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Background: We investigated the tolerability of cetuximab plus radiotherapy in Japanese
patients with untreated locally advanced squamous cell carcinoma of the head and neck.
Methods: Patients with epidermal growth factor receptor-expressing locally advanced squa-
mous cell carcinoma of the head and neck received cetuximab (400 mg/m? initial dose then
250 mg/m? weekly) for 7 weeks plus concomitant boost radiotherapy (weeks 2—7: once daily
[1.8 Gy] for 3.6 weeks, then twice daily [1.8 Gy morning and 1.5 Gy afternoon] for 2.4
weeks). The primary endpoint was treatment completion rate (the rate of treated patients
completing >70% of the planned cetuximab dose and the full dose of radiotherapy within 2
weeks over the planned schedule).

Results: Twenty-two patients were evaluable. The treatment completion rate was 100%
(95% confidence interval 85—100). The response rate 8 weeks post-radiotherapy was 82%
(95% confidence interval 60—95). The most common grade 3/4 treatment-emergent adverse
events were mucosal inflammation (73%); dermatitis (27%); and infection, radiation skin
injury and stomatitis (23% each).

Conclusions: Cetuximab plus concomitant boost radiotherapy can be safely administered to
Japanese patients with locally advanced squamous cell carcinoma of the head and neck.
Tolerability and efficacy were in line with those reported in the Phase Ili Bonner trial in a Western
population of patients with locally advanced squamous cell carcinoma of the head and neck.

Key words: cetuximab — concomitant boost — Japanese — locally advanced — radiotherapy —
squamous cell carcinoma of the head and neck

© The Author 2013. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by-nc/3.0/), which permits non-commercial use, distribution, and reproduction in any medium, provided the original work is
properly cited. For commercial re-use, please contact journals.permissions@oup.com

85

$T0T ‘11 UOTBIA U0 AJISIOATU() DIULY Je /10 stewmnolproyxo-cofl//:dyy woiy papeofumoq



INTRODUCTION

Globally, cancers of the lip, oral cavity, pharynx (other than
nasopharynx) and larynx account for over 4% of all malig-
nancies, with more than 500 000 new cases worldwide and
300 000 attributed deaths reported in 2008 (1). In Japan
alone, in 2007, 7879 people died of head and neck cancer,
representing 2.3% of all cancer deaths that year 2).

Patients with locally advanced squamous cell carcinoma
(SCC) of the head and neck (LASCCHN) have a number of
treatment options available, depending on regulatory author-
ity approvals. These options include concurrently adminis-
tered chemoradiotherapy with or without surgery and the
combination of the EGFR-targeting 1gG1 monoclonal anti-
body cetuximab and radiotherapy (3,4). The use of cetuxi-
mab in combination with radiotherapy grew out of the
finding that epidermal growth factor receptor (EGFR) is
expressed by almost all SCCs of the head and neck
(SCCHN) (5,6) and the observation from in vivo models that
this combination enhanced tumor regression compared with
radiation or cetuximab alone (7). Regulatory approval of the
combination of cetuximab and radiotherapy in the USA and
the EU was based on the results of the large Phase III trial
conducted by Bonner et al. in centers in the USA and 14
other countries (8). This trial reported that the addition of
cetuximab to once-daily, twice-daily or concomitant boost
radiotherapy significantly improved overall survival,
progression-free survival and locoregional control compared
with radiotherapy alome in patients with LASCCHN.
Survival benefits were maintained long term, with 5-year
overall survival rates of 46% in the cetuximab plus radio-
therapy arm and 36% in the radiotherapy alone arm 9).

It was notable that the addition of cetuximab to radiother-
apy in the Bonner trial did not exacerbate the adverse events
commonly associated with radiotherapy of the head and neck,
including mucositis, xerostomia and dysphagia (8). Among
grade >3 reactions, only acneiform rash and infusion reac-
tions, both with a known association to cetuximab, occurred
with a higher incidence in the cetuximab plus radiotherapy
arm compared with the radiotherapy arm of the trial.

The Phase II study reported here was initiated to assess the
tolerability and feasibility of administering cetuximab to-
gether with the concomitant boost radiotherapy regimen used
in the Bonner trial to Japanese patients with newly diagnosed
LASCCHN. The concomitant boost radiotherapy regimen
was chosen because it was the most frequently used in the
Bonner trial and the results from our trial would therefore be
appropriate for comparison with those from the Bonner trial.
Tumor response to treatment was also evaluated in this study.

PATIENTS AND METHODS
PATIENT SELECTION

The inclusion criteria used in this study closely followed
those used in the Bonner trial to ensure that the patient,
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disease and treatment characteristics were similar in the two
studies. Japanese patients with Stage III or IV (Union for
International Cancer Control TNM classification) pathologic-
ally proven SCC of the oropharynx, hypopharynx or larynx
confirmed by magnetic resonance imaging (MRI) and com-
puted tomography (CT) and with tumor EGFR expression
and an expected survival of at least 12 months were eligible
for inclusion in the study. Tumor EGFR expression was
determined at a single reference laboratory (SRL
Medisearch, Inc., Tokyo, Japan) by immunohistochemistry
on formalin-fixed or paraffin-embedded tumor tissue using
the DAKO pharmDx kit (Glostrup, Denmark). The
minimum criterion required to confirm EGFR expression
was any intensity of membrane staining above-background
level by at least one cell. Other main criteria were: at least
bi-dimensionally measurable disease; age >20 years;
Karnofsky performance status (KPS) >60; adequate bone
marrow, kidney and liver function; no distant metastases; no
prior chemotherapy within the last 3 years; no prior radio-
therapy to the head and neck; and no prior treatment with
cetuximab.

The study protocol was approved by institutional review
boards and the trial was conducted in accordance with the
protocol and with the ethical principles of the Declaration of
Helsinki, as well as with the International Conference on
Harmonization (ICH) Note for Guidance on Good Clinical
Practice (GCP) (ICH Topic E6, 1996), the Japanese minister-
ial ordinance on GCP, the standard stipulated in Articles
14-3 and 80-2 of the Japanese Pharmaceutical Affairs Law,
and applicable regulatory requirements. A quality assurance
review of the data was conducted and an independent
Radiation Therapy Quality Assurance Committee was set up
to ensure compatibility of the type of radiotherapy used at
each center with that defined in the protocol. All patients
provided written informed consent and were also asked to
provide informed consent for investigation of biomarkers
other than EGFR in their tumor tissue.

Stupy DESIGN AND TREATMENT

This was an open-label, Phase II study conducted in patients
with newly diagnosed LASCCHN across four centers in
Japan. The primary endpoint of the study was tolerability,
the main variable of which was treatment completion rate:
the rate of patients who completed >70% of the cetuximab
planned dose administration (in terms of relative dose inten-
sity [RDI] of cetuximab) and the full dose of radiotherapy
within 2 weeks over the planned schedule of <8 weeks. The
RDI of cetuximab of >70% was estimated to be equivalent
to no more than one missed dose of cetuximab, which, based
on calculations on dose intensity data from the Bonner trial,
was considered to be the minimum dose level required for
cetuximab clinical activity. The selection of an RDI of
>70% as a component of the treatment completion rate was
therefore considered to represent tolerability at clinically ef-
fective doses. A secondary efficacy endpoint was the best
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response 8 weeks after the completion of radiotherapy accord-
ing to modified World Health Organization criteria as assessed
by an independent review committee, the Efficacy and Safety
Evaluation Committee (ESEC), and the investigators, using
imaging. Tumor response at 8 weeks after completion of radio-
therapy was to be confirmed at 12 weeks for the analysis of
best tumor response. Determination of tumor KR4S mutation
status was requested by the Pharmaceuticals and Medical
Device Agency, Japan, in order to increase information
on the incidence of this type of mutation among Japanese
patients with LASCCHN, and response according to tumor
KRAS mutation status was also assessed. Tumor DNA was
screened for the presence of KRAS codon 12 and 13 mutations
by pyrosequencing at a single laboratory (Biomarker
Technologies, Merck Serono RBM, Ivrea, Italy) using a
previously validated test (PyroMark KRAS kit; QIAGEN,
Hilden, Germany).

All patients received a 7-week course of cetuximab plus
concomitant boost radiotherapy. Cetuximab was administered
at an initial dose of 400 mg/m” (over 120 min), with subse-
quent weekly doses of 250 mg/m? (over 60 min) as an intra-
venous infusion for 7 weeks of treatment, starting 1 week
prior to radiotherapy. Radiotherapy treatment was determined
using a 3D treatment planning system. Uninvolved nodal
areas of the neck were treated with 54 Gy/30Fr. The primary
tumor and gross nodal disease were treated with 72 Gy/42Fr.
The irradiation schedule is shown in detail in Fig. 1.

On-study tumor response assessments were performed 8
and 12 weeks after completion of radiotherapy using MRI
scanning of the neck and, at week 12, CT of the chest and
abdomen. Where progressive disease (PD) was confirmed 8§
weeks after completion of radiotherapy, imaging at 12 weeks
was not performed. In cases where cetuximab therapy was
discontinued before PD was confirmed, radiotherapy was to
continue as planned, and assessments including imaging

Cetuximab plus RT in LASCCHN Japanese patients

were to be performed at 8 and 12 weeks after completion of
radiotherapy.

Treatment-emergent adverse events (TEAEs) (i.e. those
events with an onset on or after the first dosing day of treatment
and up until 60 days after the last treatment administration)
were assessed weekly during treatment and at 4, 8 and 12
weeks after completion of radiotherapy. TEAEs were assessed
by National Cancer Institute-Common Terminology Criteria
for Adverse Events (NCI-CTCAE, version 3.0) and coded by
the Medical Dictionary for Regulatory Activities (MedDRA
version, 13.0): composite categories for the special adverse
events skin reactions, acne-like rash and infusion-related reac-
tions (IRRs), were based on MedDRA terms.

STATISTICAL CONSIDERATIONS

All statistical analyses were performed on data recorded until
the follow-up visit at week 12 after completion of the last
radiotherapy dose for the last patient in the intention-to-treat
(ITT)/safety population (defined as all patients receiving at
least one dose of the study treatment). The clinical cut-off
date was 11 June 2010.

Patients completing >70% of the cetuximab planned dose
were those with a cetuximab RDI (from the second infusion
onwards) >70%. Cetuximab RDI was calculated only for
patients who received at least two doses of cetuximab.
Patients receiving the full dose of radiotherapy within 2
weeks over the planned schedule were those receiving 42
fractions (thirty 1.8 Gy fractions [total dose 54.0 Gy] and
twelve 1.5 Gy fractions [total dose 18.0 Gy]), at a total dose
of 72.0 Gy and with a duration of exposure to radiotherapy
of <56 days. The completion rate was defined as the propor-
tion of patients who completed the planned cetuximab and
radiotherapy schedules relative to the number of subjects in
the ITT/safety population.

Week 1 2 3 4 5 6 7 8-19
Treatment period QObservation period
(7 weeks) {12 weeks)
R 4 & I & 4 #
Cetuximab : ] | i
&bbhh THALAL 1B&AA Abbid |hbdba TUmOUr assessment
RT T L ats and 12 weeks
(Concomitant post R
boost) A 14444 (aasae
HOopH
Cetuximab 400 mg/m? (initial dose, week 1)
250 mgim? (maintenance dose, weeks 2-7)
RT 72 Gy total in 42 fractions
~once daily: 1.8 Gy/fraction/day for 3.6 weeks {18 days)P
—twice daly: 1.8 Gy/fraction/day (AM)" and

1.8 Gy/fraction/day (PM) for 2.4 weeks (12 days)®

Figure 1. Schedule of irradiation treatment. *Imaging at week 12 (i.e. 4 weeks post-RT) was not to be performed for patients with progressive disease at week
8. ®1.8 Gy/Fr (large field): The primary tumor, gross nodal area and uninvolved nodal area. °1.5 Gy/Fr (small field): The primary tumor and gross nodal area.

Fr, fraction; Gy, Gray; RT, radiotherapy.
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Descriptive statistics were used to summarize ‘the data.
A sample size of 20 patients was selected based on a com-
pletion rate of 94% reported for concomitant boost radiother-
apy in the Bonner trial. The assumption was that at least
80% of the 20 patients would complete treatment, giving
two-sided 95% confidence intervals of 68—99%, thereby
encompassing the rate in the Bonner trial. The small sample
size did not have any power to test statistical hypotheses but
was considered to be sufficient for the evaluation of the
tolerability (as primary endpoint), safety and efficacy in
Japanese patients, in compliance with regulatory require-
ments. For completion and response rates, two-sided 95%
confidence intervals (according to Clopper—Pearson) were
calculated. All statistical analyses were performed using
SAS® (SAS Institute, Inc., Cary, NC, USA), version 9.1.

RESULTS

PATIENT CHARACTERISTICS

Between 6 March 2009 and 4 January 2010, 27 patients were
enrolled. Five were ineligible for the study and therefore did
not receive protocol-related treatment: due to investigator’s
decision, withdrawal of consent and interstitial lung disease
(n = 1 patient each) and protocol-defined radiotherapy unable
to be administered (because the required dose was out of the
range of that defined by the protocol) (n = 2). Thus, 22
patients were enrolled and treated (ITT/safety population).
Patient characteristics are summarized in Table 1. Most of the
patients (95%) were male and 64% had a KPS of 100. The
primary tumor sites were mainly the hypopharynx and larynx
(36% each) and 45% of the patients had stage IV disease.

TrREATMENT COMPLETION RATE

The treatment completion rate was 100% (95% CI 85-100)
(Table 2). All 22 patients completed >70% of the cetuximab
RDI and the full radiotherapy dose within 2 weeks over the
planned schedule.

TREATMENT EXPOSURE

One patient discontinued the study due to PD observed at 8
weeks after completion of treatment. The median duration of
cetuximab treatment was 8 weeks, the median number of
infusions administered was 8 and the median cumulative dose
administered was 2169 mg/m” (Table 3). All but two patients
(91%) received an RDI of >90%. The minimum observed
cetuximab RDI was 80 to <90%. The dose of cetuximab was
reduced in one patient, due to a TEAE (grade 3 dry skin).
Most of the patients received cetuximab with fewer than 3
days delay in treatment, but two (9%) required cetuximab
delays of 3—8 days (infection, # = 1; other reason, n = 1).
The median duration of radiotherapy was 44 days. All 22
patients received a total dose of 72.0 Gy radiotherapy
divided into 42 fractions, i.e. 30 fractions of 1.8 Gy and 12
fractions of 1.5 Gy. The maximum radiotherapy delay which
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Table 1. Demographics and disease characteristics at baseline: ITT/safety
population (n = 22)

Characteristic

Age (years)

Median 67

Range (53-81)
Sex, n (%)

Male 21 (95)

Female 1(5)

Karnofsky performance status, # (%)

100 14 (64)

90 8 (36)
Primary tumor site, n (%)

Hypopharynx 8 (36)

Larynx 8 (36)

Oropharynx 6 (27)
Histology of squamous cell carcinoma, n (%)

Well differentiated 5(23)

Moderately differentiated 10 (45)

Poorly differentiated 3(14)

Not known 4 (18)
TNM classification, n (%)

T1-T2 9 (41)

T3-T4 13 (59)

NO 7(32)

N+ 15 (68)
UICC stage, n (%)

Stage III 12 (55)

Stage IV 10 (45)

TNM, tumor node metastasis; UICC, Union for International Cancer
Control.

occurred in each patient is categorized as no delay or <5
days delay, 6—10 days delay, 11—15 days delay and >16
days delay. All patients were able to receive each fraction of
radiotherapy with no or <5 days delay. In total, all patients
completed their scheduled radiotherapy within <56 days, in
accordance with the protocol-specified full radiotherapy dose
criteria (Table 3).

RESPONSE RATE

According to the central review by the ESEC, the response
rate 8 weeks after completion of radiotherapy was 82%, with
a complete response rate of 41% (Table 4). The correspond-
ing results based on the investigator assessment were 86 and
50%, respectively.
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Table 2. Completion rate (n = 22)

Cetuximab plus RT in LASCCHN Japanese patients

Table 3. Treatment exposure: ITT/safety population (n = 22)

Parameter Patients, n (%) Treatment
Completion of >70% of cetuximab relative dose 22 (100) Cetuximab
intensity Duration (weeks)
Completion of full dose of radiotherapy with a 22 (100) .
delay <2 weeks Median 8
Treatment completion rate [95% CI] 22 (100) [85-100] Range -9
Number of infusions
CI, confidence interval. Median 8
Range 7-9
TREATMENT COMPLETION RATE AND EFFICACY ACCORDING TO , )
Cumulative dose (mg/m~)
TUMOR KRAS MUTATION STATUS
Median 2169
All 20 phatider};;\;fgo l%rllcclierwent tumor KTRhAS mutalltiqn status Range 19102415
testing ha wild-type tumors. The completion rate . . oa
X . Relative dose intensity,* n (%
among this group was 100% (95% CI 83—100). According , ose intensity,” n (%)
to ESEC, 16 patients had a tumor response, giving a re- 290% 200D
sponse rate of 80% (95% CI 56—94). 80 to <90% 209
Maximum dose delay, n (%)
SAFETY No delay or <3 days delay 2(: 91)
3-8 days 2° (9)
?l“he most common TEAEs (>50% patients) were mucosal Radiotherapy
inflammation (86%); dry mouth (77%); constipation, dry Duration® (days)
skin and dysgeusia (68% each); acne (64%); and dermatitis i i
and pyrexia (50% each). Grade 3/4 TEAEs were reported in Median 44
21 (95%) patients. The most common (>20% of patients) Range 40--52
grade 3/4 TEAEs (Table 5) were mucosal inflammation  Number of fractions
(73%); dermatitis (27%); and infection, radiation skin injury Median 42
and stomatitis (23% each). ¥n ter(rinskgf the special adverse Range 4242
e.VGnts, all 22 patlc.ants experienced skin reactions and acne- o dose administered G)
like rash: three patients (14%) experienced a grade 3 reaction )
but there were no grade 4 TEAESs in these categories. There Median 2
was one IRR (blood pressure increase, grade 1). No adverse Range 72-72
events led to permanent discontinuation of either cetuximab  Maximum delay in each patient, ¢ n (%)
or radiotherapy. No TEAE leading to death was reported. No delay or <5 days delay 22 (100)

DISCUSSION

In this study, we confirmed the feasibility of using a combin-
ation of cetuximab and concomitant boost radiotherapy for the
treatment of Japanese patients with LASCCHN. The combin-
ation of cetuximab and concomitant boost radiotherapy has
previously demonstrated efficacy benefits compared with con-
comitant boost radiotherapy alone in a subgroup of patients in
the Phase III Bonner trial in a Western population. The char-
acteristics of patients and their disease at baseline in the study
reported here were generally similar to those observed in
patients receiving cetuximab plus radiotherapy (once daily,
twice daily and concomitant boost) in the Bonner trial, but
with a few differences. In the present study, patients were
slightly older versus those in the Bonner trial (8) (median age
67 versus 56 years), all had a good performance status (KPS
>90, 100% versus 70%) and the proportion of patients with
oropharynx as the primary tumor site was lower (27% versus

&9

®Relative dose intensity calculated only for patients who received at least
two doses of cetuximab, with the initial cetuximab dose excluded from the
calculation.
"One patient due to infection, one due to a reason other than an adverse
event.
“Duration of radiotherapy exposure is defined as: the date of the last dose of
radiotherapy — (date of the first dose of radiotherapy + 1).

The maximum radiotherapy delay in each patient is categorized as follows:
no delay or <5 days delay; 6—10 days delay; 11—15 days delay, and >16
days delay.

56%) whereas the proportion with primary hypopharyngeal
tumors was higher (36% versus 17%). Patients with oropha-
ryngeal tumors appeared to benefit particularly well from
cetuximab plus radiotherapy in the Bonner trial (9).

Five patients enrolled to the trial were subsequently con-
sidered to be ineligible for protocol-defined treatment, and
thus did not receive any study treatment. For two of these
patients, the radiotherapy dose calculated to be required for
effective treatment was outside the range specified by the
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Table 4. Best response at 8 weeks after completion of radiotherapy:
assessment by independent review committee and investigators: ITT/safety
population (n = 22)

Response Patients, #n (%)

ESEC Investigator
Complete response® 9 (41) 11 (50)
Partial response® 9 (41) 8 (36)
Stable disease 3(14) 209
Progressive disease 15 1(5

Overall response rate [95% CI] 18 (82) [60—95] 19 (86) [65—97]

ESEC, Efficacy and Safety Evaluation Committee.
*Confirmed responses, whereby response at 8 weeks was confirmed at 12
weeks after the completion of radiotherapy.

Table 5. Most common grade 3/4 adverse events: [TT/safety population
(n=22)*

Adverse event Patients, n (%)

Any 21 (95)
Mucosal inflammation 16 (73)
Dermatitis 6(27)
Infection 5(23)
Radiation skin injury 5(23)
Stomatitis 5(23)
Decreased appetite 4(18)
Dysphagia 3 (14)
Lymphopenia 3(14)
Pharyngeal inflammation 3 (14)
Diarthoea 2

Dry skin 209

Pharyngitis 29

?Occurring in >1 patient.

protocol. For the other three patients, one was found to have
interstitial lung disease (which was an exclusion criterion),
one patient withdrew and the other was withdrawn at the de-
cision of the investigator.

The completion rate of treatment was used as an indica-
tion of the tolerability of cetuximab plus radiotherapy in our
study. The completion rate definition for cetuximab of
>70% of the RDI represented no more than one missed dose
of cetuximab, ensuring that tolerability was based on clinic-
ally effective levels of cetuximab. A treatment completion
rate of 100% was reported, with all patients completing
>70% of the cetuximab RDI and the full radiotherapy dose
no later than 2 weeks after the planned end of treatment. The
vast majority of patients received >90% of the cetuximab
RDI and the lowest RDI was 80—90%. Only two patients
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required a cetuximab dose delay of more than 3 days. All
patients were able to receive protocol-defined radiotherapy in
combination with cetuximab.

The findings for treatment completion rate are in line with
the data from the randomized Bonner trial, in which the treat-
ment completion rate (according to the parameters defined in
our study) of patients receiving cetuximab plus concomitant
boost radiotherapy was 94% for patients receiving cetuximab
in combination with radiotherapy (data on file, Merck
KGaA). The results also compare favorably with data reported
by Zenda et al. for the completion rate of cisplatin-based con-
current chemoradiotherapy in an exclusively Japanese popula-
tion of patients with unresectable LASCCHN (10). In that
study, in which patients received a 7-week course of radio-
therapy (70 Gy at 2 Gy/day) combined with single-agent
cisplatin (100 mg/m?, days 1, 22 and 43), treatment comple-
tion was defined as administration of the planned dose of
radiotherapy within 63 days and three courses of cisplatin no
later than 14 days after the end of radiotherapy. The comple-
tion rate reported by Zenda et al. was 85%.

The adverse event profile in this study did not differ from
that expected with the concomitant administration of cetuximab
and radiotherapy for the treatment of LASCCHN. The overall
incidence of grade 3 or 4 TEAESs in this study was similar to
that seen in the cetuximab plus radiotherapy arm of the Bonner
trial (95% versus 90%). The incidence of grade >3 mucosal
inflammation was somewhat higher than that reported for
mucositis in the cetuximab plus radiotherapy arm of the
Bonner trial (73% versus 56%). This is probably due to the ex-
clusive use of the concomitant boost radiotherapy regimen in
our trial and the associated risk of an increase in mucositis se-
verity with a concomitant boost compared with a once-daily
regimen (11,12). Grade >3 acne-like rash, an adverse event
associated with cetuximab, occurred with a similar incidence to
acneiform rash in the cetuximab plus radiotherapy arm of the
trial by Bonner et al. (14% versus 17%, respectively) (8).

In the study reported here, the response rate 8 weeks after
completion of radiotherapy was 82% according to the inde-
pendent review committee. This was in good agreement with
the investigator-assessed analysis of response rate, which
was 86%. It also compares well with the 74% response rate
achieved after treatment with cetuximab plus radiotherapy in
the Bonner trial (8). The finding that all of the 20 patients
whose tumors were tested had KRAS wild-type disease sup-
ports data in the literature for the low incidence of KRAS
mutations in SCCHN (13,14), including in an exclusively
Japanese population (15). To our knowledge, this is the first
time that KRAS mutation data have been obtained for
LASCCHN from a prospective clinical trial.

Currently, concomitant chemoradiotherapy (16—18) and
radiotherapy plus cetuximab (16,17) are accepted treatment
approaches in a range of countries for patients with unresect-
able SCCHN. There are no trials directly comparing these
two strategies, but a recently published quantitative analysis
indirectly compared a meta-analysis of data from four rando-
mized trials of cisplatin plus radiotherapy versus
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radiotherapy alone and data from one meta-analysis with
data from the Bonner et al. trial (19). The analysis indicated
that cetuximab and cisplatin were equally effective when
administered in combination with radiotherapy, in terms of
locoregional control and overall survival in patients with
LASCCHN. Given the estimated efficacy equivalence, the
choice of whether to treat with concurrent chemoradiother-
apy or with cetuximab plus radiotherapy should be based on
the toxicity profiles of the two treatment approaches and
which of them is considered by the treating physician to be
the most suitable for the individual patient.

The study reported here demonstrated that the combination
of cetuximab and concomitant boost radiotherapy was a feas-
ible and well-tolerated approach for the treatment of
Japanese patients with newly diagnosed LASCCHN. The tol-
erability of treatment, assessed using treatment completion
rate as a surrogate measure, the safety and the antitumor ac-
tivity observed, was similar to that reported in a pivotal
Phase III randomized trial investigating the addition of
cetuximab to radiotherapy in a Western population of
patients with LASCCHN (8).
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Abstract

Background Recently, the role of chemoradiotherapy
(CRT) for preserving organs in the treatment of head and
neck cancer has been increasing. However, the indication
for post-CRT neck dissection (ND) and its surgical extent
is still controversial. The purpose of this study was to
discuss the indications for post-CRT ND and the proper
extent of the surgical procedure.

Methods We performed a retrospective analysis on N2-3
oropharyngeal and hypopharyngeal squamous cell carci-
noma (OHSCC) patients treated with CRT in our institute
from 1995 to 2008, and determined the prognostic impact of
post-CRT ND and the distribution of cervical lymph node
(CLN) metastasis based on the pathological results of ND.
Results The patients without pathological CLN metasta-
ses had good prognoses, whereas patients with pathological
CLN metastases exhibited a significantly high recurrence
rate (P = 0.033). Based on the pathological results of ND,
performing selective ND at levels II-IV can contain 88 and
85 % of CLN metastasis of the oropharynx and hypo-
pharynx, respectively. In all cases, when pathological CLN
metastases were found at level V in ND following CRT,
distant metastases developed.
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Conclusions The presence of pathological CLN metas-
tasis affects prognosis, but also a diffuse distribution of
CLN metastasis worsens prognosis; that is, the presence of
CLN metastasis at level V after CRT appears to be an
indicator of distant metastasis. Post-CRT ND may not
make sense as a salvage intervention for improving the
prognosis in such situations. We concluded that the proper
extent of post-CRT ND of OHSCC is selective ND
including levels II-IV. ‘

Keywords Chemoradiotherapy - Neck dissection -
Squamous cell carcinoma - Cervical lymph node metastasis

Introduction

Recently, the role of chemoradiotherapy (CRT) in organ
preservation treatment for advanced oropharyngeal and
hypopharyngeal squamous cell carcinoma (OHSCC) has
been increasing [1]. Cervical lymph node (CLN) metastasis
is an important factor affecting the prognoses of head and
neck cancer patients [2], and neck control greatly con-
tributes to improving head and neck cancer treatment
outcomes. Therefore, neck dissection (ND) is a principal
treatment for CLN metastasis. However, one cannot over-
look the problems associated with treatment complications
occurring after CRT. For example, incomplete wound
healing after ND following CRT may cause fatal compli-
cations [3], and the addition of ND after CRT can be a risk
factor for dysphagia [4].

The concept of planned ND [3, 6], once recommended
for all patients with N2-3 squamous cell carcinoma (SCC),
after radiotherapy (RT) or CRT is no longer in favor [7],
and cases should be carefully selected when determining
the necessity of the procedure [8]. This is one of the
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salvage operations used only for cases of persistent disease
as judged by a post-treatment scan, so the procedure is no
longer referred to as “planned” but as “early salvage” to
distinguish it from “salvage” surgery to be performed for
an evident recurrence or manifest residual disease.

In addition, reducing the surgical extent of ND should
be considered in order to avoid complications [9, 10].
However, the indications for post-CRT ND and its extent
remain controversial. Therefore, the therapeutic validity,
indications and extent of ND must be clarified.

In the present study, we compared the addition of ND to
the neck response observed after CRT using imaging
examinations of OHSCC patients treated with CRT from
1995 to 2008 at Aichi Cancer Center and evaluated the
prognoses of these patients. We also determined the pres-
ence and location of CLN metastasis in cases when ND
was performed and examined the association between CLN
metastasis and prognosis.

Materials and methods

We retrospectively evaluated the clinical outcomes of 102
OHSCC patients with N2-3 disease treated with CRT
including induction chemotherapy (ICT) [11] between 1995
and 2008 at Aichi Cancer Center Hospital. We conducted
this retrospective investigation among patients who had
achieved a complete response (CR) in the primary lesion
after receiving CRT with platinum-based agents. Regarding
CLN metastasis, we reviewed the pathological results based
on 42 patients who underwent ND after receiving CRT.

Chemo-selection [12~14]

In order to ensure organ preservation, we conducted two
courses of ICT in the advanced OHSCC patients and
applied concurrent CRT or RT in the responding patients
(those showing >50 % response at the primary tumor).

Induction chemotherapy

All patients were treated with a platinum-based CRT reg-
imen that included ICT and RT or concurrent CRT. The
ICT regimen consisted of 24-h continuous infusion of 5-FU
at 800 mg/m*/day on days 1-5 and cisplatin at 80 mg/m?/
day on day 6. This was repeated every 3-4 weeks and two
courses were administered.

Radiotherapy and chemoradiotherapy
Definitive RT was administered to all patients with a

conventional fraction (2 Gy/fraction once a day and five
times a week). Treatment with 60—70 Gy was delivered as
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a curative dose to primary lesions and metastasis-positive
lymph nodes detected on imaging. At least 40-50 Gy were
delivered as a prophylactic dose to the neck region. Con-
current chemoradiation (CCRT) therapy consisting of cis-
platin at 25-30 mg/m*/week was administered in 13
patients. This was repeated every week, and a total of one
to six courses were administered.

Diagnostic imaging

To evaluate the clinical effects of CRT in the neck, we
conducted imaging examinations with one of the follow-
ing: CT, MRI or PET-CT. The criteria for a CR in the neck
included the absence of any contrast effects and no CLN
enlargement: the length of the CLN long axis should be
<1.5 cm for levels I and I and <1 cm for other levels [15].
Imaging examinations with CT or MRI were performed
approximately 4 weeks after the completion of CRT, while
examinations with PET-CT were performed approximately
6-8 weeks after completion.

Neck dissection and disease status

We performed ND for early salvage intervention approxi-
mately 2—4 weeks after performing the imaging examina-
tions. The indications for ND included the cases of
persistent CLN disease that were suspected based on the
findings of imaging examinations. If the CLN was judged
to be a CR based on imaging examinations, we omitted
ND. However, in the early subset of patients in this study,
we performed ND even if there was a CR in the neck by
imaging examination, based on a former policy of planned
ND.

We examined the patients for the presence of metastasis
according to the pathological diagnosis in those who
underwent ND and followed the development of regional
recurrence. In the patients who did not undergo ND, the
course was observed, and if recurrence or progression were
noted, salvage surgery was performed when possible.
Survival and disease status were confirmed by checking the
patient’s medical records on the date of the last follow-up
visit.

Statistical analysis

The duration of regional control and overall survival were
defined as the interval between the beginning of treatment
and the date of death, relapse or last follow-up. The
associations between neck response (with or without ND)
and regional control or overall survival were assessed
using Kaplan—-Meier survival curves. P values <0.05 were
considered statistically significant according to the log-
rank test. Comparisons between the hypopharynx and
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oropharynx for the presence or absence of pathological
metastasis were assessed using the chi-squared test, and
P values <0.05 were considered statistically significant.

Results
Patient characteristics

In this study, 61 patients with oropharyngeal carcinoma
and 41 patients with hypopharyngeal carcinoma with nodal
stage N2-3 in whom a CR was achieved at the primary
tumor received ICT followed by CRT/RT (Table 1). Fifty-
six patients showed a CR in the neck on imaging exam-
inations. Non-CR in the neck was observed in 46 cases.
Ten patients who showed a CR in the neck after receiving
CRT underwent ND followed by planned ND. We fol-
lowed the remaining 46 cases of CR in the neck without
ND, while 32 patients with non-CR in the neck underwent
ND as an early salvage intervention. We followed the 14
other patients with non-CR in the neck who did not want
ND, and we performed salvage surgery, if possible, when

Table 1 Patient characteristics

OPC HPC
(n = 61) (n = 41)
Age (years)
Range 30-78 42-74
Median 60 62
Sex
Male 55 (90 %) 39 (95 %)
Female 6 (10 %) 2 (5 %)
Primary tumor stage
T1 4 (7 %) 6 (15 %)
T2 28 (46 %) 17 (41 %)
T3 17 (28 %) 12 (29 %)
T4 12 (20 %) 6 (15 %)
Clinical nodal stage
cN2a 12 (20 %) 6 (15 %)
cN2b 22 (36 %) 20 (49 %)
cN2c 18 (30 %) 13 32 %)
cN3 9 (15 %) 2 (5 %)
Nodal response
CR 34 (56 %) 22 (54 %)
Observe 30 16
Neck dissection (planned ND) 4 6
PR 27 (44 %) 19 (46 %)
Neck dissection (early salvage ND) 20 12
Observe (reject) 7 7

ND neck dissection, OPC oropharyngeal carcinoma, HPC hypopha-
ryngeal carcinoma, CR complete response, PR partial response
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recurrence was noted. The follow-up period ranged from
6.9 to 89.6 months. The mean age of the patients was
62.3 years (range 36-78 years).

Prognostic impact of neck dissection
after chemoradiotherapy

Figure 1 shows the regional control rate and Fig. 2 shows
the overall survival rate. Even CR cases included regional
recurrence, and all CR cases in the neck were salvaged
successfully and the 5-year overall survival rate was
92.8 %. In cases of non-CR in the neck, the regional
control rate was significantly better in the group that
underwent ND (P = 0.0358).

During follow-up, 14 of 42 patients who underwent ND
suffered a relapse: five involved locoregional recurrence
(four of five cases were successfully salvaged) and nine
involved recurrence with distant metastasis. The primary
cause of a recurrence following post-CRT ND was distant
metastasis.

Neck dissection and pathological results

A summary of cases in which ND was performed is shown
in Table 2 according to the type of ND. We examined the

100

Neck control (%)

30
Months

40 50 60

CR (observed)

CR {neck dissection)

PR (neck dissection)
P=0.036°
PR (observed)————j

b Log-rank test

Fig. 1 Regional control rate. Kaplan-Meier survival curves for the
associations between neck response (with or without ND) and
regional control. In cases of CR of the neck, the 5-year regional
control rate was 87.5 % for the ND group, and 78.2 % for the
observed group, respectively. In cases of non-CR of the neck, the
5-year regional control rate was 85.8 % for the ND group, and 51.1 %
for the observed group, respectively (P = 0.036)
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Table 3 Pathological findings after neck dissection
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Fig. 2 Overall survival. Kaplan-Meier survival curves for the
associations between neck response (with or without ND) and overall
survival. In cases of CR of the neck, the 5-year overall survival was
100 % for the ND group, and 92.8 % for the observed group,
respectively. In cases of non-CR of the neck, the 5-year overall
survival was 74.6 % for the ND group, and 44.5 % for the observed
group, respectively

Table 2 Type of neck dissection

Total OPC HPC

Neck dissections: cases 42 24 18
Hemi neck dissection: sides 48 29 19
Comprehensive ND 25 21 4
Selective ND 23 15
IL 100, IV 10 4

I, I, IV, V 11 - 11

L I0, I 1 1 -
LI 0o, Iv 1 1 -

ND neck dissection, OPC oropharyngeal carcinoma, HPC hypopha-
ryngeal carcinoma

results of pathological metastasis in ND cases. The pres-
ence or absence of pathological metastases as a result of
ND is shown in Table 3. We also compared the hypo-
pharynx and oropharynx for the presence or absence of
pathological metastasis. There were no significant differ-
ences in the ratios of pathological metastasis depending on
the primary site.

We analyzed the impact of the presence or absence of
pathological metastasis on prognosis in cases of ND
(Fig. 3). Patients without pathological CLN metastases had
a significantly better recurrence-free survival than those
with pathological CLN metastasis.
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PN(+) pN(—) P value

Neck response 0.28%
CR 3 (30.0 %) 7 (70.0 %)

PR 18 (56.3 %) 14 (43.8 %)

Primary site 0.76°
Oropharynx 11 (45.8 %) 13 (54.2 %)
Hypopharynx 10 (55.6 %) 8 (44.4 %)

CR complete response, PR partial response

? Chi square test

100 L_‘

g 1 % i

— 80+ B
s
R vy
Z 60+ T .

i -1 H

£
o 40
W
s .

5 20+
O
o _
o
0 — P e
0 10 20 30 40 50 50
Months
L Py
......... PN{+}
* Log-rank test
Fig. 3 Recurrence-free survival. Recurrence-free survival for

patients who underwent ND depends on the pathological cervical
lymph node (CLN) metastasis. The 5-year recurrence-free survival
was 83.5 % for patients without pathological CLN metastases, and
49.3 % for patients with pathological CLN metastases, respectively
(P = 0.033)

Distribution of cervical lymph node metastasis

The distribution of CLN metastasis in the oropharyngeal
and hypopharyngeal cases is shown in Figs. 4 and 5,
respectively. The percentage indicates the positive rate of
pathological CLN metastasis in the dissection area (level or
sublevel). The denominator indicates the number of the
(sub)level at which the dissection was performed, and the
numerator indicates the present (sub)level number of
pathological metastases. No recurrence of ipsilateral CLN
was found in these cases. Even when ND was selective, no
cases of recurrence at the preserved ipsilateral neck level
were observed in this study. CLN recurrence occurred in
four cases: three cases involved CLN metastasis on the
contralateral side, and the other case involved metastasis to
the ipsilateral retropharyngeal node.
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Fig. 5 Distribution of lymph node metastasis: hypopharynx

The location of CLN metastasis-positive levels is shown
in Table 4. Histologically proven distribution to level V
metastasis was detected in 12 % of oropharyngeal cases
and 15 % of hypopharyngeal cases. Hence, performing
selective ND at levels II-IV can contain 88 % of CLN
metastases in oropharyngeal cases and 85 % of CLN
metastases in hypopharyngeal cases.
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Table 4 Location of positive levels

Oropharynx Hypopharynx
Level 1 0 0
Level II 11 (65 %) 6 (30 %)
Level III 3 (18 %) 8 (40 %)
Level IV 1(6 %) 3 (15 %)
Level V 2 (12 %) 3 (15 %)

SND (level II-IV) 15/17 (88 %) 17/20 (85 %)

SND selective neck dissection

Table 5 shows a list of cases with histologically proven
CLN metastasis at level V. Although few in number, all of
these cases involved distant metastasis.

Complications

Eight patients (19.0 %) experienced postoperative com-
plications from ND: four cases of laryngeal edema, two
cases of lymph fluid leakage, one case of lingual nerve
paralysis and dysphagia and one case of wound infection.
Three of the four patients with laryngeal edema underwent
tracheostomy. Six of the eight complications were caused
by comprehensive ND (24.0 %). Among patients who
underwent selective neck dissection, two complications
(laryngeal edema and wound infection) were seen (8.6 %).

Discussion

In the treatment of OHSCC, the use of CRT for the purpose
of organ preservation has been increasing, especially in
recent years. Therefore, ND may not be performed as first-
line therapy, but rather as second-line therapy for CRT as
part of combined modality therapy. The current way of
thinking is to determine the need for ND after CRT based
on imaging examinations [16, 17]. In this study, there were
no significant differences in the regional control rates in
cases judged to show a CR on imaging examinations.
However, even when judged to show a CR on imaging
examinations, CLN recurrence was found in a few cases,
and performing salvage was possible in each case. In other
words, even if planned ND was not performed in CR cases,
the same treatment outcomes were obtained by performing
salvage when recurrence or progression was noted. There is
the problem, however, of difficulty in performing late
salvage. In cases without a CR in the neck, performing
early salvage intervention should be considered necessary.

It was also shown in this study that prognoses were poor in
cases of pathological CLN metastasis. Earlier studies [18,
19] have previously shown similar results. We retrospec-
tively examined the distribution of CLN metastasis in
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Table 5 Summary of the cases with level V metastasis

Primary site  Clinical Pre- Modality Type of Pathology  Recurrence site Disease-free Prognosis
stage operative ND interval (months)
findings
Oropharynx ~ T2N3 1t II(+) PET-CT bICND rtV:1;1t Lung 14 NED
(bilateral) a-v) II:1, v:2 (surgery)
Hypopharynx TIN2b 1t TI(+) PET-CT SND 1L:5, IL:4, Local, RPN, contra-neck, 10 DOD
-v) v:1, Vi1 mediastinal LN, lung
Hypopharynx T2N2b CR CT SND 11, v:1 Axillary LN 6 NED
{-vy (CTx,
RTx)
Hypopharynx T4aN2b PR CT SND II:3, III:3,  Trachea, mediastinal LN 11 AWD
{I-v) IV:3, V6

It left, bl bilateral, rt right, CR complete response, PR partial response, CND comprehensive neck dissection, SND selective neck dissection, RPN
retropharyngeal node, LN lymph node, AWD alive with disease, NED no evidence of disease, DOD died of disease

dissected cases to clarify the appropriate surgical extent of
ND. We found that the majority of CLNs can be contained by
performing selective ND assuming levels II-IV as a basis
[20, 21] after CRT. However, even though recommendations
regarding the surgical extent of ND are the same for oro-
pharyngeal and hypopharyngeal cancer, differences were
found in the distribution and extent of metastasis between the
oropharynx and hypopharynx; therefore, they cannot be
discussed equally. Hypopharyngeal cancer often shows
more extensive metastasis than oropharyngeal cancer.
Careful examination is needed; however, performing super-
selective ND [22, 23] might be possible in cases of oropha-
ryngeal cancer. Super-selective ND is a new concept, not yet
generally accepted, and is a more targeted neck dissection
that involves removing the single neck level and its adjacent
level in cases with clinical evidence of persistent nodal dis-
ease confined to a single neck level [24]. In this study, the
distribution of persistent nodal disease of oropharyngeal
cases was relatively confined, with almost all of the CLN
metastases located in levels II and III. Therefore, super-
selective ND removing level II and III for oropharyngeal
cases might be effective.

We also found it necessary to take into account not only
the CLN metastasis situation, but also the prognosis, in
determining the indications for post-CRT ND and the
appropriate surgical extent of ND.

When recurrence appears as a distant metastasis over a
short period, the ND procedure itself is often considered to
be ineffective for survival prognosis. Although we were
able to contain the majority of CLN metastases by per-
forming level II-IV selective ND in this study, metastasis
to level V is not insignificant enough to be considered
negligible. However, distant metastases occurred in all
cases with pathological CLN metastasis at level V found
during ND following CRT. This shows that, in dissemi-
nated lesions with metastatic persistence to level V, the
likelihood that distant metastasis has already occurred is
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very high. In other words, the presence of CLN metastasis
at level V after CRT appears to be an indicator of distant
metastasis.

In this study, metastases to level V were found patho-
logically during and/or after post-CRT ND. Residual CLNs
were not actually suspected at level V on imaging exam-
inations performed just before ND. Prior to administering
treatment in these cases, multiple CLN metastases were
detected along the jugular chain: metastasis to the posterior
neck developed in two cases; however, only equivocally
sized LNs were detected at level V on imaging examina-
tions in the other two cases. In one case, comprehensive
ND had been planned beforehand and the presence of
metastasis was proven after performing a histopathological
examination; however, this was at a time when we had not
yet performed selective ND. In the other cases, we exten-
ded the range of ND to level V based on intraoperative
clinical findings. We should assume the existence of con-
comitant distant metastasis and consider subsequent treat-
ment when metastasis is found in level V. In addition, if
metastasis is detected in level V before performing ND,
one must reconsider whether ND is indicated.

Additionally, the postoperative complication rate is
obviously lower in selective ND cases than in compre-
hensive ND cases. Therefore, in this study, we consider the
proper extent of post-CRT ND of OHSCC to include
selective ND of levels II-IV.

This study had limitations, including its retrospective
design and the conditions of CLLN metastasis. Since ND is
performed at a relatively early stage after the administration
of CRT, there is a question as to the viability of persistent
CLN metastasis on specimens [25]. It is unknown whether
these cancers remain merely on the basis of observation. If
the timing of ND is delayed a little, the proportion of
metastases present may change. Imaging examinations were
also performed in this study at earlier times than the current
consensus [26, 27]. The diagnostic accuracy rate of PET-CT
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improves 10 or 12 weeks after the completion of CRT [28,
29]. The usefulness of PET-CT will be improved by
appropriately adjusting its timing. In this study, PET-CT
was performed approximately 6-8 weeks after the comple-
tion of CRT. The rationale for early PET was based on the
former policy of planned ND. Due the retrospective nature of
the present study, we used to determine that the optimal
timing for operative intervention before the occurrence of
extensive fibrosis and scarring was approximately
6-8 weeks after the completion of CRT. This is one of the
methodological limitations of this study. However, PET-CT
has a high negative predictive value even if it is employed
earlier [30]. Therefore, we did not perform ND in the cases
that we could judge to be a CR by PET-CT, but did perform
ND when the results were inconclusive. In cases judged to
show a CR on imaging examinations, pathological CLN
metastasis was found in 30 % of cases (false negative).
When we performed ND in CR cases that conformed to
planned ND, the residual rate of CLN metastasis was similar
to the results of earlier studies of planned ND [31]. With
regard to the pathologically negative CLN in the nodal PR
cases (false positive), the early timing of imaging examina-
tions influenced the results. In this study, the viable tumor
rate in the nodal PR cases was 56.3 %. Similarly, the pub-
lished literature suggests that the viable tumor rate is about
50 % in residual nodes [32].

It should also be noted that this study did not investigate
the status of human papilloma virus (HPV). Because
responses to CRT are different in HPV-positive cases, it is
necessary to take this issue into account in the future. In
recent cases, we assessed HPV status in oropharyngeal
cases using multiplex PCR with sets of HPV genotype-
specific primers. We also confirmed that HPV-positive
oropharyngeal cancer patients showed good responses to
CRT and that their clinical courses were superior to those
of HPV-negative oropharyngeal patients.

In conclusion, this investigation of ND performed after
CRT revealed not only that the presence of pathological
CLN metastasis affects prognosis, but also that a diffuse
distribution of CLN metastasis including level V after CRT
worsens prognosis. Based on the results of this study, we
showed that the proper extent of post-CRT ND of OHSCC
is selective ND including levels II-IV. Because the pres-
ence of CLN metastasis at level V after CRT appears to be
an indicator of distant metastasis, ND is not a realistic
salvage treatment in such situations. New treatment strat-
egies are needed in cases of precursors of distant
metastasis.
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Background: Postoperative radiotherapy is the standard treatment for head and neck squa-
mous cell carcinoma having high-risk features in surgical specimens. However, its severe tox-
icity can be a significant problem. This study was undertaken to evaluate the efficacy of our
limited-field postoperative radiotherapy with the aim of reducing morbidity by minimizing the
radiation field.

Methods: Between 2000 and 2009, 154 patients with head and neck squamous cell carcinoma
received limited-field postoperative radiotherapy. The reason for postoperative radiotherapy
was close/positive margins in 33 patients and extracapsular extension in 91. The median radi-
ation dose was 50 Gy (30—66.4). The radiation field covered the tumor bed without lymph node
regions for close/positive margins and only involved sites of the neck region were irradiated for
multiple nodes or extracapsular extension.

Results: With a median follow-up of 43 months for surviving patients, the 3-year overall survival
and progression-free survival rates were 53.7 and 42.1%, respectively. The 3-year rates of pro-
gression-free survival of the group having major risks (i.e. close/positive margins and/or extra-
capsular extension) and the group with other risks were 34.7 and 62.8%, respectively (P <
0.01). Thirty-one local recurrences (20%), of which 22 were located out-of-field, and 44 regional
recurrences (29%), of which 16 were located out-of-field, developed. Late toxicity of grade 3 or
greater developed in only six patients (3.8%).

Conclusions: Although the toxicities associated with limited-field postoperative radiotherapy
could be kept to lower levels, the locoregional control rate did not seem to be sufficient. We
should arrange the radiation field depending on risk factors.

Key words: postoperative radiotherapy — limited field — squamous cell carcinoma of the head and neck

INTRODUCTION

The prognosis of locally advanced head and neck squamous
cell carcinoma (HNSCC) patients is still poor. Initially, the
combination of surgery and postoperative radiotherapy
(PORT) for the treatment of advanced HNSCC was developed
in an empirical manner because of the poor locoregional

control rates achieved with either modality alone. Convincing
evidence then emerged regarding the efficacy of PORT to sig-
nificantly reduce the risk of locoregional recurrence to lower
than that with surgery alone (1—3). PORT is now standard
care for HNSCC having high-risk features in surgical findings.
In addition, the approaches used to decide the optimal dose in

© The Author 2013. Published by Oxford University Press. All rights reserved.
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relation to clinical and pathological risk factors have been per-
formed in a prospective setting (4,5).

However, because of this intensive bi-modality treatment,
the rates of acute and late toxicities are relatively high. Ang
et al. conducted a randomized trial to investigate the risk fea-
tures and time factors of surgery plus PORT in advanced
HNSCC patients. They reported that 5 (16.1%) and 25
(33.3%) patients in the 57.6 Gy/6.5week and 63 Gy/7week
groups, respectively, developed one or more Grade 3—4 late
morbidities (5). In addition, two randomized trials, European
Organization Research and Treatment of Cancer trial #22931
(EORTC trial #22931) and Radiation Therapy Oncology
Group trial #9501 (RTOG trial #9501), recently reported that
adjuvant chemoradiotherapy (CRT) was more efficient than
adjuvant radiotherapy (RT) alone for both disease control and/
or survival in selected high-risk locally advanced HNSCC
patients (6,7). In the RTOG trial, the rates of late adverse
events greater than Grade 3 were 16.8 and 20.9% in the post-
operative RT group and postoperative CRT group, respective-
ly. Thus, efforts to reduce severe adverse events have become
more essential.

In the Aichi Cancer Center Hospital, HNSCC patients with
poor prognostic features who were treated with surgery were
considered for limited-field (LF) PORT to reduce toxicities
while maintaining efficacy of the treatment. Until now, few
reports have attempted to reduce the radiation field. We
limited the radiation field of neck lymph node sites with no
pathologically involved lymph nodes or one lymph node
without extracapsular extension (ECE). Regarding the
primary site, we spared the primary tumor bed if there was no
evidence of close/positive surgical margins. The indication
criteria for PORT were two or more histopathologically
involved lymph nodes, the presence of ECE or close/positive
surgical margins.

This study was undertaken to evaluate the efficacy of our
LF-PORT with the aim of reducing morbidity by minimizing
the radiation field.

MATERIALS AND METHODS
PATIENT CHARACTERISTICS

Between 2000 and 2009, 154 patients with HNSCC received
LF-PORT in the Aichi Cancer Center Hospital. All patients
underwent magnetic resonance imaging (MRI) or computed
tomography (CT) to assess the extension of primary and cer-
vical lymph nodes before surgery. An evaluation of distant
metastasis was performed using chest X-rays, cervico-thoracic
CT, liver ultrasonography and/or bone scintigraphy before
surgery. All patients had previously undergone radical
surgery. If the pathological report showed positive/close surgi-
cal margins, multiple lymph node metastases or the presence
of ECE after surgery, patients were considered for adjuvant
LF-PORT. Tumor staging was decided based on pathological
findings according to the American Joint Committee on
Cancer staging criteria 2002 version 6.

TREATMENT SCHEDULE

External beam radiotherapy was started using a 6—10 MV
photon beam from a linear accelerator. At the simulation and
daily treatment, the head, neck and shoulder were immobi-
lized in a hyperextended position using a thermoplastic mask.
Radiotherapy was performed with a daily fraction of 1.8—
2.0 Gy.

The radiation field covered the tumor bed to 40—50 Gy for
close/positive surgical margins, then cone down to the high-
risk area to 60 Gy. For CTV nodes without ECE, the involved
site of the neck region was irradiated up to 40—50 Gy. In the
case of high-risk CTV related to ECE, a boost dose up to
60 Gy was added.

For the boost up to 60 Gy, we kept enough margins of surgi-
cally close/positive sites or ECE lesions from the edge of
field. PTV margins were basically 5—10 mm. However, if
needed those margins were reduced dependent on proximity
to critical organs such as spinal cord.

Since 2003, concurrent CRT consisting of platinum was
administered in the case of close/positive surgical margins or
ECE. During the treatment period, complete blood counts and
biochemical examinations were performed approximately
once a week in CRT patients.

TREATMENT CONTENTS

The median radiation dose was 50 Gy (range, 30—66.4 Gy)
and the median period between the surgical procedure and the
start of radiation was 27 days (range, 11—84 days). Thirty-four
patients (22%) received concurrent CRT. Regarding the con-
tents of chemotherapy, 29 patients received weekly adminis-
tration of cisplatin (CDDP) at a dose of 20—30 mg/m?. Other
chemotherapy regimens were tri-weekly CDDP at a dose
of 80 mg/m? or combination of nedaplatin (CDGP) and
5-fluorouracil (5-FU).

There were four patients who received <40 Gy. One
patient received 30 Gy because of patient’s refusal of radiation
treatment even though adverse effects were not severe. The
other three patients received 36—39.6 Gy. The reasons for the
dose <40 Gy were mainly dependent on the radiation oncolo-
gists’ judgement to avoid severe adverse effects because of
the usage of whole neck irradiation or concurrent intensive
chemotherapy such as combination of CDGP and 5-FU.

FoLLow-UP AND STATISTICAL CONSIDERATIONS

Toxicities were evaluated according to the Common
Terminology Criteria for Adverse Events (CTCAE) version
3.0. After the completion of PORT, the clinical status of the
patient was assessed by fiberoptic pharyngoscopy, MRI and/or
PET/CT. The frequency of follow-up was approximately
every month for the first year, once every 3 months between
the second and third post-treatment year and once every 6
months after the third post-treatment year. The survival period
was calculated from the start of treatment to death or the last
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follow-up examination, and progression-free survival (PFS)
was defined as the period from the start of treatment to the pro-
gression of tumors or death by any cause. Statistical analyses
were performed using StatView-J5.0. Overall survival (OAS)
and PFS curves were calculated by the Kaplan—Meier method
(8). The log-rank test was used to compare survival curves.
A Cox-proportional hazard model was used for multivariate
analysis (MVA). A probability value of <0.05 was defined as
significant.

RESULTS
PATIENT CHARACTERISTICS

Between 2000 and 2009, 154 patients with HNSCC received
LF-PORT in the Aichi Cancer Center Hospital. Table 1 shows
the patient characteristics in this cohort. The median age was
61 years old (range, 21—85). The oral cavity, oropharynx,
hypopharynx and larynx were primary sites in 87, 17, 47 and
3 patients, respectively. Fifteen patients (9.7%) had histopath-
ology with poorly differentiated squamous cell carcinoma.
One hundred and eighteen patients (76.6%) had pN2b-3
disease. The treatment status of untreated or recurrence was
128 and 26, respectively. Ninety-one patients had ECE
lesions, while 63 patients had lymph node lesions without
ECE or no lymph node lesions.

The reason for PORT is positive/close margin as 17/16
patients, while ECE for 91 patients. One hundred and fourteen
patients had multiple involved lymph nodes. The reason for
PORT is positive/close margin or ECE as 113 patients, while
other reasons such as multiple involved lymph nodes for 41
patients.

Table 1. Patient characteristics

Characteristics n

Age (year) Median 61 (21-85)

Gender Male/female 116/38

Primary site Oral cavity/OPC/HPC/ 87/17/47/3
larynx

Differentiation Well/moderate/poor/ 69/60/15/10
unknown

pTstage T0-1/2/3/4 45/43/27/39

pNstage NO0/1/2a/2b/2¢/3 8/19/9/86/24/8

Surgical margin Positive/close/negative  17/16/121

Extracapsular extension Yes/no 91/63

Treatment status Untreated/recurrence 128/26

Radiation dose (Gy) Median 50 (30—66.4)

Time between surgery and Median 27 (11-84)

radiation (days)

Concurrent chemotherapy Yes/no 34/120

OPC, oropharyngeal carcinoma; HPC, hypopharyngeal carcinoma.
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TREATMENT OUTCOMES

With a median follow-up of 43 months for surviving patients
(24 months for all patients), the 3-year rates of OAS and PFS
were 53.7 and 42.1%, respectively (Fig. 1). The 3-year rates of
OAS and PFS of 128 patients who were treated with initial
therapy were 55.0 and 47.5%, respectively.

Fifty-six patients were alive without disease, 21 were alive
with disease, 64 died from the disease, 12 died from other dis-
eases (including 5 who died by other cancers such as esopha-
geal cancer, hepatocellular cancer and ureteral cancer and 2
who died by pneumonia without any evidence of recurrence
or difficulty in swallowing) and 1 died because of the acute
toxicity associated with RT.

The 3-year rates of locoregional PFS (LRPFS) and distant
metastasis-free survival (DMFS) were 57.4 and 75.5%, re-
spectively.

UNIVARIATE ANALYSIS

The results of univariate analyses (UVAs) for LRPFS and
OAS were listed in Table 2.

Poorly differentiated squamous cell carcinoma and pN2b-3
were revealed to be significant unfavorable prognostic factors
of OAS. The 3-year rate of OAS of the group with poorly dif-
ferentiated squamous cell carcinoma was significantly lower
than that with moderately and well differentiated (16.2 vs.
57.8%, P < 0.0001). The group with pN2b-3 lesions had a
significantly worse 3-year rate of OAS (47.5%) than that with
pNO-2a (72.6%, P = 0.035). Regarding concurrent chemo-
therapy, there was no significant difference in the 3-year
rates of OAS between the RT and CRT group (56.1 vs. 47.5%,
P=0.11).

Poorly differentiation (P = 0.034), pN2b-3 (P = 0.0079)
and ECE (P = 0.039) were revealed to be significant unfavor-
able prognostic factors for LRPFS. The 3-year rate of LRPFS
of the group with ECE was significantly lower than that of the
group without ECE (47.7 vs. 72.0%, P = 0.039).

Similar to LRPFS, significantly unfavorable factors for PFS
were revealed to be poorly differentiation, pN2b-3 and ECE.
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Figure 1. Overall survival (OAS) and progression-free survival (PFS) curves.
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Table 2. Univariate analyses for locoregional progression-free survival and overall survival

Factors No. of patients 3-year LRPFS (%) P value 3-year OAS (%) P value
Age

<61 or >61 75/79 57.7/57.1 0.88 58.1/49.4 0.22
Gender

Male or female 116/38 60.3/49.5 0.093 55.4/49.2 0.31
Site

Oral cavity or others 87/67 55.9/60.3 0.27 45.9/63.3 0.16
Differentiation

Poorly or others 15/139 29.0/60.0 0.034 16.2/57.8 <0.0001
pTstage

pT0-2 or pT3-4 88/66 59.5/54.7 0.30 59.5/46.3 0.26
pNstage

pNO-2a or pN2b-3 36/118 76.5/51.5 0.0079 72.6/47.5 0.035
Margin

Positive/close or negative 33/121 64.5/55.4 0.38 59.8/52.3 0.69
ECE

Yes or no 91/63 47.7/72.0 0.039 47.3/63.9 0.18
Major risk

High or intermediate 113/41 52.0/71.2 0.10 47.7/69 0.051
RT dose

<50 0or >50 Gy 94/60 63.8/49.2 0.059 57.1/47.7 0.42
Concurrent chemotherapy

Yes or no 34/120 62.1/57.7 0.46 47.5/56.1 0.11

LRPFS, locoregional progression-free survival; OAS, overall survival; ECE, extracapsular extension; RT, radiotherapy.

The 3-year rates of PFS of the group having major risks (i.e.
close/positive margins and/or ECE) and group with other risk
features were 34.7 and 62.8%, respectively (P < 0.01).The
3-year rates of LRPFS of the group having major risks and the
group with other risk features were 52.0 and 71.2%, respect-
ively (P = 0.10).

MULTIVARIATE ANALYSIS

The results of MVAs for LRPFS and OAS were listed in
Table 3.

On MVA, pN2b-3 (P = 0.014), poorly differentiation (P <
0.0001) and the presence of major risks (P = 0.044) were
revealed to be significant unfavorable prognostic factors of
OAS. As for LRPFES, pN2b-3 (P = 0.069), poorly differenti-
ation (P = 0.012) and the presence of major risks (P = 0.042)
showed a significantly worse impact.

PATTERNS OF FAILURES

Eighty-five patients (55%) developed treatment failure at one
or more sites. Patterns of failures were listed in Table 4. The

most frequent site was nodal only in 28 patients (33%), fol-
lowed by distant only in 23 (27%).

Forty-four regional recurrences developed, of which 16
were located out-of-field. In the group with regional recur-
rences, the rates of the presence of ECE were 71 and 69% in
the in-field recurrence group and out-of-field recurrence
group, respectively.

There were 28 in-field regional recurrences, of which 20
were with ECE lesions, and 2 and 26 were pN1-2a and
pN2b-3, respectively. In 16 out-of-field regional recurrence
patients, 11 patients had ECE lesions, and 2 and 14 patients
were pN1-2a and pN2b-3, respectively.

Thirty-one local recurrences (20%) developed, of which 22
(71%) were located out-of-field. There were nine in-field local
recurrences, of which 4 were with ECE lesions and 6 were
pT3-4 lesions. In 22 out-of-field local recurrences, 17 patients
had ECE lesions.

TreaTMENT TOXICITY

Acute and late toxicities were listed in Table 5. Acute toxici-
ties of Grade 3 or greater developed in 13 patients (8.4%). The
most common toxicity was mucosal inflammation. One
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