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Abstract

Head and neck cancer is a kind of cancer which can be eradicated from radical radiation therapy. However, with
best efforts, nearly 40% patients will experience locoregional recurrence. Locoregional recurrence is the main cause
of cancer-related death in head and neck cancers, so local treatments play a key role in improving progression

free survival. In the last decades, radiation techniques have been tremendously developed, highly conformal
radiation techniques such as intensity-modulated radiotherapy, stereotactic body radiation therapy, brachytherapy
and proton or heavy ion radiation therapy have their unique radiobiological advances. Although reirradiation is
widely used in clinical practice, but little is known when comparing the different techniques. In this review, we

will provide a comprehensive overview of the role of reirradiation in recurrent head and neck cancers including
radiation techniques, patient selection, overall clinical benefits, and toxicities.
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Introduction

Head and neck squamous carcinoma (HNSCC) is a com-
mon head and neck malignancies, compromising of 4% in
all the malignant tumors, and almost 67,000 newly diag-
nosis each year [1]. Nowadays, for the early stage HNSCC
patients, surgery and definitive radiotherapy (RT) result
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in similar local control and survival. Postoperative RT
with or without concurrent chemotherapy is indicated
for those with pathological risk factors, i.e. perineural
invasion, lymphovascular invasion,positive or close mar-
gin, et al. Locoregionally advanced HNSCC is associated
with poorer survial, combined modality approaches (sur-
gery, RT, and/or chemotherapy) are generally required to
optimized the chances for long-term control, organ con-
servation and better quality of life [2—4]. So, RT is widely
used in HNSCC treatment [5, 6]. However, approximately
40% patients will develop a recurrence within 5 years
after definitive treatment. In addition, 15-40% survivors
will be at risk of a secondary primary tumor in the irra-
diated area [7]. Moreover, recurrent cancer is the major
factor contributing to cancer-related mortality.

In the past, surgery is first treatment for the recurrent
head and neck cancers, sometimes completed resec-
tion is not feasible due to the tumor extension to critical
organs or patient condition is not suitable for surgery [8].
So radiotherapy is an alternative in recurrent head and
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neck cancers as a definitive treatment which can improve
the clinical outcomes and cure rates [9].

Reirradiation is becoming more acceptable as for the
highly conformal techniques, such as intensity modu-
lated radiotherapy (IMRT), volumetric modulated arc
therapy (VMAT), stereotactic body radiotherapy (SBRT),
image-guided radiotherapy (IGRT) and protons or heavy
ions. Indications for reirradiation were 1). adjuvant RT
with or without chemotherapy after surgery with certain
risk factors, i.e. close or positive margin, residue disease,
extracapsular extension (ECE), et al.; 2). definitive RT for
those patients who were not surgery candidates and 3).
palliative RT, such as relieving pain. Speical consideration
should be paid to the interval between two radiations
must be at least over 6 months, better to be longer than
two year, and the dose constrains to OARs [10]. A major
drawback of reirradiation is the acute or late toxicity
with dosage limitation to the surrounding organs at risks
(OARs). Previously studies showed serious late treatment
complications up to 30% [11-13].

In this study we will illustrate the survival benefit and
treatment-related toxicities from different radiation tech-
niques. Thus, we aim to give a comprehensive review of
the radiation techniques which are being used in clinical
scenario.

External beam radiotherapy

Dose escalation

IMRT and VMAT are two kinds of intensity modulated
conformal radiotherapy which are widely used in head
and neck cancers and have been extensively studied in
reirradiation. The clinical application of IMRT or VMAT
improves the locally tumor control and reduce the tox-
icities with more efficient dose delivery to the highly con-
formal area.

Several studies have investigated the relationship
between dose and survival clinical outcomes. Balermpas
et al. reported the survival outcomes and toxicities in 18
inoperable rHNSCC patients who received re-RT with
total 50.4 Gy dose (1.8 Gy/fraction). The 1-year overall
survival (OS) rate was 47% and 2-year OS rate was 19%.
Median OS for all patients was 8.38 months. And the pro-
gression free survival (PFS) at 1 year or 2 year was 44%
and 33%, respectively. The median PFS was 7.33 months.
The maximum mild to moderate toxicities was 44% [14].
Likewise, the other study also showed that reduced radia-
tion dose (<50 Gy) tend to be with impaired OS [15]. A
large-scale multicenter analysis including 256 rHNSCC
patients from Germany showed that re-RT of locally
recurrent or second primary HNSCC is efficient, espe-
cially the treatment dose was above 50 Gy in which sig-
nificantly resulted in better OS [16]. However, a study in
35 patients underwent re-RT with median dose escala-
tion up to 55.8 Gy; the 2-year locoregional control (LRC)
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and 2-year disease free survival (DFS) rates were 9% and
7%, respectively. The 2-year OS rates were 7.9%. Grade
3 acute toxicity was reported in 7 (20%) patients while
grade 3-4 late radiation-induced complications were
seen in 8 (23%) patients [17].

Some experts also evaluated the effect of gross tumor
dose up to 60 Gy (2 Gy/fraction). A study showed sur-
vival outcomes as 2-year OS rate ranging from 10 to
22%, 2-year DFS: 3—14%, but relatively higher incidence
of treatment-related toxicity, with grade 3—4 acute tox-
icities ranging from 30 to 46%. However, these studies
didn’t specifically mention which radiation technique was
used at when 3DRT was the commonly used method [12,
18]. As in intensity modulated conformal radiotherapy
period, the re-RT total dose of 60 Gy showed a trend with
better OS and lower treatment-related toxicities. Rithle et
al. found that either simultaneously integrated or sequen-
tial boost to gross tumor or tumor bed with a median
total dose of 59.4 Gy would significantly improve OS [15].
In addition, local control rate is probably related to dose
other than radiation techniques. Kakria et al. showed that
by utilizing different techniques (IMRT vs. 3DRT) with
total dose of 60 Gy, 3-year DFS and OS were not signifi-
cantly different in both groups [19].

A multi-institution analysis in US investigated the cor-
relation between dose and the outcomes. In this study,
52.7% of the patients treated postoperatively with gross
disease (39/74), and 36.1% of those treated definitively
received dose of 266 Gy. In both definitive RT group
and postoperative subset with gross residue, higher
dose resulted in improved OS and LRE. But the survival
improvement in RT group might be eroded by compet-
ing risk of death due to distant progression or a non-head
and neck cancer cause. On the contrary, adjuvant post-
operative re-IMRT patients appeared to have little differ-
ence in either LRF or OS using doses of 50 to 66 Gy [20].
Takiar et al. also examined the role of the re-IMRT dose
in a single-institution study, demonstrating an improve-
ment in 5-year LRC, PES, and OS with a dose of 70 Gy,
compared with <66 Gy, for patients not receiving surgery
[12].

Conventional radiotherapy vs. surgery

Salvage surgery plays a key role in recurrent HNSCC
treatment. With radical remove of tumor, patients can
achieve long-term disease control rate (DCR) up to 45%
[21, 22]. Moreover, in some circumstances, complete
resection of early recurrent tumors, DCR may increase to
80% [23].

Indications for post-operative reirradiation are incom-
plete resection or ECE of nodal metastasis [24—26]. Sev-
eral studies have showed that postoperative irradiation
without concurrent chemotherapy in high-risk patients,
the 3- and 4-year OS was observed in 48% and 43% [27]
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[28]. The efficiency and safety were further confirmed
by a prospective randomized phase III trial. One-hun-
dred-thirty recurrent HNSCC patients who received
salvage surgery without macroscopic residue were ran-
domly assigned into two arms: in the first arm, patients
underwent observation and in the second arm patients
underwent 3D-RT (median dose 60 Gy/30 fractions)
conccurent with 5-fluorouracil (5-FU) and hydroxyurea.
Patients in the observation arm had significantly worse
LRC (P<0.0001) and DFS (P<0.01). Differences in OS
did not reach statistical significance (P=0.50). Thus, in
this study the LRC or DFS didn't indicate OS benefit.
Meanwhile, 2-year severe toxicity rate was 39% in the
post-irradiation arm compared to 10% in the observation
arm (P=0.06) [24].

A retrospective study from Mayo Clinic compared the
difference between definitive reirradiation (DRRT) or
postoperative reirradiation (PRRT). Eighty-one HNSCC
patients received DRRT or PRRT, median PRRT and
DRRT doses were 60 and 69.6 Gy, respectively. 95%
patients received IMRT-based reirradiation. Two-year
OS was 53% and 48% in PRRT and DRRT, respectively,
(p=0.12); local recurrent free survival (LRFS) at 2 years
did not differ significantly between PRRT and DRRT
groups, either. Late serious toxicities were uncommon,
including 2 osteoradionecrosis and 1 non-fatal carotid
artery bleeding [29].

Another study including 227 patients in which long-
term survival was observed. 91% were retreated with
either DRRT or PRRT. The reirradiation dose was higher
for DRRT (median 66 Gy) versus PRRT (median 60 Gy)
0.104 patients (50%) underwent salvage resection, and
126 (73%) received radiotherapy, in which 116 (67%)
received concurrent chemotherapy. Median OS was non-
significantly different as for those DRRT was 27.7 months
and 22.8 months for PRRT. And there is no significant
difference in LRC at 5 years between surgery or non-sur-
gery group (p=0.27) [12].

A group from Belgium reported that 84 patients with
rHNSCC were treated with IMRT to a median dose up
to 69 Gy. 19 patients received salvage surgery followed
by re-RT; 17 patients received concurrent chemotherapy.
In the whole cohort, the median OS was 13.4 months.
Actuarial OS at 1, 2 and 5 years was 54%, 35% and 20%,
respectively. Median disease-specific survival (DSS) and
DES were 17.6 and 8.0 months, respectively. The 1-, 2-
and 5-year DFS rates were 40%, 35% and 15%, respec-
tively. DSS rate was 58%, 42% and 29% at 1, 2 and 5 years,
respectively. OS and DFS was significantly worse in
patients without salvage surgery [30].

Conventional radiotherapy with systemic chemotherapy
Systemic chemotherapy has been used as a palliative
method for patients who are not candidates for surgery,
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but the response rates are limited with a median survival
time of 7.4 months [31]. Mounting of studies have evalu-
ated the role of chemotherapy in treating HNSCC.

In 1998, a group from France [18] compared radiation
alone with 5-6 cycles of fluorouracil (5-FU) and hydroxy-
urea concurrent chemotherapy. The median radiation
dose prescribed was 60 Gy/30 f. Better objective response
rate (ORR, 58% vs. 45%), 5-year OS rate (14% vs. 6%),
2-year DFS (14% vs. 11%), 5-year DES (8% vs. 6%) were
observed in chemoradiation group when compared with
radiation alone, however, no statistical significance was
shown. The incidence of grade 3/4 mucositis was 23%
and 8% (radiation alone), 32% and 13% (chemoradiation).
The two factors significantly correlated with survival
were irradiated volume less than 650 cc or radiation dose
more than 60 Gy.

Since then, different chemotherapy regimens were
evaluated in rHNSCC patients. Hehr et al. [32] reported
the clinical outcomes of concurrent chemoradiation in 27
inoperable rHNSCC patients. Alternating chemoradia-
tion consisted of 3 cycles of docetaxel and cisplatin with
involved field radiotherapy (Total dose 40.0 Gy/2.0 Gy
per fraction). Grade 3 common toxicity criteria mucositis
occurred in 15%, leukopenia>grade 3 in 37%, and 3 early
deaths were observed. Time to local progression, and
3-year OS rates were 10 months, and 18%, respectively.
Other studies also showed that grade 3 or 4 acute toxici-
ties occurred ranged from 20 to 46% mainly with muco-
sitis, dermatitis and esophagitis of patients who received
induction or concurrent chemotherapy with cisplatin or
carboplatin [33, 34]. Concurrent chemoradiation with
capecitabine was also investigated in rHNSCC. The total
irradiated dose was 50 Gy up to 60 Gy. The ORR was
68%. The median OS was 8.4 months. Grade 3 or 4 muco-
sitis occurred in 4 patients and 1 patient, respectively. No
grade 4 hematological toxicities were observed; 1 patient
had grade 3 anemia [35].

Salama et al. reported that 115 previously irradi-
ated HNSCC patients, 49, who had undergone surgical
resection, followed by concurrent chemoradiation and
66, who were treated with definitive chemoradiation.
The chemotherapy regimens were used: 5-fluorouracil
and hydroxyurea concurrent with reirradiation (FHX)
(n=14), cisplatin plus FHX (n=23), paclitaxel plus FHX
(n=42), gemcitabine plus paclitaxel and 5-fluorouracil
concurrent with reirradiation (n=26), and irinotecan
plus FHX (n=10). The whole cohort median OS and PFS
was 11 and 7 months (range, 0.2-158.7), respectively. The
3-year OS, PFS, LRC, and distant metastasis free survival
(DMES) rate was 22%, 33%, 51%, and 61%, respectively.
Though, multivariate analysis identified reirradiation
dose, triple agent (cisplatin-, paclitaxel-, or gemcitabine-
containing chemotherapy), and surgery before radia-
tion as independently prognostic for OS, PFS, and LRC.
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However, 19 patients died of treatment-related toxicity,
five of these of carotid hemorrhage. Caveats in this study
is that the role of chemotherapy was not illustrated sepa-
rately in non-surgical resection group [36].

A retrospective study previously mentioned that con-
comitant chemotherapy did not lead to improved OS
or PFS rates (no chemotherapy vs. chemotherapy), and
there was no survival benefit between patients receiving
cisplatin or not [15]. Lee et al [37] also reported that in
a whole cohort of rHNSCC patients treated with either
3DRT or IMRT combined with chemotherapy as defini-
tive or adjuvant intention, the use of different regimens
of chemotherapy didn’t significantly improve the OS or
locoregional recurrent free survival (LRRES).

In a subset of evaluating the role of adjuvant chemo-
therapy post-surgery, several studies showed that addi-
tional adjuvant chemotherapy didn't bring survival
outcome [29, 34].

For advanced recurrent tumor, the tumor infiltrated
surrounding critical organs, definitive radiotherapy
caused more severe acute or late treatment-related toxic-
ity. Several studies aimed to explore the efficacy of che-
motherapy as reduce the tumor burden. ORR ranged
from 45 to 83.3% in different set of chemotherapy agents
[38-41]. A phase II clinical trial explored two-cycle
induction chemotherapy containing regimen of gem-
citabine and pemetrexed brought 35% ORR rate before
concurrent chemoradiation. However, the proneness
to toxicity and death of induction chemotherapy didn’t
result in better OS compared to concurrent chemora-
diation [42]. Considering the treatment-related toxicity
might compromise the survival outcomes, Yang et al. ret-
rospectively analyzed if a two-regimen induction chemo-
therapy (PF vs. TPF) would improve the OS. It showed
that the overall response rate (RR) was better in the
TPF group (p=0.005) than the PF group. And patients
who received TPF, followed by surgery and concurrent
chemoradiotherapy had better OS (p=0.012) and PES
(p=0.038) than concurrent chemotherapy with PF group
[43].

Conventional radiotherapy with target therapy

Cetuximab is an anti-EGFR antibody which has been
used in concurrent radiotherapy in HNSCC and in com-
bination of chemotherapy in metastatic HNSCC. Several
studies have shown that by using cetuximab as concur-
rent regimen, the median OS was 8.3 to 18 months, and
PES ranged from 7.3 to 15 months. And the 1-year OS
rate was about 40%, local control rate was from 33 to
61%. ORR ranged from 47 to 59% [14, 44, 45].

Dornoff et al. compared concurrent cetuximab with
concurrent cisplatin. The study showed that 66 patients
with rHNSCC were 1:1 assigned to received cetuximab
or cisplatin-based chemotherapy concomitant with
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re-RT. The 1-year OS rates for cetuximab and chemo-
therapy were 44.4 and 45.5% (p=0.352), respectively.
At 1-year local control rate (LCR) were 46.4 and 54.2%
(p=0.625), free from metastases (FFM) rates were 73.6%
and 81% (p=0.842), respectively. Over grade 3 haemato-
logical toxicity occurred more often in the cisplatin group
(p<0.001), pain=>grade 3 was increased in the cetuximab
group (p=0.034) [46].

Thus, cetuximab as a substitution for those patients’
ineligible of cisplatin without compromising the clinical
outcomes or increasing treatment-related toxicities.

Conventional radiotherapy with immunotherapy
Immunotherapy, mainly, immune checkpoint inhibi-
tors (ICIs) like PD-1 or PD-L1 blockade inhibitors, has
emerged as a promising treatment option for many types
of cancers. And its role in recurrent HNSCC has been
evaluated recently. The role of immunotherapy in rHN-
SCC is disputable.

Immunotherapy was used in inoperable recurrent or
metastatic HNSCC patients. And ICIs were introduced
in second-line treatment by using different ICIs [47-49].
And the improvement in OS was 20-31% reduction in
risk of death, and even higher ORR when compared with
standard care of chemotherapy. KEYNOTE-048 showed
that even pembrolizumab monotherapy was found to be
non-inferior to EXTREME study, in terms of OS (11.6 mo
vs. 10.7mo), and ORR was better in pembrolizumab plus
FP and EXTREME groups other than pembrolizumab
alone [50].

A retrospective of 10 rHNSCC patients were re-evalu-
ated 60 Gy in 30 fractions with concurrent and mainte-
nance nivolumab administration. One-year OS rate was
50% and the median OS was 11 months. One-year LPFS
rates were 30%. Median LPFS was 8 months. OS and
LPFS rates were not inferior to those of patients treated
with concurrent cisplatin. No unexpected radiation-
related toxicity occurred [51]. Based on previously stud-
ies, there are several ongoing clinical trials to further
investigate the safety and efficacy in rHNSCC when com-
bined with re-irradiation.

SBRT

Stereotactic body radiation therapy, or SBRT, is a method
that delivers high irradiation dose precisely to tumor tar-
gets with a hypofractionated schema, typically<5 frac-
tions which reduce the overall treatment time compared
to conventional EBRT. Meanwhile, a steep dose gradient
is created around target volume minimizing damage to
healthy tissue [52]. SBRT are common in treating intra-
cranial metastasis, spinal metastasis, and NSCLC [53—
55]. The studies by using SBRT in recurrent HNSCC or
secondary primary tumor were reviewed below.



Page 5 of 18

(2023) 18:166

Zhang et al. Radiation Oncology

(14-2Y) ow
%€ /C AWl GTL SO UBIPAW '0W 9'8 :S4d
-X0} 91e| € 9pLID  UIPIW 10W 87| 54y uelipawl VYN Qeuwixnisd 95001 / St :uelpaw 99 :ueIpaW €/ ¥ 0l0Z ‘ussusr
%9:A1DIX0)
9)e| € 3peIn T %8t SO AT
(3d)%6L €L
(4dL)ow 18T Au Adelsyjowayd
-JIX0] $—¢ opeis %L9:D41 AT 9/C %001 %/ 1 09:ueipaw §'/9:ueipaw GE d 010z 13Ys
%1€ Aol ow ¢ 15O uelpaw
-X0) 9)e| € IpeI '%0¢ 'SO A-G ‘%S¢ 'SO A-C
%0° L€ 1A1DIX0} Adelayiowayd
91N2e ¢ 9pein %0Y DT A-S %8k DY A-C g6l %C 0T 9%09°7C 69:ueIpaW 69:ueIpaw ¥8 ¥ 600¢ ‘z1dnQ
%9C
:ADIX0} 91€| €
opeb'ogr A
-JIX0} 91N2e ¢ 985 D41
apelb :dnoib 1y A-€ 9657 :SO A-€ :dnoib 1Y Adelayiowayd 9%/°96 dnoib |y %001 09:uelpaul [STE o€l d 8007 Jouef
%81 SO A-€
%9¢ A1dIX0}
91€| —¢ 9pelD %bL DY A€ 43 / %001 99-09 VN 6¢ d 900t ‘spadsey
OW /:S4d UBIPAW ‘%€ € 'S4d A-¢
%E8L ANl ow Adelayowayd
-JIX0) G—f 9pei) LL :SO UeIpaw 97z 'S0 A-¢ /9 %001 %09t gy9-uelpaw §'/9:uelpaw GlLL d 900¢ "eweles
%581 A11D1X0)
9| € BpRID  OW G| 15O URIPAWI/E:SO AT
%S 1/%ET
:A1121X01 91nde Adelayiowayd
¥7/¢ 9peiH %CY [SHHY1 AT SE %G'LL %0€ve 765 UBIPaW ¢9:ueipaul S0l d 900¢ 991
%ET AUDIX0) ow
91€| y—¢ 9pein TELISO URIPRW 97750 A-C
%0€ A1DIX0)
3Nde {—¢ apeln %LTDYTAC 43 / / 09:uelpaw VN e d 9007 ipusbuer
9%01 :A1DIX0) Adelayiowayd
2INdR Y€ 3peID  OW (|50 UBIPAW %681 [SO A-€ (44 %001 / 05-0% ¥'//-09 LC d S00T 1Y=H
%9740 A-5'%9¢:54a A-¢
%0t -A1DIX0) Adelayiowayd
91NJe ¢ opei) %EY SO A 99 %001 %001 09 :ueipawl ¥ < SC Y 100T 19ISI0AID
%8-0'540 A-5'%t 1-€ 'S4 A-C
0401 :A1IDIX0) Adelayiowayd
SINJB H—€ SPRID 9%t | —0:S0 A-59S7-01 SO A-C N %98 N 09:ueIpaW 0/-59 691 Y 8661 UBISI0NSID
ueipaw
ow Ao ‘asop ‘suonpely Ao ‘Adesay)  sjuaned ubisap
£31>1X0} d19A3S £>eoyy3 ‘dn mojjo4 Adesayy d1waisAs K13bins uonepe.u-ai [e)ol JO°ON -olpel snoiAdid jJo-oN Apnis Apms

1493 Buisn sa1pnis uonelpes-oy L d|qeL



Page 6 of 18

(2023) 18:166

Zhang et al. Radiation Oncology

(A9 09>)9%10€ '(AD 6'59

%1 7T sem Al -09)%C 7€' (AD 99 )% 61
-JIX0) 9inoe ¢ < {(dnoib aAnYsp)SO A-C Slc %07 LL %067 09:ueipawl VN S0S d /102 'l9pned
(en1lUYap)99:UeIpaw
(1Y [e21buns
%0¢ -150d) 77 :SO URIpRW (1Y  UONRIpeLI-2I Adelayiowayd
:A)DIXO) € BPRID  SAIUYDP) OW //T SO UeIPaN 194e /¢ %/9 %05 (|ed1bins-sod)pg:uelpaw Go:uelpaw LTC d glLozenel
OW /7§ :S4Y7 UBIPaW 19609 :S447 A-C (1LY SAINUYSP)9 69:URIpRU
(1¥)ow gewixniad Jo Ade (1Y
VN TTSO UBIpaW 9681 S0 A-C '8/ -4syiowayd %1t/ %06'1S  [eabins-3sod)pg:ueipaw 99:ueipaw 18 d 910T 'snD
Adelayiowayd %05
(uneids)9s LS
‘(qewxnyad)
9%9°£S :A1DIX0) (Une(dsiD)ops St
€ opeio (ewIxn1dd) %t |SO A-L €8l QeWIXN1ad %05 %¥C 7’05 uelpawl 79 :uelpaw 99 d §10z ‘Pouiog
oW HZ:SO UBIPAWIY/ 8 :SO A-¢
%7€ :A1DIX0] ow /7l Adelayiowayd 1o
|1nde ¢ spels 'S4d UeIpaUI9s/'87 'S4 A-€ 90C  QeuliXnad %7 Sy %€EL 09:uelpawl 0/:ueipaw L€ d GLog'euyey
(dd)%w6L €L
(4d1)OW G'67 ‘S4d'(dd)oW §°/C :S4d
(4d.1)%8 7 E:A1121X0) H-Eapeln) Adelayiowayd
"(4d1)oW T°T€ 'SO'(dd) Yaea1 10U SO Ll %001 %L/ VN =Sy €6 d ¥107'buey
%t AUDIXO) oW 8£'8 SO Ueipaw
€-¢opeln %61 'SO AT "% SO A-L QewIXniad 9%00L / 7'0S:uelpawl L-8'SS 8l Y zlog'sedwialeg
%6TL AN Adelayiowayd
-DIX0} p—€ 3PRID  OW #'8 :SO URIPAWI01:SO A-C VN %001 / 09-0S VN 59 d 10t ‘Benjwiop
%6 'SO AT %6 SO A-L
%€ :A1DIX0)
91€| =€ 9pein 9% 'S4QA AT '%0€ :S4a A-L
%0¢ :A11DIX0)
91NJe ¢ 9peis) %6:01 AT WLy 1AL 6¢ClL VN VN g'GGuelpaw 99:uejpawl GE d z107'1uodad
OW §'6:S{d URIPAWI90T 'Sd A-1
Adelayiowayd
/ OW 86 SO URIPAUIERSO A-L 9SY %001 %0019 0/-09 VN 93 d L LOZUole|IIA
%0T A12I1X0}
1e| € 9pelo % OYT AL ‘%191 AL
901 :A1121X0) uoljeipeulial
SINJE € 3pRID  OW /SO UBIPAW 9601 SO A-L 18R OW §'9  GRWIXNIDD %001 %0t ¥'0G:ueIpaW 99:ueipaw o] d L 10T 193421M7
uejpaw
ow Ao ‘asop  ‘suoinpdely Ao ‘Adessay)  sjuaned ubisap
£31>1X0} d19A3G A>eodyy3 ‘dn mojjo4 Adeisayy d1walsAs K19bins uonepe.-ai [e}ol JO'ON -Olpel snolndid Jo "oN Apnis Apms

(panunuod) | 3jqey



Zhang et al. Radiation Oncology

Table 1 (continued)

Severe toxicity

Systemic therapy Follow up, Efficacy

surgery

No. of Total re-irradation
dose, Gy

Previous radio-
therapy, Gy

No. of

Study

Study

mo

fractions,
median

patients

design

>3 ate toxicity
was 16.7%

2-y LRF(defiitive group):

50.9%(= 66 Gy),67.5%(60-

659 Gy)

Grade 3 acute
toxicity: 9.3%

1-y OS: 62.4%, 2-y OS: 52.3%,
5-y OS: 34.3%; median OS:

25 mo

/

60.7% cetuximab

35.40%

median:59.4

30

median:68.2

R 48

Ruhle, 2020

Grade 3-4 late
toxicity:16.6%

1-y PFS: 37.6%, 2-y PFS: 28.8%,
5-y PFS: 11.5%; median PFS:

9mo

39.4% chemotherapy

(2023) 18:166

1-y OS: 50%; median OS:11 mo  Grade 3

M

100% Nivolumab

median:60 NA

median: 70.6(definitive)

64.8(adjuvant)

10

p

Altay-Langguth,

2021

1-y PFS: 30%; median PFS: 8mo  toxicity: 20%

(Nivolumab)

2-y OS: 29%; median OS: 13.2mo NA

24.8

71%

median:50

R 253 NA

Roesch, 2022

chemotherapy

2-y PFS: 19%; median PFS: 7.9 mo

Abbreviations: OS, Overall Survival; LC, local control; LRC, locoregional control; DFS, disease free survival; LRFS, local recurrent free survival; LRRFS, locoregional recurrent free survival; PFS, progression free survival
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Dose modification in SBRT

In 2009, Heron et al. conducted a phase I dose-escalation
trial in SBRT for rHNSCC. In this clinical trial, 25 rHN-
SCC patients were treated in five dose tiers up from 25 to
44 Gy. No Grade 3/4 or dose-limiting toxicities occurred.
The ORR was 17%. Median PFS was 4 months, and
median OS was 6 months. Self-reported quality of life
was not significantly affected by treatment [56].

Roh et al. reported in 36 rHNSCC patients who
received median dose of 30 Gy in 3-5 fractions by
SBRT, achieved 88.6% ORR which resulted in a 2-year
OS of 30.9%. Late adverse reactions occurred in 8.6% of
patients including 2.9% treatment-related deaths [57].
Another analysis from 45 rHNSCC patients treated with
median total dose of 30 Gy SBRT delivered in 5 fractions.
The prescription doses of SBRT>40 Gy were associated
with higher 1-year rates of OS (67.79%), LC (75.00%) and
a higher likelihood of experiencing toxicities. Acute and
late toxicity rates were low (22.2% and 15.6%, respec-
tively) and were all Grade 1-2 with only one late Grade 3
esophagitis [58].

Kawaguchi et al. reviewed 22 patients who received
SBRT for rHNSCC with restage rT1-rT4. The median
marginal dose of 33.73 Gy in 2 to 5 fractions. When the
PTV was more than 30 cc the prescription dose was
reduced by 30%. Over 70% patients were observed ORR
including CR and PR. The OS at 2-year with and without
lymph node metastases is 12.5% and 78.6%, respectively.
With higher recurrent T stage, there was a trend for more
severe complications [59].

A group from University of Pittsburgh, reviewed 85
patients who received SBRT for rHNSCC. The mean
dose of SBRT was 35 Gy. Those patients who received
SBRT <35 Gy had significantly lower LCR than those
with 235 Gy at 6 months (P=0.014). Tumor responses
were 34% CR, 34% PR, 20% SD, and 12% PD. The 1-year
and 2-year LCR and OS rates for all patients were 51.2%
and 30.7%; 48.5% and 16.1%, respectively. Overall, the
median OS for all patients was 11.5 months. Treatment
was well-tolerated with no grade 4 or 5 treatment-related
toxicities [60].

In 2018, a multi-institutional study compared the effi-
cacy and safety between SBRT and IMRT for rHNSCC
patients. The study included 414 patients with unresect-
able rHNSCC: 217 with IMRT and 197 with SBRT. The
unadjusted 2-year OS rate was 35.4% for IMRT and 16.3%
for SBRT (P<0.01). The median OS were 13.3 months for
IMRT patients and 7.8 months for SBRT patients. No sig-
nificant differences in OS or locoregional failure between
IMRT and SBRT were demonstrated. Acute grade>4
toxicity was greater in the IMRT group than in the SBRT
group (5.1% vs. 0.5%, P<0.01), with no significant differ-
ence in late toxicity. Further subset analysis demonstrated
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comparable OS when =35 Gy was delivered with SBRT to
small tumor volumes (<25 cc) [61].

To assess the effect of SBRT dose and tumor vol-
ume on the outcomes in patients with rHNSCC, Rwi-
gema et al. reviewed 96 patients who received SBRT.
Patients were divided into 4 SBRT dose groups: I (15—
28 Gy/n=29), II (30-36 Gy/n=22), III (40 Gy/n=18), and
IV (44-50 Gy/n=27). The median gross tumor volume
(GTV) was 24.3 cm®. For GTV<25 c¢cm® (n=50), com-
plete response rates were 27.8%/30%/45.5%/45.5%, and
for GTV>25 cm® (n=46), complete response rates were
20%/25%/42.8%/50% in SBRT groups I-1V, respectively.
The 1-/2-/3-year LRC rates for doses 40 to 50 Gy were
69.4%/57.8%/41.1%, respectively, whereas for 15 to 36 Gy,
they were 51.9%/31.7%/15.9%, respectively (P=0.02). The
overall 1- and 2-year OS rates were 58.9% and 28.4%,
respectively. The better LRC was observed in higher dose
group related to smaller tumor volume [62]. Another ret-
rospective study showed that for a curative intent for a
rHNSCC patients who treated by SBRT with the median
tumor dose was 30 Gy which were correlated to the
median gross tumor volume of 58.7 cm®. However, there
was a trend of lower response rate (25% CR, 31% PR and
44% SD) in relatively larger tumor volume [63].

Adjuvant SBRT after salvage surgery

A retrospective review of 28 patients were with high-risk
features (positive surgical margins or extranodal exten-
sion) following macroscopic complete (RO/R1) salvage
surgery treated with adjuvant SBRT *cetuximab. the
1-year LRC, distant control, DFS, and OS were 51%, 90%,
49%, and 64%, respectively. Rates of acute and late severe
(=grade 3) toxicity were low at 0% and 8%, respectively
[64].

Another retrospective study showed that 11 patients
were treated with salvage surgery followed by SBRT. The
median total dose was 40 Gy. The 2-and 4-year DES were
62.3% and 41.6%, while the 2-and 4-year OS probabilities
were 80.0% and 53.3%, respectively. Two (18.1%) patients
had local failure in the SBRT field. Three (27.3%) patients
had distant metastasis. The interval between previous
radiotherapy and SBRT <24 months (p=0.033) and loca-
tion of the salvage target in the oral cavity (p=0.013)
were related to worse OS. The total dose of SBRT given in
more than three fractions was favoring the OS (p=0.051)
[65].

SBRT with systemic chemotherapy

A group from Georgetown University Hospital, reported
a retrospective study in 65 rHNSCC patients by using
SRS/SBRT. Thirty-eight patients were treated definitively
and 27 patients with metastatic disease and/or untreated
local disease were treated palliatively. Nine patients
underwent complete macroscopic resection before SRS.
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Thirty-three patients received concurrent chemoradia-
tion mostly choosing Xeloda, cisplatin, carboplatin as
concurrent regimen. The median reirradiation SRS dose
was 30 Gy (21-35 Gy) in 2-5 fractions. In all the 56
patients were evaluable for response: 54% CR, 27% PR,
and 20% had no response. Median OS for all patients was
12 months. For definitively treated patients, the 2-year
OS and LRC rates were 41% and 30%, Multivariate analy-
sis indicated that higher total dose, surgical resection,
and nasopharynx site were significantly associated with
improved LRC; surgical resection and non-squamous his-
tology were associated with improved OS. Seven patients
(11%) experienced severe reirradiation-related toxicity,
including one treatment-attributed death. However, the
contribution of chemotherapy hadn’t been described in
detail [66].

In 2015, Kress et al. reported a study evaluating the role
of chemotherapy and long-term clinical outcomes in 85
rHNSCC patients by using SBRT. 60% patients received
systemic chemotherapy including concurrent, adjuvant
or induction chemotherapy. Results indicated that those
patients treated with curative intent, the median OS was
12.2 months, and the 2-year OS and LRC were 24% and
28%, respectively. Median survival was 6.7 months in
patients treated with palliative intent. Concurrent che-
motherapy had no statistically significant impact on sur-
vival or LRC [67].

SBRT with systemic target therapy

In a retrospective-matched cohort study, 70 rHNSCC
patients were divided into 2 groups: patients with SBRT
alone (n=35) or with weekly cetuximab infusion dur-
ing SBRT (n=35). The concurrent cetuximab infusion
conferred an OS advantage (24.5 vs. 14.8 months) when
compared with the SBRT alone, without a significant
increase in grade 3/4 toxicities [68].

A prospective study included 150 patients with unre-
sectable rHNSCC were treated with SBRT of 40-50 Gy
in 5 fractions, while 47% patients receiving concurrent
cetuximab. The lifetime QOL including, swallowing,
speech, saliva, activity was improved by SBRT regardless
of age, tumor size or concurrent cetuximab [69].

Later, Lartigau et al. reported a muti-institutional
phase II study of concomitant stereotactic reirradiation
with cetuximab for rHNSCC, 60 patients with inoperable
recurrent, or new primary tumor in a previously irradi-
ated area were included. RT dose was 36 Gy in six frac-
tions with 5 injections of concomitant weekly cetuximab.
At 3 months, response rate was 58.4% and disease control
rate was 91.7%. The one-year OS rate was 47.5%. Eighteen
patients presented with grade 3 toxicities: mucositis, dys-
phagia, induration, and fibrosis and one toxic death from
hemorrhage and denutrition [70]. Another phase II clini-
cal trial held in US, concurrent cetuximab combined with
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radiotherapy, similar results were observed including the
1-year local PES rate was 60%, and PFS was 33% (95% CI:
20-49%). The median OS was 10 months (95% CI: 7-16),
with a 1-year OS rate of 40% (95% CI: 26-54%). Grade 3
acute and late toxicity was observed in 6% patients [71].

A group from Taiwan evaluated the role of SBRT in
combination of cetuximab for Asian rHNSCC patients.
The prescription dose ranged from 40 to 50 Gy in 5 frac-
tions with concurrent weekly cetuximab infusion. The
response rate was: 25.0%CR, 41.7% PR and 11.7%SD
(n=72) and 21.7%CMR, 51.7%PMR and 13.3% SMD
based on PET-CT (n=60), respectively. The median OS
was 9 months and the 1-/2-year OS and PFS rates were
42.8%/22.0% and 40.5%/19.0%, respectively. The re-irra-
diation interval>12 months and gross tumor volume
(GTV) =50 ml were favorable prognostic factors of OS
and PFS [72].

SBRT with systemic immunotherapy

SBRT, different biological mechanism from conventional
radiotherapy, is leading to cytotoxic effect and promote
the tumor associated antigen release, thus, increasing T
cell recognition and infiltration [73].

To date, there was no data presented in recurrent
HNSCC. However, the only phase II randomized trial
in metastatic HNSCC utilizing concurrent SBRT and
nivolumab in which 62 patients with metastatic HNSCC
was enrolled who were randomized to either nivolumab
or nivolumab with SBRT (3x9 Gy). There was no statisti-
cally significant ORR difference between arms. There was
no significant difference in OS or PFS. Grade 3-5 toxici-
ties were similar [74]. Though the previous clinical failed
to show any advantage in combination of SBRT with
ICIs. However, it’s still worth to pursue other clinical
trials ongoing to evaluate the efficacy of concurrent ICI
with SBRT and identify the biomarker to predict progno-
sis in rHNSCC.

Hyperfraction radiotherapy

Hyperfractionated radiotherapy (HFRT) is referred
to two to three fractions are delivered each day, with
a reduced dose per fraction equal to 1.1 to 1.2 Gy. The
reduction of the dose per fraction may reduce the risk of
late toxicity, despite an increased total dose [75].

RTOG 9610 is the first prospective muti-center clini-
cal trial testing HFRT plus concurrent chemotherapy of
5-luorouracil (5-FU) and hydroxyurea. Among all the 79
analyzable patients, the estimated median survival is 8.5
months, with 1- and 2-year OS rates of 40.5% and 15.2%,
respectively. The 5-year OS rate is only 3.8%. Overall,
38% and 18% of patients experienced grade 3 or 4acute
toxicity, respectively. Six patients died during the therapy,
resulting in 8% grade 5 toxicity. 19% grade 3 late toxicity
was noted. Two grade 4 late toxicities (3%) occurred [76].

Page 9 of 18

RTOG 9911 is another clinical trial utilizing the same
radiation scheme, but the chemotherapy regimens were
in substant of paclitaxel and cisplatin. 105 patients were
enrolled and finally 99 patients are feasible for final eval-
uation. The median survival time was 12.1months, with
a 1-year OS of 50.2% and a 2-year OS of 25.9%. Median
PFES is 7.8 months with a 1-year PFS of 35% and a 2-year
PES of 15.8%., which was superior in RTOG9911 than
RTOG 9610. Grade 3-5 acute toxicities were 49.5%,
23.2% and 5.1% respectively. And grade 3-5 late toxicities
were 16.9%, 16.9% and 3.6%, respectively [77].

Since treatment-related toxicities, especially for acute
toxicities were relatively high in concurrent chemo-
therapy with HFRT. Tao et al [78] reported that HFRT
(60 Gy/50f, 1.2 Gy/f, bid) with weekly cetuximab was no
significant different in OS, PFS or toxicities when com-
pared with concurrent conventional chemotherapy. De-
escalation was also evaluated. A group from Germany,
showed that with doses of 30-36 Gy (1.5 Gy/f, bid), in
combination with chemotherapy consisted of paclitaxel
twice per week, the 1-year LRC, OS rate was 25% and
75%, respectively. Toxicity didn’t exceed grade 2 [79].
Rades et al. [80, 81] reported that using lower dose rang-
ing from 36 to 44.4 Gy concurrent with paclitaxel, four
of 6 patients survived over 12 months after re-irradia-
tion. Only 1/6 patient developed into grade 3 toxicity. It
seemed that lower dose resulted in lower incidence of
toxicities, without compromising 1-year OS.

Brachytherapy

Interstitial brachytherapy (iBT) is a form of internal radi-
ation therapy where a sealed radiation source is placed
inside or next to the tumor area. As rapid dose falloff
beyond the implant part, surrounding normal tissues can
be adequately spared from high doses of radiation. The
rapid falloff in turn allows the delivery of a meaning-
ful tumoricidal dose. Because brachytherapy treatment
duration is typically much shorter than EBRT, it con-
quered the problem of accelerated repopulation of tumor
colognes. So, in the past decades, brachytherapy has been
investigated its role in rHNSCC [82].

Low dose rate brachytherapy (LDR)

LDR has been the first and the most utilized technique
in iBT as for its high LCR and relatively low treatment-
related toxicity. Forty-five rHNSCC patients were
treated with LDR alone (N=22), surgery with LDR
(N=14), EBRT with LDR (N=3) and triple treatment of
all, EBRT and LDR (N=6). The median dose of intersti-
tial brachytherapy (iBT) was over 55 Gy. In the whole
cohort, median PFS was 15 months, and LCR at 1 and
2 years were 50% and 37%, respectively. Median OS
was 16 months, and OS at 2 and 5 years was 33% and
11%, respectively. Salvage surgery didn't contribute to
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locoregional progression (P=0.30). Severe retreatment
morbidity was late toxicity which account for 1.2% in all
the patients [83].

Two-hundred-twenty rHNSCC patients were treated
by LDR of a median dose of 53 Gy, with or without sal-
vage surgery, concurrent chemotherapy, or hyperther-
mia. Cumulative LCR at 2, 5, and 10 years were 69%, 51%,
and 41%, respectively. The 2-, 5-, and 10-year DEFS rates
for the entire group were 60%, 33%, and 22%, respec-
tively. The OS for the entire group at 2 and 5 years was
43% and 20%, respectively. However, further multivari-
ate analysis indicated that prognostic factors, including
tumor sites, age, gender, prior radiation dose, previous
surgery, combination with chemotherapy and/or hyper-
thermia, and time interval between first radiation treat-
ment and reirradiation, none of these were statistically
significant in related with survival. 60% patients suffered
from acute toxicities. Moderate to severe late complica-
tions occurred in 27% of the patients [82].

A retrospective review of the 51 rHNSCC patients at
the M. D. Anderson Cancer Center was undertaken.
All patients underwent neck dissection with complete
resection and intraoperative placement of after load-
ing brachytherapy catheters. The median iBT dose was
60 Gy delivered over an average duration of 5 days with
an average dose-rate of 60 cGy/hour. The 2-year PFS
rate was 58% and the median PFS was 59 months. The
median OS was 101 months. The 2-year, 5-year, and
10-year OS rates were 69%, 56%, and 46%, respectively.
Early adverse events were observed in 21 patients (39.6%)
with 8 (15.1%) considered as grade 3 or 4 events. Late
adverse events were observed in 19 patients (35.8%) with
6 (11.3%) considered as grade 3 or 4 events [84]. A pro-
spective phase 1/2 trial involving 49 patients receiving
surgery plus Cs-131 (surgery+Cs-131) treatment with
a total dose of 60 Gy, grade 1 to 3 adverse events (AEs)
occurred in 18 patients (37%), and grade 4 AEs occurred
in 2 patients. Two-year PFS was 49% and 5-year OS was
31% [85].

High dose rate brachytherapy (HDR)

HDR brachytherapy is another way allowing for optimi-
zation of treatment planning and more accurate dosim-
etry because of the ability leading to an advantage in
both maximizing tumor control and minimizing compli-
cations. And on the other hand, HDR provide a shorter
treatment duration [86].

Thirty patients of rHNSCC who received HDR with a
median dose of 34 Gy (18-48 Gy) in twice daily fractions
of 3 to 4 Gy per fraction. LCR was achieved in 69% of
implanted sites.

DSS at 1 and 2 years was 54% and 45%, respectively. OS
at 1 and 2 years was 56% and 37%, respectively. Grade 3/4
late complications occurred in 16% of the patients. No
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fatal complications occurred [87]. Wiegand et al. showed
that HDR of 20-33 Gy with a fraction dose of 2-3 Gy in
inoperative rHNSCC patients. The 1-year OS and 2-year
OS were 41% and 18%, respectively [88]. Another retro-
spective study presented that HDR of curative intent or
palliative intent. One-year rates of LC, RC, DMFS, and
OS were 55%, 62%, 94%, and 77%, respectively. Patients
treated with curative intent had 2-year rates of LC, RC,
DMES, and OS of 73%, 55%,100%, and 56%, respectively.
When stratifying for curative versus palliative intent, LC
(P=0.011) and OS (P=0.0084) were both significantly
improved with curative intent. 33% had grade 3 to 4 late
toxicities. Curative-intent HDR brachytherapy reirradia-
tion can provide excellent local control and encouraging
OS [89].

HDR has also been used in combination with salvage
surgery. The group from Memorial Sloan-Kettering
Cancer Center analyzed 30 rHNSCC patients treated by
HDR. Eighteen patients underwent surgical resection fol-
lowed by HDR, 3 patients were treated with combined
EBRT and HDR, and the remaining 9 were treated with
HDR alone. The dose and fractionation schedules used
were 3.4 Gy twice per day (b.i.d.) to 34 Gy for postop-
erative cases, 4 Gy b.i.d. to 20 Gy when combined with
40-50 Gy external beam, and 4 Gy b.i.d. to 40 Gy for
definitive treatment. The 2-year LC and OS for the entire
group were 71% and 63%, respectively. Patients treated
with surgical resection and HDR had an improved 2-year
LC compared to the patients treated with HDR+/-exter-
nal beam radiation alone (88% vs. 40%, p=0.05). Grade 2
and grade 3 complications were noted in five patients, all
observed in the postoperative HDR group [90]. A Euro-
pean group also evaluated the role of HDR in addition to
resection with a median single dose of 3 Gy applied in 2
daily fractions (interfraction interval 28 h), and a median
total physical dose of 30 Gy. Outcomes were similar:
2-year OS of 13 recurrent patients was 65.3% and the
mean OS was 22.8 months [91].

A prospective study compared the efficacy between
3DRT and HDR in rHNSCC patients. Total of 64 patients
with head and neck cancer recurrence were randomly
assigned at a 1:1 ratio to receive either 3DRT (50 Gy/25
fractions) in the control group or HDR (30 Gy/12 frac-
tion). The OS rate of patients treated with HDR at 1
and 2-years was74% and 67%, respectively, compared to
3DRT group —51% and 32%, respectively (P=0.002). LCR
at 1- and 2-years in patients who received HDR was 77%
and 63% compare with 47% and 25%, respectively, for the
patients who received the 3DRT (P<0.001). Grade 3—4
acute toxicity occurred in 34.4% in HDR group and 54.8%
in 3DRT (P=0.102). In the 3DRT group, severe late tox-
icity was determined in 11 patients (35.5%), and in the
HDR group, in 1 patient (3.1%) (P=0.001). There was no
grade 5 toxicity in both groups [92].
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Pulse dose rate brachytherapy (PDR)

The main theoretical advantage of PDR-brachytherapy
is that it combines the biological advantages of LDR-
brachytherapy with the technological advantages of the
HDR after loading method.

Strnad et al. showed that 34 of 43 rHNC patients
received interstitial PDR brachytherapy (Dypr=20-60 Gy)
as part of their curative treatment regimen alone or
in combination with external radiation. Meanwhile 9
patients were implanted for palliative purposes. The
pulses were delivered 24 h/day with a time interval of
1 h between two pulses. The dose per pulse (dp) ranged
from 0.4 to 0.7 Gy. 37% patients also received cisplatin or
carboplatin with 5-Fu during the time of the PDR. 30%
patients received EBRT in a dose range from 20 to 67 Gy.
LCR rate was 79% and DMES rate was 12%. The 2-year
LRES rates, DFS rates, and OS rates for all patients were
68%, 62%, and 49%, respectively, and for patients treated
with curative intention they were 80%, 77% and 66%,
respectively. Soft tissue necrosis was the only serious side
effect seen in 4.7% patients [93]. In 2014, the same group
presented 51 patients with rHNC by using the same
scheme. LCR at 2 and 5 years were 71% and 57%, respec-
tively. Comparing results of salvage PDR brachytherapy
with or without simultaneous chemotherapy, the 5-year
LRES rates were 78.9% vs. 38.5% (p=0.01), respectively.
A total of 9/51 (17.7%) and 6/51 (11.8%) patients devel-
oped soft-tissue necrosis or bone necrosis, respectively,
but only 2% of patients required surgical treatment [94].

Kremplien et al. reported a retreatment of 14 locally
rHNSCC by combined brachy-chemotherapy using
frameless image-guided 3D interstitial brachytherapy.
The 1- and 2-year LCR were 78% and 57%, respectively.
The actuarial 1- and 2-year OS rates were 83% and 64%,
respectively. The median survival was 28 months [95].

Proton and heavy ions

Recently, the use of proton or heavy ion therapy has been
shown to be beneficial by harnessing the power of the
Bragg peak, where most of the dose is deposited in the
target followed by a steep dose decrease, thereby limit-
ing dose to normal tissues outside the treatment field.
So compared to conventional photo radiotherapy will
improve the capability of protecting surrounding tissue.

Proton beam radiotherapy (PBRT)

A retrospective analysis of 92 consecutive patients were
treated by curative intent PBRT, 52.2% patients received
systemic chemotherapy. The median PBRT dose was
60.6 Gy (relative biological effectiveness, [RBE]). The
cumulative incidence of locoregional failure at 12
months, was 25.1%. The actuarial 1-year DMFS and OS
rates were 84.0% and 65.2%, respectively. Acute toxicities
of grade 3 or greater included mucositis (9.9%), dysphagia
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(9.1%), esophagitis (9.1%), and dermatitis (3.3%). Grade 3
or greater late skin and dysphagia toxicities were noted in
6 patients (8.7%) and 4 patients (7.1%), respectively. Two
patients had grade 5 toxicity due to treatment-related
bleeding [96].

Another report that in 61 rHNC patients treated by
reirradiation with PBRT, 47.5% received salvage surgery
prior to PBRT, in whom 70.5% were with gross disease.
The median dose was 66 Gy (RBE) and for gross disease
was 70.2 Gy (RBE). 27.9% patients received concurrent
chemotherapy. The 2-year OS was 32.7%, and the median
OS was 16.5 months. The 2-year cumulative incidence
of local failure with death was 19.7%. Grade>3 toxici-
ties were seen in 38.3% patients, including 14.7% acutely
and 24.6% in the late setting. More importantly, KPS<70,
the presence of a gastrostomy tube before reirradiation,
and an increasing number of previous courses of radia-
tion therapy were associated with a greater hazard ratio
for death. A cutaneous primary tumor, gross residual dis-
ease, increasing gross tumor volume, and a lower radia-
tion dose were associated with a greater hazard ratio for
local failure [97].

Beddok et al. compared the PBRT with IMRT in 55
rHNSCC patients. Patients received IMRT (52.2%) or
PBRT (47.8%) at a median maximum dose to the CTV
of 66 Gy. For the IMRT group, 1- and 2-year local fail-
ure free survival (LFFS) was 12.1% and 12.1%, respec-
tively. For the PBRT group, 1- and 2-year LFFS was 50.0%
and 22.2%, respectively. For the IMRT group, 1- and
2-year OS was 27.3% and 27.3%, respectively. For the
PBRT group, 1- and 2-year OS was 91.7% and 55.6%,
respectively.

For the whole cohort, 1- and 2-year DFS was 30.4%,
DFS was significantly longer in the PBRT group
(p=0.031). Five patients (21.7%) experienced grade 3
acute toxicity (dysphagia, dermatitis, and mucositis). The
comparison between patients in the IMRT and PBRT
groups revealed that severe dysphagia (grade>2) was sig-
nificantly more frequent in the IMRT group (p=0.006).
Severe dermatitis was also more frequent in the IMRT
group than in the PBRT group, although the difference
was not statistically significant (p=0.093). In contrast,
hearing loss was significantly more frequent in the PBRT
group than in IMRT group (p=0.004), This result could
be explained by the slightly different locations of the
tumors treated with PBRT (skull base) and those treated
with IMRT. Main late grade>2 toxicities were dysphagia
and trismus [98].

An expanded cohort of 242 rHNSCC patients received
re-PBRT treated either by fractionated PBRT (median
dose of 70 cobalt gray equivalents, CGE) or by quad shot
PBRT (median dose of 44.4 CGE). The 1-/ 2-year LCR
was 71.8% and 63%, respectively in fractionated group in
comparison with 61.6% and 52.5%, respectively in quad
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shot group. There was a total of 73 grades 3 and 6 grade
4 early toxic effects. There were 79 potential grade 3, 4
grade 4, and 5 grade 5 late toxic effects [99].

A study from Japan reported a group of recurrent oral
cancer patients treated by PBRT with median re-irradi-
ation dose of 50 GyE in 24 fractions along with weekly
concurrent intra-artery cisplatin infusion. In total 34
patients, 22 patients (65%) achieved a CR and 12 patients
(35%) PR at the primary tumor. Clinical outcomes have
been better with 1-year/2-year OS rates were 62% and
42%, and the 1-year/2-year LC rates were 77% and 60%,
respectively. Grade=>3 toxicities were leukopenia in six
patients (18%); thrombocytopenia in nine patients (24%);
oral mucositis in 11 patients (32%); radiation dermatitis
in 10 patients (29%) and dysphagia in 12 patients (35%).
3% patients had late toxicity of osteonecrosis. This study
showed that lower dose of 50 GyE with weekly concur-
rent cisplatin intra-artery infusion would be feasible
without compromising survival benefit or toxicities [100].

Heavy ion beam radiotherapy

A group from Heidelberg investigate the efficacy and
safety of second carbon ion radiotherapy(CIRT) in rHNC
patients. This study involved 229 rHNC patients. The
median radiation therapy interval was 3.9 years, and
patients received a median dose of 51 Gy (RBE) in 3 Gy
(RBE) fractions. The median LPFS and OS were 24.2
months and 26.1 months, respectively. Serious acute tox-
icity (grade=3) was 3.0%. Late toxicities over grades 3
was 14.5% [101].

A Japanese group retrospectively reviewed 56 rHNC
patients who previously treated by conventional RT,
underwent re-CIRT. The most used protocol was 57.6 Gy
(RBE) in 16 fractions (n=23, 41.1%). Surgery preceded
re-RT in three patients (5.4%). One patient with malig-
nant melanoma received concurrent chemotherapy. The
2-year LC, PES, and OS rates were 66.5%, 36.9%, and
67.9%, respectively. The median follow-up time was 28
months. Two patients (3.6%) developed grade>3 acute
toxicities, and 14 (25.0%) developed grade=>3 late toxici-
ties. A single patient had confirmed grade 5 dermatitis
with infection [102].

Hayashi et al, reviewed 48 rHNC patients who received
re-CIRT. The median dose of initial CIRT and that at
re-irradiation were 57.6 Gy and 54.0 Gy (RBE), respec-
tively. Concurrent chemotherapy was not applied in this
study. Five patients (10.4%) developed Grade 3 acute tox-
icities and 18 (37.5%) developed Grade >3 late toxicities,
including Grade 5 central nervous system necrosis in
one patient. The 2-year LC, LRC, PFS, and OS rates were
40.5%, 33.5%, 29.4%, and 59.6%, respectively [103].
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Organ at risk (OAR) in re-irradiation in HNSCC
Though re-irradiation is an altherantive for rHNC
patients, the late toxicity to surrounding OAR is a major
limitation on dose escalation. Limited studies have
published on cumulative doses to normal tissues and
dose constraints in the re-irradiation settings, includ-
ing spinal cord, brainsterm, carotid arteries, tempo-
ral lobe, and bone structures, i.e. mandible [104].For
spinal cord, Nieder et al [105] reporte the cumulative
biological effective dose (BED)<120Gy,, and the treat-
ment interval is no shorter than 6 months and the dose
of each course is <98Gy,, there was no case of radiation
myelophathy(RM).And even BED escalated to 135 Gy,
the risk of RM appears small. On the other hand, Ahlawat
showed that the PRV spine and PRV brainterm cumula-
tive doses were 50 and 54 Gy,respectively [106]. In SBRT
study, the maximum dose to spinal cord, branstem, and
optic nerve were 21 Gy, 37 Gy, and 34 Gy, respectively
[67]. Carotid blowout is another servere late toxicity in
rHNC re-irradiation, as for it’s the main cause to fatal
hemorrhage. It was reported that the lifetime dose of
radiation to carotid blowout is 126 Gy [107-109]. Tem-
poral lobe necrosis (TLN) is a common late complication
resulting in cognitive disorder, so the dose to TL is regis-
tered a cumulative BED <150Gy, 5 [110]. When consider-
ing the osteoradionecrosis (ORN), Bots et al. suggested
that the median dose of 114 Gy (rang, 94-30 Gy) might
lead to 5.8% ORN following the re-irradiation. And the
dose to the mandible for developing mandible ORN was
104-128 Gy [108]. A group from US presented a system-
atic approach to the reirradiation process regarding of
tissue repair when limite the dose to OARs. They used a
model combining the cumulative BED and discount fac-
tors to predicit dose constrains of OARs, including: spi-
nal cord, brainterm, retina and esophagus [111].

Conclusion

Recurrent head and neck or second primary tumor are
a major failure pattern of head and neck malignancies
which account for 40% in all the HNC patients. Salvage
surgery was a definitive treatment. However, salvage sur-
gery is not feasible for all the rHNC patients. With the
development of radiotherapy technology, the effect on
rHNC patients has been extensively evaluated and reir-
radiation is associated with better prognosis. And even
post-operative radiotherapy also results in long-term sur-
vival. Different radiotherapy techniques such as, IMRT,
VMAT, SBRT, hyperfraction radiotherapy, SBRT, brachy-
therapy or proton/heavy ion therapy showed their own
advantages and should be carefully utilized in certain
circumstances. And the treatment-related toxicity is an
important reason for treatment-related mortality which
compromised survival benefit. Concurrent chemother-
apy showed no significant in extending OS but resulted in
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better local control, cetuximab is an alternative for those
who cannot undergo chemotherapy. Immunotherapy in
combination with re-irradiation should be further evalu-
ated. However, this review is mostly based on retrospec-
tive studies, lacking of large prospective clinical trials has
certain limits on the supporting evidence strength and
validity. And more prospective trials are needed to com-
pare those different modalities for better understanding
of its efficacy and safety.
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