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Participation in large multi-centre clinical trials aids establish-
ment of the safety and efficacy of new cancer treatments and
methods. Oncology clinical trials have contributed to improved
local control, overall survival and quality of life for patients with
varying disease types [1]. Radiation Therapy is indicated in the
course of treatment for more than 50% of all cancer patients [2,3]
and consequently a high percentage of oncology clinical trials
include radiotherapy within their treatment schema.

Collaboration between global clinical trial groups and organisa-
tions has increased the number of patient records available for
analysis permitting faster recruitment [4], broader acceptance
and wider impact of trial results. Global cooperation is also essen-
tial in the environment of rare cancers [5], in order to be able to
create sufficiently large patient data sets within a reasonable
recruitment period. A successful example is the EORTC 26981/
National Cancer Institute of Canada (NCIC) CE3 intergroup trial,
where 573 Glioblastoma patients were randomised within
20 months [6], despite the low prevalence of the disease among
the general population.

Globally, clinical trial groups and organisations have indepen-
dently implemented their own Radiation Therapy (RT) Quality
Assurance (QA) programs within their corresponding large multi-
centre clinical trials. Various trial groups have reported that the
implementation of RTQA procedures enhanced protocol compliance
[7-13]. In four Radiation Therapy Oncology Group (RTOG) studies
compliance with the study protocol was enhanced by incorporating
pre-treatment review of RT planning [8]. A Trans-Tasman Radiation
Oncology Group (TROG) QA audit identified a reduction in unaccept-
able protocol violations due to three main factors, among which was
the QA procedure itself [7]. More recently, strict RTQA procedures
have been shown by TROG to have impacted on both trial protocol
compliance as well as general clinical practice in prostate RT [9].
For several EORTC studies it has been shown that centres which pre-
viously participated in a Dummy Run (DR) were significantly more

* Corresponding author. Address: EORTC, Avenue E. Mounier 83, 1200 Brussels,
Belgium.
E-mail address: Christos.Melidis@eortc.be (C. Melidis).
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likely to be successful at subsequent DR attempts and delivery of
protocol-compliant RT [10]. Additionally, the impact of RTQA on
actual clinical trial outcome has been recently demonstrated in the
setting of various cancer sites [11], stressing its importance and cor-
relation with survival [12,13].

However, the various approaches as to how RTQA in clinical tri-
als is performed, evaluated and described are diverse, making anal-
ysis and inter-trial comparisons of RTQA results challenging. This
hampers cooperation between trial groups and impedes the
exchange and interpretation of RTQA data. The costs of running
an RTQA program have also increased with the introduction of
new advanced technologies. This increases the need to make RTQA
more efficient and streamline the QA workload demanded of clin-
ical centres recruiting into international trials [14,15]. As shown by
Pettersen et al [4] these RTQA efforts can potentially reduce the
number of patients required for trials which could lead to further
substantial savings and faster availability of results.

The need for a global forum on harmonisation of RTQA within
clinical trials thus became apparent. After initial discussions in
Goteborg during ESTRO 27 in 2008 the Global Clinical Trials RTQA
Harmonisation Group (GHG) was formally established in 2010.

The goals of the GHG are:

(1) Collate, homogenise and distribute information regarding
the RTQA standards of the clinical trial groups,

(2) Provide a platform for prospective discussions on new RTQA
procedures, software tools, guidelines and policies of trial
groups and

(3) Provide a framework to endorse existing and future RTQA
procedures and guidelines across various trial groups.

Each organisation will have the opportunity to endorse RTQA
procedures from other organisations and thus accept them much
faster in future collaborative trials.

In Table 1 the human resources and number of intergroup trials
of the steering committee members of the GHG are given. Further
information about terms of reference and current and future pro-
jects can be found on its website: www.RTQAHarmonisation.org.
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Table 1

RTQA within each of the current GHG steering committee members as of August 2013.

kGHG] member  Year of RTQA Current human resources - Current number of
i implementation . - St . intergroup trials and :
: . e 4 S G ~ RTQA projects
?’EORTC%ROG 1982 . Edll trme 1 radratron oncologlst 1 med\cal physicist, 1 radratxon technolog\st o g

- 1AEA 969 o1
CITC 1994 . Full nme 2 medical physicists, 2 mforrnatrusts 3 data managers “ S ,‘ e 45
JcoGg 1999 o In kind: 18 radratlon oncologrsts 12 medrcal physrcrsts . ey : -5
CRTIQA 1987 o s g
L i A Part-time: 1 radiation. oncologlst 17 medical physrclsts 3 radratron technolog'rsts 1 dosrmetrlst 2 l'l' :

. support; 1 administrative support Lo : : 0 Lo

G " In kind: 3 medical physicists . : s : . :

- “QARC ;1980 Full-time:1.5 Radlatron Oncologlsts, 05 Medlcal Phys st 41 Research Dosrme ists, 4 Informatlcs 54
: & - Support Personnel 9.5 Data Managers, 3 Administrative Support Personnel. Shiiana s

RPC 1968 - Full time: 7 medlcal physxcrsts 35 research d051memsts‘3 IT support 6 admmlstranve support LriB0L o
By s e employees.So i ally—stlmulated/ /errn minesc ians, 4 hysrcrst assi tants,OS G
S e  machinist . L

+ RTOG 1968 Full time: 2medrcal physrcrsts,S dosimetrists, ldata ass tant&creden aling, 1 admmxstranve support 67

1989 Full tlme 1 manager, 1 radlatron therapist, 0.4 medrcal ph icist, 1. research ofﬁcer .

TROG

- Inkind: TROG members

; 'software suppor‘r 1 programmer 1 physrcxst

5 ITsupport. For 9" '

All RTQA groups and organisations participate in international
collaborative work to some degree, although there are differences
between the USA and all other groups. These differences can be
explained by the differences in the funding levels and that most
USA RTQA groups only work with NCI funded clinical trials mainly
operated in North America [16]. Recently, the North American
RTQA organisations have joined forces in the new Imaging and
Radiation Oncology Core (IROC) group. The dedicated human
resources also vary significantly, most likely due to differences in
the QA philosophy of the funding agencies and their commitment
to RTQA, although most of the GHG members have at least one
Radiation Oncologist, one Medical Physicist and one Radiation
Technologist dedicated full time to RTQA.

Until now the GHG has contributed to the harmonisation of
naming conventions [17], strategies to develop an efficient evi-
dence-based clinical trials RTQA system [14] and the development
of a global model for the international recognition of the activities
of national and regional Dosimetry Audit Networks [18]. Currently,
each trial group has defined its own RTQA procedures [10,19-24]
that differ significantly in number, naming conventions and imple-
mentation methods [22,25-31]. The GHG is addressing this by col-
lating all RTQA procedures of each member, comparing them and
proposing common, harmonised names and procedures.

Although RTQA has been proven to be effective, international
differences hamper intergroup collaboration. The Global Clinical
Trials RTQA Harmonisation Group has been established to reduce
those differences, capitalise on the range of expertise available
internationally, increase the power of RT clinical trials, deliver con-
sistency in the reporting of trial quality factors and facilitate the
undertaking of effective multi-national trials and data analysis.
Although important progress has already been made, many chal-
lenges remain to be addressed.
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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 T34 category tumors (5-7). Controversy still surrounds the ability
(HNSCC) 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 control 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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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 T1-2NO 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 2.26 80/ NR NR
111 60 2.4 95175 NR NR
37 54 3 81/37 NR NR
22 51 34 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 3.1,3.25 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 III 79.6 1.2 bid 78 72 8.5
JCOG 0701 (31) T1-2 370 Prospective Phase III 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 T1-2NO0-1 category. In this proto-
col, contralateral Level II-1II 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 using 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 platinum 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 II-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-HNSCC (50).

AF has also been shown to increase local control for LA-HNSCC
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 S-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 RCTs 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 ITM 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 [TM 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
et al. (56) performed a randomized Phase II/II 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 ITM 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-HNSCC patients (47,49). Only one RCT has
demonstrated the benefit of BR'T; 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-HNSCC (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 I/ 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 II/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, §6% 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, N0-2b 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 S-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
IC 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 II/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 (%) 0S (%) Larynx toxicity %
VALCSG (7) 332 LC m-1v  Fp RT 64 68 NR
EORTC24891 (6) 202 HPC o-v FP RT 22@5 years 38@5 years NR

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

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

TREMPLIN (55) 153 LCand HPC IO-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 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
in the 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 Ia). 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 24 xer-
ostomia was lower in the IMRT group [HR = 0.76, 95% confidence
interval (CI) 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 et al. (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 HNSCC, 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&35

EORTC QLQ-C30

Global

Site
QOL

Patient

Study design

Author

Sticky
saliva

Swallowing Speech Social Dry
mouth

Pain

Cognitive Social

Role

Physical

number

eating

function function function

function

NPC

51
203
241
356

Prospective

Pow (12)

NPC

Prospective

Fang (80)

H&N
NPC

Prospective

Vergeer (81)
Fang (82)

Y

Retrospective
Retrospective
Retrospective

H&N
H&N

134
307

Graff (83)
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 (UMIN0000054438) is a Phase 1I trial that is being
conducted to demonstrate the feasibility of two-step IMRT with CCRT
for Stage II-IVB 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 Il 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 T1-2NO 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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