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Abstract

Radiotherapy plays an essential role in the management of head and neck squamous cell carcinoma.
Radiotherapy has a distinct advantage over surgical procedures in that it could achieve organ and
function preservation with an efficacy similar to that of surgical series. To improve the clinical out-
comes achievable by radiotherapy, altered fractionated radiotherapy has been prospectively tested
for early and intermediate risk diseases, and was previously shown to be beneficial for local control
and survival. Radiotherapy alone is insufficient for locally advanced disease; therefore, concurrent
chemoradiotherapy is typically performed and plays an important role. A meta-analysis (Level la) re-
vealed that the concurrent use of platinum agents appeared to improve tumor control and survival;
however, this was accompanied by increases in the rates of both acute and late toxicities. Regarding
radiation techniques, intensity modulated radiotherapy evolved in the 1990s, and has been globally
used to treat head and neck squamous cell carcinoma patients. Intensity modulated radiotherapy re-
duces the exposure of normal tissue to radiation while preserving excellent dose coverage to the tar-
get volume; therefore, the rate of late toxicities especially xerostomia is minimized. Small size
randomized studies and a meta-analysis have provided evidence to support the benefits of intensity
modulated radiotherapy over two-dimensional or three-dimensional radiation therapy. Intensity
modulated radiotherapy can also preserve quality of life following definitive chemoradiotherapy.
Further improvements using intensity modulated proton therapy are warranted.

Key words: intensity modulated radiotherapy, chemoradiotherapy, altered fractionated radiotherapy

Introduction however, the efficacy of RT alone was shown to be reduced in cases

Radiotherapy (RT) for head and neck squamous cell carcinoma of T3-4 category tumors (5-7). Controversy still surrounds the ability
(HINSCC) plays an important role in the preservation of organs and of RT to achieve tumor control and larynx preservation in locally ad-
their functions. Small volume tumors, such as those of the T1-2 cat- vanced laryngeal and hypopharyngeal cancers. Although concurrent
egory, are expected to achieve 70-90% local contro! with RT (1-4); chemoradiotherapy (CCRT) appears to be the mainstay for successful
© The Author 2014. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com 1
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2 Definitive radiotherapy for HNSCC

larynx preservation compared with surgery, increases in late morbid-
ity and controversy in survival benefit with a longer follow-up are ser-
ious issues(8,9). Intensity modulated radiotherapy (IMRT) has rapidly
evolved in the past two decades, and is considered the standard care of
definitive RT for HNSCC (10). Previous studies reported that the rate
of late morbidities especially xerostomia appeared to be lower follow-
ing IMRT (11-16), and improved quality of life (QOL) after RT could
be expected (17-20). Thus, the adaptation of IMRT for CCRT repre-
sents a reasonable combination to minimize the risk of the associated
toxicities. Multi-agent induction chemotherapy containing taxanes
and bioradiotherapy has been extensively researched in an attempt
to balance treatment efficacy and safety (21-23).

Early stage

Optimal fractionation schedule
Prolonging the duration of RT for HNSCC is known to have a distinct
negative impact on clinical outcomes (24-26), and has been attributed
to a biological phenomenon, the so-called accelerated repopulation,
which is accompanied by the development of radioresistance by tumor
cells (27). To improve clinical outcomes, an altered fractionation (AF)
schedule that minimizes the treatment duration, has been clinically
tested on patients with low and intermediate risk diseases (28-31).
A meta-analysis revealed that AF improved both local control and sur-
vival over those achieved by the standard fractionated schedule (32).
Early glottis cancer is considered to be an optimal model for pre-
senting the advantages of AF. Definitive RT was previously reported to
have acquired sufficient survival outcomes with excellent local control
for patients with this cancer, even if salvage surgery for local recur-
rence was needed. Patients with T1-2NO0 glottic cancer typically re-
ceive 66-70 Gy over 6.5 weeks on an outpatient basis. AF is
expected to improve tumor control, thereby reducing the burden on
patients and working staff, and ameliorating the cost of treatment
for public insurance. Several retrospective studies have demonstrated
the advantages of AF radiotherapy (2.0 Gy per fraction) for glottis
cancer (33,34); however, few prospective studies have been conducted
in a multi-institutional setting (Table 1) (29-31). Yamazaki et al. (29)
reported that the AF arm in a randomized controlled study from a sin-
gle institute showed a significant advantage for local control. A total of
180 patients with T1 glottic tumors were entered into this trial; the AF
arm (N =91) received 56.25-63 Gy over 5-5.5 weeks with a 2.25 Gy

fraction, while the SF arm received 60-66 Gy over 6-6.5 weeks with a
2 Gy fraction. The 5-year local control rate of the AF arm was signi-
ficantly better than that of the standard fractionation (SF) arm (92
vs. 77% P =0.004). Moon et al. (30) reported the findings of multi-
institutional randomized controlled trial (RCT) for T1-2NOMO
glottic cancer. However, this trial was stopped due to poor accrual,
because only 156 patients were ultimately registered against the
planned 282 patients. The AF arm of 63-67.5 Gy with a 2.25 Gy frac-
tion achieved slightly better local control than that of the SF arm of
66-70 Gy witha 2 Gy (93 vs. 76%; P = 0.056). The Radiation Therapy
Study Group of the Japan Clinical Oncology Group (JCOG) conducted
a multi-institutional RCT trial of the JCOG 0701 to demonstrate the
non-inferiority of the efficacy of the AF arm with 2.4 Gy per fraction
over the SF arm with 2 Gy per fraction (31). A total of 370 patients
were registered in this study until January 2013, and a follow-up will
be conducted on January 2016. It is the first multi-institutional RCT
trial to investigate the advantage of AF radiotherapy for early glottic
cancer, the findings of which are highly anticipated.

Intensity modulated radiotherapy

The incidence of oropharyngeal cancer (OPC) is gradually increasing,
while that of human papilloma virus (HPV) infection is also high
(35,36). Patients with OPC-related HPV infection have a favorable
prognosis (37-39), and radiotherapy plays an important role among
the treatment modalities available for these patients. The adaptation
of IMRT could reduce the rate of late toxicity especially xerostomia;
thus, it is considered a standard method in definitive RT for OPC
(40,41). Several RCT have been conducted to demonstrate the advan-
tages of IMRT for HNSCC patients including OPC (11,13). The
RTOG 00-22 trial is a prospective single arm trial that tested the effi-
cacy of IMRT using a slightly hypofractionated schedule with 2.2 Gy
per fraction for early OPC patients with T1-2N0-1MO diseases (42).
The 2-year survival rate was reported to be 95.5%, with a
loco-regional failure rate of only 9%. The 1- and 2-year rates of
Grade 2 xerostomia were 25 and 16 %, respectively. To further im-
prove QOL, unilateral neck irradiation using IMRT for OPC, with a
favorable prognostic factor, is expected to represent an attractive treat-
ment option (43). Al-Mamgani et al. (44) retrospectively evaluated
unilateral neck IMRT for early disease in this category in a relatively
large series (N = 185). The 5-year local control rate was reported to be
91% with 7% Grade 2 xerostomia. Although this was a retrospective

Table 1. Reported series of definitive radiotherapy with altered fractionation for early glottic cancer

Author Material ~ Number  Style Total dose (Gy) Fraction LC (%) OS (%) Complication
size (Gy) rate G3 or more
Robertson (33) T1-4 118 Retrospective 60 2 . 55-70/39-62 NR NR
15 56.5 226 80/ NR NR
111 60 2.4 95175 NR NR
37 54 3 81/37 NR NR
22 51 3.4 85/40 NR NR
van der Voet (34) T1 64 Retrospective 60-66 2 83-85 NR
79 60, 61.6 2.4,2.8 90-93 1.8-3.1
142 62, 65 31,325 93 10.9-12.5
Mendenhall (1) T1-2 304 Retrospective 56.25/63 (T1/2) 2.25 93/75 NR 1.6
Yamazaki (29) T1 180 Prospective Phase Il 56.25/63 (S/L) 2.25 92 87 0
Moon (30) T1-2 156 Prospective Phase III 2.25 88.5(LPFS) 86.6 0
RTOG 9512 (28) T2 250 Prospective Phase IIl ~ 79.6 1.2 bid 78 72 8.5
JCOG 0701 (31) T1-2 370 Prospective Phase Il 60/64.8 (T1/T2) 2.4

S, small size; L, large size, bid, twice-a-day, LC, local control; LPFS, larynx progression-free survival; OS, overall survival; NR, not reported.
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study, limited field IMRT was expected to successfully achieve high
local control with a low incidence of xerostomia. The JCOG Radi-
ation Therapy Study Group has now conducted the JCOG 1208
study to test the efficacy of IMRT using a limited target volume
(TV) for patients with OPC of the T1-2N0-1 category. In this proto-
col, contralateral Level II-1IT area was excluded from prophylactic TV
in the case of patients with tonsillar cancer. And only ipsilateral Level
IV area was included in TV for patients with N1. This is the first multi-
institutional prospective trial vsing this modified TV for early OPC.

Locally advanced stage

The efficacy of RT alone for locally advanced (LA) disease is lower
than that of surgical series. The administration of cytotoxic agents
to improve disease control has been practically considered for patients
with certain medical conditions (5,23,45-47). CCRT was reported to
significantly improve both disease control and survival in several
RCTs, and these findings were also supported by meta-analyses
(5,45,46,48). RT accompanied with platinam agents is considered
the standard treatment for LA-HNSCC (45).

RT with cetuximab [CET; anti-epidermal growth factor receptor
(EGFR)] also improved overall survival (OS) and LC over those with
RT alone (47,49). In the Bonner trial, Stage III~IV patients were ran-
domly assigned to a bioradiotherapy (BRT) arm or RT arm. The BRT
arm showed significant improvements in loco-regional control and OS
[hazard ratio (HR) 0.68; P = 0.005; HR = 0.74 P = 0.03]. No significant
difference was observed in the rate of acute toxicities between both arms.
Therefore, it is important to note that a direct comparison has not yet
been conducted between the results achieved by BRT and CCRT,
which is considered the standard treatment for LA-FINSCC (50).

AF has also been shown to increase local control for LA-FINSCC
in several RCTs. A meta-analysis of 15 trials with 6515 patients re-
vealed that AF was significantly advantageous for local control and
OS (Level Ia) (32). The majority of cohorts were comprised of OPC
patients (47.2%) and Stage III patients, who were expected to have
relatively good prognoses, and these groups had slightly better OS
in the subset analysis.

Although both chemical modulations by CCRT or BRT and dose
modifications by AF increase tumor control, they are also accompan-
ied by increased rates of acute and late toxicities due to definitive RT.
The adaptation of IMRT should minimize the rates of these toxicities
and, as such, is highly recommend for use in an intensive strategy for
LA-HNSCC (13,16,20).

Optimal method of chemotherapy
The standard treatment for locally advanced HNSCC still remains
concurrent chemoradiotherapy (CCRT) with cisplatin (45). Previous
studies reported Level Ia evidence for the efficacy of CCRT (46,48).
MACH-NC trial comprised 93 trials with 17 346 patients, con-
ducted between 1965 and 2000, revealed that the efficacy of CCRT
was higher than that of induction or adjuvant chemotherapy (46). The
administration of chemotherapy showed a 4.5% absolute benefit in sur-
vival and reduced the HR by 12% (P < 0.0001). Regarding the timing of
chemotherapy, CCRT achieved a 6.5% absolute benefit in 5-year OS,
and a 19% reduction in the HR of OS. In that study, induction chemo-
therapy (IC) led to moderate benefits in OS and had an apparent advan-
tage by decreasing the rate of distant metastasis (46). This study also
showed the benefits of CCRT were less in elderly patients (P =0.003).
IC with taxanes containing multi-agents (ITM) was recently
reported to be more advantageous for OS and disease control than cis-
platin and 5-FU (PF) in RCTs (21,22), and these findings were
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confirmed by a meta-analysis (23). Several RCT's were previously con-
ducted to compare the efficacy of ITM to that of PF; however, its ap-
parent benefits over that of immediate CCRT have not been reported
until now (51-53). One of the weaknesses of the I'TM strategy was the
significant increase in treatment-induced toxicities, which decreased
compliance of following CCRT (54). Approximately half of the
ITM cohorts could not receive chemotherapy during radiotherapy
(21,22), which may have decreased the efficacy of CCRT. Several stud-
ies attempted to test ITM followed by BRT (55,56). In the Bonner trial,
RT with CET was reported to induce similar acute toxicities to those
of RT alone (49). ITM followed by BRT represents an attractive strat-
egy for managing treatment toxicities without sacrificing efficacy. Ghi
etal. (56) performed a randomized Phase II/HI trial to test the efficacy
of adding IC containing docetaxel, cisplatin and 5-FU. This trial had a
2 x 2 factorial design, in which second randomization of the CCRT
arm or BRT arm occurred after first randomization of IC. They re-
ported survival benefits in the I'TM arm. Further modifications and
optimization are required to balance the efficacies and morbidities
of such intensive multidisciplinary treatments.

Role of bioradiotherapy

The Bonner trial reported the significant advantage of BRT toward RT
alone in RCT with LA-FHINSCC patients (47,49). Only one RCT has
demonstrated the benefit of BRT; however, the control arm in this
RCT was RT alone, which is not considered a standard treatment
for LA-HNSCC. One of the expected merits of BRT is reduced tox-
icity. In the Bonner trial, acute toxicities were similar between the
BRT arm and RT arm. Several randomized Phase II studies compared
BRT with CCRT (55,56). The TREMPLIN trial was conducted to test
larynx preservation rate of BRT compared with CCRT for patients
treated with ITM for LA-HINSCC (55). Local control could not be
achieved by 12 patients (21%) in the BRT arm and eight patients
(13%) in the CCRT arm; however, this difference was not significant.
BRT was shown to have superior compliance over CCRT (71 vs.
43%), and salvage surgery could be performed in six out of nine pa-
tients assessed as feasible for surgery in the BRT arm, but in none of
the eight patients in the CCRT arm. Consequently, OS rates were simi-
lar in both arms. Ghi et al. (56) also conducted a Phase II/III study of
randomization of BRT and CCRT arms. This trial also determined the
efficacy of ITM with a 2 x 2 factorial design. No significant differences
were observed in progression-free survival (PFS) or OS rates between
the BRT and CCRT arms.

A systemic review was conducted on 15 trials comprising 1808 pa-
tients to compare BRT and CCRT (50). Only three trials were pro-
spective, while the other 12 were retrospective. In this systemic
review, CCRT achieved significantly better OS, PFS and LRR than
BRT. RTOG 1016, a Phase III trial of BRT versus CCRT for
HPV-associated OPC, is currently being conducted (57). This is the
first trial to directly compare BRT and CCRT for a favorable risk
group. The effectiveness and toxicity of BRT may be demonstrated
in this trial, and its findings could also resolve the question as to
whether the efficacy of BRT is similar to that of CCRT.

RTOG 0522 trial was designed to compare the CCRT with cetuxi-
mab (CET) arm to the CCRT arm (58). The 3-year OS, PFS and
loco-regional relapse-free rate (LRF) were similar in both arms; however,
the incidence of acute adverse events was higher in the combined arm.
These findings suggest that CCRT with anti-EGFR should be tested in
clinical trials, and special care should be taken for its clinical use.

To minimize the toxicity of definitive intensive RT, dose reductions
using BRT for a favorable group is now being prospectively evaluated
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(59). HPV-associated OPC patients are the main target in this trial. Re-
ductions in toxicity are warranted after confirmation of its efficacy in
the de-escalation trial.

Larynx preservation
Locally advanced laryngeal (LC) and hypopharyngeal cancers (HPC)
have been treated with surgery, while laryngeal preservation (LP) with
the aim of preserving the voice and swallowing function without sac-
rificing survival is considered a reasonable option in clinical practice
(Table 2) (5-7,22,60-62). In the 1990s, several RCTs demonstrated
the feasibility of the LP strategy (5~7,62,63). Two RCTs compared
IC followed by RT with immediate surgery, the Veterans Affairs La-
ryngeal Cancer Study Group (VALCSG) trial for LC (7) and
EORTC 24851 trial for HPC (6). The VALCSG study registered 322
patients with Stage III/IVLC. The IC group received two cycles of SFU
and cisplatin, then responders to chemotherapy were treated with de-
finitive RT. Otherwise patients underwent laryngectomy with or with-
out post-operative RT. In the IC arm, 107 patients (64%) preserved
their larynx. The 2-year OS rate of both groups was 68%. In a sub-
group analysis, 56% of patients with T4 category tumors and 29%
of those with smaller lesions required salvage surgery. In the
EORTC 24851 study, 194 patients with T2-4, NO-2b LA-HPC
were randomized to an IC arm or immediate surgery arm (6). The
DFS rates at 3 and 5 years were 43%/25% for the IC arm and
32%/27% for the surgery arm, respectively. The 3- and 5-year func-
tional LP rates were 64 and 58% for patients with completed treat-
ments from the IC arms. Responses to the LP protocol markedly
varied according to the T category (T2 for 82%, T3 for 48% and
T4 for 0%). In these two studies, approximately two-thirds of the
1C group could preserve the larynxes without sacrificing survival
against the surgical series.

RTOG 91-11 study was a RCT conducted to demonstrate the ef-
ficacy of three different RT arms including RT alone, IC followed by

RT (identical to the VALCSG trial) and CCRT (5,62). A total of 547
patients with Stage III/IV LC were registered in this trial. Its findings
were Initially reported in 2003 (5), and then updated in 2012 (62).
The rates of LP at a median follow-up of 3.8 years and 10.8 years
were 83.6 and 81.7% for the CCRT arm, respectively, and were sig-
nificantly higher than those from the other two arms (70.8 and 67.5%
for the IC arm and 65.8 and 63.8% for the RT alone arm). The OS
rates at 5 and 10 years did not differ among the treatment groups
(55 and 27.5% for the CCRT arm, 59 and 39% for the IC arm and
54 and 31.5% for the RT alone arm). Although failure to achieve local
control was lower in the CCRT arm, the rate of toxicity would have
considerably increased with a longer follow-up. In this update series,
the CCRT arm had better disease control and a higher rate of late tox-
icity. From the viewpoint of LP, ITM is expected to allow for feasible
options, balancing its efficacy and lower toxicity. A multi-institutional
consensus panel published guidelines for the conduct of RCTs for LP
(64). They recommended the enrollment of patients with T2 or T3 LC
or HPC. They also emphasized that clinical and instrumental assess-
ments were essential, and also proposed the endpoint of disease free
with a functional larynx, such as laryngo-esophageal dysfunction-free
survival. Minimum invasive surgery has recently evolved, and object-
ive and functional estimations are needed for comparisons between
different treatment modalities including surgical series (60,65).

Role of intensity modulated radiotherapy

The use of IMRT has recently become more widespread, and this mo-
dality was supported by novel technological developments in the
1990s (10). Using this technique, conformal dose distributions to
the clinical target volume could be achieved with identical dose reduc-
tions to the surrounding normal tissue. Several RCTs demonstrated
that IMRT could reduce the rate of G2 xerostomia below that of the
2D or 3D technique (Table 3) (11-16). Two East-Asian RCTs were
conducted using a small cohort (N =45-56) of early nasopharyngeal

Table 2. Larynx preservation trials using induction chemotherapy for laryngeal and hypopharyngeal cancer

Study Number  Site Stage  IC RT LP (%) 0OS (%) Larynx toxicity %
VALCSG (7) 332 LC I-1v FP RT 64 68 NR
EORTC24891 (6) 202 HPC -1V FP RT 22@S years 38@S years NR

RTOGI1-11 (62) 547 LC m-1v - FP RT/CRT 71/84@5 years 59/55@S years 6-10/6-17
GORTEC2000-01 (60) 213 LCand HPC M-IV FP/TPF RT 57/70@3 years 60/60@3 years 13.6/6.2
GETTEC (63) 68 LC I-Iv. FP RT 42 69@2 years NR

Posner (22) 166 LCand HPC IV  FP/TPF  CRT 32/52@3 years 40/57@3 years NR

TREMPLIN (55) 153 LCand HPC M-IV TPF CRT/BRT  93/96@3 months  85/86@1.5 years  8.6/9

Prades (61) 71 HPC -1V~ FP RT/CRT 68/92@2 years 36/41@2 years NR

VALCSG, Veterans Affairs Laryngeal Cancer Study Group; LC, laryngeal cancer; HPC, hypopharyngeal cancer; IC, induction chemotherapy; FP, SFU
and ccisplatin, TPF, docetaxel, SFU and cisplatin, RT, radiotherapy; CRT, chemoradiotherapy; BRT, bioradiotherapy; LP, laryngeal preservation; NR, note reported.

Table 3. Reported series of randomized control trial comparing IMRT to conventional radiotherapy for head and neck carcinoma

Author Site Number  Control  Stage I/Il (%)  Chemoradiotherapy 6 months-1 year 6 months-1 year LC (%) OS (%)
xerostomia IMRT  xerostomia conv.

Pow (12) NPC 45 2D 100 No

Kam (14) NPC 54 2D 100 No 39.3 82.1

Nutting (13) H&N 94 2D 24 Yes 15 74 NS NS

Gupta (11) H&N 60 3D 20 Yes 28.8 76 NS NS

Peng (15) NPC 616 2D 31 Yes 28.1 57.4 F F

NPC, nasopharyngeal carcinoma; H&N, head and neck carcinoma; 2D, two dimensional; 3D, three dimensional; IMRT, intensity modulated radiotherapy; conv.,

conventional radiotherapy; LC, local control; NS, not significantly different; F, IMRT group is favorable.
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cancer (NPC) patients, and the findings obtained revealed that xeros-
tomia was subjectively and/or objectively lower in the IMRT arm than
inthe 2D RT arm (12,14). Nutting et al. (13) reported the findings of a
multi-institutional RCT that compared IMRT with 2D RT for OPC
and HPC patients. The xerostomia rates at 1 and 2 years were signifi-
cantly lower in the IMRT group (38 and 29%) than in the 2D RT
group (74 and 83%). OS and loco-regional relapse-free survival
LRPFS in both groups were not significantly different between both
arms. These findings were also supported by a systematic review
(16) (Level Ta). Marta et al. (16) conducted a meta-analysis on five
trials comprising 871 patients, including 82% of NPC patients and
62% of patients with Stage II/IV disease. The rate of Grade 2-4 xer-
ostomia was lower in the IMRT group [HR =0.76, 95% confidence
interval (Cl) 0.66-0.87; P < 0.00001); however, no significant differ-
ences were observed in OS or LC between both groups. Over 80% of
cohorts received concomitant chemotherapy during IMRT. CCRT is
believed to increase the rates of both acute and late toxicities; thus,
these findings could be extrapolated on to cases of chemo-IMRT.

IMRT is considered to improve QOL, and a previous systemic
review chiefly assessed patient statuses (17,18,19,20) using question-
naires for EORTC C-30, EORTC QLQ H&N35 and SF-35 (Table 4).
Tribius etal. (20) performed a systemic review using literature describ-
ing QOL assessments between 2005 and 2010. This review assessed
14 studies including five prospective trials with only one RCT. IMRT
significantly improved QOL scores comprising xerostomia, dry mouth,
sticky saliva, eating-related domains and global QOL over those
achieved with 2D or 3D CRT. Klein et al. (19) also performed a sys-
tematic review on health-related QOL (HRQOL) scores between
IMRT and 2D or 3D CRT. Eighteen studies having high-quality re-
ports of the basis of quality assessment instrument were reviewed in
this report. The HRQOL scores declined after RT and returned to
baseline levels within 12 months in all groups. The HRQOL score
achieved by IMRT was significantly higher than that of 2D or 3D
CRT. The HRQOL score achieved by CCRT was slightly worse.
These two reviews were considered to have the distinct weakness of
strong biases due to the basis of a retrospective analysis. In addition,
QOL was difficult to measure in patients with INSCC, and global
QOL is reflected by various factors relating to patient backgrounds
and QOL instruments. The benefit of IMRT for dysphagia was also
systematically reviewed from 16 studies (17); however, apparent evi-
dence could not be derived in this review. This was attributed to the
reported series being limited by both insufficient assessment methods
and outcome descriptions of swallowing function. It was also caused
by the lack of reliable measuring instruments for swallowing func-
tion including basement assessments, and the reported series also
chiefly depended on retrospective analysis. A sophisticated RCT
with a multi-institutional design is needed to accurately evaluate the
advantages of IMRT regard for global QOL and late toxicities apart
from xerostomia.

Optimal method for IMRT

IMRT for LA-HNSCC is routinely performed in a simultaneously
integrated boost (SIB) method, in which variable doses are delivered
to several CTVs for adjusted risk levels (66). Single-step optimization
is typically performed during the radiation schedule, and reducing
the time and labor required for treatment preparation appears to be
feasible in clinical practice. A radiation dose with a lower risk level,
54-60 Gy over 6.5-7 weeks is often delivered in the SIB technique.
Regarding 2D-3D CRT, 40-50 Gy is commonly delivered for prophy-
lactic CTV; however, a slightly larger dose may be needed in the case
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Table 4. Comparison of QOL score in IMRT group compared with that of conventional radiotherapy group in reported series

EORTC QLQ-C30 HN&33

EORTC QLQ-C30

Global
QOL

Site

Patient

Study design

Author

Sticky
saliva

Role Cognitive Social Pain Swallowing Speech Social Dry
mouth

Physical

number

eating

function function function

function

NPC

NPC

51
203
241
356

134

Prospective

Pow (12)

Prospective

~ Fang (80)
Vergeer (81)

Y

H&N
NPC

Prospective

Retrospective

Fang (82)

%

H&N
H&N

Retrospective

Graff (83)

307

Retrospective

Huang (84)

NPC, nasopharyngeal cancer; QOL, quality of life; Y, significantly better for IMRT group.
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of SIB due to the small fraction size (<1.8 Gy per fraction), which is
expected to decrease the probability of disease control. An increased
dose to the surrounding organ, such as the larynx and constrictor mus-
cle, may lead to the development of dysphagia (8,67,68). Another
weakness of the SIB technique is dose variations due to anatomical
changes during the IMRT session. Several studies reported that ana-
tomical changes may cause significant shortages in the dose on PTV
and/or an excessive dose to the surrounding organ (69,70). A two-step
method would resolve these problems by using the standard fraction
size to all target volumes with a second boost IMRT plan (69,71,72).
Although the burden on staff would increase due to additional opti-
mization processes, dose variations resulting from anatomical changes
due to tumor shrinkage and body weight loss could be adjusted for.
The JCOG 1015 (UMIN000005448) is a Phase II trial that is being
conducted to demonstrate the feasibility of two-step IMRT with CCRT
for Stage II-TVB NPC patients. A total of 75 patients are planned to
have registered by October 2014, and a follow-up will be conducted
until 2017. The JCOG 1208 (UMIN000014274) is a Phase II trial
conducted on patients with OPC of T1-2N0-1 category, and a two-
step method is also used in this trial. These multi-institutional pro-
spective trials are expected to demonstrate the original efficacy of
the two-step IMRT method for HNSCC patients.

Japanese clinical trials for HNSCC

The JCOG Radiation Therapy Study Group developed a multi-
institutional Phase II trial (JCOG 0403) on stereotactic body radio-
therapy for Stage I non-small cell lung cancer in 2003. The group
then expanded the trial to include several prospective trials including
those for HNSCC. To date, the group has conducted a multi-
institutional RCT trial to demonstrate the efficacy of AF for glottic
cancer of the T1-2N0 category (JCOG 0701), a Phase II trial on
chemo-IMRT for LA-NPC (JCOG 1015), and a Phase II trial on
IMRT for early OPC (JCOG 1208). The Head and Neck Cancer
Study Group of JCOG has conducted a Phase II/III study on post-
operative chemoradiotherapy for LA-HNSCC, comparing the admin-
istration of cisplatin in a three weekly arm to a weekly arm (JCOG
1008) (73). This trial has made amendments for the use of IMRT in
credentialed institutes in collaboration with the Radiation Therapy
Study Group.

Apart from the JCOG group trial, a Phase II trial is being con-
ducted on chemo-IMRT for cervical esophageal cancer (JROSG
12-1 UMIN000009880) and is supported by a National Grant Aid.
The findings of these prospective trials will greatly impact on Japanese
clinical practices and future trials.

Future perspective

Proton beam therapy (PBT) is expected to have the advantage of spar-
ing normal tissue over photon beam. As for carbon-ion therapy, the
high value of its relative biological effect may be beneficial for
tumor control. A systemic review has discussed the benefits of particle
therapy (74,75). Regarding carbon-ion therapy, survival advantages
for mucosal malignant melanomas would be reported to some extent
(75). The advantages of PBT for survival and tumor control in para-
nasal and sinonasal cancers have been reported previously (76). How-
ever, limited clinical data are available to demonstrate that toxicity is
slightly lower for PBT than for photon therapy. Since the overall quan-
tity and quality of data regarding particle therapy is poor, prospective
multi-institutional data are needed in the future (75). Intensity modu-
lated proton therapy (IMPT) is one of the promising methods that can
improve the quality of definitive RT for HNSCC (75,77). IMPT has
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the distinct advantage of sparing normal tissue, especially with low
dose exposure (77). IMPT is expected to have further advantages;
thus, prospective trials on IMPT are warranted to demonstrate its
benefits over IMRT.

Biomarkers play important roles in the selection of treatment
modalities and/or estimation of treatment outcomes; however, reliable
information has not yet been reported for HNSCC. Biomarkers to pre-
dict the outcome of CCRT and BRT are needed (78,79), and would be
very helpful for both decision-making for optimal treatments and
reduction of intensive multidisciplinary therapy.

Conclusion

AF, CCRT and BRT have advantages over standard fractionated
radiotherapy; however, the management of both acute and late toxici-
ties has become more important in clinical practice. Although CCRT
using high dose cisplatin is the mainstay for LA-HNSCC, late toxici-
ties were reported to increase in association with survival disadvan-
tages. IMRT is believed to be useful for minimizing morbidity and
mortality related to definitive RT, especially in the case of CCRT.
Further improvements are warranted through the optimal use of
adaptive radiotherapy and particle therapy.

Multi-agent induction chemotherapy with BRT represents on
attractive option for balancing efficacy and toxicity, and is now
being eagerly tested in prospective trials. In the future, customized
therapy designed with biomarkers is desired to optimize definitive
radiotherapy.
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Abstract

One of the mainstays of treatment for locally advanced head and neck squamous cell carcinoma is
surgery. However, for post-operative patients with high-risk factors for recurrence, surgery alone is
insufficient and improving survival requires adjuvant treatment after surgery. Unlike with most other
malignancies, the standard adjuvant treatment for post-operative head and neck cancer patients with
high-risk factors for recurrence is radiotherapy concurrent with chemotherapy. This review article fo-
cuses on the history and future perspectives of adjuvant treatment for post-operative head and neck

squamous cell carcinoma.
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Introduction

According to cancer statistics in Japan, 8120 Japanese died from head
and neck cancer in 2012, accounting for 2.2% of cancer deaths (1).
About half of head and neck cancer patients have Stage III/IV at
diagnosis disease and the prognosis of these patients remains poor.
Previously, surgery was one of the mainstays of treatment for resect-
able locally advanced head and neck squamous cell carcinoma
(HINSCC), while post-operative radiotherapy (RT) was standard treat-
ment in patients with high-risk factors for recurrence in pathological
specimens (2). However, local relapse and distant metastasis relapse
rates after post-operative RT were as high as 30 and 25%, respectively,
and 5-year survival rate was as low as 40% (3). To improve the prog-
nosis of post-operative HNSCC with high-risk features, the addition
of cisplatin to RT was developed, and showed a survival benefit
over RT alone. Now chemoradiotherapy (CRT) with cisplatin
(CDDP) at a dose of 100 mg/m? is the standard of care for post-
operative HNSCC with high-risk factors for recurrence. This review
article focuses on the history and future perspectives of adjuvant treat-
ment for post-operative HNSCC.

Adjuvant treatment for post-operative HNSCC

Which patients should receive adjuvant treatment?

The prognosis for Stage III/IV resectable locally advanced HNSCC is
poor. Known risk factors for recurrence are: microscopic resection
margin-positive, extracapsular nodal extension-positive, multiple cer-
vical lymph node metastasis (>2), lymph node metastasis with a diam-
eter of 3 cm or more, perineural invasion, Level 4 (inferior internal
jugular lymph node) or Level § (accessory nerve lymph node) lymph
node metastasis in oropharyngeal cancer/oral cavity cancer and signs
of vascular tumor embolism. For patients with none of these risk fac-
tors, S-year local relapse rate is only 10%, and post-operative adjuvant
treatment is therefore not usually performed. For patients with risk fac-
tors for recurrence, post-operative RT has been used as a post-operative
adjuvant treatment. However, patients positive for extracapsular nodal
extension or those with two or more risk factors for recurrence were
reported to have a 5-year local relapse rate of 32% and 5-year survival
rate of 42%, showing poor prognosis even after post-operative radio-
therapy (4,5). Surgery with post-operative RT is therefore considered
insufficient, and more effective treatment has been sought (6).
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It is therefore necessary to identify the most important risk factors
for recurrence in patients receiving post-operative radiotherapy. A
combined analysis was conducted using data from the RTOG 85-03
study (randomized study to compare post-operative radiation with
chemotherapy with SFU + CDDP followed by post-operative radio-
therapy in post-operative patients with locally advanced hypopharynx
squamous cell carcinoma) and RTOG 88-24 study (Phase II study of
post-operative chemoradiotherapy with CDDP in patients after sur-
gery of locally advanced head and neck squamous cell carcinoma)
conducted by the Radiation Therapy Oncology Group (RTOG) (6).
Results showed that patients with risk factors for recurrence including
(i) microscopically positive resection margin, (i) extracapsular nodal
extension-positive and (iii) multiple lymph node metastases (>2) had a
higher S-year local relapse rate (microscopically positive resection
margin vs. extracapsular nodal extension/multiple cervical lymph
node metastasis vs. no relapse risk factor: 61 vs. 27 vs. 17%) and de-
creased S-year survival rate (microscopically positive resection margin
vs. extracapsular nodal extension/multiple cervical lymph node metas-
tasis vs. no relapse risk factor: 27 vs. 34 vs. 53%) compared with pa-
tients with none of the above factors. On this basis, improving
prognosis in patients with any of these three risk factors for recurrence
is particularly important.

In addition to (i) microscopic resection margin positivity and (ii)
extracapsular nodal extension positivity, the Earopean Organization
for Research and Treatment of Cancer (EORTC) also suggests that
Stage IlI/1V disease, perineural infiltration, Level 4/5 lymph node me-
tastasis in oropharyngeal cancer/oral cavity cancer, and signs of vas-
cular tumor embolism are also risk factors for recurrence (7-10).
Despite some differences in the definition of post-operative risk factors
for recurrence between the EORTC and RTOG, the two key trials
(Table 1), namely the EORTC22931 study (7) and RTOG95-01
study (11), were conducted, as described later. To account for these
differing definitions, data from the two studies were consolidated in
a combined analysis (8). This indicated not only that CRT with
CDDP was generally superior to RT alone as post-operative adjuvant
treatment, with the difference between them being significant [hazard
ratio (FIR), 0.776], but also that post-operative CRT with CDDP is
more advantageous than RT alone for patients with either of the com-
mon high-risk factors for recurrence observed in the two studies,
namely (i) microscopic resection margin positivity or (ii) extracapsular
nodal extension positivity (HR =0.702). In contrast, post-operative
CRT with CDDP showed no advantage over RT alone in patients
with risk factors for recurrence that were not common between the
two studies (e.g. multiple lymph node metastases) in either the
EORTC22931 study or the RTOG95-01 study.

Therefore, major high-risk factors for recurrence are presently de-
fined as (i) microscopic resection margin positivity and (ii)

Table 1. Differences in risk factors for recurrence between RTOG
and EORTC

Risk factor only  Common risk factors Risk factors only
in RTOG with RTOG and in EORTC
EORTC
Multiple lymph ~ Microscopic resection Stage III/IV disease,
node margin positivity, perineural infiltration,
metastases extracapsular nodal level 4/5 lymph node
(=2) extension positivity metastasis in

oropharyngeal cancer/
oral cavity cancer,
vascular tumor embolism
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extracapsular nodal extension positivity, and patients with either of
these major risk factors should receive post-operative CRT with
CDDP. Other risk factors for recurrence which were not common be-
tween the two studies, including multiple cervical lymph node metas-
tases, are termed intermediate risk factors. The provision of
post-operative RT to patients with these intermediate risk factors is
based on the results of this combined analysis.

What is the optimal adjuvant treatment for
post-operative high-risk HNSCC patients?

Radiotherapy

Prognosis of Stage III/IV resectable locally advanced head and neck
squamous cell carcinoma is poor, and post-operative RT after radical
resection has remained the standard treatment for this type of cancer
since 1970, when Fletcher et al. (2) published a report on prognosis
after post-operative radiotherapy. In conventional post-operative
radiotherapy for resectable locally advanced head and neck squamous
cell carcinoma, a total dose of 60-66 Gy is commonly used and admi-
nistered once daily, five times per week at 2.0 Gy as conventional frac-
tionated irradiation with no interval period (7,11). However, local
relapse and distant metastasis relapse rates after post-operative radio-
therapy were as high as 30 and 25%, respectively, and 5-year survival
rate was as low as 40% (3). Thus, post-operative RT is now indicated
for patients with intermediate risk factor for recurrence and those at
high risk for recurrence who are unsuitable for post-operative CRT
due to poor organ function (renal impairment etc.).

Chemoradiotherapy

As described above, post-operative CRT has been developed for the
treatment of locally advanced HNSCC in patients at high risk of recur-
rence. Pivotal randomized trials of post-operative CRT for HNSCC
patients at high risk of recurrence are listed in Table 2.

Bachaud et al. reported the results of a randomized comparative
study in 83 FINSCC patients with high post-operative risk (extracap-
sular nodal extension-positive). The RT-alone group had a 5-year
overall survival (OS) of 13% whereas that in the CRT (CDDP
50 mg/body every week) group was 36% (P < 0.01), showing the stat-
istically significant superiority of post-operative CRT (12).

Smid et al. compared RT alone with CRT using mitomycin
(MMC) and bleomycin (BLM) in 114 HNSCC patients with high
post-operative risk (microscopic resection margin positivity, extracap-
sular nodal extension positivity, perineural invasion or signs of vascu-
lar infiltration). Although this was a small randomized study, 2-year
OS was 64% in the RT-alone group versus 74% in the CRT group,
showing that post-operative CRT was significantly superior (P =
0.036) (13).

The EORTC22931 study registered 334 patients with any of the
risk factors for recurrence of microscopic resection margin positivity,
extracapsular nodal extension positivity, Stage III/IV disease, peri-
neural invasion, Level 4 or Level 5 lymph node metastasis (in oropha-
ryngeal/oral cavity cancer), and signs of vascular tumor embolism.
Five-year disease-free survival (DFS) was 36% in the RT alone vs.
47% (P =0.04) in the CRT with CDDP groups, and 5-year OS was
40% vs. 53% (P =0.02), showing the superiority of post-operative
CRT (7).

The RTOGY95-01 study registered 416 patients with any of the
post-operative risk factors for recurrence (microscopic resection mar-
gin positivity, extracapsular nodal extension positivity or multiple cer-
vical lymph node metastases (>2). The 2-year local control rate (LCR),
the primary endpoint, in the RT alone and CRT groups was 72 vs.
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Table 2. Pivotal randomized trials of post-operative chemoradiotherapy

Author Disease status N Chemo RT total, Frsize LRR DFS OS
Bachaud (1996)  S-year data (2-year data)  High risk 39 W-CDDP 65-74 Gy, 23% 45% (68%)  36% (72%)
44  None 1.7-2 Gy/Fr 41% 23% (44%) 13% (46%)
P=0.08 P<0.02 P<0.01
Smid (2003) 2-year data High risk 59 MMCBLM  56-70 Gy, 14% 76% 74%
55 None 2 Gy/Fr 31% 60% 64%
P=0.037 NS P=0.036
Bernier (2004) S-year data High risk 167 3W-CDDP 66 Gy, 18% 47% 53%
167  None 2 Gy/Fr 31% 36% 40%
P=0.007 P=0.04 P=0.02
Cooper (2004) 3-year data High risk 206 3W-CDDP 60-66 Gy, 18% 47% 56%
210 None 2 Gy/Fr 28% 36% 47%
P=0.01 P=0.04 P=0.19
Fietkau (2006) S-year data High risk 226 SFU,CDDP  50-64 Gy 11% 62% 58%
214  None 2 Gy/Fr 28% 50% 49%
P=0.0006 P=0.023 NS
Argiris (2008) S-year data High risk 36 CBDCA 59.4 Gy 22% 49% 51%
36  None 1.8 Gy/Fr 28% 53% 44%
NS NS NS

Chemo, chemotherapy; LRR, local relapse rate; DFS, disease-free survival; OS, overall survival; NS, not significant; Gy, gray; Fr, fraction.

82% (P =0.003) (Gray’s test), respectively, showing the superiority of
post-operative CRT. In addition, the 3-year progression-free survival
(PFS) rate was 36 vs. 47% (P = 0.04), again showing the superiority of
post-operative CRT. However, 3-year OS was 47 vs. 56%, showing
only a trend for the superiority of post-operative CRT, without statis-
tical significance (P =0.19) (11).

At the American Society of Clinical Oncology (ASCO) meeting of
2006, Fietkau et al. (14) presented the results of ARO 96-3, a Phase III
study, which compared two post-operative adjuvant treatments: RT
alone and CRT with 5-FU+ CDDP. This study targeted 440
HNSCC patients with high post-operative risk [microscopic resection
margin positivity, extracapsular nodal extension positivity or multiple
cervical lymph node metastases (>3)]. Five-year DFS in the RT alone
and CRT groups was 50 vs. 62%, respectively (P =0.023), showing
the statistically significant superiority of post-operative CRT, whereas
S-year OS was 49 vs. 58%, respectively, showing no significant
difference.

In 2008, Argiris et al. {15) reported the results of a Phase III study
on post-operative adjuvant treatment which compared RT alone and
CRT with carboplatin in 72 HNSCC patients with high-risk factors
(microscopic resection margin positivity, extracapsular nodal exten-
sion positivity, perineural invasion or signs of vascular infiltration).
In this study, the CRT group showed no superiority to the RT-alone
group in either 5-year DFS or S-year OS, and thus the usefulness of
post-operative CRT with carboplatin was not demonstrated.

Regarding the toxicities, acute/late toxicities and statistical compari-
sons were not consistently reported. Cooper et al. (11) reported that se-
vere acute toxicities in RTOG95-01 study were significantly higher in
CRT than RT alone (77 vs. 34%, P <0.001). Moreover, Bachaud
et al. (12) also reported that severe acute toxicities tended to be higher
in CRT than RT alone (41 vs. 16%) (16). But, in terms of severe late toxi-
cities, there were no significant differences between CRT and RT alone
(RTOGY95-01; 21 vs. 17%, EORTC22931; 38 vs. 49%) (7,11,16).

Based on the above results and combined analysis of RTOG95-01
study and EORTC22931 study (8), post-operative CRT has been the
standard post-operative adjuvant treatment for HNSCC patients at
high risk of recurrence (microscopic resection margin positivity or ex-
tracapsular nodal extension positivity). CDDP 100 mg/m?* every
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3 weeks, which was used in both the EORTC22931 and
RTOGY5-01 studies, is believed to be the most common standard regi-
men for concurrent monotherapy. Regarding the feasibility of post-
operative CRT with CDDP at a dose of 100 mg/m? in Japanese
patients, a Phase II feasibility study (17) reported that 80% (20/25)
of patients completed per-protocol treatment. In addition, the safety
profile of the study was almost the same as that of the previous studies
(7,11) of post-operative CRT with CDDP at a dose of 100 mg/m>.
Thus, post-operative CRT with CDDP at a dose of 100 mg/m? is feas-
ible and is the standard of care for Japanese HNSCC patients with
high post-operative risk.

Chemotherapy

The role of adjuvant chemotherapy remains to be determined. Con-
current administration of chemotherapy with RT has been investi-
gated since the 1970s, and a few randomized studies of adjuvant
chemotherapy for post-operative HNSCC (18-21) have appeared.
However, all of these randomized studies comparing treatment for
post-operative HNSCC with or without adjuvant chemotherapy failed
to show efficacy in this setting. Reports on post-operative adjuvant
chemotherapy are also limited in Japan, with only a single study by
Tsukuda et al. (22) in 1994, which reported that post-operative adju-
vant chemotherapy with UFT significantly decreased distant relapse
rate but did not contribute to survival prolongation. Thus, adjuvant
chemotherapy is not indicated for post-operative HINSCC patients.

When should post-operative RT or CRT be started?

Appropriate timing to start post-operative RT or CRT is important be-
cause theoretically, excessive time from surgical resection will allow
the repopulation of microscopic residual tumors, and the efficacy of
adjuvant treatment will accordingly decrease. Ang et al. randomized
post-operative high-risk HNSCC patients to a total dose of 63 Gy de-
livered over 5 or 7 weeks. In the 7-week schedule, a prolonged interval
between surgery and post-operative RT was associated with signifi-
cantly lower local control and survival. Overall treatment time from
surgery to completion of post-operative RT had a major influence
on the 5-year locoregional control rate: for an overall time of <11
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weeks, locoregional control was achieved in 76%, compared with
62% for 11-13 weeks and 38% for »13 weeks (P =0.002) (5). This
result indicated that post-operative RT should preferably start within
6 weeks after surgery.

Future perspectives for adjuvant treatment
for post-operative HNSCC

Adjuvant CRT with CDDP is the current standard treatment for high-
risk post-operative INSCC patients. Despite this treatment strategy,
S-year overall survival in this setting is still ~50% (7,11). Moreover,
only 60% of patients in pivotal Phase III trials (7,11) received three
cycles of CDDP at a dose of 100 mg/m®. These findings indicate the
need for more efficacious and less toxic adjuvant CRT.

Regarding investigations for more efficacious adjuvant CRT, Har-
rington et al. reported the final results of a randomized Phase III trial
of adjuvant CRT with or without lapatinib for post-operative high-
risk HNSCC patients. Lapatinib is a tyrosine kinase inhibitor with tar-
gets both EGFR and HER2. Primary endpoint of this study was DFS.
Results showed no significant difference in DFS between arms {HR
1.10, 95% CI: 0.85-1.43) and no significant difference between
arms in OS, the secondary endpoint (HR 0.96, 95% CI: 0.73-1.25).
Taking this result together with that of the RTOG0522 trial, which
compared CRT with or without cetuximab in locally advanced
HNSCC and also failed to show a survival benefit for cetuximab,
the addition of a molecular targeting agent to CRT provides no super-
iority over CRT. Other approaches may be necessary.

One of the concerns of adjuvant CRT with CDDP at dose of
100 mgfm? is insufficient compliance with CDDP delivery, and the
use of CRT with weekly CDDP in adjuvant settings has been poorly
investigated (12,23,24). CRT with weekly CDDP at 40 mg/m? has al-
ready shown a survival benefit for nasopharyngeal cancer (25). CRT
with weekly CDDP at this dose appears to be safer and more feasible
than CRT with CDDP at 100 mg/m?®. However, a small randomized
trial (26) showed significantly higher rates of radiation mucositis
and overall toxicities for CRT with CDDP at 40 mg/m?. To clarify
these discrepant findings for the safety and efficacy of 3-weekly and
weekly schedules, we are now conducting a Phase II/III trial of post-
operative chemoradiotherapy comparing 3-weekly with weekly cis-
platin in high-risk patients with squamous cell carcinoma of the
head and neck, the JCOG1008 study (UMIN Clinical Trial Registry
number: 000009125) (27).

Conclusions

Standard adjuvant treatment for post-operative high-risk HNSCC pa-
tients is CRT with 3-weekly CDDP at dose of 100 mg/m?. However,
both compliance and treatment outcomes with this schedule are unsat-
isfactory, and further investigation for more efficacious and feasible
adjuvant CRT is warranted.

Conflict of interest statement
None declared.

References

1. Center of Cancer Control and Information Sevices NCC, Japan. Cancer
mortality (1958-2012) 2012.

72

[y

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fletcher G, Evers W. Radiotherapeutic management of surgical recurrences
and postoperative residuals in tumors of the head and neck. Radiology
1970;95:85-188.

Laramore G, Scott C, Al-Sarraf M. Adjuvant chemotherapy for resectable
squamous cell carcinomas of the Head and Neck: Report on Intergroup
Study 0034. Int | Radiat Oncol Biol Phys 1993;23:705-13.

Peters L, Helmuth G, Ang K. Evaluation of the dose for postoperative radi-
ation therapy of Head and Neck cancer. Int | Radiat Oncol Biol Phys
1993;26:3-11.

Ang KK, Trotti A, Brown BW, et al. Randomized trial addressing risk fea-
tures and time factors of surgery plus radiotherapy in advanced head-and-
neck cancer, Int | Radiat Oncol Biol Phys 2001;51:571-8.

Cooper S, Pajak TF, Forastiere A, et al. Precisely defining high-risk operable
head and neck tumors based on RTOG #85-03 and #88-24: targets for
postoperative radiochemotherapy? Head Neck 1998;20:588-94.

Bernier J, Domenge C, Ozsahin M, et al. Postoperative irradiation with or
without concomitant chemotherapy for locally advanced head and neck
cancer. N Engl | Med 2004;350:1945-52.

Bernier J, Cooper JS, Pajak TF, et al. Defining risk levels in locally advanced
head and neck cancers: a comparative analysis of concurrent postoperative
radiation plus chemotherapy trials of the EORTC (#22931) and RTOG (#
9501). Head Neck 2005;27:843-50.

Langendijk JA, Slotman BJ, van der Waal I, Doornaert P, Berkof ],
Leemans CR. Risk-group definition by recursive partitioning analysis of
patients with squamous cell head and neck carcinoma treated with surgery
and postoperative radiotherapy. Cancer 2005;104:1408-17.

Soo KC, Carter RL, O'Brien CJ, Barr L, Bliss JM, Shaw H]J. Prognostic im-
plications of perineural spread in squamous carcinomas of the head and
neck. Laryngoscope 1986;96:1145-8.

Cooper JS, Pajak TF, Forastiere AA, et al. Postoperative concurrent radio-
therapy and chemotherapy for high-risk squamous-cell carcinoma of the
head and neck. N Engl | Med 2004;350:1937-44.

Bachaud J, Cohen-Jonathan E, Alzieu C. Combined postoperative radio-
therapy and weekly cisplatin infusion for locally advanced head and neck
carcinoma: final report of a randomized trial. Int ] Radiat Oncol Biol
Phys 1996336:999--1004.

Smid L, Budihna M, Zakotnik B, et al. Postoperative concomitant irradi-
ation and chemotherapy with mitomycin C and bleomycin for advanced
head-and-neck carcinoma. [nt ] Radiat Oncol Biol Phys 2003;56:1055-62.
Fietkau R, Lautenschlager C, Sauer R, Dunst J, Becker A, Baumann M.
Postoperative concurrent radiochemotherapy versus radiotherapy in high-
risk SCCA of the head and neck: result of the German phase III trial
ARO 96-3. Proc Am Soc Clin Oncol 2006;24:5507 (abstr).

Argiris A, Karamouzis MV, Johnson JT, et al. Long-term results of a phase
III randomized trial of postoperative radiotherapy with or without carbo-
platin in patients with high-risk head and neck cancer. Laryngoscope
2008;118:444-9.

Winquist E, Oliver T, Gilbert R. Postoperative chemoradiotherapy for ad-
vanced squamous cell carcinoma of the head and neck: a systematic review
with meta-analysis. Head Neck 2007;29:38-46.

Kiyota N, Tahara M, Okano S, et al. Phase II feasibility trial of adjuvant
chemoradiotherapy with 3-weekly cisplatin for Japanese patients with post-
operative high-risk squamous cell carcinoma of the head and neck. Jpn J
Clin Oncol 2012;42:927-33.

Holoye PY, Grossman TW, Toohill R], et al. Randomized study of adjuvant
chemotherapy for head and neck cancer. Otolaryngol Head Neck Surg
1985;93:712-7.

Taylor SG IV, Applebaum E, Showel JL, et al. A randomized trial of
adjuvant chemotherapy in head and neck cancer. J Clin Oncol 1985;3:
672-9.

Rentschler RE, Wilbur DW, Petti GH, et al. Adjuvant methotrexate
escalated to toxicity for resectable stage III and IV squamous head and
neck carcinomas—a prospective, randomized study. J Clin Oncol
1987;5:278-85.

Laramore GE, Scott CB, al-Sarraf M, et al. Adjuvant chemotherapy for
resectable squamous cell carcinomas of the head and neck: report



Adjuvant treatment for post-operative head and neck squamous cell carcinoma

22.

23.

24,

on Intergroup Study 0034. Int J Radiat Oncol Biol Phys 1992;
23:705-13.

Tsukuda M, Ogasawara H, Kaneko S, et al. [A prospective randomized
trial of adjuvant chemotherapy with UFT for head and neck carcinoma:
Head and Neck UFT Study Group]. Gan To Kagaku Ryoho 1994;
21:1169-77.

Rampino M, Ricardi U, Munoz F, et al. Concomitant adjuvant chemora-
diotherapy with weekly low-dose cisplatin for high-risk squamous cell car-
cinoma of the head and neck: a phase II prospective trial. Clin Oncol (R Coll
Radiol) 2011;23:134-40.

Porceddu SV, Campbell B, Rischin D, et al. Postoperative chemoradiother-
apy for high-risk head-and-neck squamous cell carcinoma. Int | Radiat
Oncol Biol Phys 2004;60:365-73.

73

25.

26.

27.

Chan AT, Leung SF, Ngan RK, et al. Overall survival after concurrent
cisplatin-radiotherapy compared with radiotherapy alone in locoregion-
ally advanced nasopharyngeal carcinoma. J Natl Cancer Inst 200S5;
97:536-9.

Tsan DL, Lin CY, Kang CJ, et al. The comparison between weekly and
three-weekly cisplatin delivered concurrently with radiotherapy for patients
with postoperative high-risk squamous cell carcinoma of the oral cavity.
Radiat Oncol 2012;7:215.

Kunieda F, Kiyota N, Tahara M, et al. Randomized phase IVIII trial of post-
operative chemoradiotherapy comparing 3-weekly cisplatin with weekly
cisplatin in high-risk patients with squamous cell carcinoma of head and
neck: Japan Clinical Oncology Group Study (JCOG1008). Jpn ] Clin
Omncol 2014;44:770-4.



OPEN a ACCESS Freely available online

@PLOS l ONE

Effects of Aprepitant on the Pharmacokinetics of
Controlled-Release Oral Oxycodone in Cancer Patients

Yutaka Fujiwara'?*, Masanori Toyoda’, Naoko Chayahara', Naomi Kiyota’', Takanobu Shimada’,
Yoshinori Imamura’, Toru Mukohara™?, Hironobu Minami'?

1 Division of Medical Oncology/Hematology, Kobe University Graduate School of Medicine, Kobe, Japan, 2 Cancer Center, Kobe University Graduate School of Medicine,
Kobe, Japan, 3 Division of Investigational Cancer Therapeutics, Exploratory Oncology Research & Clinical Trial Center, National Cancer Center Hospital, Chiba, Japan

manuscript.

* Email: yutakafu@nce.go.jp

Citation: Fujiwara Y, Toyoda M, Chayahara N, Kiyota N, Shimada T, et al. (2014) Effects of Aprepitant on the Pharmacokinetics of Controlled-Release Oral
Oxycodone in Cancer Patients, PLoS ONE 9(8): e104215. doi10.1371/journal.pone.0104215

Editor: Emanuel F. Petricoin, George Mason University, United States of America
Received March 21, 2014; Accepted July 1, 2014; Published August 14, 2014

Copyright: © 2014 Fujiwara et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This study was supported by a grant for Research on Applying Health Technology from the Ministry of Health, Labour, and Welfare of Japan and
Yokoyama-Rinsyo foundation. However, the funders had no role in study design, data collection and analysis, decision to publish, or preparation of the

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Oxycodone is a p-opioid receptor agonist which is widely used
in the treatment of cancer pain and chronic pain [1]. It is a semi-
synthetic form of morphine with similar analgesic properties and
side effects such as nausea, vomiting, constipation, somnolence,
dizziness and pruritus [2]. At high dose or overdoses, oxycodone
can cause shallow respiratory depression, somnolence progressing
to stupor or coma, skeletal muscle flaccidity, etc. The oral
bioavailability of oxycadone is 60 to 87%, and is higher than that
of morphine [3-3]. Only 10% of the oxycodone dose is excreted
unchanged in the urine and it is extensively metabolized by
duodenal and hepatic cytochrome P450 (CYP) isozymes [6] [7].
The predominant metabolic pathway of oxycodone is CYP3A4-
mediated N-demethylation to  noroxycodone, while a minor
proportion undergoes 3-O-demethylation CYP2D6 w0 oxymor-
phone, which is the active metabolite. Further oxidation of these
metabolites via CYP2D6 (and CYP3A4) yields noroxymorphine
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[6]. Both of these metabolites are further metabolized into
noroxymorphine.

Aprepitant, an orally available, selective neurokinin-1 receptor
agonist, is effective for both acute and delayed chemotherapy-
induced nausea and vomiting (GINV) and is used in combination
with a 3-hydroxytryptamine-3 (5HT3) antagonist and a cortico-
steroid {e.g., dexamethasone) for the treatment of moderately and
highly emetogenic chemotherapy. The recommended dose of
aprepitant is 125 mg prior to chemotherapy on day | and 80 mg
once daily on days 2 and 3 (125-mg/80-mg regimen).

Aprepitant is metabolized by CYP isozymes 1A2, 2C19, and
3A4, and was shown to be a moderate inhibitor of CYP3A4 (K; of
about 10 pM for 1" and 4-hydroxylation of midazolam and N-
demethylation of diltinzem, respectively) in vitro and a very weak
inhibitor of CYP2C19 and CYP2CY [8]. Morcover, drug-drug
interaction studies have indicated that aprepitant can inhibit
CYP3A4 enzyme activity. When the standard oral dexamethasone
regimen for CINV (20 mg on day 1 and 8 mg on days 2 to 3) was
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given concomitantly with aprepitant, the dexamethasone area
under the time-concentration curve (AUG) from 0 to 24 hours
increased approximately 2-fold on both day 1 and day 5 compared
with the standard oral dexamethasone regimen alone [9]. When
the methylprednisolone regimen consisted of 125 mg intravenously
on day 1 and 40 mg orally on days 2 to 3, aprepitant increased the
AUC of intravenous methylprednisolone 1.3-fold on day | and of
oral methylprednisolone 2.5-fold on day 3 [9]. Conversely, several
studies have not demonstrated that aprepitant use mediated
clinically relevant effects on the pharmacokinetics of intravenously
administered docetaxel or vinorelbine [10] [11].

At the 123-mg/80-mg regimen used for oral aprepitant
administration for CINV, the peak plasma concentrations (Cmax)
of 1,600 ng/ml (around 3.0 pM) and 1,400 ng/mL (around
2.6 uM) were reached in approximately 4 hours (Trmax) on day 1
and day 3, respectively [12]. As the intestinal drug concentration
following oral administration is even higher than the plasma
concentration, it is expected that orally-administered aprepitant
inhibits intestinal CYP3A4 greater than intravenously-adminis-
tered aprepitant and that orally co-administered drug is affected to
a greater extent by the inhibitory effect of intestinal CYP3A4 than
intravenously co-administered drug [9,13].

Concomitant use of oxycodone and aprepitant is used in clinical
practice for cancer patient care. However, aprepitant might have
the potential 1o increase the plasma concentrations of oxycodone
and its metabolites via inhibition of CYP3A-mediated metabolism
of oxycodone. As a result, the side effects of oxycodone may
increase. In this study, we have therefore investigated the possible

Effects of Aprepitant on PK of Oral Oxycodone

effects of the mild CYP3A4 inhibitor aprepitant on the pharma-
cokinetics of orally administered CR oxycodone in patients with
cancer pain.

Methods

The protocol for this trial and supporting TREND checklist are
available as supporting information; see Checklist S1, Protocol S1
and S2.

Patient selection criteria

The subjects were enrolled in patients whom continued to be
administered CR oxycodone twice or three times daily for cancer
pain and were planned to receive chemotherapy with aprepitant
for CINV., Within the last 3 or more days to reach steady state, the
subjects had received a fixed dose of GR oxycodone. Additional
eligibility criterfa were age=18 years, histalogically confirmed
malignant solid tumor, and adequate organ function [serum total
bilirubin less than 1.5 xupper limits ol normal (ULN), aspartate
aminotransferase (AST) less than 2.5 XULN, alanine aminotrans-
ferase (ALT) less than 2.5xULN, and serum creatinine less than
1.5%ULN]. Patients were excluded if they had gastrointestinal
disorders that could affect ingestion or absorption of either CR
oxycodonie or aprepitant, and if they were receiving or likely to
receive drugs or food that could act as potent CYP3A4 or
GYP2D6 inhibitors or inducers. All patients provided written
informed consent and study approval was obtained from the
Institutional Review Board of Kobe University Hospital.

Assessed for eligibility (n= 21)

Excluded {n= 1)
€ Not meeting inclusion criteria (n= 1)

€ Declined to participate (n=0)
€ Other reasons (n=0)

Allocated to intervention (n=20)
¢ Received allocated intervention (n= 20)
< Did not receive allocated intervention (n= Q)

Lost to follow-up (n=0)
Discontinued intervention (n= 0)

Y

Analysed (n= 20)

¢ Excluded from analysis (n= 0)

Figure 1. CONSORT flow diagram,
doi:10,1371/journal.pone.0104215.g001
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Table 1. Patient characteristics.

Effects of Aprepitant on PK of Oral Oxycodone

Age Median {range)

e

tMedian {range)

BSA (m%) Median (range)
Head and Neck cancer
CRC

Endometrial cancer

s

Clinical stage v

Gemcitabine

Taxanes

Irinotecan

Study design

This study which was an open-label, two-period, single-
sequence design was conducted at Kobe University Hospital.
Patients were administered regularly with multiple-daoses of oral
CR oxycodone every 8 or 12 hours. Each patient was
administered with the appropriate dose of oral CR oxycodone
for their cancer pain, They received CR axycodone alone (period
A) on the previous day of planned chemotherapy and CR
oxycodone with aprepitant (period B) on the day of chemotherapy,
On the morning of period B, aprepitant was taken orally at the
same time as CR oxycodone more than one hour prior to
chemotherapy. Patients were participated in this study during
blood sampling. Patients in hospital were given the dose of
anticancer agents according to standard treatment schedule for

Table 2. Dose of Oxycodone.

Number of Patients (n=20)

66,5 (44-77)

164.4 {138.5-177.1)

1.64 (1.19-1.90}

4 (20%)

2(10%)

1 {5%)

20 (100%)

7 (35%)

4 (20%)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; NSCLC, non-small cell lung cancer; CRC, colorectal cancer; CUP, cancer of unknown

primary.
doi:10.1371/journal.pone,0104215.L001

their tumor types and were allowed to receive an antiemetic
treatment with dexamethasone and a 5HT, receptor antagonist
where appropriate,

Outcome

The study objective was to investigate aprepitant might have the
potential to increase the plasma concentrations of oxycodone and
its metabolites via inhibition of CYP3A-mediated metabolism of
oxycodone, The primary endpoint was pharmacokinetics of
oxycodone and its metabolites with and without aprepitant
administration. Secondary endpoints were safety and adverse
event including nausea, vomiting, constipation, and somnolence.,
Patient characteristics and medication information were recorded

Dose Frequency of administration

20 mg every 12 hours

dol:10.1371/journal.pone.0104215.1002
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Daily dosage Number of patients

30 mg 3 {15%%)

1(5%)
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