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Abstract

Management of patients with recurrent head and neck cancer remains a

challenge for the surgeon as well as the treating radiation oncologist. Even in

the era of modern radiotherapy, the rate of severe toxicity remains high with

unsatisfactory treatment results. Intensity-modulated radiation therapy

(IMRT), stereotactic body radiation therapy (SBRT), and heavy-ion irradiation

have all emerged as highly conformal and precise techniques that offer many

radiobiological advantages in various clinical situations. Although re-

irradiation is now widespread in clinical practice, little is known about the

differences in treatment response and toxicity using diverse re-irradiation tech-

niques. In this review, we provide a comprehensive overview of the role of

radiation therapy in recurrent or second primary head and neck cancer includ-

ing patient selection, therapeutic outcome, and risk using different re-

irradiation techniques. Critical review of published evidence on IMRT, SBRT,

and heavy-ion full-dose re-irradiation is presented including data on

locoregional control, overall survival, and toxicity.
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1 | INTRODUCTION

Despite advances in multimodal cancer treatment,
locoregional recurrence remains the major cause of mor-
tality in long-term survivors with head and neck squa-
mous cell carcinoma (HNSCC).1-3 The incidence of
relapses is reported in approximately 15% to 50% of
patients.4-6 In addition, survivors are at risk of developing

a second primary malignancy (SPM) with the estimated
reported risk at 15% to 40%.7-9 Salvage surgery is the
treatment of choice after the diagnosis of recurrent
HNSCC (rHNSCC) or histology-proven SPM has been
confirmed.10 However, the majority of recurrences are
inoperable given their infiltrative and multifocal nature,
comorbidities or poor performance status of the
pretreated patient; operable relapses represent only up to
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20% of all cases. Re-irradiation (overlap of the new radia-
tion fields with the prior full-dose radiation volume) is a
therapeutic alternative for patients who are not candi-
dates for surgical treatment and may offer long-term sur-
vival in carefully selected patients.10-12 Unfortunately,
almost all available evidence on the potential outcomes
of re-irradiation comes from retrospective studies and is
strongly biased by lack of control arms, which strictly
limits the ability to clearly interpret the findings.

The aim of this critical review is to summarize the
current evidence on feasibility, safety, and efficacy of rad-
ical external beam re-irradiation of recurrent or second
primary malignancies of the head and neck using diverse
radiotherapy techniques.

A comprehensive search was made of PubMed,
Medline, Scopus, and UpToDate using the descriptors
“re-irradiation,” “head and neck cancer,” and “recur-
rence.” The abstracted literature was reviewed, as were
references and related material. Only articles published
in English that contained at least 20 patients treated with
curative intent and papers that delivered at least 24 Gy
using stereotactic body radiation therapy (SBRT), 59 Gy
using intensity-modulated radiation therapy (IMRT), and
50 Gy using heavy-ion RT were included. Re-irradiation
articles using brachytherapy, intraoperative radiotherapy,
and palliative radiotherapy were excluded. Treatment
parameters including histology, dose of re-irradiation,
use of salvage surgery, and concurrent systemic therapy
were abstracted and summarized.

2 | RATIONALE FOR RE-
IRRADIATION

Because local recurrence is the major cause of death in
patients with HNSCC,1-3 re-irradiation could not only
reduce the risk of further locoregional progression, but it
could also favorably affect disease-free survival (DFS)
and overall survival (OS). Retrospective analysis of
105 patients by Lee et al13 brought evidence of significant
improvement in 2-year OS in patients who achieved suc-
cessful locoregional control (LRC) after re-irradiation
compared to patients with further postradiotherapy
locoregional failure (LRF) (2-year OS 56% vs 21%,
P < .001). Achieving local control is crucial for improve-
ment of survival in this group of patients. The major dis-
advantage of re-irradiation is the 29% estimated risk of
severe (≥grade 3) toxicity despite the use of modern
IMRT techniques.14 Local growth of the tumor mass,
apart from compression of surrounding healthy tissues,
risk of perforation, and spread onto the skin surface with
subsequent infections, can also have a critical impact on
the individual's psychological functions and interpersonal

relationships and usually results in quality of life (QoL)
deterioration. Recurrent disease is also a common source
of pain, body shape deformation and worsening of
swallowing, chewing, voice, speech, and breathing func-
tions. In addition to the positive impact on LRC, DFS,
and OS, re-irradiation can also improve the patient's
QoL.15-18

Hence, re-irradiation can potentially offer several
major advantages to the patient. With careful selection,
the patient can be given a second chance for a complete
cure with long-term disease control. In addition, the
potential improvement of QoL should be discussed with
the patient in a shared decision-making approach, even
in clinical situations where only short-term control in
regard to disease extent is expected and the prognosis
is poor.

3 | PATIENT SELECTION

Re-irradiation of head and neck malignancies is a contro-
versial topic because many patients are potential candi-
dates; however, only a small subset of them will truly
achieve clinical benefit from it due to frequently radio-
resistant tumors and high risk of severe side effects. Yet
the risk of progression or death is approximately 4 times
higher than the risk of severe treatment-related toxicity
in the era of IMRT.19

Most patients with rHNSCC or SPM have already
received RT to a radical dose (≥60 Gy) and surrounding
critical structures (spinal cord, brainstem, blood vessels,
bone, and cartilage structures) called organs at risk (OaR)
have already been exposed to a significant radiation dose.
Patients with osteoradionecrosis (ORN) of the mandible,
laryngeal chondronecrosis, carotid artery stenosis,
pharyngocutaneous fistulae, RT-induced skin or mucosal
ulcers, RT-induced myelopathy, or facial lymphedema
are generally considered to be unfit for re-irradiation.
Exposing the pretreated OaR to another course of full-
dose RT imposes the risk of further severe and potentially
fatal toxicity.10,14,20

Outcomes and expectations that may guide patient
selection for IMRT-based re-irradiation were thoroughly
investigated in a recursive partitioning analysis (RPA) of
412 patients with rHNSCC or SPM by Ward et al.12 All
patients in this study underwent full-dose re-irradiation
using IMRT. Several factors with major impact on OS
were identified and patients were subsequently stratified
into three subgroups in which different but homogeneous
OS values were observed. Group I included patients with
a time interval > 2 years after completion of previous
radical RT who underwent salvage surgery (regardless of
resection margin status). Group II included patients
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>2 years after previous full-dose RT with unresectable
recurrence or ≤2 years after RT without organ dysfunc-
tion (percutaneous endoscopic gastrostomy or tracheos-
tomy dependency). Group III included patients ≤2 years
after RT with organ dysfunction. Twenty-three percent of
patients in group II and 59% of patients in group III
underwent salvage surgery with subsequent postopera-
tive re-irradiation. Two-year OS was 61.9%, 40%, and
16.8% for groups I, II, and III, respectively (P < .001).12

Median OS in group III was 8.0 months, therefore
indication of protracted course of conventionally fraction-
ated RT (6-7 weeks) is highly debatable in these patients;
a more rational treatment method may be a shortened,
hypofractionated regimen with palliative intent.16,18 Fur-
thermore, a strongly negative impact on OS in recur-
rences localized in the oral cavity (HR 2.924, 95% CI
1.721-4.968, P < .0001) and oropharynx (HR 1.953, 95%
CI 1.211-3.235, P < .006) was described on Cox propor-
tional risk model. Worsened Karnofsky performance sta-
tus (KPS) score was also a negative prognostic factor of
OS (>70 vs ≤70, HR 0.652, 95% CI 0.448-0.948, P < .025).
Age, smoking history, and concomitant systemic therapy
had no significant impact on OS. A factor independently
associated with improved OS on multivariate analysis
was location of the recurrences in the nasopharynx or
base of skull.12

Both the extent of recurrence and application of che-
motherapy (CHT) in the past could serve as a guide for
patient selection for an aggressive treatment approach.
The disease extent was identified as a significant prognos-
tic factor for cancer-specific survival in the study by
Goodwin et al21 with the anatomical site of recurrence
having only marginal impact on survival. Median DFS in
this study was 5.0 months for patients who had been pre-
viously treated with CHT and 24.5 months for patients
who had not (P < .001).

Several authors recommend a ≥6 month interval from
previous RT to recurrence as a basic selection criterion
for re-irradiation20,22,23 with the risk of severe toxicity
decreasing and with the probability of local control
increasing with time.24 A trend toward better OS in the
second primary compared to recurrent head and neck
malignancies has been observed in several studies.12,25,26

Patients with metachronous duplex lesions had signifi-
cantly better survival rates compared to synchronous
lesions.27,28

Another important re-irradiation selection criterion is
the tumor volume.29,30 In a study of Chen et al,30 the
planning target volume (PTV) was the only parameter
predictive of local control. In a subgroup of patients with
PTV <27 cm3, the observed 2-year OS was 80%. There-
fore, in the therapeutic consideration of re-irradiation of
larger tumor deposits, particular attention should be

placed on the potential benefit to the patient, again
emphasizing high risk of severe toxic complications and
ambiguous treatment outcome.

Considering appropriate patient selection, it may be
concluded that proper indication will significantly affect
treatment outcome. Patients with recurrent disease that
occurs ≥2 years after previous full-dose RT, those with
low-volume recurrences localized predominantly in the
nasopharynx or base of skull, patients without com-
orbidities and with satisfactory KPS may achieve long-
term survival. For these patients, the financially
demanding techniques of particle re-irradiation may be
considered as they could very likely lower the risk of
acute treatment-related toxicity. On the contrary, in
patients with a short DFS, with an early relapse
≤6 months after previous radical RT and with a high-
volume disease, organ dysfunction, or comorbidities, only
a short-term local effect can be expected and, most likely,
these patients will not have any survival benefit from re-
irradiation. In these patients, hypofractionated conven-
tional EBRT techniques or SBRT should be considered,
with the major goals residing in palliation of disease
symptoms and reduction in overall treatment time.

3.1 | Re-irradiation following salvage
surgery

Salvage surgery of recurrent head and neck malignancies,
whenever feasible, has long been considered the standard
of care. With this intervention, patients can achieve long-
term disease control in 25% to 45% of cases.31,32 More-
over, after complete resection of early recurrences of
laryngeal cancer (T1, T2 classification), disease control
may increase up to 80%.21

The indication of postoperative re-irradiation following
salvage surgery is controversial mostly due to the cumula-
tive risk of severe toxicity, yet it may be rational when there
is high risk of further recurrence in the case of incomplete
tumor removal (R1, R2 resection) and extracapsular exten-
sion (ECE) of nodal metastasis.23,33-35 Furthermore, even in
the case of successful salvage surgery with negative mar-
gins, the risk of another recurrence is up to 59%.36 In sev-
eral nonrandomized studies evaluating postoperative
re-irradiation in high-risk patients, 3- and 4-year OS was
observed in 48% and 43% of individuals who had undergone
postoperative re-irradiation without the addition of concur-
rent CHT.37,38 A prospective randomized phase III trial of
the Groupe d´Etude des Tumeurs Tete et Cou (GETTEC) in
collaboration with Groupe d'Oncologie Radiotherapie Tete
et Cou (GORTEC) provided definitive evidence of the safety
and efficacy of postoperative re-irradiation.23 After re-
section of macroscopic disease and exclusion of patients
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with gross residual disease, 130 patients were randomized
into two arms.23 In the first arm, observation was indicated
and in the second arm patients underwent 3D conformal
re-irradiation (median dose 60 Gy/30 fractions) combined
with 5-fluorouracil (5-FU) and hydroxyurea. The PTV
was limited only to the original extent of the recurrent
disease without elective irradiation of the neck. Patients
in the observation arm had significantly worse LRC
(HR 2.73, 95% CI 1.66-4.51, P < .0001) and DFS (HR 1.68,
95% CI 1.13-2.50, P < .01). Remarkably, postoperative
chemoradiotherapy (CRT) mostly had a local effect only;
this evidence is strongly supported by the fact that the fre-
quency of distant metastases was higher in the CRT arm
(7.6%) than in the observation arm (1.5%) and the risk of
regional failure was only slightly reduced in the CRT arm.
Differences in OS did not reach statistical significance
(P = .50). Two-year incidence of severe toxicity was 39% in
the CRT arm compared to 10% in the observation arm
(P = .06).23

In a meta-analysis of 16 studies by Merlotti et al,
522 patients with rHNSCC or SPM who had undergone
postoperative re-irradiation were identified.39 Variable
values of 2-year OS (24%-81%) and 2-year LRC (21%-
100%) were observed, which the authors justified by the
heterogeneity of the evaluated patients and individual
differences in their treatment. Modern IMRT techniques
are recommended to reduce the risk of severe toxicity, yet
the optimal fractionation regimen has not been identified
so far. IMRT using image-guided RT (IGRT) technologies
can help target the PTV more precisely and improve the
sparing of critical organs.13,30,40

Re-irradiation dose in the postoperative setting is typi-
cally 60 Gy, and should take into account the presence of
high-risk factors (R1 resection, ECE), dose of previous
RT, dose-volume histograms (DVH) for OaR, and time
interval from the previous RT. In a group of 115 patients
with rHNSCC (42.6% underwent salvage surgery), Salama
et al identified the dose of re-irradiation, operability, and
CHT administration using a triplet of antineoplastic
drugs (cisplatin, paclitaxel, gemcitabine) as independent
prognostic factors of improved LRC, OS, and progression-
free survival (PFS) wherein a cutoff value of 58 Gy was
determined as the optimal dose of re-irradiation.41 Some
studies confirmed the hypothesis that increasing the dose
to ≥60 Gy may offer benefit in terms of both LRC and
OS.34,42 In a retrospective analysis of 505 patients with
rHNSCC or SPM (49.1% underwent salvage surgery), pro-
phylactic re-irradiation of adjacent lymphatic nodes
added no benefit to either 2-year OS or LRF regardless of
the presence of lymph node (LN) metastases, on the con-
trary, this intervention increased severe acute toxicity.42

In conclusion, re-irradiation of the tumor bed to 58 to
60 Gy may be rational in clinical situations where high-risk

factors (R1, ECE) are present. Adding CHT to re-irradiation
is unlikely to reduce the risk of distant failure and it cer-
tainly will not improve OS. Given the rate of severe toxicity,
which is approximately 3 to 4 times higher compared to
observation, routine postoperative re-irradiation after com-
plete tumor removal without high-risk features will not be
an adequately justified intervention and cannot be rec-
ommended as a standard of care.

3.2 | Re-irradiation of inoperable
recurrences

A relatively high percentage of rHNSCC or SPM are tech-
nically inoperable although the patient may present with
a satisfactory KPS. Up to 65% of patients may present
with unresectable recurrences and, in addition to ana-
tomical contraindications, poor KPS, the presence of dis-
tant metastases, and patient disagreement all increase the
total number of inoperable cases.43 For this subgroup of
patients, re-irradiation with or without concurrent sys-
temic therapy may represent the only intervention with
curative potential.44

The dose ≥66 Gy to the gross tumor volume (GTV) in
inoperable recurrences in patients with satisfactory KPS
is associated with improvement in both LRF and OS.42

Dose escalation ≥66 Gy does not improve 2-year distant
failure compared to 60 to 65.9 Gy (22.8% vs 24.3%,
P = .559).42

Elective irradiation of uninvolved neck LN does not
improve treatment outcome; on the contrary, this
approach increases the rate of severe toxicity.42 There-
fore, it is strongly recommended to irradiate only the
extent of well-visualized GTV with a 5 to 10 mm margin,
(depending on the technique used, the accuracy of daily
setup, and use of IGRT). When retrospectively evaluating
the patterns of LRF in patients with unresectable
rHNSCC irradiated with a median dose of 68 Gy, the
majority (96%) of relapses were again located inside the
GTV itself.45

Radical re-irradiation without concurrent systemic
therapy yielded variable LRC, DFS, and OS, with accept-
able toxicity in several studies.46-50 Reported 1-, 2-, 3-,
and 5-year OS were 39% to 51.1%, 27% to 33%, 22%, and
11%, respectively. Severe toxicity was observed in 18% to
75% of patients, which again emphasizes the need for
careful selection of patients with uncertain treatment
outcome.

Caution is needed in the interpretation of evidence
provided by nonrandomized phase II studies as data
derived from them are limited, biased by the small num-
ber of patients and their selection, and the fact that
almost all of these studies lack control arms.
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Furthermore, these studies include patients treated with
both curative and palliative intent with highly variable
doses (50-70 Gy) and, apart from that, a high percentage
of the patients did not complete the course of full-dose
re-irradiation due to high toxicity.46-50

Two prospective phase II RTOG studies investigated
the effect of full-dose external beam re-irradiation com-
bined with CHT. In RTOG 96-10, a combination of 5-FU
and hydroxyurea was added to re-irradiation with the
median survival reaching 8.5 months and 2-year OS in
15.2%.25 In RTOG 99-11, cisplatin and paclitaxel were
added to re-irradiation with a median survival of
12.1 months and 2-year OS in 25.9% and with severe
(≥grade 3) toxicity in 78% of the cases.22

There is no evidence that re-irradiation with concur-
rent systemic therapy offers a survival advantage over
palliative CHT.51 Prospective randomized phase III trial
RTOG 0421 designed to answer this question was termi-
nated due to poor accrual.52

Conventional normofractionated re-irradiation of the
GTV with 5 to 10 mm margin to a dose ≥66 Gy without
elective LN irradiation is, in the absence of salvage sur-
gery, an alternative treatment option with a potential
long-term disease control. Administration of concurrent
CHT is rational especially in patients who have not
received it in the past with a combination of cisplatin and
paclitaxel being the most effective known regimen. A
doublet of antineoplastic drugs will very likely increase
the risk of severe treatment-related toxicity; therefore, it
is strongly recommended only for patients with satisfac-
tory KPS without organ dysfunction.

4 | CHOICE OF TREATMENT
TECHNIQUE

Currently, a number of treatment techniques can be
used for radical external beam re-irradiation. Photon
beam treatment techniques of EBRT (3D CRT, IMRT,
volumetric-modulated arc therapy [VMAT], SBRT) and
heavy ion techniques (protons, carbon ions) can all serve
as effective forms of treatment, with each of them harbor-
ing a slightly different toxicity profile that must be taken
into consideration in decision-making.

4.1 | Intensity-modulated radiation
therapy

Modern IMRT techniques offer many advantages includ-
ing higher conformality, improved dose distribution, and
potential reduction in toxicity. To date, there is no evi-
dence that IMRT could improve OS over the less

conformal 3D CRT.13,46,53 Lee et al compared the out-
comes of re-irradiation using IMRT vs non-IMRT tech-
niques in 105 consecutive patients who had previously
received RT with a median dose of 62 Gy.13 When multi-
variate analysis was used, patients that had undergone
re-irradiation with IMRT had a significantly better
locoregional progression-free survival (LRPFS) than
patients irradiated with non-IMRT techniques (2-year
LRPFS 52% for IMRT vs 20% for non-IMRT, HR 0.37,
95% CI 0.19-0.76, P < .006). Other available single-arm
retrospective phase II studies using IMRT as re-
irradiation technique report variable median survival of
15-28.6 months, 1-, 2-, and 5-year OS in 56% to 65%, 40%
to 58%, and 22%, and severe (≥grade 3) acute and late
toxicity in 6% to 57% and 15% to 48%, respec-
tively13,20,45,46,53-55 (Table 1). Re-irradiation using IMRT
can be considered an effective treatment intervention
with the potential to achieve long-term disease control
both in the postoperative scenario and in the case of
inoperable recurrence with an acceptable rate of
treatment-related toxicity. Given the lower expected risk
of toxicity compared to 3D CRT, IMRT should be the
radiation technique of choice in the treatment of recur-
rent or second primary head and neck malignancies.

4.2 | Stereotactic body radiation therapy

SBRT is an attractive form of modern conformal high-
precision EBRT that can provide various radiobiological
benefits in many clinical situations.56 The principle of
stereotactic RT is the delivery of an ablative dose in sev-
eral, typically ≤5 fractions, which enables reduction in
overall treatment time compared to conventional EBRT
techniques.57 A steep dose gradient is created between
the target and healthy tissues, which decreases the over-
all radiation dose to critical organs at close proximity to
the target volume. The mechanism of action of stereotac-
tic RT has not been elucidated yet. Published evidence
suggests that tumor size reduction following ablative
doses of RT could be largely dependent on T-cell
response.58 Activation of T-lymphocytes in regional lym-
phatics is dramatically increased in response to ablative
doses of RT, resulting in eradication of tumor tissue
in a CD8+ T-lymphocyte-dependent manner. The
immune response induced by ablative doses of RT can be
further potentiated by immunotherapy, which has
become very attractive in recent clinical research. The
ongoing randomized phase II trial “KEYSTROKE”
(NCT03546582) is evaluating the treatment response by
adding pembrolizumab to SBRT in patients with recur-
rent or second primary head and neck malignancies who
had previously undergone radical RT.59
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The exact position of SBRT in the treatment of recur-
rent head and neck malignancies is not easy to deter-
mine. Anatomically, the head and neck region is very
complex with many radiosensitive structures in which
the exact tolerance to high dose per fraction has not been
defined yet. Conventional and cheaper EBRT techniques
have demonstrated good efficacy in the treatment of
recurrent head and neck malignancies and enable irradi-
ation of high-risk elective LN at close proximity to the
tumor lesion or tumor bed, albeit there is an increased
risk of toxicity, which could be further enhanced with
ablative doses of SBRT. The role of SBRT in the treatment
of recurrent or second primary head and neck malignan-
cies has been evaluated in several clinical trials15,60-76,80-82
15,60-76,80-82 (Table 2). These are all nonrandomized phase
II trials with limited number of patients and with an
administered average total dose of 18 to 44 Gy in 3 to
6 fractions. Reported median survival ranged from 10 to
12 months, values of 1-year OS 40% to 47.5%, 2-year OS
22% to 33%, and severe (≥grade 3) toxicity was variably
reported in 6% to 50% of participants.

The available evidence on severe late toxicity in re-
irradiation of recurrent or second primary head and neck

malignancies using SBRT emphasizes the need for careful
patient selection. Kodani et al65 retrospectively reported
toxicity ≥grade 4 in 28.6% of patients treated with SBRT
with carotid artery blowout syndrome (CABS) occurring
in 14%. All patients with CABS seen with regional nodal
recurrences where the dose to carotid artery typically rep-
resented 30.7 to 31.7 Gy. In re-irradiation of 46 patients
with unresectable previously irradiated recurrent head
and neck malignancies with a median dose of 30 Gy,
Cengiz et al70 reported CABS in 17% of the patients.
CABS typically occurred in cases where the tumor
encircled >50% of vessel circumference and in cases
where the carotid artery was irradiated to 100% of the
prescribed dose. A simple strategy to reduce the inci-
dence of CABS is to use SBRT 15 to 35 Gy in 4 to 6 frac-
tions on alternating days.71 Also, theories of carotid
artery stabilization by flap reconstruction or insertion of
endovascular stent prior to re-irradiation have been
suggested, but these hypothetical interventions have not
been verified yet.72,73

In a retrospective study of 291 patients treated with
SBRT for recurrent or second primary head and neck
malignancies, Ling et al74 attempted to identify predictors

TABLE 1 Re-irradiation studies using IMRT w/wo systemic therapy

Study
No.
of pts

Median
dose, Gy

Histology of
SCC, %

Salvage
surgery, %

CHT,
%

FU,
mo Response

Severe toxicity
(≥grade 3), %

Biagioli
et al46

41 60 85 42 100 14 2-y PFS: 38%
2-y OS: 48.7%

Acute: 31.7
Late: 14.6

Lee et al13 105 59.4 86 34 71.4 35 1-y OS: 56% Acute: 23
Late: 15

Popovtzer
et al45

66 68 90 61 71 42 2-y OS: 40%
5-y OS: 22%

Acute: 6
Late: 29

Sulman
et al53

74 60 77 27 49 25.4 2-y LRC: 64%
2-y OS: 58%

: 20

Chen
et al20

21 66 71.4 N/A 0% 20 1-y LRC: 72%
2-y LRC: 65%
1-y OS: 65%
2-y OS: 40%

Acute: 57

Curtis
et al54

81 60 100 51.8 74.5 78.1 2-y OS postop:
53%

2-y OS inop: 48%

Late: 3.7

Takiar
et al55

207 60 84 51 66 25.1 2-y LRC (SCC):
59%

2-y LRC (non-
SCC): 90%

2-y OS (SCC)
51%

2-y OS (non-
SCC): 85%

2-y: 32
5-y: 48

Abbreviations: FU, follow-up; IMRT, intensity-modulated radiation therapy; LRC, locoregional control; mo, months; N/A, not available; no.,
number; non-SCC, nonsquamous cell carcinoma; OS, overall survival; PFS, progression-free survival; SCC, squamous cell carcinoma.
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of severe acute and long-term toxicity. Patients treated
with SBRT for isolated nodal recurrence had the lowest
risk of long-term toxicity while patients with recurrences
located in the hypopharynx or larynx had a 50% risk of
severe toxicity. The cutoff limit at which the risk of severe
toxicity increased significantly was >44 Gy.74

The optimal dose and fractionation scheme have not
been defined yet.75 An analysis by the American Associa-
tion of Physicists in Medicine (AAPM) retrospectively
evaluated the optimal dose in 300 patients from eight
studies.76 A dose of 35 to 45 Gy in 5 fractions was associ-
ated with significant improvement in both local control
(LC) and OS compared to a dose <30 Gy. During the RT
planning itself, co-registration with positron emission
tomography-computed tomography (PET/CT) with

precise delineation of GTV is recommended whenever
SBRT is used. Several reports have provided evidence of
significant reduction of GTV when co-registration with
PET/CT was used.77-79 Very likely, reduction of the irra-
diated volume could also decrease both acute toxicity and
long-term toxicity.

Historically, the design of the first studies evaluating
the role of SBRT in rHNSCC did not include concurrent
systemic therapy. The current evidence already contains
data on the safety and efficacy of cetuximab in this indi-
cation.15,80-82 Heron et al80 have demonstrated that
adding cetuximab to SBRT can improve 2-year LC (49%)
and OS (53%) compared to SBRT alone. An ongoing
phase II trial is evaluating potential improvement of OS
by adding docetaxel in patients with rHNSCC treated

TABLE 2 Re-irradiation studies using SBRT w/wo systemic therapy

Study
No.
of pts

FU,
mo

Median
dose Gy Fractions

Systemic
therapy, % Response

Severe toxicity (≥grade
3), %

Voynov
et al60

22 19 24 N/A — 2-y LRC: 26%
2-y OS: 22%

Acute:4.5
Late: 0

Roh et al61 36 17.3 30 3–5 — 2-y OS: 30.9% Acute: 6.1
Late: 8.3

Heron et al75 25 N/A 44 5 — MS: 6 mo Acute: 0
Late: 0

Siddiqui
et al62

37 N/A 42 5–8 — 1-y LRC:
60.6%

N/A

Rwigema
et al63

85 17.6 35 1–5 — 1-y LRC:
51.2%

2-y LRC:
30.7%

1-y OS: 48.5%
2-y OS: 16.1%

Acute:4.7

Unger et al64 65 16 30 2–5 50.7 2-y LRC: 30%
2-y OS: 41%

11%

Cengiz
et al70

46 N/A 30 1–5 — 1-y OS: 46%
1-y PFS: 41%

13.3%

Heron et al80 35 24.8 N/A N/A 100 MS: 24.5
months

0

Kodani
et al65

34 16 30 3–8 — 1-y OS: 70.6%
2-y OS: 58.3%

Acute: 0
Late: 17.6

Ozyigit
et al66

24 24 30 5 — 2-y LRC: 82% Late: 21

Comet
et al81

40 25.6 36 6 37.5 1-y OS: 58%
2-y OS: 24%

10

Lartigau
et al82

60 11.4 36 6 93.3 1-y OS: 47.5% 30

Vargo et al15 50 18 42 5 100 1-y PFS: 33%
1-y OS: 40%

6

Abbreviations: FU, follow-up; Gy, Gray; LRC, locoregional control; mo, months; no., number; MS, median survival, N/A; not available; OS,
overall survival; PFS, progression-free survival.
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with SBRT and concurrent cetuximab.83 Another phase
II study using pembrolizumab in combination with SBRT
is ongoing to evaluate possible improvement in PFS in
patients with recurrent or second primary head and neck
malignancies.59

Hence, an ideal candidate for re-irradiation using
SBRT would be a patient with an isolated neck recur-
rence with GTV <25 cm3, especially in cases where the
tumor does not directly invade the vessel wall or is
located at a sufficient distance from major vessels. Con-
versely, a patient with a laryngeal recurrence is very
unlikely to be an ideal candidate for SBRT even if the
GTV is <25 cm3 due to the high risk of severe toxicity in
a patient with the potential for reaching long-term sur-
vival. An optimal fractionation scheme of 40 to 45 Gy in
5 fractions offers a similar treatment response compared
to conventionally fractionated IMRT with the potential in
overall treatment time reduction.

4.3 | IMRT vs SBRT

Vargo et al67 retrospectively compared the efficacy of
SBRT and IMRT in radical treatment of unresectable
rHNSCC or SPM in 414 patients. Approximately half of
the patients (52.4%) were retreated using IMRT and in
47.2%, SBRT was used. Median total treatment time was
43 days for IMRT and 10 days for SBRT (P < .01). Median
OS was 13.3 months (95% CI 10.5-16.9) for patients
treated with IMRT and 7.8 months (95% CI 6.8-9.8) for
those treated with SBRT. When analyzing the data with
implementation of Ward's RPA,12 in group II (n = 353),
clear benefit in OS was demonstrated for IMRT (2-year
OS 39.1% for IMRT and 18.6% for SBRT, P < .001). In
group III, a trend toward better OS was observed in the
IMRT group (2-year OS 16.2% for IMRT and 3.6% for
SBRT, P = .042). In a subgroup of patients with large
tumor extent (T3, T4 classification or volume > 25 cm3),
a significant improvement in OS was observed in favor of
IMRT compared to SBRT, regardless of whether SBRT
dose was ≥35 Gy (P < .001) or <35 Gy (P < .001).67 In
another study, Vargo et al evaluated treatment response
in re-irradiation with SBRT with a median dose of 40 Gy
in 5 fractions in recurrent head and neck cancer with his-
tological features other than SCC (non-SCC); a significant
improvement in local control of tumors <25 cm3 was
observed.15

In the study by Vargo et al,67 comparison of toxicities
for both treatment techniques was especially important.
Severe acute toxicity occurred in 16.6% of the patients
treated with IMRT and in 11.7% of patients treated with
SBRT; however, this difference did not reach statistical
significance (P = .15). Acute toxicity ≥grade 4 was higher

for IMRT than for SBRT (5.1% vs 0.5%, P < .01). The
observed rate of severe late toxicity was without a signifi-
cant difference for both techniques (12.4% for IMRT and
11.6% for SBRT, P = .69). Treatment-related deaths
occurred in 1.8% using IMRT and in 0.5% when SBRT
was used (P = .42). When rationally interpreting the
obtained data, it should be noted that in patients treated
with IMRT in this study, concurrent systemic therapy
with a very different toxicity profile was administered; in
82% of the patients treated with IMRT, platinum-based
CHT was used, while in 53.3% of the patients treated with
SBRT the most common concurrent systemic agent was
cetuximab, which could contribute to significant differ-
ences in toxicity profile for both subgroups.

In a definitive treatment technique, decision-making
not only different radiobiological aspects but also logistic
aspects may be crucial.20,67 Conventionally fractionated
or hyperfractionated IMRT is a protracted regimen that
enables reparation of the adjacent healthy tissues during
the course of treatment.68 Conversely, SBRT is a tech-
nique that uses different radiobiological aspects in rela-
tion to tumor damage, particularly, direct damage to the
blood vessel endothelium due to ablative doses of RT.69

Hence, the decision-making in selecting the optimal radi-
ation technique will be largely dependent not only on the
availability and expertise within individual centers, but,
due to differences in overall treatment time, it may also
be driven by patient preference.

5 | RE-IRRADIATION USING
HEAVY IONS

Re-irradiation using heavy particles (protons, carbon
ions) is becoming increasingly popular among radiation
oncologists who are trying to investigate if this type of
treatment has lower toxicity than photon techniques. The
ROCOCO in silico dosimetric study compared re-
irradiation plans using VMAT, intensity-modulated pro-
ton therapy (IMPT) and intensity-modulated ion therapy
(IMIT) in 25 patients with recurrent or second primary
head and neck cancer.84 IMPT and IMIT achieved a sig-
nificant reduction in mean dose (Dmean) to OaR com-
pared to VMAT. Dmean to OaR was reduced by 86%
using IMPT and by 100% when IMIT was used, with sig-
nificant dosimetric sparing of the contralateral organs
(carotid artery, arytenoid, parotid, and submandibular
glands), spinal cord, and brainstem.84

Particle re-irradiation could facilitate dose escalation
in the tumor while sparing OaR, and with the expected
reduction in long-term side effects of RT, it could also
reduce the likelihood of normal tissue complication
probability,85 but any widespread recommendation on its
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use in clinical practice is biased by short follow-up86-92

(Table 3). Available evidence includes only retrospective
phase II studies without control arms and with a limited
number of patients. Reported median survival ranges
from 16.5 to 26.1 months, 1- and 2-year OS was 65.2% to
95.9% and 32.7% to 65.2%, rate of severe (≥ grade 3) acute
and late toxicity was variably reported in 3.1% to 30% and
8.7% to 37.5%, respectively (Table 3).

Although preliminary results of particle re-irradiation
with regard to acute toxicity appear to be more favorable
in comparison with photon techniques, the issue of long-
term toxicity and the relatively high cost of these tech-
niques impair wider implication of particle re-irradiation
into standard clinical practice.

6 | CONCLUSION

Recurrent or second primary head and neck malignan-
cies represent a therapeutic challenge for both surgeons
and radiation oncologists. Salvage surgery, whenever
technically feasible, is the preferred treatment method. In
the case of positive resection margins or an extracapsular
extension of nodal metastasis, the indication for postoper-
ative re-irradiation is highly rational, and concurrent
CHT should be considered especially in patients
that have not received it in the past. In inoperable
recurrences, re-irradiation is the only possible interven-
tion with potentially curative intent. With careful
patient selection, long-term survival is possible with re-

TABLE 3 Re-irradiation studies using particle therapy w/wo systemic therapy

Study

No.
of
pts

FU,
mo

Histology
of SCC, %

Salvage
surgery,
%

Median dose, (Gy,
RBE) technique of RT

Systemic
therapy, % Response

Severe toxicity
(≥grade 3), %

McDonald
et al86

61 15.2 52.5 47.5 70 PT 27.9 MS: 16.5
months

2-y LF:
19.7%

2-y OS:
32.7%

Acute: 14.7
Late: 24.6

Phan
et al87

60 13.6 66.7 58.3 61.5 PT 73 1-y LRC:
80.8%

2-y LRC:
72.8%

1-y PFS:
60.1%

2-y PFS:
48.2%

1-y OS:
81.3%

2-y OS:
69.0%

Acute: 30
Late: 16.7

Romesser
et al88

92 13.3 56.5 39.1 60.6 PT 47.8 1-y LRF:
25.1%

1-y OS:
65.2%

Acute: 9.9
Late
: 8.7

Gao90 141 14.7 75.3 16.3 60 CIT 0 1-y OS:
95.9%

7.1

Hayashi
et al91

48 27.1 N/A 18.7 54 CIT 0 2-y LRC:
33.5%

2-y PFS:
29.4%

2-y OS:
59.6%

Acute: 10.4
Late: 37.5

Held
et al92

229 28.5 26.2 17 51 CIT 0 MS: 26.1
months

Acute: 3.1
Late: 14.5

Abbreviations: CIT, carbon-ion therapy; Gy, Gray; FU, follow-up; LF, local failure; LRC, locoregional control; LRF, locoregional failure; mo,
months; MS, median survival; no., number; OS, overall survival; PFS, progression-free survival; PT, proton therapy; RBE, relative biological
effectiveness; SCC, squamous cell carcinoma.
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irradiation following salvage surgery as well as in the
case of inoperable recurrences. When choosing a proper
external beam radiation technique, IMRT should always
be preferred over 3D CRT. In a properly selected low-
volume inoperable disease with excellent visualization of
GTV that does not directly invade into major vessels of
the neck, SBRT should be considered. Proton re-
irradiation may be a technique of choice in relapses
located in close proximity to critical structures, particu-
larly in the nasopharynx or skull base with the intention
of reducing acute severe toxicity in patients with a favor-
able prognosis. Potentiation of the therapeutic effect of
re-irradiation by immunotherapy could improve treat-
ment outcome in this difficult clinical scenario. There-
fore, participation in similarly designed clinical trials
should always be encouraged.
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