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ORIGINAL ARTICLE

Clinical Results of Definitive Chemoradiotherapy for Patients With
Synchronous Head and Neck Squamous Cell Carcinoma and
Esophageal Cancer

Makoto Shinoto, MD,* Yoshiyuki Shioyama, MD,} Tomonari Sasaki, MD,* Katsumasa Nakamura, MD,}
Hiroki Ohura, AS,* Yasushi Toh, MD,§ Yuichiro Higaki, MD,§ Toshihiro Yamaguchi, MD)|
Kayoko Ohnishi, MD, | Kazushige Atsumi, MD, | Hideki Hirata, MD,** and Hiroshi Honda, MD}

Objectives: To assess the efficacy and toxicity of radical chemoradiotherapy
for patients with synchronous head and neck squamous cell carcinoma
(HNSCC) and esophageal cancer (EC).

Methods: Thirty-four patients with synchronous HNSCC and EC were
treated mainly with radical chemoradiotherapy at the same time. Median
external radiation dose for HNSCC and EC was 70 Gy (range, 60-70.5 Gy),
except for 2 patients with tongue cancer, who underwent brachytherapy and
60 Gy (range, 45-70 Gy), respectively. Thirty-one patients were treated with
concurrent chemoradiotherapy with cisplatin and/or 5-fluorouracil or TS-1
(oral anticancer agent that combines tegafur, a metabolically activated
prodrug of 5-fluorouracil, with 5-chloro-2, 4-dihydoroxypyridine, and potas-
sium oxonate).

Results: Thirty-three patients completed the intended treatment. The response
rate was 94%, with 26 complete responses (76%) and 6 partial responses (18%).
At a median follow-up of 17.3 months, 2-year rates of overall survival, cause-
specific survival, and disease-free survival were 44%, 52%, and 33%, respec-
tively. Initial failure patterns were local failure in 14 patients (63%), regional
progression in 3 patients (13%), and distant metastasis in 6 patients (27%). The
most common acute toxicity was myelosuppression, with 8 patients experiencing
grade 34 toxicity. Three patients experienced grade 3 mucositis and pharyn-
gitis. No patients experienced late morbidity of grade 3 or higher.
Conclusions: Definitive chemoradiotherapy for patients with synchronous
HNSCC and EC is feasible with a low mortality rate and acceptable
morbidity.

Key Words: radiotherapy, synchronous, head and neck squamous cell
carcinoma, esophageal cancer

(Am J Clin Oncol 2011;34: 362-366)

M ultiple squamous cell carcinomas often arise in the upper aerodi-
gestive tract.! The association of multiple tumors in that area
has been explained by the concept of field cancerization.** Neoplasms
of the head and neck (HN) and the esophagus area are seen most
frequently, although other combinations occur.®~# In patients with head
and neck squamous cell carcinoma (HNSCC), routine endoscopy of the
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esophagus at diagnosis results in more frequent detection of second
primary esophageal cancer (EC) at an early stage.>'® The management
and clinical course of these patients with multiple squamous cell
carcinomas are poorly documented. The poor prognosis of each carci-
noma and their anatomic proximity complicate the therapeutic strategy
and limit the treatment options for each location.'! In the past, patients
with synchronous HNSCC and EC were thought to be candidates for
palliative treatment.'? This was partly because surgical resection for
synchronous HNSCC and EC was thought to be too definitive and
inappropriate for these patients and to offer only a small chance of
cure.'? There have been very few studies focusing on definitive thera-
peutic strategies for such patients, and treatment options are controver-
sial.'>' In contrast to several studies on surgical treatment'*'® for
patients with synchronous HNSCC and EC, the feasibility, efficacy, and
toxicity of definitive chemoradiotherapy for the treatment of these
patients has not been evaluated enough yet. Thus, we retrospectively
analyzed clinical findings, particularly clinical outcomes including
cause of death, for patients with synchronous HNSCC and EC who had
been treated with definitive chemoradiotherapy.

MATERIALS AND METHODS

Patient Characteristics

A total of 34 patients underwent definitive radiotherapy for
synchronous HNSCC and EC at the National Kyushu Cancer Center
and Kyushu University Hospital from 1995 to 2007. The median age of
these patients was 64 years (range, 49—85 years). The median Karnof-
sky Performance Status was 90 (range, 70—100). The primary sites of
HNSCC were as follows: larynx, 3 (9%); mesopharynx, 9 (26%);
hypopharynx, 19 (56%); oral floor, | (3%); and tongue, 2 (6%). All
patients were evaluated according to the 1997 International Union
Against Cancer tumor, node, metastasis classification. T and N stages of
HNSCC and EC are listed in Table 1. Pretreatment diagnostic evalua-
tions consisted of barium swallow, endoscopy with Lugol’s io-
dine, cervical and abdominal ultrasound, computed tomography
(CT), magnetic resonance imaging (MRI) of HN area, and bone
scintigraphy. Whole-body fluorodeoxyglucose-positron emission
tomography (FDG-PET) scan was not routinely performed.

Treatment Planning

Radiotherapy for HNSCC and that for EC were performed
simultaneously. Twenty patients were treated with a 2-dimensional
(2D) technique, whereas 14 patients received three-dimensional con-
formal radiotherapy (3D-CRT). The initial radiotherapy fields included
the HN and mediastinal region for 32 patients, and HN and mediastinal
and upper abdominal region for 2 patients. For HN treatment, external
radiotherapy was performed using a cobalt-60 or 4 to 6 MV photon
beam. Thirty-two of the 34 patients received external beam radiation
therapy (EBRT) alone and 2 patients received EBRT and brachyther-
apy. The target volume was defined by means of endoscopic evaluation,
physical examination, CT, MRI, and/or PET. The radiotherapy tech-
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niques mainly used a standard 3-field arrangement, 2 lateral fields to
treat the primary tumor and upper neck and 1 AP field to treat the lower
neck. A single field or 2 lateral fields were also used depending on the
case. The daily fractional EBRT dose was 1.5 to 2 Gy, administered 5
days per week, for all patients. Median total radiation dose for HNSCC
was 70 Gy (range, 60-70.5 Gy), except for 2 patients with tongue

TABLE 1. Sites and Stages of HNSCC and EC
HNSCC

T stage
T1 8
T2 12
T3 3
T4 11
N stage
NO 14
N1 3
N2 14
N3 3
Location
Larynx 3
Mesopharynx 9
Hypopharynx 19
Oral Floor 1
Tongue 2
EC
T stage
Tl 24
T2 3
T3 4
T4 3
N stage
NO 27
Nl 7

Staging was defined according to UICC (1997).

cancer who were treated with brachytherapy after EBRT. In one of
these 2 patients, permanent radioactive seeds, '**Au grains, were used
for the treatment of tongue cancer and 20 Gy was prescribed to the
marginal line after EBRT of 19.8 Gy in 11 fractions. The other patient
was treated with afterloaded high-dose-rate brachytherapy with plastic
tubes and the prescribed dose was 50 Gy in 10 fractions per 5 days after
EBRT of 30 Gy in 20 fractions. Five patients, who were evaluated as
CR for primary sites and as PR for neck nodal involvement, were
offered neck dissection followed by chemoradiotherapy.

For esophageal treatment, radiotherapy was performed using a
cobalt-60 or 6 to 21 MV photon beam. Median dose for EC was 60 Gy
(range, 45-70 Gy) with conventional fraction sizes (1.5-2 Gy). After
the initial anterior/posterior field included the primary tumor and
metastatic lymph nodes at 30 to 40 Gy, simulation was performed to
reduce the RT field and exclude the spinal cord by using an oblique
opposed field.

Chemotherapy was performed concurrently with radiotherapy in
31 patients (91%). The other 3 patients did not receive chemotherapy
because of advanced age, renal dysfunction, or refusal. Chemotherapy
consisted of 2 courses of cisplatin in 9 patients, 2 courses of 5-fluorou-
racil/cisplatin in 11 patients, or TS-1 (oral anticancer agent that com-
bines tegafur, a metabolically activated prodrug of 5-fluorouracil, with
5-chloro-2, 4-dihydoroxypyridine, and potassium oxonate) for 4 weeks
in 10 patients. In 1 patient, carboplatin was selected instead of cisplatin
because creatinine clearance was <60 mL/min. The choice of chemo-
therapy regimen depended on the managing physician.

Criteria for Response and Toxicity

A complete response was defined as disappearance of the tumor
mass on endoscopy, CT, MRI, and/or PET. A partial response was
defined as more than 30% regression based on one-dimensional mea-
surement by means of endoscopy, CT or MRI, and no response was
defined as less than 30% regression or less than 20% progression.

Acute and late toxicities were graded using National Cancer
Institute Common Terminology Criteria for Adverse Events (version
3.0).

Statistical Analysis
Overall survival (OS), cause-specific survival (CSS), and
disease-free survival (DFS) rates were calculated by using the
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FIGURE 1. Overall survival, cause-
specific survival and disease-free sur-
vival for all patients.
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Kaplan-Meier method. When calculating CSS, patients who were
alive at the last follow-up or had died of causes other than HNSCC
or EC were censored. DFS was defined as the absence of disease in
HNSCC and EC. All time points were calculated from the initiation
of chemoradiotherapy. Statistical difference in survival was com-
pared with log-rank tests. A P of less than 0.05 was regarded as
statistically significant.

RESULTS

Of the 34 patients, 33 completed the intended treatment. The
treatment was tolerated well in all but 1 patient, who could not
complete chemoradiotherapy because of impaired Performance Sta-
tus. Eighteen patients (53%) required a treatment break for 1 to 4
weeks. Treatment was discontinued for 2 to 4 weeks in 7 of those
patients due to toxicity such as myelosuppression, mucositis, and/or
pharyngitis. A period of 1 to 4 weeks was needed to determine
whether to continue chemoradiation or switch to surgery in 11
patients.

All patients were evaluated for toxicity. The most common
acute toxicity was myelosuppression, with 7 (21%) of the patients
experiencing grade 3—4 toxicity. In addition, grade 3 mucositis and
pharyngitis occurred in 3 patients and 1 patient, respectively. Seven
patients required treatment breaks because of these toxicities.

No patient experienced late morbidity of grade 3 or higher.
Three patients had feeding disorder due to esophagostenosis with
grade 2, and 1 patient required thyroid hormone treatment because
of hypothyroidism.

The median period of overall treatment was 67 days (range,
50-104 days) except for 1 patient in whom treatment was discontinued
at 16 days. For the 34 patients with synchronous HNSCC and EC, the

TABLE 2. Patterns of Initial Disease Progression
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response rate was 94% with 26 complete responses (CR) (76%) and 6
partial responses (PR) (18%). Five patients, who were evaluated as CR
for primary sites and as PR for neck nodal involvement, were offered
neck dissection followed by chemoradiotherapy. Of those 5 patients, 2
had no evidence of pathologic residual carcinoma. At a median fol-
low-up of 17.3 months (range, 4—65 months), 2-year rates of OS, CSS,
and DFS were 44%, 52%, and 33%, respectively (Fig. 1).

At the last evaluation, 12 patients were still alive and 5 of
them with locoregional recurrence underwent salvage surgery such
as pharyngolaryngectomy or esophagectomy. Ten patients died of
HNSCC, 5 died of EC, 3 died of other cancers, and 2 died of
noncancer-related causes such as pneumonia or disseminated intra-
vascular coagulation. For the remaining 2 patients, the exact cause
of death could not be determined retrospectively.

Twenty-two patients experienced recurrence of HNSCC or
EC. Fourteen patients had local progression as a component of
initial failure (63%), and local progression occurred in the setting
of distant failure in 1 patient. In 3 patients (13%), local progres-
sion was initially in the regional lymph nodes, ail cases being HN
lesions. Six patients (27%) had distant metastasis as a first site of
failure (Table 2). Three patients with local recurrence had sal-
vage surgery such as laryngectomy or esophagectomy and were
still alive at the last evaluation.

Figure 2 shows the OS curves in our series according to the
stage of EC. OS in patients with stage I-1I EC was significantly
better than in patients with stage III-IV EC (P = 0.0001). The
2-year rate of OS in the 27 patients with HNSCC and stage I-II EC
was 56%. Survival of patients with stage I-11 HNSCC tended to be
better than that of patients with stage III-IV HNSCC. However, the
survival difference was not statistically significant (P = 0.06) (Fig.
3). Among the 27 patients who had stage I-II EC, survival was
significantly better in patients with stage I-II HNSCC comparing to
those with stage III-IV HNSCC (P = 0.02) (Fig. 4). The 2-year rate
of OS was 86% in the 8 patients with stage [-II HNSCC and stage
I-I1 EC. No statistical significance in overall survival was observed
in patient age and treatment duration.

DISCUSSION
We showed the efficacy and feasibility of simultaneous de-
finitive chemoradiotherapy for patients with HNSCC and EC. To the
best of our knowledge, though many reports recommend surgical

p=0.0001

s stagel-ll EC (n=27)
== estagelll-IV EC (n=7)

2y-0S 0%

stage llI-IV EC (n = 7) includes HN-
SCC with stage I-ll (n = 3) and
stage llI-IV (n = 4).
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resection as a standard treatment policy, there have been only tract. Sixteen patients (66%) had complete remission in both cervical
a few previous studies in which the outcome of patients with and mediastinal sites. The median survival was 12 months and
HNSCC and EC mainly treated with radiotherapy was analyzed. survival rate was 5% at 24 months. Welz et al*? treated 24
_ Guillot et al® retrospectively reviewed 22 patients with multiple ~ patients with synchronous HNSCC and EC by a radiation based
synchronous squamous cell carcinomas of the upper aerodigestive tract curative approach, and they reported that the median overall
who had been treated with neoadjuvant chemotherapy followed by survival was 37 months.
radiotherapy or surgery. Twelve patients were free of disease after In our series, 14 patients (64%) had a complete response and §
locoregional treatment and mean survival was 17 months. Nguyen et of them were still alive at the time of evaluation. The median survival
al?! evaluated neoadjuvant chemotherapy and irradiation in 24 patients was 19 months and the 2-year survival rate was 44%. These results are
with synchronous squamous cell carcinoma of the upper aerodigestive ~ comparable to results of previous studies.”®~2* The 2-year survival rate

© 2011 Lippincott Williams & Wilkins www.amijclinicaloncology.com | 365

366



Shinoto et al

American Journal of Clinical Oncology * Volume 34, Number 4, August 2011

in patients with EC of stage I-II was 56%. Thus, favorable prognosis
can be expected by definitive chemoradiotherapy in patients with
synchronous HNSCC and EC if the coexisting EC is early stage (stage
I-11). Furthermore, survival of patients with stage I-II diseases for both
HNSCC and EC was excellent (2-year OS = 86%). Chemoradiother-
apy is considered to be an effective treatment option for synchronous
early-stage HNSCC and EC.

Although acute toxicity of grade 3 or higher was observed in
7 patients (21%), 33 of the 34 patients completed the treatment and
no patient experienced late severe toxicity of grade 3 or higher. Our
results indicate that definitive chemoradiotherapy for synchronous
HNSCC and EC is feasible and effective.

The impact synchronous double primary cancer on survival of
cancer patients has not been clear. Robinson et al®> reported that
survival of HNSCC patients without second primary cancer (SPC) was
better than that of HNSCC patients with second primary cancer. The
presence of EC was found to have an adverse effect on the survival of
patients with HNSCC.>* With regard to the effect of SPC on the of
patients with EC, Kagei et al reported that the survival outcome of EC
was not different between patients with SPC and those without SPC.2
Poon et al® also reported that survival rates of patients with EC did not
significantly differ between patients with and those without SPC. These
results suggest that the dismal prognosis of EC overshadows the
moderate effect of SPC on survival. The difference in the impact of
SPC on survival of patients with HNSCC and survival of patients with
EC might be due to the presentation of most patients with EC at an
advanced stage, and their prognosis was poor regardless of whether
another primary cancer was present or not® In fact, Kagei et al®®
showed that the overall survival rate of patients with early-stage EC was
better for patients without synchronous SPC than for patients with
synchronous SPC. For synchronous HNSCC and EC, treatment should
be selected in consideration of the prognosis of the disease. The present
study showed that the survival of patients with synchronous HNSCC
and EC was significantly affected by the stage of EC (stage 1-1I vs.
stage [I1-TV). The results of our study and previous studies suggest that
the stage of EC is more important for predicting survival of patients
with synchronous HNSCC and EC. We found that the stage of coex-
isting HNSCC also significantly influenced the survival of patients with
early-stage EC.

Past studies showed that patients with HNSCC had higher rates
of early-stage EC than did only EC patients, and a significant difference
was found between the 2 groups in terms of tumor, node, metastasis
stage groupings.”**” In our series, 27 patients (79%) with EC had stage
I-11 disease, and their survival rate was significantly better than that of
patients in stage III-IV. This suggests that intense screening and sur-
veillance resulted in high detection rates for cases of early-stage EC,
which have a chance of cure with definitive treatment.

CONCLUSION
Definitive chemoradiotherapy in the presence of synchronous
HNSCC and EC can be performed safely without increase in
morbidity and mortality rates. Although there is no standard ap-
proach for this group of patients, definitive chemoradiotherapy is a

good curatively intended treatment option if comorbid EC is in stage
-1
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Regular Paper

Prediction of Local Failures with a Combination of Pretreatment Tumor
Volume and Apparent Diffusion Coefficient in Patients Treated with

Definitive Radiotherapy for Hypopharyngeal or Oropharyngeal
Squamous Cell Carcinoma

Kayoko OHNISHI', Yoshiyuki SHIOYAMA'*, Masamitsu HATAKENAKA',
Katsumasa NAKAMURA?, Koichiro ABE!, Takashi YOSHIURA!, Saiji OHGA',
Takeshi NONOSHITA'!, Tadamasa YOSHITAKE!,

Torahiko NAKASHIMA? and Hiroshi HONDA!

Diffusion-weighted magnetic resonance imaging/Apparent diffusion coefficient/Hypopharyngeal
squamous cell carcinoma/Oropharyngeal squamous cell carcinoma.

Purpose: The purpose of this study was to investigate the clinical factors for predicting local failure
after definitive radiotherapy in oropharyngeal or hypopharyngeal squamous cell carcinoma. Materials and
Methods: Between July 2006 and December 2008, 64 consecutive patients with squamous cell carcinoma
of the hypopharynx or the oropharynx treated with definitive radiotherapy were included in this study.
Clinical factors, such as pretreatment hemoglobin (Hb) level, T-stage, gross tumor volume of primary
tumors (pGTV), and maximum standardized uptake value (SUVnax) on FDG-PET, were evaluated for the
correlation with local failure. A subset analysis of 32 patients with MR images including diffusion-
weighted images (DWI) as a pretreatment evaluation was also performed. The Kaplan-Meier curves, the
log-rank test, and the Cox proportional hazards model were used to evaluate these clinical factors.
Results: Eleven of 64 patients experienced local recurrence, with a median follow-up time of 15 months.
In the univariate analysis, Hb level (p = 0.0261), T-stage (p = 0.012), pGTV (p = 0.0025), and SUVax (p =
0.024) were significantly associated with local failure. In the multivariate analysis, pGTV (p = 0.0070)
remained an adverse factor for local control. In the subset analysis of 32 patients with DWI, the median
apparent diffusion coefficient (ADC) value of primary tumors on DWI was 0.79 x 10~ mm?s (range,
0.40-1.60 x 107> mm?s). Patients with a high ADC value (> 0.79 x 107 mm?s) had a significantly lower
local control rate than patients with a low ADC value (100% vs. 44%, p = 0.0019). The rate of local
failure among patients with a large pGTV and a high ADC value was 55% (6/11), whereas no local fail-
ures occurred (0%, 0/21) among patients with a small pGTV or a low ADC. Conclusions: These results
suggest that a combination of a large tumor volume and a high ADC value could be predictive of local
recurrence after definitive radiotherapy in hypopharyngeal or oropharyngeal squamous cell carcinoma.

INTRODUCTION

Primary radiotherapy, typically with concurrent chemo-
therapy, has recently been accepted as a standard manage-
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ment option for the organ-sparing treatment of head and
neck squamous cell carcinoma (HNSCC).!"> However, treat-
ment outcomes achieved thus far with definitive radio-
therapy have remained unsatisfactory, especially in cases of
locally advanced disease. Treatment failure after chemorad-
iotherapy (CRT) is primarily related to locoregional tumor
recurrence, whereas isolated distant metastases occur less
frequently. Moreover, locally recurrent tumors not only
threaten patient survival but also seriously impair quality of
life, as most patients with such recurrences die with symp-
tomatic local tumor progression. Therefore, it is essential to
investigate factors that exert an influence on local control.
Various clinical factors, such as hemoglobin (Hb) level,>'?
T-stage,'” tumor volume,'>'” and comorbidity,!"'? have
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been reported to be correlated with local control. Despite
careful evaluation of these known clinical factors, it remains
difficult to reliably predict outcomes after radiotherapy. If an
outcome can be predicted prior to treatment, patients who
are unlikely to be cured with CRT could be selected for
alternative treatments.

Advances in imaging technologies such as perfusion com-
puted tomography (CT), diffusion-weighted magnetic reso-
nance imaging (DWI), and positron emission tomography
(PET), have made it possible to assess the functional aspects
of tumor physiology. These new approaches to imaging are
considered to improve the accuracy of radiation response
assessment for HNSCC. Several studies have suggested that
the degree of pretreatment '*F-flurodeoxyglucose (FDG)
uptake can be used as a predictor of local control, in that
patients with high FDG uptake generally exhibit less local
control.?*# However, due to the large overlap between
responders and non-responders, a reliable method of predict-
ing tumor response based on FDG uptake has not yet been
established.

Diffusion-weighted magnetic resonance imaging (MRI) is
used to measure differences in tissue microstructure that are
based on the random displacement of water molecules.>”
These differences in water mobility are quantified by using
the apparent diffusion coefficient (ADC). To date, DWI has
been demonstrated to possess the potential to prospectively
predict the success of certain treatments for a number of dif-
ferent tumor types.”>=* One study identified strong negative
correlation between the pretreatment tumor ADC in patients
with rectal cancer and changes in tumor size after chemo-
therapy and chemoradiotherapy.®® The application of DWI
to HNSCC has recently been investigated. =" It was report-
ed that the pretreatment ADC of metastatic nodal masses
and changes in the ADC within the first week of CRT can
be used as markers for early detection and prediction of a
response to concurrent CRT.*> More recently, the pretreat-
ment ADC of primary tumor was reported to have a potential
indicator of local failure in HNSCC treated with radio-
therapy.®® On the other hand, there is another study that
found no correlation between pretreatment ADC and local
failure in HNSCC treated with radiotherapy.”’ Therefore,
the role of the pretreatment ADC as a predictor of local con-
trol still has been controversial.

In the present study, we investigated the role of previously
reported prognostic factors for predicting local control after
definitive radiotherapy had been administered to patients
with hypopharyngeal or oropharyngeal squamous cell carci-
noma. In addition to these reported prognostic factors, we
also evaluated the utility of ADC in pretreatment DWI to
predict local control.
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MATERIALS AND METHODS

Patient population and treatment

This retrospective study was approved by the Committee
for Clinical Studies at our institution; the requirement for
informed consent was waived. Between July 2006 and
December 2008, 82 consecutive patients with newly diag-
nosed squamous cell carcinoma of the hypopharynx or the
oropharynx were treated with definitive radiotherapy at our
institution. Sixty-four of these patients were included in this
study. The inclusion criteria were as follows: (a) histologi-
cally confirmed squamous cell carcinoma, (b) availability of
pretreatment FDG-PET for the initial evaluation, (¢) suffi-
cient dose of radiotherapy (> 60 Gy), and (d) no combi-
nation therapy involving radiotherapy and surgery. We
excluded 18 patients due to the unavailability of FDG-PET
(n = 8) and preoperative radiotherapy (n = 10). Of the 64
patients included, 39 underwent MRI including DWIL. To
estimate the usefulness of DWI for predicting local failures,
32 of these 39 patients were identified for a subset analysis.
Of the 39 patients who underwent MRI with DWI, 7 were
excluded for the subset analysis due to the presence of a
small and unevaluable primary lesion (n = 6) or a severe arti-
fact (n = 1) on DWIL

Radiation treatment was planned on a CT-based three-
dimensional treatment planning system (Eclipse; Varian
medical systems, Palo Alto, CA). Each patient was immobi-
lized with a custom-made thermoplastic cast in the supine
position, and 3-mm thick CT was performed. Target vol-
umes and organs at risk were delineated on CT images. All
patients were treated according to a conventional radio-
therapy schedule, i.e., 5 days per week at 1.8 to 2.0 Gy per
fraction. Typically, the total dose of 65.4-69.4 Gy in 35-37
fractions was prescribed to treat the primary tumor and
involved nodes, whereas the prophylactic dose administered
to the adjacent nodal regions was 41.4-45.0 Gy in 23-25
fractions. The median total dose targeted to the primary
tumor and involved nodes was 65.4 Gy (range, 61.4 to 71.4
Gy). Chemotherapy was administered concurrently in 60 of
64 patients (94%). The regimen of concurrent chemotherapy
was S-1 (Taiho Pharmaceutical Co., Ltd, Tokyo, Japan) in 50
patients (78%) and cisplatin-based in 10 patients (22%).
Planned neck dissection was performed in 16 patients who
had suspected persistent disease in the neck after radio-
therapy, as assessed clinically or by imaging study.

Patients underwent routine post-treatment follow-up
examination every 1 to 3 months. The follow-up evaluation
included physical examination, fiberoptic pharyngolaryn-
goscopy, and radiographic imaging (CT and/or PET-CT), if
needed. Persistent or recurrent primary disease was con-
firmed by histologic and/or physical examination, radio-
graphic imaging, and by clinical course.



524 K. Ohnishi et al.

Diffusion-weighted MRI study and image interpreta-
tion

MRI studies were performed with a 1.5-T scanner (Intera
Achieva; Philips Medical System, Best, the Netherlands) by
using a neurovascular coil. Conventional MRI, including T2-
weighted turbo spin-echo images, T1-weighted spin-echo
images, and contrast-enhanced T1-weighted spin-echo imag-
es, were obtained in the transverse plane, a slice thickness of
4-5 mm, a slice gap of 1-1.5 mm, and a 20 X 20 cm — 23 X
23 cm field of view. A T2-weighted turbo spin-echo
sequence was performed with the following parameters:
matrix, 512 x 288; and repetition time/echo time (TR/TE) =
4467 ms/100 ms. A Tl-weighted spin-echo sequence was
performed with the following parameters: matrix size, 512 X
288; and TR/TE = 572 ms/10 ms. A contrast-enhanced T1-
weighted sequence was obtained after the administration of
0.1 mmol/kg of gadopenatate dimeglumine (Magnevist;
Schering, Berlin, Germany). Coronal or sagittal images were
obtained when needed.

Diffusion-weighted images were acquired in the trans-
verse plane using a single-shot spin-echo echo-planar imag-
ing sequence with a spectral presaturation of inversion
recovery for fat suppression, with diffusion gradient encod-
ing in three orthogonal directions. The parameters used to
obtain the diffusion-weighted images were as follows: matrix
size, 112 x 79; TR/TE = 3000 ms/73 ms; and bandwidth,
1645.9 Hz/pixel. The following three different b-values were
applied: 0, 300, and 1,000 sec/mm?”. Diffusion-weighted
imaging was performed prior to the administration of the
contrast media injection.

The ADC values were calculated according to the follow-
ing formula: ADC = In[S1/S21/b2 — b;, where S; and S» are
the signal intensities measured on diffusion-weighted
images obtained with a lower b factor (b;) and a higher b
factor (b2). We used b factors of 300 and 1,000 sec/mm? for
calculation of ADC values. The ADC maps were calculated
on a pixel-by-pixel basis using software integral to the MRI
unit. For the ADC calculation, solid tumor components with
T2-weighted and contrast-enhanced images were retrospec-
tively identified by consensus between two radiologists
(M.H. and T.Y.) with over 20 years of experience in head
and neck radiology, both of whom were blinded to the
clinical information. The region of interest (ROI) was des-
ignated as the primary tumor in the ADC map created on the
console at the level of the largest tumor diameter to cover
most of the lesion while avoiding cystic and/or necrotic
areas that could have influenced the ADC values. Then the
mean ADC values were selected for analysis.

Statistical analysis

Local control was measured from the first day of radio-
therapy to the time of local failure or last follow-up. We esti-
mated the relationship between the clinical and radiographic
data and local control. Adverse factors included pretreat-

ment Hb level, T-stage according to the classification system
of the American Joint Committee on Cancer (2002), gross
tumor volume of the primary tumor (pGTV) calculated
using the above mentioned radiation treatment-planning
system, overall treatment time, maximum standardized
uptake value (SUVpax) on FDG-PET, and mean ADC of the
primary tumor on DWI. Due to the lack of an established
cutoff level for these factors, we used the median of the
SUVnax and the mean ADC value as the cutoff levels. Local
control rates were calculated according to the Kaplan-Meier
method, and the log-rank test was used to analyze dif-
ferences between local control curves. The multivariate Cox
proportional hazards model was used to adjust for the influ-
ence of local control factors. All statistical analyses were
performed using computer software (JMP 7; SAS institute,
Cary, NC). For all analyses, p < 0.05 was considered to be
significant.

RESULTS

Patient characteristics

The patient characteristics are shown in Table 1. Fifty-
eight (91%) of the patients were men, and the median age
was 65 years (range, 37-87 years). The primary sites were
the oropharynx in 30 patients (47%), and the hypopharynx
in 34 patients (53%). The T-stage classifications were T1 in
12 patients (19%), T2 in 27 (35%), T3 in 17 (27%), and T4
in 12 (19%). The pretreatment Hb ranged from 8.6 to 16.3
g/dl (median, 13.4 g/dl). The pGTV ranged from 0.4 to 86.8
cm?® (median, 9.98 cm®). The SUVux of the primary lesion
ranged from 2.9 to 28.2 (median, 12.0).

Univariate and multivariate analysis of local failure

At the last follow-up, 52 patients were alive and 12 had
died of the disease. The median follow-up time for all
patients was 15 months (range, 3—-42 months). Over the
entire follow-up period, 11 of 64 patients (17%) experienced
a local recurrence. Local failure occurred within 12 months
after the completion of radiotherapy in all but one patient.
The 2-year local control rate for all 64 patients was 80%
(Fig. 1). Factors associated with poor local control were low
pretreatment Hb level (p = 0.0261), advanced T-stage (p =
0.012), high pGTV (p = 0.0025), and high SUVpnax (p =
0.024). The results of the univariate analysis are shown in
Table 2.

Factors significantly influencing local control in the
univariate analysis were included in the multivariate analysis
using the Cox proportional hazards model. A high pGTV
remained a significant adverse factor (hazard ratio, 6.12, p =
0.0470) for local control. Regarding pretreatment Hb level,
the statistical significance was marginal (hazard ratio, 3.34,
p = 0.0530). However, other two factors (T-stage and
SUVmax) were not significantly associated with local failure
in the multivariate analysis. The hazard ratios associated

370



Prediction of Local Failure with ADC Value 525

Table 1. Patient characteristics and treatment details.

Characteristics Total (n = 64)
Age (year), median(range) 65 (37-87)
Gender, n (%)
Male 58 (91)
Female 6(9)
Hb value (g/dl), median (range) 13.4 (8.6-16.3)
Tumor site, n (%)

Oropharynx 30 (47)
Hypopharynx 34 (53)
Maximum SUV, median (range) 12.0 (2.9-28.2)

2002 AJCC T-stage, n (%)
Tl 12 (19)
T2 23 (35)
T3 17 27)
T4 12 (19)
2002 AJCC stage, n (%)
I 6 (9)
11 69
111 9 (14)
v 43 (67)
Radiotherapy
pGTV (cm?), median (range) 9.98 (0.35-86.81)
Total dose (Gy), median (range) 65.4(61.4-71.4)
OTT (day), median (range) 60 (48-110)
Chemotherapy
None 4 (6)
Concurrent 43 (67)
Concurrent and adjuvant 1727
Concurrent chemotherapy regimen
S-1 50 (83)
Platinum-based 10 (17)

Abbreviations: SUV = Standardized uptake value; AJCC =
American Joint Committee on Cancer; pGTV = Gross tumor
volume of the primary tumor; OTT = Overall treatment time.

with local control are listed in Table 3.

Local failure and pretreatment ADC value

We performed a subset analysis of 32 patients who under-
went DWI during the pretreatment evaluation in order to
assess the usefulness of the ADC value as a factor predictive
of local control in addition to that of the pGTV, which is the
most sensitive predictor among the conventionally consid-
ered factors. Local recurrence occurred in 6 of the 32
patients (19%), and the 2-year local control rate was 80%.

371

1.0+
0.9+

0.8+

Local control rate
e O O o O
©w B o o N

1 i 1 I

0.2
0.1+

0.0 4+——+———r—————————

Time after radiotherapy (months)

Fig. 1. Kaplan-Meier estimate of local control probabilities in all
64 patients.

Table 2. Univariate analysis of local control (n = 64)

Factors Patients (n)  2-year Local control  p value

Hb value (g/dl)
>12.5 44 88% 0.0261
<125 20 59%

T-stage
T1-2 35 94% 0.0120
T3-4 29 64%

pGTV (cm?)
<10 33 97% 0.0025
210 31 64%

OTT (days)
<60 32 80% 0.7848
260 32 80%

Maximum SUV
<12.0 32 93% 0.0240
>12.0 32 66%

Abbreviations: pGTV = Gross tumor volume of the primary
tumor; OTT = Overall treatment time; SUV = Standardized
uptake value.

Table 3. Multivariate analysis of local control (n = 64)

Factors HR (95% CI) p value
Hb value (g/dl; 2 12.5 vs. < 12.5) 3.34 (0.98, 11.80) 0.0530
T-stage (T1-2 vs. T3-4) 2.39(0.57, 16.37) 0.2501
pGTV (ecm?; < 10.0 vs. = 10.0) 6.12(1.02,118.21)  0.0470

Maximum SUV (< 12.0 vs. 2 12.0) 2.32(0.54, 16.26) 0.2790

Abbreviations: HR = hazard ratio; CI = confidence interval.
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These subset analysis results were similar to those of the
large-group analysis, suggesting that the 32 patients includ-
ed in the ADC value analysis were representative of the
entire group. Also in the univariate analysis of the 32
patients, patients with a high pGTV (= 10 cm®) had signifi-
" cantly lower rates of local control compared to those with a
low pGTV (< 10 cm?®) (66% vs. 100%, p = 0.0358) (Fig. 2).

The mean ADC of the primary tumors in the 32 patients
ranged from 0.401 x 107 mm?s to 1.636 x 107 mm%/s
(mean + S.D. 0.798 + 0.207 x 10~ mm?¥/s; median, 0.794 x
107 mm?s). The median ADC values of the primary tumors
in the 6 patients with local failure was significantly higher
than that of the 26 patients without local failure (0.9288 vs.
0.7628, p = 0.0013, two-tailed Mann-Whitney U test) (Fig.

pGTV <10cm?®
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Fig. 2. Kaplan-Meier estimate of local control probabilities in 32
patients by gross tumor volume of primary tumor (pGTV) with
respect to time after radiotherapy.
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Fig. 3. Comparison of mean ADC values of primary tumors
between patients with local failure and those with local control.

3). Due to the lack of an established ADC cutoff value, the
median value was used to establish two groups, i.e., one with
a high ADC (= 0.79 x 10 mm?s) and the other with a low
ADC (< 0.79 x 102 mm?%s). In the univariate analysis,
patients with a high ADC value had a significantly lower
local control rate than patients with a low ADC value (100%
vs. 44%, p = 0.0019) (Fig. 4).

Between patients with a large pGTV (= 10 cm®) and those
with a small pGTV (< 10 cm®), there was no significant dif-
ference of the pretreatment ADC (0.8162 vs. 0.8229, p =
0.1345, two-tailed Mann-Whitney U test). A scatter plot for
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Fig. 4. Kaplan-Meier estimate of local control probabilities by
ADC value with respect to time after radiotherapy.
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Fig. 5. A scatter plot of the incidence of local failure with respect
to the relationship between the apparent diffusion coefficient
(ADC) and the gross tumor volume of primary tumors (pGTV).
The entire area of interest is divided into subsections (lines) at a
pGTV of 10 cm® and at an ADC of 0.79 x 10 mm?s. Closed
diamonds indicate local failure and open diamonds indicate local
control.
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Fig. 6. MR images of the two patients with squamous cell carci-
noma of the hypophaynx. Contrast-enhanced T1-weighted images
(upper images) show primary tumors (arrows). ADC values were
calculated using region-of-interest on ADC maps (lower images).
(A) A 50-year-old man with T3NOMO disease. The gross tumor
volume of the primary tumor (pGTV) was 21.7 cm®. The ADC
value was 0.86 x 10~ mm?s. The patient experienced local failure
7 months after the treatment. (B) A 80-year-old man with
T3N2bMO disease. The pGTV was 21.6 cm®. The ADC value was
0.75 % 10~ mm?s. The patient has local control 13 months after the
treatment.

the incidence of local failure with respect to the relationship
between pGTV and ADC values is shown in Fig. 5. All local
failures occurred in patients with a high pGTV and a high
ADC value (pGTV = 10 cm® and ADC > 0.79 x 107> mm?%s).
The rate of local failures among patients with a high pGTV
and a high ADC value was 55% (6/11), whereas no local
failures occurred (0%, 0/21) among patients with a low
pGTV or a low ADC value. Representative images of MRI
before the treatment in two patients with a high pGTV of
hypopharyngeal squamous cell carcinoma treated with
definitive radiotherapy were shown in Fig. 6. One patient
had a T3 primary tumor (pGTV = 21.7 cm?®) with a high
ADC value (0.86 x 107> mm?/s). This patient experienced
local failure 7 months after the treatment (Fig. 6A). On the
other hand, another patient also had a similar volume of a
T3 tumor (pGTV = 21.6 cm®) with a low ADC value (0.75 x
107 mm?s). This patient had local control 13 months after
the treatment (Fig. 6B).

DISCUSSION

In this study, we investigated the usefulness of ADC as a
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possible factor to be considered together with other clinical
factors in the prediction of local control with radiation
therapy for hypopharyngeal or oropharyngeal squamous cell
carcinoma. Primary tumor volume was found to be the most
sensitive predictive factor of local control among the tradi-
tionally considered clinical factors. In addition, a high ADC
was significantly associated with less local control in a
group of patients with large primary tumors. These results
suggest that a combination of large tumor volume and high
ADC value is predictive of local recurrence after definitive
radiotherapy.

Various factors for predicting outcome in HNSCC have
been described in previous clinical studies. Pretreatment Hb
level, "9 Tustage,'" primary tumor volume,'>'® and overall
treatment time**** have been widely reported to be factors
related to local control. Recently, the potential value of
FDG-PET has been demonstrated in several studies.?>® In
the present study, only primary tumor volume was a signif-
icant factor associated with local failure in both univariate
and multivariate analyses, whereas pretreatment Hb level, T-
stage, and SUVq were significantly associated with local
failure in the univariate analysis. The 2-year local control
rates for tumor volumes < 10 cm® compared with those > 10
cm’ were 97% and 64%, respectively. It remains difficult to
directly compare our results with those of the preceding
studies, because other studies of various tumor sub-sites
have been reported in which each factor was evaluated sep-
arately. However, we collectively analyzed such predictive
factors in a relatively homogenous group of patients with
primary tumors in the hypopharynx and the oropharynx
treated with definitive radiotherapy. The result of multi-
variate analysis in the present study shows that primary
tumor volume is more predictive for local control than pre-
treatment Hb level, T-stage and SUV o on FDG-PET in our
patient group. Therefore, primary tumor volume is consid-
ered to be one of the most useful predictors for local control
after definitive radiotherapy in patients with hypopharyngeal
or oropharyngeal squamous cell carcinoma. Primary tumor
volume measured by CT for HNSCC has been shown to be
variable within T-stage in several studies.*™" In addition, it
has been reported that primary tumor volume is more impor-
tant to predict local control after radiotherapy compared to
T-stage in the studies of nasopharyngeal carcinoma, and
hypopharyngeal carcinoma.®*® Regarding to the FDG-PET,
maximum SUV was reported to be not independent pro-
gnostic factor after radiotherapy for HNSCC by several
authors.”=Y Instead of maximum SUV, metabolic tumor
volume was reported to be an adverse prognostic factor in
patients with HNSCC.’" Primary tumor volume combined
with metabolic activity may be useful to predict local control
after definitive radiotherapy. In the present study, pretreat-
ment Hb level was associated with local failure with a mar-
ginal significance in the multivariate analysis. This result of
an influence of pretreatment Hb level on local failure is
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thought to be not contradicted to those of the previous
reports.*9 Pretreatment Hb level should be considered to
have an important role in local control of hypopharyngeal or
oropharyngeal squamous cell carcinoma with definitive
radiotherapy as a factor in the host.

To date, ADC values have been studied as a potential
marker for predicting treatment outcome; some studies have
demonstrated that a high ADC value is an adverse factor in
patients who undergo chemotherapy or chemoradiotherapy.
In a rectal cancer study, Dzik-Juraz et al. found strong neg-
ative correlations between mean pretreatment tumor ADC
and changes in tumor size after chemotherapy and chemora-
diation.>” Koh et al. reported that a high pretreatment mean
ADC of colorectal hepatic metastatic lesions was predictive
of a poor response to chemotherapy.’? Moreover, in the case
of cervical squamous cell carcinomas, McVeigh et al.
reported that the 90th percentile of ADC values was lower
in responders than in non-responders to chemoradiation.>
Although the biophysical basis for an association between a
high ADC and poor outcome is not yet fully understood,
there is some accounting for this relationship. A negative
correlation between ADC and cell density has been observed
in certain primary and secondary malignancies.’*>" There-
fore, it appears that tumors with a lower ADC are more
likely to have viable proliferative cells, which exhibit a bet-
ter response to chemoradiotherapy. On the other hand, the
presence of necrosis, inflammatory changes, and/or submu-
cosal fibrosis was associated with high ADC values, which
correlates with an increased interstitial water content and
low cell density on histologic samples.’® This observation
indicates that tumors with a high ADC exhibit a poor
response to chemoradiotherapy.

In a study of HNSCC, Kim et al. reported that the pre-
treatment ADC value in the metastatic lymphnodes of com-
plete responders was significantly lower than in those of
partial responders.*® Kato et al. also reported that tumors
responded to neo-adjuvant therapy tended to have lower
ADC values.*” Our observation of an association between
high local control and low primary-tumor ADC values is
consistent with the findings of these previous studies. More-
over, in patients with large-volume primary tumors, a signif-
icant difference in local control rate was observed between
those with low and high primary-tumor ADC values. Since
sample size of the present study was too small to arrive at
definitive conclusions, further study will be needed in order
to define the associated mechanisms of action and the poten-
tial role for the ADC value in predicting local failure. How-
ever, it appears likely that a high primary-tumor ADC value
is an adverse factor related to local control of large-volume
tumor.

New biomarkers (e.g., human papilloma virus (HPV)
infection,>®" epidermal growth factor receptor expression
(EGFR),%? and p53 overexpression®”) potentially predictive
of or able to detect treatment outcomes in HNSCC patients
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have been recently reported. In the present study, no analysis
was performed to investigate the biological basis of this dis-
ease. Nevertheless, our results demonstrated a significant
correlation between ADC value and local failure, which sug-
gests the great predictive potential of the ADC value.

In conclusion, our results indicate that a combination of
the tumor volume and the ADC value, calculated using dif-
fusion-weighted MRI, can predict local failure in patients
with squamous cell carcinoma of the hypopharynx or
oropharynx. The inclusion of diffusion-weighted MRI dur-
ing pretreatment evaluation will provide useful information
for the selection of patients appropriate for definitive radio-
therapy. In particular, function may be preserved with defin-
itive radiotherapy in cases involving primary tumors with a
low ADC value.
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Japanese Structure Survey of Radiation Oncology
in 2007 with Special Reference to Designated Cancer
Care Hospitals

Hodaka Numasaki', Hitoshi Shibuya? Masamichi Nishio3, Hiroshi lkeda#, Kenji Sekiguchis,
Norihiko Kamikonya®, Masahiko Koizumi?, Masao Tago?, Yutaka Ando®, Nobuhiro Tsukamoto™,
Atsuro Terahara", Katsumasa Nakamura™, Michihide Mitsumori’3, Tetsuo Nishimura,

Masato Hareyama's, Teruki Teshima' and Japanese Society of Therapeutic Radiology and
Oncology Database Committee

Background and Purpose: The structure of radiation oncology in designated cancer care hospitals in Japan was investigated
in terms of equipment, personnel, patient load, and geographic distribution. The effect of changes in the health care policy in
Japan on radiotherapy structure was also examined.

Material and Methods: The Japanese Society of Therapeutic Radiology and Oncology surveyed the national structure of ra-
diation oncology in 2007. The structures of 349 designated cancer care hospitals and 372 other radiotherapy facilities were
compared.

Results: Respective findings for equipment and personnel at designated cancer care hospitals and other facilities included the
following: linear accelerators/facility: 1.3 and 1.0; annual patients/linear accelerator: 296.5 and 175.0; and annual patient load/
full-time equivalent radiation oncologist was 237.0 and 273.3, respectively. Geographically, the number of designated cancer care
hospitals was associated with population size.

Conclusions: The structure of radiation oncology in Japan in terms of equipment, especially for designated cancer care hospitals,
was as mature as that in European countries and the United States, even though the medical costs in relation to GDP in Japan are
lower. There is still a shortage of manpower. The survey data proved to be important to fully understand the radiation oncology
medical care system in Japan.

Key Words: Structure survey - Radiotherapy facility - Radiotherapy personnel - Radiotherapy equipment - Caseload -
Medical care system
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Japanische Strukturerhebung zur Radioonkologie im Jahr 2007 unter besonderer Beriicksichtigung von auf
Krebsbehandlung spezialisierten Krankenhdusern

Hintergrund und Ziel: Es wurde die Struktur der Radioonkologie in auf Krebsbehandlung spezialisierten Krankenhdusern in
Japan untersucht, und zwar im Hinblick auf Ausriistung, Personal, Patientenaufkommen und geografische Verteilung. Ebenso
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