in refractory cases

Neurologic Toxicity Baseline neurologic exam and ICE or CAPD score

Serial ICE or CAPD score at least daily, more frequently if NT present

Consider prophylactic anti-epileptic medications

MRI brain to evaluate moderate to severe neurologic toxicity if feasible

Lumbar puncture may be helpful to rule out infectious etiologies of altered mental status but may be
precluded by thrombocytopenia or coagulopathy

EEG if occult seizures suspected

Consider consultation with a neurologist if ICANS present

Treatment of any seizures with anti-epileptic therapy and corticosteroids

Abbreviations: ALT:,Alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; CAPD, Cornell
Assessment of Pediatric Delirium; CBC, complete blood count; CMV, cytomegalovirus; CPK, creatine phosphokinase; CRP, C-reactive protein;
CRS, cytokine release syndrome; ECG, electrocardiogram; EEG, electroencephalogram; FFP, fresh frozen plasma; HBcAb+, hepatitis B virus core
antibody positive; HBsAg+, hepatitis B virus surface antigen positive; HBV, hepatitis B virus; HLH, hemophagocytic lymphohistiocytosis; HSV,
herpes simplex virus; ICANS, immune effector cell-associated neurotoxicity syndrome; ICE, immune effector cell-associated encephalopathy; ICU,
intensive care unit; IV, intravenous; LDH, lactate dehydrogenase; MUGA, multigated acquisition scan; NSAIDs, nonsteroidal anti-inflammatory
drugs; NT, neurologic toxicity; PJP, Pneumocystis jiroveci pneumonia; PT/INR, prothrombin time/international normalized ratio; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2; VZV, varicella zoster virus.
*Some recommendations specific to hospitalized patients.

Gill and Brudno

e256 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



a neurologist may aid in fully assessing neurologic deficits
and tracking changes to the examination over time.

Neurologic toxicity appears less responsive to tocilizumab
than CRS54; therefore, corticosteroids are generally used as
the first-line treatment of neurologic toxicity. The concern
remains that higher cumulative doses of corticosteroids may
impact CAR T-cell efficacy.79 Optimum thresholds and
timing of corticosteroid therapy are not established, al-
though consideration of corticosteroids therapy for grade 2
immune effector cell–associated neurotoxicity syndrome
and strong consideration of corticosteroids for grade 3 to 4
immune cell–associated neurotoxicity syndrome have been
suggested.70 In a safety cohort of ZUMA-1, early cortico-
steroid use after axicabtagene ciloleucel to address grade 1
neurologic toxicity appeared to decrease the frequency of
grade 3 or greater neurologic toxicity without compromising
efficacy in a small number of patients,81 but additional
investigation is needed. Anakinra has been shown to have
preclinical efficacy in treating neurologic toxicity,90 with
limited evidence of clinical efficacy,91 although its place in
a toxicity algorithm and whether it could contribute to
a steroid-sparing approach are unknown. There is no de-
fined optimal second-line therapy for steroid-refractory
neurologic toxicity. Use of intrathecal corticosteroids and
chemotherapy has been reported in this setting,92 but more
investigation is needed. Elevated granulocyte macrophage
colony stimulating factor levels are associated with high-
grade neurologic toxicity, so prophylactic use of the gran-
ulocyte macrophage colony stimulating factor neutralizing
antibody lenzilumab to prevent neurologic toxicity and CRS
is being investigated.93 The optimal CAR T-cell design to
minimize toxicity, including the integration of suicide genes
and pharmacologic on/off switches, is an area of active
research.87,88,94-96

Long-Term Toxicities of CAR T-Cell Therapy

B-cell aplasia, hypogammaglobulinemia, and infections
Depletion of normal B cells and normal plasma cells is an
expected toxicity of anti-CD19 and anti-BCMA CAR T-cell
therapies, respectively. B-cell depletion has also been re-
ported after anti-CD22 CART-cell therapy.97 The resulting
hypogammaglobulinemia can be addressed with re-
placement immunoglobulin therapy. Suggested thresholds
for administering immunoglobulin replacement therapy
are generally an immunoglobulin G level of less than
400–500 g/dL or the presence of serious or recurrent
infection.70,98 Return of normal B-cell populations has
been described in patients receiving anti-C19 CAR T-cell
therapy for non-Hodgkin lymphoma,5,99 although de-
tectable B cells more often appears to be a harbinger of
relapse in pediatric and young adult patients receiving
tisagenlecleucel for B-cell ALL.1,7

Multiple factors may contribute to risk of infection in patients
after CAR T-cell therapy. These include depletion of normal
B cells or plasma cells caused by direct effect of the CAR
T cells, lymphocyte and granulocyte depletion caused by
conditioning chemotherapy, anticytokine or corticosteroid
therapies given for CRS or neurologic toxicity, and immu-
nocompromise caused by the patient’s underlying malig-
nancy. Deaths from infection have been reported after CAR
T-cell therapy, and bacterial, viral, and fungal infections
have been observed.16,71,100-103 More severe CRS has been
associated with a greater risk of infection in the acute
setting.101,102 The first 28 days after cell infusion may harbor
a greater risk of infection than subsequent days, but late
infections do occur.101,104 Cytomegalovirus reactivation has
occurred after CAR T-cell therapy78,101 and is especially
a concern after allogeneic off-the-shelf CAR T-cell therapy if
anti-CD52 antibody therapy is given to decrease the risk of
cell rejection. In a clinical trial of the allogeneic UCART19
product, in which alemtuzumab was administered before
CAR T-cell infusion, 24% of patients experienced grade 3 or
higher viral infections, including grade 3 cytomegalovirus
reactivation in 4.8%.17 Baseline cytomegalovirus testing and
monitoring of the cytomegalovirus viral load after CAR T-cell
infusion should be performed in this setting and should be
considered in the autologous setting as well, especially if
corticosteroids are given to treat toxicity.103

Lymphodepletion and CAR T-cell therapy should be delayed
if the patient has a serious or uncontrolled active
infection.70,98 Similarly, although some evidence suggests
that CAR T-cell therapy may continue safely with appropri-
ate precautions and planning during the SARS-CoV-2
pandemic,105 SARS-CoV-2 testing should be performed
before conditioning chemotherapy begins, and therapy
should be delayed if infection is found.106 Use of pro-
phylactic acyclovir or valacyclovir for viral infections,
trimethoprim-sulfamethoxazole or an alternative agent for
Pneumocystis jirovecii pneumonia, and antifungal agents in
cases of severe neutropenia or prolonged corticosteroids
have been recommended; gram-negative bacterial pro-
phylaxis can also be considered during periods of
neutropenia.98,103 Recommendations for timing of vacci-
nation for patients who have received anti-CD19 CAR T-cell
therapy are available,98 although the efficacy of vaccination
in these patients has not been prospectively evaluated.

PROLONGED CYTOPENIAS

Prolonged cytopenias of more than a 1-month duration, and
some instances lasting several weeks to months, have been
described after use of CAR T-cell products targeting CD19
and BCMA.1,36,51,73,104,107,108 Grade 3 or higher cytopenias
lasting more than 28 days have been reported in 32% of
patients receiving tisagenlecleucel, and the same rate has
been reported for children and young adults with ALL as for
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adults with diffuse large B-cell lymphoma.1,5 Similarly, grade
3 or higher cytopenias lasting past day 29 were reported in
37% of patients receiving lisocabtagene maraleucel.51

Grade 3 or higher cytopenias lasting greater than 3 months
occurred in 17% of patients with diffuse large B-cell lym-
phoma who received axicabtagene ciloleucel in ZUMA-13

and in 26% of patients receiving brexucabtagene autoleucel
for mantle cell lymphoma.78 The etiology of prolonged mye-
losuppression is not well understood. Possible risk factors
include higher-grade CRS, higher baseline bone marrow in-
volvement with malignancy, lower baseline blood counts, prior
stem cell transplant, and CAR construct.61,73,109,110 Prolonged
cytopenias lastingmore than amonth should be evaluatedwith
bone marrow aspirate and biopsy to rule out progression of
malignancy in bone marrow or myelodysplasia. If no other
etiology is found, management should include close laboratory
monitoring of blood counts, transfusion support, and growth
factor support as needed. Use of the thrombopoietin-receptor
agonist eltrombopag in patients with severe prolonged cyto-
penias has been anecdotally reported,35,110 although whether
the medication induced hematopoietic recovery or recovery
occurred with time is unclear.

GRAFT-VERSUS-HOST DISEASE

Graft-versus-host disease is a potential risk from allogeneic
CAR T-cell therapy. Graft-versus-host disease has been

described with autologous CAR T cells collected from patients
who have full donor engraftment after an allogeneic stem cell
transplant,59,111 after CAR T-cell donor lymphocyte infusions in
patients who had a prior allogeneic stem cell transplant,72 and
after infusion of allogeneic off-the-shelf CAR T products.17

Fortunately, in most cases, graft-versus-host disease was
infrequent, occurring at a rate of 0% to 10%.7,17,59,72,111-114

Graft-versus-host disease was manageable in the setting of
recipients who had no or minimal graft-versus-host disease
at baseline. Patient selection is important in these scenarios,
because severe or uncontrolled baseline graft-versus-host
disease in recipients of a prior allogeneic stem cell trans-
plant may preclude CAR T-cell therapy.

SUMMARY

The therapeutic arsenal of CAR T cells for hematologic
malignancies is growing rapidly. As experience accrues
from clinical trials and from the real world, the next chal-
lenge will be to learn, in a systematic and rigorous manner,
the appropriate place of CAR T cells among the assortment
of chemotherapy, immunotherapies, and small-molecule
pathway inhibitors available to our patients. The unique
promise of CAR T cells is as a one-and-done treatment
with curative potential because of prolonged immuno-
surveillance, which will likely justify their high initial eco-
nomic and logistic burdens.
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HEMATOLOGIC MALIGNANCIES

Characterize, Optimize, and Harmonize: Caring
for Older Adults With Hematologic Malignancies
Tanya M. Wildes, MD, MSCI,1 and Andrew S. Artz, MD, MS2

overview

With the aging of the population, the number of older adults with hematologic malignancies is growing, and

treatment paradigms for these patients are rapidly evolving. Use of allogeneic stem cell transplant has been

expanding to include septuagenarians but remains a potentially morbid procedure, creating an opportunity for

a geriatric-focused evaluation to improve assessment of the individual’s risk in undergoing the procedure.

Although age alone should not be the sole determinant for transplant eligibility, geriatric assessment often

identifies vulnerabilities that are not captured in assessing performance status and comorbidities alone. Those

vulnerabilities may be optimized in an approach employing three sequential steps: characterize resiliency,

bolster resilience, and harmonize with patient goals. Data are emerging that show that this approach is

associated with lower nonrelapse mortality, shorter length of stay, and better survival after transplant. In older

adults with myeloma, treatment recommendations also aim to balance the expected efficacy and toxicity

profile and incorporate the patient’s goals and preferences. Assessment of frailty allows for more personalized

estimates of risk of toxicity. Currently, the European Myeloma Network currently recommends using the

International Myeloma Working Group frailty scale as a standard approach to defining frail or at-risk pop-

ulations with myeloma. In addition to treatment selection, the care of older adults with myeloma must include

consideration of other issues, including reducing early mortality with antibiotic prophylaxis, polypharmacy,

depression, cognition, and falls. Overall, appreciation of the aging-associated vulnerabilities will allow for the

ultimate personalized care and treatment of older adults with hematologic malignancies.

The incidence of hematologic malignancies increases
with age. Although increasing age is frequently asso-
ciated with adverse outcomes, the heterogeneity of
aging mandates that clinicians consider that chrono-
logic age alone is simply a surrogate for aging-associated
vulnerabilities, and that individualizing cancer treatment
decisions and care requires an understanding of the
ways to operationalize this heterogeneity using concepts
of frailty and geriatric assessment.

Therapeutic trials that have yielded tremendous ad-
vances in treatment often focus on younger patients,
with increasing intensity of therapy aimed at deepening
and prolonging responses. Although some of these
approaches, particularly with newer targeted therapies,
may be well-tolerated by more vulnerable older adults,
other more intense approaches, such as stem cell
transplant, require close evaluation to determine the
individual’s risk in that approach. In this article, we will
cover approaches to the care of older adults with blood
cancers, which includes addressing the presence of
geriatric impairments.

CONCEPTS OF GERIATRICS IN THE ONCOLOGY CLINIC:
GERIATRIC ASSESSMENT AND FRAILTY

Comprehensive geriatric assessment is a multidisci-
plinary systematic approach to the evaluation and

management of “the medical, psychosocial, and
functional capabilities and limitations in order to de-
velop an overall plan for treatment and long-term
follow-up.”1 In general geriatric populations, compre-
hensive geriatric assessment improves outcomes in
community-dwelling and hospitalized older adults.2,3 In
the geriatric oncology literature, to distinguish from the
process of evaluation and subsequent management,
the term geriatric assessment is commonly chosen
when focused on evaluation and identification of do-
mains of impairment.4 In oncology, identification of
geriatric impairments through geriatric assessment has
been shown to improve satisfaction with communi-
cation with providers and reduces toxicity in older
adults with primarily solid tumors.5,6 The domains of
geriatric assessment include physical health (comor-
bidities and their severity, medications), functional
status (activities of daily living and instrumental ac-
tivities of daily living), psychological status (depression/
anxiety and cognition), and social parameters (social
needs/resources and environment).

A distinct but related concept is that of frailty. The
concept of frailty has clear face validity to clinicians but
remains challenging to define rigorously; controversy
remains about the optimal way to operationalize the
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concept in research and practice. A Delphi consensus
panel of experts in the study of frailty did not reach full
consensus on a definition of frailty; however, there was
agreement that frailty was a multisystem clinical syndrome
“characterized by decreased reserve and diminished re-
sistance to stressors” and a dynamic process.7 In geriatrics,
a systematic review revealed 67 different approaches to
operationalizing frailty.8 The two most widely applied ap-
proaches are the phenotypic frailty approach and the ac-
cumulation of deficits approach. The phenotypic frailty
approach comprises five items, including weakness, ex-
haustion, slowing, shrinking, and low activity,9 with patients
being categorized as not frail, intermediate, or frail (alter-
nately, as nonfrail, prefrail, and frail). The accumulation of
deficits approach identifies the number of a range of po-
tential impairments, and does not require specific items. It is
calculated as the quotient of the number of deficits present
divided by the potential number of deficits. The result
ranges between zero and one. Data from a comprehensive
geriatric assessment have been used to calculate a deficits
accumulation frailty index in cohorts of older adults with
cancer.10

Two of the aforementioned facets of the concept of frailty
are specifically salient in the management of hemato-
logic malignancies in older adults. First, the concept of
frailty resulting in decreased resistance to stressors is
relevant when considering the therapeutic options. If we
consider cancer treatment as the stressor, it is relevant to
consider both the magnitude and duration of the
stressor. Second, the concept that frailty is dynamic is
important given the high degree of symptom burden that

often accompanies a diagnosis of a hematologic ma-
lignancy as well as the possibility that it may be re-
versible with intervention and optimization of individual
vulnerabilities.11

TRANSPLANT OPTIMIZATION IN OLDER ADULTS WITH
HEMATOLOGIC MALIGNANCIES: HOW OLD IS TOO OLD?

Age and Aging: When Is a Patient Too Old?

This section is focused on allogeneic hematopoietic cell
transplantation (alloHCT), which may be recommended
when there are higher procedural-related complications
such as nonrelapse mortality, although the concepts
reviewed here could be applied to autologous HCT. Chro-
nologic age is objective and valuable for aggregate data.
However, the heterogeneity of health with aging precludes
a numeric upper age limit to pursue HCT for an individual
patient. In the early 1990s, alloHCT for “older” patients in
their fifth decade of life was bold.12 Thirty years later, the
field has honed attention on patients age 70 or older, with
9% of alloHCT in this age range.13 In “real-world” registry
data, 2-year survival was approximately 38% to 39% for
hematologic malignancies after alloHCT.14-16 Yet, 2-year
nonrelapse mortality rates of one-third, defined as death
after HCT without disease relapse, argue against
complacency.

The ninth decade has been a practical upper age limit with
U.S. registry data, with approximately 0.01% of alloHCTs
(four patients) for this age group from 2008 to 2013.14 The
European registry described no allografts in those age 80 or
older for myelodysplastic syndrome and acute myeloid
leukemia through 2013 to 2014.15,16 In a survey, most
physicians facilitating HCT reported an upper age limit
between age 70 and 80 for reduced-intensity conditioning
alloHCT, although 17.7% described no upper age limit.17

The valid concerns about HCT-associated morbidity, mortality,
and quality of life in older age must always be weighed against
the unremitting course of hematologic malignancies.18,19

Optimization for Hematopoietic Cell Transplantation

Optimization can be broken down into three sequential
steps: characterize resiliency, bolster resilience, and har-
monize with patient goals.

Characterize resilience The hazy recommendation to
consider HCT among “fit” older patients, and not exclude
based on age alone, lacks clarity. In addition to higher rates
of nonrelapse mortality among older adults, geriatric syn-
dromes such as falls and delirium further complicate
alloHCT.20 Nonolder adult alloHCT engenders loss of
function even 3 months after HCT, which may take 1 year to
normalize in survivors.21,22

Restrictive eligibility criteria (e.g., age younger than 70, low
comorbidity) are understandable to attenuate rates of
complications; yet these restrictions preclude HCT for older

PRACTICAL APPLICATIONS

• Geriatric assessment and frailty evaluation aim
to identify deficits that may impact therapeutic
decision-making in older adults with hemato-
logic malignancies and also may be modifiable,
particularly in the transplant setting, when the
treatment may be delayed or deferred to allow
for optimization.

• In the transplant setting, a three-step approach
can be used to (1) characterize vulnerabilities/
resilience, (2) bolster resilience through in-
tervention recommendations, and (3) harmo-
nize the approach with patient preferences.

• In older adults with myeloma, frailty is widely
being assessed using the International Mye-
loma Working Group frailty scale. However, this
scale does not specifically address prevalent
and potentially preventable issues, including
polypharmacy, falls, depression, and cognition.
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patients who appear likely to benefit from it.23,24 Never-
theless, non–age-based institutional HCT criteria remain
important. Further profiling of patient resiliency, usually via
geriatric assessment and/or other fitness testing, adds value
for otherwise eligible older patients. Resiliency reflects the
ability to bounce back from a stressor (in this case, after
HCT).11 Geriatric assessment supplements standard clinical
parameters of performance status, comorbidity by HCT-
comorbidity index, and chronologic age. To appreciate
resiliency, geriatric assessment findings must be contex-
tualized to the proposed HCT plan (e.g., autologous vs.
allogeneic, myeloablative vs. reduced-intensity conditioning
regimen) to inform resilience. Geriatric assessment fre-
quently uncovers health impairments among patients age
50 or older,25 even among those with good performance
status.26,27 Limitations in geriatric assessment–rated func-
tion and cognition track independently with higher non-
relapse mortality after alloHCT.25,28,29 Autografts, especially
for myeloma, have very low rates of nonrelapse mortality for
older adults, though geriatric assessment–defined func-
tional limitations are linked to worse disease-free
survival.30,31 Validated prognostic scores incorporating
geriatric assessment to risk-stratify may emerge soon
(NCT03992352).

Bolster resilience The aging-related changes uncovered by
geriatric assessment can be leveraged to bolster resilience.
Targeting vulnerabilities found by geriatric assessment (e.g.,
limitation in function and cognitive impairment) is recom-
mended in cancer treatment.32 Randomized studies in
medical oncology have demonstrated these approaches
reduce chemotherapy-induced toxicity.6,33,34 Data are now
emerging through approaches customized to the high-
morbidity alloHCT setting.

A prospective quality initiative in Chicago implemented
a geriatric assessment–guided optimization program before
alloHCT among patients age 60 and older.11 Patients com-
pleted a geriatric assessment and the Fried Frailty Phenotype,
followed by a multidisciplinary clinic visit comprising
a transplant physician, geriatrics, dietician, social worker,
physical or occupational therapist, and infectious disease
physician. Provider recommendations entailed further
evaluation and/or optimization tailored both to geriatric
assessment deficits and the proposed HCT (Table 1).
Resiliency-bolstering followed the tenant of “dissimilar re-
dundancy,” a process to minimize critical “failures” through
independent systems. For example, fall avoidance can be
prevented through both physical rehabilitation and care-
giver education on ambulating with a patient. Even patients
without limitations can be optimized by augmenting their
strengths—endurancemay be gained even if good function;
caregiver support can be intensified beyond minimum HCT
requirements; a healthy diet can be proposed even without
weight loss.

The optimization program, compared with historic control
patients undergoing geriatric assessment without a multi-
disciplinary clinic, was associated with lower nonrelapse
mortality, shorter length of stay, fewer admissions to skilled
nursing facilities, and better survival. There appeared to be
a learning curve, with best results in the more modern
period. Feasibility was high; 97% of eligible patients
attended the clinic; 23% of all attendees were age 70 or
older. The same approach applied to autologous HCT was
associated with low 1-year nonrelapse mortality (0%) in
those age 70 or older. A single-center study compared with
historical control should be viewed with caution. Never-
theless, multidisciplinary older adult cancer clinics are more
prevalent.35 Preliminary data from The Ohio State group and
MD Anderson Cancer Center have reported favorable data
without a control in older patients undergoing HCT with
geriatric evaluation and treatment or rehabilitation,
respectively.3637

Continuation Pre-HCT optimization ideally should transition
smoothly to immediately after HCT; unfortunately, pro-
spective post-HCT interventions based on resiliency or
geriatric assessment deficits are lacking. Current data from
the adult HCT population offer the following valuable les-
sons: education alone starting pre-HCT to continue post-
HCT is insufficient to improve quality of life38; randomized
trials of supervised exercise to enhance physical function or
fatigue, primarily after HCT, have had mixed results39; and
the feasibility of supervised exercise pre-HCT can be
challenging.40,41 More positive findings emerged for palli-
ative care for symptom distress initiated at HCT by 6 months
after transplant for patients of all ages.42 These limitations
notwithstanding, communicating the findings and in-
terventions begun pre-HCT to the providers engaged in
immediate treatment after HCT is reasonable.11 Trans-
parency with patients and caregivers (Table 1) may further
help bridge the pre- and post-HCT divide.

Harmonize with patient goals Arming physicians and pa-
tients with a refined understanding of risk based on the dyad
of resilience and proposed HCT promotes shared decision-
making. In the Chicago program, three categories of non-
binding recommendations emerged, fusing resilience to
patient goals: proceed, defer, and decline. Confirming the
advisability of HCT in resilient patients may overcome
equivocation resulting from concerns over older age. Ob-
jective resilience and patient goals also inform dose mod-
ification of preparative regimens, as lowering conditioning
intensity for safety based on older age alone predisposes
patients to relapse in some diseases. In contrast, deferring
HCT in the presence of substantial vulnerabilities that will
impact outcome grants time to optimize problems requiring
a larger investment (e.g., ongoing weight loss) and/or de-
manding specialized testing (e.g., imaging and full cognitive
testing for an abnormal cognitive screen). Reassessment

Wildes and Artz

e268 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



after optimization can illuminate situations where no gains
occur, prompting more meaningful conversations on the
advisability of HCT. In the Chicago program, only approxi-
mately 60% of patients proceeded to autologous HCT or
alloHCT after initial deferral.11,30

Summary

On an individual basis, we should de-emphasize older age
alone as a sole criterion for transplant candidacy as HCT at
least into the eighth decade of life. A systematic approach to
characterizing and bolstering resiliency for HCT in patients
age 60 or older may expand access by avoiding “age-only”
eligibility determinations, improve outcomes, and foster
shared decision-making.

UNIQUE CONSIDERATIONS FOR MANAGEMENT OF MULTIPLE
MYELOMA IN OLDER ADULTS

Tightrope of Treatment: Avoiding Undertreatment and

Overtreatment in Older Adults

Although the efficacy and tolerability of the treatment of
myeloma have, overall, improved survival in patients over
age 65,43 a proportion of older adults with myeloma still
receive no treatment, a proportion that increases with
age.44,45 Only half of patients over age 80 received any
antimyeloma therapy in one study.46 Reasons for non-
treatment are unexplored in the literature, but presumably
center on concerns about toxicity. Conversely, some older
patients may experience increased risk of toxicity with ag-
gressive therapy. Clinicians are challenged to walk the line

between overtreating or undertreating, providing a treat-
ment recommendation with an expected efficacy and tox-
icity profile that harmonizes with the patient’s goals and
preferences.

Over the past 2 decades, there has been a steady pro-
gression of trials establishing first-line therapy options for the
non–transplant eligible population. A 2020 systematic re-
view of clinical trials examining front-line treatment of
transplant-ineligible older adults with myeloma identified 27
phase II and phase III studies.47 This included 23 different
regimens ranging from melphalan and prednisone through
quadruplets incorporating multiple novel agents. This re-
view identified the four most effective regimens with regards
to progression-free survival: bortezomib/melphalan/pred-
nisone/daratumumab,48 daratumumab/lenalidomide/
dexamethasone,49 bortezomib/melphalan/predni-
sone/thalidomide,50 and bortezomib/lenalidomide/
dexamethasone.51 The authors then examined the toxicity
profile of each of the 23 regimens. They concluded that the
balance of efficacy with the toxicity profile was most fa-
vorable for the combination of daratumumab, lenalidomide,
and dexamethasone.

Frailty measures in myeloma As outlined in the introduction,
approaches to categorizing frailty vary. In multiple myeloma,
a number of approaches and measures have been de-
veloped and applied to both clinical trial populations and
real-world populations. These include the International
Myeloma Working Group Frailty Index, which employs age,

TABLE 1. Common Geriatric Impairments and Optimization Hematopoietic Cell Transplantation
GA Limitation Health Care Provider Pre-HCT Intervention Early HCT Continuation

Functional

Impairment

Physical therapist Tailored and safe exercise Safe walking program

Falls Occupational therapist or
geriatrics

Multifactorial risk assessment and
intervention

Educate patient, staff, and caregiver on fall
abatement

Thin Social Support Social worker Pre-HCT meeting to widen caregiver
support

Discrete blocks for selected caregivers

Weight Loss Dietician Address reversible causes Supplements and personalized food choices

Polypharmacy Geriatrician or pharmacist De-prescribe Avoid potentially inappropriate medications

Cognitive

Impairment

Geriatrician or neurologist Further assessment Delirium avoidance protocol

Comorbid Condition Specialist Request “optimization,” not clearance Early specialist follow-up

Any Impairment HCT physician Harmonize patient goals with expected
HCT trajectory

Periodically revisit patient goals post-HCT

Assign provider to coordinate optimization Communicate deficits and optimization to
post-HCT team

Defer HCT until addressed or improved Require caregiver for hospital stay*

Increase frequency and/or duration of follow-
up visits

Abbreviations: GA, geriatric assessment; HCT, hematopoietic cell transplantation.
*Outpatient hematopoietic cell transplantation may be pursued based on program infrastructure.
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comorbidities, and functional status to yield a composite
score that categorizes the patient as fit, intermediate, or
frail. A simplified version of the frailty index has been
developed, which includes age, performance status,
and comorbidities.52 The Revised Myeloma Comorbidity
Index has been developed and validated and in-
corporates performance status, comorbidities, pheno-
typic frailty, and laboratory abnormalities. Importantly,
patients may be categorized differently using different
measures, so stating that a patient is categorized as
“frail” must be qualified with which instrument is
used.53,54 The European Myeloma Network currently
recommends using the International Myeloma Working
Group frailty scale as a standard approach to defining
frail or at-risk populations with myeloma.55 Studies
defining the included population using this frailty scale
are beginning to emerge. Larocca et al56 presented
a study wherein older adults who were categorized as
intermediate-fit were selected for a trial where partici-
pants were randomly assigned to either continuous
lenalidomide/dexamethasone or nine cycles of in-
duction with the same, followed by lenalidomide
maintenance alone. Participants in the lenalidomide
maintenance alone arm had a lower rate of treatment
discontinuation because of adverse events, with similar
progression-free survival.56 Another ground-breaking study
is enrolling patients with myeloma categorized as unfit and
frail to the regimen of daratumumab, ixazomib, and dexa-
methasone.57 Study designs such as these will provide
a solid evidence base for tailoring treatment to the patient’s
level of frailty.

Considerations beyond myeloma management The treat-
ment of older adults with myeloma requires a comprehen-
sive and wholistic approach to their health to minimize the
risk of complications, anticipate intercurrent issues, reduce
early mortality, and ensuremaintenance of quality of life and
independence, and maintain their psychological and cog-
nitive health. Early mortality is a threat to older adults with
myeloma. Rates of early mortality are improving overall, but
remain substantial, with 10% of patients older than age 65
dying within the first 6 months and 18% within the first year
after diagnosis.45,58,59 The most commonly reported causes
of death contributing to early mortality include myeloma,
cardiac causes, infection, and renal failure.58 Given the
frequency of infection and immunodeficient state of in-
dividuals with newly diagnosed multiple myeloma, a ran-
domized trial aimed to reduce the risk of infection with
prophylactic levofloxacin for the first 12 weeks after di-
agnosis. The patients receiving levofloxacin prophylaxis had
a 34% relative reduction in the hazard of febrile episodes or
death (19% vs. 27%). Thus, levofloxacin may reduce the
risk of infection or death in patients with myeloma, though

this benefit must be weighed against the risk of drug-drug
interactions and polypharmacy.

Rates of polypharmacy are exceedingly high in older adults
with cancer in general, and patients with myeloma are no
exception. In geriatrics, taking five or more mediations is
a commonly used cutpoint for defining polypharmacy. In
older adults with myeloma, the median number of medi-
cations is 10.60,61 Polypharmacy increases the risk of
adverse drug reactions and drug-drug interactions. In
addition, medications considered potentially inappropriate
for older adults increase the risk of falls, delirium, hospi-
talization, and even death. The presence of polypharmacy
also increases the risk for poorer adherence to other
medications, of particular concern with orally administered
antimyeloma therapy. In a multivariable analysis of older
adults with myeloma receiving lenalidomide, increasing
the number of concomitant medications was associated
with a decreased medication possession ratio, implying
poorer adherence to lenalidomide.61 Of note, in a recent
study, patients supervised by physician-pharmacist co-
management had lower rates of polypharmacy and took
fewer potentially inappropriate medications, giving insight
into the potential benefit of de-prescribing interventions in
this population.62

Psychosocial wellness is another important and un-
derappreciated burden in older adults with myeloma. In
one study of over 500 older adults with myeloma, 30%
reported symptoms of depression.63 The presence of de-
pression is associated with a sixfold increased risk of poor
adherence to lenalidomide.64 More than one in 10 (12.6%)
people living with myeloma report suicidal ideation.65

Longitudinal assessment of symptoms and quality of life
demonstrate that, although much of the symptom burden
endured by people with myeloma improves over the first
year after diagnosis, depression and anxiety remain largely
static, with approximately 25% of transplant-ineligible older
adults reporting persistent-moderate to severe symptoms of
depression and anxiety.66 This finding implies that these are
not transitory symptoms associated with initial diagnosis,
but psychological comorbidities that persist and are not
adequately controlled. Half of patients with myeloma de-
sired psychosocial interventions, including referrals for
counseling or peer support groups, suggesting that patients
are open to addressing their psychosocial symptoms.67

Falls are another area of particular concern for the treatment
of older adults with multiple myeloma. Although common,
falls are not considered a normal part of aging. Older adults
with myeloma are at even greater risk for falls than matched
control patients without cancer.68 Fatigue, poor overall
health, and depression are all associated with increased rate
of falls in older adults with myeloma. Chemotherapy-
induced peripheral neuropathy increases the risk for falls
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in older adults with cancer.69-71 In older adults with multiple
myeloma, receipt of bortezomib is associated with a 36%
increased risk of falls, presumably mediated via peripheral
neuropathy.72

Finally, the cognitive status of older adults with myeloma is
an underexplored area. One population-level study from
the Swedish cancer registry found that, in a cohort of al-
most 5,000 patients with myeloma, with a median age of
72, only 1.1% carried a diagnosis of dementia.73 This likely
underestimates the proportion of patients with cognitive
impairment, as patients may have cognitive decline without
meeting a diagnosis of dementia. Studies using objective tests
for cognitive impairment have shown that approximately 10%
of older adults with myeloma screen positive for impairment60

and scores worsen slightly after induction.74 In a quality-of-life
analysis of patients enrolled in the MAIA study,49 49.1%
of patients treated with lenalidomide/dexamethasone and
57.3% of patients treated with daratumumab/lenalidomide/
dexamethasone experienced worsening of self-reported
cognitive functioning at any point while receiving treat-
ment, though the duration, persistence, and functional im-
pact of these changes are not reported.75 There is much work
to be done to examine cognition in older adults with myeloma
longitudinally and identify those at greater risk for cognitive
decline.

Summary

Older adults with myeloma now have a number of thera-
peutic options that are relatively well-tolerated, and the
number of older adults who are untreated is thankfully
declining. Incorporating assessment of frailty will aid in
stratifying patients for treatment recommendations. Clinical
attention to prevalent issues in older adults with myeloma,
including polypharmacy, depression, cognition, and falls,
may reduce risk for functional decline and adverse drug
reactions, while improving the patient’s quality of life.

CONCLUSION

The evidence base supporting the utility and benefit of in-
corporating geriatric assessment and evaluation of frailty/
resilience into the treatment of older adults with hematologic
malignancies is growing. This approach arguably should be-
come the standard of care in this population. This is not to
impugn the clinician’s assessment but to recognize the state of
the science, the same way that advances in staging and risk
stratification based on the biology of the hematologic malig-
nancies are incorporated into treatment paradigms once their
prognostic and predictive significance is understood. Appre-
ciation of the aging-associated vulnerabilities in an older adult,
coupled with treatment tailored to the individual’s disease
characteristics, will provide the ultimate personalized care and
treatment of older adults with hematologic malignancies.
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overview

Survival in multiple myeloma has improved greatly during the past 2 decades, but this change has primarily

benefited patients who have standard-risk disease. Patients with high-risk disease remain a challenge to di-

agnose and treat. To improve their clinical outcomes, it is imperative to develop tools to readily identify them and

to provide them with the most effective available treatments. The most widely used stratification system, the

revised International Staging System, incorporates serum β-2 microglobulin, albumin, lactate dehydrogenase,

and high-risk chromosomal abnormalities [del(17p), t(4;14), and t(14;16)]. Recent updates have included

mutational status and chromosome 1q abnormalities. Plasma cell leukemia, extramedullary disease, cir-

culating plasma cells, renal failure, and frailty are also associated with poor outcome. The treatment approach

for a newly diagnosed patient with high-risk multiple myeloma should include induction therapy, autologous

stem cell transplantation if appropriate, andmaintenance therapy. Triplet therapy with a proteasome inhibitor,

immunomodulatory drug, and steroid, with or without an anti-CD38 antibody, should be considered for

induction, along with a proteasome inhibitor and/or immunomodulatory drug for maintenance. Aiming for

a deep and sustained response is important. Similar principles apply at relapse, with close monitoring of

response, especially extramedullary disease and active management of side effects, so that patients can

continue therapy and benefit from treatment. Immune-based therapies, including autologous CAR T-cell–

based therapies and bispecific antibodies, show promising activity in relapsed disease and are being actively

explored in earlier disease settings. As the prognosis for high-risk disease remains poor, the future goal for this

patient group is to develop specific clinical trials to explore novel approaches and therapies efficiently.

Survival in multiple myeloma has improved sub-
stantially during the past 2 decades as a result of novel
treatments. This change has primarily benefited pa-
tients with standard-risk disease, who may experience
long remission periods, whereas prognosis remains
poor for patients with high-risk disease. Most patients
receive the same treatment regimen regardless of their
underlying risk, even though it is widely known that
multiple myeloma is a heterogeneous disease because
of its underlying molecular variation.1-3 It is therefore
imperative to develop tools to readily identify patients
with high-risk disease and to provide these patients
with the most effective available treatments.

DEFINING HIGH-RISK MULTIPLE MYELOMA

Patients with high-risk disease remain a challenge to
diagnose and treat. The definition of high-risk multiple
myeloma has evolved over time to incorporate both
cytogenetic and clinical biomarkers. Multiple risk
stratification tools have attempted to identify patients
with high-risk disease, but the nonuniform application
and interpretation of the biomarkers results in variable
definitions of high-risk disease.4 Stratification tools
tend to split patients into three groups, although the

size of each group, the progression-free survival (PFS),
the overall survival (OS), and the clinical and genetic
heterogeneity within groups vary with each tool.2 This
variance makes it challenging to deliver accurate
prognostic information and to make effective clini-
cal decisions for patients. Additionally, because the
prognosis for high-risk disease is quite poor, the goal is
to develop novel therapies targeted to this high-risk
group. However, lack of consensus on which patients
are defined as high risk makes it difficult to design and
directly compare survival outcomes between risk-
adjusted clinical trials. Therefore, it is important to
establish clear guidelines on high-risk multiple mye-
loma features to improve overall outcomes for these
patients.

The most simple risk stratification approach, the In-
ternational Staging System (ISS), uses two readily
available laboratory parameters: serum β-2 micro-
globulin and serum albumin.5 Elevated serum β-2
microglobulin is associated with reduced renal function
and high tumor volume, whereas low serum albumin
levels are considered secondary to interleukin-6, vari-
ous inflammatory cytokines secreted in the myeloma
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microenvironment, renal status, and general nutritional
status.6,7 ISS classifies patients into three groups (defined in
Table 1), with a median OS of 62 months for stage I,
44 months for stage II, and 29 months for stage III (p ,
.001).5 Notably, patients are well distributed between
groups, with approximately one-third of patients classified
as stage III and high risk. However, intragroup heterogeneity
exists, which makes the ISS not ideal for the basis of a high-
risk treatment decision.

The revised ISS (R-ISS) subsequently incorporated serum
lactate dehydrogenase and high-risk chromosomal abnor-
malities detected by interphase fluorescence in situ hy-
bridization (Table 1).8 It defined high-risk chromosomal
abnormalities as del(17p), t(4;14), and t(14;16), which are
associated with more aggressive disease and shorter sur-
vival.1 High serum lactate dehydrogenase levels are also
associated with shorter survival and may reflect more ag-
gressive disease, high proliferation rate, and/or the presence
of a tumor mass, such as extramedullary and extraosseous
disease.9-11

Notably, the inclusion of lactate dehydrogenase and high-
risk chromosomal abnormalities into the R-ISS changed the
risk category for a select group of patients. For 1,171 pa-
tients who were previously classified as ISS stage I or low
risk, 26% had high-risk chromosomal abnormalities and/or
high lactate dehydrogenase levels, which changed their risk
category to R-ISS stage III or high risk in the new system.
Conversely, for 715 patients with ISS stage III or high-risk
disease, 57% had standard-risk chromosomal abnormali-
ties and normal lactate dehydrogenase levels. According to
the R-ISS, most patients (62%) were classified as stage II or
intermediate risk. Only 10% of patients were considered
R-ISS stage III.8

Given the suspected heterogeneity of the large R-ISS stage II
category, the European Myeloma Network has recently
proposed a new additive scoring system (the R2-ISS) to
better risk-stratify these patients.12 Of note, the new system
also includes 1q copy number alterations, which were not
included in the R-ISS and are a poor prognostic factor in
newly diagnosedmultiple myeloma.13-15 The R2-ISS assigns

PRACTICAL APPLICATIONS

• High-risk multiple myeloma remains a chal-
lenge to diagnose and to treat. It is necessary to
develop tools to readily identify patients with
high-risk disease and to provide them with the
most effective treatments available.

• The revised International Staging System as-
signs risk based on serum β-2 microglobulin,
serum albumin, serum lactate dehydrogenase,
and high-risk chromosomal abnormalities de-
tected by fluorescence in situ hybridization
[del(17p), t(4;14), and t(14;16)]. Other impor-
tant prognostic factors include mutational sta-
tus and chromosome 1q abnormalities.

• Treatment of high-risk, newly diagnosed dis-
ease depends on eligibility for autologous stem
cell transplantation. Treatment with a protea-
some inhibitor, lenalidomide, and dexametha-
sone is recommended, followed by
maintenance (often with a combination of an
immunomodulatory drug and a proteasome
inhibitor) until disease progression occurs. The
addition of daratumumab to a triplet backbone
can also be considered.

• The challenge to managing high-risk relapsed
disease is the decrease in effectiveness
and shorter durability of response with
each successive line of treatment. The
most effective treatments should therefore
be used early rather than reserving them
for later.

• Treatment options for high-risk relapsed dis-
ease include three-drug combinations with
proteasome inhibitors, immunomodulatory
drugs, and anti-CD38 monoclonal antibodies.
Other agents include conventional cytotoxics,
anti-BCMA antibody-drug conjugates, and
XPO1 inhibitors. Newer CAR T-cell therapies,
bispecific antibodies, and novel small mole-
cules look promising.

TABLE 1. Multiple Myeloma Staging According to ISS and R-ISS
Stage ISS R-ISS

I Serum β2M , 3.5 mg/L and serum albumin � 3.5 g/dL ISS stage I, standard-riska CA by iFISH, and normal serum LDH

II Not ISS stage I or III Not ISS stage I or III

III Serum β2M � 5.5 mg/L ISS stage III and either high-riskb CA by iFISH or elevated serum LDH

Abbreviations: ISS, International Staging System; R-ISS, revised International Staging System; β2M, β-2 microglobulin; CA, chromosomal
abnormalities; iFISH, interphase fluorescence in situ hybridization; LDH, lactate dehydrogenase.
aStandard-risk CA: no high-risk CA.
bHigh-risk CA: del(17p), t(4;14), and/or t(14;16).

Caro et al

292 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



a prognostic value to each baseline risk feature: ISS stage II
(1 point), ISS stage III (1.5 points), del(17p) (1 point), high
lactate dehydrogenase (1 point), t(4;14) (1 point), and 1q
copy number alterations (0.5 point). Patients are stratified
into four risk groups according to the total additive score: low
(0 points), low-intermediate (0.5–1 points), intermediate-
high (1.5–2.5 points), and high (3–5 points). Half of the
patients were considered intermediate-high risk (41.2%) or
high risk (8.8%). Additionally, patients classified as stage II
by R-ISS (1,372 patients) were reclassified in R2-ISS as low-
intermediate risk (517 patients), intermediate-high risk (811
patients), and high risk (44 patients), thus demonstrating
the heterogeneity of this large group.12 The R2-ISS must be
confirmed in other data sets, but the incorporation of re-
cently identified prognostic factors (1q copy number al-
terations) and the increased delineation of intermediate-risk
patients are important steps forward.

Much work has been performed to incorporate risk data
obtained from more modern molecular technologies, such
as next-generation sequencing, into these models. The
potential prognostic significance of key myeloma gene
mutations is of particular interest. To identify patients at the
highest risk for early progression, the Multiple Myeloma
Genome Project used a recursive partitioning model for PFS
and OS to identify clinical and genomic markers associated
with risk. The highest-risk patients, labeled as double-hit
and representing 6.1% of all patients, had either biallelic
inactivation of TP53 or ISS stage III with CKS1B amplifi-
cation, which is situated on chromosome 1q. Double-hit
patients, compared with intermediate-risk patients, had
a significantly shorter median PFS (15.4 months vs. 24.4
months; p, .01) and OS (20.7 months vs. not reached; p,
.01).4 Additionally, this analysis highlighted the need to
revise existing risk stratification systems to incorporate new
prognostic information only detected by these technologies.
For example, although deletion of 17p (on which the TP53
gene is located) is considered an adverse risk factor in most
staging systems, its presence alone was not prognostic.
Rather, biallelic inactivation of TP53, as opposed to wild-
type or monoallelic inactivation, significantly drives prog-
nosis (p , .001).4 Similarly, gain(1q) has been associated
with poor outcomes for a long time, but it is notably missing
from the R-ISS.15,16 Although the consensus is that gain(1q)
is a poor prognostic factor, debate exists concerning
whether high copy amplification of chromosome 1 confers
additional prognostic information.17 The analysis by the
Myeloma Genome Project showed that it is important to
distinguish between patients with CKS1B amplification
(defined as � 4 copies) and those with CKS1B gain, given
worse outcomes with the former group (18-month PFS,
60% vs. 71%, p = .06; OS, 73% vs. 88%, p = .08).4 Other
groups have also looked at amp(1q) compared with
gain(1q) and found no additional prognostic effect.18,19

When possible, sequencing panels should be used to de-
tect subtleties in genetic variables to better identify and
define a more homogenous high-risk population.

Gene expression profiling can also be used to identify high-
risk disease and guide therapeutic decisions for patients.
GEP70, initially developed at the University of Arkansas for
Medical Sciences and more recently available as MyPRS, is
a 70-gene prognostic signature that assigns a risk score
for patients with newly diagnosed multiple myeloma. The
estimated 1-year survival was 62% for the high-risk group
and 97% for the low-risk group (p, .0001). Notably, there
was over-representation of genes from chromosome 1
in the high-risk prognostic signature. Nearly 50% of the
underexpressed genes mapped to chromosome 1p, and
30% of the overexpressed genes mapped to chromosome
1q, which suggests that altered transcriptional regulation of
genes mapping to chromosome 1 may contribute to dis-
ease progression.16 The EMC-92-gene signature (marketed
as SKY92 MMprofiler) is another example of gene expres-
sion profiling that identified a subset of patients (21.7%)
with an OS of shorter than 2 years, regardless of transplant
eligibility.20 PROMMIS (NCT02911571) is a prospective,
multicenter study that aims to measure the impact of the
MMprofiler on treatment intention decisions in patients
with multiple myeloma. Preliminary data show that it
influenced 40% of treatment intention decisions in clinical
high-risk disease and 37% in clinical standard-risk dis-
ease.21 Although there is some crossover from the pre-
viously mentioned risk stratification systems in terms of
cytogenetic risk, gene expression profiling identifies ad-
ditional patients at high risk. Unfortunately, it is not widely
available or routinely covered by insurance, but it can
be considered as an adjunct to other risk stratification
systems.

In addition to cytogenetic factors, high-risk multiple mye-
loma may be defined by clinical features, such as plasma
cell leukemia, extramedullary disease, circulating plasma
cells, renal failure, and, more recently, frailty. Plasma cell
leukemia, defined by at least 2,000 circulating plasma cells/
μL and 20% or more plasma cells, is the most aggressive
variant of clonal plasma cell disorders. Even in this era of
novel agents, plasma cell leukemia carries an extremely
poor prognosis. Patients who undergo autologous stem cell
transplantation (ASCT) have a 4-year median PFS of 17%
and an OS of 28%; similarly, patients who undergo allo-
geneic SCT have a 4-year median PFS of 19% and an OS of
31%.22-24 Extramedullary disease, defined as multiple my-
eloma involving soft tissue or viscera in extraosseous lo-
cations at the time of diagnosis, has been shown to be an
independent prognostic factor for OS and PFS.25,26 More
recent work using functional imaging techniques (e.g., PET-
CT, diffusion-weightedMRI) to assess the extent of myeloma
involvement has suggested that, in addition to the site of
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disease, the number, size, and activity of focal lesions have
prognostic significance.27,28 High levels of circulating
plasma cells (� 5 cells/μL) have been known for many years
to be a strong, independent, high-risk factor associated
with shorter PFS and OS.29,30 However, the achievement
of negative status for minimal residual disease (MRD) can
improve poor prognosis in these patients (3-year PFS: 68%
MRD negative vs. 32% MRD positive).31 Renal failure is
commonly seen in patients with newly diagnosed multiple
myeloma; up to 40% of patients present with moderate or
severe renal insufficiency, depending on how it is defined,
and up to 10% of patients require dialysis.32,33 Although
outcomes have improved with novel therapies, severe renal
impairment (creatinine clearance , 30 mL/min) remains
associated with an increased risk of treatment-related tox-
icity and early death.32 Frailty, rather than the patient’s
chronologic age or performance status, has recently been
recognized as a high-risk factor. The International Myeloma
Working Group proposed a frailty scoring system based on
the patient’s age, comorbidities, and functional status. It
found that frailty is an independent predictor of survival,
disease progression, nonhematologic adverse events, and
treatment discontinuation regardless of ISS staging, cyto-
genetic abnormalities, and type of treatment.34 Additional
work in this area has confirmed that, as a patient ages, the
influence of genetic risk on clinical outcome decreases.35

Although most risk stratification systems assess risk at time
of diagnosis, high-risk features may develop later in the
disease course at the time of relapse. Outcomes for relapsed
disease are significantly worse for R-ISS stage III disease,
with a median OS of 4.3, 2.0, and 0.9 years in R-ISS stage I,
II, and III, respectively.36 Acquisition of del(17p) at relapse is
associated with a poor prognosis (median PFS, 5.4 months;
OS, 18.1 months).37 At diagnosis, the fraction of cells with
del(17p) is important for determining risk and interpreting
clinical trials, because the cutoff used for defining del(17p)
has varied from any cell to 60%.38-42 Biallelic inactivation of
TP53 has a very poor prognosis, and gene expression
profiling at time of relapse can also be informative.4,43,44

A shorter duration of response to prior therapy is consistently
a predictor of worse outcomes and can also reliably define
high-risk disease. Indeed, the durability, rather than depth,
of response was more important in a retrospective analysis
of older SWOG trials.45 Patients who experience early re-
lapse after ASCT (� 12 months) had a significantly shorter
median OS (26.6 months vs. 90.7 months; p , .001).46 In
a more recent analysis of several Intergroupe Francophone
du Myelome studies, 18.9% of patients experienced early
relapse (� 18 months from initial therapy).47 Early relapse
was associated with a worse OS, regardless of cytogenetic
risk (HR, 4.4 overall; HR, 2.05 for high risk). Although high-
risk cytogenetics, defined as del(17p) or t(4;14), were more
common in patients with early relapse (33%), a substantial

proportion of early-relapsing disease (67%) had standard-
risk cytogenetics. The Myeloma XI trial similarly showed
a shorter median OS in patients who experienced relapse
within 12 months of ASCT (26 months vs. 91 months);
28.2% of these patients with early relapse had standard-risk
cytogenetics.48 Worse outcomes for patients with early re-
lapse also occur during subsequent therapies. For example,
in the ENDEAVOR trial that compared carfilzomib with
bortezomib, the median PFS for early relapse (� 1 year after
the start of most recent line of therapy) was 13.9 months
versus 5.7 months for carfilzomib versus bortezomib,
compared with 22.2 months versus 10.2 months for the
respective treatments in the late-relapse cohort.49-51

Similarly, the type of relapse is important for risk assessment.
Intuitively, patients with a clinical relapse (e.g., worsening
renal function or new bone lesions) have worse outcomes
than patients with a biochemical relapse, in whom relapse
manifests only as an increase in monoclonal proteins.52,53 In
the ENDEAVOR trial, the outcomes in the biochemical relapse
cohort (12.6%of patients) were significantly better (median PFS
not reached with carfilzomib vs. 13.7 months with bortezomib;
HR, 0.462; 95% CI, 0.232–0.922) compared with patients with
symptomatic relapse (17.7 months vs. 8.8 months; HR, 0.539;
95%CI, 0.439–0.662).53 Extramedullary disease, inwhich there
is increased frequency of TP53 deletion at the extramedullary
site, is also considered high risk.25,54 In one case series, new
extramedullary relapse occurred in14%of patients at the timeof
progression, and the median OS after extramedullary relapse
was short (5 months).55 A manifestation of extramedullary
disease is circulating plasma cells and, by extension, plasmacell
leukemia. In an older series of secondary plasma cell leukemia,
the median OS was only 1.3 months.56 Actively relapsing dis-
ease with at least 100 circulating plasma cells per 150,000
events by flow cytometry had a median OS of 12 months,
compared with 33 months in patients with fewer than 100
circulating plasma cells.57

The definition of risk in multiple myeloma continues to evolve
as additional prognostic markers are identified and new
treatments are introduced. As discussed in later sections,
recent data suggest that more dynamic assessment could be
considered, including response to therapy, resolution of im-
aging findings, and the presence of MRD. Integration of these
findings into clinical practice can take time, necessitating the
development of a multiparametric risk score that can easily
incorporate high-risk cytogenetic and clinical features as they
are identified (Fig. 1). Furthermore, it is important for providers
to incorporate these biomarkers into the routine diagnostic
workup to optimize treatment decisions.

TREATMENT OF HIGH-RISK, NEWLY DIAGNOSED
MULTIPLE MYELOMA

The overall treatment approach for a patient with high-
risk, newly diagnosed multiple myeloma should include
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induction therapy, ASCT if appropriate, and maintenance
therapy, with each component being individualized to the
patient. Until recently, patients with high-risk disease were
included in phase III clinical trials, although they usually
constituted less than 15% of all participants and were
analyzed ad-hoc as a subgroup. As a result, patients with
high-risk disease have historically received the same
treatment as patients at standard risk with suboptimal
outcomes. More recently, risk-adapted clinical trials (e.g.,
SWOG-1211 for high-risk disease and ENDURANCE for
standard-risk disease) have been developed to help opti-
mize therapy selection.58,59

The lack of randomized evidence has resulted in variability
of recommendations for high-risk, newly diagnosed multiple
myeloma. The National Comprehensive Cancer Network
does not suggest a specific preferred regimen for high-risk,
newly diagnosed multiple myeloma and recommends dif-
ferent regimens according to transplant eligibility.60 The
International Myeloma Working Group recommends triplet
induction therapy with a proteasome inhibitor, lenalidomide,
and dexamethasone, followed by ASCT, because studies

have shown that lenalidomide and bortezomib can help
overcome some high-risk features. The International Mye-
loma Working Group recommends against thalidomide use
and suggests that pomalidomide can overcome some high-
risk multiple myeloma features, although it is only approved
in the United States for relapsed/refractory disease.1 The
mSMART (Stratification for Myeloma and Risk-Adapted
Therapy) guidelines recommend VRd (bortezomib, lenali-
domide, and dexamethasone) for 1 year in patients with
newly diagnosed multiple myeloma and t(4;14), t(14;16),
t(14;20), or del (17p) who are ineligible for transplantation,
followed by bortezomib-based maintenance until progres-
sion or intolerance develops. For patients who are eligible for
transplantation, four cycles of daratumumab/VRd followed
by ASCT and bortezomib-based maintenance until pro-
gression or intolerance occurs are suggested, with con-
sideration of tandem ASCT.61

The addition of daratumumab (an anti-CD38 monoclonal
antibody) to backbone regimens has also been explored. A
meta-analysis of three randomized clinical trials of newly
diagnosed multiple myeloma included 358 patients with

FIGURE 1. Proposed Modifica-
tions to Revised International
Scoring System to Incorporate
Additional High-Risk Features
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high-risk disease (14%) treated with a daratumumab-
containing regimen. The addition of daratumumab was
associated with improved PFS (HR, 0.67; 95% CI, 0.47–
0.95; p = .02).62 However, prospective data on the frontline
use of daratumumab in high-risk multiple myeloma are
lacking. One ongoing study (IFM 2018-04; NCT03606577)
is evaluating the addition of daratumumab to KRd (carfil-
zomib, lenalidomide, and dexamethasone) followed by con-
solidation therapy and tandem ASCT. Unfortunately, it will be
difficult to assess the benefit of more intensive induction with
a quadruplet regimen and subsequent tandem ASCT, be-
cause this is a single-arm study with no control group.

The role of elotuzumab (a SLAMF7 monoclonal antibody)
has also been evaluated in high-risk, newly diagnosed
multiple myeloma. SWOG-1211, a phase II randomized
clinical trial for patients with high-risk, newly diagnosed
multiple myeloma, evaluated the addition of elotuzumab to
VRd induction and maintenance. Unfortunately, there was
no improvement in PFS with elotuzumab (33.6 months vs.
31.5 months; p = .45). However, both trial arms had im-
proved PFS compared with statistical estimates, which
suggests that continuous maintenance therapy with pro-
teasome inhibitors and immunomodulatory drugs may be
beneficial in high-risk, newly diagnosed multiple myeloma.59

More intensive quadruplet regimens are also being evalu-
ated in high-risk, newly diagnosed multiple myeloma. The
GMMG-CONCEPT trial (NCT03104842) is an ongoing
phase II nonrandomized study evaluating isatuximab with
carfilzomib, lenalidomide, and dexamethasone (Isa-KRd) in
high-risk, newly diagnosed multiple myeloma, defined as
del(17p), t(4;14), t(14;16), or more than three copies of
1q21 and ISS stage II or III. Patients who were eligible and
ineligible for transplantation were enrolled. Interim analysis
for 50 patients reported an overall response rate (ORR) of
100%, with 90% achieving a very good partial response or
better.63

With the exception of SWOG-1211, clinical trials that look
specifically into high-risk, newly diagnosed multiple mye-
loma are lacking. Many large phase III trials still enroll a low
number of patients with high-risk disease, which may affect
the statistical ability to assess a survival benefit. In the SWOG
S0777 trial, the addition of bortezomib to lenalidomide/
dexamethasone induction therapy in patients with newly
diagnosed multiple myeloma who were ineligible for
transplantation showed an improvement in PFS and OS for
the overall study population, but there was no statistical
benefit observed for patients with high-risk cytogenetics,
likely because of the limited number of patients with
available data.64,65 Similarly, other recent trials of newly
diagnosed multiple myeloma (including CASSIOPEIA, AL-
CYONE, MAIA, and GRIFFIN) enrolled relatively low num-
bers of patients with high-risk disease (, 20% of the study

population) and were unable to demonstrate a statistical
benefit in the intervention arm for high-risk disease despite
showing benefit in the overall population.66-69 Preliminary
reports of the combination of daratumumab, carfilzomib,
lenalidomide, and dexamethasone (Dara-KRd) in newly
diagnosed multiple myeloma showed promising MRD
negativity, though longer follow-up with more data on pa-
tients with high-risk multiple myeloma will be needed.70

Table 2 describes the clinical trials on newly diagnosed
multiple myeloma that have included analysis of high-risk
disease.

The benefit of ASCT has been established in multiple
clinical trials; ASCT helps improve outcomes across all
poor-cytogenetic groups in newly diagnosed multiple
myeloma.73,75-78 Transplant eligibility should be determined
after confirming the diagnosis and before making a decision
on the most appropriate initial treatment. The eligibility
criteria differ among institutions and countries. In high-risk
multiple myeloma, it is preferable to proceed with ASCT as
part of the initial therapy for patients who are transplant
eligible.79,80 The use of tandem ASCT has also been eval-
uated for high-risk, newly diagnosed multiple myeloma.1 In
a meta-analysis of three phase III studies, tandem ASCT
showed a survival benefit compared with single ASCT (5-
year OS, 70% vs. 17%; p, .001) for 606 patients with high-
risk cytogenetics whose disease failed to achieve a complete
response after bortezomib-based induction.81 The STA-
MINA trial, which also evaluated the use of both tandem and
single ASCT, showed no difference in PFS or OS for patients
with high-risk disease at 6 years with an intention-to-treat
analysis. However, in the as-treated analysis, patients with
high-risk disease who were treated with tandem ASCT had
improved PFS compared with those who received single
ASCT (43.6% vs. 26%; p = .03).71,72 In the EMN02/HO95
trial, no difference in 5-year OS was found for patients with
high-risk disease when tandem ASCT was compared with
single ASCT (61.3% vs. 54.7%; p = .32), but a benefit was
seen in a subgroup of patients with del(17p) (80% vs. 57%;
p = .066).73,74 It is important to highlight that the definition of
high-risk cytogenetics was different between the STAMINA
and EMN02/HO95 trials (Table 2).73,77 Preliminary reports
of the FORTE study indicated that the addition of ASCT to
KRd resulted in higher sustained MRD negativity and better
PFS when compared with KRd alone, and a benefit was
noted for patients with high-risk cytogenetics.82

Maintenance therapy, preferably with bortezomib, after
induction therapy or ASCT is recommended for high-risk,
newly diagnosed multiple myeloma. Bortezomib mainte-
nance administered every other week after ASCT de-
monstrated improved OS compared with thalidomide
maintenance.80 Bortezomib can be given as a single agent
or in combination with lenalidomide and dexamethasone
(i.e., VRd). Combining a proteasome inhibitor with an
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immunomodulatory drug as a maintenance approach for
patients with high-risk multiple myeloma was beneficial
in many previous reports.83-85 For example, in a single-
institution study of 45 patients with high-risk cytogenetics
or primary plasma cell leukemia, VRd as a maintenance/
consolidation regimen after ASCT led to a median PFS of
32 months and a 3-year OS of 93%.86 Although oral ixazomib
has been beneficial as maintenance therapy, there was no
statistical improvement in PFSwith its use in high-risk disease
after ASCT.87 An approach for the management of high-risk,
newly diagnosed multiple myeloma is summarized in Fig. 2.

The role of immune-based therapies, which were previously
only studied in the relapsed/refractory setting, is now
gaining interest in high-risk, newly diagnosed multiple
myeloma, and these therapies may offer some promising
results. Early-phase studies of autologous CAR T-cell
therapy in this disease are ongoing. The KARMMA-4 trial
(NCT04196491) is a phase I study investigating the role of
idecabtagene vicleucel (ide-cel, bb2121), a CAR T-cell
therapy that targets BCMA (i.e., B-cell maturation anti-
gen).88 BCMA is a transmembrane protein that plays a key
role in B-cell proliferation and survival as well as maturation
and differentiation into plasma cells.89 Cohort E in the
CARTITUDE-2 trial (NCT04133636) will investigate the role
of ciltacabtagene autoleucel (cilta-cel), another CAR T-cell
therapy targeting BCMA, in high-risk, newly diagnosed
multiple myeloma after promising results in the relapsed/
refractory setting.90 As current frontline therapy for high-risk,
newly diagnosed multiple myeloma continues to yield
poor outcomes, the design and development of clinical
trials enriched for patients with high-risk, newly diagnosed
multiple myeloma to prospectively study novel therapies and

drug combinations are increasing, and the need for these
trials is becoming more pressing.

Given the heterogeneity of high-risk multiple myeloma, it is
important to consider various patient- and disease-related
factors when a treatment plan is established or a change
in therapy is required (Table 3). Some examples include
patients with poor performance status, frailty, renal in-
sufficiency, extramedullary disease, or plasma cell leukemia.

For all patients with high-risk features, every effort should be
made to provide the therapies with the best evidence
(triplet-based therapy) when possible. For patients with
frailty, a lower dose of lenalidomide and dexamethasone
should be considered. If parenteral administration is not
possible, ixazomib can be considered instead of bortezo-
mib. For patients presenting with acute renal failure sec-
ondary to light-chain cast nephropathy, regimens that act
rapidly and can be used safely without major dose ad-
justments are preferred. For example, lenalidomide should
be avoided in the acute stages, because dose reduction is
required, and a bortezomib-based doublet or triplet therapy
(dexamethasone with or without cyclophosphamide) is
preferred.91,92 There is also some evidence for adding
plasmapheresis to bortezomib-based therapy.93

For patients who present with extramedullary disease or
plasma cell leukemia, rapid disease control with the use of
bortezomib, dexamethasone, thalidomide, cisplatin, doxo-
rubicin, cyclophosphamide, and etoposide (VDT-PACE) is
preferable.84 This combination is usually followed by ASCT
and maintenance therapy with a combination of proteasome
inhibitors and immunomodulatory drugs. Other initial treatment
options that can be considered include bortezomib-based
regimens with dexamethasone and either lenalidomide,

FIGURE 2. Treatment Approach for Patients With High-Risk, Newly Diagnosed Multiple Myeloma
Abbreviations: VRd, bortezomib, lenalidomide, dexamethasone; DRd, daratumumab, lenalidomide, dexamethasone; Dara, daratumumab; KRd, car-
filzomib, lenalidomide, dexamethasone; ASCT, autologous stem cell transplantation; CR, complete response; PI, proteasome inhibitor; IMiD,
immunomodulatory drug.
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cyclophosphamide, or doxorubicin.94-96 The role of dar-
atumumab is under investigation in this patient group.

TREATMENT OF HIGH-RISK RELAPSED/REFRACTORY
MULTIPLE MYELOMA

The concepts that apply to the management of high-risk
relapsed disease are similar to those for relapsed disease in
general. The challenges of decreasing effectiveness and
shorter durability of response with each successive line of
treatment build the case for using the most effective
treatments early, rather than reserving them for later.97,98

The importance of this approach is magnified in high-risk
disease, in which patient attrition is high. Responses in high-
risk disease generally parallel those obtained in standard-
risk disease but to a lesser extent in terms of depth and
durability of response.

At this time, no regimen is more uniquely suited than another
regimen for high-risk disease. Similar to standard-risk dis-
ease, treatment regimens at the time of relapse generally
include an anti-CD38monoclonal antibody (daratumumab or
isatuximab), carfilzomib, and/or pomalidomide. In the United
States, patients are generally on lenalidomidemaintenance at
the time of relapse and therefore have disease that is re-
fractory to lenalidomide.With this background,multiple triplet

regimen options may be considered (Table 4). We can ex-
trapolate from several randomized trials: anti-CD38 antibody
with pomalidomide and dexamethasone (daratumumab in
APOLLO or isatuximab in ICARIA-MM); anti-CD38 antibody
with carfilzomib (daratumumab in CANDOR or isatuximab in
IKEMA); daratumumab with bortezomib and dexamethasone
in CASTOR; pomalidomide with bortezomib and dexa-
methasone in OPTIMISMM; daratumumabwith lenalidomide
and dexamethasone in POLLUX; carfilzomib with lenalido-
mide and dexamethasone in ASPIRE; and elotuzumab with
pomalidomide and dexamethasone in ELOQUENT-3.42,99-109

Several practical improvements, such as the availability of
subcutaneous daratumumab, have greatly improved the
patient experience.112 We are moving toward weekly car-
filzomib dosing based on the ARROW study (e.g., in
combination with daratumumab).113,114 The regimen of
carfilzomib, pomalidomide, and dexamethasone can also
be useful.115 The EMN011/HO114 trial evaluated this
combination in patients with relapsed disease after partic-
ipation in the EMN02/HO95 trial.116 This trial evaluated
a higher dose of carfilzomib (36 mg/m2 twice weekly) than
in the prior phase I study and showed an ORR of 87%
and a median PFS of 18 months. Because of cardiac ad-
verse events noted with carfilzomib dosing at 70 mg/m2 in

TABLE 3. Considerations in Special Scenarios in Patients With High-Risk, Newly Diagnosed Multiple Myeloma
Special Scenarios Considerations

Patient Related

Frail patients or poor PS Geriatric assessment should be performed (age, PS, and frailty do not equate).

Triplet regimen is better than doublet regimen and should be considered when possible.

Reconsider switching to a triplet regimen if a doublet regimen was initially chosen and
the patient’s condition allows.

Dose attenuation is usually associated with better tolerance. Decrease lenalidomide
dose to 15 mg daily (instead of 25 mg) and dexamethasone dose to 20 mg weekly
(instead of 40 mg). Additional dose adjustments should be considered according to
individual patient needs.

ASCT after induction therapy is recommended if frailty/PS improves.

If patient is not eligible for transplantation, consider continuous maintenance with a PI
and/or IMiD.

Acute renal failure Consider initial plasmapheresis.

Initial therapy with bortezomib-based regimen (VCD) is preferred.

Take care with drugs that require dose reductions (e.g., lenalidomide).

Patients should be assessed for ASCT after induction therapy.

Disease Related

Plasma cell leukemia or extramedullary disease Initial therapy with VDT-PACE is preferable.

ASCT after induction therapy is recommended.

If patient is not eligible for transplantation, consider continuous maintenance with a PI
and/or IMiD.

Abbreviations: PS, performance status; ASCT, autologous stem cell transplantation; PI, proteasome inhibitor; IMiD, immunomodulatory drug; VCD,
bortezomib, cyclophosphamide, dexamethasone; VDT-PACE, bortezomib, dexamethasone, thalidomide, cisplatin, doxorubicin,
cyclophosphamide, etoposide.
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combination with lenalidomide, weekly carfilzomib dosing
of 56 mg/m2 is recommended with immunomodulatory
combinations.117

More intensive four-drug combinations are also under con-
sideration for relapsed high-risk disease. Regimens include
elotuzumab in combination with pomalidomide, bortezomib,
and dexamethasone as well as daratumumab with carfilzo-
mib, pomalidomide, and dexamethasone (KPd).118,119 In the
trial of KPd, carfilzomib was given twice weekly at doses of
20 mg/m2 and 27 mg/m2. For patients with a median of one
prior line of treatment, the ORR was 86%, with a 24-month
PFS of 76%. A similar trial of daratumumab with KPd is
ongoing with weekly carfilzomib (NCT04176718).

Conventional cytotoxic drugs, such as cyclophosphamide,
can play a vital part in high-risk relapsed disease. The
Spanish Myeloma Group recently evaluated the addition of
cyclophosphamide to weekly carfilzomib and dexametha-
sone in patients who had received one to three prior lines of
treatment.120 Although there was no significant difference in
the overall population, a PFS benefit was noted in patients
with lenalidomide-refractory disease (26.2 months vs. 9.3
months; p = .02). The Canadian Myeloma Research Group
presented findings of daratumumab, cyclophosphamide,
and dexamethasone with or without pomalidomide.94,121 In
the four-drug arm, the median PFS was not reached for
patients who had received a median of two prior lines
(including prior lenalidomide exposure) at a median follow-
up of 25.3 months. Finally, in the MAMMOTH study,
a retrospective analysis of disease refractory to anti-CD38
antibody, the best outcomes were observed with carfilzo-
mib/cyclophosphamide-based therapy.122 For patients who
are experiencing an aggressive, rapid relapse (e.g., a high
burden of extramedullary disease and an urgent need for
cytoreduction), a salvage infusion regimen combining tra-
ditional cytotoxic drugs may be the best available option.
These regimens include DCEP (dexamethasone, cyclo-
phosphamide, etoposide, and cisplatin) or VTD-PACE
(bortezomib, thalidomide, dexamethasone, cisplatin,
doxorubicin, cyclophosphamide, etoposide).123 For patients
who have had stem cells collected and deferred upfront
ASCT, relapse with high-risk disease may motivate dis-
cussion to move forward with ASCT rather than delay any
longer. Allogeneic SCT is also a consideration for select
patients, with more benefit seen in high-risk disease, though
it is important to consider that clinical trials generally ex-
clude patients with recent allogeneic SCT.124 Less com-
monly used drugs can be considered. These include
bendamustine in combination with bortezomib, carfilzomib,
or lenalidomide as well as the histone deacetylase inhibitor
panobinostat in combination with dexamethasone and
bortezomib, carfilzomib, lenalidomide, or lenalidomide and
bortezomib.125-132

Newer, recently approved agents also play an important role
in addressing high-risk disease. The STORM trial evaluated
the combination of selinexor, an oral inhibitor of XPO1
(i.e., exportin 1), and dexamethasone in disease refractory
to an immunomodulatory drug, proteasome inhibitor, and
daratumumab.133,134 The responses compared favorably
with historical controls (ORR, 26%; median PFS, 3.7
months; median OS, 8.6 months), but gastrointestinal side
effects were noted with selinexor.135 Like other multiple
myeloma treatment agents, the full potential of selinexor
may be better achieved in combination, which will allow for
lower, less frequent dosing of selinexor to minimize toxicity.
With this in mind, the BOSTON study evaluated the addition
of selinexor to bortezomib and dexamethasone in patients
who had received one to three prior lines of therapy.110,111

Selinexor and bortezomib were given weekly and showed an
improvement in PFS and better tolerability compared with
the STORM trial. Selinexor is currently being evaluated in
the STOMP trial (NCT02343042) with various partners,
such as carfilzomib, pomalidomide, and daratumumab.

As previously mentioned, BCMA is one of the newest and
more promising targets in multiple myeloma. For patients
with high-risk disease, therapies aimed at BCMA may
represent a promising new approach. Belantamab mafo-
dotin (belamaf), an anti-BCMA antibody-drug conjugate
with the microtubule inhibitor monomethyl auristatin F, is
the first approved drug to target BCMA.136 The DREAMM-2
study, which led to its accelerated approval, evalu-
ated belamaf in patients with prior anti-CD38 antibody
therapy.137 Patients were randomly assigned to receive
2.5 mg/kg or 3.4 mg/kg given every 3 weeks and had ORRs
of 30% and 34%, respectively, andmedian PFS times of 2.9
and 4.9 months, respectively. As a result of ocular toxicity (a
known and unusual but manageable side effect of antibody-
drug conjugates), the 2.5-mg/kg dose was selected for
future studies. Combinations with belamaf that may allow for
less belamaf exposure to reduce toxicity are being explored.
The Canadian Myeloma Research Group is evaluating
belamaf with pomalidomide and dexamethasone. At a low
dose of 1.92 mg/kg every 4 weeks, the median PFS was
14.1 months, and 64% achieved very good partial response
or better.138

CAR T-cell therapy is another approach to targeting
BCMA.139 The molecule furthest along in development is
ide-cel (bb2121).88 In a pivotal phase II study for patients
with three or more prior lines of therapy and prior anti-CD38
antibody, the ORR was 73%, the complete response rate
was 33%, and the median PFS was 8.8 months; at the
higher dose level of 450 � 106 cells, responses were better,
with an ORR of 82%, a complete response rate of 39%, and
amedian PFS of 12.1months.140 Outcomes for patients with
high-risk disease approached those for patients without
these features.141 Cilta-cel is following closely in clinical
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development. For a similar patient population, recent results
of the CARTITUDE-1 trial showed an ORR of 96.9%, a 2-
month PFS of 76.6%, and an MRD-negativity rate of 55%.90

Allogeneic CAR T cells, for which healthy donors provide
T cells, may represent the next step forward as an off-the-
shelf product.142 Adverse events common with CAR T-cell
therapy include cytokine release syndrome and neurotoxicity,
which are manageable with tocilizumab and corticosteroids.

Bispecific antibodies represent another BCMA-targeted
modality, with the advantage of direct access and no
need to wait for engineered CAR T cells. They also have the
risk of cytokine release syndrome and neurotoxicity but to
a lesser degree than CAR T-cell therapy. Multiple programs
for bispecific antibodies, including CC-93269, teclistamab,
AMG 701, REGN5458, TNB-383B, and PF-06863135, are
at varying stages of development.143-148

One strategy under evaluation is treatment earlier in the
disease course, when therapy may be more effective be-
cause of less clonal evolution contributing to resistance and
the ability to use fitter T cells.149-151 The KARMMA-2 study
(NCT03601078) is evaluating ide-cel for high-risk disease
with early relapse (� 18 months after start of initial therapy).
Similarly, cohort B of the CARTITUDE-2 study is evaluating
cilta-cel in patients with relapse no more than 12 months
after ASCT or from start of therapy in patients who have not
undergone ASCT.

For patients with high-risk disease, another approach is to
identify potentially actionable molecular targets, such as
t(11;14) and BRAF V600E mutation. Venetoclax may be an
option for high-risk disease with t(11;14). The BELLINI trial
evaluated the addition of venetoclax to bortezomib and dexa-
methasone in patients who had received one to three prior
lines of treatment.152 Unexpectedly, OS was worse in the

venetoclax arm, but, in the subset with t(11;14), there was
a marked PFS improvement (median, not reached vs. 9.3
months; HR, 0.09), and OS was not worse.153 BRAF mu-
tations have been reported in approximately 6% of patients
with multiple myeloma.13,150 Extramedullary disease is over-
represented (. 50%) in these patients at the time of re-
lapse.154 Initial case reports of BRAF inhibition with vemur-
afenib showed responses in 22.2% of patients, suggesting
that these are driver mutations.154-156 A study of dabrafenib
and trametinib for patients with mutations in KRAS,NRAS, or
BRAF is ongoing (NCT03091257). Extending on this theme,
the Multiple Myeloma Research Foundation is leading the
MyDRUG trial (NCT03732703), which is evaluating amutation-
driven approach to high-risk relapsed disease.157

Additional promising agents on the horizon may play a part
in treating high-risk disease. Melflufen is a prodrug that is
converted to melphalan by aminopeptidase N, which is
found at higher levels in malignant cells. It was recently
approved by the U.S. Food and Drug Administration in
February 2021 on the basis of results from the HORIZON
phase II study, which evaluated melflufen and dexameth-
asone for patients with disease refractory to pomalidomide
and/or CD38 antibody and showed an ORR of 29%, in-
cluding an ORR of 24% for patients with extramedullary
disease.158 Cereblon modulators, such as iberdomide (CC-
220) and CC-92480, represent a new class of drugs that
bind to cereblon.159-167 Finally, additional cell surface tar-
gets under investigation include GPRC5D, targeted by the
bispecific antibody talquetamab, and FcRH5, targeted by
the bispecific antibody cevostamab.168,169 Overall, these
new therapies are promising, and we await additional
studies on how and when to integrate these therapies into
the treatment of high-risk disease.
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HEMATOLOGIC MALIGNANCIES

Incorporating Novel Targeted and
Immunotherapeutic Agents in the Treatment of
B-Cell Lymphomas
Harsh Shah, DO1; Deborah Stephens, DO1; John Seymour, PhD, MBBS, FRACP2; and Kami Maddocks, MD3

overview

The introduction of novel targeted agents and immunotherapeutic modalities into the treatment of B-cell

lymphomas has drastically shifted the treatment landscape. In diffuse large B-cell lymphoma, recent ap-

provals of CAR T-cell therapy, the antibody-drug conjugate polatuzumab, and the anti-CD19 monoclonal

antibody tafasitamab have provided efficacious options for patients with relapsed and refractory disease.

These immunotherapies attempt to harness power from the patient’s own immune system to eradicate

lymphoma. In chronic lymphocytic leukemia, oral targeted kinase inhibitors such as ibrutinib and acalab-

rutinib (Bruton tyrosine kinase inhibitors) and venetoclax (BCL2 inhibitor) are now favored over chemo-

immunotherapy for upfront treatment because of improved progression-free survival across all subgroups

(including high-risk subgroups such as unmutated immunoglobulin variable heavy chain and chromosome

17p deletion). In indolent lymphomas, several PI3K inhibitors are approved for treatment of relapsed disease.

However, uptake of these agents has been limited because of toxicity concerns. Combination of lenalidomide

and rituximab has been a safe and effective immunemodality for patients with refractory indolent lymphomas;

it is currently being used as a backbone to bring other targeted agents such as tazemetostat (EZH2 inhibitor)

into earlier lines of treatment. In this article, we will review novel commercially available agents in the

treatment of relapsed/refractory diffuse large B-cell lymphoma, treatment-naı̈ve chronic lymphocytic leu-

kemia, and relapsed/refractory indolent lymphomas. We will evaluate clinical trials that led to their approval

and will provide an outlook into the future novel agents currently under investigation in B-cell malignancies.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL), chronic lym-
phocytic leukemia (CLL)/small lymphocytic lymphoma,
and indolent lymphomas, such as follicular lymphoma
and marginal zone lymphoma, are the three most
common subtypes of B-cell lymphomas.1 Although
approximately two-thirds of patients with newly di-
agnosed DLBCL are cured with frontline R-CHOP
therapy (rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone), only a fraction of patients
with relapsed disease are eligible for salvage chemo-
therapy followed by high-dose therapy and autologous
stem cell transplant (ASCT) with a minority achieving
long-term remission.2,3 Additionally, patients with re-
fractory disease have a median survival of 6 months,
highlighting an urgent need for improvement in ther-
apy.4 Outcomes with chemoimmunotherapy such as
bendamustine/rituximab or fludarabine/cyclophospha-
mide/rituximab have been poor in patients with CLL with
adverse prognostic features such as chromosome 17p
deletion and unmutated immunoglobulin variable heavy
chain (IGHV) status. These regimens are associated with
significant toxicity, especially given the older population of

patients. Additionally, fludarabine/cyclophosphamide/
rituximab has been associated with a risk of secondary
malignancies.5 And finally, because of the improved
life expectancy of patients with indolent lymphomas
after the approval of rituximab, there has been a role for
targeted therapeutics with durable responses and re-
duced toxicity.6

In the last decade, increasing knowledge of the cellular
biology of B-cell receptor signaling paved the way for
targeted therapies with Bruton tyrosine kinase (BTK)
inhibitors and PI3K inhibitors, ultimately shifting the
paradigm for treatment of patients with treatment-naı̈ve
and relapsed/refractory CLL. Better understanding of
the molecular pathogenesis of lymphoma has resulted
in identification and development of therapeutics that
target proteins such as BCL2 (B-cell lymphoma 2),
EZH2 (enhancer of zeste homolog 2), and XPO1
(exportin-1). Growing insight into the role of the tumor
microenvironment in influencing tumor growth has led
to development of immune-targeted agents and cell-
based therapies that activate systemic immunity
against lymphomas. CAR T cells are a prime example
of successful adoptive cell–based immunotherapy in
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patients with refractory DLBCL. Lenalidomide, antibody-
drug conjugates, and bispecific antibodies (bispecifics)
are other immune modalities that are active or have a future
role in the treatment of B-cell lymphomas.

This article will highlight the clinical data supporting the
marketing of the U.S. Food and Drug Administration (FDA)-
approved novel agents targeting BTK, PI3K, BCL2, EZH2,
and XPO1 and immunotherapeutic agents such as lenali-
domide, antibody-drug conjugates, CAR T cells, and bis-
pecifics in the treatment of patients with relapsed/refractory
DLBCL, treatment-naı̈ve CLL, and relapsed/refractory in-
dolent lymphomas (follicular lymphoma, marginal zone
lymphoma, and Waldenström macroglobulinemia).

TARGETED AGENTS

Bruton Tyrosine Kinase

BTK is a kinase within the TEC family that leads to down-
stream activation of AKT, extracellular signal–regulated ki-
nase, and nuclear factor-κ light-chain enhancer of activated
B-cell pathways important for malignant B-cell’s growth and
survival.7-9 Ibrutinib is an irreversible BTK inhibitor that

covalently binds to the cysteine-481 amino acid of the BTK
enzyme. It has shown significant activity in several B-cell
lymphomas including CLL, mantle cell lymphoma, marginal
zone lymphoma, and Waldenström macroglobulinemia.10-14

Second-generation irreversible BTK inhibitors, such as
acalabrutinib and zanubrutinib, have greater selectivity for
BTK and are designed to limit inhibition of off-target kinases
such as TEC, EGFR, and ITK.15,16 Discovery of acquired
mutations to ibrutinib therapy such as mutations in BTK and
PLCγ2 has fueled the development of more potent and
reversible BTK inhibitors LOXO-305 and ARQ-531 with
equal efficacy in patients harboring these resistance
mutations.17-21 Table 1 lists all FDA-approved BTK inhibitors
for the treatment of B-cell lymphomas in the frontline and
relapsed/refractory settings.

PI3K

PI3K is a lipid kinase with catalytic subunits with four dif-
ferent isoforms referred as p110α, p110β, p110γ, and
p110δ.22 Upon activation by surface receptors, PI3K gen-
erates phospholipid second messengers at the cell mem-
brane that activate multiple intracellular enzymes leading to
activation of AKT and mTOR pathways important for cellular
survival.23 Idelalisib, a potent and specific inhibitor of PI3Kδ,
was the first PI3K inhibitor approved for marketing in treatment
of relapsed/refractory CLL and follicular lymphoma.24,25 In
addition to inhibiting PI3Kδ, duvelisib targets PI3Kγ isoform,
which potentially contributes to modulation of the tumor mi-
croenvironment components such as CD4+ T cells and tumor-
associated macrophages.26 Copanlisib targets both PI3Kδ and
PI3Kα isoforms.27 Umbralisib (combined inhibitor of PI3Kδ
and casein kinase-1") has a better selectivity for δ isoform and
results in fewer immune-mediated toxicities.28 Table 1 lists all
FDA-approved PI3K inhibitors for treatment of B-cell lym-
phomas in the frontline and relapsed/refractory settings.

BCL2

BCL2 is a prosurvival protein constitutively overexpressed in
CLL and other lymphomas; it prevents cell death by
inhibiting apoptosis induced by BAX and BAK proteins.29,30

Proapoptotic BH3-only proteins (such as BIM, BID, BMF)
antagonize effects of BCL2. Venetoclax is an oral, highly
selective BH3-mimetic, which binds to BCL2, resulting in
initiation of apoptosis mediated by BAX and BAK in primed
cells.31 Because of venetoclax’s ability to induce high and
durable rates of complete responses and undetectable
minimal residual disease in combination with an anti-CD20
monoclonal antibody, it has been tested and approved
for time-limited therapy in both frontline and relapsed/
refractory CLL.32,33

EZH2

Among patients with follicular lymphoma, 20%–25% harbor
an activating mutation in epigenetic regulator EZH2.34,35

PRACTICAL APPLICATIONS

• Anti-CD19 CAR T cells can induce durable
remissions in patients with refractory diffuse
large B-cell lymphoma. Additional efforts to
improve the toxicity profile and efficacy of CAR
T-cell therapy are in progress.

• Bruton tyrosine kinase inhibitors ibrutinib and
acalabrutinib improve progression-free survival
when compared with chemoimmunotherapy
regimens in patients with chronic lymphocytic
leukemia needing upfront treatment, and this
benefit extends across all prognostic groups.

• Time-limited therapy with venetoclax results in
deep remissions with undetectable minimal
residual disease in a high-proportion of
treatment-naı̈ve patients with chronic
lymphocytic leukemia.

• Several PI3K inhibitors are approved for
treatment of patients with relapsed/refractory
indolent lymphomas. Because of their specific
side-effect profile, a multidisciplinary approach
and careful monitoring and management of
toxicities are essential. The novel targeted agent
tazemetostat, an inhibitor of EZH2, is safe and
effective in patients with relapsed/refractory
follicular lymphoma.

• CD20 � CD3 bispecific antibodies and
CD19-targeting antibody-drug conjugates
have a promising future in treatment of both
aggressive and indolent lymphomas.
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This mutation results in escape from the normal B-cell
clonal selection process and allows GCB cells to survive
and proliferate, ultimately resulting in lymphomagenesis.36

Hence, inhibition of EZH2 with tazemetostat, a first-generation
EZH2 inhibitor, has been used as a therapeutic target in
lymphomas.37

XPO1

XPO1 is an essential nuclear export receptor that is in-
volved in functional inactivation of tumor suppressor
proteins (p53, p73, FOXO) and increased translation of
oncoproteins such as BCL2, c-MYC, and BCL6.38 Thus,
inhibition of XPO1 with selinexor, a first-in-class selective
oral inhibitor of XPO1, has been evaluated in patients with
multiple B-cell lymphomas.39

IMMUNOTHERAPEUTIC AGENTS

Lenalidomide

Lenalidomide is an immunomodulatory agent that binds to
the cereblon E3 ubiquitin ligase complex, resulting in
degradation of transcription factors Aiolos and Ikaros,
leading to apoptosis of lymphoma cells.40 It also potentiates
the activity of immune effector cells such as CD8+ T cells
and natural killer cells.41 Combining lenalidomide with

a monoclonal antibody results in enhanced antibody-
dependent cell-mediated cytotoxicity.42 Because of their
synergy, this combination has been very effective in patients
with relapsed/refractory follicular lymphoma and marginal
zone lymphoma.43 Recently, lenalidomide was paired with
tafasitamab, a novel Fc-engineered, humanized, anti-CD19
monoclonal antibody with enhanced antibody-dependent
cell-mediated cytotoxicity in patients with relapsed/re-
fractory DLBCL who were ineligible for ASCT.44

Antibody-Drug Conjugates

Antibody-drug conjugates carry a cytotoxic payload directed
against tumor antigens in an effort to maximize efficacy and
minimize off-target side effects. Polatuzumab vedotin,
a CD79b-targeted antibody-drug conjugate that delivers
monomethyl auristatin E (a potent microtubule inhibitor), is
approved by the FDA for marketing in combination with
bendamustine/rituximab in patients with relapsed/refractory
DLBCL.45 Loncastuximab tesirine is humanized CD19-
targeted antibody-drug conjugate, which delivers a pyrro-
lobenzodiazepine dimer as its payload. Loncastuximab
tesirine has shown promising activity in patients with re-
lapsed/refractory DLBCL as monotherapy and is currently
under investigation with several combinations.46

TABLE 1. FDA-Approved BTK and PI3K Inhibitors for Marketing in B-Cell Lymphomas
CLL FL WM MZL MCL

BTK Inhibitors

Ibrutinib Frontline: alone or in combination with
rituximab or obinutuzumab65-68

Frontline: alone or in combination
with rituximab84

R/R:
1+11

R/R:
1+14

R/R: 1+61 R/R: alone or in combination with
rituximab12,84

Acalabrutinib Frontline: alone or in combination with
obinutuzumab69

R/R:
1+92

R/R: 1+93

Zanubrutinib R/R:
1+94

PI3K Inhibitors

Idelalisib R/R: R/R:
2+25

1+: in combination with rituximab

2+: alone24

Duvelisib R/R: 2+95 R/R:
2+86

Copanlisib R/R:
2+87

Umbralisib R/R:
3+28

R/R:
1+28

Abbreviations: FDA, U.S. Food and Drug Administration; BTK, Bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; FL, follicular
lymphoma; WM, Waldenström macroglobulinemia; MZL, marginal zone lymphoma; MCL, mantle cell lymphoma; R/R, relapsed/refractory; 1+,
after progression on one line of treatment; 2+, after progression on two lines of treatment; 3+, after progression on three lines of treatment.
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CAR T Cells

CAR T cells are autologous T cells modified to target a specific
tumor antigen such as CD19. Lymphocytes are collected from
a patient through apheresis and modified using either a len-
tiviral or retroviral vector containing a CAR-modified product.
This CAR product has an extracellular domain (targeting
CD19), transmembrane domain, costimulatory domain (typi-
cally 4-1BB or CD28), and a CD3ζ intracellular domain.47

Three anti-CD19 CAR T-cell products, axicabtagene cil-
oleucel, tisagenlecleucel, and lisocabtagene maraleucel, are
FDAapproved formarketing in relapsed/refractory DLBCL after
progression on two lines of therapy.48-50 Cytokine release
syndrome and neurotoxicity are common side effects with
each CAR T-cell construct.

Bispecific Antibodies

Bispecifics are “off-the-shelf” antibody constructs designed
to bring T cells in proximity to tumor cells to trigger T-
cell–mediated cytotoxicity. There are four different bispe-
cifics targeting CD20 and CD3 that are in development for
patients with indolent and aggressive lymphomas: mosune-
tuzumab, odronextamab, epcoritamab, and glofitamab.51-54

These agents have shown promising activity even in pa-
tients with disease progression after CART-cell therapy. Akin to
CAR T cells, cytokine release syndrome is a potential adverse
event with these agents.

INCORPORATING NOVEL AGENTS INTO THE MANAGEMENT
OF RELAPSED DLBCL

Case and Introduction

A 51- or 81-year-old female patient with stage IV non-
germinal center DLBCL with an international prognostic
index of 2 (stage and lactate dehydrogenase) completed six
cycles of R-CHOP with interim and end-of-therapy PET/CT
consistent with a complete metabolic response, Deauville 2.
Eleven months later, she presented with new cervical
lymphadenopathy, biopsy consistent with relapse, and
PET/CT showing diffuse hypermetabolic lymphadenopathy.

The standard frontline treatment of DLBCL combines the
anti-CD20 monoclonal antibody rituximab with CHOP
chemotherapy, providing a cure for approximately 60% of
patients.2 In those patients whose disease is refractory to or
relapses after R-CHOP, there is potential for cure with in-
tensive treatment including ASCT, but only approximately
50% will be eligible for this approach and, of those, only
approximately 25% of patients will have an outcome of long-
term disease-free survival, with outcomes worse in patients with
primary refractory disease or relapse within 1 year of R-CHOP.55

CAR T Cells

CAR T-cell therapy has changed the treatment landscape
for patients with relapsed/refractory DLBCL, providing an
effective therapy option for disease not responding to

salvage chemotherapy or relapsing after ASCT, where
median overall survival (OS) is 6 months.4 These genetically
modified autologous T cells targeting CD19 provide potential
curative therapy for patients with chemo-refractory disease.
There are three second-generation products approved by
the FDA for marketing: axicabtagene ciloleucel, tisagenle-
cleucel, and lisocabtagene maraleucel. These products
provide overall response rates (ORRs) of 52%–83% with
complete remission achieved 40%–58% of the time.48-50

Toxicities of concern include cytokine release syndrome
and neurotoxicity that vary by product including 1%–22%
grade 3 or greater cytokine release syndrome and 12%–28%
grade 3 or greater neurologic dysfunction, generally treat-
able and reversible but requiring management in an ex-
perienced facility. Other differences include manufacturing
process, constructs, costimulatory domains, and dose along
with differences in eligibility criteria and use of bridging
therapy in the pivotal trials. Despite these differences, du-
rable remissions occur in approximately 30%–40% of pa-
tients infused with product. Currently, this approach—given
the potential for cure—is the preferred treatment of patients
requiring third-line therapy, including in select patients who
were not considered to be candidates for ASCT because of
age or comorbidities. Limitations including proximity to CAR
T-cell center, timely referral, central manufacturing of cells,
and financial burden have hindered broad accessibility.
Despite curative potential, the majority of patients’ disease
will not respond to or will progress after infusion of the CAR
T-cell product. Ongoing research to overcome this re-
sistance includes trials evaluating novel CAR constructs
along with rationale combinations, such as combined use of
immunomodulatory agents. The efficacy of CAR T-cell
therapy has led to clinical trials investigating the use of
this approach earlier in the course of treatment, with the
potential to further change the therapy landscape for re-
lapsed/refractory DLBCL. Clinical trials randomly assign-
ing patients with high-risk disease, defined by primary
refractory to or relapsing within 1 year of completing
R-CHOP, to receive standard of care therapy with salvage
chemotherapy followed by ASCT versus CAR T-cells are
enrolling or have completed accrual with results awaited
(NCT03391466, NCT03570892, NCT03575351). Investi-
gation as second-line therapy for patients not consid-
ered candidates for ASCT is also ongoing (NCT03483103,
NCT04161118), with early indication of safety and efficacy.
Patients with disease progression after CAR T-cell therapy
represent a challenging population to treat, and as this
therapy moves earlier into the treatment algorithm, it will be
important to define effective treatment approaches for these
patients.

Tafasitamab and Lenalidomide

The immune combination of tafasitamab and lenalidomide
is the first FDA-approved therapy for marketing in the
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second-line treatment of DLBCL. The combination was
approved based on results of the L-MIND study, a phase II
trial enrolling 80 patients with relapsed/refractory DLBCL
ineligible for ASCT. The trial reported an impressive 60%
ORR including 43% achieving a complete response with
a median duration of response 21.7 months, median
progression-free survival (PFS) of 12.1 months, and me-
dian OS not reached.56 Responses occurred irrespective of
cell of origin, with activity seen in patients with both ger-
minal center and nongerminal center DLBCL, and in pa-
tients with poor prognostic features including disease
refractory to prior therapy. The most common adverse
events were hematologic, with neutropenia as the most
common grade 3 or greater and overall adverse event, and
rash and diarrhea, mostly grade 1–2, as the most common
nonhematologic adverse events. With an additional year
of follow-up, the median duration of response was 34.6
months and median OS 31.6 months, confirming du-
rability of this immunologic combination.57 Limitations of
the study included the exclusion of patients with certain
high-risk disease features including those primary re-
fractory to R-CHOP and heavily pretreated patients as
defined by receiving more than three prior therapies. Given
the efficacy of this combination, it should be considered as
second-line therapy for patients ineligible for ASCT. Al-
though patients with primary refractory disease were ex-
cluded from the trial, these patients have limited effective
treatment options otherwise. There is theoretical concern
regarding the ability to sequence CD19 therapies. There was
one patient treated on the L-MIND trial subsequently treated
with CAR T-cell therapy; this therapy yielded a complete
response in this patient, who was in remission at publication
of the trial.56 More data are needed on the efficacy of
tafasitamab both prior to and after CAR T-cell therapy, al-
though emerging data suggest sequencing CD19-directed
therapies may not hinder efficacy.58

Polatuzumab

Polatuzumab was the first FDA-approved novel therapy in
relapsed/refractory DLBCL, approved for marketing in
combination with bendamustine/rituximab after two or more
prior therapies. This is the only approval based on a ran-
domized study, a phase II trial enrolling 80 patients (40 per
arm) resulting in significant improvements in end-of-treatment
and best ORR (45.0% vs. 17.5%; 62.5% vs. 25.0%) and
complete response (40.0% vs. 17.5%; 50.0% vs. 22.5%)
compared with bendamustine/rituximab with a median
duration of response, PFS, and OS of 12.6, 9.5, and 12.4
months, respectively, resulting in a survival benefit (12.4 vs.
4.7; p = .002).45 Efficacy was seen across all risk groups,
with activity independent of cell of origin, double expressor
status, international prognostic index, refractory status, or
number of prior lines of therapy. The addition of polatu-
zumab resulted in higher rates of grade 3–4 neutropenia
without higher rates of infection; grade 1–2 peripheral
neuropathy occurred in 44% of patients with improvement/
resolution in the majority. This regimen has been used in
transplant-ineligible patients for second-line therapy, al-
though different from the label, and as an effective option to
bridge patients to a more definitive therapy.

Selinexor

Selinexor is an oral therapy approved for marketing in re-
lapsed/refractory DLBCL after two or more prior therapies. A
phase IIb study enrolled 127 patients with disease pro-
gressing after two to five prior lines of therapy resulting in
a 28% ORR, 12% CR, and median duration of response,
PFS, and OS of 9.3, 2.6, and 9.1 months, respectively.59

Activity was seen in both germinal center (ORR, 34%; CR,
14%) and nongerminal center (ORR, 21%; CR, 10%)
subtypes and responses were consistent across risk groups
including number of prior therapies and refractory status.
The study required 60–98 days since last therapy with a 59-

TABLE 2. Select Ongoing Clinical Trials in Relapsed/Refractory DLBCL With Novel Targeted Therapies or Combinations
Agent Mechanism Combination Phase Identifier

Loncastuximab tesirine CD19 antibody-drug conjugate Single agent I NCT03589469

Loncastuximab tesirine CD19 antibody-drug conjugate Ibrutinib I NCT03684694

Loncastuximab tesirine CD19 antibody-drug conjugate Durvalumab I NCT03685344

Mosunetuzumab CD20 � CD3 bispecific antibody Single agent or combination atezolizumab I NCT02500407

Mosunetuzumab CD20 � CD3 bispecific antibody Polatuzumab vedotin I/II NCT03671018

Odronextamab CD20 � CD3 bispecific antibody Single agent II NCT03888105

Epcoritamab CD20 � CD3 bispecific antibody Single agent I/II NCT03625037

Glofitamab CD20 � CD3 bispecific antibody Single agent or combination obinutuzumab I NCT03075696

Glofitamab CD20 � CD3 bispecific antibody Atezolizumab or polatuzumab I NCT03533283

Abbreviation: DLBCL, diffuse large B-cell lymphoma.
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day median time from progression on last therapy to signing
consent in responding patients, suggesting selection for less
proliferative or aggressive disease. The most common tox-
icities were hematologic, gastrointestinal, fatigue, anorexia,
and weight loss with nonhematologic toxicities largely grade
1–2 and most adverse events controlled with scheduled
supportive care and dose modifications. Although this single-
agent therapy has a limited role, select patients not eligible for
or progressing after CAR T-cell therapy may benefit and
combination therapies are being evaluated.

Future Direction: Targeted Agents in Relapsed/

Refractory DLBCL

There are a number of novel targeted therapies under in-
vestigation for the treatment of relapsed/refractory DLBCL both
alone and in combination. Themost promising therapies at this
time include select immunotherapy approaches with an
antibody-drug conjugate that targets CD1958,60 and bispecifics
that target CD20 � CD3.51-54 These agents have shown
promising early efficacy including responses in patients whose
disease is progressing after CAR T-cell therapy. Select ongoing
studies are listed in Table 2.

Case Conclusion

The patient scenario in the clinical case would be
approached differently based on the patient age, with a 51-

year-old patient receiving standard-of-care salvage che-
motherapy followed by ASCT if treatment yields a response
to salvage chemotherapy and CAR T-cell therapy with in-
adequate response to salvage chemotherapy, whereas an
81-year-old patient would have the highest likelihood of
response to combination tafasitamab and lenalidomide. Our
recommended approach to the treatment of patients with
relapsed/refractory DLBCL is summarized in Fig. 1.

INCORPORATING NOVEL AGENTS INTO THE MANAGEMENT
OF TREATMENT-NAÏVE CLL

Case and Introduction

Mr. T is a 62-year-old man with treatment-naı̈ve CLL who
presents with progressive cytopenias and fatigue. Last year,
he had two episodes of severe pneumonia. His prognostic
evaluation shows unmutated IGHV and del(11q).

Since the introduction of targeted agents, the standard
management of CLL has changed dramatically, especially in
the frontline setting. Previously, nonspecific cytotoxic che-
motherapies were the norm. The average patient with CLL is
older and with multiple medical comorbidities, making
these nonspecific cytotoxic chemotherapy regimens difficult
to tolerate. Additionally, these standard regimens result in
a clear pattern of worse clinical outcomes for patients
with high-risk CLL [IGHV unmutated, del(17p), and TP53

progression†

Pola**

PR*)

for CART‡

FIGURE 1. Novel Targeted Therapies for Relapsed/Refractory DLBCL
Abbreviations: DLBCL, diffuse large B-cell lymphoma; ASCT, autologous stem cell transplant; PD, progressive disease; SD, stable disease; PR, partial
remission; BR, bendamustine/rituximab; Pola, polatuzumab vedotin; CART, chimeric antigen receptor T-cells.
*Some PR appropriate for ASCT.
**Consider factors such as precell or postcell collection, disease burden, timing, and cell of origin.
†Limited data, early evidence to suggest patients response to CART not affected by CD19-directed therapies.
‡Due to concerns for T-cell collection after bendamustine.
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mutated]. Oral targeted agents such as ibrutinib, acalab-
rutinib, and venetoclax are highly efficacious and tolerable
and have become preferred therapies for patients with CLL.

Ibrutinib

In multiple studies, ibrutinib demonstrated significant effi-
cacy and tolerability in relapsed CLL. Therefore, this drug
quickly moved to investigation in the frontline setting.13,61

The landmark phase II study in which 31 patients with
treatment-naı̈ve CLL received continuous ibrutinib therapy
now has 8 years of follow-up data supporting the efficacy of
ibrutinib in this setting.62 The estimated 7-year PFS and OS
rates were 83% and 84%, respectively. Only 6% of patients
discontinued ibrutinib secondary to progressive disease.62

In this study, the incidence of grade 3 or greater toxicities
decreased over time (including infections).62 The reduction
of infections over time supports other data indicating that
ibrutinib leads to reconstitution of some of the immune
function in patients with CLL.63,64

Subsequently, several key phase III studies were initiated
using ibrutinib-based therapy in patients with treatment-
naı̈ve CLL (Table 3). The RESONATE2 study compared
frontline CLL therapy of ibrutinib with chlorambucil.65 After
amedian follow-up of 60months, the ORRwas 92% and the
complete response rate deepened over time to 30%. The
estimated 5-year PFS and OS rates were 70% and 83%,
respectively. Remarkably, the estimated PFS was no dif-
ferent in patients with IGHV-mutated or unmutated disease,
which is in contrast to shorter PFS demonstrated in patients
with unmutated IGHV treated with its chemotherapy com-
parator [of note, patients with del(17p) were excluded from
this study]. Major adverse events and discontinuations
secondary to toxicity decreased over time.65 Data from this
study supported the FDA approval of ibrutinib for marketing
in frontline CLL. A similar study, the iLLUMINATE study com-
pared frontline CLL therapy of ibrutinib plus the anti-CD20
monoclonal antibody obinutuzumab versus chlorambucil/obi-
nutuzumab.66 This study comparably demonstrated improved
PFS with the ibrutinib-based regimen, which was main-
tained regardless of CLL risk status, including those with
del(17p). Adding obinutuzumab to ibrutinib likely enhanced
the speed of response, deepened responses (35% with
undetectable minimal residual disease), but increased the
risk of infusion-related reactions and cytopenias when
compared with patients receiving single-agent ibrutinib on
the RESONATE2 study.65,66 No prospective head-to-head
comparisons of ibrutinib versus ibrutinib/obinutuzumab
have been done, leaving a question of whether the addition
of an anti-CD20 monoclonal antibody is needed to improve
the clinical outcomes of ibrutinib unanswered. Regardless,
obinutuzumab and ibrutinib were approved by the FDA for
marketing in frontline CLL therapy. Both the RESONATE2

and iLLUMINATE studies have been criticized for not using
a robust comparator arm (chlorambucil/obinutuzumab).

Eastern Cooperative Oncology Group’s E1912 and Alli-
ance’s A041202 studies were designed to compare
ibrutinib-based regimens with more realistic comparator
arms for the frontline treatment of younger patients (, age
65) and older patients (� age 65), respectively.67,68 The
E1912 study compared frontline therapy with ibrutinib/rit-
uximab versus fludarabine/cyclophosphamide/rituximab in
patients with CLL who were younger than age 65.67 This
study demonstrated both a PFS and OS benefit for patients
receiving ibrutinib/rituximab. Notably, the study did not
have a single-agent ibrutinib arm and therefore it is unclear
if the addition of rituximab is needed to obtain these clinical
benefits.67 The A041202 study compared frontline therapy
with ibrutinib versus ibrutinib/rituximab versus bend-
amustine/rituximab in patients with CLL who were age 65 or
older.68 This study demonstrated a PFS benefit of both
ibrutinib-based treatments over bendamustine/rituximab.
No clear benefit in survival or response was seen with the
addition of rituximab to ibrutinib. The patients on the
bendamustine/rituximab arm experiencedmore cytopenias,
and the patients on the ibrutinib-based arms experienced
more atrial fibrillation and hypertension.68 In both the E1912
and A041202 studies, the ibrutinib-containing arms dem-
onstrated similar PFS between patients with IGHV mutated
or unmutated disease, in contrast to a shorter PFS for
patients with IGHV unmutated CLL demonstrated with the
chemotherapy comparators.

Acalabrutinib

The success of ibrutinib in CLL led to the development of the
even more selective BTK inhibitor acalabrutinib. The phase
III ELEVATE TN study compared frontline CLL therapy with
acalabrutinib versus acalabrutinib/obinutuzumab versus
chlorambucil/obinutuzumab.69 The patients who received
acalabrutinib-containing therapy had longer PFS than pa-
tients receiving chlorambucil/obinutuzumab. This benefit
was maintained in the patients with high-risk disease, in-
cluding IGHV-unmutated disease. Interestingly, there was
a not yet significant improvement in PFS for those patients
receiving obinutuzumab in addition to acalabrutinib (2-year
PFS, 93% vs. 87%), raising the question if obinutuzumab
may improve clinical outcomes in combination with aca-
labrutinib. Adverse events of interest historically seen with
ibrutinib were low (� 4%) including grade 3 or greater
hypertension and any-grade atrial fibrillation. The most
common side effect in patients receiving acalabrutinib was
headache, seen in up to 40% (almost exclusively low
grade).69 Of note, acalabrutinib requires gastric acid to be
properly absorbed and should not be used in combination
with proton-pump inhibitors. Based on this study, acalabrutinib
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with or without obinutuzumab was approved for marketing in
patients with treatment-naı̈ve CLL.

Venetoclax

Venetoclax, the oral BCL2 inhibitor, has shown substantial
efficacy when used in patients with CLL and has some key
features that differentiate it from BTK inhibitors. Most no-
tably, venetoclax can lead to deep undetectable minimal re-
sidual disease remissions, which allows for patients to take
venetoclax for a time-limited course as opposed to the con-
tinuous therapy recommended with BTK inhibitor. The phase
III CLL14 study compared frontline CLL therapy with ven-
etoclax/obinutuzumab versus chlorambucil/obinutuzumab.33

Patients who received venetoclax/obinutuzumab had longer
PFS than patients receiving chlorambucil/obinutuzumab (74%
vs. 35% at 4 years).70 As with BTK inhibitor therapy, the PFS
benefit of venetoclax/obinutuzumab extended across all
prognostic groups, including IGHV-unmutated disease.71 The
most common grade 3 or greater adverse events experienced
in patients treated with venetoclax/obinutuzumab were he-
matologic (neutropenia, 53%, and thrombocytopenia, 13%).
Patients were given obinutuzumab during a 3-week lead-in
period before starting venetoclax and only 1.4% experienced
tumor lysis syndrome (laboratory only), which occurred prior to
initiation of venetoclax.33 Based on this study, venetoclax/
obinutuzumab was approved for marketing in patients with
treatment-naı̈ve CLL.

Future Directions: Targeted Agents in CLL

In addition to the currently approved targeted thera-
pies, many other targeted agents, combinations, and
approaches are under active investigation for the frontline
therapy of CLL. Select ongoing studies are described in
Table 4.

Case Conclusion

As Mr. T. has high-risk disease with unmutated IGHV status,
therapy with targeted agents is preferred secondary to
improved PFS over multiple studies. As he has a history of
severe infections, single-agent continuous ibrutinib was
recommended with a goal of effective CLL therapy and
a chance of reconstitution of his immune system. Our
recommended approach for frontline therapy of a patient
with CLL is summarized in Fig. 2.

INCORPORATING NOVEL AGENTS INTO THE MANAGEMENT
OF RELAPSED INDOLENT LYMPHOMA

Case and Introduction

A 71-year-old woman was diagnosed with follicular lym-
phoma grade 2, Ann Arbor stage IV, with high tumor burden
per Groupe d’Etude des Lymphomes Folliculaires criteria.
She was treated with six cycles of bendamustine/rituximab
and was in complete remission. Three years later, she
presented with disseminated disease and abdominal pain
related to lymph node conglomerate of 6.5 cm � 5 cm with
a standardized uptake value of 12. A new biopsy ruled out
transformation.

Standard chemoimmunotherapy for frontline treatment of
advanced stage follicular lymphoma is bendamustine/rit-
uximab or R-CHOP followed by consideration of mainte-
nance therapy with monoclonal antibody with the caveat
that obinutuzumab can result in improved PFS when
compared with rituximab.72,73 The patient in this case did
not experience progression of disease with in first 24months
of frontline treatment or an early histologic transformation
after treatment with bendamustine/rituximab, both of which
are associated with poor survival.74-76 In the absence of
transformation, the role of R-CHOP is not clear in the

TABLE 4. Select Ongoing Phase III Studies Using Targeted Agents in Frontline Chronic Lymphocytic Leukemia Therapy
Study Targeted Agent Potential Benefits NCT Identifier

Novel Targeted Agents

SEQUOIA96,97 Zanubrutinib (covalent BTKi) Excellent safety profile NCT03336333

UNITY-CLL98 Umbralisib (PI3Ki) + ublituximab (anti-CD20
monoclonal antibody)

Excellent safety profile; minimal drug interactions (not
metabolized by CYP3A)

NCT02612311

Combinations of Targeted Agents

CAPTIVATE99,100 Ibrutinib + venetoclax MRD-guided potential for time-limited therapy NCT02910583

GLOW Ibrutinib + venetoclax Phase III registration study NCT03462719

EA9161 Ibrutinib + venetoclax + obinutuzumab Time-limited therapy NCT03701282

A041202 Ibrutinib + venetoclax + obinutuzumab MRD-guided potential for time-limited therapy NCT03737981

Early Intervention With Targeted Agents

S1925 EVOLVE Venetoclax + obinutuzumab Early intervention in asymptomatic high-risk patients NCT04269902

CLL12 Ibrutinib Early intervention NCT02863718

Abbreviations: BTKi, Bruton tyrosine kinase inhibitor; CLL, chronic lymphocytic leukemia; MRD, minimal residual disease; NCT, national clinical
trial; PI3Ki, phosphatidylinositol-3-kinase inhibitor.
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second-line setting and would result in higher treatment-
related mortality.77 It is important to incorporate novel tar-
geted agents with less toxicity in treatment of patients with
indolent lymphomas because of their longer OS, often
needing treatment at an older age when comorbidities
are high.

Lenalidomide

Follicular lymphoma Combination of lenalidomide/ritux-
imab was compared with chemoimmunotherapy in frontline
treatment of follicular lymphoma in the phase III RELE-
VANCE trial (Table 5).78 This trial was considered negative
as it did not reach its primary objective of superiority of
lenalidomide/rituximab (3-year PFS and complete response
rates were similar between the two groups). However, the
activity of lenalidomide/rituximab combination in this study
further supported its investigation in second-line treatment
of follicular lymphoma. In the phase III AUGMENT trial of
patients with relapsed/refractory follicular lymphoma and
marginal zone lymphoma, experimental arm received
lenalidomide 20 mg/day for days 1–21 for 12 cycles in
combination with rituximab from cycles 1–5, and control
arm received placebo and rituximab.43 Enrolled patients
were determined to have rituximab-sensitive disease and
were considered appropriate to receive single-agent ritux-
imab. The median PFS was longer (39.4 months vs. 14.1
months) in the lenalidomide/rituximab arm (Table 5).
Growth factors were administered to 36% of the lenali-
domide/rituximab group, and five patients discontinued

lenalidomide because of neutropenia. The study has been
criticized for administering longer duration of treatment to
the experimental arm (12 months vs. 5 months) and having
a weak comparator arm with single-agent rituximab.
Nonetheless, lenalidomide/rituximab proves to be a valu-
able time-limited, effective, and tolerable option for patients
with relapsed/refractory follicular lymphoma, and it has
been approved for marketing by the FDA in this setting.

Marginal zone lymphoma Multiple phase I and II trials have
demonstrated efficacy of lenalidomide/rituximab in frontline
and relapsedmarginal zone lymphoma.79,80 In the subgroup
analysis of the AUGMENT study, lenalidomide/rituximab did
not improve PFS in the patients with relapsed/refractory
disease; however, the sample size was small with only 63
patients.43 Because of the improved ORR of 64% compared
with 45% with rituximab alone, lenalidomide/rituximab is
also FDA approved for marketing for patients with relapsed/
refractory marginal zone lymphoma.

Case: The patient was treated with lenalidomide/rituximab.
The dose of lenalidomide was reduced starting at cycle 3
because of skin-related toxicity and neutropenia. The pa-
tient had a complete response, but 2 years later, the patient
had a relapse requiring treatment.

Bruton Tyrosine Kinase Inhibitors

Follicular lymphoma/marginal zone lymphoma Monotherapy
with ibrutinib in patients with relapsed/refractory fol-
licular lymphoma has modest activity.81 Ibrutinib has

FIGURE 2. Suggested Algorithm for Selection of Frontline Chronic Lymphocytic Leukemia Therapy
Abbreviations: CLL, chronic lymphocytic leukemia; FCR, fludarabine/cyclophosphamide/rituximab; GERD, gastroesophageal reflux disease; IGHV-M,
mutated immunoglobulin variable heavy chain; TLS, tumor lysis syndrome.
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been approved for marketing at the dose of 560 mg daily
by the FDA in patients with relapsed/refractory marginal
zone lymphoma whose disease has progressed on at
least one anti-CD20 therapy based on an ORR of 48%
and a median PFS of 14.2 months.11 Zanubrutinib is
emerging as a second-generation BTK inhibitor with
better efficacy (ORR and complete response of 60% and

15%) and improved toxicity profile in patients with re-
lapsed/refractory marginal zone lymphoma; with the
median follow-up of only 6.8 months, PFS is not reached
and FDA approval is pending.82

Waldenström macroglobulinemia Monotherapy with ibruti-
nib in relapsed/refractory Waldenström macroglobulinemia
illustrated an overall and major response of 90.5% and

TABLE 5. Key Phase III Trials of Targeted Therapy in Indolent Lymphomas

Trial

Targeted

Regimen Comparator Arm

No. of

Patients

(Targeted

Regimen)

RR of

the Targeted

Regimen

PFS of the

Targeted

Regimen Adverse Events

Lenalidomide in Follicular Lymphoma

Relapsed/
refractory,
AUGMENT43

R2 R 178 ORR/CR: 80%/51% PFS: 39.4
months

More infections (63% vs.
49%), neutropenia (58%
vs. 23%), and cutaneous
reactions (32% vs. 12%) in
patients with R2

DVT: 2% of R2; secondary
cancers: 3% of R2

Frontline,
RELEVANCE78

R2 R-chemotherapy
(R-CHOP, BR,
R-CVP)

513 CR at 120 weeks:
48%

3-year PFS:
77%

Grade � 3 neutropenia (50%
vs. 32%) and febrile
neutropenia of any grade
(7% vs. 2%) more
common with
R-chemotherapy

Grade � 3 cutaneous
reactions more common
with R2 (7% vs. 1%)

Ibrutinib in Waldenström Macroglobulinemia

INNOVATE84 Ibrutinib/
rituximab

Rituximab 75 (34 TN,
41 R/R)

ORR/major
response (CR +
VGPR + PR):
92%/72%

30-month
PFS:
82%

Grade � 3 atrial fibrillation:
12% vs. 1% and grade� 3
HTN: 13% vs. 4% (both
more common with
ibrutinib/rituximab)

Less IgM flares with ibrutinib/
rituximab arm (8% vs.
47%)

Zanubrutinib in Waldenström Macroglobulinemia

ASPEN85 Zanubrutinib Ibrutinib 102 (19 TN,
83 R/R)

VGPR/major
response (CR +
VGPR + PR):
28%/77%

18-month
PFS:
84%

Grade � 3 neutropenia: 20%
vs. 8% (more common
with zanubrutinib)

Grade � 3 atrial fibrillation:
0% vs. 4%

Grade � 3 HTN: 6% vs. 11%

Grade � 3 PNA: 1% vs. 7%
(more common with
ibrutinib)

Abbreviations: RR, response rate; PFS, progression-free survival; R2, lenalidomide/rituximab; R, rituximab; ORR, overall response rate; CR,
complete response; PFS, progression-free survival; DVT, deep vein thrombosis; R-CHOP, rituximab/cyclophosphamide/doxorubicin/vincristine/
prednisone; BR, bendamustine/rituximab; R-CVP, rituximab/cyclophosphamide/vincristine/prednisone; TN, treatment naive; R/R, relapsed/
refractory; VGPR, very good partial response; PR, partial response; HTN, hypertension; IgM, immuoglobulin M; PNA, pneumonia.
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79.4% and led to its initial approval for marketing by the
FDA.12,83 The responses deepen overtime with increased
very good partial response at 5-year follow-up; additionally,
patients with MYD88MT- CXCR4WT tend to derive more
benefit compared with patients with MYD88MT- CXCR4MT

(higher major response and very good partial response).12,83

Addition of rituximab to ibrutinib was compared with pla-
cebo plus ibrutinib in the phase III INNOVATE trial in pa-
tients with treatment-naı̈ve and refractory Waldenström
macroglobulinemia.84 Ibrutinib/rituximab arm was superior
in several response categories (Table 5). Efficacy was
similar in patients with and without CXCR4 mutation (major
response of 78% vs. 73%) in the ibrutinib/rituximab arm.
Based on this study, ibrutinib/rituximab was approved for

marketing by the FDA in Waldenström macroglobulinemia
in all lines of treatment. In the phase III ASPEN trial of
patients with MYD88MT Waldenström macroglobulinemia,
zanubrutinib yielded very good partial response in more
patients (28% vs. 19%) compared with ibrutinib (p = .09;
Table 5).85 More patients with zanubrutinib had grade 3 or
greater neutropenia but fewer had grade 3 or greater atrial
fibrillation, hypertension, and pneumonia. In the absence of
FDA approval of zanubrutinib for treatment of Waldenström
macroglobulinemia, we recommend choosing a BTK
inhibitor based on the side effect profile and availability of
the drug. For example, in a 75-year-old patient with a history
of atrial fibrillation and hypertension, we would prefer
zanubrutinib. For a patient with significant underlying

TABLE 6. Key Phase II Trials of PI3K Inhibitors in Relapsed/Refractory Follicular Lymphoma

PI3K

Inhibitor

Mechanism of

Action Phase

No.

of Patients

(FL/total)

Response

Rates (ORR,

CR) PFS

Grade ‡ 3 Adverse

Events

Drug

Discontinuation

Because

of Adverse Event

Idelalisib25,101 PI3Kδ II 72/125 56%/14%* 11 months* Diarrhea/colitis (16%),
pneumonia (7%),
hepatotoxicity (13%), and
neutropenia (27%)

20%

Duvelisib86 PI3Kδ and
PI3Kγ

II 83/129 42%/1%* 9.5 months Diarrhea/colitis (20%),
pneumonia (5.4%),
hepatotoxicity (5.4%), and
febrile neutropenia (9.3%)

24%

Copanlisib87 PI3Kδ and
PI3Kα

II 104/142 59%/20%* 12.5 months Transient hyperglycemia
(40%), transient
hypertension (24%),
diarrhea (8.5%), and
pneumonia (11%)

26.8%

Umbralisib28 PI3Kδ and
casein kinase-
1"

II 117/208 45%/5%* 10.6 months* Neutropenia (11.5%),
diarrhea (10.1%), and
hepatotoxicity (7.2%)

15%

Abbreviations: FL, follicular lymphoma; ORR, overall response rate; CR, complete response; PFS, progression-free survival.
*Outcomes in cohort of patients with follicular lymphoma histology

TABLE 7. Select Ongoing Trials of Targeted Therapy in Relapsed/Refractory Indolent Lymphomas
Study Targeted Agent Phase Potential Benefits NCT Identifier

ZUMA-590 Axicabtagene ciloleucel (anti-CD19 CAR T) II High and durable responses with less cytokine release
syndrome and neurotoxicity

NCT03105336

GO2978191 Mosunetuzumab (CD20 � CD3 bispecific
antibody)

I Fixed duration treatment with robust activity in high-risk
subgroups

NCT02500407

NP30179102 Glofitamab (CD20 � CD3 bispecific
antibody)

I A novel “2:1” molecular format for the bispecific with
greater avidity for CD20 antigen; combined with anti-
CD20 mAB

NCT03075696

EZH-302 R2/tazemetostat vs. R2/placebo III Combination of two active targeted agents NCT04224493

MAGNIFY103 R2 vs. R maintenance after induction with
R2

III Novel maintenance strategy in R/R setting NCT01996865

Abbreviations: NCT, national clinical trial; mAB, monoclonal antibody; R2, lenalidomide/rituximab; R, rituximab.
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neutropenia related to Waldenströmmacroglobulinemia, we
would choose ibrutinib.

PI3K Inhibitors

Follicular lymphoma Idelalisib, duvelisib, and copanlisib are
FDA approved for marketing in relapsed/refractory follicular
lymphoma after two lines of therapy. Response rates range
from 40%–60%, and PFS advantage is modest with
each treatment (� 1 year; Table 6).25,86,87 Infections and
immune-related adverse events such as colitis and hepa-
totoxicity result in discontinuation of therapy in a substantial
number of patients (up to 25%). Copanlisib also results in
grade 3 or greater hyperglycemia and hypertension in more
than 25% of patients. Recently, umbralisib was approved
for patients with relapsed/refractory follicular lymphoma
after progression on three lines of therapy; immune-related
adverse events such as colitis and pneumonitis were un-
common (, 1%) and fewer patients discontinued the drug
because of adverse events compared with other PI3K in-
hibitors (Table 6).28 Selection of a PI3K inhibitor should be
done on a case-by-case basis after accounting for a patient’s
comorbidities. For example, in a patient with type 2 diabetes
mellitus requiring insulin or uncontrolled hypertension, it
would be prudent to avoid copanlisib. In the fourth line of

treatment, we would prefer umbralisib over other PI3K in-
hibitors because of its better tolerability and reduced
immune-related adverse events. Careful management of
toxicities of PI3K inhibitors with antimicrobial prophylaxis
and multidisciplinary approach is essential.88

Marginal zone lymphoma Umbralisib is the only PI3K in-
hibitor approved for relapsed/refractory marginal zone
lymphoma after progression on one line of therapy. In the
UNITY-NHL trial, ORR of 49% and complete remission
of 16% was observed in 69 patients with relapsed/
refractory disease.28,89 Responses were consistent
among all subtypes, and estimated 12-month PFS rate
was 64%.

Tazemetostat

In the phase II study evaluating tazemetostat in patients with
relapsed/refractory follicular lymphoma, response rates
were higher in patients with EZH2 mutation compared with
those without (69% vs. 35%); however, median PFS was
similar (14 months vs. 11 months).37 The drug was very
tolerable with low grade 3 or greater adverse events of
anemia (2%), thrombocytopenia (3%), and leukopenia
(3%). Based on these findings, tazemetostat has been

PI3Ki (Idelalisib, Duvelisib,
Copanlisib, or 

Umbralisib**) or 
clinical trials*

POD24 or transforma�on
of FL

FIGURE 3. Suggested Algorithm for Selection of Therapy in Relapsed/Refractory Follicular Lymphoma
Abbreviations: FL, follicular lymphoma; O, obinutuzumab; R-CHOP, rituximab/cyclophosphamide/doxorubicin/vincristine/prednisone; RCVP, rituximab/
cyclophosphamide/vincristine/prednisone; BR, bendamustine/rituximab; POD24, progression of disease in first 24 months; ASCT, autologous stem cell
transplant; PI3Ki, PI3K inhibitor.
*Prefer clinical trials with CAR T-cell, CD20 � CD3 bispecific, novel PI3Ki, combination of novel agents.
**Prefer umbralisib over other PI3K inhibitors in fourth line due to better toxicity profile.
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approved by the FDA for marketing for its use in patients
with EZH2 mutation after two lines of therapy and for pa-
tients without any satisfactory alternative treatment options
regardless of the EZH2 mutation.

Future Directions: Novel Agents in Relapsed/Refractory

Indolent Lymphomas

In addition to the currently approved targeted therapies,
there are at least two promising modalities (anti-CD19 CAR
T-cell therapy and CD20 � CD3 bispecific therapy) that are
undergoing review by the FDA.90,91 Select ongoing studies
with novel targeted agents, combinations, and unique ap-
proaches are described in Table 7.

Case Conclusion

The patient’s tumor was tested for EZH2 mutation using an
FDA-approved test and was positive. She was started on
tazemetostat at the dose of 800 mg twice a day. She is
tolerating it well without any significant side effects and has
an ongoing partial response. If her disease progresses on
this regimen, we would favor treatment with umbralisib

over other PI3K inhibitors because of its improved toxicity
profile. Our algorithm on how to incorporate novel agents
in relapsed/refractory follicular lymphoma is described in
Fig. 3.

CONCLUSION

Targeted therapy and immunomodulatory agents have
boosted the armamentarium for treatment of B-cell lym-
phomas. Targeted treatment with BTK inhibitors and ven-
etoclax has supplanted chemo-immunotherapy in frontline
treatment of CLL. CAR T-cell therapy has provided a
breakthrough treatment option for patients with DLBCL
and its role will likely expand to other B-cell lymphomas in
the future. Lenalidomide, PI3K inhibitors, and EZH2 in-
hibitor tazemetostat augment the existing treatment options
for patients with relapsed/refractory follicular lymphoma.
Further studies are warranted to identify biomarkers of
response and toxicity, optimal sequencing, and combina-
tions of these novel agents to yield the greatest benefit to
patients with B-cell lymphomas.

AFFILIATIONS
1University of Utah, Salt Lake City, UT
2Peter MacCallumCancer Centre & Royal Melbourne Hospital, Melbourne,
Australia
3Ohio State University, Columbus, OH

CORRESPONDING AUTHOR
Kami Maddocks, MD, Division of Hematology, Ohio State University,
Wexner Medical Center, 1130H Lincoln Tower, 1800 Cannon Dr.,
Columbus, OH 43210; email: kami.maddocks@osumc.edu.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
AND DATA AVAILABILITY STATEMENT
Disclosures provided by the authors and data availability statement (if
applicable) are available with this article at DOI https://doi.org/10.1200/
EDBK_320117.

REFERENCES
1. Al-Hamadani M, Habermann TM, Cerhan JR, et al. Non-Hodgkin lymphoma subtype distribution, geodemographic patterns, and survival in the U.S.:

a longitudinal analysis of the National Cancer Data Base from 1998 to 2011. Am J Hematol. 2015;90:790-795.

2. Coiffier B, Thieblemont C, Van Den Neste E, et al. Long-term outcome of patients in the LNH-98.5 trial, the first randomized study comparing rituximab-CHOP to
standard CHOP chemotherapy in DLBCL patients: a study by the Groupe d’Etudes des Lymphomes de l’Adulte. Blood. 2010;116:2040-2045.

3. CrumpM, Kuruvilla J, Couban S, et al. Randomized comparison of gemcitabine, dexamethasone, and cisplatin versus dexamethasone, cytarabine, and cisplatin
chemotherapy before autologous stem-cell transplantation for relapsed and refractory aggressive lymphomas: NCIC-CTG LY.12. J Clin Oncol. 2014;
32:3490-3496.

4. Crump M, Neelapu SS, Farooq U, et al. Outcomes in refractory diffuse large B-cell lymphoma: results from the international SCHOLAR-1 study. Blood. 2017;
130:1800-1808.

5. Fischer K, Bahlo J, Fink AM, et al. Long-term remissions after FCR chemoimmunotherapy in previously untreated patients with CLL: updated results of the CLL8
trial. Blood. 2016;127:208-215.

6. HiddemannW, Hoster E, Buske C, et al. Rituximab is the essential treatment modality that underlies the significant improvement in short and long term outcome
of patients with advanced stage follicular lymphoma - a 10 year analysis of GLSG trials. Blood. 2006;108:483.

7. Craxton A, Jiang A, Kurosaki T, et al. Syk and Bruton’s tyrosine kinase are required for B cell antigen receptor-mediated activation of the kinase Akt. J Biol Chem.
1999;274:30644-30650.

8. Petro JB, Rahman SM, Ballard DW, et al. Bruton’s tyrosine kinase is required for activation of IkappaB kinase and nuclear factor kappaB in response to B cell
receptor engagement. J Exp Med. 2000;191:1745-1754.

9. TomlinsonMG, Woods DB, McMahon M, et al. A conditional form of Bruton’s tyrosine kinase is sufficient to activate multiple downstream signaling pathways via
PLC gamma 2 in B cells. BMC Immunol. 2001;2:4.

Targeted Agents in B-Cell Lymphomas

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook 323

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



10. Wiestner A. Targeting B-cell receptor signaling for anticancer therapy: the Bruton’s tyrosine kinase inhibitor ibrutinib induces impressive responses in B-cell
malignancies. J Clin Oncol. 2013;31:128-130.

11. Noy A, de Vos S, Thieblemont C, et al. Targeting Bruton tyrosine kinase with ibrutinib in relapsed/refractory marginal zone lymphoma. Blood. 2017;
129:2224-2232.

12. Treon SP, Tripsas CK, Meid K, et al. Ibrutinib in previously treated Waldenström’s macroglobulinemia. N Engl J Med. 2015;372:1430-1440.

13. Byrd JC, Furman RR, Coutre SE, et al. Targeting BTK with ibrutinib in relapsed chronic lymphocytic leukemia. N Engl J Med. 2013;369:32-42.

14. Wang ML, Rule S, Martin P, et al. Targeting BTK with ibrutinib in relapsed or refractory mantle-cell lymphoma. N Engl J Med. 2013;369:507-516.

15. Herman SEM, Montraveta A, Niemann CU, et al. The Bruton tyrosine kinase (BTK) inhibitor acalabrutinib demonstrates potent on-target effects and efficacy in
two mouse models of chronic lymphocytic leukemia. Clin Cancer Res. 2017;23:2831-2841.

16. Guo Y, Liu Y, Hu N, et al. Discovery of zanubrutinib (BGB-3111), a novel, potent, and selective covalent inhibitor of Bruton’s tyrosine kinase. J Med Chem. 2019;
62:7923-7940.

17. Woyach JA, Furman RR, Liu TM, et al. Resistance mechanisms for the Bruton’s tyrosine kinase inhibitor ibrutinib. N Engl J Med. 2014;370:2286-2294.

18. Woyach JA, Ruppert AS, Guinn D, et al. BTKC481S-mediated resistance to ibrutinib in chronic lymphocytic leukemia. J Clin Oncol. 2017;35:1437-1443.

19. Reiff SD, Mantel R, Smith LL, et al. The Bruton’s tyrosine kinase (BTK) inhibitor ARQ 531 effectively inhibits wild type and C481S mutant BTK and is superior to
ibrutinib in a mouse model of chronic lymphocytic leukemia. Blood. 2016;128:3232.

20. Mato AR, Pagel JM, Coombs CC, et al. LOXO-305, a next generation, highly selective, non-covalent BTK inhibitor in previously treated CLL/SLL: results from the
phase 1/2 BRUIN study. Blood. 2020;136(suppl 1):35-37.

21. Woyach J, Stephens DM, Flinn IW, et al. Final results of phase 1, dose escalation study evaluating ARQ 531 in patients with relapsed or refractory B-cell
lymphoid malignancies. Blood. 2019;134(suppl 1):4298.

22. Fruman DA, Chiu H, Hopkins BD, et al. The PI3K pathway in human disease. Cell. 2017;170:605-635.

23. Vanhaesebroeck B, Guillermet-Guibert J, Graupera M, et al. The emerging mechanisms of isoform-specific PI3K signalling. Nat Rev Mol Cell Biol. 2010;
11:329-341.

24. Sharman JP, Coutre SE, Furman RR, et al. Final results of a randomized, phase III study of rituximab with or without idelalisib followed by open-label idelalisib in
patients with relapsed chronic lymphocytic leukemia. J Clin Oncol. 2019;37:1391-1402.

25. Gopal AK, Kahl BS, de Vos S, et al. PI3Kδ inhibition by idelalisib in patients with relapsed indolent lymphoma. N Engl J Med. 2014;370:1008-1018.

26. Peluso M, Faia K, Winkler D, et al. Duvelisib (IPI-145) inhibits malignant B-cell proliferation and disrupts signaling from the tumor microenvironment through
mechanisms that are dependent on PI3K-δ and PI3K-γ. Blood. 2014;124:328.

27. Liu N, Rowley BR, Bull CO, et al. BAY 80-6946 is a highly selective intravenous PI3K inhibitor with potent p110α and p110δ activities in tumor cell lines and
xenograft models. Mol Cancer Ther. 2013;12:2319-2330.

28. Zinzani PL, Samaniego F, Jurczak W, et al. Umbralisib, the once daily dual inhibitor of PI3Kδ and casein kinase-1" demonstrates clinical activity in patients with
relapsed or refractory indolent non-Hodgkin lymphoma: results from the phase 2 Global Unity-NHL trial. Blood. 2020;136(suppl 1):34-35.

29. Roberts AW. Therapeutic development and current uses of BCL-2 inhibition. Hematology Am Soc Hematol Educ Program. 2020;2020:1-9.

30. Adams JM, Cory S. The Bcl-2 apoptotic switch in cancer development and therapy. Oncogene. 2007;26:1324-1337.

31. Souers AJ, Leverson JD, Boghaert ER, et al. ABT-199, a potent and selective BCL-2 inhibitor, achieves antitumor activity while sparing platelets. Nat Med. 2013;
19:202-208.

32. Seymour JF, Kipps TJ, Eichhorst B, et al. Venetoclax-rituximab in relapsed or refractory chronic lymphocytic leukemia. N Engl J Med. 2018;378:1107-1120.

33. Fischer K, Al-Sawaf O, Bahlo J, et al. Venetoclax and obinutuzumab in patients with CLL and coexisting conditions. N Engl J Med. 2019;380:2225-2236.

34. Bödör C, Grossmann V, Popov N, et al. EZH2 mutations are frequent and represent an early event in follicular lymphoma. Blood. 2013;122:3165-3168.

35. Caganova M, Carrisi C, Varano G, et al. Germinal center dysregulation by histone methyltransferase EZH2 promotes lymphomagenesis. J Clin Invest. 2013;
123:5009-5022.

36. Yang H, Green MR. Harnessing lymphoma epigenetics to improve therapies (article not eligible for CME credit). Hematology Am Soc Hematol Educ Program.
2020;2020:95-100.

37. Morschhauser F, Tilly H, Chaidos A, et al. Tazemetostat for patients with relapsed or refractory follicular lymphoma: an open-label, single-arm, multicentre,
phase 2 trial. Lancet Oncol. 2020;21:1433-1442.

38. Laı́n S, Xirodimas D, Lane DP. Accumulating active p53 in the nucleus by inhibition of nuclear export: a novel strategy to promote the p53 tumor suppressor
function. Exp Cell Res. 1999;253:315-324.

39. Kuruvilla J, Savona M, Baz R, et al. Selective inhibition of nuclear export with selinexor in patients with non-Hodgkin lymphoma. Blood. 2017;129:3175-3183.

40. Gandhi AK, Kang J, Havens CG, et al. Immunomodulatory agents lenalidomide and pomalidomide co-stimulate T cells by inducing degradation of T cell
repressors Ikaros and Aiolos via modulation of the E3 ubiquitin ligase complex CRL4(CRBN.). Br J Haematol. 2014;164:811-821.

41. Lagrue K, Carisey A, Morgan DJ, et al. Lenalidomide augments actin remodeling and lowers NK-cell activation thresholds. Blood. 2015;126:50-60.

42. Hernandez-Ilizaliturri FJ, Reddy N, Holkova B, et al. Immunomodulatory drug CC-5013 or CC-4047 and rituximab enhance antitumor activity in a severe
combined immunodeficient mouse lymphoma model. Clin Cancer Res. 2005;11:5984-5992.

Shah et al

324 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



43. Leonard JP, Trneny M, Izutsu K, et al; AUGMENT Trial Investigators. AUGMENT: a phase III study of lenalidomide plus rituximab versus placebo plus rituximab
in relapsed or refractory indolent lymphoma. J Clin Oncol. 2019;37:1188-1199.

44. Horton HM, Bernett MJ, Pong E, et al. Potent in vitro and in vivo activity of an Fc-engineered anti-CD19 monoclonal antibody against lymphoma and leukemia.
Cancer Res. 2008;68:8049-8057.

45. Sehn LH, Herrera AF, Flowers CR, et al. Polatuzumab vedotin in relapsed or refractory diffuse large B-cell lymphoma. J Clin Oncol. 2020;38:155-165.

46. Hamadani M, Radford J, Carlo-Stella C, et al. Final results of a phase 1 study of loncastuximab tesirine in relapsed/refractory B-cell non-Hodgkin lymphoma.
Blood. Epub 2020 Nov 19.

47. June CH, Sadelain M. Chimeric antigen receptor therapy. N Engl J Med. 2018;379:64-73.

48. Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel CAR T-cell therapy in refractory large B-cell lymphoma. N Engl J Med. 2017;377:2531-2544.

49. Schuster SJ, Bishop MR, Tam CS, et al; JULIET Investigators. Tisagenlecleucel in adult relapsed or refractory diffuse large B-cell lymphoma. N Engl J Med.
2019;380:45-56.

50. Abramson JS, Gordon LI, PalombaML, et al. Updated safety and long term clinical outcomes in TRANSCENDNHL 001, pivotal trial of lisocabtagenemaraleucel
(JCAR017) in R/R aggressive NHL. J Clin Oncol. 2018; 36:15s (suppl; abstr 7505).

51. Hutchings M, Carlo-Stella C, Bachy E, et al. Glofitamab step-up dosing induces high response rates in patients with hard-to-treat refractory or relapsed non-
Hodgkin lymphoma. Blood. 2020;136(suppl 1):46-48.

52. HutchingsM, Mous R, ClausenMR, et al. Subcutaneous epcoritamab induces complete responses with an encouraging safety profile across relapsed/refractory
B-cell non-Hodgkin lymphoma subtypes, including patients with prior CAR-T therapy: updated dose escalation data. Blood. 2020;136(suppl 1):45-46.

53. Bannerji R, Allan JN, Arnason JE, et al. Odronextamab (REGN1979), a human CD20 x CD3 bispecific antibody, induces durable, complete responses in
patients with highly refractory B-cell non-Hodgkin lymphoma, including patients refractory to CAR T therapy. Blood. 2020;136(suppl 1):42-43.

54. Schuster SJ, Bartlett NL, Assouline S, et al. Mosunetuzumab induces complete remissions in poor prognosis non-Hodgkin lymphoma patients, including those
who are resistant to or relapsing after chimeric antigen receptor T-cell (CAR-T) therapies, and is active in treatment through multiple lines. Blood. 2019;
134(suppl 1):6.

55. Gisselbrecht C, Glass B, Mounier N, et al. Salvage regimens with autologous transplantation for relapsed large B-cell lymphoma in the rituximab era. J Clin
Oncol. 2010;28:4184-4190.
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HEMATOLOGIC MALIGNANCIES

Navigating Myelodysplastic and Myelodysplastic/
Myeloproliferative Overlap Syndromes
Robert P. Hasserjian, MD1; Rena Buckstein, MD2; and Mrinal M. Patnaik, MBBS3

overview

Myelodysplastic syndromes (MDS) and MDS/myeloproliferative neoplasms (MPNs) are clonal diseases that

differ in morphologic diagnostic criteria but share some common disease phenotypes that include cytopenias,

propensity to acute myeloid leukemia evolution, and a substantially shortened patient survival. MDS/MPNs

share many clinical and molecular features with MDS, including frequent mutations involving epigenetic

modifier and/or spliceosome genes. Although the current 2016 World Health Organization classification

incorporates some genetic features in its diagnostic criteria for MDS and MDS/MPNs, recent accumulation of

data has underscored the importance of the mutation profiles on both disease classification and prognosis.

Machine-learning algorithms have identified distinct molecular genetic signatures that help refine prognosis

and notable associations of these genetic signatures with morphologic and clinical features. Combined

geno-clinical models that incorporate mutation data seem to surpass the current prognostic schemes.

Future MDS classification and prognostication schema will be based on the portfolio of genetic aberrations

and traditional features, such as blast count and clinical factors. Arriving at these systems will require

studies on large patient cohorts that incorporate advanced computational analysis. The current treatment

algorithm in MDS is based on patient risk as derived from existing prognostic and disease classes. Lus-

patercept is newly approved for patients with MDS and ring sideroblasts who are transfusion dependent after

erythropoietic-stimulating agent failure. Other agents that address red blood cell transfusion dependence in

patients with lower-risk MDS and the failure of hypomethylating agents in higher-risk disease are in ad-

vanced testing. Finally, a plethora of novel targeted agents and immune checkpoint inhibitors are being

evaluated in combination with a hypomethylating agent backbone to augment the depth and duration of

response and, we hope, improve overall survival.

INTRODUCTION

Myelodysplastic syndromes (MDS) are a group of
clonal myeloid neoplasms characterized by one or
more cytopenias, morphologic dysplasia in maturing
hematopoietic cells, and varying propensity to progress
to acute myeloid leukemia (AML). Although blasts may
be increased in some forms of MDS, a historical cutoff
of 20% myeloblasts in blood or bone marrow is used to
separate MDS from AML. Myelodysplastic syndromes
are currently distinguished from premalignant clonal
hematopoietic proliferations affecting patients with
cytopenia (clonal cytopenia of undetermined signifi-
cance) by an identification threshold of at least 10%
dysplastic forms in at least one hematopoietic cell
lineage, although this requirement of morphologic
dysplasia has been challenged in some recent stud-
ies.1 The clinical, morphologic, and genetic hetero-
geneity within MDS is recognized by its division into
subtypes in the 2016 World Health Organization
(WHO) Classification, based on the presence or ab-
sence of ring sideroblasts, increased blasts, and dys-
plasia involving one versus multiple hematopoietic

lineages; in addition, the cytogenetic abnormality
del(5q), when occurring in the context of a non-
complex karyotype and in the absence of increased
blasts, defines a specific MDS subtype.2 The clinical
context—in particular, any prior exposure to cyto-
toxic chemotherapy/radiotherapy or the presence of
pancytopenia—also influences WHO MDS subtyp-
ing, and a special MDS subtype, refractory cytopenia
of childhood, is recognized in pediatric patients.

As a disease classification scheme, the purpose of the
WHO Classification is to recognize entities within MDS
that have a distinct biology from one another and are
identified by applying specific and mutually exclusive
diagnostic criteria. In contrast, prognostic stratification
schemes in MDS often share some criteria with clas-
sification schemes (e.g., the blast percentage) but
merely aim to create categories of disease with different
prognoses that predict patient outcome. The most
widely used prognostic schemes for MDS include the
International Prognostic Scoring System (IPSS), initially
proposed in 1997 and updated as a revised form
(IPSS-R) in 2012,3 and the WHO Classification–based
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prognostic scoring system.4 The variables that are used to
define disease categories in the WHO Classification and to
define prognostic risk strata in the IPSS-R are shown in
Table 1.

An important limitation in both the WHO Classification and
the current prognostic schemes is their lack of inclusion of
mutation data. The karyotype by conventional cytogenetics
has been known for decades to have powerful prognostic
value in MDS and is incorporated into the IPSS-R scheme.5

However, in recent years, an accumulation of data has
supported the important role that recurring mutations in
certain genes play in MDS pathogenesis: specific gene
mutations both highlight distinct disease categories and show
strong influence on patient prognosis. For example, mutation
in the splicing factor SF3B1 is closely associated with the
presence of bone marrow ring sideroblasts in MDS.6 This
genetic-morphologic correlation validated MDS with ring
sideroblasts (MDS-RS) as a distinct MDS disease category
and led to the separation of MDS-RS with multilineage
dysplasia from MDS with multilineage dysplasia that lacks
ring sideroblasts in the 2016 WHO Classification, despite
their similar prognoses.2 In this section, the evolving role of
genetics in informing both the classification of MDS and its
prognostic risk stratification will be reviewed.

MOLECULAR GENETICS IN THE CLASSIFICATION OF
MYELODYSPLASTIC SYNDROMES

The current WHO categories of MDS and their typical ob-
served patterns of progression (including progression to
AML) are shown in Fig. 1A. MDS-RS in the WHO Classifi-
cation is an indolent disease subtype that requires the
presence of ring sideroblasts in at least 15% of erythroid
precursors as well as lack of excess blasts. Mutation in the
splicing factor gene SF3B1 is strongly associated with the
presence of ring sideroblasts in MDS, and SF3B1 is the only
mutation in MDS associated with a relatively favorable
prognosis.7 A small subset of SF3B1-mutated cases may
have less than 15% ring sideroblasts, and these appear to
have similar prognosis and clinical presentation to cases
with 15% or more ring sideroblasts.7,8 In recognition of this,
the 2016 WHO Classification allows a diagnosis of MDS-RS
with only 5% or more ring sideroblasts (instead of� 15%) in
the presence of an SF3B1 mutation. However, more recent
data suggest that an SF3B1-mutated MDS category may be
a more biologically meaningful definition than a category
based on the presence or absence of ring sideroblasts: an
SF3B1-based categorization identifies a more homo-
geneous group based on comutation patterns, clinical
features, and patient outcome compared with an RS-based
categorization.9 Of note, approximately 20% of patients with
MDS-RS lack an SF3B1 mutation. These patients have
a poorer prognosis versus patients with SF3B1-mutated
MDS and their disease would optimally be classified
separately.9,10 Moreover, although the WHO currently
subdivides the MDS-RS category according to single versus
multilineage dysplasia, the latter appears to be accounted
for largely by the presence of additional cooperating mu-
tations, such as TET2, DNMT3A, and RUNX1.10

PRACTICAL APPLICATIONS

• Myelodysplastic syndrome (MDS) classification
currently relies mainly on its morphologic fea-
tures and presence or absence of a del(5q)
cytogenetic abnormality; however, recent ad-
vances in genetic sequencing have enabled
new molecular-based classifications that may
better reflect its biologic heterogeneity.

• Mutations in MDS strongly impact its prognosis;
incorporation of mutational data improves
existing MDS prognostic schemes to better
predict patient risk.

• Many novel agents for treating MDS are under
study to address transfusion dependence in
lower-risk disease after erythropoietic-
stimulating agents fail to augment hypo-
methylating agent response rates and durability
and to consider as salvage therapy when
hypomethylating agents fail.

• In 2020, two new drugs were approved for MDS:
(1) Luspatercept is indicated for the treatment of
patients with MDS with ring sideroblasts who are
transfusion dependent as second-line therapy
after erythropoietic-stimulating agents, and (2)
decitabine/cedazuridine is an oral version of the
hypomethylating agent decitabine that, in com-
bination with a cytidine deaminase inhibitor,
offers pharmacokinetic and pharmacodynamic
activity equivalent to intravenous monotherapy.

• MDS/myeloproliferative neoplasm (MPN) overlap
neoplasms demonstrate features of MDS and
MPN and consist of four adult-onset entities—
chronic myelomonocytic leukemia, MDS/MPN
with ring sideroblasts and thrombocytosis, atypical
chronic myeloid leukemia (BCR-ABL1 negative),
and unclassifiable MDS/MPN—and one pediatric
onset entity, juvenile myelomonocytic leukemia.

• Although molecular features are not specific to
any of these MDS/MPN overlap neoplasms, rel-
ative enrichment of mutations in ASXL1, TET2,
SRSF2, and SETBP1 are seen in chronic mye-
lomonocytic leukemia; SF3B1 and JAK2V617F
in MDS/MPN with ring sideroblasts and throm-
bocytosis; ASXL1, EZH2, ETNK1, and SETBP1 in
atypical chronic myeloid leukemia; TP53 in un-
classifiable MDS/MPN, and RAS pathway mu-
tations (PTPN11, CBL, NF1, NRAS, and KRAS)
in juvenile myelomonocytic leukemia.

Navigating Myelodysplastic and Myelodysplastic/Myeloproliferative Overlap Syndromes

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook 329

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



At the other end of the spectrum from the SF3B1mutation in
MDS is the TP53 mutation, which confers a markedly in-
ferior prognosis to MDS, particularly when it is multihit.11,12

In the therapy-related setting (which is over-represented in
TP53-mutated MDS), the outcome of these cases appears
to be uniformly poor irrespective of the blast percentage.13

Yet, TP53-mutated MDS can be found across the various
WHO MDS subtypes, including MDS with del(5q).14 The
shared genetic signature (complex karyotype) and uniformly
poor prognosis advocate for consideration of placing TP53-
mutated MDS in a single disease category, irrespective of
the blast count or relation to therapy. MDS cases with t(3;3)
or an inv(3) cytogenetic abnormality also behave similarly
irrespective of blast percentage, even if classified as AML.15

Finally, rare cases with blast counts in the MDS range may
bear mutations typically seen in de novo AML, such as
NPM1, FLT3, IDH1, or RUNX1. These cases appear to
share more biologic features with de novo AML, exhibiting
the same mutations as other MDS, and may be more ap-
propriately classified as such according to their AML-like
mutation profile rather than the 20% blast percentage
cutoff.16,17

Wider application of molecular abnormalities to MDS
classification is challenging because most MDS cases bear
multiple mutations, and these mutations display complex
interactions, patterns of co-occurrence, and hierarchical
ontogeny as assessed by their relative variant allele
fractions.18 TET2 and SRSF2 comutation in MDS has been
associated with relative monocytosis and clinical charac-
teristics and flow cytometry aberrations similar to those of
chronic myelomonocytic leukemia (CMML), suggesting
that these cases may be more optimally classified together

with CMML (so-called oligomonocytic CMML) or at least as
a CMML-like type of MDS.19 Recently, Bayesian machine-
learning analyses have been applied to MDS cohorts in an
effort to create genomic disease categories in an un-
supervised fashion that avoids the bias of a historic classi-
fication scheme; such schemes can also take into account
the genetic ontogeny by integrating mutation hierarchy and
comutation patterns, which are more robust than single-gene
analysis.17,20 In one study, Bersanelli and colleagues used
Bayesian analysis to define distinct genomic categories of
MDS based on the presence of isolated del(5q) cytogenetic
abnormality, TP53 mutation, SF3B1 mutation, SRSF2 mu-
tation, U2AF1 mutation, or AML-like mutations (DNMT3A,
NPM1, FLT3, IDH1, and RUNX1) or without any of the above
genetic aberrations, further refined by additional cooper-
ating mutations or cytogenetic aberrations.17 These different
subtypes showed substantial positive and negative associa-
tions with secondary mutations and also correlated with
distinctive clinical and pathologic parameters, such as
presence of ring sideroblasts, types of cytopenias, excess
blasts, and patient survival, yet were heterogeneous in terms
of their WHO disease subtype distributions. In another study,
Nagata and colleagues applied machine learning to a series
of 1,079 patients with MDS and identified six distinct mo-
lecular genetic signatures in high-risk MDS (including one
strongly enriched in TP53 mutations) and seven low-risk
MDS signatures.20 Many of these groups correlated with
the MDS genomic subtypes identified in the study of Ber-
sanelli et al, which indicates that this approach is applicable
across diverse patient cohorts. Again, they found important
associations of the specific genetic signatures with morpho-
logic and clinical features that transcended the specific

TABLE 1. Comparison of Criteria in the WHO Classification and IPSS-R Schemes for Myelodysplastic Syndromes and Potential Refinement by the
Addition of Molecular Genetic Features2,3,17,20,26,147

Feature WHO Classification (2016) IPSS-R (2012)

Morphologic dysplasia Yes (single vs. multilineage) Not incorporated

Ring sideroblasts in bone
marrow

Yes Not incorporated

Cytopenias Yes (only pancytopenia, which impacts classification
of lower-risk disease subtypes)

Yes (both the number and depth of cytopenias)

Blast % in blood Yes Not incorporated

Blast % in bone marrow Yes Yes

Karyotype Yes [isolated del(5q) is the only defining feature] Yes (five prognostic groups)

Molecular genetic abnormalities
(current)

SF3B1 (impacts classification of lower-risk subtypes
with ring sideroblasts)

Not incorporated

Molecular genetic abnormalities
(future)

Potentially useful in defining genomically distinct
groups: SF3B1, TET2, SRSF2, NRAS, KRAS,
STAG2, JAK2, BCORL1, RUNX1, ETV6, U2AF1,
TP53, DNMT3A, NPM1, FLT3, IDH1

Favorable: SF3B1; unfavorable: TP53, ASXL1,
SRSF2, U2AF1, NRAS, KRAS, IDH1, IDH2,
RUNX1, EZH2, STAG2, PHF6, NPM1

Abbreviations: IPSS-R, International Prognostic Scoring System Revised; WHO, World Health Organization.
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FIGURE 1. Schematic for Current WHO MDS Classification Scheme and Possible Future Genetics-Based MDS Classification
(A) Current (2016) WHO MDS Classification scheme. Typical patterns of progression are indicated by arrows, including progression to
AML. Entities with no increase of blasts are classified based on the extent of dysplasia, ring sideroblasts, and isolated del(5q) on karyotype,
whereas all caseswith increased blasts are classified solely on the basis of their blood and bonemarrow blast percentage (and presence or
absence of Auer rods). Therapy-related MDS and AML are considered as one entity, irrespective of the blast count or other features. Not
shown on this diagram areMDS, unclassifiable, and refractory cytopenia of childhood disease subtypes. (B) A possible genomic grouping
scheme for MDS based on unsupervised clustering analyses. Early lesions are typically acquired during the initial phases of MDS
development but may acquire secondary genetic events as indicated by arrows. Cases within each genomic entity could be risk stratified
based on additional cooperating genetic events and clinical features and the blast percentage. AML-like gene mutations are associated
with high blast counts and rapid progression to AML, and CMML-like lesions, with increased monocytes. Primary progressed TP53-
mutated MDS is highly aggressive even in the absence of increased blasts. Based on data from references 17,20.
Abbreviations: WHO, World Health Organization; MDS, myelodysplastic syndromes; AML, acute myeloid leukemia; CMML, chronic
myelomonocytic leukemia; SLD, single lineage dysplasia; MLD, multilineage dysplasia; RS, ring sideroblasts; EB, excess blasts;
MRC, myelodysplasia-related changes; BM, bone marrow; PB, peripheral blood.
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WHO Classification diagnosis assigned to each case.20 Key
gene mutations that influenced genetic signatures in the
studies of Nagata et al and Bersanelli et al and represent
potential candidates for constructing a genomically based
MDS classification are shown in Table 1.

These findings beg the question as to whether morphologic
features or the hierarchy of genetic features should define
disease classes in MDS; indeed, cytogenetic and, more re-
cently, molecular genetic features have largely superseded
morphology in the WHO Classification of AML. Given the in-
creasing use of therapies in MDS that target specific gene
products or pathways, moving toward amore genetically based
classification akin to that of AML is likely to provide a more
clinically meaningful system. Classification systems optimally
identify diseases that are stable over time or exhibit similar
patterns of clinical and pathologic progression but retain the
core ontogeny of their original presentation. This aspect is
apparent in the WHO Classification of myeloproliferative neo-
plasms, in which each diseasemaintains its unique designation
even as it progresses: for example, essential thrombocythemia
progresses to post-essential thrombocythemia myelofibrosis,
myelofibrosis after essential thrombocythemia in accelerated
phase, and myelofibrosis after essential thrombocythemia in
blast phase (considered equivalent to AML).21 However, this
practice does not extend to MDS, in which cases of diverse
origins are grouped together under a single category of MDS
with excess blasts after blasts in blood or bone marrow in-
crease above certain thresholds (Fig. 1A). Retaining the
original genetic ontogeny throughout the disease course
could facilitate the understanding of unique patterns of
progression in specific disease subtypes and also highlight
therapeutic strategies based on underlying genetic features
that could be effective even in MDS with excess blasts.22,23 A
possible model of such a genomic classification of MDS is
shown in Fig. 1B; of course, additional validation of data on
large patient cohorts and widespread applicability across
varied settings are needed before applying such a scheme to
clinical practice.

MOLECULAR GENETICS IN THE PROGNOSTICATION OF
MYELODYSPLASTIC SYNDROMES

Prognostic schemes in MDS seek to predict patient outcome
(typically measured by overall survival and/or time to trans-
formation to AML) as accurately as possible by considering
both disease-related and patient-related factors (Table 1). It
should be noted that time to transformation to AML and
leukemia-free survival are determined by identifying a blast
count of at least 20%. This arbitrary threshold may dictate
a change in therapy but does not necessarily reflect a true
alteration of the disease biology in all cases.24 Prognosticmodels
must apply in the real world to patients undergoing treatment,
yet many of these studies and scales, such as the IPSS-R, are
based on patients who did not receive disease-modifying

therapies and are applicable at the time of diagnosis but not
necessarily later during the course of disease.3 These same
caveats apply to the integration of molecular genetics into
existing prognostic models.

Just as the recent explosive advance in sequencing has
allowed mutation data to inform MDS classification, mutation
profiles also strongly inform the prognostic modeling of MDS.
Importantly, karyotype abnormalities retain their independent
prognostic value even in the current era of mutation testing, so
mutational analysis does not obviate the need to obtain bone
marrow karyotype. In a 2011 study by Bejar et al,25 mutations
in five genes (TP53, EZH2, ETV6, RUNX1, and ASLX1) were
found to negatively impact MDS prognosis independent of the
original IPSS patient category. In fact, the presence of any
one of these gene mutations was found to have the effect of
upstaging the disease to amore adverse prognostic group than
suggested by the IPSS alone. As mentioned previously, SF3B1
appears to be the only gene mutation in MDS associated with
a more favorable outcome.14 In a combined geno-clinical
model, Nazha et al26 found that EZH2, SF3B1, and TP53
mutations independently impacted outcome when taking into
account clinical, cytogenetic, and blast count cova-
riables. Additionally, the total number of independent
mutations has been associated with MDS patient outcome.14

However, considering mutations as single units may not be
optimal: in MDS, as with other myeloid neoplasms such as
AML, mutations associate with one another in nonrandom
ways and can have different implications depending on the
context. For example, multihit TP53 mutation has much
stronger negative prognostic impact than a single TP53
mutation in the context of a preserved wild-type TP53 allele.11

The isolated del(5q) cytogenetic abnormality confers a much
better prognosis in a genetically simple background (no
mutations or onemutation) than if it is accompanied by two or
more somatic mutations.17 Candidate gene mutations for
which current evidence supports possible inclusion in a fu-
ture MDS prognostic model are shown in Table 1.

Although a purely genetic classification could eventually
replace a morphologic classification, morphology will still
likely have a role in MDS prognostication. In particular, blast
percentage retains strong prognostic power in multiple
studies, even in multivariable models that include com-
prehensive genomic analysis.17,27 The blast percentage in
MDS in a sense could be considered analogous to the
clinical stage of a solid tumor: increased blasts reflect
progressive hematopoietic maturation arrest as the disease
advances. Genes associated with increased blasts in MDS
include Ras-pathway genes (NRAS, KRAS, FLT3) and
RUNX1, yet these genetic associations do not obviate the
impact of blast percentage on prognostic models.17 Thus,
prognostic models will continue to require an accurate blast
percentage to optimally predict patient outcome. Of note,
blast percentage in the blood also impacts outcome (and is
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reflected in the WHO Classification disease categories) yet is
not taken into account in the current IPSS-R scheme; MDS
cases with increased blasts in the blood have poorer out-
comes, even if marrow blasts are not increased.28,29

Accumulative data on the genetics of MDS have the po-
tential to transform both its classification and risk stratifi-
cation. An optimal future MDS classification will likely be
based mainly on the specific portfolio of genetic aberrations
in each case. Arriving at such a classification scheme will
require studies on large patient cohorts that incorporate
advanced computational analysis to create a robust and
unbiased scheme; indeed, some such studies have already
been published,17,20 but require additional validation across
patient cohorts. Although morphologic dysplasia currently
continues to define the disease we call MDS, the distinction
between single and multilineage dysplasia (which is often
subjective and not always reproducible) and even the
presence or absence of ring sideroblasts in MDS subtyping
will likely be superseded by the genetic signature in future
classification schemes. Even in the setting of detailed ge-
netic analysis, blast percentage remains a critical factor in
prognosis and should continue to be incorporated in
prognostic schemes. However, its role in classification is
uncertain, as it may be more prudent to retain the genetic
backbone to classify an MDS case as it progresses through
accumulation of blasts rather than using excess blasts as a
final common pathway of progressed disease. In terms of
prognosis, panels assessingmutations in up to 50 key genes
improve existing risk stratification schemes using cytope-
nias, cytogenetics, and blast percentage.20 Future MDS prog-
nostic schemes enhanced by mutation data will be more
complex than existing schemes but will allow better patient
risk stratification and optimization of treatment selection.30

Determination of the optimal composition of such a panel
and how to integrate the many complex mutation–mutation
interactions require detailed analysis.

Gazing even further into the future, DNAmethylation, micro-
RNA, and/or gene expression profiling may reveal additional
associations that are not captured by a purely genomic
classification limited tomutations, chromosomal translocations,
and copy number gains/losses.31 The biology of an individual
MDS case is likely influenced not only by its hard-wired
genetic deviations but also by epigenetic alterations and
the bone marrow microenvironment.32,33 However, in-
corporating DNA methylation or gene expression profiling
into MDS classification is currently limited by the lack of
availability of these techniques in routine clinical practice.

UPDATES ON THE MANAGEMENT OF MYELODYSPLASTIC
SYNDROMES WITH THE INCORPORATION OF NOVEL AGENTS

The phenotype of MDS includes cytopenias and their re-
sultant complications, such as symptomatic anemia, in-
fections, and bleeding. Iron overload is common in

transfused patients, and death from cardiovascular disease
(7.7%) is higher than expected.34 Although two-thirds to
three-quarters of patients are considered lower risk using
conventional prognostic scoring systems, there is nothing
benign about this disease; the life expectancy compared
with age-matched controls is reduced by more than 50%,
and the majority die prematurely from nonleukemic causes.35

Goals of therapy traditionally vary according to risk score;
however, there is great overlap in these goals for many
disease risk categories, which include the reduction or
elimination of transfusion dependence, the amelioration of
symptomatic cytopenias, the delay or prevention of pro-
gression to AML, and improved overall survival (OS). Cure by
allogeneic stem cell transplant is possible in the minority of
patients, so improved quality of life is also a ubiquitous goal.

This section will discuss completed and ongoing clinical
trials (summarized in Table 2) of novel agents that address
the three most pressing problems in MDS: the management
of anemia and transfusion dependence in lower-risk disease
after erythropoietic-stimulating agents fail to work, the low
and brief response rates of hypomethylating agents in use
today as monotherapy, and the management of disease
after hypomethylating agents fail. Allogeneic stem cell
transplant and thrombopoietic agents will not be discussed.
With better insights into pathophysiology and mechanisms
of response or resistance, there is real potential for more
personalized approaches and improved clinical outcomes.

HOW WE TREAT MYELODYSPLASTIC SYNDROMES TODAY

The current (and potentially future) treatment algorithm for
MDS is depicted in Fig. 2 (highlighted in red). It is sobering
that two large retrospective population studies have not
demonstrated improvedOS inMDSduring 2 decades despite
the introduction of the disease-modifying hypomethylating
agents and lenalidomide between 2004 and 2006.36,37

Patients are traditionally risk stratified into lower- and higher-
risk categories, and treatments are geared accordingly.

LOWER-RISK DISEASE

Lower-risk MDS implies lower risk of leukemia and immi-
nent death and typically refers to an IPSS score of less than
1.0 (low and intermediate-1)38 or an IPSS-R score of 3.5
or lower (very low, low, and part of intermediate).3 As
discussed, some patients with lower-risk disease may be
have their disease upstaged with mutational testing,25 and
65% of patients in the IPSS-R intermediate-risk category
have scores higher than 3.5 and survival rates as short as
15.4 months.39

Patients who do not experience or lose response to erythropoietic-
stimulating agents face treatment challenges, because
transfusion dependence and density correlate with shorter
survival,40 and approved treatment options to date have
remained limited.

Navigating Myelodysplastic and Myelodysplastic/Myeloproliferative Overlap Syndromes

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook 333

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



TA
BL
E
2.

Su
m
m
ar
y
of

Se
le
ct
ed

O
ng

oi
ng

C
lin
ic
al

Tr
ia
ls
in

M
ye
lo
dy
sp
la
st
ic

Sy
nd

ro
m
es

A
g
e
n
t

S
p
o
n
so
r

N
o
.

o
f

P
a
ti
e
n
ts

P
h
a
se

R
is
k

S
c
e
n
a
ri
o

S
tu
d
y
ID

P
ri
m
a
ry

E
n
d
p
o
in
ts

M
e
c
h
a
n
is
m

o
f
A
c
ti
o
n

R
ox
ad

us
ta
t

Fi
br
og

en
18

4
III

Lo
w
er

ris
k

Lo
w
er

tr
an

sf
us
io
n
bu

rd
en

vs
.
pl
ac

eb
o

N
C
T0

32
63

09
1

TI
�

8
w
ee

ks
H
IF
1α

pr
ol
yl
hy
dr
ox
yl
as
e
in
hi
bi
to
r

Lu
sp
at
er
ce

pt
B
M
S/
C
el
ge

ne
35

0
III

Lo
w
er

ris
k

Tr
an

sf
us
io
n
de

pe
nd

en
t
vs
.
pl
ac

eb
o

N
C
T0

36
82

53
6

TI
�

24
w
ee

ks
TG

Fβ
lig
an

d
tr
ap

A
ST

X7
27

A
st
ex

16
0

I/I
I (r
an

do
m
iz
ed

)
Lo

w
er

ris
k

Lo
w
er

ris
k,

sy
m
pt
om

at
ic
al
ly
cy
to
pe

ni
c

N
C
T0

35
02

66
8

M
TD

an
d
H
I

O
ra
lH

M
A

LB
-1
00

M
of
fi
tt

47
Ib
/II

Lo
w
-I
nt
-1

Fa
ile
d
or

in
to
le
ra
nt

of
st
an

da
rd

th
er
ap

y
N
C
T0

38
86

66
2

M
TD

an
d
O
R
R

P
P
2A

in
hi
bi
to
r

Im
et
el
st
at

G
er
on

22
5

II/
III

Lo
w
-I
nt
-1

R
el
ap

se
d
or

re
fr
ac
to
ry
to
ES

A
s
vs
.p

la
ce

bo
N
C
T0

25
98

66
1

TI
�

8
w
ee

ks
Te

lo
m
er
as
e
in
hi
bi
to
r

A
LX

14
8

A
LX

O
nc

ol
og

y
63

I/I
I

H
ig
he

r
ris
k

P
ha

se
I:
fi
rs
t
lin
e,

R
/R

P
ha

se
II:

fi
rs
t
lin
e

N
C
T0

44
17

51
7

M
TD

an
d
O
R
R

In
hi
bi
ts

th
e
C
D
47

-S
IR
P
α
si
gn

al
in
g
pa

th
w
ay

M
B
G

45
3

N
ov
ar
tis

50
0

III
In
te
rm

ed
ia
te
-h
ig
h
ris
k

Fi
rs
t-
lin
e
A
ZA

+
/�

M
B
G
45

3
N
C
T0

42
66

30
1

O
S

A
nt
i-T

IM
3
im

m
un

e
ch

ec
kp

oi
nt

in
hi
bi
to
r

Ve
ne

to
cl
ax

A
bb

vi
e

50
0

III
H
ig
he

r
ris
k

Fi
rs
t
lin
e
A
ZA

+
/�

ve
ne

to
cl
ax

N
C
T0

44
01

74
8

C
R
an

d
O
S

P
ro
-a
po

pt
ot
ic

Ve
ne

to
cl
ax

M
D
A
nd

er
so
n

58
I/I
I

H
ig
he

r
ris
k

R
/R

M
D
S,

C
M
M
L,

A
ZA

+
ve
ne

to
cl
ax

N
C
T0

45
50

44
2

M
TD

an
d
O
R
R

P
ro
-a
po

pt
ot
ic

Ve
ne

to
cl
ax

+
gi
lte
rit
in
ib

M
D
A
nd

er
so
n
an

d
N
C
I

42
I/I
I

H
ig
he

r
ris
k
M
D
S
or

A
M
L
FL

T3
m
ut
at
ed

R
/R

(p
ha

se
I)

Fi
rs
t
lin
e
(p
ha

se
II)

N
C
T0

41
40

48
7

M
TD

+
O
R
R

P
ro
-a
po

pt
ot
ic

an
d
FL

T3
in
hi
bi
to
r

Ve
ne

to
cl
ax

+
tr
am

et
in
in
b

M
D
A
nd

er
so
n
an

d
N
C
I

40
II

H
ig
he

r
ris
k

C
oh

or
t
A
:
fi
rs
t-
lin
e
A
M
L
+
A
ZA

N
C
T0

44
87

10
6

1-
yr

O
S
an

d
C
R

M
EK

in
hi
bi
to
r

C
oh

or
tB

:R
/R

A
M
L
or

hi
gh

er
ris
k
M
D
S
+

A
ZA

M
ag

ro
lim

ab
G
ile
ad

50
0

III
H
ig
he

r
ris
k

Fi
rs
t-
lin
e
A
ZA

+
/�

m
ag

ro
lim

ab
N
C
T0

43
13

88
1

C
R
an

d
C
R

du
ra
tio
n

A
nt
i-C

D
47

m
ac

ro
ph

ag
e
im

m
un

e
ch

ec
kp

oi
nt

in
hi
bi
to
r

A
G
12

0
G
FM

68
II

Lo
w
er

an
d
hi
gh

er
ris
k:

ID
H
1

m
ut
at
io
n

C
oh

or
t
A
:
hi
gh

er
ris
k
R
/R

H
M
A

C
oh

or
t
B
:
fi
rs
t-
lin
e
hi
gh

er
ris
k
+
H
M
A

C
oh

or
t
C
:
lo
w
er

ris
k,

R
/R

ES
A

N
C
T0

35
03

40
9

H
I

ID
H
1
in
hi
bi
to
r

A
G
22

1
G
FM

68
II

Lo
w
er

an
d
hi
gh

er
ris
k:

ID
H
2

m
ut
at
io
n

C
oh

or
t
A
:
hi
gh

er
ris
k
R
/R

H
M
A

C
oh

or
t
B
:
fi
rs
t-
lin
e
hi
gh

er
ris
k
+
H
M
A

C
oh

or
t
C
:
lo
w
er

ris
k,

R
/R

ES
A

N
C
T0

37
44

39
0

H
I

ID
H
2
in
hi
bi
to
r

N
iv
ol
um

ab
an

d
ip
ilu
m
um

ab
M
D
A
nd

er
so
n
an

d
N
C
I

16
0

II
Lo

w
er

an
d
hi
gh

er
ris
k

6
co

ho
rt
s;

pr
ev
io
us
ly
tr
ea

te
d
w
ith

H
M
A

N
C
T0

25
30

46
3

O
R
R

Im
m
un

e
ch

ec
kp

oi
nt

in
hi
bi
to
rs

C
us
at
uz
um

ab
Ja
ns
se
n

17
0

II
H
ig
he

r
ris
k
an

d
C
M
M
L

Fi
rs
t-
lin
e
A
ZA

+
/�

cu
sa
tu
zu
m
ab

N
C
T0

42
64

80
6

O
R
R

A
nt
i-C

D
70

an
tib

od
y
ex
pr
es
se
d
on

LS
C
s

P
ev
on

ed
is
ta
t

Ta
ke

da
45

4
III

H
ig
he

r
ris
k
an

d
C
M
M
L

Fi
rs
t-
lin
e
A
ZA

+
/�

pe
vo
ne

di
st
at

N
C
T0

32
68

95
4

EF
S

N
ED

D
8
in
hi
bi
to
r

Va
nd

er
bi
lt-
In
gr
am

an
d

N
C
I

71
II

H
ig
he

r
ris
k
M
D
S
an

d
M
D
S/
M
P
N

R
/R

A
ZA

(5
da

ys
)
+
pe

vo
ne

di
st
at

N
C
T0

32
38

24
8

O
S

C
P
X-
35

1
G
FM

65
II I

H
ig
he

r
Fi
rs
t-
lin
e,

un
tr
ea

te
d
pa

tie
nt
s:

co
ho

rt
A

Fi
rs
t-
lin
e
th
er
ap

y
af
te
rH

M
A
fa
ilu
re
:c
oh

or
t

B

N
C
T0

42
73

80
2

M
TD

an
d
O
R
R

C
yt
ot
ox
ic

M
D
A
nd

er
so
n
an

d
N
C
I

50
II

H
ig
he

r
ris
k
an

d
A
M
L

R
/R

A
M
L
an

d
fa
ile
d
H
M
A
M
D
S

N
C
T0

36
72

53
9

Sa
fe
ty

an
d
O
R
R

A
bb

re
vi
at
io
ns
:A

M
L,

ac
ut
e
m
ye
lo
id

le
uk

em
ia
;A

ZA
,a

za
ci
tid

in
e;

C
M
M
L,

ch
ro
ni
c
m
ye
lo
m
on

oc
yt
ic
le
uk

em
ia
;E

FS
,e

ve
nt
-f
re
e
su
rv
iv
al
;H

I,
he

m
at
ol
og

ic
im

pr
ov
em

en
t;
H
M
A
,h

yp
om

et
hy
la
tin

g
ag

en
t;

LS
C
s,
le
uk

em
ia
st
em

ce
lls
;O

R
R
,o
ve
ra
ll
re
sp
on

se
ra
te
;O

S,
ov
er
al
ls
ur
vi
va
l;
M
D
S,

m
ye
lo
dy
sp
la
st
ic
sy
nd

ro
m
es
;M

D
S/
M
P
N
,m

ye
lo
dy
sp
la
st
ic
/m

ye
lo
pr
ol
ife
ra
tiv
e
ne

op
la
sm

s;
M
TD

,m
ax
im

al
ly
to
le
ra
te
d

do
se
;
N
C
I,
N
at
io
na

lC
an

ce
r
In
st
itu

te
;
R
/R
,
re
la
ps
ed

/r
ef
ra
ct
or
y;

TI
,
tr
an

sf
us
io
n
in
de

pe
nd

en
ce
.

Hasserjian, Buckstein, and Patnaik

334 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



WHAT ARE NEW DEVELOPMENTS FOR CURRENTLY
APPROVED OPTIONS IN LOWER-RISK DISEASE?

Lenalidomide is indicated for the management of MDS and
isolated del(5q) in patients who are transfusion dependent
and have experienced failure of erythropoietic-stimulating
agents, with expected transfusion independence and
cytogenetic response rates of 65% to 70% and 30% to
40%, respectively.23,41 An ongoing European cooperative
group study is assessing the transfusion-free survival benefit
afforded by lenalidomide in patients with non–transfusion-
dependent MDS with del(5q).42 Lenalidomide may also be
trialed in the 90% of patients with non-del(5q) MDS who are
transfusion dependent, but the expected response rates are
lower (26%) and shorter (median response duration, 31
weeks), with no categoric clinical or molecular predictors of
response yet identified and a high incidence of grade 3 to 4
neutropenia (62%).43 Despite this, patients with responsive
disease may experience improved overall quality of life.44

Lenalidomide may restore the sensitivity of primitive
erythroid precursors to erythropoietin, as evidenced by the
superior erythroid response rates observed from the com-
bined use of lenalidomide with erythropoietin alfa compared
with lenalidomide alone in a French study45 and a recently
published phase III U.S. intergroup study.46

IMMUNOSUPPRESSIVE THERAPY

Immunosuppressive therapy with antithymocyte globulin and
or cyclosporine in lower-risk MDSmay be effective and induce
durable responses in selected younger patients because of the
innate and cellular immune dysregulation in the hematopoietic
niche of MDS that contributes to disease pathogenesis, in-
effective hematopoiesis, and evolution.47 In the largest in-
ternational cohort (207 patients), a retrospective study of
patients with MDS treated with some form of immunosup-
pressive therapy, the overall response rate was 49% (complete
remission [CR] + partial remission [PR], 16.8%; hematologic
improvement, 32%), with 30% achieving red blood cell
transfusion independence at a median time after immuno-
suppressive therapy of 9.4 weeks and lasting 19.9 months. By
univariable analysis, the predictors of transfusion in-
dependence were hypocellular bonemarrow (odds ratio, 3.25)
and the receipt of ATG plus cyclosporine (odds ratio, 2.46),
and SF3B1 mutation trended as a negative prognostic factor
(odds ratio, 0.17) but was not statistically significant.48

Other agents that target the inflammasome-mediated in-
effective hematopoiesis in lower-risk disease are under eval-
uation, including canakinumab (NCT04239157), ibrutinib
(NCT02553941), and the Toll-like receptor signaling inhibitor
OPN-305.49

NEWLY APPROVED: LUSPATERCEPT

Signaling in the SMAD2–SMAD3 pathway is constitutively
increased in the bonemarrow cells of patients withMDS and

exerts an inhibitory effect on red cell maturation. Luspa-
tercept is a recombinant fusion protein that binds select
transforming growth factor β superfamily ligands to decrease
SMAD2 and SMAD3 signaling, thereby enabling erythroid
maturation by means of late-stage erythroblast differentia-
tion.50 In the double-blind, placebo-controlled, phase III
Medalist study, 229 patients with WHO-definedMDS-RS who
were transfusion dependent and who had either experienced
failure of erythropoietic-stimulating agents or were unlikely to
experience a response on the basis of a serum erythropoietin
level of more than 200 U/L were randomly selected (2:1) to
receive either luspatercept or placebo in escalating doses
(1–1.75 mg/kg subcutaneously every 3 weeks). During the
first 24 weeks of the trial, 38% and 28% of the patients in the
luspatercept group achieved transfusion independence of at
least 8 and 12 weeks, respectively, or longer compared with
13% and 8% in the placebo group (p , .0001), with the
highest response rates observed in the patients with lower
transfusion burdens (, 4 U/8 weeks; transfusion in-
dependence, 80%) and the lowest in those receiving at least
6 U/8 weeks (9%). The longest median duration of con-
tinuous response was 30.6 weeks, and 62% of patients
experienced more than one 8-week episode of transfusion
independence interspersed by occasional transfusions and
the cumulative duration of red blood cell transfusion in-
dependence of � 8 weeks of 79.9 weeks. The SF3B1
mutant allele burden and the total number of baseline
somatic mutations were not predictive of response. In
the patients treated with luspatercept, the median peak
increase in the hemoglobin level was 2.55 g/dL, and they
experienced six fewer transfusion visits over 48 weeks
compared with placebo. Although there were mildly in-
creased gastrointestinal, asthenia, and nausea symptoms in
the luspatercept arm, there were no increased rates of all
grade 3 to 4 adverse events compared with placebo.51

Luspatercept is currently approved in the United States,
European Union, and Canada for use in adult patients with
transfusion-dependent anemia because of very-low-, low-,
and intermediate-risk MDS-RS who had an unsatisfactory
response to or are ineligible for erythropoietin-based therapy.
Additional data are emerging regarding luspatercept’s ben-
eficial impact on ineffective hematopoiesis, as demonstrated by
trilineage responses52 and reductions in serum ferritin.53

Comparative clinical trials in the first-line setting against eryth-
ropoietin are ongoing (COMMANDS, NCT03682536), and
earlier-phase studies in combination with lenalidomide
are being planned (NCT04539236).

HYPOMETHYLATING AGENTS

The hypomethylating agents azacitidine (AZA) 75 mg/m2

and decitabine (DEC) 20 mg/m2, administered in conven-
tional or reduced day schedules (3–5 days) in lower-risk
disease, may engender hematologic responses and red
blood cell transfusion independence rates ranging from
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44% to 56% and 50% to 64%, respectively, for AZA54 and
of 49% and 32%, respectively, for DEC.55 Although cytoge-
netic responses may be seen in some patients, it is unclear
if hypomethylating agents have disease-modifying/life-
extending effects in lower-risk disease in the absence of
randomized trials in which OS is a primary endpoint. An
ongoing, phase II, randomized controlled trial (NCT02269280)
comparing DEC (3 days), AZA (3 or 5 days), or best supportive
care for patients with transfusion-dependent lower-risk MDS
may better clarify their impact.

ORAL HYPOMETHYLATING AGENTS

Newly Approved: Oral Decitabine: Decitabine/

Cedazuridine

There is now a convenient marketed oral formulation of DEC
with pharmacokinetics and pharmacodynamics equivalent
to intravenous DEC by virtue of its combination with
cedazuridine, a cytidine deaminase inhibitor.56 In a phase III,
randomized crossover study (ASCERTAIN), DEC/cedazur-
idine in a fixed oral combination of 35 mg/100 mg for

FIGURE 2. Current and Potentially Future Treatment Algorithm for Myelodysplastic Syndromes Stratified by Risk Score
Potentially future treatments are highlighted in red.
Abbreviations: IPSS, International Prognostic Scoring System; IPSS-R, International Prognostic Scoring System Revised; sEPO, serum erythropoietin; ESA,
erythropoietic-stimulating agent; MDS-RS, MDS with ring sideroblasts; HMA, hypomethylating agent; AlloSCT, allogeneic stem cell transplant; IST,
immunosuppressive therapy; BSC, best supportive care; mut, mutated.
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5 days achieved red blood cell and platelet transfusion
independence rates of 49% in 133 patients with MDS, of
whom 8.3% had IPSS low-risk disease and 44.4% had
intermediate-1 risk disease,57 so this treatment remains
a convenient option in patients with symptomatic MDS with
lower-risk disease when a hypomethylating agent is being
contemplated.

Oral Azacitidine: CC-486

Despite early closure because of an excess of infectious
deaths in the experimental arm, CC-486 met the primary
endpoint in the AZA-MDS-003 phase III randomized trial
that compared oral AZA for 21/28 days to placebo in 210
patients with IPSS low- and intermediate-1 -risk MDS but
with some high-risk disease features that included red blood
cell transfusion dependence and/or thrombocytopenia.
Thirty-one percent of patients using AZA versus 11% of
patients with placebo achieved red blood cell transfusion
independence for a median of 11 months and 5 months,
respectively, and more patients on AZA achieved hema-
tologic improvement (24% vs. 6%, respectively).58 Although
not powered to assess survival, OS did not differ between
the groups but was short (17.3 months vs. 16.2 months,
respectively), highlighting this higher lower-risk pop-
ulation. Additional dosing testing and better patient se-
lection will be needed before this version of oral AZA may
be endorsed for lower-risk MDS. A newer formulation
with cedazuridine (ASTX030) to improve bioavailability is
also in early testing (NCT04256317).

Imetelstat

Imetelstat (GRN163L) is a first-in-class competitive inhibitor
of telomerase activity under evaluation in myeloid neo-
plasms. In the first part of a phase II/III study (IMerge,
MDS3001), 57 patients with MDS who were heavily red
blood cell transfusion dependent and whose disease
was ineligible for or relapsed/refractory to erythropoietic-
stimulating agents were treated at a dose of 7.5 mg/kg
intravenously every 4 weeks and achieved red blood cell
transfusion independence rates at 8 and 24 weeks of 37%
and 23%, respectively. Overall, 62% of patients who ex-
perienced a response had hemoglobin increase by a me-
dian of 3 g/dL. Treatment duration was 8.2 months, and the
duration of transfusion independence was 86 weeks, with
transfusion independence observed across all subgroups
evaluated. By virtue of its mechanism of action, imetelstat
also demonstrated anticlonal activity with reduction in cy-
togenetically abnormal clones and mutational allele burden
in a small tested subset of patients.

Pharmacodynamic activity of telomerase was observed and
correlated with transfusion independence rates. Treatment-
emergent adverse events were primarily hematologic and
reversible within 4 weeks.59 A phase III, placebo-controlled,
multicenter trial in 225 patients (NCT02598661) is ongoing

to clarify the efficacy and safety of this agent in this chal-
lenging population (Table 2).

Roxadustat

Roxadustat is an oral hypoxia-inducible factor prolyl hy-
droxylase inhibitor that stimulates erythropoiesis and
regulates iron metabolism by simulating hypoxia and is
approved for use in China, Japan, and Chile for the treat-
ment of anemia in chronic kidney disease. In the open-label
phase of an ongoing, double-blind, placebo-controlled
study (NCT03263091), transfusion independence rates of
38% were observed in 24 patients with lower-risk MDS
regardless of erythropoietin level, and meaningful re-
ductions in the number of transfusions were also observed
(58%) at 1 year. The go-forward dose for phase III testing is
2.5 mg/kg three times weekly (Table 2).60

Higher-Risk Disease

Barring allogeneic stem cell transplant, AZA represents the
only hypomethylating agent with a proven disease-modifying
impact on OS and leukemia-free survival in MDS.61 However,
its effects in the real world62 or using pooled prospective trial
data63 have not been replicated, in part because of higher
rates of early treatment discontinuation64 and the highly
selected patient characteristics of clinical trials. The two
randomized clinical trials that compared DEC with con-
ventional care have not demonstrated an OS benefit,65,66

likely because of suboptimal dose and scheduling, and
there are no head-to-head comparisons of AZA with DEC in
the higher-risk setting. The best evidence we have for
therapeutic equipoise in higher-risk disease comes from
a SEER observational study in which the median survival was
12 months for the 523 patients with MDS and excess blasts
regardless of the type of hypomethylating agent received.67

In the ASCERTAIN phase III trial, 43% had higher-risk MDS
or CMML and were treated, but the reported CR, transfusion
independence, and overall response rates (ORR) rates of
21%, 53%, and 64%, respectively, were not distinguished by
risk category,57 so one cannot discern whether oral DEC
achieves comparable clinical efficacy to that of subcutaneous
or intravenous AZA in higher-risk MDS. Nevertheless, it can
replace intravenous DEC and is a convenient option for
patients who cannot receive AZA for logistic or personal
reasons and are not candidates for clinical trials.

Combination Approaches

After disappointing results from the S1117 clinical trial in
which the addition of either lenalidomide or vorinostat to an
AZA backbone failed to improve clinical outcomes in higher-
risk MDS and CMML,68 combination approaches have been
or are undergoing testing with hypomethylating agent
backbones. The goal is to achieve deeper and longer re-
sponses that translate into improved OS and clinical benefit
(Table 2).
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Pevonedistat

Pevonedistat is a small-molecule inhibitor of neural pre-
cursor cell expressing developmentally downregulated 8–
activating enzyme that disrupts proteasomal degradation of
select proteins and interferes with cell cycle progression and
leukemia cell survival. It has been tested in combination
with AZA and compared 1:1 with AZA alone in a randomized
phase II study (NCT02610777) of 120 patients with higher-
risk MDS/CMML or low-blast-count AML. In the intent-to-
treat population, event-free survival trended longer in the
pevonedistat-plus-AZA arm compared with AZA alone
(21 months vs. 16.6 months) and in the 67 patients with
higher-risk MDS (event-free survival, 20.2 months vs. 14.8
months). Furthermore, longer median durations of response
were observed in combination (34.6 months vs. 13.1
months), as were higher red blood cell transfusion in-
dependence rates (69.2% vs. 50%).69 Reassuringly, the
addition of pevonedistat did not appear to increase mye-
losuppression or serious adverse events. Notable activity
was also seen in patients with adverse-risk mutations, in-
cluding TP53.70 We await the results of the fully accrued
Panther trial of similar design (NCT03268954).

Venetoclax

Building on the tremendous success of combination ther-
apy in AML, venetoclax has been combined with AZA in
a multicenter, open-label, nonrandomized, phase Ib dose-
finding study with the recommended go-forward dose of
400 mg orally daily for 14 days. Enrolled patients had IPSS
higher-risk disease and were not eligible for stem cell
transplant or intensive chemotherapy. The CR and marrow
CR rates were each 39.7%. Complete response was
achieved at a median of 2.6 months, and the median du-
ration of response was 12.9 months. Among the 51 patients
who received venetoclax 400 mg (the recommended dose),
the ORR/CR rates were 84%/35%, which compare fa-
vorably with historical data from AZA alone. Sixty-five
percent of patients achieved red blood cell or platelet
transfusion independence.

At a median follow-up of 16.4 months, the median OS was
27.5 months among all patients and was not reached
among those who received venetoclax 400 mg. Participants
who achieved CR also experienced clinically meaningful
improvements in dyspnea, fatigue, and quality of life.71

Although extremely promising, results from the phase III
Verona trial (NCT04401748), in which CR and OS are
primary endpoints, will be needed before implementing this
approach as standard of care.

APR246 (Eprenetapopt)

Dysregulation of the tumor suppressor gene TP53 plays
a crucial role in MDS phenotype, treatment response,
and risk of AML transformation. TP53 mutations or

deletions are observed in 10% to 28% of patients with
MDS and are associated with higher-risk and/or therapy-
related disease, complex karyotype, shorter responses
to hypomethylating agents, shorter OS,72,73 and higher
relapse rates after allogeneic stem cell transplant.74 It is
now recognized that it is the biallelic loss of TP53 ob-
served in two-thirds of patients with MDS that conveys
this poor prognosis,75 so the TP53 variant allele fre-
quency and its cellular/genomic context may correlate
with response rates and refine prognosis.73 APR246 is
a novel TP53 activator prodrug that binds to mutant P53
protein and thermodynamically restores confirmation and
reactivates its proapoptotic and cell cycle arrest functions.76

Two small phase I/II studies conducted in the United States
(55 patients)77 and France (53 patients)78 combined APR-
246 with AZA in patients with MDS and AML and achieved
high ORR (71%–75%), CR (44%–56%), and cytogenetic
response rates (58%–78%). Complete molecular remis-
sions of TP53 mutations were observed in 38% to 100% of
patients, and treatments were well tolerated without ex-
cess myelosuppression compared with AZA alone. The
randomized phase III study comparing AZA with AZA plus
APR-246 (NCT03745716) in 154 patients with higher-risk
TP53-mutant MDS completed accrual, but a recent press
release by the sponsor, APREA, in December 2020 reported
that the trial failed to meet its primary endpoint of signifi-
cantly superior CR (33% vs. 22%; p = .13). However,
secondary endpoints are under evaluation with longer
follow-up. It may be that specific subgroups of patients with
mutant TP53 benefit from this agent, so more data are
needed.

Splicing Modulators

Heterozygous somatic mutations in the genes encoding
RNA splicing factors SF3B1, U2AF1, SRSF2, or ZRSR2
induce aberrant splicing in cancer cells and are founder
mutations in 50% of patients with MDS.79 H3B-8800 is an
orally available small molecule that binds to the SF3β
complex and induces alternative splicing changes in cells.
A phase I trial of H3B-8800 in patients with AML, CMML,
and MDS (84 patients) demonstrated pharmacodynamic
activity but no significant objective CR/PR responses, al-
though 14% had reduced transfusion needs.80 Other
spliceosome inhibitors are currently being investigated in
MDS, because the inhibition of the remaining functional
allele should be preferentially lethal to the spliceosome-
mutant cell.81

FLT3 Inhibitors

FLT3 mutations are uncommon in MDS (1%)82 but may be
acquired in 7% as a prelude to almost inevitable AML
transformation.83 A number of clinical trials of second- and
third-generation FLT3 inhibitors are underway in combination
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with hypomethylating agents in patients with high-risk MDS
and AML (NCT04097470, NCT04027309, NCT04140487).

Immune Checkpoint Inhibitors

Hypomethylating agents may increase the expression of
immune checkpoints PD-L1 and PD-L2 in MDS and AML
cells and compromise the immunostimulatory effects
of hypomethylating agents. Combining hypomethylating
agents with immune checkpoint inhibitors is therefore
a rational strategy.84 Some of the various immune check-
point inhibitors being tested in patients with MDS are
discussed later.

The immune checkpoint inhibitors pembrolizumab,85

nivolumab, and ipilumumab86 alone and in combination
with hypomethylating agents are undergoing evaluation in
phase I/II clinical trials in both the frontline and relapsed/
refractory (R/R) settings. Immune-related adverse events
such as colitis, transaminitis, and pneumonitis are not
uncommon, and only ipilumumab has modest single-agent
activity in R/R MDS.

Magrolimab

CD47 is the dominant-negative macrophage immune
checkpoint expressed on cancer cells that acts as a “don’t
eat me” signal, preventing phagocytosis via its interaction
with SIRP-α on macrophages. CD47 has been shown to be
upregulated in many cancer types, including myeloid ma-
lignancies, and increased expression is associated with
inferior OS. In the expansion phase of a single-arm phase I
study including 39 patients with MDS and 29 patients with
AML (previously untreated), magrolimab 30 mg/kg in two
schedules combined with AZA achieved ORR/CR rates of
92%/50% in patients with MDS and 64%/41% in patients
with AML. Deep and durable responses were observed,
including the achievement of cytogenetic remissions and
measurable residual disease negativity, even in some pa-
tients with TP53mutations. The potential disease-modifying
effect of this combination is punctuated by the elimination of
CD34+/CD38� leukemia stem cells in 40% of patients ex-
periencing response.87 The randomized clinical trial com-
paring AZA versus AZA plus magrolimab in patients with
IPSS-R intermediate- to very-high-risk MDS will begin ac-
crual soon (NCT04313881). Some of the most promising
immune checkpoint inhibitors under evaluation are dis-
cussed later or are included in Table 2.

MBG453 (sabatolimab)

MBG453 is amonoclonal antibody that targets TIM-3, which
is a key factor in tumor tolerance and leukemic stem cell
survival.88 TIM-3 is an immune checkpoint that is prefer-
entially expressed on leukemic stem and progenitor cells,89

so targeting it may limit its toxicity. MBG453 may enhance
immune cell–mediated killing of AML cells in vitro.90 It has
modest activity as a single agent in R/R MDS or AML, but

a phase I trial that combined MBG453 with AZA or DEC in
hypomethylating agent–naı̈ve, higher-risk MDS and AML
was well tolerated, with nomaximally tolerated dose reached
and promising response rates.91 STIMULUS-2 is comparing
the efficacy and safety of MBG453 first line with AZA in
higher-risk MDS or CMML-2 in an enrolling phase III study
(NCT04266301).

POTENTIAL TREATMENTS FOR HYPOMETHYLATING

AGENT FAILURES

The definitions of hypomethylating agent resistance or
failure are heterogeneous and sometimes hard to clarify but
may be broadly grouped into primary (progression, stable
disease without hematologic improvement, pancytopenia,
and marrow hypocellularity) or secondary (progression after
initial response). The prognosis after the discontinuation of
hypomethylating agents in higher-risk disease is very poor92

in the absence of a clinical trial or allogeneic stem cell-
transplant and remains an unmet medical need. Currently,
no drugs are approved for this indication, so enrollment in
clinical trials is of paramount importance. What are some of
the agents under investigation?

Guadecitabine (SGI-110)

Guadecitabine is a dinucleotide of decitabine and deoxy-
guanosine with similar potency but longer half-life because
of resistance to cytidine deaminase degradation. This re-
sults in an extended exposure of blasts to its active me-
tabolite, decitabine. Some promising activity was observed
in smaller phase I/II studies of higher-risk patients who
were experienced R/R disease after other hypomethylating
agents.93,94 However, ASTRAL-3, the large randomized clinical
trial of SGI-110 comparing physician’s choice in patients
previously treated with hypomethylating agents, was re-
cently completed and failed to meet the primary endpoint
of improved OS (NCT02907359).

Rigosertib

Although initially promising, intravenous rigosertib, the
small-molecule Ras mimetic agent, did not meet the pri-
mary endpoint in the ONTIME study of significantly im-
proved OS versus physician’s choice of therapy plus best
supportive care in patients with MDS with excess blasts or
CMML after AZA failure,95 nor did it achieve this according to
topline (yet unpublished) results from the sequential phase
III INSPIRE trial (NCT02562443) that was restricted to
higher-risk subsets. Phase II results of combined oral rig-
osertib plus AZA are awaited (NCT01926587).96

Venetoclax

In an ongoing phase Ib study, 44 patients with R/R MDS
after treatment with hypomethylating agents were treated
with escalating doses of venetoclax for 14 days in combi-
nation with AZA. The ORR was 39% (marrow CR, 32%; CR,
7%), irrespective of baseline mutational status and risk
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score, with the exception of those with TP53mutations, who
had lower response rates. Importantly, 43% and 57% be-
came independent of red blood cell and platelet trans-
fusions, respectively, and the median OS was 12.3 months;
treatment-emergent adverse events were dominated by
myelosuppression.97 Other early-phase trials combining
venetoclax with oral and intravenous DEC and other agents
in the R/R setting are ongoing, and it will be important to
discern whether primary refractory versus relapsed diseases
respond differently.

IDH Inhibitors

Unlike AML, mutations involving IDH1 (3%) and IDH2 (5%)
are uncommon in MDS, but they are associated with higher
rates of progression to AML.

Ivosedinib Ivosedinib is an oral targeted inhibitor of mutant
isocitrate dehydrogenase 1 (IDH1) enzyme. In the substudy
of the phase I study of ivosedinib monotherapy in R/R
myeloid cancers, 75% of the 12 patients with MDS
experienced a response, and 42% achieved a CR, many
of which were durable. Importantly, 75% achieved trans-
fusion independence as well.98 Treatment was well toler-
ated, and this agent is undergoing additional testing in an
expansion arm of 25 patients with MDS99 as well as in other
trials of patients with R/R and hypomethylating agent–naı̈ve,
all-risk MDS with an IDH1 mutation (NCT030503409) and in
combination with other agents.100

Enasidinib Enasidinib is a selective oral inhibitor of the
mutant IDH2 enzyme with singe-agent activity (ORR, 53%)
in a phase I substudy enrolling patients with R/R MDS.
Enasidinib has been evaluated in a small phase II study of
patients with treatment-naı̈ve, higher-risk MDS (combined
with AZA) and in R/R hypomethylating agent-naı̈ve disease.
The ORR in patients with treatment-naı̈ve disease and
hypomethylating agent failure was 100% and 50%, re-
spectively, with a 38% transfusion independence rate in
hypomethylating agent failures.101 Enasidinib is also un-
dergoing testing in patients with both R/R and hypo-
methylating agent–naı̈ve higher- and lower-risk MDS with
IDH2 mutations (NCT03744390).

CPX-351 CPX-351 is undergoing testing in patients with
relapsed AML and R/R higher-risk MDS after treatment with
hypomethylating agents, with promising activity in relapsed
AML (NCT03672539).102

SUMMARY

We are finally seeing the fruits of decades of research in
MDS with the approval of two new agents: luspatercept and
decitabine/cedazuridine. Other options to reduce trans-
fusion dependence in lower-risk disease when erythropoietic-
stimulating agents fail to work are in late-stage evaluation, and
luspatercept is being compared with erythropoietic-stimulating
agents in the front line in patients who are transfusion

dependent. Many more exciting agents added to the hypo-
methylating agent backbone are in late-stage phase III
studies for higher-risk disease and may improve outcomes.
Biomarker interrogation of these trials will be crucial to guide
their customized and personalized deployment in the clinic.
We are hopeful that these efforts will improve quality of life
by reducing transfusion dependence and finally shift the
survival curves of patients with MDS to the right in the next
decade.36

MOLECULAR FEATURES AND MANAGEMENT OF MDS/MPN
OVERLAP NEOPLASMS

The MDS/myeloproliferative neoplasms (MPNs) overlap
group consists of myeloid neoplasms with overlapping
features of both MDS and MPN, with variable ages of onset
and outcomes.2,103 Before 2001, these neoplasms were
grouped with either MDS or MPN; however in 2001, the
WHO created a new category for these neoplasms,
a schema that has since been updated in 2008.2 Currently,
five well-defined entities exist: CMML, juvenile myelomo-
nocytic leukemia, atypical chronic myeloid leukemia that is
BCR-ABL1 negative, MDS/MPN with ring sideroblasts and
thrombocytosis, and unclassifiable MDS/MPN (Table 1).2,104

Of these, juvenile myelomonocytic leukemia is the only
pediatric-onset overlap neoplasm; all other entities typi-
cally arise in older adults in the context of age-related
clonal hematopoiesis.103,105 With advances in myeloid
genomics, it is foreseeable that additional classification of
these entities may emerge, especially in the unclassifiable
MDS/MPN category.106

DIAGNOSES OF AND MANAGEMENT OF INDIVIDUAL
MDS/MPN OVERLAP NEOPLASMS

MDS/MPN overlap neoplasms are diagnosed with the help
of well-defined morphologic criteria laid out by the WHO
and outlined in Table 3. Although there is no substitute to
morphology, the advent of next-generation sequencing
techniques has defined the molecular landscape of these
neoplasms, allowing for molecular integration into di-
agnostic workflows. It is important to note that there are no
gene mutations or karyotypic abnormalities unique to any of
these neoplasms; however, in the context of appropriate
morphologic changes, these abnormalities can be very
supportive and can also help with prognostication and
targeted therapeutics.

Chronic Myelomonocytic Leukemia

CMML is characterized by the presence of sustained (� 3
months) peripheral blood monocytosis (absolute monocyte
count � 1 � 109/L, with monocytes � 10% of white blood
count differential) in the absence of known reactive causes
of monocytosis or WHO-defined molecular entities associ-
ated with monocytosis (BCR-ABL1, PDGFRA, PDGFRB,
FGFR1, and PCM1-JAK2 rearrangements), with or without
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bone marrow dysplasia, and with a characteristic molecular
signature enriched in ASXL1, TET2, SRSF2, and SETBP1
mutations.107,108 CMML is a disease of aging, with
a median age at diagnosis of 73 years, and has a male
preponderance.107,108 CMML can be more specifically
classified into CMML-0, -1, and -2 according to the per-
centage of peripheral blood and bone marrow blast
equivalents (which include blasts and promonocytes) and
the presence or absence of Auer rods. CMML also can be
classified into proliferative CMML and dysplastic CMML
subtypes; a white blood cell count of more than 13 � 109/L
defines the former.2 Whole-genome and exome sequencing
studies have demonstrated approximately 10 to 15 variants
per kilobase of coding region in CMML, with recurrent
mutations in TET2 (60%), SRSF2 (50%), and ASXL1 (40%)
accounting for more than 75% of these.109 Clonal archi-
tectural studies have demonstrated that CMML usually
arises in the context of TET2- and/or SRSF2-mutated clonal
hematopoiesis.105 The mutational coexpression of TET2/
SRSF2 or biallelic TET2 mutations skew hematopoiesis
toward monocytosis, with subsequent acquisitions of ASXL1,
NRAS, CBL, PTPN11, KRAS, and JAK2V617F mutations
giving rise to proliferative CMML and RUNX1, SETBP1,
DNMT3A, SF3B1, and ASXL1 mutations giving rise to
dysplastic CMML.103,105 Proliferative-type CMML is associ-
ated with MPN-like features, such as leukocytosis, marked
monocytosis and splenomegaly, constitutional symptoms
(drenching night sweats/bone pain/fatigue), shorter leukemia-
free survival, and shorter OS110 compared with dysplastic
type CMML.

Cytogenetic abnormalities are seen in 30% of patients, whereas
molecular abnormalities are seen inmore than 90%.111 Among
the molecular abnormalities, frame shift and nonsense ASXL1
mutations are universally detrimental, predicting for inferior OS
and leukemia-free survival, and are currently incorporated in all
three existing molecularly integrated CMML prognostic models
(Mayo Molecular Model, CPSS-Molecular, and the GFM
model).112-114 All three models rely on a combination of
clinical and molecular factors, with the CPSS-Molecular
integrating a clinical score with a genetic score that is
based on cytogenetic abnormalities and mutations involving
ASXL1, RUNX1, NRAS, and SETBP1.112

Although allogeneic stem cell transplantation is potentially
curative, given the late age of onset and frequent comor-
bidities, less than 10% of patients in general are eligible for
allogeneic stem cell transplantation.115 Recent Mayo Clinic
data have demonstrated better outcomes with allogeneic stem
cell transplantation in CMML treated before AML trans-
formation compared with CMML that is already progressed to
AML, with 5-year OS rates of 50% and 19%, respectively.115

This survival benefit, however, was offset by a median graft-
versus-host disease relapse-free survival of 7 months,
highlighting the morbidity associated with allogeneic stem

cell transplantation.115 Hypomethylating agents remain the
only U.S. Food and Drug Administration–approved drugs for
the management of CMML (azacitidine, decitabine, and
decitabine/cedazuridine). These drugs were approved for
MDS, and, given that the MDS-predominant registration
trials included small numbers of patients with dysplastic-
type CMML, approval for CMML was also obtained.116,117 In
CMML, according to phase II and retrospective studies,
hypomethylating agents have been associated with an ORR
of 40% to 50%, with true CR rates of less than 20%.108,118,119

Hypomethylating agents epigenetically restore hematopoi-
esis in a subset of patients with CMML who experience
response (through inhibition of DNMT3A); however, they do
not alter the mutational allele burdens, and disease pro-
gression/loss of response is inevitable.120 This was recently
highlighted by the European DACOTA trial, a prospective,
randomized clinical trial comparing hydroxyurea with dec-
itabine in the management of advanced proliferative-type
CMML.121 In this study (170 patients), decitabine did not
provide an OS or event-free survival advantage over hy-
droxyurea, highlighting the inadequacies of hypomethylat-
ing agents in CMML. In addition, given the low frequencies
of IDH1, IDH2, FLT3 (all , 5%), and TP53 (1%) mutations
in CMML, conventional targeted therapeutics are in general
not applicable to these patients.103,122

For several years, therapeutic responses in patients with
CMMLwere assessed usingMDS-based response criteria. A
major advance in this direction was made in 2015, when the
International Working Group proposed MDS/MPN overlap
neoplasm response-specific criteria that included pro-
liferative features in the response assessment paradigm.123

Although these criteria await prospective validation, they
have been validated in retrospective studies.118,124 Future
directions in CMML include the discovery of novel thera-
peutic agents that exploit unique vulnerabilities in MDS and
MPN subtypes. Newer targets being explored include cytokine
modulation targeting granulocyte macrophage-colonly stimu-
lating factor (lenzilumab),125 JAK/STAT inhibition,126 targeting
CD123-expressing plasmacytoid dendritic cells,127 and
manipulating IDO1 expression in the CMML microenvi-
ronment.128 Given the high frequency of RAS pathway
mutations in proliferative-type CMML (70%) and in
CMML transformed to AML (50%), drugs exploiting the
RAS/RAF/MEK/ERK pathway are also being investigated.

Atypical CML, BCR-ABL1 Negative

Atypical CML that is BCR-ABL1 negative is a rare overlap
neoplasm characterized by neutrophilia and dysgranulo-
poiesis in the absence of peripheral blood monocytosis
and basophilia.2 Along with neutrophilia, immature myeloid
cells (promyelocytes/myelocytes/metamyelocytes) comprise
10% or more of the leukocytes. Bone marrow biopsies are
classically hypercellular, demonstrating dysgranulopoiesis
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with granulocytic proliferation.2 Although labeled atypical
CML (or aCML), this neoplasm has no overlap with CML, so
this label should not be used to annotate CML cases asso-
ciated with variant BCR-ABL1 translocations.2 Outcomes are
poor, with a median OS of less than 25months and high rates
of AML transformation (30%–40%).106,129 Atypical CML often
arises on the background of ASXL1-mutated, age-related
clonal hematopoiesis, and disease evolution occurs be-
cause of the acquisition of mutations involving TET2 (16%),
EZH2 (15%), NRAS (15%), SETBP1 (12%), RUNX1 (12%),
and ETNK1 (10%).106,129,130 Among the MDS/MPN overlap
neoplasms, atypical CML is relatively enriched in SETBP1,
EZH2, and ETKN1 mutations; although prior reports docu-
mented a higher prevalence of CSF3R mutations, we
think that, in the context of accurate morphology, CSF3R
mutations are extremely uncommon in atypical CML and are
relatively specific for the pure MPN entity, chronic neu-
trophilic leukemia.131

Allogeneic stem cell transplantation remains the only curative
option for atypical CML. Asmentioned previously, this process
is fraught with morbidity and mortality.132 For patients who
are not candidates for allogeneic stem cell transplantation,
hypomethylating agent therapy has been used to help alleviate
cytopenias, transfusion dependence, and proliferative fea-
tures and to improve progression-free survival.129 The Mayo
Clinic prognostic model risk stratifies patients with atypical
CML into low- (zero to one risk factors) and high-risk (at least
two risk factors) categories based on age (age 67 or older),
hemoglobin levels less than 10 g/dL, and presence of TET2
mutations; the median OS is 18 months and 7 months, re-
spectively.122 There is an urgent and unmet need to find better
therapeutic options for affected patients.

MDS/MPN With Ring Sideroblasts and Thrombocytosis

MDS/MPN with ring sideroblasts and thrombocytosis was
formally recognized as an overlap neoplasm in the 2016 WHO
Classification, with diagnostic criteria including anemia with
erythroid lineage dysplasia with ring sideroblasts (� 15%, and
usually accompanied by SF3B1 mutation), persistent throm-
bocytosis (� 450 � 109/L), and no preceding history of an
MPN.2 The median age of onset is 73, with outcomes being
favorable in comparison with other overlap neoplasms
(median OS, 76 months), including very low rates of
leukemic transformation (1%–2%).107,133,134 MDS/MPN
with ring sideroblasts and thrombocytosis is characterized
by the presence of bone marrow ring sideroblasts: erythroid
precursors in which, after Prussian blue staining, a mini-
mum of five siderotic granules cover at least a third of the
nuclear circumference.135 In most instances, MDS/MPN
with ring sideroblasts and thrombocytosis develops on the
background of SF3B1- (90%) or DNMT3A- (10%) mutated
age-related clonal cytopenias, with additional mutations like
TET2, DNMT3A, ASXL1, and SETBP1 resulting in evolution

to MDS-RS, followed by acquisition of signaling mutations
such as JAK2V617F (50%), MPL, and SH2B3 (5% each)
giving rise to defining proliferative features, including
thrombocytosis.106,135 SF3B1 mutations are seen in 90% of
patients and impact canonical mRNA splicing, resulting in
the downregulation of genes such as ABCB7 and PPOX,
giving rise to the bone marrow ring sideroblasts.136

Although MDS/MPN with ring sideroblasts and thrombocy-
tosis is associated with an increased risk of thrombosis, the
risk is lower than that associated with essential thrombocy-
themia (a pure MPN).133,137 Because no formal management
guidelines exist for MDS/MPN with ring sideroblasts and
thrombocytosis, consensus recommendations are based
on the management of symptoms that overlap with MDS
and MPN. Anemia is usually managed with erythropoiesis-
stimulating agents and transforming growth factor β super-
family modulators such as luspatercept,138 whereas the use
of hydroxyurea as a cytoreductive agent is considered in
patients at a higher risk for thrombosis (age . 60, history of
thrombosis, and presence of the JAK2V617F mutation).51,135

Lenalidomide, an immunomodulatory agent, has been
associated with improvements in anemia and throm-
bocytosis as well as deeper molecular responses in this
disease.139

Juvenile Myelomonocytic Leukemia

Juvenile myelomonocytic leukemia is the only pediatric-
onset overlap neoplasm. It is characterized by peripheral
blood monocytosis, is usually associated with poor
outcomes, and is considered a bona fide RASopathy
syndrome.140,141 Juvenile myelomonocytic leukemia occurs
in early childhood because of germline or somatic RAS
pathway mutations, often involving PTPN11, CBL, KRAS,
NRAS, and NF1.140,141 Most germline cases are related
to PTPN11 (Noonan syndrome), CBL (Noonan-like syndrome),
or NF1 (neurofibromatosis) mutations, with germline
PTPN11- and CBL-mutated juvenile myelomonocytic leu-
kemia sometimes demonstrating spontaneous regression.142

Disease progression often occurs because of the acquisition
of mutations involving ASXL1, SETBP1, and/or JAK3, with
TET2 mutations being uncommon.143 Patients develop
progressive monocytosis, constitutional symptoms, spleno-
megaly, and thrombocytopenia and have significant organ
infiltration. Independent of somatic mutations, unique
methylation subtypes exist in juvenile myelomonocytic
leukemia, with global DNA hypermethylation being asso-
ciated with poor outcomes.144 Allogeneic stem cell trans-
plantation remains the treatment of choice for most patients,
with hypomethylating agent and MEK inhibition currently
undergoing clinical trial evaluation.

Unclassifiable MDS/MPN

The unclassifiable MDS/MPN subtype consists of a medley
of poorly defined MDS/MPN overlap neoplasms not meeting
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criteria for other well-defined entities in this group, with a me-
dian OS of 24 months.2,145 Frequent mutations encountered
include the following:ASXL1 (30%–50%), SRSF2 (23%–37%),
SETBP1 (11%–21%), JAK2 (19%–25%), NRAS (10%–15%),
and TET2 (15%–27%), with TP53 and CBL mutations being
less frequent (, 10%) but having a negative impact on
OS.106,145,146 Although unclassifiable MDS/MPN does not
have a specific prognostic scoring system, two studies have
shown that MDS-centered prognostic models can be used to
risk stratify affected patients.145,146 Allogeneic hematopoietic
cell transplantation once again remains the only curative
option, with hypomethylating agents being palliative and
associated with poor response rates (ORR, 20%).145 Given
that this entity contains subtypes with features that overlap
with other overlap neoplasms, additional next-generation
sequencing–based stratification should be attempted to
identify unique subtypes that may influence clinical trial
eligibility and outcomes (Fig. 3).

CONCLUSION

In summary, MDS/MPN overlap neoplasms consist of
a heterogenous mix of myeloid neoplasms with overlapping
features of MDS and MPN. The advent of next-generation
sequencing has allowed us to differentiate and classify these
neoplasms with greater accuracy, albeit always in the
context of an accurate morphologic diagnosis; in particular,
accurate interpretation of dygranulopoiesis is important in
diagnosing atypical CML, whereas correct estimation of
blasts and promonocytes (regarded as blast equivalents) is
important in risk-stratifying CMML. Although no gene mu-
tations are specific for any MDS/MPN overlap subtype, the
availability of sequencing results aids diagnostic accuracy,
helps with risk stratification and, in select cases, helps select
targeted therapies. Irrespective of recent advances in dis-
ease biology, treatment options remain poor, and rationally
derived therapies based on disease biology are much
needed.

FIGURE 3. Genomic Risk Stratification for MDS/MPN-Unclassifiable Neoplasms Based on Next-Generation Sequencing Results in the Context of Ap-
propriate Disease Morphology
These patients often do not meet strict World Health Organization criteria for defined entities in the MDS/MPN overlap category. In this setting, presence of
SF3B1mutations with JAK/STAT signaling mutations (JAK2, SH2B3, andMPL) can define an MDS/MPN-RS-T–like disease. The presence of SRSF2 with
TET2 mutations can define a CMML-like disease. The presence of ASXL1 with SETBP1, EZH2, or ETNK1 mutations can define an atypical CML-like
disease. The unclassifiable subtype is also enriched in TP53 mutations that can form their own category. The “others” category reflects a medley of
mutations and morphologic subtypes that need clearer definition.
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HEMATOLOGIC MALIGNANCIES

Understanding and Addressing Disparities in
Patients With Hematologic Malignancies:
Approaches for Clinicians
Demetria Smith-Graziani, MD,1 and Christopher R. Flowers, MD, MS2

overview

Approximately 185,840 individuals will be diagnosed with hematologic malignancies in the United States in

2020. Disparities in disease incidence, prevalence, burden, mortality, and survivorship have been identified

among this patient population. Contributing factors include genetic ancestry, race/ethnicity, sex, socio-

economic status, and geographic region. Historically, these inequities have been understudied. Addressing

these disparities requires a systems-level approach, improving access to care and reducing biases in the

clinical setting. Additional research is needed to construct comprehensive, multilevel models to explore

systematic observational studies and perform strategic intervention trials to overcome these disparities.

BACKGROUND

According to the American Cancer Society, approxi-
mately 185,840 individuals will be diagnosed with he-
matologic malignancies in the United States in 2020,
including multiple myeloma and all forms of lymphomas
and leukemias.1 The National Cancer Institute defines
cancer disparities as differences in cancer incidence,
cancer-related deaths, and cancer-associated health
complications across population groups. Observed dif-
ferences in cancer outcomes predominantly have been
described in medically underserved populations, in-
cluding those with no insurance, Medicaid, lower so-
cioeconomic status (SES), and lower health literacy and
those from racial and ethnic minority groups.2,3 Nu-
merous factors contribute to cancer disparities that
interact in complex ways, and these have been de-
scribed in a multilevel model of disparities occurring in
hematologic cancers.4 These include but are not limited
to differences in environmental exposures, diet, lifestyle,
cultural beliefs, genetic and biologic factors related to
ancestry, SES, and access to health care. Compounding
these challenges, patients with hematologic malignan-
cies and other uncommon cancers have received less
attention in investigations of these factors. Addressing
disparities in cancer incidence, prevalence, burden,
mortality, and survivorship requires multilevel models of
the interactions between relevant factors and the de-
velopment of clinical, epidemiologic, and translational
research programs to design and evaluate interventions
that impact human endpoints.

DISPARITIES IN MYELOMA INCIDENCE AND OUTCOMES

Multiple myeloma is the most commonly diagnosed
hematologic malignancy among Black Americans.5

The incidence of multiple myeloma among Black in-
dividuals (15.9 per 100,000) is more than double the
incidence amongWhite individuals (7.5 per 100,000).6

Genome-wide association studies that identified germline
genetic variations associated with increased risk of
hematologic malignancies have found a higher fre-
quency of loci strongly associated with susceptibility to
multiple myeloma among people with African ancestry
compared with individuals of European descent.7,8

The multiple myeloma subtypes involving t(11;14),
t(14;16), and t(14;20) were more common among
individuals with greater degrees of African ancestry,
whereas trisomies and monosomy 13/13q deletion
were less common.8,9 Together, these findings suggest
that ancestry may be associated with predisposition for
developing specific myeloma subtypes, but additional
studies are needed to address potential environmental
factors that may contribute to and confound this as-
sociation. Important observational studies (such as the
PROMISE study) evaluating healthy people, including
individuals of African ancestry, in higher risk groups
for multiple myeloma will provide critical insights in
the future to determine the linkages for multiple
myeloma risk.

Disparities have also been identified in myeloma
treatment and outcomes. An analysis of patients with
multiple myeloma in the U.S. Surveillance, Epidemi-
ology, and End Results national database suggests
that novel myeloma therapies disproportionately have
benefited White patients of higher SES.10 After the
introduction of these therapies, White patients had
double the observed survival improvements compared
with Black patients. Other data indicate that Black
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patients in the United States with multiple myeloma were
21% less likely to be treated with bortezomib after it was
established as an effective therapy.11 In a multivariable
analysis involving more than 37,000 patients with multiple
myeloma, Hispanic patients had significantly worse median
overall survival compared with White patients.11 A single-
center study of 453 patients with who underwent autologous
stem cell transplantation for multiple myeloma suggests that
Black patients may actually have better survival outcomes
compared with White patients when receiving the same
therapy.12 Similar to other findings in cancer disparities
research, these data suggest that inequalities in access and
inequalities in care lead to inequalities in multiple myeloma
outcomes. Future efforts should focus on interventions to
improve access and delivery of high-quality care to achieve
equitable and improved outcomes for all patients with
myeloma.

DISPARITIES IN LYMPHOMA INCIDENCE AND OUTCOMES

There are known disparities in incidence, age at diagnosis,
and overall survival among patients with Hodgkin lymphoma
and non-Hodgkin lymphomas. Most lymphomas, apart from
marginal zone and follicular lymphoma, are more common
among men.13 Genome-wide association studies identified
susceptibility loci for diffuse large B-cell lymphoma that are
more common within Asian populations.7,8,14-17 In the only
study examining ancestry and tumor genomics to date,
recurrent somatic mutations in established driver genes,
such as ATM, MGA, SETD2, TET2, DNMT3A, and MLL3,
were more frequent among patients with African ancestry
compared with those of European ancestry.7 The incidence
of lymphoma among patients from racial and ethnicminority
groups is lower than the incidence among their White
counterparts for most lymphoma subtypes. A counterex-
ample to this occurs in patients with cutaneous T-cell
lymphomas, in which Black patients have an increased
incidence of mycosis fungoides. These patients often
present with a more aggressive course and higher stage,
and at an age 10 years younger than White patients.18,19 No
known genetic or environmental exposures have been
described to explain these differences. An analysis of the

Environmental Protection Agency’s National Air Toxics
Assessment database for the state of Georgia found that
higher rates of cutaneous T-cell lymphoma were geo-
graphically clustered in regions with higher levels of ben-
zene and trichloroethylene exposure.20 Future studies
should explore relationships between environmental expo-
sures and disparities in incidence and clinical presentation
to define explanatory models and develop interventions for
prevention strategies.

Like cutaneous T-cell lymphomas, most subtypes of lym-
phoma, are diagnosed in Black patients at a younger age
and at a more advanced stage, and the lymphomas have
higher risk features at initial presentation.21,22 Across
studies, Black patients in the United States with diffuse large
B-cell lymphoma were diagnosed at a mean age more than
10 years younger than White patients, more commonly had
advanced stage disease, were less likely to be insured, less
commonly received standard-of-care therapy, and experi-
enced worse overall survival.23,24 Studies of patients treated
for Hodgkin lymphoma found that Black patients had an
increased risk of cardiovascular mortality and anthracycline-
associated cardiotoxicity compared with White patients.25,26

Among patients with follicular lymphoma, women appeared
to have improved overall survival compared with men despite
being more likely to receive single-agent rituximab as op-
posed to anthracycline-based chemotherapy.27 Additionally,
patients with Hodgkin lymphoma and lower SES had a higher
risk of death compared with patients who had a higher SES.28

Though each of these findings offers selected insights into
the forms of disparities in outcomes observed for patients
diagnosed with various lymphoma subtypes, compre-
hensive models and systematic multilevel research ap-
proaches are needed to define clear approaches for
improving outcomes.

Across a series of studies, some comprehensive models are
now emerging for more common lymphoma subtypes, such
as diffuse large B-cell lymphoma. A 2014 study using data
from the National Cancer Database found that uninsured
patients and patients onMedicaid tended to be younger and
were more likely to be members of a racial/ethnic minority
group, were more likely to be diagnosed with an advanced
stage of diffuse large B-cell lymphoma, and less likely to
receive standard-of-care chemoimmunotherapy. Five-year
overall survival rates among patients without insurance and
patients with Medicaid were lower than survival rates among
patients with private insurance.17 Similar trends have been
noted among patients with follicular lymphoma and Burkitt
lymphoma but not plasmablastic lymphoma.9,29 Together,
these studies suggest that health insurance may be a key
mediator in access to high-quality cancer care that is
associated with improved outcomes for lymphomas in
which novel therapies have been demonstrated to improve
progression-free and overall survival for newly diagnosed

PRACTICAL APPLICATIONS

• Eliminating disparities among patients with
hematologic malignancies requires clinicians to
consider how patients’ biologic, clinical, and
demographic characteristics interact to affect
their prognoses and their access to care.

• By identifying indicators of worse outcomes,
clinicians can develop appropriate interventions
that can be applied throughout health care
systems.
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and relapsed disease, as in follicular lymphoma, diffuse
large B-cell lymphoma, and Burkitt lymphoma. Insurance
status likely was not an independent predictor of survival in
plasmablastic lymphoma, because current therapies re-
main ineffective for most patients.

Ritter and colleagues30 assessed the relationship among
geographic population density (metropolitan, urban, or
rural), household income, and overall survival among
83,000 patients with diffuse large B-cell lymphoma and
43,000 patients with follicular lymphoma from the National
Cancer Database in the United States. This analysis iden-
tified lower overall survival among patients with diffuse
large B-cell lymphoma and follicular lymphoma living in
rural and urban counties compared with those inmetropolitan
counties. Compared with their metropolitan counterparts,
rural and urban patients were less likely to have private
insurance and more likely to have a lower SES. Across all
geographic regions, patients with a household income less
than $38,000 had worse overall survival.30 Future studies
should identify specific barriers to care and potential in-
terventions to improve access among patients living outside
metropolitan areas. Together, these studies of disparities
in incidence and outcomes for patients with lymphomas
indicate a need for a comprehensive model to describe
the interactions of factors that mediate these disparities.
Such models can drive the generation of new approaches
for addressing these disparities that can be explored
in observational studies of large cohorts with biologic
samples and tested in population-based interventional
studies.

DISPARITIES IN LEUKEMIA INCIDENCE AND OUTCOMES

The incidence of leukemia overall is higher among men
compared with women.31 The age-adjusted incidence of
acute myeloid leukemia from 2010 to 2014 was higher
among White patients compared with their Black, Asian/
Pacific Islander, and Hispanic counterparts.32 Even though
there is a higher prevalence of favorable cytogenetics and
a younger mean age of diagnosis among patients from
minority groups compared with their White counterparts,
a study of 39,000 patients with acute myeloid leukemia in
the Surveillance, Epidemiology, and End Results database
found that the risk of death increased 12% among Black
patients and 6% among Hispanic patients compared with
non-Hispanic White patients.33

In the United States, the incidence and mortality rate of
acute lymphoblastic leukemia are highest among Hispanic
Americans. However, a recent review addressed some of
the complexities inherent in this association, because there
is considerable diversity within the Latinx population and
varying methods for defining Hispanic and Latinx groups,
which may be associated with distinct environmental fac-
tors and variations within the genetic ancestry for Latinx

individuals.34 Data suggest that some of these differ-
ences are related to the higher frequency of Philadelphia
chromosome–like acute lymphoblastic leukemia and mo-
lecular markers associated with Native American ancestry.
An analysis of 2,428 patients with acute lymphoblastic
leukemia in California, Florida, and New York found that
Hispanic patients from continental American countries
(populations with higher amounts of Native American
ancestry) had worse survival than Hispanic patients from
Caribbean countries.35

Black patients with chronic lymphocytic leukemia or small
lymphocytic lymphoma often present with worse prog-
nostic indicators, such as increased β2-microglobulin
levels, worsening anemia, higher Rai stage, and unfavorable
cytogenetic markers, compared with White patients.36 Black
patients with chronic lymphocytic leukemia or small lym-
phocytic lymphoma also tend to present at a younger age
and have a decreased event-free survival and overall sur-
vival compared with White patients.36,37 Because diagnoses
of leukemia occur less commonly than diagnoses of solid
tumors, studies of disparities in these patient groups have
been uncommon. Continued exploration of epidemiology
and outcomes research across leukemia subtypes is
needed to uncover opportunities for additional research and
interventions.

DISPARITIES IN STEM CELL TRANSPLANTATION

Stem cell transplantation can be associated with disparities
in both access and outcomes for minority populations.
Analysis of the California Cancer Registry found that Black
and Hispanic patients with acute myeloid leukemia had
a decreased likelihood of stem cell transplantation com-
pared with White patients (odds ratio, 0.64; 95% CI, 0.46–
0.87; and 0.74; 95% CI, 0.62–0.89, respectively).38 Another
study of autologous stem cell transplantation revealed that
age-adjusted relative rates of autologous stem cell trans-
plantation for patients with multiple myeloma were signifi-
cantly higher in non-Hispanic White patients than in Black,
Hispanic, and Asian patients.39 In another study, Black pa-
tients with myeloma were 49% less likely to receive stem cell
transplantation than White patients. A study of patients un-
dergoing allogeneic stem cell transplantation found that Af-
rican ancestry was associated with an increased risk of
overall mortality among both transplant recipients (HR,
2.26; 95% CI, 1.28–3.96) and donors (HR, 3.09; 95% CI,
1.7–5.64). This association persisted after adjustment for
potential clinical confounders as well as self-reported race/
ethnicity.16,29 Additional studies are needed to explore
other factors that may be associated with inequalities in
access and outcomes. These disparities in access to stem
cell transplantation as a contemporary technology for
the management of hematologic malignancies raise
considerable concern, particularly with the emergence of
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new technologies, such as CAR T cells. Cellular therapy
approaches will likely increase in frequency for new
indications in hematologic cancers over time and will
require the development of population-based interventions
and policies to ensure that all patients can appropriately
receive the benefits of these innovations when indicated.

POPULATIONS IN WHOM DISPARITIES IN HEMATOLOGIC
MALIGNANCIES HAVE BEEN UNDERSTUDIED

Lesbian, gay, bisexual, transgender, and intersex in-
dividuals account for approximately 3% to 12% of the
population. However, limited data exist regarding disparities
in health outcomes, including malignancies, in this
population.40-43 Regrettably, most of the published literature
in oncology in the lesbian, gay, bisexual, transgender, and
intersex population focuses on associations with HIV and
lymphoma and often involves small, observational studies.40,42

Although there is no universally accepted, all-inclusive term
for patients in this community, “sexual and gender minority”
has been adopted as an inclusive terminology, and orga-
nizations, including ASCO and the American Medical As-
sociation, have acknowledged the disparities that exist
among sexual- and gender-minority individuals.44 Sexual- and
gender-minority patients with cancer may face unique psy-
chosocial challenges during treatment and in survivorship.42,43,45

To address this research gap, sexual orientation and gender
identity questions were added to the National Health In-
stitute Survey,46 and the National Cancer Institute has raised
studies in sexual- and gender-minority populations as
a priority area for research.47

APPROACHES FOR CLINICIANS TO ADDRESS DISPARITIES IN
HEMATOLOGIC MALIGNANCIES

Research Strategies to Address Cancer Disparities

To eliminate disparities in malignant hematologic outcomes,
clinicians and researchers must clearly define demographic
and clinical factors that contribute to an increased risk of
poor outcomes. Historically, race and ethnicity data were
imprecise and often involved limited options that placed
a large number of study participants in the “other” category
or noted Hispanic ethnicity without documented race.5

However, since 2005, the Surveillance, Epidemiology, and
End Results database and the National Cancer Institute
have expanded their race categories to reflect a more di-
verse population.48 Likewise, there are issues with correctly
quantifying SES and identifying patients with low health
literacy. As investigators apply standard definitions of race,
ethnicity, and sociodemographic factors in cancer registries
and research protocols, future studies may clarify etiologies
to explain some of the disparities identified.

Given the myriad biologic, clinical, demographic, and so-
cietal factors that contribute to disparities, a multilevel
approach is required to create outcomes that are more

equitable. However, lack of health care access is a general
theme to address across the strategies discussed above.
Access can largely be attributed to insurance status.
According to the U.S. Census Bureau, 26.1 million Amer-
icans (8.0%) were uninsured during 2019,49 which was
a decrease from 42million (13.4%) in 2013.50 This increase
in insurance coverage resulted from implementation of new
provisions of the Affordable Care Act established in January
2014. The largest increase in health insurance coverage
was among those with the lowest education and income.
Unfortunately, Hispanic and Black Americans continue to
be the most likely to be uninsured: 16.7% and 9.6%, re-
spectively, compared with 5.2% of non-Hispanic White
Americans and 6.2% of Asian Americans.49 Uninsured
patients are more likely to be diagnosed with cancer at
a later stage.51,52 The information gathered using the
strategies above can be shared with stakeholders in real
time to inform health policy and encourage increased
funding.

DISPARITIES IN CLINICAL TRIAL ENROLLMENT FOR
MINORITIES, WOMEN, AND LOW SES, RURAL, AND
OTHER POPULATIONS

Barriers to Minority Enrollment in Clinical Trials

Clinical trials are key components of cancer research and
continually enhance treatment options for patients across all
tumor types. In an analysis by the American Cancer Society
Cancer Action Network, the overall trial participation rates
averaged 14.8% at academic centers and 6.3% at com-
munity centers.53 Unfortunately, across most studies, Black
populations, Hispanic populations, and patients older than
age 65 are under-represented in clinical trials. Furthermore,
recent studies have found that patients with household
incomes less than $50,000 were approximately 30% less
likely to participate in trials.54,55 Equal participation in
clinical trials is essential to determine differences in can-
cer biology, outcomes, safety, and efficacy of new cancer
therapeutics across all populations. In specific hematologic
malignancies like myeloma, in which the incidence of
disease is higher in African Americans, limited participation
in clinical trials may mean that new therapies are studied in
populations who are dramatically different from those in
whom they will be applied. The data presented above re-
garding the relationships between African ancestry and
specific myeloma subtypes accentuate this point. The U.S.
Food and Drug Administration has taken note of this issue
and recently published guidelines for increasing diversity in
clinical trials.56

The largest obstacles to enrollment in trials for rural patients
seem to be distance and lack of communication between
large centers and small clinics, leading to unfamiliarity
with clinical trial opportunities. A qualitative study of rural
survivors of lymphoma who received treatment at an
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academic medical center noted barriers to clinical trial
participation, including distance to the academic center,
transportation difficulties, and less time with their oncology
provider at the academic medical center clinics. However,
these patients identified the use of patient portals to improve
clinician-patient communication as a notable factor in im-
proving their understanding of clinical trial opportunities.57

Telemedicine and other strategies that limit patient travel
may expand options for clinical trial participation for rural
patients. The most common lymphoma subtypes (diffuse
large B-cell lymphoma and follicular lymphoma) represent
patient subgroups with worse survival and in greater need of
clinical trial options. Similar issues may arise for rural pa-
tients with other hematologic malignancies when observa-
tional studies are performed to examine whether disparities
exist for those patient groups.

STRATEGIES FOR IMPROVING MINORITY ENROLLMENT IN
CLINICAL TRIALS

The National Institutes of Health Revitalization Act of 1993
required the National Institutes of Health to establish
guidelines for inclusion of women and patients fromminority
groups in clinical research,58 with the goal that subgroups
should be proportionately represented. Published strategies
across U.S. cancer centers have analyzed factors that
optimize recruitment of patients from minority groups in
cancer research. For instance, Regnante and colleagues59

conducted qualitative research in the form of interviews
with multiple U.S. cancer centers that are actively in-
volved in increasing accrual rates for racial and ethnic
minority patients. The percentage of minority partici-
pations accrued in cancer clinic trials across eight
cancer centers studied ranged from 10% to 40% be-
tween 2016 and 2018. This study identified five broad
themes for increasing participation of women and pa-
tients from minority groups in clinical trials. These themes

were commitment and center leadership, investigator
training and mentorship, community engagement, pa-
tient engagement, and operational practices. For exam-
ple, many trials have strict criteria, such as excluding
patients with comorbidities like diabetes and hyper-
tension—comorbidities that are highly prevalent in Black
patients. Although these comorbidities are relevant to the
treatment being evaluated in trial, these are important
exclusions that may require examination of alternative
treatments in separate trials for these patient groups. In
situations in which these comorbidities are not relevant
to the treatment being evaluated, such criteria may in-
advertently exclude minority patients and patients with
lower SES.

CONCLUSION

Among patients in the United States diagnosed with he-
matologic malignancies, considerable disparities in disease
incidence and outcomes have been identified. Factors
attributing to inequities include race/ethnicity, ancestry,
gender, SES, and geographic region. These disparities have
been understudied in the past but have gained more visi-
bility in recent years. Some approaches that clinicians
can apply to address these disparities include increasing
systems-level awareness, improving access to care, and
reducing biases in clinical setting. Additional research is
needed to construct comprehensive, multilevel models;
explore systematic observational studies; and perform strategic
intervention trials to overcome these disparities.
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HEMATOLOGIC MALIGNANCIES

When and How to Treat Relapsed
Multiple Myeloma
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overview

The treatment landscape for relapsed multiple myeloma has expanded considerably in recent years, as

numerous agents with new mechanisms of action have been introduced, increasing responses even in ad-

vanced disease and prolonging survival. The wealth of novel regimens comes with the challenges of balancing

toxicities and aligning a regimen with the biology of the myeloma and the nature of the relapse in conjunction

with patient treatment history and personal preference. Herein, we provide an overview of treatment options

for both early and late relapsing disease as well as a discussion of the role of emerging immune-based

therapies.

EARLY-RELAPSING MULTIPLE MYELOMA

Myeloma treatment has evolved during the past decade
to include multiple immunomodulatory agents, protea-
some inhibitors, and antibodies. This array of choices
leads to complexity in designing an optimal regimen for
a patient with relapsed myeloma. Herein, we discuss
treatment of early relapse. In first or second relapse, the
choices are the broadest and can be guided by disease
biology, the nature of the relapse (biochemical vs.
clinically aggressive), and patient preference.

1. Prior autologous stem cell transplantation. Autolo-
gous stem cell transplantation remains a mainstay
for patients who elect to defer transplantation1

as initial therapy. Additionally, a lack of response
to standard-dose treatment should not exclude
patients from undergoing salvage autologous
transplantation.2

2. Prior therapies. The main classes of drugs inmultiple
myeloma include proteasome inhibitors, immuno-
modulatory agents, and monoclonal antibodies,
primarily the CD38-directed monoclonal antibodies
(daratumumab and isatuximab) and elotuzumab,
which targets SLAMF7 (Table 1). The choice of
regimen depends on response to and tolerability of
prior therapies; it remains controversial whether
a class switch is needed or if one can change to
a new agent in the same class at the time of relapse.

3. Aggressiveness of relapse—that is, biochemical
versus clinical relapse. Patients who experience
a biochemical relapse may be treated by increas-
ing the medication dose if they are on mainte-
nance lenalidomide; reintroducing dexamethasone;
and/or adding another agent, such as elotuzumab.
However, it is recognized that these responses are
not deep or durable. Therefore, patients who develop

aggressive relapses, such as those presenting with
renal failure or extramedullary disease, may require
multiagent therapy with several new agents.

4. Comorbidities. We generally recommend triplet reg-
imens versus doublets except in extremely frail pa-
tients. Proteasome inhibitor–containing doublets such
as bortezomib/dexamethasone, immunomodulatory
agent–containing doublets such as lenalidomide/
dexamethasone and pomalidomide/dexamethasone,
and single-agent daratumumab can also be used in
frail patients or those with poor functional status. See
Table 1 for specific considerations while choosing
between the different available agents.

5. Psychosocial issues and access to care. Resources,
route of administration, drug approvals, and in-
surance coverage are also important considerations
while selecting treatment. Patients with challenges
to obtaining transportation may require an oral
regimen. Those who do not have insurance coverage
for oral medications may prefer an intravenous/
subcutaneous medication.

Regimens Used for Early Relapse in Patients With

Disease Not Refractory to Lenalidomide

Most patients in theUnitedStates experience relapsewhile
on lenalidomidemaintenance. If a patient is experiencing
a more indolent biochemical relapse on lenalidomide
maintenance, it may be reasonable to increase the
lenalidomide dose and add a monoclonal antibody or
a proteasome inhibitor in combination with dexameth-
asone (Fig. 1), although with the caveat that most phase
III trials do not address this particular scenario. Most
regimens used in the United States at first relapse in-
corporate other classes of drugs, in particular proteasome
inhibitors (Table 2) and monoclonal antibodies (Tables
3 and 4). In general, triplet regimens are preferred.
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Regimens Used for Early Relapse in Patients With Disease

Refractory to Lenalidomide

With the evolution of myeloma treatment and the approval of
multiple novel agents, there are several choices for patients with
relapsed disease, especially during early relapse. Although there
is no standard algorithm for treating relapsed myeloma, for
patients who are lenalidomide refractory, it is common practice

to switch to pomalidomide or proteasome inhibitor–based
treatment and consider adding a monoclonal antibody (Fig. 1).

Proteasome Inhibitor–Based Regimens for Early Relapse

Bortezomib with pomalidomide and dexamethasone In the
phase III OPTIMISMM trial of 559 patients previously treated
with lenalidomide (70% were lenalidomide refractory),
those receiving bortezomib/pomalidomide/dexamethasone
compared with bortezomib/dexamethasone had an im-
provement in an overall response rate (ORR; 82% vs. 50%)
and progression-free survival (PFS; 11 months vs. 7
months; HR, 0.61).3,4 There was a higher incidence of
neutropenia (42% vs. 9%), infection (31% vs. 18%),
thromboembolic events (4% vs. , 1% pulmonary embo-
lism), and peripheral sensory neuropathy in the bortezomib/
pomalidomide/dexamethasone arm. This trial differed from
several other trials in the early relapse setting, in which patients
whowere lenalidomide refractory generally were excluded5-8 or
represented a much lower proportion of patients.9-12

Carfilzomib with lenalidomide and dexamethasone In
the phase III ASPIRE trial8 of 792 patients comparing car-
filzomib/lenalidomide/dexamethasone versus lenalidomide/
dexamethasone, ORR (87% vs. 67%) and PFS (26 months
vs. 17 months; HR, 0.66) improved and, notably, an over-
all survival benefit (48 months vs. 40 months; HR, 0.79)
with carfilzomib was demonstrated.13 Carfilzomib had less
neuropathy compared with bortezomib but had more
hypertension; upper respiratory infections; and cardiac,
pulmonary, and renal toxicities. The regimen of carfilzomib/

PRACTICAL APPLICATIONS

• Patient factors, including prior therapies,
aggressiveness of relapse, comorbidities, and
access to care, are important considerations in the
choice of therapy for relapsed multiple myeloma.

• The combination of multiple drugs has tended to
improve response rates and length of survival
times, albeit frequently at the cost of increased
toxicity, requiring careful clinical management and
a consideration of the patient’s individual features.

• Optimal sequencing of immunotherapy remains
unknown—for example, whether a patient who
receives a B-cell maturation antigen CAR T-cell
therapy can respond later to a B-cell maturation
antigen–bispecific T-cell engager. These
questions will become more important as
immune therapies are moved to the frontline
setting in myeloma.

FIGURE 1. Treatment Options Based on Relapse Characteristics
Abbreviations: DKd, daratumumab/carfilzomib/dexamethasone; DPD, daratumumab/pomalidomide/dexamethasone; DRd, daratumumab/lenalidomide/
dexamethasone; DVd, daratumumab/bortezomib/dexamethasone; EPD, elotuzumab/pomalidomide/dexamethasone; ERd, elotuzumab/lenalidomide/
dexamethasone. IRd, ixazomib/lenalidomide/dexamethasone; Isa-Kd, isatuximab/carfilzomib/dexamethasone; Isa-PD, isatuximab/pomalidomide/dexamethasone;
KPd, carfilzomib/pomalidomide/dexamethasone; KRd, carfilzomb/lenalidomide/dexamethasone; mAb, monoclonal antibody; PVD, pomalidomide/borte-
zomib/dexamethasone; SVd, selinexor/bortezomib/dexamethasone.
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lenalidomide/dexamethasone has been approved for twice-
weekly carfilzomib dosing, which may be inconvenient for
some patients. Optimal weekly carfilzomib dosing in combi-
nation with immunomodulatory agents is yet to be clearly
defined. This regimen is appealing for patients who are
lenalidomide naı̈ve or lenalidomide exposed but not refractory.

Ixazomib with lenalidomide and dexamethasone In the phase
III TOURMALINE-MM1 trial of 722 patients with relapsed
myeloma7 comparing ixazomib/lenalidomide/dexamethasone
versus lenalidomide/dexamethasone, there was improve-
ment in the ORR (78% vs. 72%) and PFS (21 months vs. 15
months; HR, 0.74) in the ixazomib/lenalidomide/dexamethasone

TABLE 1. List of Commonly Used Drugs in Multiple Myeloma
Drugs Important Considerations

Lenalidomide • Adjust dose on the basis of renal function

• Discuss risk of second primary malignancies

• Thromboprophylaxis

• Rashes are common, especially with initial use. Consider antihistamine use for the first week.

•Watch for diarrhea, especially with long-term use. Consider bile acid sequestrants.

Pomalidomide •More myelosuppressive than lenalidomide, especially in combination with CD38 mAbs

• Fewer rashes than with lenalidomide

• Risk of second primary malignancies

• Thromboprophylaxis

Bortezomib • Risk of peripheral neuropathy mitigated with subcutaneous once-weekly dosing

• Avoid in patients with severe existing peripheral neuropathy

• Higher risk of zoster reactivation, use appropriate prophylaxis

• No dose adjustment is needed for renal dysfunction

• Adjust for hepatic dysfunction

Carfilzomib •Monitor for cardiac, pulmonary, and renal toxicity

• Hypertension

• Higher risk of zoster reactivation, use appropriate prophylaxis

• Less neuropathy than bortezomib

• Exercise caution in older adults and in those with substantial cardiovascular risk factors

• No dose adjustment is needed for renal dysfunction

• Adjust for hepatic dysfunction

Ixazomib •Monitor for rashes and GI toxicity

• GI toxicity tends to occur early on

• Less neuropathy than bortezomib

• Higher risk of zoster reactivation, use appropriate prophylaxis

• Food interferes with absorption (i.e., the drug needs to be taken at least 1 hour before or 2 hours after a meal)

mAbs:
daratumumab

• Higher rate of infusion reactions with intravenous versus subcutaneous daratumumab

Isatuximab • No subcutaneous formulation of isatuximab approved yet

Elotuzumab • Lower rate of infusion reactions from elotuzumab (approximately 10%)

• Avoid daratumumab and isatuximab use in patients with severe asthma/chronic obstructive pulmonary disease

• Increased risk of zoster reactivation with all three agents, use appropriate prophylaxis

• All three antibodies can be detected on SPEP and immunofixation (IgGκ); interference assays available for daratumumab

• Daratumumab and isatuximab can interfere with blood crossmatching

Selinexor • GI toxicity

• Thrombocytopenia

• Hyponatremia

Abbreviations: GI, gastrointestinal; mAbs, monoclonal antibodies; SPEP, serum protein electrophoresis.
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arm. Ixazomibcancausegastrointestinal toxicity and rashes, but it
has a lower incidence of peripheral neuropathy. This regimen is
an appealing option for patients who are not refractory to lena-
lidomide, and it has the benefit of being orally administered. It
may be ideally suited for older patients or thosewho are frailer and
experience a relatively indolent relapse.

Carfilzomib with pomalidomide and dexamethasone Phase
I/II studies14,15 have shown encouraging responses with
the carfilzomib/pomalidomide/dexamethasone regimen, in-
cluding anORRof 87%.16However, unlike the other regimens,
we have no phase III data. Because of the promising response
rate and predictable toxicity profile, though, this option remains
a regimen of choice for patients who experience progression
after CD38 antibodies and who are carfilzomib naı̈ve.

Selinexor with bortezomib and dexamethasone Selinexor is
an inhibitor of the nuclear export protein XPO1; as a result of
inhibition, cargo is trapped in the nucleus, resulting in cell
cycle arrest and apoptosis. The phase III BOSTON trial
included 402 patients who were randomly assigned to re-
ceive selinexor/bortezomib/dexamethasone or to borte-
zomib/dexamethasone.14 There was improvement in the
ORR (76% vs. 62%) and PFS (14months vs. 9months; HR,
0.7) in the selinexor/bortezomib/dexamethasone arm. More
thrombocytopenia and fatigue occurred, but neuropathy was
less frequent in the selinexor/bortezomib/dexamethasone arm
compared with bortezomib/dexamethasone alone. Although
side effects remain a concern from selinexor-containing

regimens, an antibody-free approach using this agent may
have a role for patients with high-risk cytogenetic abnormalities
(especially 17p deletion) and possibly among patients who
have received previous therapy with monoclonal antibodies.
Additionally, this trial allowed enrollment of patients with
cardiac and other major organ dysfunction.

CD38 Monoclonal Antibody–Based Treatment of

Early Relapse

The two U.S. Food and Drug Administration–approved
CD38 monoclonal antibodies for multiple myeloma are
daratumumab and isatuximab. Daratumumab has received
U.S. Food and Drug Administration approval in combination
with lenalidomide/dexamethasone, bortezomib/dexamethasone,
carfilzomib/dexamethasone, andpomalidomide/dexamethasone.
Isatuximab is approved by the U.S. Food and Drug Adminis-
tration in combination with pomalidomide/dexamethasone.
Choosing between daratumumab and isatuximab in patients
with early relapse is sometimes challenging, because there are
no head-to-head comparisons. Practical considerations, such
as drug availability and administration, come into play while
making these decisions, because both agents have a similar
multimodal mechanism of action. With the advent of fixed-dose
subcutaneous daratumumab, the daratumumab-containing
regimens are very appealing. One of the questions that ari-
ses is whether isatuximab is effective in patients who experi-
ence progression during daratumumab treatment. In a small
(nine patients), single-center, retrospective analysis of a heavily

TABLE 2. Phase III Trials Using Proteasome Inhibitor–Based Regimens for Early Relapse

Name of

Trial Regimen

No. of

Patients Regimen

PFS in

Months

(HR) ORR (%) Noteworthy Points

OPTIMISMM VPd 559 VPd vs. Vd 11 vs. 7
(0.61)

82 vs. 50 • Consider for relapse on lenalidomide

• Consider for those who received quadruplet induction with
a mAb, PI, and lenalidomide

•More neutropenia, infections, neuropathy, and
thromboembolic events in VPd arm

ASPIRE KRd 792 KRd vs. Rd 26 vs. 17
(0.66)

87 vs. 67 • Approved as twice weekly dosing, which may be
inconvenient

• Showed overall survival benefit (48 vs. 40 months; HR,
0.79)

•More URIs and hypertension in the KRd arm

TOURMALINE-
MM1

IRd 722 IRd vs. Rd 21 vs. 15
(0.74)

78 vs. 72 • Convenient oral regimen

• Gastrointestinal toxicity and rashes

• Lower incidence of peripheral neuropathy

BOSTON SVd 402 SVd vs. Vd 14 vs. 9 (0.7) 76 vs. 62 •More thrombocytopenia and fatigue

• Less neuropathy in the SVd arm

Abbreviations: HR, hazard ratio; IRd, ixazomib with lenalidomide and dexamethasone; KRd, carfilzomib with lenalidomide and dexamethasone;
mAb, monoclonal antibody; ORR, overall response rate; PFS, progression-free survival; PI, proteasome inhibitor; Rd, lenalidomide and
dexamethason; SVd, selinexor with bortezomib and dexamethasone; URI, upper respiratory infection; Vd, bortezomib and dexamethasone; VPd,
bortezomib with pomalidomide and dexamethasone.
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pretreated population with prior pomalidomide and dar-
atumumab exposure, the ORR with isatuximab/pomalidomide/
dexamethasone was 55%, suggesting that these two CD38
monoclonal antibodies may have some differences in mech-
anism of action.15

Daratumumab-containing regimens Several randomized trials
have shown improvement in PFS and deeper responses from
daratumumab-containing combination regimens compared
with doublets.5,9,16-18 The risk of infusion-related reactions is
lower16 with the use of subcutaneous versus intravenous dar-
atumumab (13% vs. 34%), without compromising efficacy.17

Daratumumab with bortezomib and dexamethasone In the
phase III CASTOR study9 evaluating daratumumab/bortezomib/
dexamethasone versus bortezomib/dexamethasone in 498
patients, there was improvement in the ORR (84% vs. 63%)
and PFS (17 months vs. 7 months; HR, 0.31) in
the daratumumab/bortezomib/dexamethasone arm.19

More myelosuppression occurred in the daratumumab/
bortezomib/dexamethasone arm, and infusion reactions were
associated with daratumumab, but they were generally mild.
This regimen is favored in patients who are lenalidomide re-
fractory and do not have notable neuropathy.

Daratumumab with lenalidomide and dexamethasone In the
phase III POLLUX study evaluating daratumumab/lenalidomide/
dexamethasone versus lenalidomide/dexamethasone in
569 patients, there was improvement in the ORR (93% vs.
76%) and PFS (83% vs. 60%).5 The median PFS was not
reached in the daratumumab/lenalidomide/dexamethasone
group versus 17 months in the lenalidomide/dexamethasone
group (HR, 0.41).18 A higher incidence of upper respiratory

infections, neutropenia, and diarrhea was noted in the dar-
atumumab/lenalidomide/dexamethasone arm. This regimen
is preferred among patients who experience relapse during
lenalidomide or bortezomibmaintenance, especially for those
who are not refractory to full doses of lenalidomide.

Daratumumab with carfilzomib and dexamethasone In the
phase III CANDOR study16 of 466 patients, daratumumab/
carfilzomib/dexamethasone led to improvement in the ORR
(84% vs. 75%) and PFS (median, not reached vs. 16 months;
HR, 0.63), with deeper responses. It is noteworthy that there
was a higher incidence of respiratory infections with the
daratumumab/carfilzomib/dexamethasone combination com-
pared with carfilzomib/dexamethasone (29% vs. 16%), al-
though the rates of cardiac and acute renal failure were lower in
the daratumumab/carfilzomib/dexamethasone arm. It is worth
mentioning that patients age 65 and older and those with in-
termediate fitness experienced more fatal adverse events,
mostly because of infection, thereby warranting caution in this
population. This regimen is preferred in younger, fit patients who
are double refractory to lenalidomide and bortezomib.

Daratumumab with pomalidomide and dexamethasone A
nonrandomized trial of daratumumab/pomalidomide/
dexamethasone in 103 patients with a median of four prior
therapies showed an ORR of 60% and a median PFS of 9
months.20 Another nonrandomized trial in 112 patients in
a less heavily treated population21 showed an ORR of 78%;
the median PFS was not reached. The randomized APOLLO
trial22 comparing daratumumab/pomalidomide/dexamethasone
(with subcutaneous daratumumab) and pomalidomide/
dexamethasone in 304 patients, presented in abstract form,

TABLE 3. Phase III Trials of Daratumumab-Based Regimens for Early Relapse
Name of

Trial Regimen

No. of

Patients Regimen

PFS in Months

(HR) ORR (%) Noteworthy Points

CASTOR DVd 498 DVd vs. Vd 17 vs. 7 (0.31) 84 vs. 63 • Favored in patients who are lenalidomide-refractory without significant
neuropathy

•More myelosuppression in the DVd arm

POLLUX DRd 569 DRd vs. Rd NR vs. 17 (0.41) 93 vs. 76 • Preferred for relapses on lenalidomide or bortezomib maintenance
(nonrefractory to full doses of lenalidomide)

•More URIs, neutropenia, and diarrhea in the DRd arm

CANDOR DKd 466 DKd vs. Kd NR vs. 16 (0.63) 84 vs. 75 • Preferred in younger, fit patients who are double refractory to
lenalidomide and bortezomib

•More respiratory infections with DKd

•More fatal adverse events in age � 65 and intermediate fit

APOLLO DPd 304 DPd vs. Pd 12 vs. 7 (0.63) 69 vs. 46 • Preferred in patients who are double refractory to lenalidomide and a PI

• 68% grade � 3 neutropenia

• 5% IRR

Abbreviations: DKd, daratumumab with carfilzomib and dexamethasone; DPd, daratumumab with pomalidomide and dexamethasone; DRd, daratumumab
with lenalidomide and dexamethasone; DVd, daratumumab with bortezomib and dexamethasone; HR, hazard ratio; IRR, infusion-related reaction; Kd,
carfilzomib and dexamethasone; NR, not reached; ORR, overall response rate; Pd, pomalidomide and dexamethasone; PFS, progression-free survival; PI,
proteasome inhibitor; Rd, lenalidomide and dexamethasone; URI, upper respiratory infections; Vd,vortezomib and dexamethasone.

Nathwani et al

362 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



revealed improvement in the PFS (12 months vs. 7 months;
HR, 0.63) and ORR (69% vs. 46%) with daratumumab/
pomalidomide/dexamethasone versus pomalidomide/
dexamethasone. Only 5% of patients developed infusion-
related reactions from subcutaneous daratumumab. All
three trials showed a high incidence of grade 3 or higher
neutropenia, ranging from 63% to 78%, with grade 3 in-
fections in almost a third of patients in one trial.21

Isatuximab-Containing Regimens

Isatuximab with pomalidomide and dexamethasone The
phase III ICARIA-MM trial23 evaluated 307 patients who
received a median of three prior lines of therapy and ran-
domly assigned them to receive treatment with isatuximab/
pomalidomide/dexamethasone versus pomalidomide/dexa-
methasone. There was improvement in the ORR (60% vs.
35%), and PFS (12months vs. 7months; HR, 0.6). Notably,
infusion reactions occurred in more than one-third of patients.
The incidence of grade 3 or higher neutropenia was 86% (vs.
70%), with a higher proportion of patients requiring granulocyte-
colony stimulating factor and dose reductions in the isatuximab-
containing arm. Additionally, more upper respiratory infections
and diarrhea occurred in the isatuximab-containing arm. This
option is available for patients who are refractory to lenalidomide
and a proteasome inhibitor.

Isatuximab with carfilzomib and dexamethasone The
phase III IKEMA study compared isatuximab/carfilzomib/
dexamethasonewith carfilzomib/dexamethasone among 302
patients with two prior lines of treatment. This study has been
presented in abstract form and showed that the median
PFS was not reached for patients treated with isatuximab/
carfilzomib/dexamethasone versus 19 months for patients
treated with carfilzomib/dexamethasone (HR, 0.53).24 The
ORR was similar (87% vs. 83%), although deeper responses
were seen in the isatuximab-containing arm (30% vs. 13%
minimal residual disease negativity). Although there was
a higher incidence of hematologic toxicity in the isatuximab-
containing arm, this immunomodulatory agent–free regimen
yielded a relatively low incidence of grade 3 or higher
neutropenia in both arms (19% vs. 7%). However, grade 3 or
higher respiratory infections were more frequent in the
isatuximab-containing arm (32% vs. 24%).

Anti-SLAMF7Monoclonal Antibody–Containing Regimens

for Early Relapse

Elotuzumab with lenalidomide and dexamethasone The
phase III ELOQUENT-2 trial6 included 646 patients who
received elotuzumab/lenalidomide/dexamethasone versus
lenalidomide/dexamethasone. There was improvement in
the ORR (79% vs. 66%), PFS (19 months vs. 15 months;

TABLE 4. Phase III Trials of Isatuximab- and Elotuzumab-Based Regimens for Early Relapse

Trial Name Regimen

No. of

Patients Regimen

PFS in Months

(HR) ORR Noteworthy Points

ICARIA-MM Isa-Pd 307 Isa-Pd vs.
Pd

12 vs. 7 (0.6) 60% vs.
35%

• Option for patients refractory to lenalidomide and a PI

• Grade � 3 neutropenia in 86% of patients on Isa-Pd (vs.
70%)

•More G-CSF and dose reductions in Isa arm

•More URIs and diarrhea in Isa arm

IKEMA Isa-Kd 302 Isa-Kd vs.
Kd

NR vs.
19 months

87% vs.
83%

• Option for patients refractory to lenalidomide and
bortezomib

• Deeper responses in Isa arm (30% vs. 13% MRD
negativity)

• Grade� 3 respiratory infections more frequent in Isa arm
(32% vs. 24%)

ELOQUENT-
2

ERd 646 ERd vs. Rd 19 vs. 15 (0.71) 79% vs.
66%

• Option for non–lenalidomide-refractory, frailer patients
with indolent relapses

• Improved OS (48 vs. 40months; HR, 0.78) in the ERd arm

•More infections in ERd arm

• IRRs in 10%

ELOQUENT-
3

EPd 117 EPd vs. Pd 10 vs. 5 (0.54) 53% vs.
26%

• Option for patients refractory to lenalidomide and PI

• Similar rates of infections and other adverse events

Abbreviations: EPd, elotuzumab with pomalidomide and dexamethasone; ERd, elotuzumabwith lenalidomide and dexamethasone; G-CSF,
granulocyte colony-stimulating factor; HR, hazard ratio; IRR, infusion-related reaction: Isa-Kd, isatuximab with carfilzomib and dexamethasone;
Isa-Pd, isatuximab with pomalidomide and dexamethasone; Kd, carfilzomib and dexamethasone; MRD, minimal residual disease; NR, not
reached; ORR, overall response rate; OS, overall survival; Pd, pomalidomide and dexamethasone; PFS, progression-free survival; PI, proteosome
inhibitor; Rd, lenalidomide and dexamethasone; URI, upper respiratory infection.
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HR, 0.71), and overall survival (median, 48 months vs. 40
months; HR, 0.78) in the elotuzumab-containing arm, at
the cost of more infections.25,26 Infusion reactions oc-
curred in 10% of patients.6 This option may be suitable for
frailer patients who are not lenalidomide refractory and who
have a relatively indolent relapse.

Elotuzumab with pomalidomide and dexamethasone The
phase II ELOQUENT-3 trial27 included 117 patients who
were lenalidomide refractory and who were randomly
assigned to receive pomalidomide/dexamethasone with or
without elotuzumab. Results showed a higher ORR (53% vs.
26%) and improvement in the PFS (10 months vs. 5
months; HR, 0.54) with elotuzumab, with similar rates of
infections and other adverse events. This triplet regimen is
a possible selection for patients refractory to lenalidomide
and a proteasome inhibitor.

DOES ONE SIZE FIT ALL IN RELAPSED MULTIPLE MYELOMA:
SEQUENCING NOVEL AGENTS IN LATE-RELAPSED DISEASE

Definition of Late Relapse

The increased use of three- and four-drug combinations
described above as first- and second-line therapies for
patients with multiple myeloma has dramatically improved
patient outcomes. There is an array of combinations, but, in
fact, most of the patients who experience relapse after two or
three lines of therapy have already been exposed to at least
an immunomodulatory agent, a proteasome inhibitor, and
an anti-CD38monoclonal antibody. Being exposed does not
necessarily mean being refractory, because progression can
occur months after treatment has been stopped. When the
progression occurs during treatment or within 60 days of the
last treatment, it is indeed defined as relapsed and re-
fractory.28 Clonal evolution explains, from a biologic point of
view, the issue of refractoriness. Considering that most of the
agents and combinations are now given continuously, most
of the patients at second/third relapse are not only exposed
but also, more often than not, have relapsed disease that is
refractory to at least an immunomodulatory agent and/or
a proteasome inhibitor and/or an anti-CD38 monoclonal
antibody. These patients, who can be considered triple or
quadruple refractory (refractory to one anti-CD38 mono-
clonal antibody + one proteasome inhibitor + one or two
immunomodulatory agents or one anti-CD38 monoclonal
antibody + one or two proteasome inhibitors + one im-
munomodulatory agent), have a median survival of 9.2
months.29 In later relapse, patients may also be penta ex-
posed or even penta refractory (refractory to one anti-CD38
monoclonal antibody + two proteasome inhibitors + two
immunomodulatory agents).

Previous Drug Exposure/Refractoriness

New treatments against different targets or with different
mechanisms of action are preferred to obtain disease

control in the case of a clone resistant to one or more
therapies. In this context, active agents may include the
immunomodulatory agent pomalidomide and the protea-
some inhibitor carfilzomib, in patients not previously treated
with these drugs, on the basis of the preclinical and clinical
data proving efficacy in patients refractory to both lenali-
domide and bortezomib.30-35 Unfortunately, optimal treat-
ment after daratumumab progression remains unknown,
because most of the phase III trials including pomalidomide/
dexamethasone or carfilzomib/dexamethasone backbones
did not enroll patients refractory to anti-CD38 monoclonal
antibodies.3,16,22-24

In the randomized phase II ELOQUENT-3 trial described
above, most patients were refractory to lenalidomide and
proteasome inhibitors, but very few of them were exposed/
refractory to anti-CD38monoclonal antibodies.27 One option
for these daratumumab progressors is agents with new and
different mechanisms of actions. These agents include the
clinical XPO-1 inhibitor selinexor, the alkylating agent
melphalan flufenamide (melflufen), the anti–BCMA antibody-
drug conjugate belantamab mafodotin (belamaf), and
venetoclax, which binds to Bcl-2 and displaces proapoptotic
proteins. Mechanisms of action for selinexor have been
previously discussed. Melflufen is a novel alkylating prodrug
that is internalized by cells because of its high lipophilicity
and then is hydrolyzed by intracellular aminopeptidases.
Hydrolyzation releases the active metabolites of melflufen
primarily in multiple myeloma tumor cells36 because of their
high expression of aminopeptidase. Belamaf consists of an
anti-BCMA monoclonal antibody conjugated with a microtu-
bule-disrupting compound, MMAF (monomethyl auristatin
F). Belamaf shows anti-multiple myeloma activity not only by
delivering the proapoptotic MMAF toxin into multiple mye-
loma cells but also by enhancing immunogenic death through
antibody-dependent cellular cytotoxicity and phagocytosis.37,38

In triple-class refractory multiple myeloma, an ORR of
27% was reported with the combinations of selinexor/
dexamethasone39 andmelflufen/dexamethasone40; an ORR
of approximately 40%was observed with belamaf as a single
agent.41,42 For a specific subgroup of patients, the efficacy of
the anti–Bcl-2 inhibitor venetoclax in patients with t(11;14)
or high Bcl-2 (Table 5) seems particularly promising. These
agents have been also combined in phase I/II studies with
a proteasome inhibitor, immunomodulatory agent, or
monoclonal antibody, with preliminary data suggesting
improved efficacy (Table 5).

Combination therapies, rather than single agents, are likely
the best option to achieve deep and rapid responses,
particularly in clinically aggressive disease. On the basis of
phase II randomized data, a patient refractory to the anti-
CD38monoclonal antibody daratumumab, the first-generation
proteasome inhibitor bortezomib, the second-generation
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proteasome inhibitor carfilzomib, and the immunomodu-
latory agent lenalidomide might benefit from treatment with
the anti-CS1 elotuzumab plus the third-generation immu-
nomodulatory agent pomalidomide. Phase I/II data suggest
that other options may include pomalidomide plus selinexor
or belamaf. A patient refractory to the anti-CD38 mono-
clonal antibody daratumumab, the first-generation im-
munomodulatory agent thalidomide, the second-generation
immunomodulatory agent lenalidomide, and bortezomib
might benefit from the combination of carfilzomib with
selinexor or pomalidomide or the combination of carfilzomib
with venetoclax if the disease presents with t(11;14) or high
Bcl-2. It is extremely difficult to recommend one combi-
nation over another because of the lack of randomized
comparisons between different treatments and because
data are mostly confined to phase II studies, in which
specific subgroup analyses (based on prior exposure/re-
fractoriness) have small sample sizes.

The treatment of patients who are penta refractory is
more complex and requires two possible treatment choices:
first, the rationale of exploiting a potential synergistic
effect via the combination of a new agent (e.g., selinexor,
belamaf, or—with the presence of t(11;14) or high Bcl-
2—venetoclax) with an agent to which the patient is already
refractory; second, the use of new agents alone or in
combination with dexamethasone. Both options have been
evaluated in phase I/II studies with different combinations
(Table 5). For instance, in the STOMP trial, the addition of
selinexor to pomalidomide led to an ORR of 36% in a small
number of patients who were pomalidomide refractory.44

Nevertheless, the option of re-treatment is more appealing if
we consider prior exposure rather than prior refractoriness.
This aspect is particularly true in the case of patients who
were treated with a proteasome inhibitor as a fixed-duration
therapy or who ceased, for reasons other than progression
or toxicity, to receive a drug normally given as continuous
treatment.

In the event that none of these new agents are available, the
options are generally re-treatment with an association of
drugs used in prior lines (different combinations of im-
munomodulatory agents/proteasome inhibitors/monoclonal
antibodies or chemotherapy, such as cyclophosphamide,
melphalan, and adriamycin).

Patient Characteristics and Prior and Expected

Drug Toxicities

Although combination therapies may be optimal to achieve
disease control, the potential efficacy needs to be balanced
with the possible increase in toxicity. Adverse events may
lead to drug discontinuation, thus negatively affecting ef-
ficacy, a well-known issue in elderly and intermediate-fit/frail
patients56 as well as in patients with comorbidities. In this
scenario, therapy with single agents or doublets with

steroids may be preferable. Some comorbidities, if severe,
may also limit the selection of suitable drugs. For instance,
in patients with cardiovascular disease, carfilzomib should
be administered with caution; in patients with neuropathy or
with neurologic disease, neurotoxic drugs like bortezomib
should be avoided. In patients with chronic obstructive
pulmonary disease, the benefit/risk ratio of anti-CD38
monoclonal antibodies should be carefully evaluated,
and, in patients with chronic gastrointestinal disorders, the
risk of exacerbation with drugs known to have gastroin-
testinal toxicity (e.g., selinexor) should be carefully
assessed. Another issue to consider in the treatment choice
at the time of relapse is the toxicity experienced by the
patient during prior lines of therapy. Some toxicities can still
be present at the time of relapse (i.e., neuropathy related to
bortezomib or thalidomide). Other toxicities may be reversible
after stopping therapy (e.g., cutaneous toxicity or thrombolytic
events with immunomodulatory agents, cardiovascular events
with carfilzomib), but, if particularly severe, they may preclude
later reuse of these agents. Bone marrow function is also a key
factor and is often impaired at the time of late relapse because of
the cumulative effect of treatment toxicities, thus limiting the
potential use of agents causing neutropenia and thrombocy-
topenia (i.e., chemotherapy or melflufen). With the use of
salvage chemotherapy (e.g., melphalan or multiagent chemo-
therapy, such as bortezomib, dexamethasone, thalidomide,
cisplatin, doxorubicin, cyclophosphamide, and etoposide),
autologous stem cell reinfusion (if stored cells are available)
may be considered to improve bone marrow reconstitution.
The main toxicities associated with selinexor, belamaf,
melflufen, and venetoclax as single agents or in combinations
in late lines are reported in Table 5 and can be helpful in the
choice of treatment of a specific patient.

The main adverse events associated with selinexor are
gastrointestinal problems (diarrhea and nausea/vomiting),
fatigue, and thrombocytopenia. Adverse events related to
venetoclax are mainly gastrointestinal and infectious con-
cerns. Melflufen may induce mainly hematologic toxicities.
Thrombocytopenia is the main hematologic adverse event
with belamaf; the drug is associated with ocular toxicity that
can range from blurred vision to keratopathy.

Disease Features: Extramedullary Disease and High Risk

Extramedullary disease is more frequent at relapse and is
usually associated with a dismal outcome.57 Few data are
available on efficacy of newer agents in extramedullary
disease. Single-agent belamaf showed very low efficacy,
with an ORR of 6% to 9% in patients with extramedullary
disease compared with approximately 40% in patients
without extramedullary disease.58 In the HORIZON phase II
study evaluating melflufen in combination with dexameth-
asone, 55 of 157 patients had extramedullary disease,
defined as the presence of at least one paraskeletal or soft
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tissue lesion; 50% of them had soft tissue extraosseous
plasmacytoma, and 91% were triple-class refractory. The
ORR was 24% in patients with extramedullary disease
versus 32% in patients without extramedullary disease, and
the median PFS was 2.9 months versus 4.9 months.59

Patients treated with novel agents may develop high-risk
cytogenetic abnormalities at relapse, which are associated
with adverse outcomes.60,61 Limited data are available on
the efficacy of newer agents in high-risk disease. In patients
with either t(11;14) or high BCL2 gene expression, and
even in patients with high-risk cytogenetic abnormalities,
venetoclax added to the backbone of bortezomib/
dexamethasone was associated with better PFS and overall
survival rates compared with bortezomib/dexamethasone
alone.62 This finding may support the use of venetoclax in
combination with proteasome inhibitors in high-risk patients
who also have t(11;14). In general, high risk and extra-
medullary disease are characterized by high tumor burden/
kinetics of replication; therefore, combination therapies are
preferred, if tolerable.

EMERGING IMMUNE-BASED STRATEGIES

Selinexor, belantamab, and venetoclax are exciting new
agents for relapsed or refractory myeloma, but perhaps the
most promise for high response rates lies with immuno-
therapy, either as dual-body T-cell engagers or engineered
T cells. Although allogeneic hematopoietic stem cell

transplantation had previously been considered an addi-
tional immune-based therapy,63 its use is uncommon out-
side of a clinical trial because of the promise of other cellular
therapy strategies that may offer lower toxicity.

The bispecific antibodies (known by trademarks such as
BiTE or Duobody) can simultaneously bind myeloma cells
and native T cells to trigger immune-based tumor cell lysis.
Investigational BCMA-binding bispecific antibodies in-
clude AMG-701, JNJ-7957 (teclistamab), REGN5458, and
TNB-383B.64-69 Bispecific antibodies targeting other mul-
tiple myeloma antigens—for example, FcRH5 (BFCR4350A,
cevostamab) and GPRC5D (JNJ-64407564, talquetamab)—
have shown promise as well.67,70-72 Common features of
bispecific antibodies include encouraging response rates,
often exceeding 60% even in heavily pretreated patients,
and generally manageable toxicities. Whereas blinatumo-
mab (a commercially available bispecific antibody for pa-
tients with B-cell acute lymphoblastic leukemia) requires
continuous 4-week intravenous infusions, some of these
bispecific antibody therapies for relapsed/refractory multiple
myeloma can be administered as shorter infusions every
3 weeks or even dosed subcutaneously.69-71

Although bispecific antibodies may require continued
dosing, CAR T-cell therapies offer the promise of deep
responses after a one-time infusion of T cells engineered to
target BCMA. As shown in Table 6, investigational CAR
T-cell therapies in relapsed/refractory multiple myeloma,

TABLE 6. Selected BCMA-Directed CAR T-Cell Therapies in Relapsed/Refractory Multiple Myeloma
Idecabtagene

Vicleucel (62

patients)38
Ciltacabtagene Autoleucel

(97 patients)39
Orvacabtagene Autoleucel

(62 patients)40
P-BCMA-101 (53

patients)41

Other Names Ide-cel Cilta-cel Orva-cel

bb2121 JNJ-4528 JCARH125

Abecma LCAR-B38M

Distinguishing Practical

Features

Approved by the FDA
in March 2021

Longer time to CRS onset
(median 7 days after
infusion)

Fully human CAR (may
promote cell persistence)

Very low CRS incidence;
CAR also includes
safety switch

Pertinent CAR Design

Features (compared with

ide-cel)

Two distinct BCMA binding
sites per CAR

CD4 and CD8 T cells
expanded separately, then
combined 1:1

Transposon-based DNA
transfer, hence larger
payload

ORR/CR 76%/39% 97%/67% 92%/36% 67%*/N/A

PFS (median follow-up) 8.8 months (14.7
months)

NR (12.4 months) NR (2.3 months at RP2D) N/A

Grade 3+ CRS/ICANS** 6%/3% 4%/9% 3%/3% 0%/4%

NOTE: For each CAR T-cell therapy, sample sizes and preliminary results from recent scientific abstracts are shown. Not all BCMA-directed
therapies under clinical investigation are listed.
Abbreviations: ASTCT, American Society for Transplantation and Cellular Therapy; BCMA, B-cell maturation antigen; CR, complete response;
CRS, cytokine release syndrome; FDA, U.S. Food and Drug Administration; ICANS, immune effector cell-associated neurotoxicity syndrome; N/A,
information not yet available; NR, not reached; ORR, overall response rate; PFS, progression-free survival; RP2D; recommended phase II dose.
*With their nanoplasmid-based product (six patients as of December 2020).
**Quantified using ASTCT consensus criteria.80 However, for cilta-cel, the 9% ICANS figure includes other neurologic toxicities as well.
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including idecabtagene vicleucel (newly approved by the
U.S. Food and Drug Administration in March 2021) and
several investigational products, have different “flavors” but
uniformly demonstrate deep responses in heavily pretreated
patients.73-76 Compared with CD19-directed CAR T-cell
therapies in leukemia and lymphoma; however, studies of
BCMA-directed therapies have not yielded long-term pla-
teaus in survival suggestive of durable remission.77-79 Other
broader challenges with current-generation CAR T-cell
therapies include the following: (1) a 2-week period between
T-cell collection and CAR T-cell infusion needed for CAR
T-cell manufacturing, whichmay limit its feasibility in rapidly
progressive disease; and (2) the risk of inflammation-related
toxicities, such as cytokine release syndrome and immune
effector cell–associated neurotoxicity syndrome. Grade 3 or
greater cytokine release syndrome and immune effector
cell–associated neurotoxicity syndrome (which can mani-
fest as distributive shock and coma, respectively) occur in
fewer than 10% of patients receiving BCMA-directed CAR
T-cell therapies, but the need for intensive monitoring and
expert management of these unique toxicities limits the
feasibility of CAR T-cell therapy outside of the inpatient
setting at specialized centers.

Fortunately, several strategies, highlighted in Table 7, are
under investigation to address the above challenges with
BCMA-directed immune therapies. Other trials are studying
immune-based strategies to target several epitopes on my-
eloma cells simultaneously, for example, bispecific CAR
T cells or simultaneous infusions of BCMA-directed and
GPRC5D-directed bispecific antibodies.65,79,81 As clinical

experience grows with these immune-based therapies,
questions about the optimal sequence of therapies in
relapsed/refractory multiple myeloma will become more
complex. The ongoing KarMMa-3 and CARTITUDE-4 ran-
domized trials (NCT03651128 and NCT04181827, re-
spectively) will better establish the role of CAR T-cell therapies
versus standard-of-care triplet regimens. However, unan-
swered questions for the field include (1) whether patients
with newly relapsed disease should proceed to CAR T-cell
therapy versus nonimmune therapies, such as selinexor or
salvage autologous stem cell transplantation, and (2) whether
patients with prior exposure to BCMA-directed therapy (e.g.,
the antibody–drug conjugate belantamab mafodotin or the
CAR T-cell therapy idecabtagene vicleucel, once commer-
cially available) can develop the same depth of responses
with subsequent treatment using a different BCMA-directed
therapy.

Emerging Intracellular Strategies

A shared limitation of CAR T cells and bispecific antibodies is
their reliance on functional immune effector cells and the
presence of extracellular myeloma antigens. As such, other
emerging strategies that operate intracellularly may serve as
valuable tools for treating relapsed/refractorymultiplemyeloma
as well. Within individual myeloma cells, both proteasome
inhibitors and immunomodulatory agentsmodulate or interfere
with the ubiquitin-proteasome system required by these
cancerous cells to maintain high rates of protein turnover. (Of
note, immunomodulatory agents also work by exerting pleio-
tropic effects on normal lymphocytes and the bone marrow
microenvironment.) Table 8 summarizes investigational agents

TABLE 7. Challenges With BCMA-Directed Immune Therapies
Challenge Possible Solutions Under Investigation

Lack of durability to responses • Gamma-secretase inhibitors to prevent plasma cells from creating a “sink” of soluble
BCMA82

• Promotion of memory CAR T-cell expansion (e.g., bb21217 manufactured using
a phosphoinositide 3-kinase inhibitor)83

Two-week period for manufacturing • Development of universal CAR T cells of allogeneic origin that can be administered off
the shelf (e.g., ALLO-715)84

• Development of off-the-shelf CAR natural killer cells with other antimyeloma properties
(e.g., FT576)85

Risk of CRS in older frailer patients • Transposon-based DNA transfer allowing for incorporation of a safety switch to shut off
CAR T cells (e.g., P-BCMA-101)76

• Preemptive or even prophylactic management of CRS with tocilizumab, an interleukin-6
receptor antagonist86

Risk of ICANS in older frailer patients • Outpatient-based CAR T-cell infusion and monitoring,74,76 which may lower the risk of
hospitalization-induced delirium

• Administration of anakinra, an interleukin-1 receptor antagonist (possible benefit with
CD19-directed CAR T-cell therapy)87

Abbreviations: BCMA, B-cell maturation antigen; CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity
syndrome.
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that modulate protein trafficking intracellularly in relapsed/
refractory multiplemyeloma, ranging from drugs that target the
ubiquitin-proteasome system to small ubiquitin-like modifier
inhibitors that interfere with processes such as DNA
repair.65,88-93 Most of these agents remain in preclinical
development; however, two studies of cereblon E3 ligase
modulation drugs (known by the trademark CELMoD) have
demonstrated responses in heavily pretreated patients.89,90

Although existing immunomodulatory agents similarly exert
their effect through cereblon E3 ligase modulation, these
newer-generation molecules lead to more rapid and sus-
tained inhibition of downstream progrowth pathways within
myeloma cells.94

As the evidence for the effectiveness of these novel therapies
grows, important considerations will include their activity in
triple-class-refractory disease and the choice of synergistic
partner agents (for example, iberdomide with bortezomib or
small ubiquitin-like modifier addition inhibitors in conjunction
with DNA alkylators such as high-dose melphalan).93,95 Last,
even relatively selective inhibitors of intracellular pathways,
such as selinexor, can be associated with serious side effects.
Although not off target per se, these toxicities compose a key
limitation of small-molecule therapies in relapsed/refractory
multiple myeloma. Newer innovations in improving small-
molecule selectivity include proteolysis-targeting chimera
proteins (known by the trademark PROTAC) and degrono-
mids, which, at a fundamental level, seek to accomplish
intracellularly what bispecific antibodies seek to accomplish
extracellularly.91,92 In other words, these synthetically engi-
neered drugs are designed to trigger cell destruction through
precise interactions between prespecified tumor proteins and

regulatory pathways (in this case, the ubiquitin-proteasome
system). The extent of activity and durability of these treat-
ments for patients with relapsed/refractory multiple myeloma
remains an area of active investigation.

CONCLUSION

The rapidly evolving field of multiple myeloma therapy has
been a boon for patients with relapsed disease, but the
complex array of treatment options demands a careful
consideration of factors that may influence patient out-
comes, including prior therapies, aggressiveness of relapse,
comorbidities, and access to care. A general pattern that
emerges in the sea of data is that the combination of
multiple drugs has tended to improve response rates and
length of survival times, albeit frequently at the cost of in-
creased toxicity, requiring careful clinical management and
a consideration of the patient’s individual features (e.g.,
renal impairment, toxicities from earlier regimens.) We ex-
pect immune-based therapies to play an increasingly
central role in the setting of relapsed multiple myeloma
because of their promising effects, even in heavily pre-
treated patients. Optimal sequencing of immunotherapy
remains unknown—for example, whether a patient who
receives a BCMA CAR T-cell therapy can respond later to
a BCMA-bispecific T-cell engager. These questions will
become more important as immune therapies are moved to
the frontline setting inmyeloma. Ultimately, the combination
of these new therapies in conjunction with standard
backbones in the frontline setting will lead us closer to
a cure.

TABLE 8. Novel Intracellular Strategies in the Treatment of Relapsed/Refractory Multiple Myeloma
Mechanism Drug Mechanism

Protein destruction PIs (e.g., bortezomib, ixazomib, or carfilzomib) Prevent UPS-mediated degradation of all proteins, including
progrowth proteins

IMiDs (e.g., lenalidomide or pomalidomide) Mark progrowth proteins for UPS-mediated degradation

CELMoDs (e.g., CC-92480 or
iberdomide)72,88-90

More directly mark progrowth proteins for rapid UPS-mediated
degradation

DUB inhibitors91,92 Unmark progrowth proteins to avoid evasion of UPS-mediated
degradation

PROTACs, degronomids91,92 Specifically bind preselected progrowth proteins for UPS-
mediated degradation

Other types of protein
trafficking

SUMOylation inhibitors92,93 Prevent modification and recruitment of key proteins involved
in DNA repair

Selective inhibitors of nuclear export (e.g.,
selinexor)

Prevent nuclear export of progrowth proteins; promote tumor
suppressor protein localization within the nucleus

NOTE. For the sake of clarity, certain U.S. Food and Drug Administration–approved drugs (PIs, IMiDs, and selinexor) are also shown; additionally,
details about the mechanisms of novel drugs are intentionally simplified.
Abbreviations: CELMoD, cereblon E3 ligase modulation; DUB, deubiquitinating enzymes; IMiD, immunomodulatory drug; PI, proteasome
inhibitor; PROTAC, proteolysis targeting chimera proteins; SUMOylation, small ubiquitin-likemodifier addition; UPS, ubiquitin-proteasome system.
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LUNG CANCER

New Therapies and Biomarkers: Are We Ready for
Personalized Treatment in Small Cell
Lung Cancer?
Bingnan Zhang, MD, MBA1; Samuel R. Birer, MD2; Mikhail Dvorkin, MD, PhD3; Jolly Shruti, MD2; and Lauren Byers, MD4

overview

Small cell lung cancer (SCLC) is an aggressive form of lung cancer with a 5-year survival rate of less than 7%.

In contrast to non–small cell lung cancer, SCLC has long been treated as a homogeneous disease without

personalized treatment options. In recent years, the incorporation of immunotherapy into the treatment

paradigm has brought moderate benefit to patients with SCLC; however, more effective therapies are urgently

needed. In this article, we describe the current treatment standards and emerging therapeutic approaches for

the treatment of SCLC. We also discuss promising biomarkers in SCLC and the recently discovered four

subtypes of SCLC, each with its unique therapeutic vulnerability. Lastly, we discuss the advances in radiation

therapy for the treatment of SCLC.

NEW AGENTS IN THE MANAGEMENT OF SMALL CELL
LUNG CANCER

Small cell lung cancer (SCLC) is an aggressive high-
grade neuroendocrine cancer that arises predominantly
in people who smoke, accounting for about 15% of the
total number of lung cancers.1 Although there is the
American Joint Committee on Cancer TNM staging
system for SCLC,2 in practice, SCLC is more commonly
staged using the U.S. Veterans Administration staging
system and is divided into a limited stage (LS-SCLC) and
an extensive stage (ES-SCLC).3 Only one-third of pa-
tients with SCLC are diagnosed with LS-SCLC, defined
as the presence of tumor in an area that can be treated
in one radiation “port.”4 The standard treatment for LS-
SCLC remains concurrent chemoradiation with platinum
and etoposide plus prophylactic cranial irradiation, al-
though the addition of immunotherapy is being explored
in clinical trials. Most patients with SCLC present with
ES-SCLC, which confers a poor prognosis with a median
survival duration of less than 2 years and a 5-year
survival rate of less than 7%.4,5

Globally, first-line treatments for ES-SCLC have been
platinum-based chemotherapy combinations for de-
cades. However, despite the high initial response rate,
almost all patients invariably relapse within 1 year, with
a median survival of only 4 to 5 months after relapse.6

Since 2018, two large randomized phase III trials,
IMpower1337 and CASPIAN,8 have shown a benefit
from adding PD-L1 blockade atezolizumab and dur-
valumab, respectively. As a result, these two immune
checkpoint inhibitors are now incorporated as part of
the frontline regimen in the United States and Europe.

In the IMpower133 study, over 400 treatment-naive
patients with ES-SCLC were randomly assigned 1:1 to
receive atezolizumab plus etoposide/carboplatin (EP)
or placebo plus EP as first-line treatment for ES-SCLC.
The study demonstrated a considerable improvement
in overall survival (OS) with the atezolizumab plus EP
combination compared with placebo plus EP. The
median OS was 12.3 months in the atezolizumab plus
EP group and 10.3 months in the EP plus placebo
group (HR, 0.76; 95% CI, 0.60–0.95; p = .0154).7,9

In the CASPIAN trial, 805 treatment-naive patients with
ES-SCLC were randomly assigned 1:1:1 into one of
three treatment arms: durvalumab plus EP with or
without a CTLA-4 blockade tremelimumab, followed by
durvalumab maintenance, or EP alone with optional
prophylactic cranial irradiation. In a planned interim
analysis of OS, durvalumab plus EP was associated with
a significant improvement in OS (HR, 0.73; 95% CI,
0.59–0.91; p = .0047). Median OS in the durvalumab
plus EP group was 13.0 months (95% CI, 11.5–14.8)
versus 10.3months (95%CI, 9.3–11.2) in the EP group.8

In an updated analysis published in 2020, the addition of
tremelimumab to durvalumab plus EP did not signifi-
cantly improve OS compared with the EP group.10

In 2020, another phase III randomized trial, KEYNOTE-
604, reported outcomes of adding PD-1 blockade
pembrolizumab to EP versus placebo plus EP in
the frontline setting for ES-SCLC. The study met its
progression-free survival endpoints but missed the
OS endpoint (HR, 0.80; 95% CI, 0.64–0.98).11

In the second-line setting for the treatment of ES-SCLC,
topotecan was the only agent approved by the U.S.
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Food and Drug Administration until the recent introduction
of lurbinectedin. Lurbinectedin is an analog of trabectedin.
It inhibits active transcription and creates DNA damage
in tumor cells, leading to apoptosis.12,13 In addition, lurbi-
nectedin modifies the tumor microenvironment by reducing
tumor-associated macrophages.14 In 2020, lurbinectedin
received accelerated approval from the U.S. Food and Drug
Administration based on phase II trial data showing a modest
response of 35%.15 However, the confirmatory phase III
ATLANTIS trial comparing lurbinectedin and doxorubicin
with physician’s choice of topotecan or cyclophosphamide/
doxorubicin/vincristine missed its primary endpoint of OS
benefit.16 Continued U.S. Food and Drug Administration
approval of lurbinectedin will, therefore, likely be contingent
on additional follow-on trials.

In the third-line setting, nivolumab and pembrolizumab
were previously approved for SCLC based on the phase I/II
CheckMate 032 trial, phase Ib KEYNOTE-028 trial, and
phase II KEYNOTE-158 trial.17-20 In CheckMate 032, nivo-
lumab as monotherapy or nivolumab plus ipilimumab was
assessed. Although the objective response rate was higher
in nivolumab plus ipilimumab, OS was similar between the
two groups: 5.7 months in nivolumab alone compared with
4.7 months in the combination group.17 Whether or not
CTLA-4 blockade has a role in SCLC treatment is still
questionable, given the underwhelming results from
CheckMate 032 and the lack of benefit from adding
tremelimumab to durvalumab in the CASPIAN trial. In
March 2021, both manufacturers for pembrolizumab
and nivolumab withdrew their indications for SCLC. As

such, there continues to be a considerable need for
treatment options for patients with relapsed disease, in
whom response rates with currently approved agents
have ranged from 11% to 35%.

Several novel agents for SCLC, including targeted therapies
and new approaches for immune engagement, are being ac-
tively studied in clinical trials, including PARP inhibitors (PARPi)
talazoparib and olaparib (NCT04170946, NCT04728230, and
NCT04334941); antifucosyl-GM1 antibody BMS-986012
(NCT02247349, NCT02815592, and NCT04702880); anti-TIGIT
antibody with chemotherapy/immuno-oncology (NCT04256421);
liposomal irinotecan (NCT03088813 and NCT04381910); ATR
inhibitor BAY1895344 (NCT04514497); Bcl-2/Bcl-xL inhibitor
pelcitoclax (NCT03080311 and NCT03387332); anti–delta-like
ligand 3 bispecific T-cell engager AMG757 (NCT03319940) and
BI764532 (NCT04429087); delta-like ligand 3 CAR T-cell
AMG119 (NCT03392064); and anti–GD2-CD3 bispecific T-cell
engager nivatrotamab (NCT03860207). For a comprehensive
review of new therapeutic targets of interest in SCLC and their
rationale, the readers are referred to two excellent reviews by
Poirier and colleagues21 and Rudin and colleagues.5

EMERGING BIOMARKERS IN SMALL CELL LUNG CANCER

In stark contrast to non–small cell lung cancer, SCLC has
long been treated as a homogeneous disease, with a one-
size-fits-all approach. For decades, the standard of care for
ES-SCLC was platinum and etoposide combination che-
motherapy, with the incorporation of immune checkpoint
blockade into frontline treatment only after 2018.7,8 There
has been recent progress in recognizing distinct subtypes
of SCLC using transcriptional profiling and multiple novel
targeted therapies in trials for ES-SCLC. Although these
advances are encouraging, it is reasonable to expect that
only a subset of patients with SCLC will benefit from specific
targeted or immune therapies, highlighting the need to
identify biomarkers that can enhance patient selection and
additional therapeutics.

Previously Tested Biomarkers in Small Cell Lung Cancer

In contrast to non–small cell lung cancer, in which nu-
merous drive-gene alterations (e.g., EGFR, ALK, BRAF,
MET, RET, ROS, and NTRK, etc.) and PD-L1 levels guide
personalized therapy for patients with advanced or relapsed
disease, it has been a substantial challenge to identify
biomarkers and therapeutic targets in SCLC. The SCLC
genome exhibits extremely high mutation rates, a pattern
indicative of heavy smoking.22 The prevailing mutations
in SCLC are primarily loss of function, involving the tu-
mor suppressor genes TP53 and RB1, which are cur-
rently not druggable targets.22 Also frequent areMYC family
gene alterations, commonly amplifications, and inactivating
mutations in NOTCH family genes.22-24 Other genetic al-
terations identified include PTEN loss,25 activating PI3K
mutations,26,27 and FGFR1 amplifications.28,29 In preclinical

PRACTICAL APPLICATIONS

• Small cell lung cancer (SCLC) is an aggressive
malignancy with dismal prognosis, the treat-
ment of which has been a one-size-fits-all
approach.

• Recent incorporation of immunotherapy in
addition to platinum-based chemotherapy has
brought moderate benefit to patients with SCLC.

• Our understanding of the biology, as well as
inter- and intratumoral heterogeneity, of SCLC
has propelled development of new therapeutic
targets and biomarkers for the treatment of
SCLC.

• Four subtypes of SCLC have recently been
described, each with its unique vulnerability.
For instance, an “inflamed” subtype is found to
be particularly sensitive to immunotherapy.

• Radiation therapy remains an important de-
finitive and palliative treatment modality in
SCLC.

New Therapies and Biomarkers in Small Cell Lung Cancer
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studies,MYC-amplified SCLC showed vulnerability to aurora
kinase inhibitors and CHK1 inhibitors.30-32 In a phase II trial
assessing the aurora A kinase inhibitor alisertib plus pac-
litaxel compared with paclitaxel alone, median progression-
free survival was not significantly better in the alisertib
combination group than in the paclitaxel group (3.32
months vs. 2.17 months; p = .113) in an unselected patient
population. However, analysis of a prespecified biomarker of
c-MYC expression, as determined by immunohistochemistry,
indicated that patients with c-MYC–positive SCLC had
significantly better progression-free survival with paclitaxel
plus alisertib than with paclitaxel alone (HR, 0.29; 95% CI,
0.12–0.72).33 However, to date, none of these alterations
have been prospectively validated as predictive biomarkers
or targets in SCLC.

Expression of PD-L1 is a biomarker for immune checkpoint
blockade in many solid malignancies. However, PD-L1 was
not shown to be a predictive biomarker for first-line immune
checkpoint blockade therapy in SCLC. In the updated PD-
L1 subgroup analyses of the IMpower133 trial, patients
benefitted from adding atezolizumab regardless of PD-L1 or
blood-based tumor mutational burden status.9 In patients
with relapsed disease, the predictive potential for PD-L1 is
also unclear. In the CheckMate 032 trial, patients with re-
current SCLC received nivolumab monotherapy as third- or
later-line treatment, and the response rates were similar
among patients regardless of tumor PD-L1 expression.18 In
the KEYNOTE-028 study, PD-L1–positive patients with re-
current or metastatic SCLC were treated with pem-
brolizumab and achieved an objective response rate of
about 33% and median OS of 9.7 months,34 whereas in the
KEYNOTE-158 study, in which patients with recurrent or
metastatic SCLC were treated regardless of PD-L1 status,
patients achieved an objective response rate of 18.7% and
median OS of 8.7 months.35 Retrospective pooled analyses
of combined KEYNOTE-028 and KEYNOTE-158 patients
showed that 14 out of 16 patients (88%) with a response
had PD-L1–positive tumors, suggesting that patients with
relapsed PD-L1–positive SCLC may derive more benefits
from immune checkpoint blockade than those with PD-
L1–negative disease.19 Retrospective analysis of CheckMate
032 data also showed that patients with a high tumor
mutational burden had improved objective response rate,
progression-free survival, and OS compared with those with
a low-medium tumor mutational burden, suggesting that
tumor mutational burden may be a predictive biomarker for
immune checkpoint blockade in SCLC.36 However, there is
no clear standard cutoff for tumor mutational burden as
a predictive biomarker.

There is clearly an unmet need for predictive biomarkers to
guide therapy selection in SCLC. SLFN11 (protein Schlafen
11), a mediator in DNA damage and cause of irreversible
replication block, has been identified as a potentially

important biomarker for platinum and PARPi, among other
agents in SCLC.

A Promising Biomarker: SLFN11

A preclinical study by Byers and colleagues37 into the
proteomic profile of SCLC identified PARPi and other DNA
damage response inhibitors as potential therapeutic targets
for SCLC. These findings have led to several clinical trials of
PARPi and other agents in SCLC, many of which are ongoing
(NCT04170946, NCT04728230, and NCT04334941). Al-
though activity has been seen in a subset of patients with
SCLC treated with PARPi, there is a need for biomarkers to
identify patients who respond to these agents.38 SLFN11 is
a putative DNA/RNA helicase that blocks replication at
stressed replication forks in the presence of DNA damage,
leading to cell death. In preclinical studies, SLFN11 has
been shown to predict response to multiple DNA-damaging
agents, including platinum salts, topoisomerase I/II in-
hibitors, and PARPi.39-42

SLFN11 was first tested clinically as a candidate predictive
biomarker in a phase II study comparing temozolomide plus
the PARPi veliparib with temozolomide plus placebo in
relapsed SCLC (primarily as third-line treatment and in
platinum-resistant disease). No OS benefit was seen with
the addition of veliparib in the overall cohort.43 However, in
a retrospective subgroup analysis, compared with SLFN11-
negative patients, SLFN11-positive patients had signifi-
cantly longer progression-free survival (5.7 months vs. 3.6
months; p = .009) and OS (12.2 months vs. 7.5 months; p =
.014) in the temozolomide plus veliparib combination arm,
but no difference was observed in the temozolomide plus
placebo arm.43 This study provided the first clinical trial data
supporting SLFN11 as a candidate predictive biomarker for
PARPi. Based on these findings supporting SLFN11 as
a promising predictive biomarker for PARPi in SCLC, to-
gether with preclinical findings that PARPi can activate
the innate immune response via the STING pathway to
provide a synergic effect of PARPi with immunotherapy,44-46

a phase II randomized trial of maintenance atezolizumab
plus talazoparib versus atezolizumab alone in ES-SCLC
was developed by the Southwestern Oncology Group
(SWOG 1929; NCT04334941). In this ongoing trial, all
patients will receive frontline induction therapy with EP plus
atezolizumab. In the meantime, these patients will be
prospectively screened for SLFN11 positivity by immu-
nohistochemistry, which is expected in about 50% of
ES-SCLC tumors based on previous clinical trial data.43

If SLFN11 expression by immunohistochemistry is posi-
tive, the patient is eligible for random assignment in the
maintenance phase to one of two arms: atezolizumab with
or without talazoparib. The primary endpoint is to compare
progression-free survival between the two arms, with the
secondary objectives of comparing OS, objective response
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rate, partial response, and adverse events between the
two arms.

Many patients with SCLC will not have adequate archival
tissue for biomarker testing. Given this paucity of tissue
samples, staining for SLFN11 or other biomarkers by im-
munohistochemistry may not always be feasible. For ex-
ample, in the veliparib phase II trial,43 less than 50% of
patients had adequate tissue available for the SLFN11
immunohistochemistry assay. Liquid biopsy or circulating
tumor cell–based detection could therefore be comple-
mentary to tissue biopsy. Zhang and colleagues47 have
recently shown that SLFN11 can be detected in SCLC
circulating tumor cells collected from a routine blood draw,
and its expression level changes dynamically under treat-
ment pressure: 70% of circulating tumor cells expressed
SLFN11 in treatment-naive patients, which was reduced to
25% in patients receiving platinum therapy. This observa-
tion suggests SLFN11 level may change over the course of
a patient’s treatment, and having an easy way to assess the
biomarker status at the time of progression, such as a cir-
culating tumor cell–based test, would be useful. One of
the potential mechanisms identified for SLFN11 down-
regulation is hypermethylation on its promoter region.39,48 In
preclinical models, epigenetic modifiers to reverse SLFN11
promotor methylation, such as EZH2 inhibitors, have led
to re-expression of SLFN11 and resensitization to DNA-
damaging agents.49 Building on these preclinical findings,
a phase I/II trial investigating the combination of EZH1/2
inhibitor DS-3201b and irinotecan in recurrent SCLC is
ongoing (NCT03879798). This trial is testing whether EZH1/
2 inhibitor could lead to re-expression of SLFN11, therefore
enhancing response to chemotherapy or overcoming che-
motherapy resistance that may have been acquired in the
context of SLFN11 being downregulated as the result of
prior lines of therapy.

Identification of Small Cell Lung Cancer Subtypes Opens

Possibilities for Biomarker-Driven Clinical Trials

Early studies showed that neuroendocrine differentiation in
SCLC is largely driven by key transcription factors, including
ASCL1 and NEUROD1,50 and a non-neuroendocrine, tuft-
cell variant of SCLC driven by POU2F3.51 Recently, Gay and
colleagues52 demonstrated the presence of four major,
distinct SCLC subgroups using unbiased clustering of RNA-
sequencing data from 81 surgically resected, mostly
LS-SCLC tumors and samples from 276 treatment-naive
patients with ES-SCLC from the IMpower133 study. Three of
the subtypes were characterized by expression of distinct
transcription factors: SCLC-A (high ASCL1 expression, 51%
of cases), SCLC-N (high NEUROD1, 23% of cases), and
SCLC-P (high POU2F3, 18% of cases). In contrast to prior
observations, the YAP1 transcription factor did not define
a distinct subtype in this unbiased computational approach,

and increased YAP1 expression was rare across the SCLC
tumors analyzed. This finding was also consistent with re-
cent findings showing only sporadic YAP1 expression in
SCLC mouse models and tumor samples.53,54 The fourth
subtype identified by Gay and colleagues52 was a novel
subtype of SCLC that emerged from the transcriptional
analysis, which was named the “inflamed” subtype (SCLC-
I). SCLC-I tumors lack expression of the ASCL1, NEUROD1,
and POU2F3 transcription factors and instead exhibit
epithelial-mesenchymal transition and have high expression
of genes related to immune cell infiltration and immune
checkpoints, HLA genes, and interferon gamma activation.
The four subtypes were further validated in cell lines and
additional independent patient tumor samples from another
cohort of treatment-naive metastatic patients.52

More intriguingly, Gay and colleagues52 identified distinct
therapeutic vulnerabilities in each of the four subtypes. For
example, the SCLC-A subtype has increased sensitivity to
BCL2 inhibitors, the SCLC-N subtype has increased sus-
ceptibility to aurora kinase inhibitors, and the SCLC-P
subtype is particularly vulnerable to PARPi (independent of
SLFN11 expression) and antimetabolites. Each subtype is
also associated with unique protein expression patterns,
which could serve as drug targets and predictive bio-
markers. For example, delta-like ligand 3, an inhibitory
Notch ligand, is highly expressed in SCLC-A tumors and
virtually unexpressed in SCLC-P and SCLC-I tumors.
SLFN11 is also most differentially expressed in the SCLC-A
subtype, and, thus, SLFN11 could serve as a secondary
biomarker for platinum and PARPi response in patients with
SCLC-A. In contrast, the SCLC-N subtype highly expresses
a surface protein called SSTR2 (somatostatin receptor 2),
which is a well-recognized target of somatostatin analogs
such as octreotide, warranting further study in this subtype.
SCLC-I cells have high expression of Bruton tyrosine kinase,
and these cells are most sensitive to the Bruton tyrosine
kinase inhibitor ibrutinib. These findings pave the way for
potential biomarker-driven clinical trials and possible basket
trials to study each SCLC subtype with its matched thera-
peutic drug (see an illustrative schema in a recent editorial
article by Frese and colleagues55).

SCLC-I Subtype Predicts Response to Immunotherapy

Gay and colleagues52 reported that the SCLC-I subtype
responded best to immune checkpoint blockade. This was
further demonstrated in the retrospective analyses of
IMpower133 data, in which PD-L1 or tumor mutational
burden status was not shown to have predictive value for
atezolizumab.9 Comparing IMpower133 survival data be-
tween EP plus atezolizumab and EP plus placebo arms
stratified by subtype, median OS in patients with the SCLC-I
subtype trended higher in the atezolizumab arm (18months
vs. 10 months; HR, 0.572; 95% CI, 0.284–1.15). As
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expected, a noteworthy OS benefit was seen for SCLC-I
relative to all other tumors in the EP plus atezolizumab arm,
but not in the EP plus placebo arm (HR, 0.566; 95% CI,
0.321–0.998). Although many patients with SCLC-I disease
had high PD-L1 expression, PD-L1 alone was not a surro-
gate for defining SCLC-I. SCLC-I tumors, compared with
other subtypes, had higher expression of many immune
checkpoint molecules such as CD80 and CD86, which
encode the ligands that bind to CTLA-4 and other targetable
immune checkpoints such as CD38, TIGIT, ICOS, and
ALG3.52 Identification of the SCLC-I subtype is a strong
candidate biomarker for benefit from immune checkpoint
blockade in SCLC.

Future Directions and Challenges

Lack of SCLC preclinical models and limited patient tumor
samples have been a major challenge for the acceleration of
personalized therapy in SCLC. The development and use of
circulating tumor cell–derived xenografts,56 in addition to
patient-derived xenografts and cell lines, have greatly en-
hanced research in SCLC. However, intratumoral hetero-
geneity of SCLC identified in recent studies52,54 suggests that
a repeat biopsy at the time of relapse or progression may be
necessary to guide further treatment, although this is not
feasible at present. Longitudinal monitoring of SCLC cir-
culating tumor cells and circulating tumor DNA assays
could be a potential solution to this prevailing problem.
Moreover, defining four major subtypes of SCLC with its
unique therapeutic vulnerability provides the potential for
biomarker-enriched basket trials.

RADIATION IN SMALL CELL LUNG CANCER

Radiation therapy has historically played an important role
in all stages of SCLC, even having a definitional role in
separating LS- and ES-SCLC dating back to the Veterans
Administration Lung Study Group classification from
1957.57 Both this definition and the use of radiation therapy
in SCLC have continued to evolve over time, but radiation
therapy remains an important treatment modality in this
disease.

Limited Stage

LS-SCLC is typically treated definitively with surgery and
adjuvant chemotherapy, sequential radiation therapy and
chemotherapy, or chemoradiation.58 Surgery has not been
standard for most LS-SCLC based on historical data dem-
onstrating inferior OS compared with definitive radiation
therapy59; however, National Cancer Database data show
that in the modern era, surgical utilization has increased,60

and lobectomy with mediastinal nodal dissection/sampling
is recommended by the National Comprehensive Cancer
Network in cT1-2N0M0 SCLC.60 Current American Society
for Radiation Oncology and ASCO guidelines recommend
adjuvant radiation therapy only in cases of subtotal resection

or pathologic N2 involvement.61 Stereotactic body ra-
diation therapy is similarly increasing in utilization for
stage I to II node-negative patients who are not surgical
candidates, and retrospective data appear to indicate
this treatment is well-tolerated, with clinical outcomes
comparable to surgical resection.62 As with surgery,
adjuvant systemic therapy remains necessary following
stereotactic body radiation therapy if the patient has
adequate performance status.

Most patients with LS-SCLC are not surgical or stereo-
tactic body radiation therapy candidates,63 and these
patients will ideally undergo treatment with definitive
concurrent chemoradiation. Multiple historic meta-
analyses have demonstrated that the addition of radi-
ation therapy is associated with improved OS compared
with chemotherapy alone in this population,64,65 and
since the late 1980s, multiple large clinical trials have
sought to optimize the chemoradiation treatment par-
adigm. The Intergroup 0096 trial established the current
standard of care of 45 Gy delivered in 1.5 Gy twice-a-day
fractions, with at least a 6-hour interfraction interval to
allow for normal tissue repair, by demonstrating superior
5-year OS compared with 45 Gy given daily (9.1% vs.
3.7%).66 This standard was re-evaluated against dose-
escalated daily chemoradiation to 66 Gy in the phase III
randomized superiority CONVERT trial, which showed
comparable median survival (30 months vs. 25 months)
and 2-year OS (56% vs. 51%) between the control and
experimental arms, but was not adequately powered to
show equivalence.67 The now-closed CALGB 30610/
RTOG 0538 study is similarly comparing 45 Gy two times
a day against 70 Gy given daily (a third 61.2 Gy con-
comitant boost arm closed early based on toxicity
analysis), which shows similar toxicity but has not yet
published survival outcomes.68 One additional recently
published phase II trial showed promising results with
dose-escalated twice-daily radiation to 60 Gy, demon-
strating a noteworthy 2-year OS benefit compared with
standard-of-care 45 Gy twice-a-day treatment (74.2%
vs. 48.1%).69

Timing of radiation relative to chemotherapy (i.e., concur-
rent early start, concurrent late start, or sequential) has also
been subject to multiple phase III clinical trials, with mixed
data regarding the effect on survival outcomes.70-75 This has
led to several meta-analyses, and, based on their combined
results, there is a substantial 5-year OS advantage to “earlier
or shorter” thoracic radiation therapy with planned che-
motherapy compared with “later or longer” regimens, at
the expense of increased acute toxicity.76 Additionally,
meta-analysis of multiple phase III trials has demon-
strated that timing of first day of chemotherapy to last day
of radiation therapy is another important consideration,
with a “package” of 30 days or fewer associated with
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improved 5-year OS, again at the expense of increased
acute toxicity.77

Extensive Stage

Consolidation radiation therapy continues to play a role in
select patients with ES-SCLC, typically those who have had
good response to initial systemic therapy. Based on historic
observation that ES-SCLC has high rates of thoracic relapse
after systemic therapy alone, a prospective trial in the former
Yugoslavia randomly assigned patients with complete dis-
tant response and partial or complete thoracic response
from initial chemotherapy to receive either additional
standard-dose chemotherapy (four cycles) or two cycles of
concurrent hyperfractionated chemoradiation (54 Gy in 36
fractions of 1.5 Gy over 18 days) to residual thoracic disease
followed by further chemotherapy (two cycles).78 This trial
demonstrated that consolidation chemoradiation was as-
sociated with improved median survival and 5-year OS
(9.1% vs. 3.7%), with a trend toward improved local control.
A more recent Dutch trial assessing lower dose consoli-
dation radiation (30 Gy in 10 fractions) in patients with any
response to four to six cycles of initial systemic therapy failed
to show radiation therapy improved its primary endpoint of
1-year OS, but did show improved 6-month progression-free
survival (24% vs. 7%), and secondary analysis revealed a 2-
year OS benefit (13% vs. 3%).79 The phase II RTOG 0937
study was designed to detect whether consolidation non-
stereotactic body radiation therapy targeting all active sites
of disease in oligometastatic patients (i.e., one to four ex-
tracranial metastases) in addition to prophylactic cranial
irradiation would improve OS compared with prophylactic
cranial irradiation alone. Although the trial’s OS analysis was
underpowered because of low event rate, consolidation
radiation did not improve OS, but the 1-year rate of pro-
gression did favor consolidation (75% vs. 79.6%).80

Prophylactic Cranial Irradiation

Prophylactic cranial irradiation emerged in an era prior to
routine brain imaging as part of the SCLC staging workup,
and historical data are therefore difficult to extrapolate to the
modern day. (The benefits of whole-brain radiation therapy
for known metastases are outside the scope of this paper.)
Meta-analyzed data from the 1960s through 1990s com-
bining patients with LS- and ES-SCLC demonstrated
a 3-year OS benefit associated with prophylactic cranial
irradiation (20.7% vs. 15.3%) and continues to influence

the recommendation for prophylactic cranial irradiation in
patients with LS-SCLC.81 A more recent European Organi-
sation for Research and Treatment of Cancer phase III
study that enrolled patients with ES-SCLC from 2001 to
2006 similarly demonstrated improvement in incidence of
symptomatic brain metastases and 1-year OS (27.1% vs.
13.3%), but has been criticized for lacking any required
enrollment brain imaging.82 A follow-up Japanese study that
did require absence of metastases on MRI prior to enroll-
ment failed to confirm a survival benefit for prophylactic
cranial irradiation to 25 Gy.83 Hippocampal-sparing pro-
phylactic cranial irradiation has been a topic of interest
because of the known cognitive effects of whole-brain ra-
diation therapy, but, unfortunately, recently published
phase III data fail to confirm a reduction in cognitive
decline.84

Current Frontiers

We anticipate the publication of survival outcomes from
CALGB 30610/RTOG 0538, which will help to further define
optimal radiation dose as part of chemoradiation in LS-
SCLC. Additionally, ongoing clinical phase II/III trials are
investigating the addition of immunotherapy to chemo-
radiation in LS-SCLC (NRG-LU005) and to consolidation
radiation therapy in ES-SCLC (RAPTOR). Finally, although
the results of RTOG 0937 failed to show a survival benefit
from metastasis-directed consolidation radiation therapy in
oligometastatic SCLC, the publication of the SABR-COMET
trial, which demonstrated a histology-neutral OS benefit
associated specifically with metastasis-directed stereotactic
body radiation therapy, may indicate that further metastasis-
directed biologically equivalent dose escalation holds
therapeutic potential.85

CONCLUSION

Systemic therapy and radiation therapy remain the cor-
nerstones of SCLC treatment, given the early metastatic
potential of this aggressive malignancy. Despite the long
history of failed attempts to improve outcomes for patients
with SCLC, there are reasons to be optimistic about the
future. The addition of immunotherapy to the treatment
paradigm ushered the treatment of SCLC into the modern
era. As our understanding of biologic subtypes and tumor
heterogeneity deepens, new therapeutic targets and bio-
markers for SCLC are being developed, which brings ex-
citing possibilities of personalized therapy.
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LUNG CANCER

Tyrosine Kinase Inhibitors, Antibody-Drug
Conjugates, and Proteolysis-Targeting Chimeras:
The Pharmacology of Cutting-Edge Lung
Cancer Therapies
Jennifer W. Carlisle, MD1, and R. Donald Harvey, PharmD1,2

overview

The number of therapeutic options available for patients with advanced non–small-cell lung cancer has been

led by deeper understanding of molecular drivers, immune function, and fundamental biology. In this article,

we describe the relevant clinical pharmacologic characteristics of three broad classes of existing and in-

vestigational treatments, with a focus on mechanisms of action, adverse event profiles, pharmacokinetic and

pharmacodynamic properties, and known and predicted resistance pathways. Specifically, within the kinase

inhibitor class, agents directed against the RET, MET, and KRAS pathways are reviewed. Additionally, the first

antibody-drug conjugates that target HER2 and HER3 are in trials and will ideally be available for patients

soon. Finally, proteolysis-targeting chimeras approach pathway inhibition through enzyme degradation rather

than target inhibition and are a promising platform for new agents in non–small-cell lung cancer and across

cancer types. Each of these classes requires knowledge of clinical pharmacologic principles in development

and use to ensure patient care in clinics and trials is optimized and personalized, including dosing and

scheduling strategies, potential drug interactions, use in special populations, and monitoring parameters.

Ideally, oncologists will continue to have new agents available across the non–small-cell lung cancer

treatment spectrum to offer to a patient group that, until relatively recently, had few options.

The rapid evolution of molecularly directed thera-
peutics in non–small-cell lung cancer (NSCLC), which
was ushered in by EGFR inhibition, has continued to
carve the disease into more distinct subtypes. Unlike
some other cancers, where genetic and molecular
biologic discoveries have led to more scientific and
prognostic information than treatments, the diversity
and number of agents available as a direct result of
a deeper understanding of pathways have altered the
field drastically. In addition to EGFR, ALK, ROS1,
BRAF, and NTRK inhibitors, new small molecules
targeting mesenchymal epithelial transition factor re-
ceptor (MET), rearranged during transfection (RET),
and Kirsten rat sarcoma viral oncogene homolog
(KRAS) have recently been approved or are poised to
come to the clinic. Additionally, the first antibody-drug
conjugates (ADCs) in NSCLC are in development,
signaling the first potential approvals in the disease.
Finally, a new construct that targets enzyme degra-
dation as a therapeutic strategy, as opposed to direct or
indirect inhibition, has entered trials and has broad
potential across multiple cancer types. This article will
review the clinical pharmacology of these new and
promising treatments as they apply to patients with
NSCLC.

TYROSINE KINASE INHIBITORS

Tyrosine kinase inhibitors competitively inhibit the cat-
alytic domain of a target enzyme, impeding the phos-
phorylation and downstream signaling that promote cell
growth and survival.1 Various gain-of-function alterations
in transmembrane receptor tyrosine kinases precipitate
oncogenesis by aberrant activation or overexpression.
The number of unique and actionable molecular ab-
normalities occurring in NSCLC arguably now makes it
the most personalized of cancers.2 It is no longer suf-
ficient to just rule out activating EGFRmutations andALK
translocations; broad-panel molecular testing is required
across the treatment spectrum.3 In 2020 and 2021,
there were four approvals by the U.S. Food and Drug
Administration (FDA), which added two new targets,
MET andRET, as well as important advances in drugging
the prevalent but impervious KRAS G12C mutations. A
summary of relevant clinical pharmacologic properties
of agents outlined here is provided in Table 1.

MET

MET has long been identified as a target in NSCLC,
both as a primary driver and as a mediator of acquired
resistance to other targeted therapies.4 Binding of the
ligand, hepatocyte growth factor, to MET leads to
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downstream activation of RAS/ERK/MAPK, PI3K/AKT, and
STAT signaling pathways. There are multiple mechanisms
by which MET signaling causes dysregulated cell growth,
making it a challenge to both identify these alterations and
develop effective therapeutics. Increased MET signaling
may be mediated through either polysomy (duplication of
chromosome 7) or amplification of the MET gene via re-
gional duplication.5,6 Amplification is typically measured via
copy-number gains using fluorescence in situ hybridization
for MET and CEP7, a centromere protein, with higher ratios
of MET to CEP7 indicating increased activity. Such MET
amplifications mediate resistance to EGFR-targeted ther-
apy, seen in a recent series in 15% of patients experiencing
disease progression with osimertinib.7

Another class of MET aberrations is the MET exon 14
skipping alterations, which are predictive of response to
MET-targeted therapy. Here, aberrant splicing removes
a juxtamembrane domain that contains the c-Cbl E3
ubiquitin ligase binding site.8 Receptors that lack this
binding site are unable to be tagged by ubiquitination for
degradation, thereby leading to sustained overexpression
and increased signaling.9 OncogenicMET exon 14 skipping
alterations have been identified in 3% to 4% of patients with
NSCLC and are more commonly seen in older patients
(mean age . 70) and may be seen in former smokers.10

Although there has been promising activity of multitarget
kinases that inhibit MET, more specific inhibitors have been
long awaited.11-13

Capmatinib (INCB28060) is a highly potent and selective
MET inhibitor that blocks c-MET phosphorylation in lung
cancer cell lines at half-maximal inhibitory concentration
values of 0.3 to 0.7 nmol/L.14 In the phase II GEOMETRY
mono-1 trial, patients withMET exon 14 skipping alterations
and various levels of copy-number gain were studied in the
first-, second-, and third-line treatment settings.15 Cohorts
with copy-number gain ranging from fewer than four to nine
were closed for futility. Optimal efficacy was seen in 28
newly diagnosed patients with MET exon 14 skipping al-
terations who had an objective response rate of 68% (95%
CI, 48%–84%), with a median duration of response of 9.7
months.

Tepotinib (EMD1214063) is another specific MET inhibitor
studied in the phase II VISION trial.16 Similar to capmatinib,
tepotinib has high potency, with a half-maximal inhibitory
concentration ranging from 1.7 to 3 nmol/L.17 Patients with
up to two lines of prior therapy and either MET exon 14
skipping alterations or various levels of copy-number gain
were included. Initial reports of efficacy in the population
with MET exon 14 skipping alterations showed an objective
response rate by independent review of 46% (95% CI,
36%–57%), with a median duration of 11.1 months.16

The two newly approved MET inhibitors have similar clinical
pharmacologic profiles (Table 1). Capmatinib requires two
tablets twice per day with or without food, whereas tepotinib
dosing is two tablets daily with food; these formulation and
pill burden differences would not be expected to consid-
erably influence adherence. The common treatment-related
adverse events, including fatigue, nausea, and edema as
well as the rare but potentially serious interstitial lung dis-
ease and hepatotoxicity, are nearly identical. This corre-
sponds to similar dose-reduction and dose-continuation
rates seen in the clinical trials. In terms of drug-drug in-
teractions, strong CYP3A4 inducers should be avoided with
both agents. Of note, because tepotinib is a P-glycoprotein
inhibitor, it has a clinically important interaction with
dabigatran, in which coadministration increased dabigatran
maximum serum concentration by 40% and area under the
curve by 50%, and should be avoided.

RET

The RET proto-oncogene encodes a transmembrane re-
ceptor tyrosine kinase involved in numerous developmen-
tal pathways as well as multiple malignancies, including
multiple endocrine neoplasia 2, papillary thyroid cancer,
and NSCLC.18 Binding of one of the family of glial cell
line–derived neurotrophic factor ligands leads to down-
stream activation of MAPK, ERK, PI3K/AKT, and JNK sig-
naling. RET fusion can be found in 1% to 3% of lung
adenocarcinomas and are more common in female non-
smokers younger than age 60.19,20 Although numerous
multitarget kinase inhibitors have some RET inhibitory

PRACTICAL APPLICATIONS

• Drug development of novel agents in NSCLC
continues to evolve based on disease subtype
identification and new pharmaceutical
approaches.

• Molecular alterations in NSCLC that drive
cancer growth have led to multiple tyrosine
kinase inhibitors with distinct pharmacologic
properties.

• Use of small-molecule inhibitors requires
knowledge of dosing strategies, drug and food
interaction potential, and adverse event profiles
to ensure patients are treated optimally.

• Although in use across other cancers, antibody-
drug conjugates have not been approved in
NSCLC and are showing promise in ongoing
trials.

• A new construct of proteolysis-targeting chi-
meras may be the next wave of oral agents in
NSCLC and other cancer types because of the
flexibility and potency of the approach.
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activity, none have been FDA approved to treat RET-
rearranged NSCLC. Two RET-specific tyrosine kinase in-
hibitors, selpercatinib and pralsetinib, were approved in
2020 for RET-rearranged NSCLC and thyroid cancers.

In the LIBRETTO-001 trial, patients with advanced NSCLC
and prior platinum therapy or disease in the first-line setting
were treated with selpercatinib (LOXO-292). Selpercatinib is
a highly potent and selective inhibitor that competes with
ATP binding.21 Among patients who received prior
platinum-based chemotherapy, the objective response rate
was 64% (95% CI, 54%–73%; 105 patients), with a median
duration of 17.5 months.22 A higher response rate was seen
in patients treated in the first-line setting with selpercatinib
(85%; 95% CI, 70%–94%; 39 patients). Preclinical studies
showed high central nervous system penetration, and ob-
jective central nervous system response was seen in 10 of
11 patients with measurable disease.

Pralsetinib (BLU-667) received accelerated FDA approval
based on the phase I/II ARROW data. In RET-driven cancer
cell lines, half-maximal inhibitory concentration values
ranged from 5 to 10 nmol/L.23 Again, the NSCLC cohorts
included patients previously treated with platinum che-
motherapy as well as newly diagnosed patients; response
rates were 57% (95% CI, 46%–68%; 87 patients) and 70%
(95% CI, 50%–86%; 27 patients), respectively.24 Duration
of response was not reached in the pretreated group and
was 9 months in the first-line therapy group.

There are some potentially clinically relevant pharmacologic
differences between selpercatinib and pralsetinib (Table 1).
Selpercatinib has weight-based dosing, with patients
weighing less than 50 kg dosed at 120 mg twice daily (using
40- and 80-mg capsules per dose) and patients weighing
more than 50 kg requiring 160 mg twice daily (two 80-mg
capsules per dose). Concurrent use of selpercatinib with
gastric acid–reducing agents should be avoided, although
there are allowances to take with food if a proton pump in-
hibitor is needed or to precede other antacids by 2 hours.
Pralsetinib dosing is four 100-mg capsules once daily, with no
food intake for at least 2 hours before and at least 1 hour after
the dose. Pralsetinib is a CYP3A4 substrate, whereas sel-
percatinib is a CYP3A4 and BCRP substrate as well as
a CYP2C8, P-glycoprotein, and BCRP inhibitor, with atten-
dant potential drug-drug interactions that should be avoided
or requiremodified dosing. Both selective RET inhibitors have
product information warnings about hepatotoxicity, hyper-
tension, and hemorrhage, and both may impair wound
healing and should be held perioperatively. Clinicians should
note that dose reductions were relatively common, seen in
nearly one-third of patients receiving either drug.

KRAS

Mutations in KRAS occur in approximately 30% of patients
with lung adenocarcinoma and 5% of squamous cell

carcinomas of the lung and are commonly seen in
smokers.25 In NSCLC and other affected solid tumors, KRAS
mutations are associated with poor prognosis. Moreover,
there are a variety of different KRAS mutations; in lung
cancer, the most common are G12C, G12V, and G12D,
followed by other G12 and G13 mutations. Despite decades
of effort, the molecular mechanism of RAS signaling has
impeded targeted inhibition. The transmembrane KRAS
receptor tyrosine kinase functions as a switch, cycling from
an active GTP-bound state to an inactive GDP-bound
state.26 Mutations that impair the GTPase function in-
crease the proportion of active GTP-bound RAS, leading to
oncogenesis.27 Fortunately, in KRAS G12C mutations, the
mutant cytosine is physically located near the nucleotide
pocket and switch regions, enabling the development of
allosteric small-molecule inhbitors.28 Interestingly, some
GTPase activity is required for actively cycling between the
two conformations to allow KRAS G12C inhibitors to trap the
kinase in an inactive state.29,30

Given this large clinical unmet need, there is a great deal of
excitement surrounding the clinical development of KRAS
G12C inhibitors. In the phase I CodeBreak trial, sotorasib
(AMG510) was studied in patients with NSCLC, colorectal
cancer, and other solid tumors. In preclinical cell line
studies, sotorasib was highly potent, with half-maximal
inhibitory concentration values ranging from 9 to 30
nmol/L, effectively inhibiting downstream signaling.31 Fo-
cusing on the lung cohort in which patients had prior
platinum-based chemotherapy and/or targeted therapy, an
objective response was seen in 32% (19 patients), with
a disease control rate of 88.1% (52 patients) and median
progression-free survival of 6.3 months.32 Although the
rate of complete or partial response with sotorasib is lower
than that with other tyrosine kinase inhibitors in lung
cancer, this represents a huge step forward for these
patients. An ongoing clinical trial is investigating combi-
nation therapy options (NCT04185883), and there is
a phase III trial comparing AMG510 with docetaxel for
salvage therapy (NCT04303780). Additionally, other KRAS
G12C–specific agents in the pipeline include JNJ-
74699157/ARS-3284 and MRTX849, and there are on-
going efforts to develop therapy for non-G12C mutant KRAS
tumors.

Multiple mechanisms of acquired resistance to these and
other tyrosine kinase inhibitors in lung cancer have been
identified and can be broadly categorized into either within
the kinase itself or via activation of alternative pathways.
Clinical data regarding acquired resistance to MET and RET
inhibitors are awaited after the recent approval of these
agents. Capmatinib-resistant NSCLC cell lines showed ac-
tivation of EGFR signaling as well as PI3K upregulation.33 In
a small study of 18 patients treated with either selpercatinib
or pralsetinib, two cases of acquired RET G810 mutations,
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three cases of MET amplification, and one KRAS mutation
were seen.34 Resistance to KRAS G12C inhibition potentially
looms large, as laboratory data suggest adaptive resistance
mechanisms, including increased target production and
activation of escape pathways, may occur early after ex-
posure.35 These data are concerning for lower response
durations and support rapid development of combinations
with KRASG12C inhibition tomitigate resistance and extend
disease benefit periods.

ANTIBODY-DRUG CONJUGATES

Antibody-drug conjugates combine the specificity of
a monoclonal antibody with traditional cytotoxic chemo-
therapy. The use of precise immune localization signifi-
cantly increases the therapeutic window by limiting systemic
toxicity. Choices of antibody target, linker compound, and
payload are critical in determining the safety and efficacy of
ADCs. Ideal antigen targets are more highly expressed on
tumor than normal tissues, are cell surface antigens, and
are often internalized.36 Advances in antibody development,
from first-generation murine to second-generation chimeric/
humanized antibodies and now to third-generation fully
human monoclonal antibodies, limit immunogenicity and
subsequent antidrug antibody development. Despite ex-
cellent specificity, bystander killing of adjacent cells without
the target antigen can occur via either release of the cy-
totoxin into the extracellular space directly or internalization
and then subsequent release of the drug from the cell
membrane.37 It is important to note that the bystander killing
effect may be beneficial, such as in cases where antigen
expression is low or lost.

The linkers in ADCs play a key role in determining the re-
lease properties of the payload. Noncleavable linkers have
stable bonds and require internalization where the mono-
clonal antibody is degraded in the lysosome, releasing the
cytotoxic payload intracellularly.38 Cleavable linkers that are
peptide based and sensitive to specific proteases are the
most common, but acid-labile and glutathione-sensitive
disulfide linkers are also used.36 Cytotoxic payloads should
be stably bound to the linker and optimally have long half-
lives, subnanomolar potency, and low immunogenicity. There
are two main categories of payloads: microtubule-disrupting
agents and DNA-damaging agents. FDA-approved ADCs with
microtubule disruptors include MMAE, an auristatin derivative
used in brentuximab vedotin targeting CD30, and DM1,
a maytansine derivative used in ado-traztuzumab emtansine
targeting HER2.39,40

In lung cancer, there are no FDA-approved ADCs, but there
are promising ADCs in clinical development that target
members of the ErbB family of receptors. HER2 mutations
in the tyrosine kinase domain are seen in 2% to 4% of pa-
tients with NSCLC, more often in women and never-smokers.
Unlike the more common HER2 protein overexpression or

HER2 gene amplification, mutations seem to be more sen-
sitive to targeted treatments.41 Per National Comprehensive
Cancer Network guidelines, ado-traztuzumab emtansine can
be considered for off-label NSCLC salvage therapy. In a small
trial, treatment with ado-traztuzumab emtansine resulted in
an objective response rate of 44% (95% CI, 22%–66%; 18
patients), with a median duration of response of 4 months.42

Responses were seen in HER2 exon 20 insertions and point
mutations in the kinase, transmembrane, and extracellular
domains and were not associated with HER2 expression by
immunohistochemistry. Treatment was well tolerated, with
one grade 3 adverse event (anemia) and elevated trans-
aminases, nausea, and thrombocytopenia the most common
(. 30%) grade 1 to 2 adverse events.

Trastuzumab deruxtecan (DS-8201a) is a novel ADC-
targeting HER2 with a tetrapeptide-based cleavable linker
and a topoisomerase I inhibitor payload.43 Results from
a cohort of patients with refractory lung adenocarcinoma
and HER2 mutations treated with salvage trastuzumab
deruxtecan were recently reported from the Destiny-
Lung01 phase II trial.44 The objective response rate by
independent central review was 61.9% (95% CI, 45.6%–

76.4%; 26 patients), with a disease control rate of 90.5%.
Median progression-free survival was 14 months (95% CI,
6.4–14), and duration of response was not reached.
Treatment-emergent grade 3 or higher adverse events
were seen in 52.4% of patients. Fatigue and nausea led
to dose reductions in 11.9% and 9.5% of patients, and
neutropenia and lung infection led to dose interruptions in
19.0% and 7.1%, respectively. Ongoing cohorts include
patients with HER2 expression (NCT03505710).

Targeting HER3 in patients with EGFR-mutant NSCLC is
also under active investigation. Patritumab deruxtecan
(U3-1402) combines an HER3-targeting antibody with the
exactan derivative topoisomerase I inhibitor payload and
showed dose-dependent antitumor activity in xenograft
models with HER3 expression.45 In EGFR-mutant NSCLC
cells with acquired resistance to the EGFR tyrosine kinase
inhibitors gefitinib and osimertinib, U3-1402 showed
potent antitumor activity; osimertinib-resistant models
had nine times greater HER3 surface expression com-
pared with nonosimertinib-resistant cell lines.46 In a phase
I trial including 57 patients treated with U3-1402 at
5.6 mg/kg, the objective response rate was 25% (95% CI,
14.4%–38.4%), and the disease control rate was 70% (95%
CI, 55.9%–81.2%).47 Thrombocytopenia and neutropenia
were the most common grade 3 or higher treatment-
emergent adverse events at 25% and 16%, respectively.
There is currently a phase II trial of patritumab deruxtecan
ongoing in patients with EGFR-mutant NSCLC refractory
to osimertinib and platinum combination chemotherapy
(NCT04619004).
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Mechanisms of acquired resistance to ADCs have largely
been studied in vitro and likely apply across agents re-
gardless of disease or target.48 First, tumor cells may
downregulate target antigen expression. This has been
shown in breast cancer cell lines that reduce HER2 ex-
pression when treated long term with TDM-1.49,50 In-
tracellular processing may be modified, such as raising the
pH inside lysosomes, thereby impairing the necessary
proteolytic degradation of the ADC complex.51,52 Lastly,
various ATP-binding cassette transporters, also known as
drug efflux pumps, may be upregulated to remove the
payload from the cytosol. Acquired resistance was shown in
breast cancer cell lines upregulating MDR1 and was ab-
rogated with an MDR1 inhibitor.53 Similar increases in drug
efflux pumps have been seen in in vitro models after
treatment with gemtuzumab ozogamicin and brentuximab
vedotin.54,55

PROTEOLYSIS-TARGETING CHIMERAS

Proteolysis-targeting chimeras represent a novel method of
reducing kinase function by promoting degradation of the
enzyme rather than inhibition, as is the case with tyrosine
kinase inhibitors and ADCs. This technology has been
under development for 20 years.56 During normal pro-
teasome degradation, an E3 ubiquitin ligase binds to
a target protein. An associated E2-conjugating enzyme
carrying ubiquitin transfers the ubiquitin to an accessible
lysine residue on the target protein, thereby labeling it for
the 26S proteasome.57 Proteolysis-targeting chimeras are
orally delivered large molecular weight engineered mole-
cules that contain three components: a ligand that binds
an E3 ubiquitin ligase, a linker protein, and another ligand
that binds the target protein of interest.58 Potential chal-
lenges to drug delivery include potential needs to develop
novel pharmacokinetic and pharmacodynamic evaluation
systems because of the catalytic nature of proteolysis-
targeting chimeras, rapid screens for target protein li-
gands, and prediction of potential off-target effects.59

Initially this method of coopting proteasome degradation
was studied using more accessible intracellular targets.
More recently, effective proteolysis-targeting chimeras
targeting EGFR-mutant cells have been developed using

gefitinib or afatinib to bind the mutant EGFR receptor
(protein of interest) and couple it to von Hippel-Lindau
(an E3 ligase).60 The authors note this approach led to
enhanced inhibition of cell proliferation and downstream
signaling reduction compared with tyrosine kinase
inhibitors.

This methodology has reached clinical trials for solid tu-
mors. ARV110 is a proteolysis-targeting chimera targeting
the androgen receptor that is being studied on a once or
twice daily continuous schedule in patients with metastatic
castration-resistant prostate cancer (NCT03888612). A
phase I clinical trial is also under way using ARV-471,
a proteolysis-targeting chimera targeting the estrogen re-
ceptor in patients with estrogen receptor–positive/HER2-
negative advanced or metastatic breast cancer either alone
or in combination with palbociclib (NCT04072952).
Although there are currently no lung cancer–specific
proteolysis-targeting chimeras in clinical trials, the potential
flexibility and potency of this technology have broad im-
plications for anticancer treatment.

CONCLUSION

Additional agents with established and emerging mecha-
nisms of action and targets will continue to be developed in
NSCLC, which is rapidly becoming the most heterogeneous
cancer for therapeutics. Relevant clinical pharmacologic
information is critical to their use to ensure therapies are
chosen wisely, adverse events are predicted and managed,
and patient benefit is maximized based on goals. The influx
of new treatments is not likely to subside soon; considering
that many had deemed the GTP-bound KRAS an undrug-
gable target, new thinking and advances across molecular
biology, pharmacology, pharmaceutics, and other aspects of
drug development can and will lead to better therapies in the
clinic. As an example, if medicinal chemistry, formulation,
and production hurdles can be successfully navigated, the
promise of proteolysis-targeting chimeras may be substantial
in NSCLC and across many other cancer types. These dis-
coveries and novel approaches will continue to be welcomed
for a group of patients who, not too long ago, had limited
options.
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MELANOMA/SKIN CANCERS

Current Challenges in Access to Melanoma Care:
A Multidisciplinary Perspective
Nikhil I. Khushalani, MD1; Thach-Giao Truong, MD2; and John F. Thompson, MD3,4

overview

A diagnosis of melanoma requires multidisciplinary specialized care across all stages of disease. Although

many important advances have been made for the treatment of melanoma for local and advanced disease,

barriers to optimal care remain for many patients who live in areas without ready access to the expertise of

a specialized melanoma center. In this article, we review some of the recent advances in the treatment of

melanoma and the persistent challenges around the world that prevent the delivery of the best standard of care

to patients living in the community. With the therapeutic landscape continuing to evolve and newer more

complex drug therapies soon to be approved, it is important to recognize the many challenges that patients

face and attempt to identify tools and policies that will help to improve treatment outcomes for their

melanoma.

INTRODUCTION

In recent years, the mortality related to many cancer
types has decreased in the United States, in no small
measure as the result of a better understanding of the
molecular underpinnings of disease, therapeutic tar-
geting of driver mutations, and improved prevention
and early detection strategies.1,2 Perhaps in no ma-
lignancy has this been more obvious than in cutaneous
melanoma, where the identification and therapeutic
manipulation of BRAF V600 mutations and immune
checkpoints in melanomagenesis have led to a sub-
stantial reduction in mortality after decades of a con-
trary trend. Approximately 7,000 deaths from
melanoma are predicted in the United States in 2021,
which is a decrease of nearly 30% compared with the
peak prediction of around 10,000 melanoma deaths in
2016.1 It is now commonplace to discuss durable
disease control and potentially even cure as a worth-
while goal for patients with metastatic melanoma,
something that was distinctly uncommon a decade
ago. These gains in metastatic melanoma have sys-
tematically translated into improvements in adjuvant
and neoadjuvant multimodal management for all
stages of the disease. Similarly, improved surgical
staging with sentinel node (SN) biopsy for early-stage
melanoma, as well as the recognition that most patients
with primary melanoma found to be SN positive now do
not require a therapeutic node dissection with its as-
sociated risk of morbidity, have overturned the tradi-
tional surgical paradigm of cancer management.

Despite these advances, much work remains to be
done. The dominant clinical questions that arise in the
melanoma clinic today are summarized below:

1. What is the optimal first-line therapy for metastatic
melanoma regardless of molecular profile?

2. How should we treat disease progression upon
failure of an anti–PD-1–based regimen, in the
metastatic or adjuvant setting?

3. Should patients with macroscopic nodal relapse
while on adjuvant therapy for SN-positive disease
receive a second (and perhaps different) course of
adjuvant treatment after therapeutic node dissec-
tion or possibly a different “neoadjuvant” regimen
prior to planned therapeutic node dissection?

Although seemingly simple, these questions demon-
strate the important challenges that still exist in
achieving the optimal, and perhaps most equitable,
management of these patients. Limited access to
subspecialty melanoma expertise, disparities in clinical
trial enrollment, variable management of immune-related
adverse events, conundrums of care at academic versus
community oncology centers, and financial implications
for therapeutic success (who pays, how much, and for
how long?) are all pressing issues that we should prioritize
as we strive to improve the care of patients with mela-
noma worldwide.

The 2010 U.S. Census indicated that approximately
17% of the U.S. population lived within a geographic
area designated as rural or remote. Within rural
America, the corresponding number of physicians and
registered nurses remains disproportionately low, at
9% and 16%, respectively. In Australia, data collected
by the Australian Bureau of Statistics in 2017 indicated
that 29% of the population lived in a remote or rural
area; in these areas, medical and nursing services are
likewise sparse. In the 2020 Rural Healthy People
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National Survey conducted in the United States, access to
health care remained the topmost priority for respondents,
a finding similar to that of the original survey conducted in
2010.3 It is important to note greater diversity within the rural
population in 2020, a finding that is likely to have important
implications in the allocation and accessibility of resources
for cancer care over time. In this educational review, we aim
to address selected issues that are pertinent to access to
melanoma care and provide a multidisciplinary framework
for some possible solutions.

SURGICAL ONCOLOGY SERVICES IN RURAL VERSUS
URBAN SETTINGS

In most high-income countries, those who live in cities are
able to obtain specialized medical care for whatever ail-
ment afflicts them. However, even in high-income countries,
ready access to specialized medical services may not be
available to those who live in less populated areas, partic-
ularly when the countries are very large, such as the United
States, Canada, and Australia.

For patients who develop melanoma, the problem of access
to appropriate medical care may loom particularly large for
those who live in remote areas, because melanoma treat-
ment has become more highly specialized and multidisci-
plinary in recent years. This means that family physicians
and surgeons serving less-populated areas cannot provide
the services that have now been shown to produce the best
outcomes. For example, although wide surgical excision of
the primary melanoma may be readily performed by a rural

surgeon, dermatologist, or even family physician, SN biopsy,
which has become the standard method of staging patients
who present with primary cutaneous melanomas 1.0 mm or
larger in Breslow thickness (and some with T1b tumors)
may not be possible. Although the SN biopsy procedure is
minimally invasive, it requires considerable surgical ex-
pertise and experience, as well as sophisticated nuclear
medicine facilities and assessment of the sentinel nodes by
an experienced dermatopathologist.

Because of these difficulties, many patients with mela-
noma who live in remote areas receive suboptimal care.
Sentinel node biopsy is not often performed and, as a re-
sult, accurate American Joint Committee on Cancer
staging is not possible, high-risk patients (who are today
likely to benefit from adjuvant systemic treatment) are not
identified, and worse survival outcomes are likely to occur.
The particular problems associated with access to SN
biopsy in rural and remote areas are discussed in more
detail below.

Incidence

In general, the incidence of melanoma in high-income
countries with predominantly White populations tends to
be greater in rural and remote areas than in major cities. In
a recent Australian study, there were 32 cases per 100,000
population in rural areas compared with 27 cases per
100,000 in major cities.4 In New Zealand, which has
a mostly White population very similar to that of Australia,
the incidence of in situ and invasivemelanoma in rural areas
was a remarkable four times greater than the national
average.5

However, in a whole-of-United States study that examined
North American Association of Central Cancer Registries
data from 2009 to 2013, the incidence of early-stage
melanoma diagnosis was lower in rural areas (14.8 per
100,000) compared with urban areas (15.2 per 100,000),
a relative risk of 0.97 (95% CI, 0.96–0.98). The fact that the
incidence of later-stage melanoma with metastatic spread
was substantially higher in rural areas, with a relative risk of
1.15 (95% CI, 1.10–1.19), suggests that many patients
with early-stage melanoma in rural areas were not being
diagnosed,6 accounting for the lower early-stage melanoma
rate that was actually documented.

Mortality

The results of multiple studies confirm that mortality from
melanoma is higher in rural and remote areas compared
with cities. In a study published in 2018, the median
worldwide age-adjusted mortality for cutaneous melanoma
was 5.4 per 100,000 for rural and remote areas, sub-
stantially greater than the mortality of 4.6 per 100,000 in
major cities.4 In Australia, the ratio of age-standardized
mortality from melanoma for patients living in rural and

PRACTICAL APPLICATIONS

• The optimal management of melanoma has
increasingly become multidisciplinary with ex-
pertise required in lymph node scintigraphy for
accurate staging, which in turn determines the
need for adjuvant therapy.

• Patients living in rural or remote geographic
areas are less likely to undergo sentinel lymph
node biopsy. Older age and lower socioeco-
nomic status are likely contributing factors.

• Adoptive cellular therapy with autologous
tumor-infiltrating lymphocytes is a promising
strategy for advanced melanoma that is re-
fractory to immune checkpoint inhibitor ther-
apy. However, the complexity involved with its
eligibility and delivery may restrict treatment
availability to centralized centers of expertise
and preclude widespread access to patients
with melanoma who live in rural areas.

• Virtual and digital platforms for delivery of health
care may help bridge some of the gaps in ac-
cess to optimal management in melanoma.
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remote areas compared with metropolitan areas was 1.15
in men (95% CI, 1.10–1.21) and 1.18 in women (95% CI,
1.10–1.25).7 A study undertaken in the United States re-
ported a similar increase in the odds ratio for death from
melanoma of 1.15 for patients who lived in towns with less
than 250,000 residents compared with cities with more
than 1,000,000 people.8 On the other hand, in Scotland,
amuch smaller country, Murchie et al found no difference in
mortality for those living in rural areas compared with urban
settings.9

The Example of Access to Sentinel Node Biopsy

for Melanoma

In Australia, the National Medical Services Advisory Com-
mittee suggests limiting SN biopsy procedures for mela-
noma and breast cancer to centers with appropriate
expertise. For patients with melanoma, the Australian
melanoma management guidelines10 also recommend that
SN biopsy should be performed at a center with appropriate
expertise, although this recommendation is based on low-
level evidence (III-3). The Australian guidelines further
recommend, as a good practice point, that when SN biopsy
is contemplated, patients should be given an opportunity to
fully discuss the risks and benefits with a clinician who
performs this procedure. These recommendations en-
courage physicians in rural and remote areas to refer pa-
tients to specialist melanoma treatment centers in major
urban locations.

Several U.S. studies have shown that patients living in rural
areas are less likely to receive a SN biopsy. Using Sur-
veillance, Epidemiology, and End Results Program data, for
example, Shah et al reported that the odds ratio for receiving
a SN biopsy was 0.87 (95% CI, 0.78–0.97).11 An earlier
survey in Oregon showed that surgeons in rural areas were
less likely to perform SN biopsy, and the procedure was less
common in smaller hospitals (with , 50 beds).12

Another impediment to uptake of SN biopsy by patients is
prolonged waiting times, because logistic arrangements
associated with coordinating lymphoscintigraphy and sur-
gery are more complex than simply arranging wide surgical
excision. In Canada, data from Ontario revealed a waiting
time of 24 to 64 days for wide surgical excision of a primary
melanoma but 41 to 81 days for wide excision with SN
biopsy.13 Clearly, coordination of bookings is more difficult
for all patients with melanoma traveling to major centers
for SN biopsy. Although it is no longer the case, complete
lymph node dissection was recommended by the Na-
tional Comprehensive Cancer Network and other national
guidelines for all patients found to have a positive sentinel
node. However, two U.S. studies found that patients were
less likely to have a complete lymph node dissection if
they attended a low-volume community hospital.14,15 It is
likely that the same failure to observe current guidelines

recommending SN biopsy for T1b and T2 and above
melanomas occurs in low-volume community hospitals,
which are usually the only hospitals that exist in rural and
remote areas.

In Australia, residents of regional and remote areas are
generally slightly older than city dwellers and have a lower
socioeconomic status.16 Either or both of these factors are
likely to make patients more reluctant to travel long dis-
tances to major centers for their melanoma treatment.

The Value of Access to Multidisciplinary Care for Patients

With Melanoma

The situation in Australia for patients who live in rural and
remote areas differs from that in the United States in some
important ways. Australia has a government-funded uni-
versal health care system (that runs in parallel with a private
health system for those who wish to choose their own
medical attendant). Additionally, government-funded fi-
nancial support for travel and accommodation (the Isolated
Patients Travel Assistance Scheme) is available for patients
who cannot obtain specialist services locally. With this
support, and previously even without it, most patients are
remarkably willing to travel to the nearest major city for
specialized treatment and even for routine follow-up, even if
it means many hours of travel each way and a city stay for
one or more nights. This support and general willingness to
travel has an effect on treatment, as well as on clinical trial
participation, and it is noteworthy that, in a study published
in 2014, remoteness of residence and socioeconomic status
did not influence the rate of clinical trial participation at
a major melanoma treatment center in Sydney (Melanoma
Institute Australia), after adjustment for relevant
covariates.17

However, for some Australian patients, particularly elderly
patients, long-distance travel for treatment is not a realistic
possibility. It is important to recognize that, even within
major cities, patients may prefer to be treated in a com-
munity setting for convenience, rather than traveling into the
city center to attend a specialized melanoma clinic with an
academic affiliation.

The majority of patients with newly diagnosed melanomas
have T1a tumors (, 0.8 mm in Breslow thickness); if they
live in a remote area, it would seem reasonable for them to
be treated as close to home as possible by wide surgical
excision, rather than traveling to a specialist center for
assessment and treatment. However, for the reasons out-
lined above, patients with T1b and above melanomas are
likely to benefit from the services provided at a specialist
center. Today, it is even more important, of course, for
patients with stage III or stage IV disease to be offered the
multidisciplinary care that is available only in specialist
centers, where combined input from surgical oncologists,
medical oncologists, radiation oncologists, pathologists,
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radiologists, and nuclear medicine physicians, as well as
clinical trial staff, is able to be provided.

In the United States, these problems are undoubtedly ex-
acerbated by the less widely available financial support for
medical care when patients do not have employer-funded or
private health insurance. Thus, patients living in the suburbs
of major cities may effectively be just as remote and isolated
from specialist care as those who live hundreds of miles
from major melanoma treatment centers.

SYSTEMIC THERAPY FOR ADVANCED MELANOMA: PD-1
AND BEYOND

The outlook for patients with stage III or stage IV melanoma
has been revolutionized in the past decade by the advent of
immune checkpoint agents (targeting PD-1 and CTLA-4)
and molecular inhibitors of BRAF and MEK. Large well-
conducted studies have cemented the efficacy and toxicity
of these agents administered as monotherapy or in com-
bination. In CheckMate 067, the five-year overall survival for
patients with therapy-naive advanced melanoma treated
with nivolumab plus ipilimumab was 52%; it was 44% for
nivolumab-treated patients and 26% for those who received
ipilimumab as monotherapy.18 It is well known that com-
bination immunotherapy is associated with a higher rate of
immune adverse events necessitating discontinuation of
therapy. However, this cessation of treatment is not asso-
ciated with inferior outcomes, as demonstrated in an
analysis that pooled data from the CheckMate 069 and
CheckMate 067 trials.19 Similarly, in long-term data from the
combined analysis of 563 patients enrolled in the COMBI-
d and COMBI-v trials examining the combination of dab-
rafenib and trametinib for previously untreated patients with
BRAF V600E/K–mutant melanoma, the 5-year progression-
free survival and overall survival were 19% and 34%, re-
spectively.20 These mature data clearly highlight gains in
melanoma therapy since the approval of ipilimumab in 2011
in the United States. However, they also underscore the fact
that a substantial portion of patients still ultimately succumb
to the disease.

The role of second-line therapy and beyond for melanoma
that is refractory to front-line treatment is yet to be defined,
and prospective trials addressing this are ongoing. The
addition of low-dose ipilimumab to pembrolizumab in 70
patients with anti–PD-1–refractory advanced melanoma
yielded a response rate of 30% and median progression-
free survival of 4.7 months.21 Results from SWOG 1616,
a completed phase II randomized study comparing the
efficacy of ipilimumab monotherapy with its combination
with nivolumab should help to better define the role of
combination immune checkpoint inhibitor regimens for this
tough-to-treat cohort with anti–PD-1–refractory disease
(NCT03033576). This clinical question has become es-
pecially important given the widespread use of nivolumab or

pembrolizumab as adjuvant therapy for resected stage III or
stage IV disease.22,23

Immune checkpoint inhibitors have rapidly made their foray
into themanagement of many other malignancies, including
other cutaneous cancers such as squamous cell carcinoma
(cemiplimab, pembrolizumab), basal cell carcinoma
(cemiplimab), and Merkel cell carcinoma (avelumab,
pembrolizumab). Ease of outpatient use, predictable toxicity
profiles, and favorable reimbursement margins have con-
tributed to an increase in the adoption of their use within the
domain of community oncology practice where a large
proportion of delivery of oncology care occurs in the United
States.24,25 However, these “real-world” data may not
consistently mirror results from clinical trials.26-28 Un-
doubtedly, the restrictive nature of clinical trial eligibility
plays some role in this discrepancy, but several other factors
that are hard to consistently measure, including expertise,
volume, supportive services, and access to multidisciplinary
care, may also contribute.

In a retrospective study in melanoma using the National
Cancer Database, Krimphove et al noted a proportional
increase from 14.5% to 37.7% in hospital use treating at
least 20% of patients with melanoma with immunotherapy
within 90 days of diagnosis when measured from 2011 to
2015.25 However, there was a considerable variation in the
rates of immunotherapy utilization between low-prescribing
hospitals and with high-prescribing hospitals (7.8% and
50.8%, respectively). Older patients and those of lower
socioeconomic status were more likely to be treated at low-
prescribing hospitals which were less often academic
centers. Medicaid insurance or being uninsured and the
absence of visceral metastases were predictive factors of
receipt of care at a low-prescribing hospital, whereas pa-
tients who traveled a long distance were less likely to get
their therapy at these hospitals. In this study, the vast
majority (80%) of hospitals treating the highest proportion of
patients with immunotherapy were academic centers; it
would follow that these centers were also likely involved in
the clinical trials investigating these immunotherapy agents
begetting a level of comfort and, thus, a more rapid adoption
of these drugs when commercially available. These factors
clearly underscore variability in receiving what would con-
ceivably be considered standard of care in melanoma and
may propagate inequity of access to health care resources
for patients with melanoma.

WHERE DO WE GO FROM HERE? LEVERAGING NEWER
TECHNOLOGIES AND DIGITAL HEALTH FOR BETTER PATIENT
CARE CLOSER TO HOME

Newer technologies and communication tools can help to
bridge the rural–urban and academic–community care
gaps for patients with melanoma by creating more in-
novative access to subspecialty expertise and consistent
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standard of care closer to home. Virtual tumor boards or
case conferences can help to connect community practices
with specialized cancer centers by providing a shared forum
for multidisciplinary engagement of all participants involved
in the patient’s care.29,30 This model is valuable for achieving
consensus and guidance on best practice in the curative
treatment setting where multiple subspecialists are part of
a patient’s melanoma care team, as well as when evaluating
therapeutic options for advanced metastatic disease. Here,
interpreting genomic tumor information and implementing
an applicable treatment plan can be a challenge. Although
next-generation sequencing testing is more widely available
now in the community, expertise in the ability to translate
findings into actionable treatment plans remains varied
among general oncology practitioners. Multi-institutional
virtual molecular tumor boards can address the need for
more in-depth review of genomic tumor information and
overcome challenges ranging from guidance to finding ef-
fective treatment to connecting patients to applicable later-
line clinical trials, which are more often found at urban
medical centers.31,32 Some next-generation sequencing
reports provide clinical trial information in the test report
itself; however, these are often more algorithmic rather than
tailored to a patient’s clinical circumstances. Those are
usually better considered in the setting of a tumor board in
real-time by specialists with access to the patient’s clinical
history. Some sequencing platforms facilitate enrollment on
to clinical trials for patients closer to home by helping their
providers open genomic-based trials more seamlessly in the
community through centralized trial support within their
network of platform users.33

The ability to effectively treat patients well between in-
stitutions that are separated by considerable distance, and
sometimes across state lines, poses several challenges. In
the past, simply having limited access to medical records
and diagnostic results in real time limited care for patients
whose care team members were not all at the same facility.
Hand-offs and communication regarding continuity of pa-
tient care were poor, with limited effective ways to share
information. With the advent of fully digitized patient re-
cords, including diagnostics, such as imaging and even
histopathology, a major barrier to coordinated expert care
has been addressed. In many areas of the Unites States
providers now have access to electronic medical record
platforms, such as Epic’s Care Everywhere Network, that
can improve communication between smaller practices and
urban cancer centers, making treatment of patients more
seamless for primary teams and consultants alike.

Most patients still receive treatment for advancedmelanoma
in their own community, especially adjuvant therapy or
earlier lines of treatment. With multiple drug approvals and
effective treatment options now available on and off clinical
trial, choosing the optimal treatment for patients can feel

daunting to the community practitioner who may not see
patients with melanoma frequently. In community or rural
settings, where cancer care often still follows a general
oncology model, keeping up with practice-changing data
can be an important challenge. A more novel practice tool
for smaller general oncology clinics can be the use of vetted
treatment pathways that incorporate national consensus
guidelines. Treatment decisions can be streamlined this
way with web-based pathways that incorporate key clinical
indicators to guide treatment ordering in real time as pa-
tients are seen in the office. Retrospective outcome review in
medical groups before and after implementation of such
clinical treatment pathways have shown good survival
outcomes and even documented cost savings when care
can be more standardized this way.34,35

With mobile technology more widely available to patients
across the country, another strategy to improve care for
patients living further away from urban medical centers is to
engage them more directly in their care. Patient-centered
digital applications that collect symptoms and connect them
to supportive treatment algorithms and ancillary staff in real
time can be an innovative solution to improve care for
patients who live far away from their treatment teams.
Electronically collected patient-reported outcomes can help
to manage toxicities from treatment early to improve quality
of life and decrease health care utilization, avoiding the
need for higher levels of care, such as emergency de-
partment visits or inpatient admission.36,37 Immunotherapy
is a treatment modality for which timely triage to diagnose
and treat immune-related adverse events is critical for better
symptom management and safety. Oral targeted therapy for
patients with BRAF- orNRAS-mutated tumors also presents
unique management challenges, because patients do not
come in as often to have contact with support staff and need
more prompting to comply with daily therapy and toxicity.
Patient-reported outcomemobile platforms can also provide
more accurate assessments of how patients are doing by
collecting symptom trends for treating physicians that are
more representative of how patients are actually doing on
therapy than can be gleaned from less frequent office visits.
For patients who live far away from their treatment centers,
this newer technology can be a safety net to access medical
guidance in real time closer to home, as well as maintain
continuity of care if more acute care is needed, because
their data can be accessed by providers from different fa-
cilities through the digital tool.

Melanoma Care During the COVID-19 Pandemic: Might

Telehealth Be Here To Stay?

An unexpected benefit of the current COVID-19 pandemic is
that the role of telehealth consultations has been reeval-
uated. For patients with newly diagnosed melanomas
and for those requiring long-term follow-up, telehealth
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consultations, ideally with video connection, have proven to
be very useful. For patients who live in rural and remote
areas, it seems highly likely that they will be keen to continue
follow-up, at least, by virtual, rather than face-to-face,
consultations. Although most clinicians will be wary of re-
lying on a patient’s description, possibly supplemented by
photographic images and/or videos and locally arranged
imaging studies, rather than undertaking a conventional
physical examination, it seems that most problems can be
identified without the patient being examined. Those about
whom there is any concern can be seen in person for full
evaluation at the specialist center, but the majority will be
spared the time and expense of a long trip to the city and
home again.

In a prospective observational study conducted across the
Houston Methodist Cancer Center network, telehealth visits
were offered to 1,762 patients, of whom 84% agreed to
participate.38 Patients who elected against participation
tended to be older, were from geographically lower-income
areas of the catchment, and were less likely to have
commercial insurance. Of the 21% of patients who com-
pleted their telehealth visit follow-up survey, more than 90%
expressed satisfaction with the quality of the visit. Ap-
proximately 77% did not require technical support to help
with this video visit. Of the 23 hematology and medical
oncology providers (fairly evenly distributed between aca-
demic and community practitioners), 65% expressed sat-
isfaction with the telemedicine visit. Interestingly, more than
half of them indicated their reluctance to use this platform
for new patient visits after the COVID-19 pandemic, but
this number dropped to 13% for continued follow-up of
established patients. The main concerns raised by the
physicians included fear of missing relevant physical ex-
amination findings, lack of meaningful interaction with the
patient, medical liability issues, inability to gather adequate
data, and complexity of the process coupled with sub-
optimal technical support.

This study also highlights an ethical concern previously
raised with the rapid expansion of the telemedicine plat-
form, specifically broadening the disparity in access to
healthcare between patients with access to the requisite
technology and those who lack this functionality. During the
initial wave of the pandemic in 2020, the U.S. Congress
expanded access to telemedicine for Medicare beneficiaries
to allow greater flexibility during the national emergency.39

Many private insurers followed suit, and regulatory and
credentialing requirements previously in place for out-of-
state consumers were relaxed. Although this eased delivery
of care, it is unlikely that this paradigm will continue with
similar momentum within oncology, because previously
waived charges for patients have since been reinstated by
several commercial payors. Similarly, medical state licen-
sure and credentialing across state lines and distant from

the primary state of clinical practice remains a barrier to
providers seeking to offer the telemedicine option to pa-
tients. Thus, this remains a field in flux that will continue to
evolve in the context of oncology care.

WHAT IS THE NEXT FRONTIER IN MELANOMA?

Clearly, immune manipulation as therapy in melanoma is
here to stay. This approach continues to be investigated as
a means to salvage patients who progress on immune
checkpoint therapy. High-dose interleukin-2 (IL-2), a cyto-
kine approved in 1998 for advanced melanoma, induced
durable remission in a small minority (16% response rate,
including 6% complete response rate) of patients with
advanced melanoma.40 However, its stringent eligibility
criteria, need for inpatient administration, and substantial
multiorgan toxicity have restricted its use to specialized
centers only, with a marked decline in its use for melanoma
during the immune checkpoint revolution. In a retrospective
review of the high-dose IL-2 PROCLAIM database, Buch-
binder et al noted a 23% response rate to high-dose IL-2
after anti–PD-1/PD-L1 therapy, including four patients with
complete response.41 At amedian follow-up of 11.2months,
none of the patients with a complete response had pro-
gressed, although a longer follow-up will be needed to truly
ascertain whether this mirrors the tail of the overall survival
curve seen previously with high-dose IL-2. Selective ex-
pertise in high-dose IL-2 administration has probably been
further diluted by the relative paucity of education in the
practical aspects of its delivery and management of toxicity
for the next generation of oncologists. In a contemporary
review of high-dose IL-2 use in metastatic renal cell car-
cinoma during the era of expanding targeted therapy for this
disease, marked centralization of care toward teaching
hospitals was observed, increasing from 24% in 2004 to
89.5% in 2012.42 If a reincarnation of high-dose IL-2 is
envisioned in the present-day management of advanced
melanoma, this barrier to access of care must be addressed.

In a similar vein, adoptive cellular therapy using autologous
tumor-infiltrating lymphocytes (TILs) expanded ex vivo with
IL-2 has shown early success in patients with anti–PD-
1–refractory melanoma. This approach was pioneered
nearly 4 decades ago at the National Cancer Institute, with
the original study, using TILs derived from freshly resected
melanoma tumors, reporting an objective response in 60%
of patients who had not previously been treated with IL-2.43

Progressive refinements in the generation of TILs, the ap-
propriate preconditioning lymphodepletion regimen, and
the use of high-dose IL-2 after infusion of TILs have been the
subject of study over time. In a recent meta-analysis of TIL
therapy plus IL-2 (high dose and low dose), the overall
response rate in previously treated advanced melanoma
was 41% (95% CI, 35–48).44 The complete response rate
was 12%. Among patients receiving TILs with high-dose IL-

Khushalani, Truong, and Thompson

e300 2021 ASCO EDUCATIONAL BOOK | asco.org/edbook

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



2, all but one complete responder maintained their re-
sponse for the duration of the follow-up. It should be noted
that the vast majority of patients included in the reports of
this meta-analysis did not receive previous immune check-
point blockade therapy.

Lifileucel, an autologous TIL product generated from
resected melanoma and processed at central Good
Manufacturing Practice facilities, was used as salvage
therapy in 66 patients with melanoma whose disease had
progressed on standard modern-day treatment, including
checkpoint blockade and MAPK-targeted therapy (if in-
dicated).45 In this heavily pretreated population, the overall
response rate was 36.4%; the median duration of response
was not reached at a median follow-up period of 17 months.
The typical lymphodepletion regimen of cyclophosphamide
and fludarabine was used, and patients received up to six
doses of high-dose IL-2 after the infusion of TILs. This
technology has not received regulatory approval in the
United States as therapy for melanoma, although it is hoped
that this will become a reality. Longer follow-up is required to
accurately determine the duration of response. This ap-
proach is an example of optimal multidisciplinary co-
operation amongmultiple care teams, including themedical
oncologist, surgical oncologists, nurses, tissue procurement
personnel, cell therapy facility staff, social workers, the
clinical trial team (at least within the current phase of de-
velopment), and, importantly, the patient’s caregiver, who
plays a critical role as the patient’s confidante and support
person during a period of anxiety (awaiting TIL growth after
the initial harvest) and physical/emotional stress. This is
clearly akin to stem cell transplantation in hematologic
disease and will require appropriate investment of resources
throughout the supply chain for optimal roll-out, should this
be approved for commercial use. Thus, it is likely to be
limited to centers of melanoma and immune cellular therapy
expertise where high-dose IL-2 therapy can be safely given.
Unfortunately, this may also serve as a barrier to access for
patients with melanoma who live far from the treatment
center or for whom consecutive absenteeism from work is
not a realistic option. It would be incumbent on health care
systems, government agencies, and payors to strategize
about options to overcome these hurdles in a timely manner.

COST OF CARE

It is difficult to obtain an accurate estimate of the cost of
melanoma care across various treatments that patients may
now be exposed to during their lifetime. At one end of the
spectrum is a patient who experiences an excellent re-
sponse to first-line immunotherapy tantamount to cure and,
thus, is spared the need for future treatment. At the other
end of this spectrum is a patient with metastatic melanoma
that is refractory to all approved agents delivered in a se-
quential manner who eventually succumbs to the disease.

Realistically, most patient scenarios fall somewhere in be-
tween. The more expensive initial cost of combination
anti–PD-1 plus anti-CTLA4 immunotherapy, along with its
higher hospitalization rate for toxicity management, may be
offset by a shorter duration of therapy and a lower need for
a subsequent line of antimelanoma treatment. Published
data typically do not take into account health care costs
that are related to long-term toxicity management (e.g.,
immune-related endocrinopathy [hypothyroidism, ad-
renal insufficiency, type 1 diabetes mellitus]) requiring
replacement therapy, long-term monitoring, and, often,
additional subspecialty care.

Let’s aim to simplify this by adopting a straightforward
uncomplicated case vignette: a patient with BRAF V600–
mutant metastatic melanoma treated with anti–PD-1
monotherapy (i.e., pembrolizumab) experienced progres-
sion after 7 months. He then received ipilimumab at
standard dosing for 12 weeks (four doses). Upon confirmed
progression, the patient started combination dabrafenib and
trametinib therapy for 12 months before receiving palliative
care and eventually succumbing to his illness. If one were to
use the 2021 payment allowance limit for Medicare Part B
drugs from the U.S. Center of Medicare and Medical Ser-
vices, the estimated drug cost alone for these three courses
of drug therapy would approximate $573,000.46,47 Note that
this does not include the costs related to treatment ad-
ministration, clinic visits, costs for managing toxicity, and
laboratory assessment, among other expenses. These fi-
nancial considerations can result in disparity in access and
raise concerns about cost effectiveness, especially within
systems in which resources may be limited.

Clinical trials are one strategy that can help to mitigate cost;
however, more importantly, they also unify priorities for best
care for patients with cancer. Clinical trials can bring newer
better treatment options to patients before they are widely
available in the community. Treatment on study is also
monitored with rigorous oversight, and the best standard of
care is written directly into vetted trial protocols. The co-
operative groups of the National Cancer Institute are one
mechanism through which smaller medical centers can
provide access to more novel treatment of patients closer to
home. By streamlining Institutional Review Board approval,
monitoring, and simplifying eligibility for enrollment, these
larger trial networks can provide more patients with access to
effective therapy while also providing more representative
data outcomes of the patient population at large by gender,
age, and race. The National Cancer Institute Community On-
cology Research Program is a national network of community
oncology centers that is funded to succeed in these pri-
orities. Its mission is to bring clinical trials and care delivery
research to patients in their own communities, reaching amore
diverse population than is usually seen at academic medical
centers. With more effective treatment options available in the
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community for melanoma, research trials will benefit from
moving more into the community for better patient accrual
and more applicable treatment outcomes gathered.

CONCLUSION

Advances in the multimodal management of melanoma
have clearly made a positive impact on patients afflicted with

this illness. Yet access to optimal care is not assured, with
a multitude of factors influencing treatment selection. It is
incumbent on policymakers, health systems, insurance
payors, health care providers, and patients to make
a concerted effort to overcome barriers, so that all patients
may benefit from the important accomplishments achieved
for this disease.
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overview

The COVID-19 pandemic has considerably changed health services for children with cancer worldwide by

creating barriers throughout the care continuum. Reports available at this time suggest that asymptomatic and

mild upper and lower respiratory tract syndromes are the most common presentation of COVID-19 in children

with cancer. Nonetheless, severe cases of COVID-19 and deaths secondary to the infection have been re-

ported. In addition to the direct effects of the severe acute respiratory syndrome coronavirus 2, children with

cancer have suffered from the collateral consequences of the pandemic, including decreased access to

diagnosis and cancer-directed therapy. The COVID-19 pandemic has presented unprecedented challenges to

safe and effective care of children with cancer, including their enrollment in therapeutic clinical trials. Data

from the Children’s Oncology Group and Cancer Research U.K. Clinical Trials Unit show variability in the

enrollment of children with cancer in clinical trials during the COVID-19 pandemic. However, the overall

effects on outcomes for children with cancer undergoing care during the pandemic remain largely unknown. In

this article, we review the current knowledge about the direct and collateral effects of the COVID-19 pan-

demic, including on clinical trial enrollment and operations.

To date, more than 130 million cases of COVID-19
have been reported worldwide, resulting in more than
2.8 million deaths.1 Initial reports suggested that
patients with comorbidities, including those with
cancer, were at higher risk of poor outcomes,2 causing
fear that children with cancer would develop severe
disease and have adverse outcomes. This fear was
potentiated by an early report of eight pediatric patients
with severe COVID-19, including one patient with acute
lymphoblastic leukemia.3

In addition to the direct consequences of infection, the
COVID-19 pandemic has strained health systems and
hospitals worldwide, adversely affecting health services
for children with cancer by creating barriers throughout
the care continuum and presenting an unprecedented
challenge to safe and effective care. Unfortunately, the
health emergency hit at a time of unprecedented
momentum in the field of pediatric oncology, with the
launch of the Global Initiative for Childhood Cancer by
the World Health Organization. This transformative
program seeks to improve the survival of children with
cancer to more than 60% across the world by 2030,
thereby saving 1 million lives.4

Much remains unknown about the epidemiology and
clinical spectrum of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), or COVID-19, infection in
children with cancer and the long-term effects of the
COVID-19 pandemic. In this article, we review the current
knowledge about the direct and collateral effects of the

COVID-19 pandemic, including on clinical trial enroll-
ment and operations.

COVID-19 IN CHILDREN WITH CANCER AND
POST–HEMATOPOIETIC STEM CELL TRANSPLANTATION

More than 1 year after the start of the COVID-19
pandemic, the frequency of SARS-CoV-2 infection in
children with cancer remains uncertain because lim-
ited studies have been able to capture population-level
incidence for this patient population. Nonetheless, in
the areas with high COVID-19 prevalence at the be-
ginning of the pandemic, namely Wuhan and Northern
Italy, very few cases of children with cancer and COVID-19
infection were reported.5 In a single-institution study in
New York during the first wave of the pandemic, the rate
of asymptomatic SARS-CoV-2 infection among pediatric
patients was low, 2.5%.6

To describe the natural history of COVID-19 in children
with cancer, case series have been published from
hospitals and countries around the world.6-17 Asymp-
tomatic to mild upper and lower respiratory tract
syndromes are the most common presentations of
COVID-19 in children with cancer (Table 1), and fever
and cough are the most common signs. It is important
to note that the frequency of asymptomatic patients
from these reports is likely to be heavily influenced by
institutional testing policies. Nonetheless, most chil-
dren with COVID-19 do not need admission to a hos-
pital specifically for the management of this infection.6

In a population-based study from the United Kingdom,

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on April
22, 2021, and
published at
ascopubs.org on May
14, 2021: DOI https://
doi.org/10.1200/
EDBK_321497

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook e305

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



85% of patients (46 of 57 patients) did not require ad-
mission to a hospital or were admitted for a brief period and
discharged after confirmation of SARS-CoV-2 infection.10

Although most children with cancer and SARS-CoV-2 will
have a mild disease course, severe cases of COVID-19 and
deaths secondary to the infection do occur with a wide range
of frequency (Table 1). The largest cohort of children with
cancer or recipients of hematopoietic stem cell trans-
plantation and COVID-19 is the Global Registry of COVID-19
in Pediatric Cancer, a collaboration between St. Jude
Children’s Research Hospital and the International Society
of Pediatric Oncology.18 As of April 7, 2021, 1,642 cases
from 48 countries are included in this registry. In this cohort,
death attributed to SARS-CoV-2 infection is approximately
3.4%. This rate is substantially higher than that reported in
the general pediatric population, in whom death attributed
to COVID-19 is less than 0.1%.19 For children with cancer,
poorer outcomes are possibly secondary to factors such as
immunosuppression, lymphopenia, and existing comor-
bidities (e.g., malnutrition, lung disease, or cardiac dys-
function). Nonetheless, additional studies are required to
define which factors may be linked to a likelihood of worse
outcomes in this unique population. When compared with
adults with cancer, children with cancer have better out-
comes. A registry from the United States with more than 900
cases of adults with cancer and COVID-19 reported a 13%
death rate.20 Additional series have similar death rates.21,22

In adults, active cancer-directed treatment and lower per-
formance status have been identified as risk factors for
death, and these elements could also play a part in the
pediatric population.

Recipients of hematopoietic stem cell transplantation who
are infected with SARS-CoV-2 may represent a unique

patient population, given that they may be more profoundly
immunocompromised and have additional comorbidities. A
study from Spain reporting eight cases of COVID-19 in
children after hematopoietic stem cell transplantation de-
scribed COVID-19–related symptoms in all patients and
death in one (12.5%) of the eight patients.23 Furthermore,
a large international report involving 318 hematopoietic
stem cell transplantation recipients, including 29 patients
younger than age 20 years, demonstrated a poor overall
survival rate.24

Months into the pandemic, multisystem inflammatory
syndrome in children was described in patients with
hyperinflammation and multiorgan involvement and a tem-
poral relation to COVID-19 infection or exposure.25 A single-
institution study described two pediatric patients with
cancer and COVID-19 who presented with severe re-
spiratory distress and considerable hyperinflammation re-
quiring intensive care.26 Althoughmultisystem inflammatory
syndrome in children can occur in patients with cancer,27

the frequency and severity remain unknown. How the im-
munosuppression of children undergoing cancer therapy
plays a role in the development of multisystem inflammatory
syndrome in children is unclear.

ADAPTATIONS DURING THE COVID-19 PANDEMIC

The rapidly evolving pandemic has posed many challenges
in caring for children with cancer. The rapid spread of in-
formation and misinformation presented a public health
challenge never seen before, adding complexity to the
situation and causing confusion among providers. At the
beginning of the COVID-19 pandemic, the global pediatric
oncology community moved at great speed to provide
support and offer guidance on how to treat children with
cancer under these circumstances. For professionals caring
for children with cancer, the sharing of experiences from
regions that were affected early in the pandemic was es-
sential to formulating initial responses at the local level, and
multiple resources were developed as trusted sources of
curated information during the pandemic.28

Importantly, within weeks of the pandemic being declared,
key stakeholders in the treatment of pediatric cancer pro-
duced consensus statements to provide insight for frontline
providers across the world.29-31 These publications aimed at
offering solutions for the difficulties being faced by medical
and nursing professionals caring for children with cancer.
The overall recommendation was the continuation of
standard care in the diagnosis, treatment, and supportive
care for children with cancer whenever possible, with
elective modifications to cancer-directed treatment dis-
couraged. Ultimately, these guidance documents sought to
provide insight to balance the risk of COVID-19 and the
continuation of care for children with cancer. However, the
levels of adherence to these recommendations across

PRACTICAL APPLICATIONS

• Most children with cancer and COVID-19 will
have a mild viral disease course, but a small
proportion will have severe disease.

• Risk factors for severe COVID-19 in children
with cancer and hematopoietic stem cell
transplant are still unknown.

• The pandemic has created additional obstacles
for diagnosis and quality care for children with
cancer across the world.

• Enrollment in clinical trials during the COVID-19
pandemic has been affected.

• The unintended consequences of the pan-
demic highlight the pressing need to consider
vulnerable populations, such as children with
cancer.
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different health care institutions remain unknown. A tertiary
referral center in India described the establishment of
categories for patient treatment, in which treatment was
deferred, reduced, or maintained. These adaptations sought
to optimize resources and access to treatment and were
implemented with the understanding that they would prob-
ably lead to poorer outcomes.32 Similar situations have been
reported around the world.

At the level of hospital and clinic operations, adaptations in
the face of the COVID-19 pandemic have been necessary.
These adaptations included the implementation of strate-
gies to limit the spread of the virus among patients, families,
and staff. Elements such as screening and testing policies
and telemedicine were leveraged to this end. Hospitals
established screening for COVID-19 in patients, families,
and caregivers either by symptom assessment or by SARS-
CoV-2 testing.6,33 Such testing strategies contributed to
disease containment and the identification of asymptomatic
carriers and enabled a description of the variability of se-
verity of SARS-CoV-2 infection in children with cancer (see
above). Furthermore, centers were forced to work with re-
duced numbers of practitioners, either as a strategy to
mitigate the risk of virus spread or as a result of the infection
itself, with some centers reporting the cohorting of providers
to optimize human resources.34 Concentrating patients with
COVID-19 in one specific area to avoid cross-infection was
another frequently implemented action. In addition, limiting
the number of caregivers in hospitals was often adopted as
an infection-control strategy. Telehealth has been leveraged
to provide continued treatment in partnership with satel-
lite centers and to monitor patients after completion of
treatment.35

Many of the required adaptations to care during the pan-
demic have brought new challenges, creating a burden on
providers, patients, and families. Health care workers have
faced numerous challenges during the pandemic, and high
levels of burnout and stress have been reported.36 The
relationships between providers and patients and families
have also been affected because of the need to don per-
sonal protective equipment and the increased use of tele-
medicine. Patients have suffered from social isolation as
activities of distraction, such as playrooms, and schooling
have been limited.37 Because pandemic policies restricted
visitors, caregivers have been loaded with additional dis-
tress, frequently bearing the burden of difficult conversa-
tions and decisions alone. These new limitations have
caused increased stress and anxiety for both patients and
caregivers.38

In addition to the adaptations of cancer-directed therapy
and supportive care, psychological support for patients and
families has been hindered. Nonetheless, creative solutions
have been implemented to continue to provide holistic care

whenever possible. Remote access to individual psycho-
therapy as well as to neuropsychological assessment has
been incorporated in addition to the implementation of
virtual programs39 and home-based exercise programs for
survivors of cancer to improve fitness.40

COLLATERAL EFFECTS OF THE COVID-19 PANDEMIC

Pediatric oncology care relies on prompt evaluation and
diagnosis, referral to tertiary centers, multidisciplinary
subspecialized teams, timely and coordinated multimodal
therapy, and access to supportive care—all of which have
been affected by the pandemic. Prioritizing patients with
COVID-19, combined with lockdowns and restricted
transportation, has contributed to delayed and fragmented
attention to children with cancer. It has also been antici-
pated that the effects of the pandemic on health systems
would amplify existing obstacles to caring for children with
cancer. In addition, patients and families have been afraid to
seek care, adding another barrier during the pandemic.
These factors have been reported in both high-income
countries and low- and middle-income countries.

Reports have described fewer emergency visits by pediatric
patients with cancer and a reduction in outpatient visits,
probably influencing the timeliness of diagnoses.41 Two
tertiary referral centers in the United States reported five
cases that had delayed cancer diagnoses with grave con-
sequences, including two deaths.42 These presentations
were not commonplace and were influenced specifically by
a reluctance to seek care and limitations to accessing full
clinical evaluations. Additionally, at the beginning of the
pandemic, three patients in Italy arrived in critical condition
at the onset of acute lymphoblastic leukemia.43

In addition to reports of delayed presentation, reports of
lower numbers of new cases of pediatric cancer exist from
institutions across the world. A report from Italy described an
almost 50% decrease in new cases of pediatric cancer
compared with prior years.44 A tertiary hospital in New York
reported a reduction in the number of children with newly
diagnosed solid tumors in the area during the height of the
pandemic.45 A decrease in the volume of new cancer di-
agnoses in children is consistent with what has been ob-
served in adults with cancer. A report from the Dutch
population-based cancer registry described a 25% de-
crease in new cancer cases in the country.46

Hospitals and clinics have had to decrease the hours of
operation and the volume of patients seen, leading to delays
in appointments, ultimately limiting the availability of timely
evaluations. Furthermore, families may remain fearful of
seeking medical support because of the perceived risks of
going to hospitals.47 Finally, telehealth and the inability to
examine a child may limit the diagnostic capacity of health
care providers. All these factors, in addition to existing
barriers to the diagnosis of pediatric cancer, have probably
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contributed to underdiagnosis and delayed and critical
presentations. These findings are worrisome, because pa-
tients whose cancers are diagnosed later are more likely to
present with advanced disease, ultimately leading to poorer
outcomes.

EFFECTS OF THE PANDEMIC ON ACCESS TO CARE

The disruption of health services during this pandemic
presents a serious challenge to maintaining quality care for
children with cancer. Several cross-sectional surveys have
sought to evaluate and quantify the indirect effects of the
pandemic on access to care and quality of care. A survey
carried out in April 2020, collecting data from 20 countries
in Latin America, showed that the COVID-19 pandemic had
impacted the availability of chemotherapy, cancer surger-
ies, radiotherapy, and outpatient visits. Importantly, 36% of
respondents mentioned that they had to modify chemo-
therapy regimens because of chemotherapy shortages.
These findings were independent of the COVID-19 in-
cidence and fatality rate.48 A report from the Middle East,
North Africa, and theWest Asia region described disruptions
to essential treatment, including chemotherapy, surgery,
and radiotherapy, in between 29% and 44% of institutions.
Of note, 24% of centers restricted the acceptance of new
patients.49 A survey from 25 pediatric oncology centers in 15
countries in Africa, which had no reported cases of COVID-
19 in children with cancer at the time, graded the impact of
the pandemic on cancer treatment as severe.50 A survey
that captured responses from 213 institutions in 79
countries noted that 7% of included centers reported
complete closure of services for children with cancer.51 In
addition, almost one-third of centers reported increased
treatment abandonment. Unavailability of chemotherapy
agents, treatment abandonment, and interruptions in ra-
diotherapy were more frequent at institutions in resource-
limited countries.

Although hospitals of all resource levels have suffered as
a result of the pandemic, effects have been more frequent
and larger in low- and middle-income countries. The
phenomenon suggests that the effect of the COVID-19
pandemic on pediatric cancer care reflects the innate
strength of health care systems across the world. These
unintended consequences of the pandemic highlight the
pressing need to consider vulnerable populations, such as
children with cancer. Ultimately, the effect of these barriers
to quality care on the outcome of children with cancer
treated during the pandemic are unknown but are certainly
worrisome.

CLINICAL TRIALS DURING THE COVID-19 PANDEMIC

Collaborative clinical trials have been crucial to the con-
tinuous improvement in the outcomes of children with
cancer during the past decades. In addition to cancer care,
pediatric cancer research has been impacted by the COVID-

19 pandemic. Delayed opening of new clinical trials and
limited accrual of existing trials have been described.52 Early
in the pandemic, health care systems were in danger of
being completely overwhelmed by caring for patients with
COVID-19 infection. For this reason, regulatory bodies and
national agencies provided detailed guidance on managing
clinical trials during the pandemic. Although not specific to
pediatric oncology, many of the recommendations were very
relevant to the care of children with cancer. The advice
released by the European Medicines Agency, the U.S. Food
and Drug Administration, the U.K. Medicines and Health-
care Regulatory Agency, and other national bodies had
several similar recommendations and themes.

The clearest recommendation from the guidance high-
lighted the importance of placing the safety of trial partic-
ipants at the forefront of any decision-making, including
ensuring data validity. The recommendations can be
grouped together as (1) clinical decisions, (2) regulatory
requirements, and (3) pharmacovigilance.

Clinical Decisions

For many pediatric patients with cancer who are enrolled in
clinical trials, particularly those in phase I/II trials, there may
be no effective or proven therapeutic alternatives. The
decision to continue treatment for a particular patient must
weigh the risks to the patient (and the wider health care
system) against the benefits they may be receiving from the
study treatment and the availability of alternative therapies.

Many protocols require patients to have regular clinical
reviews, and a number of suggestions to manage these
reviews during the pandemic exists. When practical, pa-
tients may have telephone or video call reviews rather than
face-to-face reviews. Alternatively, if they are unable to travel
to their treating center because of travel restrictions,
monitoring may be able to take place at a local hospital that
is not a designated trial site. Patients may also be permitted
to have routine investigations (e.g., blood tests and imaging
studies) performed at a local hospital and have the results
shared with their treating investigator. It is important to
ensure that any protocol deviations to accommodate safer
clinical pathways be well documented.

Traditionally, patients receiving oral investigational medic-
inal products would receive these from the pharmacy at
their registered trial site. To reduce travel to hospitals, many
centers moved to direct delivery of investigational medicinal
products to patients and caregivers, either from the phar-
macy in question or occasionally directly from the distributor
of the medication. Longer supplies of medication (when
feasible for shelf life and storage) may also help in this
regard. Both the European Medicines Agency and the
National Cancer Institute Cancer Therapy Evaluation Pro-
gram have released specific guidance on this approach.
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Regulatory Requirements

Many of the above suggestions would represent protocol
deviations, some of which may require amendments to trial
protocols. However, the Children’s Oncology Group man-
aged this process without the need for amendments to trial
protocols specifically for the purpose of COVID-19 ac-
commodation. Both the European Medicines Agency and
the U.S. Food and Drug Administration made suggestions
so that centers could submit lists of similar protocol viola-
tions on a single document rather than having to complete
each one individually. Furthermore, the process for protocol
amendments was streamlined to facilitate urgent measures
introduced to maintain the safety of participants and staff.

Pharmacovigilance

Pharmacovigilance includes, but is not limited to, site ini-
tiation visits, monitoring visits, and regular audits of trial
sites. Given the need early in the pandemic to prioritize
activities essential to the safety of participants and data
validity, suggestions were made by many groups that these
activities be postponed, cancelled, or moved to remote
forms of working. The Children’s Oncology Group was up to
date on routine institutional audits as of the end of De-
cember 2020, although all were carried out remotely.

Although the highlighted steps caused some delay or
postponement of vital scrutiny of trial activities, these steps
have highlighted the possibility for much of this work to take
place remotely, with several potential benefits.

Impact on Pediatric Oncology Trials

The largest published impact of SARS-CoV-2 on pediatric
oncology trials is from the Innovative Therapies for Children
with Cancer consortium,53 in an article that focused on the
impact during the first wave of the pandemic, between
March 1 and April 30, 2020. Trial recruitment was dra-
matically affected across the Innovative Therapies for
Children with Cancer network. A total of 48.5% of phase I
trials, 61% of phase II trials, and 64% of molecular platform
trials closed to recruitment in at least one site. Worryingly,
16% of sites stopped all clinical trial recruitment for pedi-
atric patients with cancer. Industry-sponsored trials were
twice as likely to close to recruitment as academic studies.
Overall recruitment across the network was 61% lower than
during the corresponding period in 2019. Consistent with
the points discussed in the telemedicine section, 20% of
patients either had telephone appointments or had their
reviews at local hospitals. A total of 58% of sites shipped
investigational medicinal products either to local hospitals or
directly to patients, and slighly more than 25% provided
larger-than-usual quantities of investigational medicinal
products to patients. Overall, 77% of units were able to
provide remote support for data collection and input.
Concerningly, there was a dramatic reduction in site

initiation visits andmonitoring visits during this time, as 67%
of site initiation visits and 64% of monitoring visits were
cancelled altogether.

The United Kingdom and the United States have robust
clinical research consortia that operate multi-institutional
clinical trials. After the impact of COVID-19 during the early
months of the pandemic, the second half of 2020 saw
a rapid reduction in the proportion of pediatric oncology
trials that were suspended across the U.K. National In-
stitutes for Health Research portfolio (Fig. 1). Other data
from both the Children’s Oncology Group and the U.K.
Birmingham Cancer Research U.K. Clinical Trials Unit
confirm that recruitment to pediatric oncology trials was
robust through the remainder of 2020.

Figure 2 shows data on recruitment to trials run by the
Cancer Research U.K. Clinical Trials Unit and the Children’s
Oncology Group from before and during the pandemic. The
total number of trials open per quarter was not dramatically
affected by the pandemic (Fig. 2A). Nonetheless, there was
a decrease in recruitment in the United Kingdom and
a slowdown in Children’s Oncology Group trials in the
second quarter of 2020, both of which have subsequently
improved (Fig. 2B). At its maximum change, recruitment in
the United Kingdom was 30% lower than baseline. A re-
duction in recruitment per clinical trial in the early part of the
pandemic, but a robust recovery afterward, was seen both in
the United Kingdom and in the Children’s Oncology Group
trials (Fig. 2C). A more marked reduction in recruitment has
been seen for nontherapeutic trials, which has not yet fully
recovered to prepandemic levels (Fig. 2D).

Funding

Clinical trials in pediatric oncology are already relatively
underfunded compared with other diseases. Estimates
suggest that pediatric cancers receive 1% to 4% of total
cancer research funding. Before the onset of the pandemic,

FIGURE 1. Status of Pediatric Oncology Clinical Trials Across the U.K.
National Institute for Health Research Portfolio During the Pandemic
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there was already a worrying trend toward stagnation or
reduction in funding for pediatric oncology.54 A large pro-
portion of funding for pediatric oncology research comes
from philanthropic sources, and 78% originates in the
United States. There is also a huge global discrepancy, with
researchers in low- and middle-income countries receiving
negligible amounts of funding compared with those in the
United States and Europe.55

It is clear that the COVID-19 pandemic has already had
a considerable impact on charitable donations. Cancer
Research U.K., the Association of Medical Research
Charities, the American Cancer Society, and the Canadian
Cancer Society have all indicated notable shortfalls in
revenue this year and have indicated that they will need to
reduce the level of grants they offer across the entire cancer
research sector.56

Given the dependency of pediatric oncology trials on
charitable funding sources, it is likely that funding for

preclinical and translational research, as well as phase I to III
trials, will be impacted for many years.

SILVER LININGS

Despite the multiple effects of the COVID-19 pandemic,
potential adaptations exist that can be used in the future of
pediatric cancer care. Modifications that have been im-
posed by the pandemic, such as the use of telehealth or
changes to the scope of provider responsibilities, have been
proven to optimize resources.51 Furthermore, unparalleled
cooperation among industry, regulators, and researchers
has shown the possibility for rapid and effective clinical
research when there is the political imperative to do so.
Additionally, the increasing acceptance and use of remote
working and consultations may enable the efficiency of care
and clinical trials to be improved, providing a counterpoint to
the likely decreased funding going forward.57 Some benefits
to patients and caregivers, such as reduced traveling for
evaluations or the increased ability to have some of their trial

FIGURE 2. Trial Recruitment in Cancer Research U.K. Clinical Trials Unit, National Institute for Health Research, and Children’s Oncology Group Trials
Abbreviations: CRCTU, Cancer Research U.K. Clinical Trials Unit; COG, Children’s Oncology Group; NIHR, National Institute for Health Research.
Open therapeutic trials per quarter (A). Total recruitment to therapeutic trials per quarter (B). Recruitment per open clinical trial per quarter (C).
Recruitment to nontherapeutic trials per quarter (D).
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treatment carried out more locally, may also be continued in
the future.

CONCLUSION

The COVID-19 pandemic has had a substantial effect on
pediatric cancer care, presenting an unprecedented global
threat to the safe and effective care of children with cancer.
The pandemic has disrupted diagnosis, treatment, and
follow-up of patients. Although the majority of children with
cancer will have mild COVID-19 disease, preliminary reports
describe outcomes that are worse than the general pediatric
population.58 Many questions remain unanswered in terms
of risk factors for severe disease.

After an initially dramatic reduction in clinical trial re-
cruitment in the spring of 2020, recruitment in the United
States and Europe has been robust. However, the medium-
term outlook is more concerning, given the likely notable
drop-off in funding and the impact this may have on the
ability to deliver new trials and translational research.

The impact of the COVID-19 pandemic on the overall
survival and outcomes of children with cancer is unclear but
worrisome. Although the pandemic has created additional
barriers to childhood cancer care, pediatric cancer pro-
viders and institutions have proven to be resilient in times
with enormous obstacles. There is hope that the effects of
the pandemic will subside and the adaptations it has im-
posed will bring a brighter future for the care of children with
cancer. Current international COVID-19 vaccine imple-
mentation programs are still focused on the adult pop-
ulation, but there are already suggestions that responses
may be less robust in the immune-compromised population
with cancer. Once these vaccines are available to young
patients, it will be crucial to evaluate their protective value in
children with cancer.
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11. de Rojas T, Pérez-Martı́nez A, Cela E, et al. COVID-19 infection in children and adolescents with cancer in Madrid. Pediatr Blood Cancer. 2020;67:e28397.
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overview

Adult cancer disparities have been documented for decades and continue to persist despite clinical ad-

vancements in cancer prevention, detection, and treatment. Pediatric cancer survival has improved signif-

icantly in the United States for the past 5 decades to over 80%; however, disparate outcomes among children

and adolescents with cancer still affect many populations in the United States and globally, including racial

and ethnic minorities, populations with low socioeconomic status, and residents of underserved areas. To

achieve equitable outcomes for all children and adolescents with cancer, it is imperative that concerted

multilevel approaches be carried out to understand and address health disparities and to ensure access to

high-quality cancer care. Addressing social determinants of health, such as removing barriers to health care

access and ensuring access to social supports, can reduce pediatric cancer disparities. Nevertheless, public

health policy, health system interventions, and innovative delivery of evidence-based services are critically

needed. Partnerships among patients, caregivers, and health care providers, and among health care, aca-

demic, and governmental institutions, have a pivotal role in reducing cancer disparities and improving

outcomes in the 21st century.

INTRODUCTION

In the United States, childhood and adolescent cancer
is the leading cause of death by disease past infancy,
with more than 17,000 children and adolescents
younger than age 21 diagnosed annually.1 Overall
survival (OS) has improved tremendously over the past
5 decades,2 and today, over 80% of U.S. children with
cancer will be long-term survivors. These improve-
ments have been driven in large part by multicenter
clinical trials conducted by national and international
cooperative groups to improve risk stratification,
treatment intensity, and supportive care.3 Despite this
highly standardized approach to research and care
delivery, underserved children, including those from
racial and ethnic minority groups and/or of lower so-
cioeconomic status, experience higher rates of relapse,
decreased OS, and inferior psychosocial outcomes
compared with their non-Hispanic White or wealthier
counterparts.

Although national guidelines4,5 call for elimination of
cancer disparities, research to understand mecha-
nisms driving inferior outcomes for underserved chil-
dren with cancer is lacking, and few evidence-based
interventions to address these disparities have been
developed. The pursuit of health equity in pediatric
oncology represents an opportunity in this unique
political moment when unprecedented attention is

being paid to racial and social justice. Moreover, as
outcomes for the overall pediatric population with
cancer continue to improve, targeting efforts to those
who experience persistent inferior outcomes is the best
approach to ensure equitable gains in reducing mor-
bidity and mortality. Similar to current approaches to
identify patients with high-risk disease characteristics
and to allocate more intensive therapy to these pa-
tients, it is imperative that underserved patients at risk
for inferior outcomes also be identified and their risk be
mitigated through targeted interventions.

The National Cancer Institute defines cancer health
disparities as adverse differences in cancer incidence,
prevalence, burden, mortality, and survivorship that
exist among specific U.S. populations.4 Racial/ethnic
and sex/gender disparities are the most frequently
studied; however, other factors such as income, ed-
ucation, health insurance coverage, distance to health
care facility, cultural dynamics, English proficiency,
and health literacy have been found to be relevant as
well.5 For some specific groups, such as gender mi-
norities, the lack of available data makes it difficult to
even assess disparities.6 Underserved populations in
low- and middle-income countries are also greattly
impacted by health disparities.7 The worldwide COVID-
19 pandemic has laid bare systemic and long-standing
inequities and has disrupted access to health care
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services; these disruptions disproportionately affect those
already facing health disparities within our health care
delivery system, making tackling these issues critical.6

Black children have consistently experienced worse OS
across pediatric cancer diagnoses. In fact, these racial
disparities have recently widened for acute myeloid leu-
kemia and neuroblastoma.8 Hispanic children have a much
higher incidence of several cancers, such as leukemia and
lymphoma, and poorer 5-year OS than their non-Hispanic
White counterparts (74% vs. 81%, respectively).9-11 The
pervasive and escalating nature of these disparities suggests
that the underlying mechanisms driving survival disparities
across disease groups relate to more complex factors than
solely tumor biology,2,8-10 which certainly varies by type of
cancer.

This brief review highlights key disparities along the cancer
continuum from access to care through cancer-directed
therapy, including enrollment in clinical trials, and sum-
marizes the complex landscape that influences achieve-
ment of equitable clinical outcomes for all children with
cancer within the United States and globally.

Pediatric Cancer Disparities: Scope of the Problem at the

Population-Based Level

ASCO’s policy statement on cancer disparities and health
equity emphasizes the importance of examining how
multiple dimensions of patients’ identities intersect to affect
health outcomes,6 including race, ethnicity, and insurance
status. Cancer registries present an opportunity to evaluate
disparities at the population-based level. These data are
essential for generalizability to the broader population in the
setting of known disparities in access to specialized cancer
centers and disparities in enrollment into clinical trials.12-14

However, there are also limitations to these data, in that they
frequently lack clinical details relevant to prognosis and
outcomes, including disease biology and treatment in-
formation (Table 1).

Race and ethnicity are social categories constructed based
on socioeconomic and political forces and are an imperfect
proxy, at best, for genetic ancestry. As oncologists, a con-
siderable proportion of risk stratification and prognosis is
based on cancer genomics, and thus, it is tempting to use
race as a biologic guidepost for genetic differences among
our patients.15 However, there is mounting evidence that
race is not a reliable proxy for genetic differences or the
relation between ancestry16 and genetics. At the very least,
we must accept that racial/ethnic groups represent ge-
netically heterogeneous populations that lack clear-cut
genetic boundaries.

Racial and Ethnic Disparities

Using the National Cancer Institute’s Surveillance, Epide-
miology, and End Results database, Kahn et al17 described
notable disparities in survival trends of pediatric and ado-
lescent/young adult patients (defined as age 15 to 39) with
hematologic malignancies, including acute lymphoblastic
leukemia, acute myeloid leukemia, and Hodgkin lym-
phoma, over a 4-decade period. Focusing on their data
from 2004 to 2007, in acute lymphoblastic leukemia,
Hispanic children had worse survival (88% for Hispanic
children [95% CI, 85–91] vs. 93% for non-Hispanic White
children [95% CI, 91–95]).17 Among Black children with
acute myeloid leukemia, worse survival was observed (54%
for Black children [95%CI, 34–70] vs. 71% for non-Hispanic
White children [95% CI, 61–79]).17 In Hodgkin lymphoma,
worse outcomes were observed in Black adolescent/young
adult patients (92% for Black adolescent/young adults [95%
CI, 88–95] vs. 96% for non-HispanicWhite adolescent/young
adults [95%CI, 95–97]).17 Care for adolescent/young adult
patients with leukemia and brain tumors at specialized
cancer centers has been shown to mitigate disparities be-
tween adolescent/young adult patients and their younger
counterparts18,19; however, it is unclear the effect that
treatment at such centers similarly has upon racial and ethnic
disparities. The Surveillance, Epidemiology, and End Results

PRACTICAL APPLICATIONS

• Cancer health disparities, defined as systematic
and avoidable differences in cancer incidence,
burden, mortality, and survivorship that ad-
versely affect underserved groups, are preva-
lent in pediatric cancer, a highly curable
disease.

• Disparate outcomes prevail despite advance-
ments in treatment and a high proportion of
patients being treated in therapeutic clinical
trials. The field of pediatric cancer disparities,
although nascent, is growing, and efforts are
ongoing to understand and effectively address
disparate clinical outcomes and ensure health
equity.

• Disparities in pediatric cancer are complex and
multifactorial, and involve social determinants
of health, as well as inequities in access to high-
quality diagnostic procedures and treatments;
supportive, psychosocial, and survivorship
care; and clinical trials.

• To effectively achieve equitable survival in the
United States and globally, domestic and in-
ternational collaborative research efforts are
urgently needed to gain a better understanding
of factors underlying disparate outcomes and
inform multilevel interventions across patients,
caregivers, providers, health systems, and ac-
ademic and payer organizations.
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database was also used to describe survival disparities for
common pediatric extracranial solid tumors between
1985 and 2005.20 Overall, Black and Asian/Pacific Islander
children had a higher risk of death compared with non-
Hispanic White children (HR, 1.31, and HR, 1.34, re-
spectively; p , .05). Black children had a higher risk of
death from germ cell tumors, hepatoblastoma, and non-
rhabdomyosarcoma soft tissue sarcomas. Interestingly,
differences in survival between Hispanic and non-Hispanic
children were not observed. For brain tumors, a recent study
demonstrated that Hispanic and Black children had sub-
stantially higher hazard of death than non-Hispanic White
children (Hispanic: HR, 1.25; 95% CI, 1.18–1.31; Black:
HR, 1.12; 95% CI, 1.04–1.21).21 These differences were
most prominent among those with high-grade tumors, with
no difference observed in diffuse astrocytoma. In a study
using the California Cancer Registry to investigate disparities
among children with high-grade gliomas, Hispanic children
had worse survival than non-Hispanic White children (HR,
1.62; 95% CI, 1.24–2.11).22

Health Insurance–Based Disparities

In the United States, health insurance coverage has con-
sistently been demonstrated to be one of the strongest
predictors of cancer outcomes.6,7 Health insurance is often
used as a proxy for household income, as child eligibility for
public insurance (e.g., Medicaid) is based on state-defined
income thresholds. The Patient Protection and Affordable
Care Act, enacted in 2010, requires Medicaid coverage for
all children up to 133% of the federal poverty line.23 The
1997 Children’s Health Insurance Program was created to
subsidize health insurance for children24 in working families
with incomes too high to qualify for Medicaid. In 13 states,
the income eligibility threshold for the Children’s Health
Insurance Program is up to 400% of the federal poverty
line.25 Medicaid and the Children’s Health Insurance Pro-
gram cover more than one in three (37%) of children overall,
and over half of Hispanic (52%) and Black children (54%).
Among children with cancer, similar differences are ob-
served, with Black children being more likely to have public
insurance than non-Hispanic White children (73% vs.

37%).8 The complementary coverage of these two programs
has led to relatively few uninsured children (less than 7%).23

Health insurance is also used as a measure of health care
access, given that the ability to pay for health services or
have them covered is a determinant of the care sought and
received.24 In pediatrics, disruptions in health insurance
coverage are associated with reduced access to care.26

Among adult patients with cancer, a review found that
those with disruptions were more likely to present at an
advanced stage (odds ratio, 1.2–3.8) and have worse
survival (HR, 1.28–2.43) compared with patients without
insurance disruptions.27

Based on the existing U.S. insurance infrastructure, the
adolescent/young adult population is at particular risk for
insurance disruptions and is especially vulnerable to the
impact of health insurance on health outcomes. In a pop-
ulation of 66,556 patients with cancer in the Surveillance,
Epidemiology, and End Results database between 2007
and 2014, noteworthy survival disparities were associated
with health insurance status in adolescents with acute
lymphoblastic leukemia, acute myeloid leukemia, and
Hodgkin lymphoma.28 Public or no insurance increased the
risk of death, and this effect increased with age for most
cancer types.

In an attempt to disentangle insurance as a measure of
access to care from insurance as a proxy for low-income
status, Keegan et al29 distinguished adolescent/young adult
patients with continuous Medicaid coverage prior to di-
agnosis compared with those who obtained Medicaid
coverage at diagnosis using a linkage between the California
Cancer Registry with Medicaid enrollment files. Patients
with Medicaid insurance had significantly worse survival
regardless of when coverage began (Medicaid at diagnosis:
HR, 1.51; 95% CI, 1.42–1.61; continuous Medicaid: HR,
1.42; 95% CI, 1.33–1.52; and discontinuous Medicaid: HR,
1.64; 95% CI, 1.49–1.80). Notably, adolescent/young
adults who enrolled in Medicaid at diagnosis (and were
uninsured prior to diagnosis) were 2.2 to 2.5 times more
likely to be diagnosed with later-stage disease (vs. Medicaid
discontinuously enrolled, 1.7 to 1.9 times, and Medicaid

TABLE 1. Strengths and Limitations of Data Sources Used to Investigate Disparities
Cancer Registry Data Billing/Administrative Data Clinical Trial Data Institutional Data

Strengths Full population-based sample,
curated cancer data, and
mortality data

Detailed information about
medications, procedures, and
hospitalizations

Targeted and consistent data
collection on disease biology,
treatment, and outcomes

Detailed electronic health record
data and ease of primary data
collections (surveys, interviews,
patient-reported outcomes)

Limitations Detailed clinical and treatment
data are lacking

Difficult to identify patients with
cancer and lacking clinical
details

Selected population who only
includes those enrolled in
a research study

Limited sample size and
generalizability

NOTE. None of these data resources consistently collect individual measures of socioeconomic status.
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continuously enrolled, 1.4 to 1.5 times) compared with
those with private insurance.29 These findings suggest that
access to care figures prominently into the impact of health
insurance, given that all three study populations qualify for
Medicaid based on income.

For patients with acute myeloid leukemia in the Pediatric
Health Information System administrative database, the
joint effect of Black race and public insurance on induction
mortality (HR, 3.91; 95% CI, 1.32–11.6) was greater than
expected based on the independent effects, suggesting that
the absolute difference between Black and non-Hispanic
White patients is larger among publicly insured children.30

Taken together, population-based data demonstrate that
racial and ethnic minority children and adolescents, and
those of lower socioeconomic status, experience consistent
disparities in cancer presentation and survival outcomes
across diseases.

Minority Underrepresentation in Cancer Research

The National Institutes of Health Revitalization Act of 1993
mandated the inclusion of women and minority populations
in clinical trials.31 However, to date, only 2% of approxi-
mately 10,000 National Cancer Institute clinical trials have
representative minority participants.32 By 2060, Hispanic
children will comprise 33% of the U.S. childhood
population.33,34 Despite this growth and the National Cancer
Institute’s efforts to include minority individuals in
research,35 Hispanic and Black adults are severely un-
derrepresented in research participation compared with
non-Hispanic White adults (1% to 7% vs. 15% and 67%,
respectively).36 Participation rates in adult cancer clinical
trials are even lower, at 0.4% to 2.2% for Hispanic patients
and 5.4% for Black patients,37 even at National Cancer
Institute–designated comprehensive cancer centers.38 In
addition, data show that Black and Hispanic adolescent/
young adults with acute lymphoblastic leukemia are less
likely to be treated at National Cancer Institute–designated
comprehensive cancer centers or sites affiliated with the Chil-
dren’s Oncology Group.19 These patterns of decreased enroll-
ment of patients from minority groups have also been observed
in pediatric cancer clinical trials,39 with Hispanic children being
reported as underrepresented in pediatric cancer research.40

Lower survival rates observed at the population level are at least
partially attributable to lower enrollment in clinical trials.41

Differences between participants in clinical trials and real-
world populations, who ultimately will receive the treatments
once they become standard of care, preclude the gener-
alizability of results and equitable translation and assess-
ment of treatment benefits for underrepresented minority
groups. Nonrepresentative trial participation in a field that is
centered on trial-based cancer discovery perpetuates
existing disparities by precluding the ability to assess
pharmacogenomics characteristics in metabolism and

toxicity in minority populations, which is highly relevant to
real-world utilization of cancer-directed therapies. Similarly,
patient-level predictors of adherence to complex therapies
cannot be evaluated if diverse populations are not repre-
sented in clinical trials.

Clinical Trial Participation Inequity in Adolescents

With Cancer

Survival disparities among adolescents (age 15 to 21)
persist despite overall improvement in survival, morbidity,
and quality of life for younger children with cancer in the
United States.42 Evidence shows that participation in clinical
trials is associated with better survival outcomes among
children and adolescents with cancer;2,39 however, ado-
lescents have lower clinical trial participation rates com-
pared with younger age cohorts (30% vs. 68%,
respectively).28,38,40 Globally, adolescent enrollment rates
into cancer clinical trials are the lowest of any age group.2

Poor enrollment of adolescents into cancer clinical trials
may contribute to inferior survival gains compared with
children, beyond differences in tumor biology. For example,
in acute lymphoblastic leukemia, the most common pedi-
atric cancer, 5-year survival exceeds 85% in 1 to 14-year-
olds and is significantly lower in adolescents at 75%.3

Barriers to Clinical Trial Participation in

Underserved Groups

Individuals from racial and ethnic minority groups in the
United States have a similar level of willingness to enroll in
cancer clinical trials compared with non-Hispanic White
patients.38 Nevertheless, multilevel barriers prevent clinical
trial enrollment at rates comparable to non-Hispanic White
patients.36 These include structural, clinical, attitudinal, and
sociodemographic barriers at the institutional, physician,
and patient levels. Structural barriers include clinical trial
availability and complexity of trial design, time constraints
for proper informed consent and enrollment paperwork, and
lack of dedicated research staff to serve minority pop-
ulations.43 Clinical barriers related to patient ineligibility due
to narrow eligibility criteria in some trials may limit gener-
alizability of results. Sources of funding may impede eq-
uitable participation of minority individuals in clinical trials,
as an increasing number of pediatric cancer clinical trials
are sponsored by the pharmaceutical industry. Lack of
diverse representation in clinical trials can be exacerbated
when pharmaceutical companies seek a homogenous trial
population to minimize confounding patient-related factors,
while also attempting to open trials at high-enrolling sites,
which tend not to be minority-serving institutions, particu-
larly for adults, and where care appears to be more
expensive.44,45 At the physician level, physician preference
has been described as a primary reason for nonenrollment
of eligible patients.36 Physicians play a pivotal role in clinical
trial enrollment, because patients may only be aware of
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research opportunities and consider enrollment if recom-
mended by their physician. Physicians may not offer
a clinical trial if they think it may interfere with the physician-
patient relationship. Moreover, racial/ethnic stereotypes
may lead to the perception that minority patients are less
likely to follow-up with the often-complex requirements of
a clinical trial, resulting in the opportunity to participate not
being offered. Lastly, patient-level factors include negative
misconceptions about research or lack of awareness of
clinical trials; fear of side effects, experimental procedures, or
random assignment; health literacy, culture, and language
barriers; transportation barriers; travel costs; insurance bar-
riers; and unavailability of child care.46 Moreover, mistrust of
the health care and clinical trial systems has been cited by
minority patients as a common reason for nonenrollment,
particularly by Black individuals who have historically suf-
fered discrimination by the medical system.47

Strategies to Increase Enrollment of Minority Populations

in Pediatric Cancer Clinical Trials

It is critical that the demographics of patients enrolled in
clinical trials of novel cancer therapeutics be comparable
to that of the current U.S. pediatric population with cancer.
Representative participation in clinical trials that support
cancer discovery can ensure investigation of genomics
associated with ancestry as well as consideration of health
care delivery approaches necessary to maximize cancer
care tailored to underserved patients. The U.S. racial/
ethnic composition has changed rapidly over the last
50 years and is projected to continue to do so.48 For in-
stance, in 2010, 16% of the U.S population comprised
Hispanic individuals, and by 2065, they are expected to
comprise 31%; therefore, efforts to improve enrollment of
minority patients are clearly needed, and we must prepare
to provide state-of-the-art care to this growing population.33

Barriers may differ among academic and nonacademic
institutions; thus, approaches to optimizing clinical trial
enrollment should be tailored to specific settings. Strate-
gies to improve minority enrollment should address
structural barriers related to study design and conduct,
including informed consent. Decreasing the rigidity of
inclusion/exclusion criteria facilitates enrollment of a study
population that is a better reflection of patients who are
most likely to receive those therapies in the real world.
Partnerships between National Cancer Institute–designated
comprehensive cancer centers and minority-serving in-
stitutions or satellite sites in underserved communities can
be established to increase enrollment.38,49 Additionally,
programs at ASCO50 and the National Cancer Institute,
such as the Center to Reduce Cancer Health Disparities,51

facilitate the training of cancer scientists from diverse
backgrounds to address the diversity gap in the pediatric
oncology workforce, currently comprising 6.0% Hispanic
and 1.5% Black providers.52

To overcome provider-level barriers, training focused on
patient-provider communication, the use of culturally ap-
propriate tools andmedical interpreters, and employment of
trained bilingual/bicultural research staff can facilitate mi-
nority enrollment. At the patient level, strategies, such as
building trust, promoting education and awareness of
clinical trials with anticipatory guidance and multimedia,
and implementation of health literacy–focused in-
terventions, that are also culturally and linguistically
concordant may increase enrollment. Initiatives to address
patients’ socioeconomic barriers, such as reimbursement
for food and/or transportation costs, coupled with allocation
of funds to provide additional staff time for minority en-
rollment, may have a beneficial impact on enrollment and
retention of minority individuals.46

Barriers and Enablers to Adequate Informed Consent in

Minority Parents of Children With Cancer

Research is scarce on the factors that affect informed
consent during enrollment of patients from minority groups
in pediatric cancer clinical trials.53,54 Studies indicate that
barriers to adequate informed consent limit minority child
and adolescent participation in clinical trials.40,55,56 True
informed consent is deemed valid and meaningful if
competence, information disclosure, comprehension, and
voluntariness are effectively satisfied.55,57,58 The pro-
cess involves the consenting provider verifying the
participant’s understanding of risks, benefits, and alter-
natives and ensuring patient’s decision-making abilities.59

Voluntariness is defined as the willingness to participate in
research without feeling coerced.60 Federal law requires
that children and adolescents have parental informed
consent to participate in research, but no mandates ensure
voluntariness or comprehension of the information re-
ceived.53 Recruitment into pediatric cancer clinical trials
often occurs under tremendous emotional stress because of
the life-threatening nature of cancer and the need to start
treatment promptly. This may hinder comprehension of the
informed consent, parental decision-making abilities to
weigh the benefits and risks in research, and voluntariness
of participation in the clinical trial,61 particularly in those with
limited health literacy.55,62

Health literacy is defined as the degree to which individuals
are able to process health information to make appropriate
health decisions.63 In the United States, at least one in four
adults has limited health literacy skills.64 Limited health
literacy is associated with minority race/ethnicity and poor
health outcomes in children.64,65 Among children with
cancer, limited health literacy has been associated with
Hispanic ethnicity, Spanish language, low education level,
and public insurance coverage.55 In a recent report, lower
perception of voluntariness was associated with limited
health literacy among parents of children with newly
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diagnosed leukemia who had consented for their child’s
participation in a therapeutic clinical trial,55 suggesting that
parents with limited health literacy perceive external in-
fluences on their decision to enroll their child in a clinical
trial. This highlights the potential role of recruitment in-
terventions tailored to the participant’s health literacy level to
improve comprehension, decision-making abilities, and
voluntariness of informed consent in underserved pop-
ulations.55 Interventions to increase minority recruitment in
clinical trials have focused on communities rather than
individuals,66 with scant information on improving patient-
provider communication during recruitment and informed
consent procedures. Moreover, research is scarce on in-
terventions to improve clinical trial participation in minority
children and adolescents with cancer, particularly parental
informed consent comprehension and decision-making
self-efficacy. Future areas of research must include eval-
uating the feasibility and effectiveness of interventions
designed to enhance shared decision-making and patient-
provider communication during informed consent, in-
cluding parent advocates and patient navigators and clinical
trial education and anticipatory guidance with multimedia.55

Racial, Ethnic, and Poverty-Associated Outcome

Disparities Persist in the Clinical Trial Setting

Even when treated in multicenter clinical trials, children who
are Black, Hispanic, or living in poverty experience higher
rates of relapse and lower OS across disease groups.10,67-70

The persistence of these disparities within the gold-standard
setting of trial-delivered care underscores an urgent need to
systematically incorporate social determinants of health into
clinical trial design while concurrently developing evidence-
based interventions to address them.

Acute Leukemia

A review of published trial data from the 1980s to the
modern era demonstrates that Black and Hispanic children,
and those who were exposed to poverty, experience excess
relapse and death when compared with their non-Hispanic
White, wealthier counterparts. Among 5,086 children with
acute lymphoblastic leukemia enrolled in phase III Pediatric
Oncology Group trials from 1981 to 1994, Black and His-
panic children experienced strikingly inferior OS compared
with non-Hispanic White children (OS: 68.6%Black, 74.9%
Hispanic, and 81.9% non-Hispanic White; p , .0001).71

After adjusting for disease and treatment-era characteris-
tics, Black race (HR, 1.42; 95% CI, 1.12–1.80) and His-
panic ethnicity (HR, 1.33; 95% CI, 1.19–1.49) remained
independently associated with increased risk of mortality. A
retrospective analysis of 8,762 children with acute lym-
phoblastic leukemia treated on Children’s Cancer Group
protocols demonstrated nearly identical survival
disparities,10 recapitulating the independent association of
Black race (OS: relative risk, 1.4; 95% CI, 1.1–1.6; event-free

survival: relative risk, 1.4; 95% CI, 1.2–1.7) and Hispanic
ethnicity (OS: relative risk, 1.4; 95% CI, 1.2–1.6; event-free
survival: relative risk, 1.3; 95% CI, 1.2–1.5) with inferior OS
and event-free survival in multivariable analyses.

Similar racial and ethnic disparities exist in acute myeloid
leukemia, a disease for which treatment is characterized by
primarily inpatient chemotherapy and supportive care in
contrast to the primarily outpatient cancer therapy used for
acute lymphoblastic leukemia. Among 791 children with
acute myeloid leukemia treated in CCG-2891 between 1989
and 1995, Black and Hispanic children had inferior OS
compared with non-Hispanic White children (OS: Black,
346 10%; p = .007; Hispanic, 376 9%; p = .016; and non-
Hispanic White, 48 6 4%).68 These disparities persisted in
the subsequent decade in the cohort of 850 children treated
in CCG-2961 between 1996 and 2002. Notably, Black and
Hispanic children were more likely to experience death
during induction (p = .02) and die of an infectious com-
plication (p = .035) compared with non-Hispanic White
children.68,72

The impact of socioeconomic status on acute lymphoblastic
leukemia outcomes in the clinical trial setting has been less
robustly investigated, in part because of historical de-
ficiencies in the systematic collection of measures of so-
cioeconomic status and other social determinants of health
in cooperative group trials. A retrospective analysis of 575
children with newly diagnosed acute lymphoblastic leuke-
mia treated in consecutive Dana-Farber Consortium Pro-
tocols between 2000 and 2010 demonstrated that children
living in high-poverty areas were significantly more likely to
experience early relapse (fewer than 36 months in complete
remission) compared with those living in low-poverty
areas.67 Specifically, among the cohort of children who
relapsed, 92% of those from high-poverty areas experi-
enced early relapse, compared with 48% of those from low-
poverty areas (p = .008). Black and Hispanic children
were significantly more likely to live in high-poverty areas
(p , .0001).

These retrospective trial data identify striking disparities but
are unable to unravel the mechanisms underlying these
survival inequities. Specifically, the relative contributions of
social determinants of health associated with the social
construct of racial/ethnic minority status (e.g., structural
racism impacting socioeconomic status, education, access
to health care, and basic resource needs) and genetic
ancestry–associated pharmacogenomic differences73,74

that may drive treatment efficacy or toxicity remain un-
clear. It is notable that similar analyses at St. Jude Children’s
Research Hospital for acute lymphoblastic leukemia be-
tween 1991 and 199875 and for acute myeloid leukemia
between 1980 and 200276 demonstrated no differences in
event-free survival or OS for Black or Hispanic children,
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perhaps due, in part, to systematic provision of social
support in their model of care delivery, regardless of in-
surance coverage.

Lymphoma

Racial and ethnic disparities have been identified among
children treated for Hodgkin lymphoma in the context of
both Children’s Oncology Group and St. Jude Children’s
Research Hospital77 clinical trials, though investigation of
trial-based disparities for other lymphomas are limited.
Among a cohort of 1,605 patients with Hodgkin lymphoma
treated in Children’s Oncology Group trials between 2002
and 2012,69 non-White patients (pooled Black and His-
panic) had a 1.88 (95% CI, 1.06–3.33) times higher risk of
mortality in multivariable analyses adjusting for disease-
associated characteristics. Among a subcohort of chil-
dren with relapsed Hodgkin lymphoma, Black and Hispanic
children experienced 3.45 (95% CI, 1.46–8.16) and
2.72 times (95% CI, 1.19–6.23) higher risk of postrelapse
mortality, respectively, in multivariable analysis adjusting for
neighborhood-level poverty. In a St. Jude Children’s Re-
search Hospital cohort of 327 patients with Hodgkin lym-
phoma treated in successive trials between 1990 and
2001,77 Black children had inferior event-free survival
compared with non-Hispanic White children (716 6.1% vs.
84 6 2.4%; p = .01) and were 3.7 times (95% CI, 1.7–8.0)
as likely to relapse 12 months postdiagnosis.

Solid Tumor

Relatively few studies have investigated racial, ethnic, or
socioeconomic disparities in clinical trials for pediatric solid
tumors. A retrospective analysis of 2,343 children treated in
Intergroup Rhabdomyosarcoma Study Group clinical trials
between 1984 and 1997 identified no differences in failure-
free survival between Black children and non-Hispanic
White children.78 Conversely, a more recent analysis of
poverty exposure and survival in high-risk neuroblastoma
demonstrated profound survival disparities among children
with public insurance and those living in low-income areas.
Among 371 children with high-risk neuroblastoma treated in
Children’s Oncology Group targeted immunotherapy trials
ANBL0032 and ANBL0931 from 2005 to 2014, household
poverty–exposed children experienced significantly inferior
event-free survival (HR, 1.90; 95% CI, 1.28–2.82; p = .001)
and OS (HR, 2.79; 95% CI, 1.60–4.79; p, .001) compared
with poverty-unexposed children after adjustment for dis-
ease and treatment factors.70 Although neighborhood
poverty was not independently associated with survival, dual
poverty exposure (household and neighborhood poverty)
predicted both inferior event-free survival (HR, 2.21; 95%
CI, 1.48–3.30; p , .001) and OS (HR, 3.70; 95% CI,
2.08–6.59; p, .001) inmultivariable analyses. Neither race
nor ethnicity was independently associated with inferior
event-free survival or OS in this cohort; however, Black and

Hispanic children were much more likely to be poverty-
exposed and thus disproportionately suffered from poverty-
associated survival disparities.70

Next Steps: Leveraging the Clinical Trial Infrastructure to

Investigate and Address Disparities

Although limited to retrospective analyses, these data
highlight the stark persistence of racial, ethnic, and so-
cioeconomic disparities in clinical outcomes even in the
context of clinical trial–delivered care. More studies are
needed to examine differences in outcomes proximal to
mortality. For example, among a cohort of 1,240 patients
enrolled in Children’s Oncology Group trials between 2010
and 2018, Black patients were significantly less likely to
receive proton radiation therapy comparedwith non-Hispanic
White patients (odds ratio, 0.35; 95%CI, 0.17–0.72; p = .004)
even after adjusting for sociodemographic and disease-
associated characteristics.79 Access to radiotherapy, surgery,
and stem cell transplant may impact survival outcomes for
underserved children despite enrollment in uniform clinical
trials.

That Black, Hispanic, and poor children with cancer are
more likely to relapse and die when receiving cancer
therapy in multicenter clinical trials highlights the stark
reality that access to and equitable enrollment in clinical
trials are necessary but not sufficient to eliminate survival
disparities in pediatric oncology. More specifically, trial-
embedded investigations of structural, sociobehavioral,
and biologic mechanisms underlying racial, ethnic, and
socioeconomic disparities are essential to inform evidence-
based interventions aimed to achieve equity. Reporting of
racial/ethnic outcomes in National Institutes of Health–
funded trials is very low at approximately 13%, suggesting
that National Institutes of Health policies mandating
reporting of outcomes by race/ethnicity have not been ef-
fective.32 Recent reports have demonstrated that clinical
trial–embedded collection of parent-reported social de-
terminants of health is feasible,80 a first step in establishing
the evidence base necessary to support trial-embedded
health equity interventions. Preliminary data from these
efforts demonstrate a high frequency of modifiable poverty
exposures, including one in three children living with
household material hardship (food, heat, housing, or
transportation insecurities),81 which disproportionately im-
pact Black and Hispanic children.80 Evaluation of a scalable
intervention targeting household material hardship as a risk
factor for outcome disparities is ongoing.82

Global Pediatric Cancer Disparities

Pediatric cancer inequities at the global level are even more
striking than those observed in the United States and are
essential to acknowledge in any discussion of pediatric
oncology disparities. With more than 400,000 new cases of
childhood cancer diagnosed annually worldwide,83 the
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survival gap for children with cancer in low- and middle-
income countries compared with high-income countries is
astounding.84,85 Unfortunately, in low- and middle-income
countries, where 80% of the world’s children reside, 5-year
OS for children with cancer is 10% to 60%, compared with
over 80% in high-income countries.86 This survival gap
reflects the profound disparities that exist in the socioeco-
nomic and health care infrastructures between low- and
middle-income countries and high-income countries that
hinder access to comprehensive cancer care. Effective
management of pediatric cancer involves obtaining accu-
rate epidemiologic data, providing workforce specialty
training, developing treatment and supportive care guide-
lines, ensuring consistent access to medications and
equipment, improving patient/family psychosocial and fi-
nancial support, and facilitating adherence to treatment.
Contributing factors to disparate outcomes in low- and
middle-income countries include inadequate training for
health care providers, high rates of advanced disease at
presentation, deficiencies in the referral and diagnostic
pathways, malnutrition, high rates of treatment complica-
tions and abandonment, and limited access to curative
therapies, such as chemotherapy and sophisticated surgical
and radiotherapy services.87-90 Global pediatric cancer
programs are desperately needed to reduce survival gaps in
low- andmiddle-income countries. Key components of such
programs include financial coverage, accreditation of pe-
diatric cancer centers, mandatory case registration and
reporting, and the creation of national standards of care and
pediatric cancer–governing bodies.91 Strategies must focus
on overcoming local challenges, leveraging regional op-
portunities, and engaging in capacity-building through the
development of infrastructure, technology, and training for
health care professionals to advance their ability to effec-
tively care for underserved children with cancer in low- and
middle-income countries.92,93 Long-lasting improvements in
disparate outcomes in low- and middle-income countries

will require cohesive global health system planning with
multiple stakeholders and establishing partnerships be-
tween institutions in high-income countries and low- and
middle-income countries aimed at developing large-scale
collaborative projects and research that have the potential to
change national and international health policy.86

CONCLUSION

Pediatric oncology is a success story of modern medicine,
with steady improvements in relapse and survival over the
past half century ensuring that the great majority of children
diagnosed with cancer in this era will be long-term survivors.
That our most underserved children—those identified as
from racial and ethnic minority groups and those of lower
socioeconomic status—remain more likely to relapse and
die of cancer is unacceptable. Overcoming pediatric cancer
inequities is a moral and ethical imperative.

Pediatric oncology, as a field, is uniquely positioned to
achieve the scientific breakthroughs necessary to eliminate
outcome disparities by leveraging its robust cooperative
group trial infrastructure to systematically identify mecha-
nisms underlying disparities and evaluate health equity
interventions to target them. Focusing future efforts on
underserved and socially vulnerable children who experi-
ence increased morbidity and mortality represents the 21st
century opportunity for continued improvements in pedi-
atric cancer survival (Sidebar 1). To understand, address,
and reduce disparities, epidemiologic and health outcomes
research, including the development of multilevel strategies,
is urgently needed within academic, health care, govern-
ment, and community organizations. As pediatric cancer
incidence continues to increase and minority populations
continue to grow in the United States, it is time for a para-
digm shift to integrate health equity investigation across all
domains of pediatric cancer research—from biobanking to
clinical trial development—to ensure every child has an
equal opportunity for a cure.

SIDEBAR 1. FUTURE AREAS OF FOCUS FOR PEDIATRIC CANCER DISPARITIES RESEARCH

• Health outcomes, cost-effectiveness, quality improvement, and implementation science research to scale up, evaluate, and
disseminate evidence-based interventions (e.g., patient navigation and resource equity) to achieve equitable care for
underserved children with cancer

• Approaches to raise awareness about pediatric cancer disparities in health care institutions and systems and broader
communities, domestically and globally

• Empowerment of patients fromminority groups and their caregivers to be active participants in their care and related research
• Dissemination of data to government and private sector health care insurers and policy makers regarding the need for high-
quality care for underserved children and for development of health policies to achieve equitable outcomes for all
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overview

The rapid integration of highly sensitive next-generation sequencing technologies into clinical oncology care

has led to unparalleled progress, and yet these technological advances have also made genetic information

considerably more complex. For instance, accurate interpretation of genetic testing for germline/inherited

cancer predisposition syndromes and somatic/acquired pathogenic variants now requires a more nuanced

understanding of the presence and incidence of clonal hematopoiesis and circulating tumor cells, with careful

evaluation of pathogenic variants occurring at low variant allele frequency required. The interplay between

somatic and germline pathogenic variants and awareness of distinct genotype-phenotype manifestations in

various inherited cancer syndromes are now increasingly appreciated and can impact patient management.

Through a case-based approach, we focus on three areas of particular relevance to the treating clinician

oncologist: (1) understanding clonal hematopoiesis and somatic mosaicism, which can be detected on

germline sequencing and lead to considerable confusion in clinical interpretation; (2) implications of the

detection of a potentially germline pathogenic variant in a high-penetrance cancer susceptibility gene during

routine tumor testing; and (3) a review of gene-specific risks and surveillance recommendations in Lynch

syndrome. A discussion on the availability and difficulties often associated with direct-to-consumer genetic

testing is also provided.

INTRODUCTION

Roughly 5% to 10% of cancers have an underlying
hereditary component. Thus, germline genetic testing for
the evaluation of familial cancer syndromes represents an
essential component of oncology care. These tests have
implications for the optimal treatment of the index patient
and also have potential downstream effects related to
preventative approaches for affected family members.
The advent and integration of next-generation se-
quencing technology has led to unparalleled advances in
clinical oncology. The ability of multigene germline panels
to rapidly identify informative cancer-related pathogenic
variants (PVs) has enabled real-time decision-making for
individualized treatments, as well as timely identification
of hereditary cancer syndromes.1-5 Furthermore, mini-
mally invasive technology that now allows for identifica-
tion and deep sequencing of circulating tumor-derived
material from peripheral blood (i.e., liquid biopsy or cell-
free analysis) has led to an improved ability to detect
minimal residual disease and obtain genomic information
for therapy selection without the need for more invasive
biopsymethods andmay lead to improved screening and
early-detection approaches.

Yet, these technological advances have also made the
field of genetic testing considerably more complex for

clinical oncologists. Accurate interpretation of clinical
germline testing, somatic sequencing, and liquid bi-
opsy analyses now requires an understanding of nu-
anced factors such as clonal hematopoiesis (i.e., the
presence of tissue-specific acquired/somatic mutations
arising within the hematopoietic system), the interplay
between somatic and germline PVs, and knowledge
about genotype-phenotype manifestations in these vari-
ous inherited cancer syndromes. In this article, we
present three cases and discussions that elucidate
the science and management strategies relevant to
these important topics.

CASE 1: CLONAL HEMATOPOIESIS

A 43-year-old gravida 2, para 2 female is diagnosed
with a stage IA, cT1b cN0 cM0, right-sided breast-
invasive ductal carcinoma, grade 2, with estrogen
receptor/progesterone receptor–positive and HER2/
neu-negative status. An additional focus of atypical
ductal proliferation of the right lower breast is detected,
along with a stage 0, cTis, cN0, cM0 left-sided ductal
carcinoma in situ. She has a 20 pack-year remote
smoking history. Her maternal aunt was diagnosed
with breast cancer at age 45. She received neo-
adjuvant anastrozole during the COVID-19 pandemic
followed by bilateral surgical excision and right-sided
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sentinel lymph node biopsy. Bilateral breast radiation for risk
reduction is planned.

Panel-based germline genetic testing for hereditary breast
cancer syndromes was performed and returned with a TP53
PV, specifically c.733G.T (p.Gly245Cys), with a report
suggesting mosaic Li-Fraumeni syndrome. Additional de-
tails are requested from the clinical testing laboratory, and
the consideration of a mosaic variant was suggested due to
the presence of the TP53 PV at a subheterozygous fre-
quency with variant allele frequency (VAF) of 25%.

Clinical Questions

Does this patient have mosaic Li-Fraumeni syndrome? Does
this TP53 PV represent clonal hematopoiesis? What else
could this TP53 PV represent?

Germline TP53 Pathogenic Variants and

Li-Fraumeni Syndrome

Li-Fraumeni syndrome is a rare familial cancer syndrome,
occurring in fewer than one in 5,000 individuals.6 Men with
germline TP53 PVs are estimated to have a 75% chance of
developing cancer by age 60, and nearly 100% of women
present with a first malignancy by age 60.7 Due to this
heighted malignancy risk, individuals with Li-Fraumeni
syndrome are offered an extensive cancer surveillance
program typically starting at age 20, including annual whole-
body and brain MRI, annual skin check, esophagogas-
troduodenoscopy/colonoscopy every 2 to 5 years, clinical

breast examination, and breast MRI for females.8 In fe-
males, breast cancer is the most common presenting
malignancy of Li-Fraumeni syndrome, often with HER2/neu
overexpression.9,10 Importantly for our patient, if a diagnosis
of Li-Fraumeni syndrome was confirmed, then the risk of
a radiation-induced therapy-related malignancy would po-
tentially offset the benefit of bilateral breast irradiation,
amplifying the importance of accurate diagnosis.

Notwithstanding the rarity of Li-Fraumeni syndrome, most
contemporary germline hereditary cancer panels include
assessment of TP53. Yet TP53 is a gene that is also re-
currently somatically mutated in nearly all tumor types,
including clonal hematopoietic processes. Thus, the de-
tection of a TP53 PV during genetic testing represents
an excellent example of the many challenges of variant
interpretation.

Germline/Hereditary Genetic Variants Are

Typically Heterozygous

The frequency of any gene variant in question is typically
referred to as the VAF and represents the fraction of alleles
at any particular locus that carry that specific variant. Al-
though an inherited heterozygous variant should have a true
VAF of 50%, due to technical considerations with next-
generation sequencing platforms, a range of anywhere from
40% to 60% (or even 30% to 70%) can be seen with
a heterozygous variant.11

At present, most clinical germline testing laboratories do not
provide the VAF of identified variants within the clinical
report, although most testing companies will highlight var-
iants that fall below a certain threshold (often 25% or 30%)
as a comment provided in the interpretation or comments
section.12 The importance of this should not be understated,
especially when considering TP53 annotation, as one recent
analysis determined that 20% of “positive” TP53 PVs on
a germline multigene panel occurred at VAF less than
25%,13 and an even more remarkable recent study reported
that 39% of TP53 PVs identified on a germline multigene
panel were most likely somatic in origin.14

When to Consider Mosaicism

The term “mosaicism” is traditionally used in the field of
genetics to describe a disease-causing variant that occurs
early in embryogenesis (i.e., postzygotic mosaicism). It is
important to note that variants can also develop later, in
a more organ- or tissue-specific manner, such as what
occurs in the hematopoietic system and is now commonly
referred to as clonal hematopoiesis, or clonal hematopoiesis
of indeterminate potential (CHIP).

Cultured skin fibroblasts are often recommended for genetic
testing to evaluate for mosaic patterns of inheritance and are
also considered the gold standard for confirmatory germline
testing. For instance, if a PV was present throughout the

PRACTICAL APPLICATIONS

• Clinical germline testing can identify pathogenic
variants that may not be truly germline and may
instead represent clonal hematopoiesis. Dis-
tinguishing true germline variants from mosaic
germline variants and clonal hematopoiesis can
be challenging but has significant implications
for screening and familial counseling.

• Somatic next-generation tumor sequencing can
identify pathogenic variants that may actually
be germline variants. The identification of such
variants on somatic testing should prompt for-
mal germline evaluation, as these can have
significant implications for patients and their at-
risk family members.

• The treatment and counseling of individuals
with certain inherited cancer susceptibility
syndromes is moving away from one-size-fits-all
risk assessment approaches. In Lynch syn-
drome, specifically, prospective data have shed
important light on sex-, gene-, and age-specific
considerations that influence an individual’s
future cancer risk.
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mesoderm, as would be seen in a classic postzygotic mosaic
pattern, it would likely be present in both the peripheral
blood as well as in fibroblast analysis.

Batalini et al12 recently described four patients with breast
cancer and a TP53 variant with less than 30% VAF on
genetic testing. Confirmatory skin fibroblast analysis dem-
onstrated that one patient had the variant also present in the
cultured skin fibroblasts, confirming classic mosaicism.12 A
challenge with management of genetic disorders in patients
with postzygotic mosaicism is the inability to be certain
which tissue layers harbor the PV. With mosaic Li-Fraumeni
syndrome, patients are offered augmented cancer surveil-
lance mirroring that of classic Li-Fraumeni syndrome.

What Is Clonal Hematopoiesis/Clonal Hematopoiesis of

Indeterminate Potential?

The ongoing and lifelong division of hematopoietic stem
cells within the bone marrow is associated with occasional
replication errors, leading to the acquisition of PVs. Occa-
sionally, acquired variants confer a survival advantage that
over time leads to clonal expansion, often without initial
development of overt hematopoietic malignancy. This
process is known as CHIP, also termed age-related clonal
hematopoiesis, and occurs in more than 10% of patients
over age 65 (when a VAF threshold of 2% or higher is used;
note that the rate of CHIP is much higher when even more
sensitive VAF cutoffs are used).15,16

Approximately two dozen genes comprise the majority of
CHIP-associated somatic variants. The most common
variants occur in DNMT3A, TET2, and ASXL1, epigeneti-
cally relevant genes that are frequently mutated in hema-
topoietic malignancies and rare in most solid tumors. Thus,
identification of these variants at low VAF in peripheral blood
analyses can be rather straightforwardly attributed to CHIP.
Other CHIP variants that are identified more universally in
tumors, such as TP53, and also CHEK2 and ATM, can
complicate genetic testing interpretation.14,17 Although CHIP
variants are most often present at low VAFs, large pathogenic
CHIP variants in the absence of overt hematologic malig-
nancy are well described. For example, in nearly 25,000 of
patients with cancer evaluated across a wide range of primary
tumor types, 30% of patients were identified to have CHIP,
with a median VAF of 4.7%, but with a surprisingly large VAF
range (2% to 87%).18

A history of malignancy, particularly the receipt of prior
cytotoxic chemotherapy or radiation, is associated with an
increased risk of CHIP; a recent analysis from the MSK-
IMPACT panel identified clonal hematopoiesis in 30% of
24,146 patients with solid tumors.18 In these patients, TP53,
PPM1D, CHEK2, and ATM were frequently mutated and
significantly associated with receipt of prior chemotherapy
or radiation therapy in a dose-dependent fashion. The
specific treatment received was also relevant; CHIP was

most strongly associated with prior exposure to topoisom-
erase II inhibitors and platinum agents (carboplatin more
than cisplatin or oxaliplatin) and not targeted therapy or
immunotherapy. Increasing age and prior tobacco use was
also associated with higher prevalence of CHIP. Pathogenic
variants in DNA damage repair genes were most frequent in
patients with ovarian and endometrial cancer, especially
patients with prior receipt of platinum-based therapy.13,19

The presence of CHIP is associated with an increased risk of
hematologic malignancy development, as well as cardio-
vascular disease and all-cause mortality.15 Analogous to the
incidence of developing multiple myeloma in an individual
with monoclonal gammopathy of undetermined signifi-
cance, an estimated 1% of patients with CHIP will progress
to a hematologic malignancy per year. In a patient with
CHIP, current recommendations include routine complete
blood count monitoring and consideration of hematology
referral for ongoing surveillance, including a baseline bone
marrow evaluation to rule out underlying hematopoietic
malignancy.

Although there are currently limited data on the association
of therapy-related myeloid neoplasms in patients with solid
tumors and CHIP, an important recent analysis18 of patients
with breast cancer suggests that in the most high-risk
populations (including patients with TP53 clonal hemato-
poiesis at VAF 10% or higher), the risk of a therapy-related
myeloid neoplasm (myelodysplastic syndromes or acute
myeloid leukemia) can increase by up to 9% in the setting of
adjuvant cytotoxic chemotherapy, which may in fact exceed
the projected benefit of adjuvant chemotherapy. The effect
of local radiation therapy is estimated to be very low.

Could This Represent Circulating Tumor?

Cell-free DNA or other liquid biopsy approaches for tumor
detection are increasingly used for measurement of residual
disease and to identify optimal treatment of advanced
disease with simultaneous avoidance of multiple or high-risk
biopsies. A key advantage associated with cell-free analyses
is the ability to capture molecular heterogeneity.20 Yet
without paired germline evaluation, an identified variant
may represent circulating solid tumor or may instead rep-
resent clonal hematopoiesis. This can be seen especially
with TP53, but additional actionable variants of therapeutic
relevance, such as variants in IDH1 and IDH2, are de-
scribed as a part of clonal hematopoiesis and could impact
treatment decisions if misattributed to the solid tumor under
evaluation.

Although circulating tumor DNA could certainly confound
germline testing, the VAF of PVs from circulating tumor are
typically far below standard reporting levels.20 In our patient
without apparent residual tumor after definitive surgical
management, a TP53 PV present at 20% VAF is unlikely to
come from circulating tumor.
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Case 1: Follow-up and Summary

Genetic testing on cultured skin fibroblasts failed to identify
the TP53 PV that had been identified on germline panel
testing, suggesting this variant was indeed of hematopoietic
origin. The patient was referred to hematology and noted to
have mildly abnormal complete blood count indices
(macrocytic anemia with elevated red blood cell distribution
width). A bone marrow aspirate and biopsy were performed,
which confirmed a normocellular bone marrow with trili-
neage maturation and no evidence of a hematologic neo-
plasm or metastatic tumor. An 81-gene myeloid panel
demonstrated both a DNMT3A c.2598-1G.A variant (VAF
25%) and the known TP53 variant (VAF 18%). The di-
agnosis of Li-Fraumeni syndrome was thus excluded, and
augmented Li-Fraumeni syndrome–specific preventative
cancer screening was not required. She received her
planned radiation therapy, which was well-tolerated, and
she is now followed in both the breast center and hema-
tology center for ongoing cancer surveillance, given the
increased lifetime risk of hematologic malignancy associ-
ated with CHIP.

CASE 2: INTERGRATING SOMATIC AND GERMLINE
SEQUENCING DATA

Ms. S is a 49-year-old woman who was recently found to
have metastatic breast cancer who presents to you for
a second opinion. She has a history of cT3N1 triple-negative
breast cancer diagnosed 2 years ago, treated with neo-
adjuvant dose-dense doxorubicin and cyclophosphamide
followed by weekly paclitaxel. Lumpectomy and axillary
lymph node dissection performed after chemotherapy
revealed 2 cm of residual disease in the breast and one out
of 17 positive axillary nodes, with treatment effect seen in
three additional nodes. She then received adjuvant radiation
followed by capecitabine. Three months after completing
capecitabine, she noted back pain, and imaging revealed
new mixed lytic/blastic lesions in the lumbar and cervical
spine and iliac wing and additional disease in the liver and
lung. Biopsy of a liver lesion confirmed metastatic breast
cancer, estrogen receptor/progesterone receptor–negative,
HER2/neu-negative. A sample from the recent biopsy was
sent for genomic testing and PD-L1 immunohistochemistry,
which revealed:

• PD-L1 status: negative
• Tumor mutational burden: 5 mutations/megabase
• Microsatellite status: microsatellite-stable
• Somatic genomic findings detected: BRCA1 c.1576C.T;
TP53 splice site c.559+1G.A

The patient is of Latinx origin. She has a paternal aunt who
died of ovarian cancer in her 50s and a paternal grandfather
with a history of prostate cancer. The patient states that she
“did gene testing at home and does not have the breast
cancer gene.” On further questioning, the patient explained

that she took a home DNA test several years ago to learn
more about her ancestry, and that report stated that she did
not have genetic predisposition to breast cancer.

Clinical Questions

Does the BRCA1 PV seen on tumor testing represent
a germline or somatic finding? What are the treatment
implications of each? How should a negative result on
a direct-to-consumer genetic test be interpreted?

Somatic Versus Germline Pathogenic Variants

When performing next-generation sequencing on a tumor to
identify genomic abnormalities that could guide treatment, it
is important to be able to distinguish between germline and
somatic variants. Both physicians and patients should be
aware of the possibility of finding a germline variant when
undertaking somatic tumor sequencing.21 Germline testing
for variants associated with a hereditary predisposition to
cancer traditionally involves pre- and post-test genetic
counseling; this may not be feasible (or necessary) when the
intent is to identify somatic variants that will inform treat-
ment. However, it is important for providers to discuss with
patients the potential for identification of a germline variant.
This discussion should outline the consequences of
a germline finding for the patient and the relevance and
potential benefits and risks of the information for the pa-
tient’s members.

Treatment Implications of a Germline BRCA1/2
Pathogenic Variant in Metastatic Breast Cancer

Currently, two PARP inhibitors, olaparib and talazoparib, are
approved by the U.S. Food and Drug Administration (FDA)
for the treatment of breast cancers in patients with germline
BRCA1/2 PVs. For both drugs, selection of patients for
therapy should be based on an FDA–approved companion
diagnostic assay. Olaparib is approved by the FDA for the
treatment of metastatic breast cancer in patients with
a known germline PV in BRCA1 or BRCA2 who have pre-
viously received chemotherapy in the neoadjuvant, adju-
vant, or metastatic setting.22 The approval of olaparib was
based on the OlympiAD trial, in which 302 patients with
germline BRCA1/2 PVs by local or central testing were
randomly assigned to receive either olaparib or single-agent
chemotherapy of the physician’s choice (eribulin, capeci-
tabine, or vinorelbine). Median progression-free survival was
7.0 months in patients receiving olaparib compared with
4.2 months in those receiving chemotherapy (HR, 0.58;
95% CI, 0.43–0.80; p , .001).23 Objective response rates
were 59.9% in the olaparib group and 28.8% in chemo-
therapy group. Anemia and neutropenia were the most
common side effects in both treatment arms (grade 3 or
higher anemia: 16.1% for olaparib and 4.4% for chemo-
therapy; grade 3 or higher neutropenia: 9.3% vs. 26.4%, re-
spectively). Nausea and vomiting were both more frequent
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with olaparib, but there were no grade 3 or higher
occurrences.

Talazoparib has FDA approval for the treatment of locally
advanced or metastatic breast cancer in patients with
a known or suspected germline PV inBRCA1 orBRCA2.24,25

In the EMBRACA trial, 431 such patients were randomly
selected to receive talazoparib or physician’s choice single-
agent chemotherapy (capecitabine, eribulin, gemcitabine,
or vinorelbine). Median progression-free survival was
8.6 months with talazoparib versus 5.6 months with che-
motherapy (HR, 0.54; 95% CI, 0.41–0.71; p , .001), and
the objective response rate was higher for talazoparib
(objective response rate, 62.6% vs. 27.2%; odds ratio, 5.0;
p , .001). Common adverse events with talazoparib in-
cluded anemia, fatigue, and nausea. Grade 3 or 4 hema-
tologic adverse events occurred in 55% of patients in the
talazoparib group (primarily anemia) and 38% of patients in
the standard treatment group. Patient-reported outcomes
favored talazoparib.

Although there are FDA approvals for PARP inhibitors to
treat patients with ovarian and prostate cancer with somatic
BRCA1/2 PVs, there are currently no such approvals at this
time in breast cancer. Two recent studies have evaluated
PARP-inhibitor treatment in patients with breast cancer with
somatic BRCA1/2 PVs. TBCRC 048 was a single-arm study
of olaparib in patients with germline PVs in a non-BRCA1/2
homologous recombination-related gene or a somatic PVs in
BRCA1/2 or a homologous recombination-related gene.26

Sixteen patients had a somatic BRCA1/2 PV (6 BRCA1 and
10 BRCA2). Among these patients, the objective response
rate was 50% (90% CI, 28–72), and median progression-
free survival was 6.3 months. SWOG S1416 was a placebo-
controlled trial of veliparib in combination with cisplatin in
three groups of patients: those with germline BRCA1/2 PVs
(37 patients) and those classified as “BRCA-like” (99 pa-
tients) and “non–BRCA-like” (110 patients).27 Patients in
the BRCA-like group included those with a somatic BRCA1/
2 PV, a homologous recombination deficiency genomic
instability score of 42 or higher on the Myriad myChoice
assay, BRCA1 promoter methylation, or a germline PV in
a non-BRCA1/2 homologous recombination-related gene
on the BROCA-HR assay. Eight percent of patients in the
BRCA-like group had somatic BRCA1/2 PVs, all of whom
also had a homologous recombination deficiency score of
42 or higher. In this group, median progression-free survival
was 5.9 months in patients who received veliparib and cis-
platin versus 4.2 months in patients who received cisplatin
and placebo (HR, 0.53; 95% CI, 0.34–0.83; p = .006).

As these trials include only small numbers of patients with
somatic BRCA1/2 PVs, additional data are needed to de-
termine whether patients with breast cancer with BRCA1/2
PVs benefit from PARP-inhibitor treatment. At this time,

standard of care for a patient with metastatic breast cancer
and a somatic PV in BRCA1/2 does not include a PARP
inhibitor. Thus, differentiating between a somatic and
germline PV has therapeutic implications for patients with
breast cancer.

Recommendations for Germline BRCA1/2 Pathogenic

Variant Carriers With Early-Stage Breast Cancer

Although not pertinent in this case, as the patient now has
metastatic disease, in a newly diagnosed patient with early-
stage breast cancer and a germline BRCA1/2 PV, discus-
sion of local treatment should include counseling regarding
risk of contralateral breast cancer and increased risk of an
ipsilateral new primary breast cancer. Ipsilateral therapeutic
mastectomy and contralateral risk-reducing mastectomy
can be considered in this context. Discussion regarding
surgical management should include assessment of addi-
tional risk factors, including age at diagnosis, family history
of breast cancer, overall prognosis of this and other cancer,
ability to undergo appropriate breast surveillance, comor-
bidities, and life expectancy.28 However, it is important to
note that the risk of local recurrence does not appear to be
elevated in women with a BRCA1/2 PV, and patients who
undergo breast-conserving therapy do not appear to have
worse breast-cancer specific or overall survival compared
with those who undergo mastectomy.29-31 Therefore, a germ-
line BRCA1/2 PV should not preclude breast-conserving
therapy in a patient who is otherwise eligible for and desires
breast conservation. BRCA1/2 PV carriers who do not have
bilateral mastectomy should undergo high-risk screening
of remaining breast tissue with annual mammogram and
breast MRI.

Cancer Risk Management in BRCA1/2 Pathogenic

Variant Carriers

First-degree relatives of an individual with a germline
BRCA1/2 PV each have a 50% chance of carrying the same
PV. Family members of an individual with a germline
BRCA1/2 PV should be counseled regarding their risks and
offered the opportunity for genetic counseling and testing. A
recent study showed that fewer than 20% of individuals with
a family history of breast or ovarian cancer who met
established criteria for genetic testing received appropriate
testing.32 Both a thorough family history for nonaffected
individuals and counseling of an affected individual re-
garding implications for their family members are essential
for the identification of family members at risk for cancer.
Cancer screening recommendations for men and women
with BRCA1/2 PVs are summarized in Table 1.

Direct-to-Consumer Genetic Testing

In recent years, the introduction and evolution of next-
generation sequencing technology has led to widespread
availability of genomic testing without the need for an
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ordering physician. Most commonly available tests look at
single nucleotide polymorphisms in specific areas of the
human genome. These tests generate information on an-
cestry and on susceptibility to certain diseases based on the
presence of specific variants, with varying amounts of
clinical data to support their claims.33 There were concerns
raised early on regarding both the quality and clinical validity
of these widely available tests. In 2010, the FDA notified
several companies offering direct-to-consumer genetic tests
of their intent to regulate the tests. In 2013, the FDA ordered
one company (23andMe) to stop marketing their test in its
current form, citing concern about the public health con-
sequences of inaccurate test results.21 In 2018, the FDA
granted authorization to 23andMe for their direct-to-con-
sumer genetic test for BRCA1/2 PVs, which assesses for
three BRCA1/2 PVs that are commonly found in people of
Ashkenazi Jewish descent. These PVs occur in about 2% of
women of Ashkenazi Jewish descent but in less than 0.1%
in other populations; a negative result may be falsely
reassuring, particularly if the person taking the test is not of
Ashkenazi Jewish descent.34 This test also does not assess
for the more than 1,000 additional known PVs in BRCA1
and BRCA2, nor does it assess for variants in other genes
that are associated with increased susceptibility to breast
cancer, such as ATM, CHEK2, PALB2, PTEN, TP53, and
CDH1, all of which have associated screening recom-
mendations.35 The 23andMe test itself carries a disclaimer
stating that the results should be confirmed in a clinical
setting.36 A negative 23andMe result should not be equated
with a negative test on amore comprehensive hereditary risk

panel, particularly in a patient with a known cancer and/or
a positive family history. Additionally, as these tests are not
accompanied by pre- or post-test genetic counseling as is
recommended with physician-ordered tests, the limitations
of the testing may not be accurately communicated with the
patient.

Several companies now offer what has been referred to as
“physician-mediated direct-to-consumer genetic testing.”
In this model, either the patient’s own physician or a com-
pany-provided physician orders the hereditary cancer test.37

These tests provide more comprehensive hereditary cancer
risk panels and contain a varying number of genes with
different degrees of penetrance. The information received is
often complex and may have nuanced clinical implications.
Thus, there are concerns regarding the adequacy of the
informed consent process and the timing of genetic
counseling offered in conjunction with these tests.37 In the
traditional model of genetic counseling and testing by
a clinician, patients receive pretest counseling to explain
what test is being used and the possible implications of
different findings. With the physician-mediated direct-to-
consumer model, the patient may not undergo the informed
consenting process until after they have ordered and paid
for a test. Counseling can range from online videos that are
available on the website to access to a genetic counselor.
Because test results are provided directly to the patient,
there may not be a health professional involved in disclosure
of results. Thus, physiciansmust be prepared to discuss test
results and provide referral to a genetics professional for
posttest counseling if necessary.

TABLE 1. Cancer Screening Recommendations for Women and Men With Pathogenic Germline BRCA1/2 Variants
Women Men

Starting Age

(Years) Intervention

Starting Age

(Years) Intervention

18 Breast awareness 35 Breast self-examination training and education; yearly
clinical breast examination

25 Clinical breast examination every 6–12 months; annual
breast MRI

40 Recommend prostate cancer screening with PSA and
DRE for BRCA2; consider prostate cancer screening
for BRCA1

30 Annual mammogram with consideration of
tomosynthesis

50 Consider annual mammogram screening if
gynecomastia present (age 50 or 10 years prior to
earliest known male breast cancer in family)

Discuss option of risk-reducing mastectomy Women and Men

30–35 Consider transvaginal ultrasound and CA-125 in patients
who have not undergone RRSO

50 Consider pancreatic cancer screening with annual
contrast-enhanced MRI/MRCP and/or EUS (begin at
age 50 or 10 years prior to earliest known pancreatic
cancer case in family, whichever is earliest)*

35–40 Recommend RRSO (upon completion of childbearing);
discuss risks and benefits of concurrent hysterectomy

Abbreviations: RRSO, risk-reducing salpingo-oophorectomy; MRCP, magnetic resonance cholangiopancreatography; EUS, endoscopic ultrasound.
*Screening typically recommended only if there is a known family history of pancreatic cancer.
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Case 2: Follow-up and Summary

You confirmed with the patient that her prior test included only
the three Ashkenazi Jewish founder mutations and referred
her to Medical Genetics. After pretest counseling, a multigene
panel test was ordered and confirmed the presence of
a germlineBRCA1PV, c.1576C.T,which has beendescribed
in patients of Latinx descent.38 The patient began treatment
with talazoparib. Her 25-year-old daughter also saw a genetic
counselor and tested positive for a BRCA1 PV; she initiated
breast cancer screening with yearly breast MRI.

This case highlights the importance of distinguishing be-
tween a somatic and germline BRCA PV; in this patient, the
results impacted both the patient’s cancer therapy and
screening recommendations for a family member. Addi-
tionally, it raises the importance of awareness of both the
risks and limitations of direct-to-consumer genetic testing.
The patient’s family history and triple-negative breast cancer
diagnosis were highly suspicious for a familial cancer
syndrome and warranted genetic testing with a compre-
hensive panel. Direct-to-consumer tests commonly used for
ancestry should not be equated with the more compre-
hensive panels that are available through either clinical
testing or physician-mediated testing. Pre- and post-test
counseling are valuable in educating patients on the ap-
propriate tests and clinical implications of a PV.

CASE 3: GENE-SPECIFIC CANCER RISKS IN
LYNCH SYNDROME

Ms. B is a 38-year-old woman with no remarkable past
medical history presenting for genetic evaluation due to her
family history of suspected Lynch syndrome. Her father had
a history of transitional cell carcinoma of the ureter at age 44
and died of advanced microsatellite instability-high colon
cancer diagnosed at age 47. Her paternal grandmother had
endometrial cancer at age 54 and two separate colon
cancers at ages 58 and 68. Her paternal aunt had colon
cancer at age 42 and reportedly has a diagnosis of Lynch
syndrome, but she is not willing to share her germline testing
results. Another paternal aunt is age 68 and cancer free.
PREMM5 risk assessment (http://premm.dfci.harvard.edu)39

indicates that Ms. B has a 12.8% likelihood of harboring
a pathogenic germline variant in MLH1, MSH2, MSH6,
PMS2, or EPCAM. Germline testing is ordered.

Clinical Questions

If Ms. B is diagnosed with Lynch syndrome, what will her
future risks of cancer be? How could these risks differ,
based on the Lynch syndrome gene involved? What are
appropriate risk-reduction strategies for Ms. B?

Cancer Risks and Personalized Management in

Lynch Syndrome

Lynch syndrome is caused by pathogenic germline variants
in one of the DNA mismatch repair genes (MLH1, MSH2,

MSH6, or PMS2) or EPCAM and is characterized by high
lifetime risks of colorectal and endometrial cancers, as well
as significantly increased risks of ovarian, gastric, urinary
tract (ureter, renal pelvis, bladder, and possibly kidney
cancers), small bowel, pancreatic, biliary tract, and brain
malignancies, as well as cutaneous sebaceous neo-
plasms. Tumor testing with immunohistochemistry for the
DNA mismatch repair proteins and/or polymerase chain
reaction–based microsatellite instability analysis is now
considered standard of care for all individuals with co-
lorectal cancer or endometrial cancer to screen for Lynch
syndrome, given that Lynch-associated cancers are almost
universally mismatch repair deficient with high-level
microsatellite instability.40 For individuals who are cancer
unaffected or for whom tumor tissue is unavailable for such
testing, the PREMM5 risk assessment model can be used to
efficiently quantify an individual’s likelihood of underlying
Lynch syndrome using one’s personal and family history
data.39 Germline testing is recommended for individuals
with 2.5% or greater likelihood of Lynch syndrome by
PREMM5 assessment.39,40

Until recently, clinical practice guidelines recommended
the same risk-reducing management for all individuals with
Lynch syndrome, regardless of gene or family history. All
carriers of Lynch syndrome were recommended to initiate
colonoscopic surveillance every 1 to 2 years beginning at
age 20 to 25, and female carriers of Lynch syndrome were
recommended to pursue hysterectomy and salpingo-
oophorectomy at the completion of childbearing to reduce
risk of endometrial and ovarian cancers. Recommendation
for other Lynch syndrome–associated gastrointestinal can-
cers, in contrast, have been variable due in large part to a lack
of data demonstrating any benefit to such screening as well
as the relatively uncommon nature of such cancers in Lynch
syndrome.

Numerous recent studies, however, have demonstrated
considerable sex- and gene-specific variability in Lynch
syndrome–associated cancer risks and are setting the stage
for personalized risk-assessment and risk-management
strategies. The most notable example of this has been
PMS2-associated Lynch syndrome, which is now recog-
nized as the most attenuated form of Lynch syndrome.
Longitudinal data from the Prospective Lynch Syndrome
Database have identified individuals with PMS2-associated
Lynch syndrome to have 10.4% and 12.8% cumulative
risks of colorectal cancer and endometrial cancer, re-
spectively, by age 75, compared with 46.6% to 57.1% and
37.0% to 48.9% for MLH1- and MSH2-associated Lynch
syndrome.41 Furthermore, data have strongly suggested
that PMS2-associated Lynch syndrome may not confer
significantly increased risks of ovarian, gastric, urinary tract,
or any other cancers beyond colorectal and endometrial
cancer.42 Curiously, such Prospective Lynch Syndrome
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Database data have confirmed the observation from other
prior studies that MSH6-associated Lynch syndrome like-
wise confers a relatively attenuated risk of colorectal cancer
(18.2% to 20.3% cumulative risk to age 75), whereas risks
of MSH6-associated gynecologic malignancies (cumulative
41.1% and 10.8% risk of endometrial and ovarian cancer,
respectively, to age 75) are on par with those from MLH1-
and MSH2-associated Lynch syndrome.41

Such data have led to the evolution of clinical practice
guidelines40,43-45 that now largely feature age- and gene-
specific recommendations for colonoscopic surveillance
and risk-reducing gynecologic surgery in Lynch syndrome
carriers. For example, guidelines from the National Com-
prehensive Cancer Network continue to recommend that
individuals with MLH1- and MSH2-associated Lynch syn-
drome undergo colonoscopic surveillance every 1 to 2 years
beginning at age 20 to 25, but recommend waiting until age
30 to 35 forMSH6- and PMS2-associated Lynch syndrome,
unless there is a family history of a particularly early-onset
colorectal cancer. Clinical practice guidelines from the
European Hereditary Tumour Group and the European
Society of Coloproctology similarly recommend an earlier
age for colonoscopic initiation for MLH1- and MSH2-
associated Lynch syndrome (age 25) versus MSH6- and
PMS2-associated Lynch syndrome (age 35), but recom-
mend that those with PMS2-associated Lynch syndrome
consider colonoscopies only once every 5 years due to the
particularly attenuated phenotype.43 Similarly, such guide-
lines have softened their recommendations for risk-reducing
gynecologic cancer surgery in females with PMS2-associated
Lynch syndrome, now advising hysterectomy be considered
and highlighting that there are insufficient data to recom-
mend salpingo-oophorectomy.40,46

Data from the Prospective Lynch Syndrome Database and
others have also begun to shed light on sex- and gene-
specific considerations for other less common Lynch
syndrome–associated cancers. Specific examples include
the finding that MSH2-associated Lynch syndrome confers
disproportionately high risks for urinary tract cancers (7.9%
to 12.8% and 17.6% to 18.7% cumulative risks of bladder
and ureter/kidney cancer, respectively, to age 75) and that
male Lynch syndrome carriers have significantly higher risks
of any upper gastrointestinal tract cancer compared with
female carriers. Furthermore, other recent studies have
demonstrated that a family history of gastric cancer47 and
urinary tract cancer48 may identify Lynch syndrome carriers
with increased risks of these cancers, independent of gene-,
sex-, and age-specific considerations. Data remain unclear,
however, on the ideal approaches for reducing risk of these
less common Lynch syndrome–associated cancers, which
is a critically important need for these individuals given that
such cancers tend to have significantly worse prognoses

than Lynch-associated colorectal, endometrial, and ovarian
cancers.49

To help incorporate such practice-changing data into
routine clinical care and guide personalized management of
individuals with Lynch syndrome, the Prospective Lynch
Syndrome Database investigators have developed a free
online tool to estimate a Lynch syndrome carriers’ future risk
of various Lynch-associated cancers based on the in-
dividual’s age, sex, and the affected mismatch repair gene
(www.plsd.eu). Other investigators have developed a similar
tool, All Syndromes Known to Man Evaluator, or ASK2ME
(www.ask2me.org), which can be used for individuals with
Lynch syndrome or other forms of inherited cancer risk.

Case 3: Follow-up and Summary

Germline testing revealed that Ms. B harbors a pathogenic
germline variant in MSH2, thus confirming a diagnosis of
MSH2-associated Lynch syndrome. Risk prediction from
the Prospective Lynch Syndrome Database calculator
(rounding her age up to 40; www.plsd.eu) estimated that her
colorectal cancer risk to age 75 is 42.7% and that her risk
over the next 10 years is 10.8%. Similarly, her 10-year risk of
endometrial cancer is 15.5%, and risk to age 75 is 47.7%.
Risks of other cancers to age 75 years included 12.8% for
upper gastrointestinal cancers (gastric, duodenal, biliary,
and pancreatic cancers combined), 15.6% for ovarian
cancer, 7.3% for bladder cancer, 18.7% for ureter/kidney
cancers, and 2.2% for brain cancers. She initiated colo-
noscopic surveillance, as recommended by clinical prac-
tice guidelines, and was found to have two 10-mm
tubular adenomas. She plans to repeat this in 1 year. She
also started taking daily aspirin, given compelling data
demonstrating a marked reduction in colorectal cancer
incidence from daily aspirin use.50 She opted to defer risk-
reducing hysterectomy and salpingo-oophorectomy un-
til at least age 40. She had a baseline esophagogas-
troduodenoscopy with biopsy for Helicobacter pylori, which
is negative. Given the disproportionately elevated risk of
urinary tract cancers in MSH2-associated Lynch syndrome
plus her father’s history of urinary tract cancer, she opted to
pursue annual urinalysis screening, even though data51

have demonstrated that such screening has an exceed-
ingly high rate of “false positives” in Lynch syndrome and is
not routinely endorsed by clinical practice guidelines. By
identifying the specific MSH2 pathogenic germline variant
responsible for her family history of cancer, germline testing
has thus allowed Ms. B to have a more specific un-
derstanding of her own future cancer risks and is also now
being used to help facilitate site-specific germline testing for
her children, siblings, and other at-risk paternal relatives.

DISCUSSION AND CONCLUSION

The incorporation of multigene testing panels with im-
pressive detection sensitivity has led to the increased
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identification of hereditary cancer syndromes, leading to
improved patient management. However, care must be
taken with interpretation of genetic testing, and, through
a case-based approach, we have provided diagnostic
considerations to improve clinical interpretation of complex
genomic information. Key elements and points to consider
include the awareness from Case 1 that PVs identified from
the peripheral blood do not always represent true germline
variants. Indeed, no standards currently exist for the de-
tection or reporting of CHIP on multigene panels, and PVs
arising from CHIP can be erroneously classified as tumor-
derived or germline in origin, so the index of suspicion of the
clinician must remain high. Careful evaluation of variants
with low VAFs for underlying clonal hematopoiesis (CHIP) or
circulating tumor, in addition to mosaic presentations, must
be considered during the genetic evaluation for cancer pre-
dispositions. In Case 2, we underscore the importance of
distinguishing between somatic and germline PVs, with im-
portant implications pertaining to both the patient’s cancer
there and screening recommendations for family members.
Additionally, we discussed the increasing use of direct-to-
consumer genetic testing and awareness of both risks and
limitations of these services. Lastly, in Case 3, we emphasize
the evolving, more nuanced understanding of inherited cancer
syndromes based on gene-specific risks. We highlight Lynch

syndrome, in which there is now a growing understanding of
factors that contribute to an individual’s personalized risks of
various malignancies, including the underlying mismatch re-
pair gene in which they harbor a pathogenic germline variant.
The growing body of such prospectively obtained, longitudinal
data has led to the adoption of gene-specific approaches to
clinical Lynch syndrome management, and we expect that
further efforts to personalize patient care in hereditary cancer
risk are likewise forthcoming.

Advances in genetic-sequencing technologies have helped
push germline genetic testing into mainstream clinical
oncologic care. Data from germline testing are increasingly
being used to guide therapeutics and prognostication for
individuals with a wide array of malignancies, and such data
remain invaluable at identifying individuals and families with
inherited cancer predisposition so that they can then pursue
evidence-based interventions to mitigate such risk. As our
knowledge about germline factors in cancer risk and biology
continues to grow, so too will the additional complexities and
nuances inherent to germline analysis continue to deepen.
In spite of such challenges, however, these intricacies ul-
timately help expand our understanding of cancer biology
while also moving the field incrementally closer to truly
personalized and genetically driven cancer care.
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CANCER PREVENTION, RISK REDUCTION, AND GENETICS

State of the Science: Screening, Surveillance,
and Epidemiology of HPV-Related Malignancies
Rahel Ghebre, MD, MPH1,2; J. Michael Berry-Lawhorn, MD3; and Gypsyamber D’Souza, PhD, MS, MPH4

overview

Oropharyngeal, cervical, vulvar, and anal cancers share a common risk factor of HPV infection. HPV vac-

cination is currently recommended at age 11 or 12 to prevent newHPV infections for all genders with catch-up

vaccination recommened up to age 26. Despite the known effectiveness of HPV vaccination to prevent HPV-

related cancer, there is continued low uptake in the United States; only 40% of eligible persons were

vaccinated in 2018, though rates are 70% among teenagers. Current American Cancer Society cancer

screening guidelines recommend cervical cancer screening, but do not have specific recommendations for

screening for other HPV-related cancers. Oropharyngeal cancer precursors have yet to be identified, and there

are currently no routine screening tests for oropharyngeal cancer recommended by the U.S. Preventive

Services Task Force. The U.S. Preventive Services Task Force and American Cancer Society recommend

cervical cancer screening for women at average risk up to age 65, and screening guidelines do not currently

differ by HPV vaccination status. Primary HPV DNA testing was first approved for cervical cancer screening in

2016 and was shown to be superior for cervical cancer prevention. Vulvar and anal cancer precursors have

been identified, but optimal screening remains unclear. Examination of the anal canal and perianus is best

performed by trained clinicians using high-resolution anoscopy, and effectiveness of using high-resolution

anoscopy to detect and treat anal high-grade squamous intraepithelial lesions to prevent cancer is actively

being researched. Current multistep approaches to control HPV-related malignancies include HPV vacci-

nation coupled with cervical cancer screening or surveillance for oropharyngeal, vulvar, and anal cancers.

INTRODUCTION

Current Rate of HPV-Related Cancers in the

United States

In the United States currently, there are about 45,000
new HPV-associated cancers occurring in the cervix,
vagina, vulva, anus, oropharynx, and penis diagnosed
each year. Among these cancers, the percentage at-
tributed to HPV is estimated as 90% of cervical and
anal cancers and 70% of oropharyngeal, vaginal,
vulvar, and penile cancers.1

From 2013 to 2017, each year there were around
25,400 HPV-related cancers in women and 19,900
HPV-related cancers in men in the United States.1

This includes approximately 20,000 oropharyngeal
cancers among men and women, approximately
12,000 cervical cancers among women, approxi-
mately 7,000 anal cancers among men and women,
and smaller numbers of vaginal, vulvar, and penile
cancers.1 Men have a higher incidence of oro-
pharyngeal cancer than women, but women have
a higher incidence of anal cancers than men.
Women also have cervical and vulvar cancers, so
overall incidence of HPV-related cancers remains
higher in women than men in the United States.
Rates of HPV-related cancers were highest among

the White population and lowest among the Asian/
Pacific Islander population (Fig. 1).1

HPV Vaccination in the United States

If given prior to exposure, vaccination with GARDASIL 9
HPV 9-valent prevents approximately 92% of HPV-
related cancers.2 Advisory Committee on Immuniza-
tion Practices recommended routine HPV vaccination
for female patients in 2006 and for male patients in
2011. HPV vaccination is currently recommended at
age 11 or 12 to prevent new HPV infections and HPV-
associated cancers, with catch-up vaccination of all
persons through age 26 who are not adequately vac-
cinated.3 Since then, HPV vaccination rates have in-
creased steadily, but uptake remains lower than other
recommended vaccines. The HPV vaccine was origi-
nally introduced as a three-dose regimen, but in 2016,
the Advisory Committee on Immunization Practices
recommendation was updated to a two-dose schedule
for girls and boys who receive the vaccine at ages 9
through 14; the three-dose recommendation was
maintained for those initiating vaccination at ages 15
to 26 and for immunocompromised persons.4 The
2019 Advisory Committee on Immunization Practices
guidelines extended vaccination to those up to age 45.
Specifically, the guidelines state that for adults ages 27
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to 45, the “public health benefit of HPV vaccination in this
age range is minimal; shared clinical decision-making is
recommended because some persons who are not ade-
quately vaccinated might benefit.”3 However, the American
Cancer Society does not recommend vaccination for anyone
older than age 26.5

In 2019, 71.5% of 13- to 17-year-old individuals had re-
ceived at least one dose of the HPV vaccine, with similar
uptake in female (73%) and male (70%) adolescents,
compared with 89% to 91% vaccination rates for other
vaccines recommended for those ages, such as tetanus
toxoid, reduced diphtheria toxoid, and acellular pertussis;
meningococcal; and measles, mumps, and rubella vac-
cines (Fig. 2).6 Among adults still within the recommended
catch-up ages for vaccination (ages 18 to 26), the pro-
portion who received at least one dose of the HPV vaccine
has been increasing, but is still low, with only 40% vacci-
nated in 2018 (up from 22% in 2013) and with higher
vaccination rates seen in women than men (54% vs. 37%).7

Vaccine completion rates are even lower, with only 21.5% of
those age 18 to 26 receiving all of the recommended
number of doses of the HPV vaccine in 2018.6 As health
care providers, we must support universal and widespread
HPV vaccination as the best way to eradicate HPV-related
cancers.

SCREENING FOR HPV-RELATED CANCERS

Current American Cancer Society cancer screening guidelines
recommend cervical cancer screening, but do not have
specific recommendations for screening for other HPV-related
cancers.8,9 The incidence of invasive cervical cancer has
decreased in the United States due to successes in screening
to detect and eradicate the cervical cancer precursors. In
contrast, the incidence of oropharyngeal and anal cancer has
consistently increased over the past 20 years, but optimal
screening for noncervical cancers is still debated. Oropha-
ryngeal cancer precursors have yet to be identified, whereas
vulvar and anal precursors, known as high-grade squamous
intraepithelial lesions, have been identified; guidelines for
prevention are lacking or unsubstantiated. The following
sections describe the state of the science for oropharyngeal,
cervical, vulvar, and anal cancers.

Oropharyngeal Cancer Screening

Risk for oral HPV infection and HPV-related oropharyngeal
cancer is higher in men than women, associated number of
lifetime partners performed oral sex on, and increased with
tobacco use. Despite increasing oropharyngeal cancer rates,
risk of oropharyngeal cancer formost people remains low,10 and
current biomarkers have low sensitivity or very low prevalence
such that large numbers would need to be screened to detect
a single case.11 There are currently no routine screening tests for
oropharyngeal cancer recommended by the U.S. Preventive
Services Task Force.12 The U.S. Preventive Services Task Force
concluded in 2013 that there is inadequate evidence that oral
screening examination accurately detects oral cancer or im-
proves morbidity or mortality. “The evidence for screening for
oral cancer remains insufficient; therefore, the U.S. Preventive
Services Task Force is unable to make a recommendation in
favor of or against screening.”12

The most common oral cancer screening technique is
a visual examination by a dentist, doctor, or dental hygienist
or self-examination, which sometimes identifies areas of
concern to biopsy, although the oropharynx can be difficult
to see.13 The American Dental Association has recom-
mended routine visual examination by a dentist for oral
cancer screening for many years and expanded this rec-
ommendation in 2019 to suggest this routine visual and
tactile examination for evaluation of both oral and oro-
pharyngeal cancer, highlighting dentists’ current critical role
in oral cancer screening.14 Similarly, the American Acad-
emy of Oral Medicine recommends visual and tactile oral
mucosal examination as part of the standard visit by oral
health care providers for all patients.15

Usually oropharyngeal cancers do not cause symptoms
until they have grown or spread, although they can cause
symptoms such as toothache, ear pain, and swollen lymph
nodes.16 Recent evidenced-based guidelines by the
American Dental Association concluded there were “no

PRACTICAL APPLICATIONS

• HPV vaccination is currently recommended at
age 11 or 12 for all genders, to prevent newHPV
infections and HPV-associated cancers, with
catch-up vaccination recommended for all
persons through age 26 who are not
vaccinated.

• Updated cervical cancer screening recom-
mendations apply to asymptomatic women with
intact cervix, starting at age 21 or 25 to age 65,
based on U.S. Preventive Services Task Force
or American Cancer Society guidelines; three
different strategies continue to be offered in-
cluding cytology only, cotesting, or primary HPV
testing.

• The incidence of oropharyngeal and anal
cancer has consistently increased over the past
20 years, but optimal screening is still unclear.

• High-resolution anoscopy, performed by spe-
cially trained providers, is the best way to detect
anal cancer precursors and may have a con-
siderable benefit in the management of su-
perficially invasive squamous cell carcinoma of
the anus or perianus. Access is currently limited
by the small number of trained providers.
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available adjuncts that demonstrated sufficient diagnostic
accuracy to support their routine use as triage tools for
lesions in the oral cavity”; this included review of salivary
and light-based adjuncts (including salivary HPV tests),
which were not recommended for use in screening or
evaluation of lesions for malignancy.17 There is currently
limited evidence to support screening for oropharyngeal
cancer; however, visual oral examination is a noninvasive,
inexpensive method and is currently recommended by
some groups.

Cervical Cancer Screening

The future of cervical cancer screening is HPV-based
testing. The increasing uptake in HPV vaccination rate

and the introduction of new technologies and new ap-
proaches to cervical cancer screening, such as HPV self-
testing, are shifting the historical approach to cervical
cancer screening. The natural evolution of testing that has
now occurred is an expansion of the use of primary HPV-
based testing that can account for HPV vaccination status
and provide a risk stratification based on previous screening
history. This transition away from previous cytology only–
based screening has led to current national cervical cancer
screening guidelines for the general risk population that
continue to present multiple strategies for screening as
acceptable, both that include cytology with HPV cotest or
sequential testing, without differentiation based on HPV
vaccination history.

FIGURE 1. Annual Incidence of New HPV-Associated Cancers per 100,000 by Sex and Race/Ethnic Group (top) and Sex and Cancer Type (bottom)1

Figure is from Centers for Disease Control and Prevention data that are in the public domain and may be used and reprinted with special permission.
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The enormously successful, secondary prevention of cer-
vical cancer is well established, exemplified by increased
mortality in countries without access to screening and
treatment of cervical cancer precursors known as cervical
high-grade squamous intraepithelial lesions (HSIL). The
population benefit that cytology-based screening has had
historically cannot be overstated; since its first introduction
in the 1950s, death attributed to cervical cancer in the
United States has substantially decreased. Although most
cervical cancers in the United States are now prevented
from screening, not all are. In 2020, an estimated 13,800
women will develop invasive cervical cancer, with an esti-
mated 4,290 deaths.18 Current cervical cancer screening
guidelines seek to balance the benefit of cancer prevention
with risk of multiple rounds of testing and overtreatment to
the patient. Recommendations for screening consensus
guidelines are based on comparative effectiveness studies
that determine the benefit of reduction in cervical cancer via
measurement of a secondary endpoint, histologic di-
agnosis of cervical intraepithelial neoplasia grade 3/HSIL
or higher.19,20 Evaluation of an abnormal screening test
may require colposcopy with targeted biopsy, excisional
procedure of the cervix, hysterectomy for adenocarcinoma
in situ, and follow-up surveillance. Potential harm of screen-
ing includes unnecessary colposcopy and biopsy to evaluate

false-positive screen results, psychological stress, anxiety, and
preterm birth.21,22

Historical context for cervical cancer screening The goal of
cervical cancer screening is to reduce the incidence,
mortality, and treatment-associated morbidity from cervical
cancer. In poorly screened populations or in countries
without a national screening program, cervical cancer
screening can provide a secondary benefit of early de-
tection. HPV infection is common and occurs early in sexual
debut, but the risk of progression is low, as most infections
and low-grade cervical dysplasia will regress in younger
women.23-25 Persistent infection with high-risk HPV, pri-
marily HPV 16 and 18, continues to be the leading cause of
cervical cancer.26,27

Population-based studies of cervical cancer screening have
documented the benefit of cervical cancer screening
through diagnosis and treatment of high-grade cervical
dysplasia.28,29 In the 1920s, two discoveries occurred that
made cervical cancer prevention possible. Colposcopy was
invented, which uses a bright light and magnification to
identify precancerous changes on the cervix that appear
after applying acetic acid, along with the Papanicolau test,
or use of scraping and staining of cells to identify HSIL, now
supplemented by direct molecular testing for high-risk HPV.

FIGURE 2. Estimated Vaccination Coverage With Selected Vaccines and Doses Among Adolescents Age 13–17 in the United States Between 2006 and
2019, by Survey Year and Advisory Committee on Immunization Practices Recommendations
Figure is from theMMWR series that is in the public domain andmay be used and reprinted with special permission. Data from the National Immunization
Survey-Teen.6

Abbreviations: ACIP, Advisory Committee on Immunization Practices; MenACWY, quadrivalent meningococcal conjugate vaccine; Tdap, tetanus toxoid,
reduced diphtheria toxoid, and acellular pertussis vaccine; UTD, up to date.
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Colposcopy is performed by gynecologists and some family
medicine practitioners. The success of cervical cancer
screening is directly linked to compliance with secondary
diagnostic testing with colposcopy and directed biopsy.
Thus, screening strategies must also consider the burden of
screening on the patient and determine risk of failure to
follow-up on abnormal screening test.

Screening targets by age group Guidelines for the general
population at average risk for cervical cancer applies to all
asymptomatic women with an intact cervix and established
cervical cancer screening history (Table 1). The 2018 U.S.
Preventive Services Task Force recommendation set the
target age to start screening at 21, irrespective of sexual

history.30 Women ages 21 to 29 should undergo cytology
only–based screening every 3 years; due to high risk of
transient high-risk HPV infection in younger women,23,25

high-risk HPV-based screening was deemed potentially
clinically harmful for younger women. From ages 30 to 65,
there are three available strategies: cytology alone, cytology
and high-risk HPV testing (cotesting), or primary HPV test
alone. Women with symptoms of abnormal vaginal bleeding
or discharge should be referred for appropriate diagnostic
workup. Specific population guidelines for special groups,
including women with immunocompromised status, are
listed in Table 1.30,31

The American Cancer Society in the updated 2020 cervical
cancer screening guideline raised the age to start screening

TABLE 1. Recommendations for Cervical Cancer Screeninga

2018 U.S. Preventive Service Task Force30 2020 American Cancer Society31

Target Age Group Ages 21 to 65 Ages 25 to 65

Screening Interval Ages 21 to 29: cytology only every 3 years Option 1: primary HPV testing alone every 5 years (preferred)

Ages 30 to 65: Option 2: cotestingb every 5 years

Option 1: primary HPV testing alone every 5 years Option 3: cytology alone every 3 years

Option 2: cotestingb every 5 years

Option 3: cytology alone every 3 years

Discontinue Screening Discontinue If:

Older than age 65 with negative screening in the prior 10 years AND no history of CIN2 or higher dysplasia in past
25 years

At any age with limited life expectancy

After total hysterectomyc AND no history of CIN2+ in past 25 years

Immunocompromised Persons Persons With HIV Infection

Begin within 1 year of sexual activity and if normal repeat annually for 3 years then every 3 years

Starting age 30: cytology only every 3 years

Lifetime: cytology alone or cotesting every 3 years

Other Immunosuppressed Groups That Follow HIV-based Guidelines

Solid organ transplant recipients (if transplant , age 21, start screening within 1 year of sexual activity)

Allogeneic hematopoietic stem cell transplantation

If new or chronic genital graft vs. host disease resume annual cytology for 3 years; then, if normal, every 3 years for
lifetime.

Other Immunosuppressed Groups That Follow General Population Guidelines

Type 1 diabetes

Autoimmune disease not on immunosuppressant

Autoimmune disease on immunosuppressant (start screening before age 21 if on immunosuppressant)

Cytology preferred before age 30, if normal repeat annually for 3 years then every 3 years

Cotesting is preferred after age 30, repeat every 3 years for lifetime

Abbreviation: CIN, cervical intraepithelial neoplasia.
aHPV vaccination status is not a factor in screening guideline.
bCotesting refers to HPV testing in combination with cytology.
cTotal hysterectomy: confirm surgical procedure to document both uterus and cervix were removed; recommendation excludes women who underwent
supracervical hysterectomy.
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to 25.31 Based on modeling analysis, starting high-risk HPV
testing at age 25 was deemed the most efficient strategy
using the number of tests (cytology or high-risk HPV)
performed per life year gained. In addition, when compared
with cytology alone starting at age 21, this strategy showed
a 7% gain in cervical cancer deaths prevented, with only
a 9% increase in colposcopies.20 The American Cancer
Society in its 2020 report also clearly signaled a long-term
strategy to move toward primarily HPV-based screening
because of its increased sensitivity, by stating “the use of co-
testing or cytology alone for cervical cancer screening will be
eliminated from future guidelines.”31 Multiple factors, in-
cluding updated comparative effectiveness studies, will
ultimately determine broader adoption of primary HPV-
based screening as a standard approach to cervical can-
cer screening in the United States.

The upper age limit for cervical cancer screening is set at
65, a consensus within U.S. Preventive Services Task Force
and American Cancer Society guidelines. There are no
current randomized trials or large population screening trials
that can directly answer the question of what the ideal age is
to stop cervical cancer screening. Modeling studies have
explored the risk and benefit of stopping screening between
ages 55 and 75.20,32 The U.S. Preventive Services Task
Force in 2018 in its modeling study determined the harm, as
measured by the number of colposcopies required to
achieve an additional year of life gained, outweighs the
benefit.20 Despite concerns raised around HPV risk due to
new sexual partners or possible role of HPV reactivation, the
risk of infection leading to cancer is exceedingly low in this
age group, and thus, resuming screening is not recom-
mended with a new partner.20,31 Women with poor
screening history at age 65 should continue to be screened.
In an analysis of women with established health insurance
and newly diagnosed cervical cancer, more than 70% of
those older than age 65 with new cervical cancer were
documented to have failure of screening.33

Primary HPV screening Recent advances in cervical cancer
screening include the U.S. Food and Drug Administration
approval of primary HPV testing, which subsequently led to
the inclusion of primary HPV screening in the U.S. Pre-
ventive Services Task Force 2018 and American Cancer
Society 2020 guidelines. In a pooled analysis of four ran-
domized trials (176,464 women) of high-risk HPV cervical
cancer screening versus cytology only, with a median follow-
up of 6.5 years, high-risk HPV was superior to cytology for
prevention of cervical cancer.34 The difference can be at-
tributed to increased detection of cervical intraepithelial
neoplasia grade 3+ at first round of screening (years 2–5)
and superior performance of high-risk HPV over cytology at
detecting precursors to invasive adenocarcinoma of the
cervix.19,34 The evidence in support of high-risk HPV-based
testing compared with cytology is clear, although challenges

to wider adoption of primary HPV-based cervical cancer
screening exist. Among the potential barriers include ac-
ceptance of the extended 5-year screening interval by
patients and clinicians, lag in dissemination of tech-
nology, limitation in laboratory capacity, and financial
cost associated in conversion away from cytology-based
screening. The American Society for Colposcopy and
Cervical Pathology continues to provide guidelines for
follow-up of abnormal cervical cancer screening based
on patient age, screening history, and screening test
performed.35

Currently, cervical cancer screening guidelines in the
United States do not support a change in the recommen-
dation based on HPV vaccination status. It is anticipated
that an increasing HPV vaccination uptake and aging of
vaccinated cohort will impact screening strategies in the
future. Analysis of a Swedish birth cohort, 1989 to 1993,
documented a remarkable decline in the positive predictive
value of cytology-based screening for diagnoses of cervical
intraepithelial neoplasia grade 2+ among the vaccinated
cohort, highlighting the need for additional studies to de-
termine optimal screening and diagnostic strategies for
the HPV-vaccinated women.36 Based on meta-analysis
of high-income countries after the introduction of the
HPV vaccine, among girls who were vaccinated at ages
13 to 19, the prevalence of HPV 16 and 18 decreased by
83%, with a reduction by 51% in diagnosis of cervical
HSIL/cervical intraepithelial neoplasia grade 2+ and
67% in anogenital warts.37 In the United States, in the
setting of ongoing barriers to improve vaccination up-
take, it is not certain at what level and time herd immunity
may be achieved. However, initial models based on HPV
vaccine uptake suggest cervical cancer incidence will be
substantially reduced in the next 20 years.38 The most
effective age to initiate screening and interval for
screening is yet to be determine for the HPV-vaccinated
groups.

Other screening considerations The burden of cervical
cancer is highest among women who have never been
screened or do not undergo routine screening. Lack of
access to cervical cancer screening is a recognized barrier.
Cervical cancer disparity persists for women from racial and
ethnic minority populations, those residing in rural regions,
and those who are disadvantaged based on gender or so-
cioeconomic status. Hispanic women and non-Hispanic
Black women continue to experience higher cervical can-
cer incidence and mortality,18 underlining the importance
of continued efforts to improve access to screening and
HPV vaccination. Screening options such as HPV self-
sampling and immediate see and treat are alternative
strategies to increase uptake and treatment in underscreened
populations.39
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Cell-mediated immunity is important for the control of HPV
infection. Specifically, immunocompromised persons in-
cluding those living with HIV infection, solid organ trans-
plant, allogenic hematopoietic stem cell transplant, chronic
graft versus host disease, systemic lupus erythematosus,
rheumatoid arthritis, and inflammatory bowel disease on
chronic immunosuppressive therapies have decreased
capacity to clear new HPV infections and warrant closer
observation. Cervical cancer screening guidelines are most
clearly defined for persons living with HIV and are extrap-
olated for other immunocompromised populations based on
expert opinion (Table 1).40 Data from a multicohort pro-
spective study on women living with HIV reported an ele-
vated incidence of invasive cervical cancer; women living
with HIV with a CD4+ T-cell count of 200–349 had three
times the incidence of cervical cancer compared with
women not living with HIV.41 Cervical cancer screening for
women living with HIV is best positioned within a compre-
hensive HIV care setting with optimal antiretroviral therapy.
Among persons infected with HIV, screening should start
within 1 year of acquiring HIV via sexual exposure and no
later than age 21. Due to the high HPV prevalence, cytology-
only screening should be used until age 30. After age 30,
screening can be continued with cytology alone or cotesting
every 3 years for the person’s lifetime.42

Vulvar Cancer Screening

There are no recommended population-based guidelines
for the screening of vulvar cancer, and an estimated 6,120
cases will be diagnosed in 2020 in the United States.18

Vulvar HSIL (70%) is more commonly known as vulvar
intraepithelial neoplasia or usual-type vulvar intraepithelial
neoplasia, commonly associated with carcinogenic geno-
types of HPV, and it occurs among younger women in their
40s. Available HPV vaccinations are effective at decreasing
the risk of vulvar HSIL, and thus, the benefit of preventing
vulvar condyloma and vulvar cancer should be discussed.
Differentiated vulvar intraepithelial neoplasia representing
approximately 30% of precancerous vulvar lesions is often
not associated with HPV but frequently occurs in the
background of chronic vulvar inflammation in older women
or dermatologic conditions of the vulvar such as lichen
sclerosus.43 Women may present with symptoms of vulvar
pruritus, pain, and new raised or flat lesions. An ulcerative
lesion is more indicative of vulvar cancer and warrants
immediate biopsy. An examination of the vulva to detect
a new lesion can be enhanced with application of 3% to 5%
acetic acid to the skin for several minutes to detect changes.
Although not required, colposcopy may detect more subtle
change. Vulvar punch biopsy is recommended for dense
new lesions, lesions with atypical borders or vasculature,
and for older patients or those with known immunosup-
pression. Patients with both usual-type vulvar intraepithelial
neoplasia and differentiated vulvar intraepithelial neoplasia

require more definitive treatment, including excision or
ablative surgical procedure and ongoing closer follow-up for
recurrence. Those with usual-type HPV-related vulvar
intraepithelial neoplasia should be considered for screening
for anal cancer.

ANAL CANCER SCREENING

Until HPV vaccination of children prior to sexual debut
becomes widespread and those age cohorts approach the
ages of usual cancer onset, there will be a substantial
population of HPV-infected men and women susceptible to
cancer.44 This section presents the current data on risk-
reduction strategies for anal cancer. Men who have sex with
men have a high prevalence of anal HPV and anal HSIL and,
consequently, high rates of anal cancer (as high as cervical
cancer among unscreened women). Anal cancer incidence
is even higher among men who have sex with men im-
munocompromised by HIV,45 with an incidence of ap-
proximately 131 per 100,000.46 Likewise, men who have
sex with men living with HIV have a high prevalence of anal
HSIL, exceeding 50% in some studies performed by ex-
perienced anoscopists. Solid organ transplant recipients
and women with a prior history of lower genital tract HPV-
related neoplasia are also at increased risk of anal cancer.47-49

Among older women age 65 to 74 and older than age 75, the
incidence of anal or vulvar cancer is greater than cervical
cancer.50

Historical Context for Anal Cancer Screening

Techniques developed for cervical cancer screening have
been adapted for anal cancer screening. Analogous to
colposcopy used to visualize the cervix in cervical cancer
screening, the colposcope was adapted in the early 1990s
to examine the anal canal and perianus, now known as high-
resolution anoscopy.51 The University of California San
Francisco Anal Neoplasia Clinic, Research, and Education
Center became the world’s first clinic dedicated to anal
neoplasia in approximately 1995.52 The International Anal
Neoplasia Society inaugural scientific meeting was in 2013.
This historical context indicates that high-resolution ano-
scopy is not taught regularly in medical schools or in resi-
dency programs; there are a limited number of trained and
experienced providers worldwide.

There are less effective methods that might be considered
for anal cancer screening when high-resolution anoscopy is
not available. Colonoscopy is not an effective procedure for
evaluating anal neoplasia, although occasionally findings
during this procedure diagnose anal neoplasia. Retroflexed
views of the anus are not routinely performed and are likely
to miss anal lesions. Simple anoscopy may reveal warts or
macroscopic lesions, but most precancerous HSIL and
superficially invasive cancers will not be seen. Although
digital anorectal examination is an accepted method of
screening for anal cancer, it is often not performed or well
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performed in patients with early symptoms, often delaying
diagnosis.53 But for screening, there are insufficient data on
digital anorectal examination sensitivity and specificity;
however, in areas without other screening options, it has
been shown to have some utility in anal cancer screening.54

High-resolution anoscopy requires performing more than
100 examinations in patients at risk to become proficient.55

The American Society of Colon and Rectal Surgeons pro-
vides a tepid recommendation for high-resolution anoscopy
because it has yet to be shown that identification and
treatment of anal HSIL prevents anal cancer.56

The ANCHOR trial In 2014, the ANCHOR (Anal Cancer HSIL
Outcomes Research) study (U01CA121947), funded by the
U.S. National Cancer Institute, began enrollment of
a planned 5,058 persons over age 35 living with HIV and
diagnosed with anal HSIL who were randomly assigned in
a 1:1 ratio to either close follow-up or treatment of their HSIL.
The ANCHOR study has been conducted in over 15 centers
across the United States, creating a network of trained high-
resolution anoscopy providers. If a noteworthy reduction in
anal cancer is demonstrated in the treatment group in this
challenging group of patients at particularly high risk of anal
cancer, then it will provide the evidence to make this the
standard of care for all persons at risk for anal cancer. Initial
effectiveness data from the ANCHOR trial are expected in
2026.57 Although the American Society of Colon and Rectal
Surgeons practice parameters acknowledge that high-
resolution anoscopy effectively identifies HSIL, a major
shortcoming is they do not recommend its use routinely to
help facilitate the early diagnosis of anal cancer prior to it
becoming palpable or often visible, also known as superfi-
cially invasive squamous cell carcinoma (SISCCA), and/or its
use in surveillance of patients treated for anal cancer, par-
ticularly with excision alone.

Management of early-stage anal cancer Staging of anal
cancer uses the TNM system; T1 for tumors 2 cm or less
and T2 for tumors larger than 2 cm but 5 cm or less.58

Determination of T stage is primarily through clinical eval-
uation, known as a digital anorectal examination, because
smaller cancers are below the resolution of common imaging
techniques. In 2012, the Lower Anogenital Squamous Ter-
minology standardization project consensus conference
convened a group of major stakeholders worldwide that
recommended a new pathologic entity known as an
SISCCA.59 These early cancers are usually not palpable,
detected serendipitously during surgical excisions for benign
anorectal disorders or using high-resolution anoscopy. Su-
perficially invasive squamous cell carcinoma are defined as
fully excised squamous carcinoma of the anal canal or
perianus with clear margins with a depth of invasion 3 mm
or less and 7 mm or more in horizontal extent. To date, no
specific recommendation has been made to indicate
SISCCA within the American Joint Committee on Cancer

staging system other than as a T1. The significance of
SISCCA is that patients may be able to be treated with
excision alone.

Current management of T1 anal cancers is debatable and
not well studied. The National Comprehensive Cancer
Network currently recommends chemotherapy and radia-
tion for T1 anal canal cancers with the exception that
complete excision of SISCCA “may be adequate treatment.”58

It is well established that T1N0 perianal cancers may be
treated with excision; however, what is not widely known is
that approximately 75% of perianal cancers will have
concomitant precancerous HSIL within the anal canal.
Because high-resolution anoscopy is not widely available or
routinely performed and is the best way to identify these
lesions, patients treated with excision of perianal cancers
are at significantly increased risk for second anal cancers.
Although SISCCA is pathologically defined, it must be
placed in clinical context. Anal biopsies can be quite small,
sampling only a minor aspect of a larger lesion or mass. A
true SISCCA is a cancer that has been completely excised
with a margin clear of cancer.60

Historically, patients with T1 anal cancers were excluded
from themajor clinic trials, such as RTOG 9811 (cisplatin vs.
mitomycin and neoadjuvant therapy) and RTOG 0529
(intensity-modulated radiation therapy).61,62 In ACT II (like
RTOG 9811 but evaluated maintenance therapy), T1
cancers represented 10% of the 940 patents enrolled, but
results were combined with patients with T2 cancers, and
these patients were excluded from the maintenance arm.63

Contributing to further confusion are recent reports ana-
lyzing large cancer databases such as Surveillance, Epi-
demiology, and End Results, Medicare claims, and the
National Cancer Center Database that show increasing use
of local excision of early cancers.64-66 It is encouraging that
these studies do not show any notable differences in the
survival rates for patients treated with excision compared
with those treated with chemotherapy and radiation, but
limitations such as the inability to analyze results by tumor
location (anal canal or perianus), size, especially SISSCA or
greater, and locoregional failure as opposed to survival
preclude a strong recommendation of this alternative.67

Although it is understandable and desirable to avoid the
lifelong effects of radiation therapy, this approach has not
been rigorously validated by prospective clinical trials. Each
of these reports recommends further study to define the role
of excision.

Some database and cohort series demonstrate unaccept-
able rates of local recurrence, particularly for tumors located
within the anal canal, providing support for not recom-
mending this approach.68-71 The difference in outcome may
relate to how these patients treated with excision were
followed. Anal cancer is a result of persistent high-risk HPV
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infection producing a field effect across the entire anogenital
tract; the impact of the field effect explains why women with
prior cervical or vulvar HSIL/cancer are at increased risk for
anal cancer. Using high-resolution anoscopy to examine
patients newly diagnosed with either anal cancer or SISCCA
reveals that nearly all have concomitant visible HSIL. Fol-
lowing chemotherapy and radiation, both the cancer and
these precancerous HSIL resolve. One mechanism for local
recurrence following chemotherapy and radiation is per-
sistence of HSIL that, if unrecognized and untreated, may
progress to cancer. Our approach at the University of
California, San Francisco, in treating patients who under-
wenth excision of SISCCA is to use high-resolution anoscopy
to follow and treat any remaining HSIL.52,60 A recent study
published from the United Kingdom that used high-resolution
anoscopy in follow-up of patients surgically treated for anal
cancer yielded excellent results and demonstrated that these
patients are at high risk for not only recurrent precancerous
HSIL but also recurrent SISCCA, especially when they have
not received chemotherapy and radiation.72 Early detection
and treatment of this HSIL and SISCCA is then easily treated,
such that most patients do not require chemotherapy and
radiation. See Table 273-75 for a list of current clinical trials in
progress to optimize treatment of early anal cancer.

To summarize, the increase in diagnosis of earlier-stage
anal cancers can be attributed to a combination of the
increased incidence of anal cancer, increased awareness
of anal cancer, and, most importantly, the increased
screening of patients at risk for anal cancer. There is now
a formal definition for SISCCA that will facilitate pathologic

homogeneity and allow more accurate comparison of out-
comes. As local excision is being used more frequently,
these patients will be seeking professional guidance on
whether they can avoid chemotherapy and radiation. Un-
fortunately, well-designed clinical trials have yet to be
performed demonstrating the effectiveness of this ap-
proach. It is imperative that patients and providers un-
derstand that this is not standard of care, and, if chosen,
they must be followed carefully by someone experienced in
managing anal neoplasia surgically, ideally with high-
resolution anoscopy.

CONCLUSION

Widespread vaccination of children and adolescents has the
potential to eradicate HPV-related cancers in the future, but
in the meantime, a substantial amount of people remain at
risk for cancer. No effective risk-reduction or screening
strategy has yet been documented for oropharyngeal cancer.
Cervical cancer screening has been very successful, but
older women remain at increased risk for noncervical HPV-
related cancers such as vulvar and anal cancer. Effectiveness
of treating anal HSIL to prevent cancer is actively being
researched but not yet established and, if proven effective,
will require acceptance of and training of more providers in
high-resolution anoscopy. Patients treated for early anal
cancer with excision alone should be referred to experienced
providers for surveillance due to a higher risk of recurrence.
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overview

Optimizing the well-being of the oncology clinician has never been more important. Well-being is a critical

priority for the cancer organization because burnout adversely impacts the quality of care, patient satisfaction,

the workforce, and overall practice success. To date, 45% of U.S. ASCO member medical oncologists report

experiencing burnout symptoms of emotional exhaustion and depersonalization. As the COVID-19 pandemic

remains widespread with periods of outbreaks, recovery, and response with substantial personal and pro-

fessional consequences for the clinician, it is imperative that the oncologist, team, and organization gain

direct access to resources addressing burnout. In response, the ClinicianWell-Being Task Force was created to

improve the quality, safety, and value of cancer care by enhancing oncology clinician well-being and practice

sustainability. Well-being is an integrative concept that characterizes quality of life and encompasses an

individual’s work- and personal health–related environmental, organizational, and psychosocial factors. These

resources can be useful for the cancer organization to develop a well-being blueprint: a detailed start plan with

recognized strategies and interventions targeting all oncology stakeholders to support a culture of community

in oncology.

CASE PRESENTATION

Dr. N had always been an enthusiastic, devoted
medical oncologist and a successful clinical trial in-
vestigator. At the age of 38, he was fatigued, cynical,
and lonely. Dr. N’s resentment was originally directed
at the health care system for the perceived coercion to
see more patients per week in less time. His frustra-
tions surrounded the limited clinical time he can spend
with patients with advanced cancer who require de-
tailed information pertaining to disease, prognosis, and
treatment. As a result, Dr. N became irritable as he
cared for patients for what he views to be increasingly
demanding, yet expected, needs because of their role
as patients with advanced cancer. He detested the
hours devoted to electronic medical records and
clerical administration, which he believes contributes
to his loss of identity, autonomy, and values. Although
Dr. N’s relationships with patients once thrived, they no
longer provided the same level of satisfaction. Now, in
the midst of the COVID-19 pandemic, he continually
worries about the risk of viral infection to his immu-
nocompromised patients, trying to protect those in
routine cancer care at every level. His electronic
medical record documentation time has only increased

with the additional burden of telemedicine visits. The
joy of oncology practice that he relished is a distant
memory. Even his treasured discussions with his
supportive wife have not relieved these feelings of
intense isolation and pessimism. As hemeets with peer
colleagues, Dr. N reports feeling cynical regarding his
future career and presents the following question to
them: “Is any of this worth it?”

INTRODUCTION

Prioritizing oncology clinician well-being has never
been more critical. The role of the cancer clinician is
a rewarding experience, yet the complexity of care
provided to seriously ill patients in an ever-evolving
health care environment places substantial demands
on the individual clinician and workforce. It is the
clinical ethics framework of medicine–patient auton-
omy, respect for patient welfare, avoidance of harm,
and the provision of justice that serves as a model for
action in the delivery of optimal oncology care and
further solidifies the clinician’s obligation to the pa-
tient. However, mounting clinical care responsibilities,
coupled with increasing administrative and electronic
medical record demands on clinical time, productivity,
loss of autonomy, and the evolving medical landscape,
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both directly and indirectly, compromise the clinician’s
obligation to the patient. This places the dutiful oncologist,
Dr. N, at notable risk for occupational stress in the form of
burnout syndrome. Burnout arises, intensifying, when cli-
nicians realize their professional and personal values are
not shared by their organization. Moreover, as Dr. N finds
it increasingly difficult to repeatedly translate his deci-
sions to ethical action, especially in the presence of the
COVID-19 pandemic, moral distress develops. When cli-
nicians experience burnout and moral distress, their well-
being is placed in jeopardy. Thus, enhancing oncology
clinician well-being is vital to initiating and maintaining the
clinician–patient relationship and simultaneously improves
the overall quality of cancer care, organizational success,
workforce sustainability, and professional fulfillment. Here,
the authors, members of the ASCO Clinician Well-Being
Task Force, will present an update on the prevalence,
contributors, and consequences of burnout for the oncol-
ogist; the ASCO Clinician Well-Being Task Force roadmap,
mission, and vision; focus group study data on the oncol-
ogist’s personal and professional experiences during the
COVID-19 pandemic; evidence on burnout for oncology
team members, including advanced practice providers;
ASCO’s Quality Training Program initiatives to prepare

teams to design and implement well-being interventions;
how leadership’s empowerment of the clinician and rec-
ognition of well-being improves the business of oncology;
and a blueprint for cancer organizational strategies to
promote oncology clinician well-being.

THE BURNOUT EXPERIENCE IN ONCOLOGISTS: PREVALENCE,
CONTRIBUTORS, CONSEQUENCES

The burnout syndrome was first identified in the mid-1970s
by psychologist Dr. Herbert Freudenberger as a syndrome
arising as occupational stressors coupled with additional life
pressures exceed the ability to thrive, resulting in physical
and mental distress.1,2 Today, in the most comprehensive
study of oncologist burnout to date, 45% of U.S. ASCO
member medical oncologists have reported experiencing
emotional exhaustion and/or depersonalization symptoms
related to burnout.3 Burnout has been empirically defined
as an occupational-related syndrome characterized by signs
of physical and emotional exhaustion, cynicism and de-
personalization (sense of detachment/disengagement), and
a low sense of professional accomplishment.1 These three-
dimensional burnout domains exist along a continuum
distinguished by distinct symptoms and an overlap of
symptoms. For example, the symptoms of physical and
emotional exhaustion include chronic fatigue, cardiovascular
issues, cognitive dysfunction, insomnia, gastrointestinal
complaints, and affective and behavioral distress (anger,
depression, anxiety). Cynicism and depersonalization are
characterized by signs of pessimism/depression, isolation,
demoralization, and detachment. A low sense of personal
accomplishment leads to a sense of inefficacy, decreased
productivity, and work–life balance dissatisfaction. Initial
physical and emotional symptoms develop slowly, insidiously,
over the course of 1 year, becoming chronic.1-4 Burnout is not
a formal medical or mental health disorder, because it has
been primarily recognized as an occupational-related con-
dition by the World Health Organization.5 It is presently in-
corporated in the International Classification of Diseases 11th
Revision with a recently expanded, comprehensive definition
under the category “Problems related to employment or
unemployment” (QD85 Burnout) resulting from chronic
workplace stress that has not been addressed, adversely
impacting the individual’s health.2,5

In addition to prior empirically defined individual and orga-
nizational contributors to burnout in oncologists, consideration
of a new combination of factors impacting well-being in
oncology must be considered (Sidebar 1).6 The evolving
medical landscape and practice demands have greatly
affected care delivery, documentation, and reimbursement,
contributing to clinician stress across practice areas. On-
cologists encounter patients and families in a potential state
of crisis, medical or psychological, at any point across the
cancer trajectory. Repeated exposure to life-threatening

PRACTICAL APPLICATIONS

• The COVID-19 pandemic has evolved during
a time of previously established intensified
burnout substantially impacting the well-being
of oncologists and oncology teammembers and
overall practice health.

• It is imperative that oncology clinicians and
cancer organizations have direct access to re-
sources to address team burnout, thereby im-
proving the quality of patient care and workforce
sustainability.

• The mission of ASCO’s Clinician Well-Being
Task Force is to improve the quality, safety, and
value of cancer care by enhancing the well-
being of oncology clinicians and oncology
practice sustainability.

• Empowerment of the oncology team is critical to
find a path forward in the face of an evolving
oncology clinical landscape and to rise above
pandemic-related adversity.

• Organizations should consider developing
a blueprint (a detailed immediate start plan with
recognized strategies and interventions target-
ing all oncology stakeholders) to support a cul-
ture of community that prioritizes initial
programs, culture transformation, research,
and practice sustainability.
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illness, limited treatment options, and treatment failure
place oncologists at risk for distress and burnout.7,8 The
increasing prevalence of elderly and long-term survivors of
cancer with chronic health conditions pose unique treat-
ment and care challenges.9,10 Finally, oncologists encounter
ethically challenging situations related to differences in
patient, family, and colleague values and end-of-life pref-
erences. Dr. N grew pessimistic toward his role as an on-
cologist because of mounting cumulative institutional
demands, resulting in overall decreased productivity and an
increased clinical and administrative workload that has
intensified since the COVID-19 pandemic. Increasingly,
these signs and contributors adversely impact Dr. N’s well-
being, potentially leading to key adverse consequences for
both oncologist and organization (Sidebar 1). For the
oncologist, consequences include a negative impact on
physical and emotional health; career dissatisfaction;
and early retirement. The primary consequences for the
organization include substantial effects on practice,
resulting in turnover.11 Recent evidence revealed that,
nationally, $4.6 billion in yearly costs associated with
physician turnover, shortages, and absenteeism can be
attributed to burnout.11 For the organization, the annual
economic cost associated with burnout-related turnover
and reduced clinical hours is $7,600 per employed
physician, resulting in lost revenue and also diminished
patient satisfaction.11

A CALL FOR INDIVIDUAL AND ORGANIZATIONAL CHANGE TO
ADDRESS ONCOLOGIST BURNOUT

Before the pandemic, oncology clinicians were at risk for
burnout because of the increasing demands on clinical
time, productivity, and the evolving medical landscape, with
limited autonomy and control over daily responsibilities and
endless electronic medical record documentation. Thus,
there is a need for both individual and organizational change
to address burnout in oncology.6 As reported in recent
recommendations for addressing burnout and moral dis-
tress in oncology, key evidence-based individual and or-
ganizational interventions are illuminated as options to
reduce burnout.6 For example, individual interventions in-
clude mindfulness training, education/awareness to identify
burnout symptoms in self and others, and communication
skills training. Organizational well-being interventions in-
volve modification of organizational culture and policy;
provision of resources to reduce administrative burden (e.g.,
electronic medical record support, scribes); infrastructure
improvement; and addressing stigma associated with
requesting mental health assistance. Evidence has con-
sistently found that burnout can be greatly reduced by
a combination of these evidence-based individual and or-
ganizational interventions, yet it is the organization-level
interventions that can be far more efficacious and should
be adopted.12

In response, given the identification of these burnout
contributors in oncologists and the oncology team, the call
for action to address burnout, and the emergence of the
COVID-19 pandemic that remains widespread with re-
petitive phases of outbreaks, recovery, and response,
optimizing oncology clinician well-being has never been
more important. It is imperative that oncology clinicians
and cancer organizations have direct access to re-
sources to address team burnout, thereby improving the
quality of cancer care and workforce sustainability. A
Well-Being Task Force within ASCO was needed to
provide guidance to committees, initiatives, members,
and the cancer organization on addressing burnout in
oncology.

CLINICIAN WELL-BEING TASK FORCE

ASCO’s Clinician Well-Being Task Force was created in May
2020 as a cross-committee collaborative effort between the
Ethics and Clinical Practice Committees as a 5-year charter.
This Well-Being Task Force was identified as a major rec-
ommendation in response to the burnout crisis in oncology.6

It will serve as a nexus between committees and ASCO
initiatives to address burnout and well-being. The Well-
Being Task Force directly meets ASCO’s strategic goals,
centered on meeting member needs and increasing the
quality of care and practice health. It is led by two co-chairs
(F.J.H. and P.S.) and comprises 16 ASCO members with
expertise in oncology, psychology/psychiatry, nursing/
advanced practice; burnout/well-being; and professional/
organizational development, ethics, and cancer adminis-
tration. As the professional society of oncologists, ASCO is
uniquely positioned to understand why burnout is experi-
enced by oncologists and how to address well-being. The
Well-Being Task Force is tackling burnout and seeking to
make ASCO a central part of the solution to assist colleagues
and cancer organizations.13,14

Oncology clinician well-being is formally defined as an in-
tegrative concept that characterizes quality of life, encom-
passing an individual’s work- and personal health–related
environmental, organizational, and psychosocial factors.13,14

The experience of well-being involves satisfaction with clinical
work, finding joy and meaning in that work, and experiencing
professional growth and fulfillment. Our mission is to improve
the quality, safety, and value of cancer care by enhancing
oncology clinician well-being and practice sustainability. We
have developed a 5-year plan, a roadmap, with the goals of
promoteing clinician well-being across all ASCO activities,
broadening well-being resources, and promoting research
that identifies the clinician and practice needs for optimal
well-being (Fig. 1). Eventually, the ultimate goal is for cancer
care delivery in clinical and research environments where
patients, clinicians, and practices thrive. All oncology col-
leagues, clinicians, trainees, and leadership are encouraged

Creating a Blueprint of Well-Being in Oncology

2021 ASCO EDUCATIONAL BOOK | asco.org/edbook e341

Downloaded from ascopubs.org by National Oncology Institute on February 7, 2022 from 081.089.050.100
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



to visit our new resource webpage for a webinar, news,
education, research, and additional external resources.13,14

EVIDENCE ON THE IMPACT OF BURNOUT, MORAL STRAIN,
AND COVID-19 ON ONCOLOGIST WELL-BEING

The COVID-19 pandemic evolved during a time of previously
established intensified occupational stress and has had
a notable impact on the well-being of oncologists and on-
cology teammembers.15 Early reports revealed that clinicians
were at an increased risk of burnout and poor mental health
because of immediate and long-term delayed pandemic-
related stressors.16-19 In oncology, the direct effects of
COVID-19 are acutely experienced given that the risk of viral
infection, complications, and mortality are greater in older,
immunocompromised patients with cancer compared with
the average patient with COVID-19.6 To protect patients in
routine cancer care from COVID-19 infections, oncologists
had to modify cancer care delivery, including delays in
surgeries or chemotherapy administrations, suspension of
clinical trial enrollment, and initiation of telehealth visits.15

Oncologists encountered daily life and death decision-
making while simultaneously encountering the potential risk
and fears of viral exposure to self, patients, and families.
Despite this evidence, limited information exists on the
experiences of the oncologist’s occupational and personal
well-being caring for seriously ill patients with cancer. In
response, the Well-Being Task Force conducted a focus
group study to describe the COVID-19 consequences on
U.S. oncologist well-being and overall patient care. Our ob-
jectives were to describe the sources of occupational and
personal stressors impacting oncologists treating patients
with cancer during the COVID-19 pandemic; explore how
sources impact patient care; and identify interventions (e.g.,
organizational, individual) that support oncologists coping
with the current COVID-19 pandemic and beyond.

We conducted four virtual focus groups with 25 U.S. ASCO
member oncologists from September to November 2020:
the median age was 47.7 (range, 35–69); 52%were women
52% were members of a minority group; 76% were
medical oncologists; 64% were married; they saw 51.5

SIDEBAR 1. CONTRIBUTORS TO AND CONSEQUENCES OF BURNOUT SPECIFIC TO ONCOLOGY

CONTRIBUTORS

• Evolving medical and oncology landscape
• Psychological and medical crisis for many patients
• Changing patient demographics
• Moral distress
• Compassion fatigue
• Repeated exposure to death and dying
• Increased administrative demands

+ Electronic medical records
+ Negotiations with patient insurance
+ Payment incentives
+ Reimbursement

• Increased caseloads
• Staff turnover
• Workflow inefficiencies
• Stigma and consequences of seeking help
• Financial stress

CONSEQUENCES

• Effects on physician
+ Physical health
+ Mental health (including depression, anxiety, suicide)
+ Attrition (leaving the practice of oncology and early retirement)

• Effects on practice: $4.6 billion per year cost to practices
+ Medical errors
+ Staff turnover and physician shortages
+ Lost revenue
+ Decreased patient satisfaction
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patients/week (range, 20–120); and 36% had a practice in
the Mid-Atlantic United States. Oncologists discussed var-
ious COVID-19 pandemic thematic consequences, in-
cluding pre–COVID-19 burnout, occupational/professional
consequences, personal implications, future cancer care,
and workforce departures. Underlying oncologist burnout
was exacerbated, creating stress associated with disrup-
tions in care, education, research, financial practice health,
and telemedicine. Personal familial stressors related to
COVID-19 exposure fears and loss of social support were
noted. However, COVID-19 offered opportunity for growth
and resilience. The workforce was adversely impacted,
resulting in part-time status and early retirement. Many
feared delays in cancer screening, diagnosis, and treat-
ment. Recommendations for organizational well-being in-
terventions included psychological/peer support resources
and flexible time off. For many, ASCO and state oncology
societies held a duty to develop care guidelines, well-being
resources, and mental health advocacy. Our study provides
an understanding of the implications of the COVID-19
pandemic on oncologist burnout, fulfillment, practice health,
cancer care, and workforce. It illuminates how professional
organizations could play a larger role in oncologist well-
being. A manuscript detailing these data has currently
been submitted for peer review, with the goals of sub-
sequent publication.20

THE ONCOLOGY TEAM

J is a diligent highly successful, midcareer, oncology phy-
sician assistant (PA) who works with Dr. N on the inpatient
solid tumor service. J not only is responsible for the essential
decision-making responsibilities in the care of patients but
also serves as a manager of the inpatient advanced practice
providers. She worries about the well-being of her young
staff who are initiating careers in oncology and for those who
worked on COVID-19 units during the early pandemic. J
reported feeling ineffective in recent months, despite
working long hours and receiving positive reviews from
colleagues and staff.

Clinician well-being efforts ideally incorporate the entire
oncology team, who delivers care to patients with cancer
across the cancer trajectory. This includes physicians,
trainees (especially fellows in training), nurse clinicians,
advanced practice nurses (nurse practitioners [NPs] and
clinical nurse specialists), pharmacists, PAs, radiation
therapists, social workers, and all other team members.
Focusing on the well-being of team members such as J is
crucial. Studies suggest that the prevalence of burnout and
compassion fatigue can be substantial and has potential
negative consequences for patient care, professional on-
cology team member functioning, and individual clinicians
(Table 1).7,21-24

FIGURE 1. ASCO Oncology Clinician Well-Being Task Force Roadmap
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Scope of Burnout in the Oncology Team

In 2015, oncology NP and PA burnout was initially exam-
ined in two independent cross-sectional studies.25,26

Burnout was defined by high scores on the Maslach
Burnout Inventory subscales of emotional exhaustion or
depersonalization.27 The estimated rate of burnout was
31.3% and 34.8%, respectively, for each profession, with
similar levels of emotional exhaustion, depersonalization,
and personal accomplishment. Despite the high level of
burnout in PAs, career and specialty satisfaction remained
high, and few PAs planned to pursue a different career or
specialty (3.6%) or retire (2.0%). For NPs, the impact of
burnout was more concerning, with 21.9% reporting an
intent to leave the profession altogether or the hematology/
oncology specialty. NPs’ intention to leave correlated with
high levels of emotional exhaustion (r = .459, p, .001) and
depersonalization (r = .276, p , .001) but not personal
accomplishment (r = �.117, p = .99).

Recently, in 2019, a significant increase in the burnout rate
for PAs was reported, with 48.7% of PAs reporting burnout
(odds ratio for burnout in 2019 vs. 2015, 1.92; 95% CI,
1.40–2.65; p , .001).28 The highest rate of burnout was
seen in the medical oncology subspecialty, with 53.3%
of PAs reporting burnout, followed by surgical oncology
(46.2%) and radiation oncology (8.3%). The increase in
burnout remained significant despite adjustments for age,
sex, relationship status, practice setting, subspecialty, practice
type, and hours worked.

Although data on oncology pharmacists and technicians are
limited, a survey conducted across multiple professional
groups examined burnout incidence and associated fac-
tors among clinicians specializing in hematopoietic stem
cell therapy settings.28 Among 95 pharmacists studied,
53% exhibited burnout using the same definitions as
used for NPs and PAs. Pharmacists exhibited the highest
burnout rates across all the six groups studied. Similarly,

the mean moral distress score was highest among
pharmacists.

Factors Associated With Oncology Team Burnout

Numerous stressors in the oncology setting contribute to
burnout (Table 1).7,21-24 Organizational context and job fit
have been identified as important factors associated with
burnout and/or intent to leave for NPs and PAs in oncology.
The Areas of Work Life Survey was used to assess six do-
mains of work life, workload, control, reward, community,
fairness, and values in a study of 201 oncology NPs and
another study of 234 oncology PAs.26,28 Consistent with the
theoretical model for the Areas of Work Life Survey, as the
level of congruence (job fit) between the oncology NP or PA
and the job decreases for each domain, the burnout level or
intent to leave their job increases. In addition to organiza-
tional context, role and team-based factors associated with
higher burnout rates for oncology PAs include spending
a higher percentage of time on indirect patient care,
practicing below the full extent of education and training,
and relationship with collaborating physician dissatisfaction.
Last, age, hours worked per week, and satisfaction with
compensation have been associated with oncology PA
burnout.

Among a small sample of 95 pharmacists working in he-
matopoietic stem cell therapy settings, multivariable ana-
lyses identified factors associated with increased likelihood
of reported emotional exhaustion.29 Significant factors in-
cluded inpatient or inpatient plus outpatient work settings
(vs. solely outpatient setting), adult patient populations (vs.
pediatric or pediatric and adult populations), and lower
hematopoietic stem cell therapy (, 50 transplants/year). No
personal factors were significantly associated with emotional
exhaustion or depersonalization.

Oncology pharmacy services often use a team model
comprising pharmacists and technicians. Turnover rates for
technicians are high, often increasing the workload of

TABLE 1. Consequences of Oncology Team Members’ Burnout
Organizational Professional Personal

↓ Patient safety Erosion in teamwork ↑ Substance abuse

↑ Errors ↓ Sense of professional accomplishment ↑ Symptoms fatigue, gastrointestinal disturbances, headache

↑ Infection Work disengagement ↑ Family discord

↑ Turnover Poor team communication Altered sleep

↑ Patient mortality ↑ Occupational injury Impaired concentration

↓ Patient satisfaction ↑ Absenteeism Altered eating patterns

↑ Patient length of stay Poor patient communication ↓ Social interaction

↑ Costs Incivility potential ↑ Anger, cynicism, blaming

↑ Malpractice claims Suboptimal performance ↑ Depression, suicide
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pharmacists to assume additional duties and train new
personnel.30 As cancer drug therapies become increasingly
complex, cancer care teams require the skill and phar-
macist expertise with oncology fellowship training.31

Contribution of COVID-19 to Stress in Oncology Teams

Throughout the COVID-19 pandemic trajectory, there has
been a notable and wide-ranging impact on all oncology
team members (Sidebar 2).32-34 In a 2020 national study,
31.7% of PAs across all specialties reported that they
worked without necessary personal protection equipment,
3.6% had been infected with COVID-19, and 72.4% were at
least somewhat concerned about their health or their
family’s health.35 The pandemic has also impacted the well-
being of PAs. By August 2020, 76% were as stressed or
more stressed compared with reports 6 months earlier in
which 35% reported burnout symptoms.36

Similarly, in May 2020, a national study of NPs was con-
ducted by the American Association of Nurse Practitioners.
Nearly one-quarter (24%) identified the lack of personal
protection equipment as a top barrier to treating patients with
COVID-19; 79% had reused personal protection equipment.
Related consequences on the NP workforce entailed 65%
reporting a change in work hours and 36%noting a reduction
in pay. In August 2020, the American Association of Nurse
Practitioners follow-up survey revealed that 17% of NPs had
been furloughed, 40% experienced a decrease in income,
and 31% described a reduction in hours worked.

During pandemics, most clinical pharmacists cannot work
virtually to oversee the medication administration pro-
cesses; rather, their onsite presence is required. Addi-
tionally, pharmacists may be redeployed to support other
essential medication functions. Constant role changes and
demand for intensive medication management services,
coupled with staffing shortages, may exacerbate pharma-
cists’ burnout and its consequences.37

Interventions to Address Oncology Team Well-Being

Opportunities exist to reduce work-related stress and pre-
vent or mitigate burnout while concurrently enhancing
professional well-being (Sidebar 3).38-48 Numerous organi-
zations developed resources to provide assistance and
support in this realm of practice (Sidebar 4). For oncology
NPs and PAs, a focus on role-specific factors is critical. This
entails ensuring that NPs and PAs are practicing to the top
of their license, degree, and training. Optimizing this ca-
pacity may provide the greatest opportunity to not only
reduce the risk of NP and PA burnout but also increase work
engagement. This is ideally accomplished when NPs and
PAs, oncologists, and other team members collaborate on
outlining team-based role expectations and strategize to
minimize burdensome administrative tasks. A similar ex-
ample has been described by the University of North
Carolina Medical Center’s oncology advanced practice
providers’ role delineation review and modification. The NP
and PA roles were expanded to allow for modification of
chemotherapy orders and supportive medications. A
comprehensive educational, training, and privileging pro-
cess was implemented to support this role expansion. Five
years after the program’s initiation, outcomes were explored
by implementing participating oncologists, NPs, and PAs.
NPs and PAs reported the training was adequate (94%),
and their privileges were used often (82%) and were
beneficial (94%). Physicians had a similar impression of the
program, reporting that having NPs and PAs modify orders
was efficient (87%) and beneficial (94%). This experience
highlights the opportunity to enhance the NP and PA role in
oncology in a structured and streamlined process that
ensures quality cancer care is provided. Similar efforts to
enhance oncology NP and PA scope of practice has the
potential to not only improve practice efficiency and cost-
effectiveness but also favorably influence clinician well-
being and restore “joy in work.”49

SIDEBAR 2. ONCOLOGY TEAM MEMBER WORKPLACE STRESSORS

• Role ambiguity
• Administrative barriers to optimal autonomous practice
• Reduced time in direct patient care
• Dissatisfaction with collegial relationships
• Lack of respect from colleagues
• Inadequate resources (fiscal or otherwise)
• Chaotic work environment
• Nonrecognition of contributions
• Overwhelming workload
• Focus on performance metrics vs. quality of care
• Documentation (i.e., electronic health record) time demands
• Regulatory and payer requirements
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Recommendations targeting oncology pharmacy personnel
include careful workload assessment and adjustment of
staffing levels to match anticipated service demands. Such
interventions have been shown to quantify the reduction of
costly pharmacy technician turnover in one comprehensive
cancer center. Also, the 2019 National Consensus Con-
ference to Enhance Well-Being and Resilience among the
Pharmacist Workforce identified 50 action steps at the in-
dividual and organizational level. Key among these are
mandatory, scheduled, uninterrupted breaks for all

pharmacy personnel with support from cancer center
leadership.50

GAPS IN CURRENT KNOWLEDGE REGARDING ONCOLOGY
TEAM WELL-BEING

Robust longitudinal surveys of cancer care team members
are necessary to enhance understanding of the interplay
between team members, burnout, and the quality of patient
care. These analyses would yield important insights about
the incidence of suboptimal clinician well-being, inclusive of

SIDEBAR 3. COVID-19–SPECIFIC FACTORS CONTRIBUTING TO ONCOLOGY TEAM MEMBER STRESS

• Ongoing changes in data/evidence, policies, and supplies (i.e., testing, social distancing, quarantine, personal protective
equipment) requiring ongoing adaptability to change

• Increased complexity in monitoring and differentiating symptoms associated with cancer or its treatment from COVID-199

• Altered hours/schedule/workloads
• Concern about impaired job performance
• Need to respond to patient worries about treatment interruptions, delayed surgery, postponement of adjuvant therapy,
altered radiation therapy protocols, and pharmacy access

• Infusion area space modifications and staffing alterations related to such
• Educating and supporting families when their presence is contraindicated or minimized
• Added support required when patients continue or complete treatment alone
• Added surveillance requirements of older patients with cancer, comorbidity, and a positive COVID-19 status
• Feeling ill-equipped to respond to mental health concerns of patients
• Providing emotional support to new survivors (months after treatment completion)
• Intensified and diverse subtypes of moral anguish (i.e., moral distress, uncertainty, dilemmas, conflicts, suffering, outrage)
• Cross training of nursing staff and use of temporary staff
• Death of coworker, family, or friend
• Concern about potential transmission of COVID-19 to one’s family10-15

SIDEBAR 4. WORK SETTING OPPORTUNITIES TO REDUCE STRESS AND POTENTIAL BURNOUT AMONG ADVANCED PRACTICE
NURSES, PHYSICIAN ASSISTANTS, AND PHARMACISTS

SELF-FOCUSED

• Take time out, engage in brief mediation and deep breathing
• Access personnel support with planning for self-care measures
• Pay ongoing attention to physical and emotional well-being

RELATIONAL-FOCUSED

• Make a concerted effort to connect with coworkers and peers at breaks and lunch
• Lobby for improved division/organizational team communication

JOB-FOCUSED

• Regularly de-brief difficult scenarios
• Provide ongoing emotional support
• Ensure access to confidential employee assistance programs
• Facilitate administrative rounding that incorporates recognition and appreciation
• Discuss role expectations and potential role ambiguity with members of the interdisciplinary team
• Improve access to, and advocate for, ongoing professional education; topics could include awareness of symptoms and
characteristics associated with compassion fatigue and burnout, time management, communication skills training specific
to conflict resolution, work-life balance, self-care planning
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personal and organizational factors contributing to such.
Results could then be shared with organizational leaders,
with the intent of lobbying for additional resources, both
people and programmatic in nature. The efficacy of existing
well-being enhancements in the work setting requires ad-
ditional study, including their impact on work engagement,
job fulfillment, and turnover, as well as patient satisfaction.
Given the contemporary emphasis on team-based cancer
care, insight into potential future strategies that effectively
improve the well-being of the entire care team are man-
dated. Key variables to consider include the consistent use
of validated burnout measures and job satisfaction over
time; identification of personal, professional, and organi-
zational variables hypothesized to be associated with cli-
nician well-being; and improved understanding of team
dynamics that ultimately influence the delivery of high-
quality patient care.51 To improve the rigor of this area of
research, oncology professional organizations could col-
laborate on high-quality longitudinal studies using sensitive
metrics of role functioning and intradisciplinary collabora-
tion that integrate the unique corollaries of caring for
a patient cohort with a potential life-limiting diagnosis.

EMPOWERING THE ONCOLOGY LEADER TO FOSTER AN
ENVIRONMENT OF WELL-BEING

S is a cancer center administrator who is well informed of the
benefits of incorporating well-being programs for his staff.
However, he is unsure how best to implement an effective
well-being plan. Oncologist and clinician team well-being
relies on the collective environment and group initiatives to
a greater extent than individual temperance or resilience.6

The oncology workplace environment is crucial to workflow,
quality, well-being, and patient experience. Choices matter
for self and others. Leadership comes from knowing how to
manage oneself well, especially in the context of environ-
ment. Yet, the oncologist must be empowered to do so.

This section reviews several ways in which oncology clini-
cians can empower themselves to create and foster well-
being throughout their careers. Empowerment as a source
of well-being is increasingly important as workplace factors
in oncology are continually changing from the COVID-19
pandemic to hospital mergers and practice changes to
unclear reporting structures, or career trajectories, with
mounting pressure to maintain work–life balance. Em-
powerment stems from self-efficacy, defined by Albert
Bandera as a person’s belief in their capacity to perform
successfully, which leads not only to persistence and hard
work in the face of adversity but also the ability to let go when
needed or take a participatory approach fostering self-
efficacy, empowerment, and well-being of others in the
group.52 Understanding the importance of agency in the
promotion of well-being may help oncologists negotiate
roles, boundaries, and goals in the spirit of becoming our

best selves: As stated in Emerson’s work Self-Reliance,
“Trust thyself: every heart vibrates to that iron string.”53

Trust and empowerment allow us to internalize those sa-
gacious adages we encounter throughout our training and
career experiences like the following: “You can have it all,
but maybe not all at the same time”; “Careers have sea-
sons”; “Someone needs to have your back”; “Get a work/
life mentor and advocate.” Empowerment ultimately lies
within self but also in the interaction with one’s environment
and requires negation. External circumstances that may
lead to empowerment, and greater well-being, are obtained
through advocacy (e.g., institutional), reflection (introspection),
managing expectations for self and others, and clarifying
role descriptions.

The role of the administrator, such as S, in supporting
provider practices and ensuring provider well-being is
paramount.54 Clinicians often do not receive specific
training or mentoring on optimizing work–life balance,
addressing complex organizational dynamics, or engaging
in crucial conversations. The growing challenges of the
modern clinical environment, including increasing admin-
istrative tasks and workplace inefficiencies that distract from
patient care, exacerbate clinicians’ stress. In this context,
the administrative and clinical dyad partnership is pivotal to
supporting providers in a meaningful way. Support can take
many forms, including monitoring for the signs of burnout,
listening to clinicians’ concerns, and supporting well-being
initiatives. Perhaps of greatest importance is supporting
oncology clinicians in setting boundaries, having space to
express their vulnerabilities, and partnering with them to
create a positive work environment and a culture of well-
being. Administrative leaders can take a pro-active role in
ensuring clinicians have the resources necessary to manage
clinical workflows optimally (e.g., scribes, clinical support
staff, patient relations services, flexible scheduling). Ad-
ministrative leaders often have access to organizational
resources and training not readily available to clinicians,
making the administrative leader’s role critical to estab-
lishing an environment of well-being and balance.

Oncology professionals should incorporate positive behav-
iors, such as reflection, self-compassion, and reasonable
expectation setting, as proactive strategies to prevent
burnout and build resilience. Deliberate attention to these
personal tactics, alongside modeling of such behaviors for
colleagues and mentees, creates a culture of openness and
group validation around issues that all professionals face
within taxing work responsibilities and complex work en-
vironments. For example, many liken a professional career
to being more like a marathon than a sprint. This analogy
applies on many levels, because the pace of tasks and
accomplishments should vary among different phases of
a career, particularly emphasizing the need not to expend all
one’s physical, emotional, and spiritual energy at the
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beginning, only to fall short toward the latter stages.
Reminding one self that pursuing several short-term sac-
rifices to one’s spirit in lieu of a longer-term view of thriving
should be a philosophy to deprioritize. This is when the role
of a “work/life mentor” can be valuable. Such a mentor is
a colleague who understands and values your total self,
particularly the nonprofessional areas of joy and fulfillment.
Additionally, oncology professionals often face the greatest
pressures to meet near-impossible perfection from them-
selves, with their own expectations far outstripping what
others may expect of them. Moments of self-compassion,
when we take a moment to remember and congratulate
ourselves for doing our best, regardless of the perceived
missteps, are high-value practices. Reflecting on positive
aspects of one’s day, as a necessary distraction from
a tendency to focus on the negative, can be achieved
through regular journaling of simple gratitude. Last, rea-
sonable expectation setting for ourselves and our team is
critical to avoiding predictable senses of failure when im-
plicit goals of explicit expectations are unreasonable. A
common adage, “You can have it all, just not all at the same
time,” applies well here. It is tempting to believe that, without
sacrifice to one’s well-being, all hopes and dreams can be
accomplished in a short period. However, for most in on-
cology, careers are measured in decades, and short- and
long-term goals serve as milestones along the way. Few, if
any, accomplish all they set out to be, achieve, and know in
one setting, within one job, in a short period of time. To
address this, we recommend creating “storyboards” for
professional careers that map out one’s career over years
and decades, inclusive of milestones in currency important
to that career. For example, three important currencies for
academic physicians are deliverables (e.g., publications),
resources (e.g., grants), and relationships (e.g., collabora-
tions). When goals in these areas are placed carefully over
timelines measured in years, one gains perspective that
widens the vision of the current moment and immediate
future to a longer-term view. Altogether, these three be-
haviors of regular reflection, self-compassion, and reason-
able expectation provide a concerted plan to achieve one’s
professional dreams without sacrificing the needed
emotional and spiritual energy to get there.

Defining one’s role is crucial for well-being and ultimately
supporting one’s work–life balance. Without a proper def-
inition, it is too easy for work-related boundaries to become
blurred and take on work that may not be central to one’s
purpose. It should also be clear that roles can be negotiated
and change over time. Reassessing these responsibilities
with an eye toward the future can help not only in career
advancement but also in reaching personal goals. Making
priorities explicit is a good way to maintain accountability
with colleagues, family, and friends. Every oncologist has
different needs when it comes to promoting or enhancing

well-being. Empowerment centralizes one’s sense of agency
and should realign priorities toward what is manageable
while letting go of other issues that siphon off energy.

CHARTING THE COURSE FOR ONCOLOGY TEAM WELL-BEING:
ASCO’S QUALITY TRAINING PROGRAM EXPERIENCE

ASCO’s Quality Training Program is a 6-month experiential
learning course developed by oncologists and cancer care
specialists designed to educate and train in improvement
science, team building, and leadership.55 Multidisciplinary
team participants will have a better understanding of pro-
cess analysis, rapid cycle improvement, quantitative/qual-
itative methods, and effective management of teams
through didactics, coaching, and simulation. At the end of 6
months, teams will have successfully identified a structured
improvement project, tested solutions, and developed
a framework for ongoing improvement.

In alignment with the Well-Being Task Force Roadmap,
ASCO, in partnership with the American Medical Associa-
tion, launched its first thematic Quality Training Program on
Burnout in July 2019. As Efficiency of Practice is a domain
influencing wellness, the focus of this themed session was to
address the impact of the system challenges and issues on
clinical well-being. The goal for each participating team was
to design, implement, and lead successful quality im-
provement activities in their own practices to improve
practice efficiency, reduce physician workload, enhance
physician autonomy, and/or increase physician time spent
with patients. The session goal was to favorably impact
clinician burnout.

Several teams, including Saudi Arabia and Spain, partici-
pated, with a majority makeup of physicians (62%), nurses
(25%), and other (13%). ASCO collaborated with the Amer-
ican Medical Association to provide teams with institution-
wide burnout assessments, reports and analyses, faculty
and coach experts, and intervention tools. The final in-
stitutional projects included 1) Mitigating Provider Burnout
Because of Infusion Center Delays: Analysis of Sustain-
ability; 2) Reducing Burnout Among University of Virginia
Hematology/Oncology Fellows; and 3) Is Burnout Syndrome
a Problem Among Oncology Workers? Incidence and Ef-
fective Tools to Achieve Improvement.56-58 The final pre-
sentations were shared in publications (JCO Global Oncology
and JCO Oncology Practice) and presentations (ASCO Annual
Meeting and Quality of Care Symposium).

CREATING A BLUEPRINT FOR ORGANIZATIONAL STRATEGIES
TO PROMOTE THE WELL-BEING IN ONCOLOGY

Cancer organizations, including cancer centers and com-
munity practices, should consider developing a blueprint:
a detailed immediate start plan with recognized strategies
and interventions targeting all oncology stakeholders
to support a culture of community.59,60 For many
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SIDEBAR 5. RESOURCES TO SUPPORT ONCOLOGISTS AND ONCOLOGY TEAM MEMBERS

ASCO

• Recognizing Burnout and Promoting Well-Being: https://practice.asco.org/practice-support/staff-well-being-development/
recognizing-burnout-promoting-well-being

• ASCO Oncology Clinician Well-Being Task Force Roadmap: http://practice.asco.org/asco-oncology clinician-well-being
• ASCO Webinar on Burnout and Oncology Clinician Well-Being: https://practice.asco.org/asco-webinar-burnout-and-
oncology-clinician-well-being

AMERICAN MEDICAL ASSOCIATION

• Physician Burnout: https://www.ama-assn.org/topics/physician-burnout

AMERICAN ACADEMY OF PHYSICIAN ASSISTANTS

• https://www.aapa.org
• PA Burnout and Well-Being: https://www.aapa.org/career-central/pa-burnout/
• Burnout Webinar Series: https://cme.aapa.org/local/catalog/view/product.php?productid=407

ADVANCED PRACTITIONER SOCIETY FOR HEMATOLOGY AND ONCOLOGY

• https://www.ashp.org/
• Statement on Oncology APs During COVID-19: https://www.apsho.org/news/news.asp?id=510993&hhSearchTerms=%
22burnout%22

AMERICAN PHARMACISTS ASSOCIATION

• https://www.pharmacist.com/
• Enhancing Well-Being and Resilience Among the Pharmacist Workforce: A National Consensus Conference (2019): https://
www.pharmacist.com/enhancing-well-being-and-resilience-among-pharmacist-workforce-national-consensus-
conference

AMERICAN SOCIETY OF HEALTH SYSTEM PHARMACISTS

• https://www.ashp.org/
• Clinician Wellbeing Website: https://wellbeing.ashp.org/The Road to Resilience: Develop Your Map to Navigate Burnout (for
Pharmacy Technicians):

• The Road to Resilience: Develop Your Map to Navigate Burnout (for Pharmacy Technicians): https://elearning.ashp.org/
products/8231/the-road-to-resilience-develop-your-map-to-navigate-burnout-pharmacytech-ce-free-trial%E2%80%8B

END-OF-LIFE NURSING EDUCATION CONSORTIUM

• https://www.aacnnursing.org/ELNEC
• Self-Care Strategies to Deal With Moral Distress & Compassion Fatigue: https://www.aacnnursing.org/ELNEC/COVID-19
• Infographic: Meditation/Mindfulness Apps: https://www.aacnnursing.org/Portals/42/ELNEC/PDF/Meditation-and-
Mindfulness-Apps.pdf

NATIONAL COMPREHENSIVE CANCER NETWORK

• https://www.nccn.org/
• Self-Care and Stress Management During the COVID-19 Crisis: Toolkit for Oncology Health Care Professionals: https://www.
nccn.org/covid-19/pdf/Distress-Management-Clinician-COVID-19.pdf

ONCOLOGY NURSING SOCIETY

• www.ons.org
• Nursing Self-Care Learning Library: www.ons/learning-libraries/self-care-nurses
• Compassion Fatigue and Burnout Articles: https://www.ons.org/explore-resources?topic=916&subtopic=936&
display=results&sort_by=created&items_per_page=50

Abbreviations: APs, advanced practitioners; PA, physician assistant.
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organizations, implementation of interventions can be
challenging, so an effective approach with specific tactics is
required. Shanafelt et al59 recently reported that such
a blueprint requires strategies with effective tailored initia-
tives designed to tackle specific organizational challenges to
meet its mission. In fact, they assert that any strategy to
promote well-being must be tailored to meet the cancer
organization’s goals and challenges. Here, leadership needs
to adopt a model addressing initial, formative programs;
culture transformation; research; and practice sustainability.
Interventions can promote the oncology clinician’s well-
being to thrive and ultimately flourish. Research has con-
sistently found that burnout can be greatly reduced by
a combination of evidence-based individual and organiza-
tional interventions, yet it is the organization-level interventions
that should be adopted.12

Optimal organizational resilience programs share common
elements and strategies previously identified to promote
clinician engagement and enhance well-being.6,60,61 These
programs are founded on a shared mission and mutual
collaboration between leadership and clinicians to improve
well-being through education, training, research, and peer
support. Routine, longitudinal self-assessment of clinician
burnout, satisfaction, and engagement using validated self-
reported screening tools (e.g., Maslach Burnout Inventory,27

Physician Well-Being Index62) is a key step. Education of
leaders and staff regarding prevalence of burnout, signs, and
contributors is also essential. Specific identification of the
unique organizational challenges (e.g., electronic medical
record inefficiency) in the oncology clinical work environment
or inpatient units helps in the development of tailored in-
terventions. Promoting flexibility and a balanced work–
personal life is also paramount. Physician champions who
can lead this process and speak for peers and the oncology
team are imperative. Implementation of virtual evidence-

based well-being sessions (e.g., mindfulness-based stress
reduction or cognitive behavioral therapy) should be
considered. For the oncology fellow, early adoption of
formal well-being curriculum and programs are not only
required by the Accreditation Council for Graduate Medical
Education but also vital for the trainee to learn about and
prepare to address burnout during training and in the long
term as practicing oncologists.63-65 Fostering peer sup-
port, including virtual support, enhances professional and
personal development, especially now during the pan-
demic when social connections have been lost. Finally,
reducing the stigma associated with burnout and COVID-
19 pandemic–associated stressors by providing clinician
access for mental health resources to aid coping is vital
(Sidebar 5). Consequently, once the blueprint is de-
veloped, the cancer organization should consider prepa-
ration, planning, assessment, and implementation to foster
a supportive culture and ethical work climate. A sample
plan for organizational strategies toward assessment and
intervention to promote well-being is included in Sidebar 6.

CONCLUSION

Oncology clinician well-being has never been more im-
portant than right now. The COVID-19 pandemic evolved
during a time of previously established intensified burnout
and has had a substantial impact on oncologists and on-
cology team well-being. Yet, there is hope and room for
optimism. Empowering the oncology team is crucial to
setting a path forward for clinicians to thrive, flourish, and
have continued organizational success. The cancer orga-
nization should consider developing a blueprint including
a detailed immediate organization-specific start plan, with
recognized strategies and interventions targeting all on-
cology stakeholders to support a culture of community. Now
is the time, more than ever.
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SARCOMA

Breast Sarcomas, Phyllodes Tumors, and
Desmoid Tumors: Epidemiology, Diagnosis,
Staging, and Histology-Specific
Management Considerations
George Z. Li, MD1; Chandrajit P. Raut, MD, MSc1,2; Kelly K. Hunt, MD3; Mary Feng, MD4; and Rashmi Chugh, MD5

overview

Breast sarcomas arise from connective tissues of the breast and account for fewer than 1% of all breast

malignancies. They can be subclassified as primary breast sarcomas, which arise de novo and are histo-

logically diverse, and secondary breast sarcomas, which arise as a result of radiation or lymphedema and are

most commonly angiosarcomas. Two other connective tissue neoplasms that occur within the breast include

phyllodes tumors and desmoid tumors, which exhibit a spectrum of behaviors. Malignant phyllodes tumors are

biologically similar to primary breast sarcomas, whereas desmoid tumors are technically benign but often

locally aggressive. Patients with breast sarcomas often present with a rapidly growing mass or, in cases of

radiation-associated angiosarcoma, violaceous cutaneous lesions. Core needle biopsy is generally required to

confirm the diagnosis of sarcomas. Staging workup includes MRI and chest imaging, although these are not

required in the case of benign phyllodes or desmoid tumors. In general, localized breast sarcomas should be

resected, with the extent of resection tailored to histologic subtype. Radiation and chemotherapy can be used

in the neoadjuvant or adjuvant setting, but data are limited, so treatment decisions should be made on an

individualized basis. Systemic therapy options for metastatic disease and refractory breast desmoids mimic

those used for the same histologies when present in other sites. Given the rarity and heterogeneity of breast

sarcoma, as well as limited literature describing these entities, expert multidisciplinary evaluation is crucial

for optimal decision making.

INTRODUCTION

In 2020, the most common new cancer diagnosis in
the United States was breast cancer, with almost
280,000 new cases of invasive disease1 and almost
49,000 cases of noninvasive (in situ) disease.2 The vast
majority of these were breast carcinomas derived from
epithelial tissues, with fewer than 1% arising in the
connective tissue of the breast. Here, we review the
epidemiology, diagnosis, staging, prognosis, and
management of these rare and distinct mesenchymal
neoplasms: breast sarcoma, phyllodes tumors, and
desmoid tumors. We highlight unique aspects of their
biology and clinical behavior, as well as the differing
prognoses and treatment strategies.

EPIDEMIOLOGY AND RISK FACTORS

Breast sarcomas are rare and account for fewer than
1% of all breast malignancies3 and fewer than 5% of
soft tissue sarcomas from all anatomic locations.4 The
vast majority of breast sarcomas occur in women, with
an estimated incidence of 45 cases per 10 million
women in the United States,5 although 1.5% of cases

do occur in men.6 Median age at diagnosis ranges from
age 47 to 50.7,8

Breast sarcomas can be subcategorized into primary
and secondary tumors, with primary breast sarcomas
arising de novo from the breast parenchyma. There are
no known risk factors specifically associated with primary
breast sarcomas, but certain genetic syndromes, such as
Li-Fraumeni syndrome9 and hereditary retinoblastoma,10

as well as environmental exposures, such as phenoxy-
acetic acid–containing herbicides,11 have been associ-
ated with an increased risk for soft tissue sarcomas in
general. Secondary breast sarcomas occur after breast or
chest wall radiation or in the setting of chronic lymphe-
dema. As such, they most commonly occur in women
who have been treated for invasive or in situ breast
cancer. To be considered radiation associated, a sec-
ondary breast sarcoma must occur within the irradiated
field, be of a different histology than the initial tumor, and
occur after a prolonged latency period (more than 4 years
by Cahan’s initial definition12 or more than 2 years by
other modified definitions13). A study using the Surveil-
lance, Epidemiology, and End Results database from
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1973 to 2003 found an in-field sarcoma incidence of 12 per
100,000 person-years in patients who had previously received
breast radiation, with a median latency period of 7 years.14

There is also a well-described association between chronic
lymphedema and angiosarcomas. Stewart and Treves initially
described six patients who developed angiosarcoma in the
setting of postmastectomy lymphedema in 1948,15 and
subsequent studies have supported an association between
lymphedema and angiosarcoma in other clinical settings.16,17

Lymphedema-associated angiosarcomas are much rarer than
radiation-associated sarcomas, so patients with the latter
disease make up the vast majority of the study population in
contemporary series. Compared with patients with primary
breast sarcomas, those with secondary breast sarcomas tend
to be older, likely reflecting the older average age of patients
with breast cancer. In one series of patients with breast
angiosarcoma, the median age for patients with primary

angiosarcoma was 30 years younger than that of patients with
secondary radiation-associated angiosarcoma.18

Phyllodes tumors are fibroepithelial breast tumors with
a broad range of behavior. These tumors are histologically
classified as benign, borderline, or malignant (Table 1),19

with benign lesions behaving similarly to fibroadenomas and
malignant lesions behaving similarly to other breast sar-
comas. As a result, malignant phyllodes tumors are variably
included in breast sarcoma studies,7 whereas benign or
borderline tumors are typically excluded. In an epidemio-
logic study from Los Angeles County, the incidence of
phyllodes tumors was 2.1 cases per million women, with
a peak in the age range from age 45 to 49.20 Li-Fraumeni
syndrome appears to increase the risk of developing
phyllodes tumors.21 There is also some evidence from ge-
nomic sequencing22,23 and small case reports24 that phyl-
lodes tumors may arise from malignant degeneration of
fibroadenomas, but this is not clearly established, andmany
phyllodes tumors arise in patients without preexisting
fibroadenomas.25

As with soft tissue sarcomas in other anatomic regions of the
body, primary breast sarcomas are highly histologically
heterogenous. In one series of 78 patients with primary
breast sarcomas, the most common subtypes were malig-
nant phyllodes tumors (41%), stromal sarcoma (18%), and
angiosarcoma (10%).7 In another series of 90 patients with
primary breast sarcomas, malignant fibrous histiocytoma
(70%) and angiosarcoma (10%) were the most common
subtypes.8 Of note, it is difficult to make between-study
comparisons of the relative incidence of different histologic
subtypes because of the small sample sizes and the fact that
some subtypes, such as stromal sarcoma or malignant fi-
brous histiocytoma, have subsequently been reclassified. In
contrast, for secondary breast sarcomas, angiosarcoma
consistently appears to be the most common histologic
subtype.26,27

Desmoid tumors, a rare mesenchymal tumor with an in-
cidence of two to four cases per million people for all an-
atomic locations,28 can also occur in the breast (Fig. 1).
Although they similarly arise within connective tissue, they
are distinct from soft tissue sarcoma because they are lo-
cally aggressive with rare reports of metastatic potential.

PRACTICAL APPLICATIONS

• Patients with suspected breast sarcoma should
have a diagnostic mammogram and undergo
core needle biopsy, as opposed to fine needle
aspiration, for diagnosis, followed by breast MRI
and, at a minimum, chest CT for treatment
planning and staging.

• Locoregional management is highly histology
dependent, ranging from observation for stable
desmoid tumors to radical surgery for radiation-
associated angiosarcomas.

• Unlike for patients with invasive breast carci-
noma, axillary sampling is generally not nec-
essary for patients with breast sarcoma.

• Metastatic breast sarcomas and malignant
phyllodes tumors are managed similarly to
metastatic soft tissue sarcomas arising from
other anatomic sites, often utilizing first-line
doxorubicin-based chemotherapy.

• Given the rarity and heterogeneity of breast
sarcomas, data are limited primarily to small
retrospective studies, and management de-
cisions should be made on an individual patient
basis in a multidisciplinary setting.

TABLE 1. Histologic Classification of Phyllodes Tumors
Histologic Feature Benign Borderline Malignant

Stromal atypia Mild Moderate Marked

Mitoses per 10 HPF , 5 5–9 . 9

Tumor margin Well defined Well defined or focally infiltrative Infiltrative

Stromal overgrowth Absent Absent or focal Present

Abbreviation: HPF, high-powered field.
Adopted from Breast Tumours. WHO Classification of Tumors, 5th edition.19
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Desmoid tumors can be associated with familial adeno-
matous polyposis,29 pregnancy,30 and antecedent trauma.31

Up to 44% of patients with breast desmoid tumors have had
prior breast surgery,32 which supports the hypothesis that
trauma predisposes to desmoid tumorigenesis, but desmoid
tumors are not typically considered “treatment associated.”

CLINICAL FEATURES, DIAGNOSIS, AND IMAGING

Primary breast sarcomas typically present as unilateral large
painless and firm breast masses. They often exhibit rapid
growth and are usually larger than breast carcinomas at the
time of diagnosis, with a median tumor diameter of 5 to
6 cm.7,8 Of note, it can be difficult to distinguish breast
sarcomas with chest wall involvement from chest wall
sarcomas invading or displacing the breast (Fig. 2), al-
though management still depends primarily on the tumor’s
histologic subtype and relationship to the surrounding
structures rather than its organ of origin. Secondary breast
angiosarcomas often present as skin lesions that are
characterized by skin discoloration and erythema that can
be mistaken for bruising or cellulitis (Fig. 3).33

Although patients who present with breast masses often
initially undergo diagnostic mammography and breast ul-
trasound, thesemodalities are inadequate for characterizing
breast sarcomas.34,35 Breast MRI with contrast is the study
of choice, because it can delineate the extent of involvement

of the surrounding skin, fascia, and muscle, which is critical
for surgical and radiation treatment planning. However, it
should be noted that MRI may underestimate skin in-
volvement, especially for cutaneous angiosarcomas. Unlike
breast carcinomas,36 breast sarcomas are typically T2-
hyperintense (Fig. 2A) and often appear as irregularly

FIGURE 1. Chest CT Scan of a Patient With a Right Breast Desmoid Tumor

FIGURE 2. Extraskeletal Osteo-
sarcoma of the Left Breast.

(A) Breast MRI showed a het-
erogeneous T2-hyperintense
lesion in the lower outer quad-
rant of the left breast (L) with
chest wall abutment in a patient
who presented with a growing
palpable left breast mass. (B)
The patient received neo-
adjuvant radiation followed by
wide excision of the tumor with
partial mastectomy and en bloc
chest wall resection. The ante-
rior view of the surgical speci-
men is shown. (C) Posterior view
of the surgical specimen. R,
right breast.
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bordered oval masses with heterogenous rapid contrast
enhancement.37

However, diagnosis cannot be made on imaging alone, and
tissue biopsy is required. Fine needle aspiration should not
be performed for suspected sarcoma, because histologic
subtype and grade cannot be determined accurately on fine
needle aspiration specimens. Core needle biopsy is the
preferred initial approach, but if it is indeterminant, then an
incisional or excisional biopsy should be performed
depending on lesion size. Cutaneous radiation-associated
breast angiosarcomas can be diagnosed with a punch
biopsy. Patients with benign and borderline phyllodes
tumors and desmoid tumors generally do not require
further radiographic staging, because these tumors have
little to no distant metastatic potential. All other patients
diagnosed with breast sarcoma should undergo a CT scan
of the chest, because the lungs are the most common site
of metastasis. Additional imaging, including CT scan of the
abdomen and pelvis and bone scan, can be considered in
patients with angiosarcoma given their propensity for liver
and bone metastases as well. These additional imaging
studies can also be helpful to identify patients with
a history of breast cancer who have concurrent breast
sarcoma with locoregional or distant metastasis from their
breast cancer.

STAGING

Breast sarcomas are staged according to the combined
American Joint Committee on Cancer/Union for In-
ternational Cancer Control system, which takes into ac-
count the primary tumor characteristics, regional lymph
node involvement, presence or absence of distant metas-
tases, and histologic grade (Sidebar).38 Primary tumor stage
is based solely on tumor size. Unlike carcinomas, sarcomas
rarely spread to regional lymph nodes, and the presence of
regional lymph node metastases is considered stage IV

disease. Histologic grade is based on the degree of differ-
entiation, mitotic rate, and degree of necrosis.

Phyllodes tumors are histologically classified as benign,
borderline, or malignant, and these classifications have
strong implications for prognosis and management. Clas-
sification is based on four characteristics: degree of stromal
cellular atypia, mitotic activity, whether the tumor margin is
well-defined versus infiltrative, and whether there is stromal
overgrowth (Fig. 4).19,39 Characteristics of benign, border-
line, and malignant phyllodes tumors, as defined by the
World Health Organization, are outlined in Table 1.

Desmoid tumors are excluded from the American Joint
Committee on Cancer/Union for International Cancer
Control soft tissue sarcoma staging system because they do
not have any propensity for regional nodal or distant spread.
There is no widely accepted staging system for desmoid
tumors, and prognosis and management decisions are
primarily driven by tumor location and feasibility of
resection.

PROGNOSTIC FACTORS

For patients with localized primary breast sarcoma, 10-year
disease-free survival is approximately 40% to 50%, and 10-
year overall survival is approximately 60%.7,8 Larger tumor
size and higher histologic grade have been consistently
associated with worse survival.8,40,41 Angiosarcomas also
seem to be associated with a worse prognosis compared
with other histologic subtypes in many,8,26,42 but not all,43

series, although, interestingly, the prognosis of angio-
sarcomas does not appear to be associated with histologic
grade.44 Patients with benign or borderline phyllodes tumors
have an excellent prognosis, with low rates of local re-
currence and only rare reports of distant metastases,45

whereas patients with malignant phyllodes tumors have
prognoses similar to patients with other breast sarcomas,
with a 5-year overall survival between 60% and 80%.26,45

Patients with breast desmoid tumors may experience local
recurrence rates as high as 29%,32 but death from disease
in this location is rare.

Patients with secondary breast sarcomas appear to have
more aggressive disease and poorer outcomes than do
those with primary breast sarcomas, with a median overall
survival of approximately 3 years.18,46 However, angio-
sarcomas also make up a much higher proportion of sec-
ondary breast sarcomas, so it is not entirely clear whether
histology, radiation exposure, or both are the key drivers of
worse prognosis. Some evidence suggests that the effect of
radiation on prognosis is independent of tumor histology;
a large study including soft tissue sarcomas at any anatomic
site found that radiation-associated sarcomas were asso-
ciated with worse disease-specific survival compared with
sporadic sarcomas, independent of histologic subtype.47

However, another study of 55 patients with primary (32

FIGURE 3. Secondary Radiation-aAsociated Angiosarcoma of the Right
Breast
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patients) or secondary (23 patients) radiation-associated
breast angiosarcomas did not find a substantial difference in
overall survival between these two groups.18

MANAGEMENT

General Approach

Surgery is the mainstay of therapy for localized breast
sarcomas. These tumors should generally be resected to
negative margins, because margin status of first surgery
appears to be predictive of survival,48 although the margin
widths and extent of surgery should be tailored to histology
and prior radiation exposure (Table 2). In general, with the
exception of primary and secondary angiosarcomas, there is
no difference between breast-conserving surgery and
mastectomy as long as negative margins can be achieved.
Patients with chest wall involvement may require more
extensive resection, including underlying muscle and ribs
(Fig. 2C). Unlike for breast carcinomas, axillary surgery is
generally not recommended for breast sarcomas unless
there is disease identified on imaging studies confirmed on
biopsy or direct extension of the primary tumor into the
axilla, because breast sarcomas rarely metastasize to re-
gional nodes.49 Local recurrences should be resected if
possible, because this can still result in the potential for
long-term disease control.8,48

Adjuvant radiation can be used to treat primary breast
sarcomas to reduce the risk of local recurrence. Data are
conflicting and all are retrospective, with some series not
showing any association between adjuvant radiation and
local recurrence rates50,51 and other series showing an
association between adjuvant radiation and improved

outcomes.7,52 Studies on the use of adjuvant radiation are
summarized in Table 3. Radiation therapy is even more
controversial for secondary sarcomas because of concern
for cumulative tissue toxicity with repeat radiation.

There are few data to guide the use of neoadjuvant che-
motherapy and/or radiation, but these modalities can be
used in an attempt to convert an unresectable locally ad-
vanced tumor into a resectable one or to decrease the
potential morbidity of surgery. Neoadjuvant or adjuvant
chemotherapy can also be considered to help reduce the
risk of metastases for patients with high-risk breast sarcoma
and excellent functional status. However, similar to soft
tissue sarcomas in other anatomic sites, this approach

FIGURE 4. Histologic Appearance of Phyllodes Tumors
(A) Phyllodes tumor has a well-defined biphasic pattern consisting of irregular epithelial-lined spaces and cellular stromal elements. (B) The degrees of
cellularity and atypia vary among phyllodes tumors. This high-power micrograph illustrates a malignant phyllodes tumor containing pleomorphic
hyperchromatic stromal cells. Images were stained with hematoxylin and eosin at a magnification of 20x (A) and 400x (B). Both images are courtesy of
David Lucas (Department of Pathology, University of Michigan).

TABLE 2. Summary of Surgical Management Recommendations for Localized
Breast Sarcoma
Histology Recommendation

Phyllodes Tumor

Benign Grossly complete excision*

Borderline Excision* to 1-cm margins

Malignant Excision* to 1-cm margins

Angiosarcoma

Primary Mastectomy

Radiation associated Mastectomy with resection of all irradiated skin

Desmoid Tumor Excision* to negative margins

Other Histology Excision* to negative margins

*Partial or total mastectomy is acceptable as long as adequate margins can be
achieved.
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remains highly controversial and is best undertaken only
after careful discussion of the risks and benefits of therapy
and ideally in the context of a clinical trial. Decisions should
be made on a case-by-case basis in a multidisciplinary
setting.

The treatment of patients with metastatic breast sarcoma is
similar to that of patients with metastatic soft tissue sarcoma
from other sites. Patients generally receive doxorubicin-
based chemotherapy in the first-line setting, often as
a single agent or in combination with ifosfamide. Although
combination regimens do not yield superior overall survival
rates, they are associated with higher objective response
rates and longer progression-free survival compared with
single-agent doxorubicin.53,54 Patients with therapy-related
sarcoma often have had prior exposure to doxorubicin for
antecedent breast malignancies; thus, additional doxoru-
bicin use may be limited by the risk of cardiotoxicity with
higher cumulative doses. Other systemic regimens com-
monly used in breast sarcoma are often histology specific
and include gemcitabine and docetaxel,55 pazopanib,56

trabectedin (leiomyosarcoma and liposarcoma),57 taxanes
(angiosarcoma),58,59 and eribulin (liposarcoma).59 Emerging
evidence also suggests a potential role for checkpoint in-
hibition for certain sarcoma histologies, including angio-
sarcoma (Table 4).60-62 Patients with isolated or limited lung
metastases who are good surgical candidates should un-
dergo wedge resections of these lesions, because 5-year
overall survival is as high as 40%, even in older series.63,64

Phyllodes Tumors

Patients with phyllodes tumors should undergo excision,
although the extent of surgery depends on histologic
classification. For borderline and malignant phyllodes tu-
mors, resection margins should be at least 1 cm.65 In
a retrospective series of 48 patients with malignant phyl-
lodes tumors, a margin of less than 1 cm was associated
with an increased risk for local recurrence, although the
local recurrence rate for patients with margins wider than
1 cm was still quite high (39%).66 In contrast, a meta-
analysis of 54 studies found that a positive margin was

TABLE 3. Summary of Studies of Adjuvant Radiation for Breast Sarcomas
Study Population Treatment Groups Local Recurrence Survival Outcomes

Johnstone et al, 199352 10 patients: Surgery + XRT (10 patients) 0% 5-year DFS, 68%

4 angiosarcoma

2 MFH

4 other

Barrow et al, 199950 59 patients: Surgery + XRT (17 patients) 5 patients (29%) Not reported for subgroups

32 MFH, fibrosarcoma,
and stromal sarcoma

Surgery only (42 patients) 16 patients (38%)

17 angiosarcoma

10 other

McGowan et al, 20007 78 patients: Surgery + XRT (26 patients): 5-year LRFS 5-year DSS

7 fibrosarcoma . 48 Gy (11 patients) 91% 91%

14 stromal sarcoma � 48 Gy (12 patients) 55% 50%

8 angiosarcoma (3 excluded for gross residual disease)

32 malignant phyllodes tumors Surgery only (52 patients) 74% 50%

17 other

17 other

Bousquet et al, 200751 103 patients: 5-year LRFS 5-year DFS

42 angiosarcoma Surgery + XRT (51 patients) 65% 48%

14 MFH Surgery only (52 patients) 55% 40%

12 fibrosarcoma

35 other

Abbreviations: MFH, malignant fibrous histiocytoma; XRT, radiation; DFS, disease-free survival; LRFS, local recurrence-free survival; DSS, disease-specific
survival.
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predictive of local recurrence for malignant phyllodes tu-
mors but not for benign or borderline tumors. Pooled local
recurrence rates in this analysis were 8%, 13%, and 18%
for benign, borderline, and malignant phyllodes tumors,
respectively.67 In fact, some evidence suggests that even
a positive margin for benign tumors is not associated with an
increased local recurrence risk. A retrospective study that
included 216 patients with benign phyllodes tumors, of
whom 102 underwent excision with positive margins, did
not find any substantial difference in local recurrence rates
between patients with negative margins and those with
positive margins, with an overall local recurrence rate of 2%
after a median follow-up of 3 years.68 A recent multicenter
analysis of 550 patients (70% had benign phyllodes tumors)
from 11 institutions further supports the concept that
wide margins are not needed for benign phyllodes tu-
mors, and re-excision for positive margins is rarely war-
ranted. Of 75 patients with positive margins (60 benign, 12

borderline, three malignant), only two patients (one benign,

one borderline; 2.7%) had local recurrences; for the entire
cohort, margin width or margin status was not associated
with local recurrence.69 Thus, for benign phyllodes tumors,
a grossly complete excision is acceptable, regardless of
microscopic margin status, according to National Com-
prehensive Cancer Network guidelines.65 This makes re-
excision of benign phyllodes tumors unnecessary when they
are mistaken for fibroadenomas on core biopsy and excised
with narrow margins or enucleated, as long as no gross
tumor is left behind. Axillary staging is not indicated, be-
cause phyllodes tumors rarely metastasize to regional lymph
nodes.70 There also does not appear to be a difference in
local recurrence rates between partial and total mastec-
tomy as long as margins are negative.70 For large or rapidly
growing phyllodes, a margin-negative resection may require
a mastectomy.

TABLE 4. Select Reports of Systemic Therapies in Metastatic Malignant Phyllodes Tumors, Angiosarcoma, and Desmoid Tumors
Systemic Therapy No. of Patients Outcomes Study type Study

Malignant Phyllodes Tumor

Doxorubicin 6 PR, 4 Case series Mitus et al, 2016106

13 PR, 5; mPFS, 3.2 mo Case series Parkes et al, 2021107

Ifosfamide 3 CR, 1; PR, 1, Case series Hawkins et al, 1992108

4 PR, 1; NR, 3 Case series Mitus et al, 2016106

8 PR, 2; mPFS, 2.3 mo Case series Parkes et al, 2021107

Doxorubicin + cisplatin 5 PR, 4; NR, 1 Case series Mitus et al, 2016106

Doxorubicin + ifosfamide 1 CR=1 Case series Hawkins et al, 1992108

3 CR=1, PR, 2 Case series Mitus et al, 2016106

19 PR=10, mPFS, 9.1 mo Case series Parkes et al, 2021107

Gemcitabine-based treatment 13 PR=3, mPFS, 3.1 mo Case series Parkes et al, 2021107

Angiosarcoma (Various Anatomic Sites)

Paclitaxel 75 ORR, 53%; mPFS, 5.8 mo Case series Italiano et al, 2012109

24 ORR, 50%; mPFS, 6.6 mo Phase II Ray-Coquard et al, 2015110

Doxorubicin 42 ORR, 29.5%; mPFS, 3 mo Case series Italiano et al, 2012109

Gemcitabine 25 ORR, 68%; mPFS, 7 mo Case series Stacchiotti et al, 2012111

Sorafenib 37 ORR, 13.5%; mPFS, 3.8 mo Phase II Maki et al, 2009112

41 ORR, 14.6% Phase II Ray-Coquard et al, 2012113

Checkpoint inhibitor based 7 PR, 5 Case series Florou et al, 201961

Desmoid Tumors (Various Anatomic Sites)

Methotrexate + vinblastine 20 ORR, 25%; mPFS, NR Randomized phase II Toulmonde et al, 2019100

Sorafenib 50 ORR, 33%; mPFS, NR Phase III Gounder et al, 201891

Pazopanib 48 ORR, 37%; mPFS, NR Randomized phase II Toulmonde et al, 2019100

Nirogacestat 17 ORR, 29% Phase II Kummar et al, 2017105

Abbreviations: PR, partial response; mPFS, median progression-free survival; CR, complete response; NR, not reached; ORR, overall response
rate (PR+CR).
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Adjuvant radiation can be used for malignant phyllodes
tumors to try to improve local control, especially if the patient
was treated with breast-conserving surgery. In a series of 46
patients with borderline or malignant phyllodes tumors who
underwent partial mastectomy followed by adjuvant breast
radiation, there were no local recurrences, although two
patients died of distant metastases.71 A meta-analysis of
eight studies of borderline and malignant tumors also
showed that adjuvant radiation was associated with de-
creased local recurrence, but not with overall survival, in
patients undergoing partial mastectomy.72 Data on the use
of adjuvant radiation for patients undergoing total mastec-
tomy are weaker; the same meta-analysis showed that
adjuvant radiation was not associated with a marked de-
creased in local recurrence for patients undergoing total
mastectomy, although there was a trend in that direction.
Because only a minority of adjuvant radiation studies in-
cluded patients with borderline phyllodes tumors,72 adju-
vant radiation is not offered to these patients at some
centers. Adjuvant radiation is uniformly not recommended
for benign phyllodes tumors because of the low local re-
currence rates achieved with surgery alone, even in the
setting of positive margins.

Patients with locally recurrent phyllodes tumors can be
treated with repeat surgery, with or without radiation, or with
palliative radiation if the disease is unresectable.73 Most
recurrent tumors are usually the same histologic grade as
the initial tumor; however, up to 20% of patients will have
higher-grade tumors at the time of recurrence, suggesting
the potential for malignant transformation over time.67,74

Phyllodes tumors also spread distantly, most commonly to
the lung. The vast majority of metastatic tumors have ma-
lignant histology, although a very small percentage of pa-
tients with benign phyllodes tumors subsequently develop
distant metastases.45 Approximately 20% of patients with
malignant phyllodes tumors develop metastases, and they
are treated with similar systemic agents as those with soft
tissue sarcomas originating in other anatomic sites
(Table 4).66 In general, data on systemic therapy are limited
to small case reports and series that tend to emphasize
favorable outcomes. In practice, patients seem to derive less
benefit from chemotherapy with relatively short durations of
response compared with those with more common sarcoma
histologies. Malignant phyllodes tumors do not respond to
hormonal or endocrine therapies.75 Although estrogen re-
ceptors are often expressed on the epithelial portions of the
tumor, they are not expressed on the stromal portions of the
tumor, which are thought to be the actual contributors to
malignant behavior. There is also no clear evidence to
support the use of adjuvant chemotherapy. A small retro-
spective study included 28 patients with malignant phyl-
lodes tumors treated with surgery, of whom 17 received
adjuvant doxorubicin plus dacarbazine. There was no

substantial difference in overall or recurrence-free survival,
but the small size and retrospective nature of the study limit
the applicability of these findings.76 Similar to soft tissue
sarcoma, adjuvant chemotherapy for malignant phyllodes,
typically using doxorubicin and ifosfamide, should only be
considered after consultation at a center with sarcoma
expertise, recognizing that the data are even more con-
troversial compared with soft tissue sarcomas originating at
other anatomic sites.

Angiosarcomas

Patients with localized primary breast angiosarcomas
should undergo resection. Although these tumors most
commonly present as discrete palpable breast masses, they
are unencapsulated and display highly infiltrative growth
patterns on histologic examination.44 As a result, mastec-
tomy is usually required to achieve adequate negative
margins, although local recurrence rates are still 15% to
24% after approximately 2 years of follow-up.44,77 Partial
mastectomy may be considered on a case-by-case basis
(e.g., for a woman with a small lesion on MRI and ample
uninvolved breast tissue). Patients who develop local re-
currences may still achieve prolonged disease-free intervals
with repeat surgery.78

Adjuvant radiation has been used after surgery to try to
improve local control, although it is not significantly asso-
ciated with reduced local recurrence rates in several small
series.79,80 However, because the data are limited and solely
retrospective, adjuvant radiation is applied in practice on
a case-by-case basis using clinical judgment. Furthermore,
patients with primary breast angiosarcoma frequently de-
velop metastatic disease, with distant recurrence rates of
37% to 59% after local therapy.44,77 Patients with metastatic
disease are often candidates for systemic chemotherapy,
which may offer palliation and prolonged tumor control
(Table 4). Unlike other histologic subtypes, angiosarcomas
are uniquely sensitive to paclitaxel.58,81 A phase II trial of
weekly paclitaxel in 30 patients with unresectable angio-
sarcomas (including 10 with breast angiosarcoma) dem-
onstrated a 74% progression-free survival at 2 months,
although progression-free survival was only 45% by 4
months, suggesting that tumor response is only temporary.
However, three patients in this study had a partial response
sufficient to allow for their tumors to become resectable,58

which suggests that chemotherapy can also be applied in
a neoadjuvant setting in select cases. Like most other
sarcomas, angiosarcomas are sensitive to doxorubicin, and
it is not clear whether one agent is superior to the other for
these patients.82

In contrast to primary breast angiosarcomas, which arise
from breast parenchyma, secondary radiation-associated
angiosarcomas actually arise from the overlying dermis;
therefore, they are technically “cutaneous” and not “breast”
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sarcomas.83 They tend to be multifocal and diffusely in-
filtrative, despite sometimes presenting clinically as one or
more small discrete skin lesions. Furthermore, resection
specimens frequently contain multifocal islands of atypical
vascular lesions, which are postradiation vascular changes
thought to be precursors to angiosarcoma.84 Historically,
conservative excisions to negative margins have been
performed for patients with localized disease, but reported
local recurrence rates in retrospective studies ranged from
52% to 75%.33,46,85 We instead recommend a cutaneous-
oriented surgical approach consisting of mastectomy with
en bloc radical resection of all irradiated skin (Fig. 5), given
the multifocality and diffuse infiltrative nature of most of
these tumors. The assessment of the extent of the irradiated
breast skin for an individual patient can be challenging if
access to the original radiation planning is not readily
available. Therefore, we tend to rely on standard anatomic
landmarks to guide the extent of skin resection: clavicle as
superior margin, superior border of rectus sheath as inferior
margin, midsternum as medial margin, and anterior border
of latissimus dorsi as lateral margin.33,86 Evidence suggests
that this approach is associated with improved local control
and disease-specific survival. In a retrospective series of 76
patients with secondary radiation-associated breast angio-
sarcomas, patients undergoing radical skin resections had
a higher 5-year disease-specific survival compared with
those undergoing more conservative resections (86% vs.
46%; p , .01) and a lower 5-year crude cumulative in-
cidence of local recurrence (23% vs. 76%, p , .01).
Radical skin resection was also an independent predictor
of disease-specific survival after controlling for margin

status.86 Complete resection of the breast skin is critical.
Although the radiation-associated angiosarcoma only ex-
tends into the breast parenchyma in 60% of cases, mas-
tectomy is typically performed given the extent of skin
resection (with appropriate deep margin) required. Muscle
resection may be performed selectively based on clinical or
radiographic assessment, although direct pectoralis major
involvement is rare and occurs in only 6% of cases.86

Given the amount of skin that needs to be excised, almost all
patients require complex reconstruction. In a study87 of 35
women who had undergone mastectomy with radical skin
resection for secondary radiation-associated breast angio-
sarcoma, the median surface area of the wound defect was
700 cm2. Twenty-five patients underwent an abdominal
advancement flap, followed by split-thickness skin grafting.
Ten patients had exposed cartilage or bone in the wound
bed that was not completely covered with an abdominal
advancement flap alone. Seven of these patients underwent
an omental flap, and three underwent a pedicled latissimus
dorsi flap to cover cartilage and bone, after which all 10
patients underwent split-thickness skin grafting. Six patients
(17%) developed wound healing or infectious complications
requiring operative revision, highlighting the morbidity of
these large complex wounds.

Radiation for secondary breast angiosarcomas is contro-
versial. Some groups have reported good outcomes,88 but
concern exists about cumulative radiation toxicity, in par-
ticular rib fracture, pneumonitis, and tissue fibrosis.89

Treatment of metastatic radiation-associated angiosarcoma
is similar to that of primary angiosarcoma discussed

FIGURE 5. Secondary Radiation-
Associated Angiosarcoma of the
Right Breast in a Patient Who Had
Undergone Breast-Conservation
Therapy for Invasive Carcinoma
Several Years Prior
(A) Preoperative photograph
shows a peri-areolar erythema-
tous ulcerative lesion. (B) The
patient underwent a mastec-
tomy with radical resection of all
irradiated skin from the clavicle
to the superior border of the
rectus abdominis, as well as
from the sternum to the anterior
border of the latissimus dorsi.
The resection bed is depicted
here. (C) Anterior view of the
surgical specimen.
Reprinted with permission from
Ann Surg. 2017;265:814-820.
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previously (Table 4). Although systemic therapies for lo-
calized disease are again controversial, a neoadjuvant ap-
proach for locally advanced and borderline resectable
tumors can be considered after multidisciplinary evaluation
to help facilitate surgery of advanced tumors.

Desmoid Tumors

Desmoid tumors of the breast are managed similarly to other
extra-abdominal desmoid tumors. These tumors do not
have any metastatic potential, but they can be locally ag-
gressive and difficult to control. Some “breast” desmoids
actually arise deep to the breast parenchyma in the un-
derlying chest wall, and MRI of the breast can help to
discern whether the tumor is arising in the breast paren-
chyma or from the underlying pectoralis muscle with
displacement of the breast anteriorly. Initial observation is
a reasonable approach for patients with stable asymp-
tomatic desmoid tumors based on direct and indirect
observations from several studies, because some tumors
may partially spontaneously regress over time. In a series of
102 patients with abdominal wall desmoid tumors un-
dergoing observation, 28% experienced some degree of
spontaneous tumor regression, and only 16% underwent
surgery for progression or symptoms by 3 years. Size larger
than 7 cm was identified as a risk factor for progressing to
surgery.90 Furthermore, in a phase III trial comparing
sorafenib with placebo in 87 patients with desmoid tumors
at any site, 2-year progression-free survival was 36% in the
37-patient placebo arm; there was also a 20% objective
response rate in this arm, suggesting that these tumors had
spontaneously regressed.91

For patients with progressing or symptomatic lesions, sur-
gery remains the mainstay of therapy. Historically, widely
negative margins were mandated, even if this meant sub-
stantial postoperative morbidity, because local recurrence
rates were found to be as high as 27%, even with negative
margins.92 A smaller study of 32 patients with only breast
desmoid tumors also found a 56% recurrence rate with
margin-positive resection compared with a 16% recurrence
rate with margin-negative resection after a median follow-up
of 54 months, although it was underpowered to detect
a statistically significant difference.32 However, other data
suggest that local recurrence ratesmay not be as dependent
on margin status as initially believed. In a series of 426
patients with extra-abdominal desmoid tumors, of which
119 were truncal, 110 patients underwent R0 resection
(negative microscopic margins) and 107 underwent R1
resection (negative gross margins but positive microscopic
margins); there was no significant difference in 5-year
progression-free survival between these patient groups
(R0, 62.5% vs. R1, 60.5%; p = .867).93 Furthermore,
another study of 177 patients with desmoid tumors un-
dergoing macroscopically complete (R0 or R1) resections

showed that, although R0 margin status was an in-
dependent predictor of progression-free survival, those with
an R1 resection still had a 10-year progression-free survival
of 52%.94 Grossly margin-positive (R2) resections are not
recommended, because 2-year and 10-year progression-
free survival are as low as 43% and 22%, respectively.93

Taking all of the data from desmoid tumors of any site into
consideration, if surgery is deemed warranted after multi-
disciplinary discussion for a tumor originating in the breast,
we recommend an R0 resection if technically feasible;
however, an R1 resection is reasonable to consider if it will
help to spare the patient excessive morbidity, such as an
extensive chest wall resection.

Radiation can be used as alternative primary local therapy to
surgery for patients who are not surgical candidates or for
those with unresectable disease. A study of 44 patients with
desmoid tumors treated with radiation alone found that 91%
of patients had stable or responsive disease at 3 years; some
of these patients experienced prolonged responses to ra-
diation beyond 3 years.95 Adjuvant radiation does not seem
to be associated with improved local recurrence rates after
R0 resection,96 but data on adjuvant radiation after R1
resection is somewhat conflicting. One retrospective study
of 189 patients with desmoid tumors found 10-year local
recurrence rates of 27% in 78 patients with R0 resections,
54% in 40 patients with R1 resections, and 31% in 33
patients with R1 resections plus adjuvant radiation. Margin
positivity was a predictor of local recurrence in the surgery-
only group but not in the surgery-plus-radiation group,
which the investigators argued indicated that radiation
helped to offset the increased risk of local recurrence in
patients with R1 resections.92 However, another study of
105 patients with truncal or extremity desmoid tumors
treated with surgery alone (74 patients) or with surgery plus
adjuvant radiation (31 patients) did not find a significant
difference in local recurrence rates (23% for both groups;
p = .82), and this remained true after controlling for margin
positivity.97

A wide range of systemic therapies can be used to treat
unresectable breast desmoid tumors or those that recur lo-
cally, despite both radiation and surgery. Options include
nonsteroidal anti-inflammatory agents,98 hormone therapy
(e.g., tamoxifen),99 tyrosine kinase inhibitors (e.g., sorafenib91

or pazopanib),100 or cytotoxic chemotherapy (e.g., doxoru-
bicin alone101 or in combination with dacarbazine102 or
methotrexate-based combinations; Table 4).103 Novel
agents targeting the Wnt/β-catenin and Notch pathways,
such as Wnt inhibitors104 and gamma-secretase inhibitors,105

show promise for management and are under investigation.
In general, cytotoxic chemotherapy is reserved for fast-
growing symptomatic tumors, whereas noncytotoxic thera-
pies, such as hormone therapy or tyrosine kinase inhibitors,
are used for more indolent tumors.
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SIDEBAR. AMERICAN JOINT COMMITTEE ON CANCER/UNION FOR INTERNATIONAL CANCER CONTROL STAGING FOR SOFT
TISSUE SARCOMAS OF THE EXTREMITIES AND TRUNK, 8TH EDITION

T (PRIMARY TUMOR)

• Tx = Cannot be assessed
• T0 = No evidence of primary tumor
• T1 = Tumor � 5 cm in greatest dimension
• T2 = Tumor . 5 cm and � 10 cm in greatest dimension
• T3 = Tumor . 10 cm and � 15 cm in greatest dimension
• T4 = Tumor . 15 cm in greatest dimension

N (REGIONAL LYMPH NODES)

• N0 = No regional lymph node metastasis or unknown lymph node status
• N1 = Regional lymph node metastasis

M (DISTANT METASTASIS)

• M0 = No distant metastasis
• M1 = Distant metastasis

G (GRADE)

• GX = Cannot be assessed
• G1 = Total grade score of 2–3
• G2 = Total grade score of 4–5
• G3 = Total grade score of 6–8

GRADE SCORING

Differentiation
• 1: Sarcomas closely resembling normal adult mesenchymal tissue
• 2: Sarcomas for which histologic typing is certain
• 3: Embryonal and undifferentiated sarcomas, sarcomas of doubtful type, synovial sarcomas, soft tissue osteosarcoma,
Ewing sarcoma/primitive neuroectodermal tumors of soft tissue

MITOTIC COUNT

• 1: 0–9 mitoses per 10 HPF
• 2: 10–19 mitoses per 10 HPF
• 3: � 20 mitoses per 10 HPF

Necrosis
• 0: No necrosis
• 1: , 50% tumor necrosis
• 2: � 50% tumor necrosis

STAGING

• IA = T1, N0, M0, GX or G1
• IB = T2-4, N0, M0, GX or G1
• II = T1, N0, M0, G2–3
• IIIA = T2, N0, M0, G2–3
• IIIB = T3-4, N0, M0, G2–3
• IV = Any T, N1 or M1

Abbreviation: HPF, high-powered field.

Adapted from AJCC Cancer Staging Manual, 8th ed.38
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CONCLUSION

Breast sarcomas are rare entities that share more in
common with soft tissue sarcomas of other sites than
breast carcinomas. Similar to sarcomas of other anatomic
sites, diagnosis generally requires a core needle biopsy
and MRI of the affected area (breast), and staging should
be performed with a CT scan of the chest, with the ex-
ception of desmoid tumors or benign phyllodes tumors.
Treatment of localized disease generally involves surgical
resection to negative margins if feasible, but it is highly
histology dependent, because stable desmoid tumors may
be observed, whereas even small secondary angiosarco-
mas may require mastectomy with radical skin resection.
Although surgery is the cornerstone of management for

most localized breast sarcoma and phyllodes tumors, the
benefit of adjuvant radiation and chemotherapy is con-
troversial and highly dependent on histology and prior
therapies. Metastatic breast sarcoma is treated similarly to
other metastatic soft tissue sarcomas with systemic che-
motherapy, palliative radiation, and pulmonary meta-
stasectomy for select patients with resectable isolated lung
metastases. Novel approaches with immunotherapy and
targeted therapy are also being investigated. More pro-
spective data are needed to help guide and improve the
care of patients with breast sarcomas, although multi-
institutional collaboration and thoughtful trial designs
will be needed given the rarity and heterogeneity of this
disease.
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SARCOMA

Disparities in Cancer Care: The Example of
Sarcoma—In Search of Solutions for
a Global Issue
Thierry Alcindor, MD, MSc1; Sinziana Dumitra, MD, MSc1; Karen Albritton, MD2; and David M. Thomas, MD, PhD3

overview

Disparities in health care have an adverse effect on the outcome of disadvantaged patients with cancer.

Patients may be at a disadvantage because of geographic isolation; insurance status; or racial, ethnic, or other

factors. In this article, we examine how disparities affect the care of patients with sarcoma in the United

States, Canada, and the Asia-Pacific region. Because of the rarity of sarcomas and their challenging diagnosis

and complex treatment patterns, some professional or national guidelines stipulate that patients with sarcoma

should be treated at centers of expertise by multidisciplinary teams. This recommendation, based on

published evidence, is not always applicable because of various sociopolitical or patient-related factors. We

are proposing solutions to overcome these obstacles in a practical and patient-centered way while ac-

knowledging that disparities exist among countries as well as within any country.

INTRODUCTION

Sarcomas are rare cancers arising from mesenchymal
tissue. Bone and soft tissue sarcomas encompass at
least 175 distinct histologic subtypes, with varying
clinical behaviors and oncologic outcomes. Their rarity
and histologic heterogeneity pose a great challenge in
diagnosis and management.1 For instance, although
patients diagnosed with extremity sarcoma present
relatively early in the disease process, those diagnosed
with retroperitoneal sarcoma present later, because the
course of disease is indolent and involves marked
growth before notable symptoms. These diseases re-
quire an approach by a multidisciplinary team “with
extensive expertise and experience in the treatment of
sarcoma,” according to the National Comprehensive
Cancer Network.2 This recommendation comes from
data that fairly consistently show improved sarcoma
outcomes at a center with expertise,3,4 although studies
are hampered by accounting for case mix and con-
founding variables and by trouble defining expertise. In
this article, we review disparities in sarcoma care in
North America (Canada and the United States) and
provide some remarks about the Asia-Pacific region.

Referral Centers and Regionalization of Care

Given the challenges in the diagnosis of sarcoma and
the complexity of its treatment, it is crucial to obtain the
input of experienced radiologists, pathologists, sur-
geons, medical oncologists, and radiation oncologists
in the setting of a multidisciplinary tumor board. Sar-
comas should ideally be treated at a high-volume re-
ferral center with the expertise to provide such care.5

Multiple analyses of the National Cancer Database
found that, in the United States, there were significantly
improved oncologic outcomes in patients with soft
tissue sarcoma undergoing treatment at high-volume
centers,6-8 even when this care necessitated travel.9

Most studies have used case volume as a surrogate for
expertise.10 The definition of high-volume sites has
varied; it is sometimes defined as sites in the 99th
percentile for volume, but it generally includes sites
that see more than five to 20 (de novo, surgical) cases
per year. Regionalization of care and the establishment
of clear guidelines are associated with improved out-
comes in European countries, such as France.11

In Canada, there are established referral centers in
each province to which all patients have access, and
mandates in most provinces regionalize and establish
corridors of care. Because of the oversight by provincial
agencies, the care provided in these centers tends to
be uniform, evidence based, and consensus driven.
Moreover, thanks to organizations such as the Cana-
dian Cancer Trials Group, many regional centers offer
patients enrollment in high-quality trials, facilitating
access to cutting-edge treatments.

However, access to treatment can be geographically
and economically challenging, especially in Canada,
where distance traveled to a referral center is extremely
variable. In the United States, where centralized sar-
coma care is not mandated, most patients with sar-
coma are still treated at low-volume sites. National
Cancer Database analyses estimate this proportion to
be between 83% and 95% (depending on the sarcoma
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subtype and the definition of high-volume center).12 Be-
cause the National Cancer Database only includes patients
treated at Commission on Cancer–affiliated sites (approxi-
mately 30% of cancer cases), the percentage seen at high-
volume sites is almost assuredly even lower. The concept
of distance decay (i.e., the oncologic outcomes of patients
decrease the farther away they live from a referral center)
has been shown for several malignancies, including sar-
coma.13 If care and outcomes are better at specialized,
regionalized centers of excellence, then patients with sar-
coma who reside a distance from these sites are disad-
vantaged, either because they are less likely to travel for that
care, or, if they do travel, because they will bear greater
associated financial and psychosocial burdens. Clearly,
issues remain with regard to ensuring access and receipt of
care at these centers. To remove this disparity, two ap-
proaches can be taken.

Improve Utilization of Centers of Excellence

Clarify definition of centers of excellence Given the low
number of sites that meet the criteria of high volume, there is
opportunity to clarify and expand the definition of centers of
excellence. The Sarcoma Alliance for Research through
Collaboration has 85 U.S. institutions that are deemed
centers with expertise, but there has been no assessment of
whether treatment at one of these centers results in im-
proved outcomes or whether they are accessible to a ma-
jority of the population. The sarcoma advocacy and
professional communities should work together to analyze
geographic disparities, such as has been done in France,14

and creatively develop incentives that would create more
accessible options for centralized high-quality care. In ad-
dition, efforts to further define and accredit centers of ex-
pertise may clarify guidelines that encourage referral, similar
to the development of the Foundation for the Accreditation
of Cellular Therapy in blood and marrow transplantation
centers.

Educate primary care physicians about diagnosis and referral
There is no screening test for sarcoma, so the timeliness of
diagnosis depends on initial medical providers recognizing

and appropriately working up the condition. Occurring in
various forms throughout the body, sarcoma can present
nonspecifically; the first symptoms are oftenmisattributed to
other musculoskeletal conditions or benign lesions (e.g.,
lipomas). Educating primary care providers to recognize
the symptoms of sarcoma and to refer appropriately is
a daunting task, given the number and variety of providers
that patients with sarcoma may first see with symptoms. In
the United Kingdom, a national sarcoma advocacy group
has developed a provider awareness campaign and spon-
sored the development of an open-access training
module.15

Promote patient awareness and study patient-reported
barriers It is likely that many patients with sarcoma are
never made aware of the possible differential outcome
benefits of care at a center of excellence, although it is not
clear that this knowledge overcomes preference for local
care. A few studies in the United States have presented
hypothetical vignettes to patients, asking whether they
would be willing to travel to improve outcomes; the results
suggest that factors other than raw outcome differences are
considered.14,16,17 Receipt of care in a distant site requires
financial and other costs that can be considered un-
affordable: travel time and expense, possible need for
lodging and food, reliable transportation, additional time
away from work, and additional time away from childcare
responsibilities. These burdens may be prohibitive or, even
if overcome, may leave the remote patient with unequal
financial hardship, not to mention other psychosocial stress.
In the United Kingdom, where guidelines have increasingly
mandated centralization of care, a 2015 patient experience
study,18 in which 90% of patients were treated by a sarcoma
specialist team and half of patients had to travel more than
20 miles for treatment, found that 90% of patients did not
mind traveling. However, a robust survey of patients with
sarcoma who have not traveled to be treated by specialists
would be required to fully understand the patient values and
preferences needed to overcome logistic and financial is-
sues. Programs offered by charities, such as the Canadian
Cancer Society, help Canadian residents with transportation
and housing while they receive lengthy chemotherapy and
radiotherapy treatments away from home.

Improve Decentralized Care to Those Who Do Not Travel

The disparities noted here can be mitigated by strength-
ening the seamless transfer of care of patients with sarcoma.
Constant communication with primary care physicians, as
well as access to telemedicine, can improve access to care
even more and limit the pecuniary burden of care in referral
centers.

There is a need to improve care when the patient does
not physically receive all care at the center of expertise.
Although this approach may be perceived as mixed

PRACTICAL APPLICATIONS

• Because not all patients with sarcoma can be
treated at centers of expertise, it is necessary to
find creative ways for them to benefit from these
centers when they have no access.

• Benefits can be achieved by improving utili-
zation of centers of expertise or improving
decentralized care through collaboration.

• Telemedicine can be used as a tool to enhance
national or international collaboration.
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messaging, because guidelines promote centralized care, it
is a reality that, given the substantial and real barriers, not all
patients will be able or willing to receive any or all of their
care at these centers, and efforts should be made to
minimize compromised outcomes. The most practical ap-
proach in these cases is to pursue a hybrid approach,
finding a way to support the patient by delivering the most
important components of care at the center of excellence
and facilitating the quality delivery of remaining therapy
closer to home. An important finding of one study, by
Bagaria et al,19 in extra-abdominal soft tissue sarcoma was
that, although high-volume hospitals more often adhere to
treatment guidelines (significantly so for stage III tumors),
low-volume hospitals that followed national guidelines
achieved comparable outcomes.

Centralized pathology review Many studies have identified
difficulties with accurate pathologic diagnosis in sarcomas.
On expert review, up to 40% of cases were considered
incorrectly diagnosed2,20; errors involved underestimating
and overestimating the malignant nature, resulting in the
risk of inadequate treatment. National Comprehensive
Cancer Network guidelines recommend that “pathologic
assessment of biopsies and resection specimens should be
carried out by an experienced sarcoma pathologist.”2

Centralized or expert pathology review is a relatively feasi-
ble procedure that does not require patient travel and is
likely cost saving.21 Barriers include insurance coverage or
out-of-pocket cost for uninsured patients, delay in the start
of treatment, and pathologist reluctance, but other countries
can be models of successfully overcoming these barriers. In
addition to the French experience, England has established
designated Specialized Sarcoma Pathologists who take part
in external quality-assurance schemes and have an informal
network for slide and peer review.22

Centralized surgery for appropriate cases Because appro-
priate surgical resection is such a powerful predictor of
outcome for soft tissue sarcoma, it is not surprising that
patients having surgery at low-volume sites have worse
outcomes.11 Studies have shown that rates of complete (R0)
resection are lower at remote or low-volume centers. Soft
tissue sarcoma can be resected by a variety of general and
specialty surgeons. Fewer than 10% of suspicious lumps
will be malignant; if all these were initially referred to
a sarcoma surgeon, the burden on the patients and the
specialist would be onerous. Some studies have been done
to delineate an algorithm that would appropriately flag likely
malignant soft tissue tumors (size. 5 cm, rapid increase in
size, location deep to fascia, pain). Efforts should bemade to
improve, disseminate, and test the efficacy of such di-
agnostic algorithms for community surgeons. It is unclear
whether there is a threshold of cost savings or patient
outcomes that would influence practice policy or changes to
insurance coverage in the United States or other countries.

Support and education of local oncologists Care and case
discussion via a multidisciplinary team or a tumor board are
believed to be essential to sarcoma outcomes.23,24 Im-
proving the expertise and comfort of remote oncologists is
likely best accomplished with ongoing, case-based support.
The wider acceptance of telemedicine and teleconferencing
in the last year, as a result of the restrictions imposed by the
COVID-19 pandemic, should open large doors for remote
dissemination of sarcoma expertise,25 especially because
the benefit has already been proven in other settings. In the
United States, the Extension for Community Healthcare
Outcomes,26 which was initially developed to support re-
mote physicians treating hepatitis through monthly case
conferences and education by a centralized expert gas-
troenterologist, has now been expanded and proven ef-
fective in multiple other fields and settings and could be the
platform for supporting sarcoma care in remote areas.

Psychosocial support and resources for remote patients
Sarcoma therapy may be offered or attempted locally, but
the patient may not have access to appropriate psychosocial
support to start or complete therapy. Multiple studies have
shown that geographic barriers disproportionately affect
patients of low socioeconomic status, racial minorities, or
those who lack private insurance—so those with perhaps
the greatest needs cannot access the support services of
a tertiary center.27 Without multidisciplinary ancillary ser-
vices, such as social work, therapists, and navigators, pa-
tients may not be aware of or access resources that would
make treatment financially, pragmatically, or emotionally
feasible. Efforts to provide decentralized psychosocial
support to patients with sarcoma have been successful in
England and Australia by placement of remote “key
workers” or nurse navigators.28 Some ancillary services,
such as fertility preservation or prosthetic shops, are also
centralized; presumably, remote patients with sarcoma
have less access to these services that can improve quality
of life. Again, the COVID-19 pandemic has resulted in in-
creased availability of technology benefiting remote patients
with cancer, including access to telepsychiatry and an
enormous increase in the utilization of online support
groups. This availability should dramatically increase access
to the resources and support needed to complete therapy.

Ethnic and Racial Disparities

Multiple population studies in the United States based on
the Surveillance, Epidemiology, and End Results program or
the National Cancer Database have identified racial dis-
parities in sarcoma-specific survival and other oncologic
endpoints. In Canada, given the rarity of these tumors and
the comparatively smaller population, racial and ethnic
disparities have not been identified in the context of sar-
coma care specifically. However, disparities and health
inequities have been identified in high-risk populations with
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regard to other, more common cancers, such as lung,
breast, and ovarian cancers,22 and they are likely present for
sarcomas as well. Indeed, the Indigenous population has
decreased access and utilization of health care services,
leading to decreased survival in 14 of the 15 most common
cancers, even after accounting for socioeconomic status
and rurality.28 Community partnerships are key in improving
these outcomes; Ontario, for example, has established
a three-phased Aboriginal Cancer Strategy to improve
cancer-control strategies with tailored programs.

Another high-risk health disparity group is immigrants, who,
as an example, constitute approximately 20% of the Ca-
nadian population and significantly underutilize the health
care system, especially cancer-screening programs, with an
impact on cancer survival.29,30 This underutilization can be
due to a language barrier, education level, or poor socio-
economic status. Additional research must address these
issues in sarcoma care in Canada and elsewhere.

INSURANCE STATUS

In countries with a predominance of privately insured care,
patient outcomes can vary according to insurance status. A
recent study of the Surveillance, Epidemiology, and End
Results program database of patients with extremity sar-
coma identified that disparities in insurance status were
associated with an increased risk for metastatic stage at
diagnosis, decreased rate of limb-salvage procedures, and
decreased disease-specific survival.31 The Canadian health
care system is based on universal access for all Canadian
citizens and permanent residents, free of charge. Health
care is a provincial mandate; thus, each province allocates
resources and establishes its own guidelines in terms of
resource management. Yet, disparities can occur when it
comes to access of novel systemic treatments that are not
provincially reimbursed and, thus, must be covered by the
patient’s medication insurance, which is mandatory in many
provinces.

The great advantage of such a health care system is the
improved access to treatment and to optimal care in-
dependent of the patient’s age, employment status, or fi-
nancial situation. Although one might be concerned about
the delays that can be incurred at every step of the diagnosis
in a fully public-funded system, provincial health agency
requirements ensure that each component of care is per-
formed within a timely fashion according to pre-existing
guidelines.

THE ASIA-PACIFIC REGION

The Asia-Pacific region, comprising 45 countries, is the
most diverse and populous on earth. Much of this diversity is
relevant to health outcomes, including cancer. The following
data were extracted from the World Health Organization32

and the World Bank.33 It is critical to note that the quality of

data collection varies by country. For example, there are no
data recorded on gross domestic product for theWorld Bank
for Afghanistan between 1982 and 2002 or from North
Korea at all.

The Asia-Pacific region comprises more than 4.2 billion
people, or 54% of the global population. The subregions
range in population size from 11,650 people (Tuvalu) to 1.4
billion (China). Population growth in the region has been
among the highest on the planet, and the Asia-Pacific region
contains the three largest populations globally: China, India,
and Indonesia. Populations vary in size as well as in ethnicity.
Government types vary from autocracy through single-party
systems to parliamentary democracies. The per capita gross
domestic product also varies strikingly across the Asia-Pacific
region from low-income Micronesia (US $631) and Nepal
(US $1,071) to middle-income India (US $2,099), Papua
NewGuinea (US $2,434), and China (US $10,261) and high-
income Singapore, Australia, Japan, and South Korea (more
than US $44,671; 2017 data).

These demographic, political, and economic features are
immediately relevant to health outcomes, which also vary
enormously across the region. In 2018, life expectancy in
Papua New Guinea was 64.3 years, compared with 83.1
years in Singapore. Among low-income countries, life ex-
pectancy is 63.5 years, compared with 80.7 years for na-
tions with high-income status. However, life expectancy is
changing rapidly, increasing in Nepal from age 62.3 in 2000
to age 70.5 in 2018. Unsurprisingly, the contribution of
cancer to health outcomes and life expectancy also varies
enormously. Among low-income countries, six of the top 10
causes of death are infectious (HIV, tuberculosis, malaria),
whereas communicable, maternal, and perinatal causes of
death account for 65% of mortality. Cancer is not in the top
20 causes of death; it accounts for 3.9% of deaths. Among
high-income countries, cancer accounts for four of the top
10 causes of death (lung, bowel, breast, and stomach), and
infectious illness (lower respiratory tract infections) ac-
counts for only one of the top 10 causes. Communicable,
maternal, and perinatal causes account for 6.6% of deaths
in higher-income countries, whereas cancer accounts for
25% of deaths. Indeed, cancer is now the leading cause of
death in high-income countries.34 These factors determine
the priorities for health systems in addressing the challenge
of cancer.

The patterns of cancer vary strikingly across the Asia-Pacific
region, as determined by poorly understood genetic and
environmental differences. For example, although breast,
bowel, and lung cancers are among the leading types of
cancer in Australia and New Zealand, in the Western Pacific
region, liver and stomach cancers are important causes
of cancer mortality. Many cancers associated with infec-
tious diseases are more common and more lethal in the
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Asia-Pacific region; examples include nasopharyngeal
cancer (Epstein-Barr virus), liver cancer (hepatitis B and C
viruses), bladder cancer (schistosomiasis), and cervical
cancer (HPV). In Papua New Guinea, cervical cancer is
more common than breast cancer as a leading cause of
death in women younger than age 50.35 This fact reflects
social determinants of the transmission of HPV, the ab-
sence of public health measures (Papanicolaou screening,
vaccination), and limited resources for cancer treatment.
Other distinctive cancer patterns appear genetically de-
termined. For example, EGFRmutation–positive non–small
cell lung cancer in young, nonsmoking Asian women ap-
pears linked to distinct loci in genome-wide association
studies.36

Disparities in cancer outcomes exist within countries in the
Asia-Pacific region as well as between them. Within Aus-
tralia, a high-income nation with excellent overall cancer
outcomes, Indigenous populations are 40% more likely to
die from cancer than are non-Indigenous Australians.37 In
New Zealand, Maori populations have poorer outcomes for
23 of 24 of the most common causes of cancer death.38 The
excess mortality is partially attributed to persistent social
disadvantage, despite the efforts of the relevant health
systems.

Rare cancers, including sarcomas, represent particularly
problematic challenges to health care, including in the Asia-
Pacific region.39 Concentrated expertise in diagnosis, im-
aging, surgery, radiotherapy, and systemic therapy for
sarcomas are essential for optimal outcomes. Molecular
pathology and genomics are only partially accessible in
high-income countries. In countries such as Papua New
Guinea, simple histologic diagnosis of osteosarcoma is
performed by a limited number of laboratories for the entire
country, often not in a timeframe consistent with optimal
treatment. Volume-dependent, sarcoma-specific surgical
expertise, including the intraoperative, anesthetic, and
postoperative support resources to perform limb-salvage
procedures, is limited by context in low-income countries.
Low-income countries have limited access to linear accel-
erators and may depend on older cobalt machines, without
access to advanced planning and simulation. The afford-
ability of systemic therapies is a persistent issue, driving the
use of generic agents and affecting the choice of agents. In
addition, the ability to record outcomes accurately is a key
feature of quality-driven outcomes and is likely limited
by income status. In countries without single-payer,
government-supported health care, access to optimal care
may be affordable privately, creating issues of equity of
access. The global trend for rare cancers toward person-
alized medicine, with its progressive dependence on
genomics and access to targeted therapies, is likely to

exacerbate differences between countries in the Asia-
Pacific region in particular.

Research is fundamental to state-of-the-art care for patients
with sarcoma. There are active cooperative clinical research
organizations focused on sarcoma in the Asia-Pacific re-
gion, including the Australian and New Zealand Sarcoma
Association and the Asian Sarcoma Consortium, which have
broad membership of oncologists from higher-income coun-
tries in the Asia-Pacific region.40

Economic and population growth in the Asia-Pacific region
will dominate the global landscape in the 21st century.
Among global giants, China has increased its per capita
gross domestic product more than 10-fold since 2000, and
India’s has increased almost 4.8-fold. Health is a funda-
mental human good; as the per-capita wealth of countries
expands, it will likely drive investment from and engagement
with the global pharmaceutical industry. However, this
engagement is also determined by politics and international
law. Economic and population growth may increase the
likelihood of major conflicts in the Asia-Pacific region, which
will have adverse effects on health systems. Drug devel-
opment globally depends on international patent law and
trade agreements. Low- and middle-inome countries have to
balance protecting intellectual property rights and satisfying
the health needs of their populations. An example of this
balance was the Indian patent office’s rejection of the
Novartis patent for imatinib, a decision upheld by the Indian
Supreme Court in 2013.41 This balance will shift as the
economic development of countries, such as India and
China, incorporates vibrant pharmaceutical and high-tech
industries.

CONCLUSION

Improvement in cancer-treatment outcomes requires in-
creasingly complex diagnostic and treatment procedures,
which have variable availability between countries and even
within countries. The best outcomes are obtained through
treatment given by multidisciplinary teams in centers of
expertise, especially for rare tumors, such as sarcomas. This
ideal model is not always possible because of sociopolitical
or patient-related reasons, whether in high-income or low-
income areas. Even in countries with uniform universal
health care and accessible regional centers, disparities in
care can still occur secondary to distance, education, and
socioeconomic status as well as racial and ethnic factors.
Several solutions have been tested in different countries and
can be applied to help patients take advantage of that
expertise, even partially, to reduce disparities. The current
trend of telemedicine could facilitate these exchanges at
a national or an international level.
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SYMPTOMS AND SURVIVORSHIP

Telehealth Strategies to Support Patients and
Families Across the Cancer Trajectory
Marie Bakitas, DNSc, CRNP, AOCN, FAAN1; Andrea L. Cheville, MD, MSCE2; Therese Marie Mulvey, MD, FASCO3;

Jeffrey Peppercorn, MD, MPH3; Kristen Watts, PhD4; and J. Nicholas Dionne-Odom, PhD, RN, FAAN1

overview

Effective delivery of cancer care via telehealth requires a planned care system that accounts for myriad

patient, provider, and practice/cancer center resources before, during, and after the care episode. Telehealth

is broadly defined as a method to have virtual, bidirectional communication between patients and providers.

Telehealth can includemethods such as audio-only, video-consultation, and tele-monitoring, which can occur

in a synchronous, asynchronous, or blended format. The purpose of this review is to present common

foundational principles for providing clinical cancer care via telehealth, followed by an overview of three

distinct examples of comprehensive telehealth programs that have been developed to meet the needs of

patients and families across the cancer trajectory, including survivorship, rehabilitation, and palliative care

phases. The programs described are exemplars that were developed and implemented prior to the coronavirus

pandemic, so they reflect many years of planning and evidence. Lessons learned include the need for ongoing

patient support, clinician training, and cancer health system/practice programmatic considerations such as

billing, scheduling, reimbursement, software, and hardware/platform security. Although the COVID-19

pandemic produced an explosive shift in regulations and implementation, sustainability of these changes may

not be long-term. Nevertheless, a permanent shift in cancer care to include telehealth is likely here to stay.

The novel coronavirus pandemic caused major shifts
from in-person care to telehealth in oncology practices—
described by one health care executive as “weeks where
decades happen.”1 These practice changes were moti-
vated by the need for social distancing rather than
a desire to create an organized, patient- and family-
centered telehealth program. Practices, patients, and
oncology professionals learned quickly that telehealth is
more than providing an office visit by phone or video-
conferencing. Rather, effective delivery of telehealth
requires a planned care system that accounts for
myriad patient, provider, and practice/cancer center
resources before, during, and after the care epi-
sode.2 In cancer, many diagnostic and anticancer
treatment activities cannot be performed remotely.
However, in the diagnostic realm, a notable exception
has been telepathology, where a joint program was
developed between the American Society of Clinical
Pathology and organizations in Africa to improve
cancer diagnosis.3 Nevertheless, a significant pro-
portion of evidence-based cancer care can and has
been safely and successfully provided in a virtual
format.4

Telehealth is broadly defined as a method to have
virtual, bidirectional communication between patients
and providers. Telehealth can include methods such
as audio-only, video-consultation, and tele-monitoring,

which can occur in a synchronous, asynchronous, or
blended format.5 Figure 1 illustrates considerations in
clinical care via telehealth with three examples. The
vertical axis reflects the spectrum of audio-only (e.g.,
telephone) to more sophisticated applications inclusive
of video and tele-monitoring platforms. The horizontal
axis reflects the timing of the contact from proactive
(e.g., focused psychoeducation while patients are
stable), to planned (e.g., a scheduled visit), to reactive
(e.g., in response to a problem).

In Fig. 2, Educate, Nurture, Advise, Before Life Ends
(ENABLE), described in detail later, is shown as an
example of a proactive, audio-only palliative care ap-
proach that is initiated when patients are newly di-
agnosed with an advanced cancer.6 Resolution Care is
an example of a program that provides planned tele-
health visits to patients with known problems and
issues and offers multiple platforms and home
monitoring to track patients’ symptoms.7 Finally,
telephone triage has been commonplace in oncology
care for decades. In response to the pandemic, a novel
telehealth program, known as PATCH-24 (PAlliaTive
Care Help line), provided palliative care telephonic
support to emergency department providers across
New York City to help educate them in palliative
care–focused communication skills and symptom
management. Ultimately, PATCH-24 palliative care
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specialists were able to speak to patients directly, thus al-
leviating the burdens of having goals of care conversations
with the overwhelming number of patients and families
coming into the emergency department in acute crisis.8

This purpose of this article is to present some of the overall
issues for health care providers to consider while providing
clinical cancer care via telehealth and an overview of three
distinct examples of comprehensive telehealth programs
that have been developed to meet the needs of patients and
families across the cancer trajectory, including survivorship,
rehabilitation, and palliative care phases. The programs
described are exemplars that have been developed and
implemented prior to the coronavirus pandemic, so they
reflect many years of planning and evidence. After a brief
program description, phase-specific issues of using tele-
health are described, including lessons learned and actual
or potential dissemination strategies.

TELEHEALTH PROGRAM BASICS FOR CANCER CARE

Program development of telehealth programs for cancer
care, regardless of the phase in which it is being used, have
common and important considerations.9 The first step is to

do comprehensive planning to address the needs of the
patients, providers, populations, and health systems.10

Assessment of patient needs must include those who
may provide care for them (e.g., caregivers, families, and
local community providers). In this realm is their familiarity
and comfort with technology, health literacy, language
considerations, availability of broadband (in the case of
video visits), and safety concerns. This assessment should
recognize that 20% to 40% of patients, depending on the
setting, are digitally illiterate and unable to participate in
telehealth. Much work is needed in this area to reduce care
inequity. Prospective systems must be in place to assess
and assist the patient to properly participate in the visit.
Clinicians must be able to assess whether the patient is
able to speak freely, discern who else may be present, and
have the capacity to assess whether an in-person visit may
be needed and how that would be provided.11 Coordination
with local community primary care providers is an ad-
ditional consideration, especially if local in-person care
may be needed in response to issues identified in a tele-
health visit.

Clinicians require education, time, and space to perform
telehealth visits. Telehealth etiquette does not come natu-
rally to patients and providers.11 Workflow and scheduling
considerations for telehealth are unique; telehealth visits are
not well suited to be performed during a busy in-person
clinic. Scheduling systems must clearly communicate to
patients whether the visit is in-person or telehealth. Hence,
best practice recommendations are for clinicians to have
specific times for telehealth clinics. Typically, a nurse or
technician must contact the patient and prepare them for
the visit, perhaps being placed in a virtual waiting space
until the clinician can join. Mechanisms must be in place for
follow-up examinations, prescriptions, and referrals to local,
community, and home-based support services to supple-
ment when needed.

PRACTICAL APPLICATIONS

• High-quality supportive care for persons with
cancer has been provided by telehealth for
decades; however, the COVID-19 pandemic
created a paradigm shift within weeks that in-
creased widespread telehealth application and
acceptability.

• Cancer care by telehealth is not simply
replacing an in-person visit with an audio or
video contact; it requires comprehensive pro-
gram planning and proactive training of pa-
tients, professionals, and practices.

• Survivorship care via telehealth requires co-
ordination, electronic health record–based
survivorship care plan templates, and follow-up
to maintain high-quality and safe care.

• The COPE and electronic health record–
facilitated E2C2 trials offer use cases that
highlight the capabilities that make “tele-
rehabilitation” more accessible and potentially
more effective than conventional center-
based care.

• Despite the “high-touch” bias, early palliative
care telehealth models such as Educate, Nur-
ture, Advise, Before Life Ends for patients newly
diagnosed with advanced cancer and Corner-
stone for family caregivers have been able to
improve quality of life, boost mood, and reduce
caregiver burden.

FIGURE 1. The Spectrum of Telehealth With Examples
Abbreviations: ENABLE, Educate, Nurture, Advise, Before Life
Ends; PATCH-24, Palliative Care Help.
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The health system or cancer practice should conduct a fi-
nancial assessment of developing telehealth support to
determine staffing, billing, scheduling, interactivity with the
medical record, reimbursement, and issues related to return
on investment.10,12 With the advent of the COVID-19 pan-
demic and declaration of a public health emergency,
modifications were made in public and private insurance
allowances for billing, reimbursement, relaxation of regu-
lations for using Health Insurance Portability and Ac-
countability Act–compliant technology, and professional
barriers to allow care to be provided across states.2,13,14 It
remains to be seen how these regulations will be maintained
following the public health emergency to continue to fa-
cilitate the delivery of high-quality cancer care via telehealth.

TELEHEALTH CARE DURING THE SURVIVORSHIP PHASE

Prior to the COVID-19 pandemic, clinical care delivery via
telehealth accounted for 0.4% of total Medicare pro-
fessional fee services spending.15 Seemingly overnight, the
COVID-19 pandemic abruptly altered cancer care and
patient provider communications.16 At Massachusetts
General Hospital Cancer Center, telehealth visits accounted
for half of all visits during the COVID-19 pandemic surge,
and now, post-surge, account for 25% of all ambulatory
oncology visits. With this shift in care, we identified the need
to define and provide guidance for our cancer center cli-
nicians regarding best practices for optimal telehealth
survivorship care.

We defined telehealth for our providers as a means of
interacting with patients in real time and asynchronously,

including virtual clinic visits by telephone or video platform,
embedded educational videos, real-time support groups,
and asynchronous written e-consults that do not require
a patient visit.2 Recognizing the real differences in care
delivery from an in-person visit to a virtual visit, we de-
veloped guidelines for etiquette and cadence for all visits for
adult survivors of solid tumor malignancies, using published
literature and local experience.17-19

We recognized the difference between usual in-person
clinic visits and telehealth visits was most often familiarity
and comfort navigating a video platform, on the part of both
providers and patients.20,21 Provider educational videos
were developed and on-demand tip sheets to troubleshoot
common problems while using virtual care were developed.
We recognized that the provider conducting the virtual visit
became the de facto “help desk” during the visit and as
such needed training. Both patients and providers require
a confidential and quiet environment to conduct a video or
telephone visit. Establishing this etiquette requires planning.
A video visit in a busy clinic workroom between in-person
visits was not recommended after our early experience and
is no longer scheduled in this manner.

The choice of platform requires clear communication at the
time of scheduling and a backup plan if the connection is
problematic. We use a Zoom-embedded electronic health
record platform that is pushed to the patient through the
established electronic portal and use the phone-based
Doximity video platform as backup. Telephone visits are
the last option to communicate if a video option is not

FIGURE 2. Educate, Nurture, Advise, Before Life Ends and Cornerstone Telehealth Sessions
Abbreviations: ACP, advance care planning; APRN, advanced practice registered nurse; CYC, Charting Your Course; ENABLE, Educate, Nurture, Advise,
Before Life Ends.
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available. Recognizing that many patients cannot use
a video-based platform because of limited device or internet
access, telephone visits remain an important way to connect
with patients in lieu of in-person visits, especially when
physical examination is not the focus of the encounter, as
we find with many survivorship visits.

Clinic staff set visit expectations with patients regarding all
modalities of telehealth visits. In addition to having the visit
in a quiet place, patients are encouraged to invite family
members when appropriate, both in-person or as a linked
video or telephone visit. We ask that the patient have their
medication list available and updated for the visit and have
any questions prepared in advance of the visit. Patients are
apprised that these are provider visits and as such are billed
in accordance with Medicare rules.

Patients followed for long-term survivorship care are uniquely
well-suited for telehealth visits, especially if they are also
following regularly with their primary care and other providers,
such as the surgeon or radiation oncologist in addition to
medical oncology.19 Telehealth visits are ideal after com-
pletion of therapy for patients who may not require frequent
physical examinations for surveillance or who are dependent
on imaging for follow-up. A plan for alternating care among
providers to avoid duplication of follow-up after combined
modality therapy was in place prior to the pandemic and
helped facilitate the transition to virtual visits for patients in
keeping with their expectations of follow-up in person.

A survivorship care template for facilitating a virtual dis-
cussion, embedded into the electronic health record and
available to the provider in real time, was developed. This
document addresses the domains of survivorship when
providing long-term care for patients who have completed
definitive therapy. Additionally, for cancer survivors who are
on long-term endocrine or targeted therapy, this document
is also used. The purpose is to address several domains of
survivorship care, including the following: late and long-term
complications of all modalities of therapy, cancer screening
and surveillance for recurrence, secondary prevention,
psychosocial issues after a cancer diagnosis, assessing and
addressing coping behaviors, sexual health, financial tox-
icity, and lifestyle/exercise recommendations. Additional
services such as disease-specific support groups, mind-
body programs, and exercise programs were transitioned to
virtual meetings both in real time and on demand for pa-
tients in survivorship. Educating providers to instruct pa-
tients where to access these programs allowed patients to
continue the supportive services they expect after cancer-
directed therapy. During a telehealth visit is an ideal time to
introduce virtual resources for a patient.

A Successful Survivorship Telehealth Visit

LS is a 50-year-old White woman who is 3 months post-
completion of therapy for stage II triple-negative breast

cancer. She received neoadjuvant chemotherapy, including
both a taxane and an anthracycline, and had a complete
pathologic response at the time of mastectomy. She un-
derwent reconstruction at the time of surgery and has
completed post-mastectomy radiation. She saw the plastic
surgeon 2 weeks ago and reports that she is healing well and
had a negative examination. At this time, she states her
energy is improving, her hair is growing back, and she is
adjusting to her new body image. She continues to have
neuropathy in her feet but thinks this is improving. She is
experiencing menopausal symptoms after chemotherapy
but is managing well and is not interested in medication for
these symptoms at this time. She has some anxiety about
how to know her cancer is gone. She has questions about
her recurrence risk, her cardiac risk after chemotherapy,
her risk of complications from COVID-19, and her eligibility
for a vaccine. She is a teacher and is concerned about
returning to work. She denies any financial toxicity from her
therapy or time away from work. She has no insurance
issues. She is sleeping well, and she feels secure and happy
in her relationship with her partner of 20 years, who ac-
companies her to this visit. Her children are overall doing
well, but she is worried about her 12-year-old, as “he doesn’t
say much,” and his grades are lower than what she would
expect.

This patient had a routine scheduled in-person visit that was
converted to a video telehealth visit because of visitor re-
strictions, which would have required she come to the clinic
alone. All of her questions were answered using the tele-
health platform embedded in the electronic health record.
The note was documented in real time by the oncologist
during the visit. After review, a referral to onco-cardiology as
an e-consult was agreed and placed in the record. The
e-consult will allow the cardiologist to review the patient’s
chart without an in-person visit and make suggestions for
follow-up and testing and will provide a written summary of
interventions the patient can make in her life to reduce her
risk of late cardiac events. The patient and her partner were
provided information about virtual support groups for herself
and her family, and as a couple after breast cancer. She was
directed to the embedded videos for exercise and self-care
after completion of therapy. She and her partner were happy
to learn of the resources available if they need them. As the
patient was recently examined by her surgical team, an in-
person follow-up visit in 6 months was scheduled. The
patient was happy not to duplicate visits across the team.
The patient and her partner were happy to be able to have
their questions answered and concerns addressed from
their own home, avoiding the risks of COVID. They both
expressed how surprised they were at how easy the visit was
and how the care was coordinated across the cancer center
team, and they expressed satisfaction at the ease of
accessing additional resources when and if needed.
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Survivorship Telehealth: Lessons Learned

This example of virtual care is ideal. Models for accessing
survivorship care by telehealth were available prior to the
COVID pandemic for survivors of adult cancer. These pri-
marily focused on a single intervention.22 Coordinating care
across the spectrum of medical needs is now accepted and
expected by patients. Operationalizing this coordination is
a challenge but a key component of providing high-quality
survivorship care.23 Most prior interventions demonstrated
that virtual synchronous and asynchronous visits improved
convenience and personalized care, and provided remote
reassurance. Reassuring patients that the provider is
available and listening remains the common key to any
successful visit. Some issues will continue to require in-
person visits. Having the ability to convert a telehealth visit to
an in-person visit, either scheduled in the near future or
urgently, is important. For this reason, we discourage tel-
ehealth visits at times when the clinic is closed and
schedulers are not available to coordinate an in-person visit
in real time.

Telehealth can be provided to the cancer survivor in their
own language and in a setting that provides comfort and
support from family members or others living in their homes.
Language itself is not a barrier to telehealth but does require
advanced planning to schedule and coordinate translation
services, help the translator and patient navigate the variety
of electronic platforms available, and coordinate follow-up.

As we move forward, telehealth is here to stay.24 Telehealth
has been demonstrated to provide both patient convenience
and satisfaction for the survivor of adult cancer. The cog-
nitive care provided to patients in survivorship is ideally
suited to a telehealth platform. The lessons we are learning
now will continue to inform best practice in the future.

TELEHEALTH FOR PATIENTS IN THE REHABILITATION PHASE

Telecare has proven uniquely effective in surmounting long-
standing barriers to the delivery of individualized re-
habilitation services to patients with cancer. The need for
such services is well established, as functional decline af-
fects virtually all patients with late-stage cancer. The severity
and magnitude of these losses are as heterogeneous as the
cancer populations are diverse. Nonetheless, these losses
exact a uniformly high monetary and human toll. The
COPE25,26 and electronic health record–facilitated E2C227

trials use cases that highlight the capabilities that make
“tele-rehabilitation” more accessible and potentially more
effective than conventional center-based care. These in-
clude the ability to: (1) remotely assess patients’ functional
status; (2) asynchronously deliver individually targeted
education and motivational materials; (3) engage local,
generalist rehabilitation providers to match care with patient
need; (4) monitor and advance function-directed pro-
gramming; (5) scale standardized, high-fidelity evidence-

based care; and (6) track high-need patients who are
vulnerable to precipitous, even catastrophic, disablement.

Tele-Rehabilitation Exemplars

In brief, the COPE trial tested whether a collaborative care
model–based intervention could improve function, quality of
life, and pain relative to enhanced usual care. Similar to prior
collaborative telecare interventions trialed in cancer
populations,28 the COPE intervention coupled patient-
reported outcome measure monitoring with evidence-
based care coordination by a physical therapist, part-
nered with a physician. The COPE intervention significantly
improved function and pain relative to the control condition
while significantly reducing health care utilization and
costs.26,29 The population-based, pragmatic E2C2 trial is
ongoing and draws heavily from COPE in its collaborative
care model–based telecare delivery.27 The E2C2 trial in-
tervention targets a total of five symptoms and functional
decline, and spans all cancer stages.

In contrast, the COPE intervention was delivered to patients
with late-stage cancer and mild to moderate disability. The
flexibility of the COPE intervention, due in large part to the
telecare capabilities enumerated below, allowed for its facile
expansion to address the broad range of functional limi-
tations experienced by patients in the E2C2 trial, spanning
disease-free survivorship to hospice care. Highlighting the
integration of these telecare capabilities in rehabilitation
service delivery is warranted, as collectively they achieved
a remarkable, and much needed, adaptability in meeting
patient-specific needs.

Program Characteristics

Remote, longitudinal assessment of patients’ functional
status Both the COPE and E2C2 trials demonstrated the
feasibility and acceptability of patient-reported outcome
measure–based functional monitoring to direct tele-
rehabilitation care delivery, even among patients with far
advanced cancer. The trials’ lean, parsimonious patient-
reported outcome measure assessment strategies proved
nonburdensome and sufficiently responsive for longitudinal
assessments. Patient-reported outcome measure scores
were used to remotely determine the type and intensity of
initial rehabilitative care, and to define needed care plan
refinements. Patient-reported outcome measure scores
were also used to identify instances of precipitous functional
decompensation, which in many cases were markers of
impending severe neuromuscular decompensation.

Asynchronous delivery of individually targeted education and
motivational materials Patient education has proven to be
a critical need for effective cancer rehabilitation, as many
patients believe functional decline is inevitable and are
unaware of its potential reversal.30 Convincing patients of
likely benefits is often a necessary initial step to engage
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them in the rehabilitation process. Such education can be
time-consuming and prohibitively costly when provided
one-on-one by clinicians. Telecare offers the potential not
only to asynchronously deliver high-quality, standardized
education, but also to target material to patient need based
on patient-reported outcome measure scores, cancer type/
stage, and other characteristics. Tele-rehabilitation in the
E2C2 trial leverages algorithms, branching logic, and other
electronic health record capabilities for patient-specific
targeting.

Engaging local, generalist rehabilitation providers to match
care with patient need Tele-rehabilitation offers the op-
portunity to engage local generalist rehabilitation providers
and thereby obviate the requirement for patients to travel to
specialty centers. Rehabilitation service providers practicing
outside of cancer and tertiary centers are generalists
with limited experience in caring for patients with cancer.
These providers benefit from asynchronous information
delivery—in this case, guidelines, protocols, and guidance
in managing cancer-specific concerns (e.g., bone and brain
metastases). Both the COPE and E2C2 trials capitalized on
this capability by creating web content for local rehabilitation
service providers. In addition, both trials relied on telephonic
communication between cancer center–based specialists
and local physical and occupational therapy generalists.

Monitoring and advancing rehabilitation programming
Telecare allows for low-burden, almost real-time monitoring
of patients’ adherence and progress in function-directed
programming. This offers the potential for timely, remote,
data-directed advancement of patients’ programs. Because
most rehabilitation interventions are behavioral in nature
and require ongoing daily performance, such adherence
can understandably be challenging for patients with cancer
as they navigate often heavy symptom burdens and treat-
ment requirements. Problem-solving and motivation be-
come critical. Remote telecare adherence monitoring
enables rehabilitation service providers to recognize when
a patient’s adherence flags and to gently intervene to help
them address barriers and problem-solve ways to continue
their rehabilitation program.

Scaling standardized, high-fidelity evidence-based cancer
rehabilitation Telecare allows for low-cost scaling of high-
fidelity, evidence-based cancer rehabilitation services. Both
the COPE and E2C2 trials aggressively leveraged this ca-
pability. In the COPE trial, the robustly validated Rapid, Easy
Strength Training and First Step programs were made
available to patients in print, DVD, web, and smartphone
formats.31-33 These programs were designed for benefit and
safety among fit and frail individuals. The Rapid, Easy
Strength Training program was additionally designed to
accommodate individual modifications, making it an ef-
fective springboard for creating highly tailored and targeted

treatment programs. Individualized Rapid, Easy Strength
Training modifications were performed remotely by cancer
and local generalists with center-based therapists serving as
an expert resource.

Tracking Patients Who Are Vulnerable to Precipitous AND

Potentially Catastrophic Disablement

The telecare platforms used by both the COPE and the E2C2
trials enabled close monitoring of high-risk subpopulations,
specifically those whose bone metastases posed a high risk
of fracture or neural compromise. The E2C2 intervention
uses electronic health record functionalities to identify and
remotely track these patients. This approach has led to the
early detection of impending spinal cord compression
among multiple patients when their neural deficits were
modest but evolving. Tele-surveillance and early in-
tervention allow rehabilitation service providers to become
more proactively involved in preserving patients’ function—a
capability that significantly improved outcomes and reduced
costs in the COPE trial.29

Broad implementation of the success achieved with the
COPE trial will require closer collaboration between onco-
logic and rehabilitation providers than has been the norm.
Fortunately, robust tele-rehabilitation platforms are widely
available. Their clinical application awaits interdisciplinary
partnerships to specify, implement, and troubleshoot
them.

TELEHEALTH FOR PROVIDING PALLIATIVE CARE

Despite typical assessment of palliative and supportive care
as a “high-touch” specialty, this care has been provided to
persons with cancer and their families successfully for
decades.6,34 In the United States, most palliative care tel-
ehealth use prepandemic was provided for patients in rural
areas; however, this is no longer the case. In many low-
income areas, palliative care tele-consultation and tele-
education through programs like Project Echo (Extension
of Community Healthcare Outcomes) have brought much
needed expertise to rural and low-income areas. Project
Echo is a tele-mentoring program that links health care
experts with local clinicians in a “hub” (expert) and
“spokes” (community facilities in need) model.35,36 A case,
evidence, and program description illustrate the use of
telehealth to carry out a comprehensive cancer plan for
a patient with advanced disease.

Telehealth Palliative Care: Case Study

James is a 70-year-old Black male and retired steel worker
with a new diagnosis of an inoperable glioblastoma. He lives
with his wife Jackie in the rural southern United States; they
are both devout Baptists and regularly attend religious
services and activities. They have three children, seven
grandchildren, and three great-grandchildren, all of whom
live more than a 2-hour drive away. Aside from occasional
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visits to a local primary care doctor, they have had very little
interaction with the health care system. James’ primary care
doctor sends him to the academic cancer center 50 miles
away for further diagnostic work-up and treatment recom-
mendations. The academic oncologist shares a poor
prognosis, and James and Jackie decide they will speak
with their pastor and pray about the best decision. They are
referred to the palliative and supportive care program, which
has a comprehensive telehealth supportive care program.
The program includes an initial in-person comprehensive
assessment and structured telehealth phone support ses-
sions for the patient by a specially trained palliative care
nurse and for the family by a lay navigator telehealth coach.

The telehealth sessions begin the following week. James
and Jackie feel well-supported and learn decision-making
skills that are based on their values and preferences. James
decides that it is too burdensome and expensive to return to
the cancer center for further evaluation, especially given
their understanding of the poor prognosis of his cancer.
After consulting with their local physician, pastor, and
prayer, they decline the recommended radiation and
chemotherapy treatments. The palliative care nurse coach
and lay navigators continue their separate sessions with
James and Jackie so that they each have opportunities to
address their concerns in a confidential manner. Because
James does not want to return to the cancer center for the
in-person comprehensive consultation with a palliative care
specialist, the nurse coach organizes for James to have
a video visit through the Tele-Pal Virtual Visit Program when
their daughter Vanessa is visiting. Vanessa has a laptop
computer with a camera and a wi-fi hotspot so that other
family can join the visit remotely on a secure Zoom platform.
The palliative care specialist assesses symptoms and pre-
scribes steroids, antiepileptics, and antidepressants for
anticipated symptoms and works closely with James’ pri-
mary care physician and the local hospice agency to mo-
bilize support when needed and arrange for home
medications that do not require an oral route if needed in the
event of a symptom crisis.

James’ family and congregation rally support for the family,
providing prayer, meals, and help with chores as needed.
James continues to enjoy a moderately good quality of life
with some mild speech and balance issues. The nurse
coach reviews important topics with James and Jackie via
weekly calls, covering topics of problem-solving, self-care,
symptom assessment and management, communication,
and advance care planning. She also addresses issues of
spirituality and meaning through life review and legacy-
building activities. The family provides James and Jackie
with a simple tablet and cellular plan so they can have
weekly video chats with the extended family in between
visits. When James can no longer attend church services/
activities, parishioners visit and make provisions so James

can attend church services virtually. One day his symptoms
of headache, nausea, and vomiting become severe, and the
nurse coach is able to talk them through initiating non-oral
symptom medications and arranges for an urgent video visit
with the cancer center palliative care specialist who did the
initial consult. The specialist suggests they initiate home
hospice, and the primary care clinician, who is also the
hospice medical director, does a home visit. James’ virtual
specialty care allows him to die peacefully in his home with
the assistance of local community, congregation, family,
and hospice support.

Providing Evidence-Based Palliative Care via Telehealth

Providing comprehensive cancer care via telehealth to
patients with advanced cancer requires a prospective and
coordinated approach.11,37,38 Although the case example
highlights the special challenges of providing palliative care
in a rural environment, similar technology-aided care can be
equally well-suited to patients with cancer and their families
who have transportation, financial, illness-related, or other
issues that compromise their ability to access high-quality
cancer care.

ENABLE was developed as a nurse-led early palliative care
telehealth program for patients with advanced cancer in
rural New England.39-41 As presented in the case, patients
with advanced cancer who are newly diagnosed are pro-
vided with a comprehensive palliative care assessment, and
this is followed by structured phone sessions for the patient
and the family that cover topics of problem-solving,
symptom and self-care, communication, decision-making,
and life review.

We found that we could increase scalability while main-
taining high-quality support for family caregivers using a lay
navigation model of telehealth support. Dionne-Odom and
colleagues42-47 developed Project ENABLE Cornerstone
based on a series of studies examining cancer family
caregivers’ needs, especially in Black and rural underserved
populations. In Cornerstone, trained lay navigators are
overseen by specialist palliative care clinicians and provide
family care partners with a series of brief in-person and
telehealth sessions focusing on stress management and
coping, caregiving skills and organization, getting help, self-
care, and preparing for the future/advance care planning.
This tailored caregiver support provided by lay navigators
has demonstrated great promise, and studies in pro-
gress will provide additional evidence and opportunities for
dissemination.

Although audio-only phone support has proven beneficial,
the in-person consultation has been difficult to implement in
the rural southern United States. In a study of patients with
heart failure, only 50% were able to attend the in-person
component of ENABLE. Hence, a study of video consultation
is underway to provide this care via video visit.48 However, the
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University of Alabama at Birmingham Community-based
(Virtual) Access to Palliative Expertises program has a clinical
video-visit program that enables patients to have this con-
sultation in the comfort of their homes, though prior to re-
laxation of telehealth regulations, these visits were only
possible to conduct at local area health departments where
there was a clinician present at the originating site. Hence,
patients like James are now able to get high-quality palliative
care in their rural local community, where this care does not
often exist.

FUTURE DIRECTIONS

Providing high-quality cancer care across the cancer tra-
jectory via telehealth is a reality, evidence-based, and likely
here to stay. The exemplars presented provide evidence of
the variety of strategies, lessons learned, and innovations
that are available to serve patients with cancer and their
family and friends across the supportive care trajectory.

There is evidence that this care can reduce costs, while
maintaining patient and clinician satisfaction. Although the
COVID-19 pandemic provided an opportunity to accelerate
widespread use of telehealth in cancer care, it also revealed
that telehealth programs require planning for patients,
providers, and practices to be fully functional. Additional
critical lessons learned included the importance of pro-
viding local community care in a culturally responsive way.
This requires early and ongoing community stakeholder
engagement to fashion the approach in ways that will be
acceptable to community members.49 Finally, though tel-
ehealth on the surface appears to improve equity in health
care access, many of the same issues related to poverty,
underinsurance, low technology and broadband availability,
and health literacy have left many low-income areas with
ongoing difficulties in achieving equitable health care
access.12,50,51
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