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Fig. 1. Relationship among in-field control, dose of ADM, and
radiation dose: (a) nasal NK/T-cell lymphoma and (b) peripheral T-
cell lymphomas, unspecified. In this analysis, 26 tumors of 23
patients with peripheral T-cell lymphomas, unspecified were
included. The patients treated with regime including platium-
based drugs or high dose chemotherapy+PBSCT are separately
demonstrated in the vertical axis.

eight courses of CHOP after radiotherapy. A patient with
enteropathy-type T-cell lymphoma treated with 45 Gy of
radiotherapy and eight courses of CHOP after radiotherapy
had in-field control.

There were no apparent differences in radiosensitivity
between nasal NK/T-cell lymphoma and peripheral T
lymphoma, unspec. when the radiation dose versus in-field
control curves were compared. Since the chemotherapy had
no apparent influence on local control of mature T/NK-cell
lymphomas and there were no significant differences in
radiosensitivity among subtypes of mature T/NK-cell lym-
phomas, we have hereafter combined all patients with
mature T/NK-cell lymphomas evaluable for in-field control
for analytic purposes.
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Fig. 2. The distribution of in-field control and failure of non-bulky
mature T/NK-cell lymphomas with respect to the radiation dose as a
function of patient numbers. The white column represents in-field
control and the closed column represents in-filed failure.

Fig. 2 demonstrates the distribution of in-field control
and failure of non-bulky mature T/NK-cell lymphomas with
respect to the radiation dose as a function of patient
numbers. The radiation doses for in-field control for non-
bulky mature T/NK-cell lymphomas, shown as a histogram in
Fig. 2, ranged from 31.1 to 78 Gy with median values of 45 Gy
for all patients, 45 Gy for the patients who obtained in-field
control and 45 Gy for the patients who suffered in-field
failure. Although the numbers were small, the data showed a
dose-response relationship. To obtain the sufficient in-field
control rate, radiation doses of more than 52 Gy were
required. However, there was no apparent relationship
between radiation dose and in-field control in bulky mature
T/NK-cell lymphomas. All two patients treated with 40 Gy or
less had in-field failure. Three of four patients treated with
46-53 Gy had in-field control, but only one of three patients
with 60 Gy or more had in-field control.

Discussion

Studies of mature T/NK-cell lymphomas have been
limited by the uncommon nature of these disease. Optimal
therapy for mature T/NK-cell lymphomas has yet to be
defined and the patients on mature T/NK-cell lymphomas,
has mainly been administered the same therapeutic regimen
as patients with DLBCL [13]. Prospective randomized trials
are required to elucidate the optimal therapy. However,
prospective randomized trials are difficult to be performed
in mature T/NK-cell lymphomas due to the rarity of this
disease. Therefore, the accumulated experiences of various
institutions should be utilized to obtain a more effective
treatment for this tumor. In this retrospective multi-
institutional study, we tried to elucidate the radiosensitivity
of mature T/NK-cell lymphomas and the effect of che-
motherapy on mature T/NK-cell lymphomas, especially
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focusing on in-field control. However, retrospective studies
using non-randomized data have bias in patient character-
istics and treatment. Such bias may influence results. We
should take such possibilities of bias into consideration when
we interpret data.

In this study, the overall five-year survival rate for stage |
or Il patients with peripheral T lymphoma, unspec. was 84%
and that with NK/T-cell lymphoma was 62%. We reported the
overall five-year survival rate for stage | or I patients with
DLBCL was 70% [14], indicating there was no significant
differences in overall survival between mature T/NK-cell
lymphomas and DLBCL. There are an increasing number of
papers reporting that mature T/NK-cell lymphomas patients
have poorer prognoses than patients with B-cell lymphoma
[2,5]. However, these reports cannot be compared with our
results, since they included all stages (stages I-1V) patients.
Compared with B-cell NHL, T-cell NHL presented more often
with disseminated disease and extranodal presentation [5].
Such bias can influence the treatment resutts of mature T/
NK-cell lymphomas when all stages (stages I-1V) are included
in analysis. Therefore, more information about the treat-
ment results of mature T/NK-cell lymphomas according to
stage are required in order to select appropriate treatments
in the clinical setting.

We reported that 58 of 61 patients with DLBCL obtained
in-field control [14]. In contrast, the in-field control for
mature T/NK-cell lymphomas is poor even when treated by
radiation combined with multi-agent combination che-
motherapy. Actually, the dose level of ADM had no influence
on local control of T-cell lymphoma (Fig. 1a and b). Nasal
NK/T-cell lymphoma in particular expressed p-glycoprotein
[15], and it is therefore highly resistant to chemotherapy.
Kim et al. [16] recently reported that a combination of
chemotherapy and involved-field radiotherapy demon-
strated no therapeutic advantage over radiotherapy alone
for stages | and I angiocentric lymphomas of the head and
neck. According to these findings, radiation therapy is the
key treatment method for this type of lymphoma to date.
However, our results demonstrated that mature T/NK-cell
lymphomas were more radioresistant than DLBCL. Even in
the absence of bulky tumor, the in-field control rate for
mature T/NK-cell lymphomas was much poorer than for
DLBCL.

We have found that a relationship existed between
radiation dose and in-field control in non-bulky mature
T/NK-cell lymphomas (Fig. 2). Our study indicated that
radiation doses of more than 52 Gy were required to obtain
in-field control of non-bulky mature T/NK-cell lymphomas
(Fig. 2). However, it is very difficult to obtain local control of
bully T-cell lymphomas and we could not find a relationship
between radiation dose and in-field control. In such cases,
concomitant chemoradiotherapy may be considered to
improve the radiation effect.

Recently, Koom et al. reported a retrospective study
about patients with stages | and Il angiocentric T-cell or
NK/T-cell lymphoma who were treated with radiotherapy
alone [11]. The dose-response curve was sigmoid in shape
within the range of 20-54 Gy. In contrast to our results, dose
escalation up to > 54 Gy could not improve the local control.
However, they did not include the size of tumor in their
analysis, indicating that treatment results of bulky tumor

influenced heavily their conclusion. Besides, their study
included patients treated before 1980 and the diagnosis was
made by only microscopic findings without immunohisto-
chemical analysis in most cases.

There was no significant difference in radiosensitivity
between nasal NK/T-cell lymphoma and peripheral T
lymphoma, unspec. when the radiation dose versus in-field
control curves were compared. It is unclear whether there is
a difference in responses to radiotherapy among subtypes of
mature T/NK-cell lymphomas other than nasal NK/T-cell
lymphoma and peripheral T lymphoma, unspec. due to the
small numbers of these lymphomas.

In summary, mature T/NK-cell lymphomas were more
radioresistant than DLBCL. Chemotherapy such as CHOP did
not improve the in-field control of mature T/NK-cell
lymphomas. Our study indicated that radiation doses of
more than 52 Gy might be required to obtain in-field control
of non-bulky mature T/NK-cell lymphomas. Besides, it was
difficult to obtain local control of bully T-cell lymphomas.
These results were obtained by using non-randomized data
and the interpretation of these results should be careful due
to bias in data. However, our results indicate that the
standard treatment strategy for DLBCL, that is, a combined
modality consisting of three cycles of CHOP and radio-
therapy [17,18], may not be sufficiently effective for mature
T/NK-cell lymphomas.
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Abstract Purpose: To determine the recommended dose
(RD) of cis-diammine-glycolatoplatinum (nedaplatin)
when given concurrently with 5-FU and high dose
radiation therapy in the treatment of esophageal cancer.
The purpose of the phase II trial is to determine efficacy
and further define the side effect profile. Methods:
Twenty-six patients with clinical stage 1 to IVA squa-
mous cell carcinoma of the esophagus were enrolled in a
non-surgical treatment comprised of a fixed dose of
fluorouracil (400 mg/m> administered as continuous
intravenous infusion on days 1-5 and days 8-12) plus
escalatin% doses of nedaplatin (40 mg/m? in level 1,
50 mg/m~ in level 2, or 60 mg/m? in level 3 on days 1 and
8), repeated twice every 3 weeks with concurrent radio-
therapy (60 Gy). Results: Between July 1998 and Feb-
ruary 2004, a total of 26 patients entered this trial, all of
whom were considered evaluable for toxicity assessment.
In phase 1 of the study, 12 patients were treated in
sequential cohorts of three to six patients per dose level.
The maximum tolerated dose was reached at level 3 with
two grade 4 neutropenia and one grade 4 thrombocy-
topenia. Thus, the recommended dosing schedule is level
2. Of the 20 patients treated at the RD level 2, including
6 patients of the RD phase I portion, 8 out of 20 patients
(40%) had grade 3-4 neutropenia, 5 patients (25.0%)
had grade 3-4 thrombocytopenia, 4 patients (20.0%)
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had grade 3 anemia and 4 patients (20.0%) had grade 3-
4 esophagitis. Other toxicities were relatively mild and
usually of grade 2 or less. Objective responses were no-
ted in the 26 patients (overall response rate, 88.5%)
including 11 (42.3%) complete remissions. The 1- and 3-
year survival rates were 65.1 and 37.2%, respectively,
with a median survival time of 21.2 months. Conclu-
sions: The combination of nedaplatin and 5-FU with
radiation is a feasible regimen that shows promising
antitumor activity with an acceptable safety profile in
patients with esophageal cancer.

Keywords Nedaplatin - Esophageal cancer -
Chemoradiotherapy

Introduction

Esophageal cancer is highly malignant. In the USA,
14,520 new cases of esophageal cancer were diagnosed in
2005, more than 90% (13,570) of which were fatal,
comprising 2.4% of all cancer deaths [1]. In Japan, with
at least 10,000 new cases being discovered every year, it
now accounts for 3.4% of cancer deaths and is the sixth
leading cause of cancer death among Japanese males.
However, treatment for patients with esophageal cancer
remains unsatisfactory. Although surgery is considered
the standard treatment in locally advanced esophageal
cancer, results of surgery remain poor, with the 5-year
survival rate in the range of 5-30% [2]. Chemoradio-
therapy (CRT) has revealed promising results in the
treatment of esophageal cancer in the past decade. In the
report of a intergroup randomized controlled trial
(Radiation Therapy Oncology Group 85-01), which
compared CRT with radiotherapy alone, the S-year
survival rate was 27% after CRT while after radiation
therapy alone (64 Gy) was 0% [3]. Therefore, CRT be-
came an important option in the treatment of esopha-
geal cancer.
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Cisplatin and 5-FU were the key drugs in these
treatment protocols [3-8]. However, it has been reported
that cisplatin-based chemotherapy often produces sub-
stantial toxicity, including nephrotoxicity and gastroin-
testinal toxicity, requiring frequent modifications of the
treatment, and these toxicity levels increase when com-
bined with radiotherapy [9]. Therefore, there is a need to
identify a new combination with a drug that is less toxic
than CDDP or a drug that can provide better thera-
peutic results with reduced adverse reactions. Several
platinum complexes have been synthesized such as Cis-
diammine-glycolatoplatinum (nedaplatin, CDGP). Ne-
daplatin combines with DNA, interfering with its
duplication, similarly to the way CDDP does. It is now
marketed in Japan as a drug with an antitumor activity
comparable to that of cisplatin [10], with less renal
toxicity due to its property of being approximately ten
times as soluble in water as CDDP [11, 12]. A phase I
study against various advanced cancers demonstrated
the maximum tolerated dose (MTD) and the recom-
mended dose (RD) for phase II studies of nedaplatin
were 120 and 100 mg/m? every 4 weeks, respectively,
and dose-limiting toxicity (DLT) was evidenced by
thrombocytopenia; no severe renal or gastrointestinal
toxicities were observed [13]. Nedaplatin produced
promising response rates in phase II trials for treatment
of squamous cell carcinoma (SCC) of the head and neck
[14], lung {15}, uterus cervix [16] and esophagus [17].
However, it is still inconclusive whether nedaplatin
could replace cisplatin for the treatment of esophageal
cancer since phase III trails have not been performed to
allow direct comparison of nedaplatin to CDDP.

A combination of nedaplatin and 5-FU resulted in
the synergistically enhanced inhibition of tumor growth
seen in the combination of cisplatin and 5-FU in a
preclinical murine tumor model [18]. In a clinical study,
combination chemotherapy using nedaplatin and 5-FU
has been reported to be a safe and effective regimen for
treating advanced esophageal cancer with an overall
response rate of 50% [19].

To date, there have been few reports of CRT using
nedaplatin and 5-FU for both primary and preoperative
therapy of esophageal cancer, each of which used a
different dosing schedule [20-22]. In addition, none of
these reports include a phase I dose escalation study. We
therefore have conducted this phase I/II study to
determine the MTD of nedaplatin and to evaluate its
efficacy when administered in combination with 5-FU to
patients with esophageal cancer as part of the CRT
treatment.

Patients and methods
Eligibility
Patient were considered eligible for this study based on

the following criteria: histologically proven esophageal
cancer; clinical stage 1 to IVA (International Union
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Against Cancer tumor-node-metastasis system, 1997);
no prior radiation therapy or chemotherapy; an Eastern
Cooperative Oncology Group (ECOG) performance
status of 0-2; age 20-78 years; adequate baseline bone
marrow function (hemoglobin level 9 g/dl, white blood
cell count >4,000/mm* and < 10,000/mm?, neutrophil
count >2,000/mm?’ and platelet count > 100,000/mm?>);
adequate hepatic function (total bilirubin level 1.5 mg/dl
and aspartate aminotransferase, alanine aminotransfer-
ase and alkaline phosphatase levels 2.0x the upper limit
of normal); adequate renal function (serum creatinine
level 1.5 mg/dl); adequate respiratory and cardiac
function (PaO, 60 mmHg, normal ECG); and a life
expectancy of at least 2 months. Patients were excluded
from the study for the presence of any of the following:
active concomitant malignancy; tracheoesophageal fis-
tula; serious complications (severe heart disease, pul-
monary fibrosis, interstitial pneumonitis or a tendency
to bleeding); history of drug hypersensitivity; pregnant
or lactating females. Written informed consent was ob-
tained from all patients. This study was approved by the
review boards at our institution.

Pretreatment evaluation

The extent of disease evaluation included barium
esophagography, esophagoscopy and cervical, chest and
abdominal computed tomography (CT) scans. The T-
factor in patients with less than T4 was determined by
endoscopic ultrasound of the esophagus (if technically
possible). Bronchoscopy was performed for cervical or
mid-esophageal tumors. Positive lymph nodes were de-
fined as being 21 cm on any of the images.

Treatment protocol

Treatment consisted of two cycles of nedaplatin
(Shionogi Co Ltd, Osaka, Japan; nedaplatin doses were
escalated to 40, 50, or 60 mg/m” in subsequent cohorts)
on days 1 and 8 and continuous infusion of 5-FU
400 mg/m?/day on days 1-5 and on days 8-12, repeated
twice every 3 weeks, with concurrent radiotherapy
(60 Gy) in 30 fractions over 6 weeks. Nedaplatin was
diluted in 500 ml saline and infused over a period of 2 h.
5-FU was diluted in saline (250 mg/500 ml saline) and
drip-infused continuously over a period of 120 h. Con-
comitant medications routinely administered before ne-
daplatin administration included 8 mg ondansetron plus
8 mg dexamethasone, both given intravenously. Radia-
tion therapy was started on day 1 concomitantly with
chemotherapy and was delivered with megavoltage
equipment using anterior—posterior opposed fields up to
46 Gy to the primary tumor, the metastatic lymph nodes
and the regional nodes. A boost dose of 14 Gy was given
to the primary tumor and to the metastatic lymph nodes
for a total dose of 60 Gy using bilateral oblique or
multiple fields. The clinical target volume for the
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primary tumor was defined as the gross tumor volume
plus 3 cm craniocaudally. The planning target volumes
for the primary tumor and the metastatic lymph nodes
were determined with 1.0-1.5 cm margins to compensate
for setup variations and internal organ motion. The
radiation dose to the spinal cord was kept at a maximum
of 50 Gy. During the treatment, a complete blood count,
including differential and serum chemistry, and urinal-
ysis were performed at least twice a week.

Study design

In phase I of the study, three patients were initially en-
rolled at each dose level. If none of the patients experi-
enced DLT, the next cohort of patients was treated at
the next higher dose level. If one of the three patients
experienced DLT, then three additional patients were
enrolled at the same dose level. If two or more DLTs
occurred at a given dose level, that level was considered
to be the MTD and the dose escalation had to be
stopped. The RD for phase II trials was defined as the
dose preceding the MTD. DLT was defined as the
occurrence of any one of the following during treatment:
Grade 4 neutropenia lasting more than 7 days, any
febrile neutropenia, grade 4 thrombocytopenia, grade 3
nonhematologic toxicity lasting more than 7 days or
grade 4 nonhematologic toxicity. Any event resulting in
treatment discontinuation for longer than 2 weeks was
also considered to be a DLT. Toxicity was graded
according to the National Cancer Institute Common
Toxicity Criteria (NCI-CTC), version 2.0. CRT was
interrupted in the face of grade 4 hematological toxicity
or febrile grade 3 or 4 neutropenia, and resumed with
25% reduction in doses of SFU and nedaplatin if
symptoms resolved to grade 2 or less. If grade 4
esophagitis occurred, CRT or radiaton was interrupted
until it resolved to grade 3. Prophylactic granulocyte
colony-stimulating factor (G-CSF) was not given with
the treatment. However, when grade 4 neutropenia more
than 7 days or febrile neutropenia was noted, CRT was
interrupted, and 50 mg/m?/day of G-CSF was option-
ally given subcutaneously starting the following day and
continued until symptoms recovered to grade 2. Any
patient who required more than 4 weeks for recovery of
adverse reactions was taken off the study.

Evaluation

The primary end-point of this trial was to evaluate the
frequency of DLT, and the secondary end-point was to
evaluate the potential antitumor activity. Within 4-
8 weeks from the completion of CRT, upper endoscopy
(with biopsy as clinically indicated), barium esophagra-
phy and chest and abdominal CT were performed. Re-
sponse of the primary tumor was evaluated by modified
criteria of the Japanese Society for Esophageal Diseases
[23]. In brief, CR for the primary tumor was considered
attained when endoscopy showed no visible tumors and

biopsies proved negative for at least 4 weeks. PR was
assigned if the primary tumor was observed on esoph-
agography as being reduced in area by 250%. Progres-
sive disease was considered to be an increase of 225% in
the area of the tumeor. Responses of the metastatic
lymph nodes were assessed using the World Health
Organization response criteria for measurable diseases.
An independent review committee confirmed the ob-
served responses by radiological and endoscopic exam-
inations. Patients were evaluated every 2 months for the
first 2 years after treatment and then twice a year. Upper
endoscopy and chest and abdominal CT were performed
every 4 months for 2 years and annually thereafter.
Overall survival was defined as the time from the start of
treatment until death from any cause. The distribution
of time to death from date of study entry was estimated
using the Kaplan-Meier product-limit method.

Resuilts
Patient characteristics

Between July 1998 and February 2004, a total of 26
patients entered this trial, all of whom were considered
evaluable for toxicity assessment. In phase I of the
study, 12 patients were treated in sequential cohorts of
3-6 patients per dose level. After the MTD was defined,
14 additional patients were enrolled to confirm the
suitability of this RD in phase II of the study. All pa-
tients were assessable for both toxicity and response. A
summary of patient characteristics is given in Table 1.
There were 6 female and 20 male patients, and their
median age was 63 years. Only one patient had a WHO
performance status of 2, and the remaining patients had
good performance status. The majority of patients had
tumors of the mid thoracic esophagus (14/26:53.8%).
All patients had histologically proven SCC. Forty-six
percent of the patients were diagnosed as being in stage
IVA. The characteristics of both phases before treatment
were similar.

DLTs and recommended dose level

Twelve patients were enrolled in phase I of the study and
were administered three dose levels of nedaplatin com-
bined with 5-FU 400 mg/m?* and concurrent radiother-
apy (60 Gy). The various dose levels, the number of
patients and the DLTs which were observed during the
CRT in determination of MTD are summarized in
Table 2. At the starting dose (level 1) of nedaplatin
(40 mg/m?), no grade 3 or 4 toxicity was observed in the
three patients treated. At level 2 of nedaplatin (50 mg/
m?), one of the first three patients developed grade 4
neutropenia which continued for more than 7 days
during treatment, thus an additional three patients were
recruited for the same dose level. No DLTs occurred
among these last patients. Dose level 3 of nedaplatin
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Table 1 Patients characteristics

Nedaplatin (mg/m?) Phase I portion Phase II portion Total
40 50 60 50
No. of patients 3 6 3 14
Age years
Median 64 67.3 57 62.3 63.0
(Range) (54-76) (60-72) (53-61) (51-68) (51-76)
Male/female 3/0 5/1 1/2 11/3 20/6
Performance status
PSO 2 6 2 9 19
PS 1 1 0 1 4 6
PS2 0 0 0 1 1
Tumor location
Proximal 0 1 3
Middle 2 4 1 7 14
Distal 1 1 1 4 7
Tumor®
1 1 0 0 3 4
2 0 1 0 2 3
3 1 4 2 3 10
4 1 1 1 6 9
Node?
0 1 1 S
1 2 5 3 9 19
Metastasis *
0 2 4 1 7 14
la 1 2 2 7 12
Clinical stage
1 1 0 0 3 4
a 11 0 1 0 2 3
“Numbers correspond to the 111 1 3 1 2 7
tumor-node-metastasis system IVA 1 2 2 7 12

of classification. (UICC1997)

Table 2 Results of dose escalation

Dose level Nedaplatin No. of Type of DLTs
(mg/m?) patients (no of patients)
1 40 3 None
50 6 Neutropenia (1)
3 60 3 Neutropenia (2)

Thrombocytcpcenia (1)

DLT Dose-limiting toxicity

(60 mg/m?) constituted the toxic dose, with 3 of 3 pa-
tients experiencing DLT. The first patient had grade 4
neutropenia for more than 7 days plus grade 3 throm-
bocytopenia. The second had grade 4 neutropenia for
more than 7 days plus grade 3 anemia. The third patient,
who had T4 disease, experienced grade 4 thrombocyto-
penia (concurrently with grade 3 neutropenia) plus grade
3 esophagitis for less than 1 week (the latter toxicity did
not result in a DLT). Therefore, this dose level was
identified as the MTD for this study. We concluded that
dose level 2 should be considered as the RD for further
study.

Safety profile

All 26 patients were assessable for toxicity. Table 3 lists
the treatment-related clinical adverse events experienced

by patients treated at each dose level throughout the
treatment period. A separated analysis of the data from
20 patients treated at RD level 2 (6 patients accrued
during phase I plus 14 additional patients from phase IT)
was also performed. Major treatment toxicities included
myelosuppression and esophagitis. Grade 3—4 neutro-
penia was recorded in 11 of 26 patients (42.3%). Of the
20 patients treated at the RD, 8 (40.0%) patients expe-
rienced grade 3-4 neutropenia. Grade 3-4 thrombocy-
topenia was observed in 7 of 26 patients (26.9%), with 5
patients (25.0%) presenting with grade 3-4 toxicity at
RD. Grade 3 anemia was detected in five patients
(19.2%) with no patients experiencing grade 4. Of the 20
patients treated at the RD, 4 (20.0%) patients experi-
enced grade 3 anemia. Non-hematological side effects
were manageable. Esophagitis was observed in 14 of 26
patients (53.8%). However, at RD level 2, severe
esophagitis (grade 3-4) was observed in only four pa-
tients (20.0%, three patients were grade 3, one patient
was grade 4), who had T4 disease. One patient with
grade 4 esophagitis required transient TPN support for
1 week but completed protocol radiotherapy. Nausea
developed in 53.8% (14/26) of patients, but there were
no cases of grade 3 nausea. Other treatment-associated
symptoms were infrequent or negligible, and it is note-
worthy that no patients experienced grade 3-4 renal
dysfunction. There was no treatment-related death that
occurred during CRT. All patients received the full
planned RT dose (60 Gy). Treatment was interrupted
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Table 3 Toxicity occurring in patients throughout the study period by dose level

Dose level Phase [

Phase 1T All patients (n=26)

(Nedaplatin)

1 (40 mg/m?, n=3) 2 (50 mg/m>, n=06)

3 (60 mg/m?, n=3) 2 (50 mg/m?, n=14)

Toxicity/grade Glor2 G3 G4 Glor2 G3 G4 Glor2 G3 G4 Glor2 G3 G4 Glor2 G3 G4
Neutropenia 3 0 0 4 1 1 0 1 2 7 4 2 14 6 5
Anemia 2 0 0 2 1 0 2 1 0 3 3 0 9 5 0
Thrombocytopenia 2 0 0 2 1 0 1 1 1 3 4 0 8 6 1
Nausea 2 0 - 4 0 - 2 0 - 6 0 - 14 0 -
Diarrhea 0 0 0 0 0 0 2 0 0 2 0 0 4 0 0
Mucositis 0 0 0 1 0 0 1 0 0 3 0 0 5 0 0
Esophagitis 1 0 0 2 1 0 I 1 0 5 2 1 9 4 1
Renal 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0
Fatigue 1 0 0 2 0 0 2 0 0 4 0 0 9 0 0
Hepatic 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

during the CRT in 4 (20.0%) of the 20 patients, three for
persistent neutropenia (within 10 days) and one for
persistent grade 4 esophagitis (12 days). All of these
events occurred during the second course of CRT.

Response to therapy

All patients were available for response assessment. As
shown in Table 4, the overall response rate was 88.5%,
including 11 complete remissions (CR; 42.3%) and 12
partial remissions (PR; 46.2%). Two (22.2%) of nine
patients with T4 disease had a CR. Of the patients
treated at RD, 18 of 20 patients (90%) responded to
treatment, including 9 CR (45%). At the time of this
report, the median survival time (MST) was
21.2 months, and the 1- and 3-year overall survival rates
were 65.1 and 37.2%, respectively (Fig. 1).

Discussion
Nedaplatin, an analogue of cisplatin, is an attractive

candidate for use in combination with 5-FU as it is
lower in toxicity than cisplatin yet equally or more

Table 4 Response rate

N CR PR NC PD Response
rate (%)

Total

Stage 1 4 4 0 0 0 100.0
Stage II 4 3 1 0 0 100.0
Stage 11T 6 2 4 0 0 100.0
Stage IVA 12 2 7 2 1 75.0
Overall 26 11 12 2 1 88.5

RD

Stage 1 3 3 0 0 0 100.0
Stage 11 3 3 0 0 0 100.0
Stage I1I 5 2 2 1 0 100.0
Stage IVA 9 1 7 1 0 88.9
Overall 20 9 9 2 0 90.0

effective. Therefore, we aimed to determine the MTD of
nedaplatin and assess its safety and efficacy in combi-
nation with 5-FU in patients with esophageal cancer in
the CRT setting. Possibly the most widely used regimen
for CRT therapy for localized esophageal cancer is that
used in two landmark trials, RTOG 85-01 and INT
0123, which utilize a standard radiotherapeutic dose of
50.4 Gy or a standard course of chemotherapy which
would involve two cycles of concurrent therapy followed
by two cycles of adjuvant therapy [3, 5, 8]. However, our
study consisted of four cycles of concurrent therapy
along with a high dose of 60 Gy irradiation, the aim of
which was to enhance the radiosensitization effect and
conserve the antitumor effect in esophageal cancer with
concurrent CRT, rather than sequential CRT [24]. In
fact, a retrospective Japanese study [25] of definitive
CRT consisting of 60 Gy irradiation along with four
cycles of concurrent therapy of CDDP and 5-FU pro-
duced an overall radiologic CR rate of 56% and a 5-year
survival rate of 29%, comparable with surgery. The dose
levels of nedaplatin were set at 40, 50, and 60 mg/m?
once per week based on the approved dosage for use in
Japan being 100 mg/m> per course given as a 1-h
intravenous infusion every 4 weeks [17].

Surviving population
= B B -
" ! o " 1 i 1
T 1 T T

[
Lol
T

T y T T T T T L— 4 T
20 30 40 50
Months

Fig. 1 Overall survival data for all patients
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Phase I of this study has demonstrated the recom-
mended dosing (RD) of nedaplatin to be 50 mg/m? on
days 1 and 8 in combination with 5-FU at 400 mg/m?/
day on days 1-5 and days 8-12, repeated twice every
3 weeks with concurrent radiotherapy (60 Gy). The
DLT associated with this regimen was hematological
toxicity, consisting of neutropenia and thrombopenia.
However, at RD, grade 4 leukopenia lasting for more
than 7 days were observed only in three patients and
improved rapidly (within 3 days) after the administra-
tion of G-CSF. Similarly, grade 4 thrombocytopenia
was observed in only one patient at dose level 3, whereas
no grade 4 thrombocytopenia was observed at the RD.
With regard to the non-hematological toxicity, the
present study generally presented with mild symptoms.
Grade 4 esophagitis was only observed in one patient,
who was dosed at RD, and was manageable. Four
(44.4%) of nine patients who had T4 disease experienced
grade 3-4 esophagitis, while non-T4 patients had no
severe esophagitis. This is because the volume of tissue
irradiated will vary greatly between stages I and IVA
patients, leading to a much different risk of radiation
induced toxicity. .

In the RTOGS85-01 trial, CRT was associated with 44
and 20% grade 3 and 4 acute toxicities, respectively,
mostly neutropenia and esophagitis. Other 5-FU and
cisplatin-based regimens have also been associated with
significant toxicities [26]. In fact, with regard to hema-
tological toxicity, Ishikura et al. [25] reported that grade
3 or higher leukopenia, anemia and thrombopenia were
observed in 43, 23 and 18% of 139 patients, respectively,
treated with cisplatin plus 5-FU and 60 Gy of radio-
therapy. Toita et al. [27] reported grade 3-4 neutropenia
in 30% of patients treated with CRT using cisplatin plus
5-FU. When comparing the hematological toxicity to
our study at RD, the incidence was roughly the same but
with manageable hematologic toxicity. In the RTOG 85-
01 trial, grade 3 or 4 esophagitis occurred in 33% of
patients receiving CRT, compared with 18% in those
receiving radiotherapy alone [6]. However, the current
treatment was associated with a 20% rate of esophagitis
at RD, despite the higher RT dose delivered. This was
consistent with the results of other Western trails [28, 29]
and a Japanese phase 2 study (66.7% of T4 tumor) [30]
which employed a total RT dose of >60 Gy. Because of
the difference of study design and the relatively small
number of enrolled patients, comparison of the toxicity
data of this study to those of the RTOG 85-01 may be
difficult. Nephrotoxicity was not specifically noted in the
RTOG 85-01 trial, so it is difficult to compare the tox-
icity seen in this trial with that landmark trial, but given
the lack of nephrotoxicity seen with nedaplatin, it cer-
tainly exhibits safety for that endpoint.

Among several different nedaplatin-based CRT regi-
mens [20-22], grade 3-4 leukocytopenia or thrombocy-
topenia were found in 15.4-25.0 and 7.7-11.7% of
patients, respectively. The regimens employed in these
studies used lower doses of radiation or lower dosage
drug regimens than our study. This is presumed to be the
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cause of the greater toxicity observed during our study.
Although there was a high percentage (34.6%, 9/26) of
patients with T4 disease, our study achieved encouraging
results with a response rate of 88.5% (including 42.3%
CR), a MST of 21.2 months and 1- and 3-year overall
survival rates of 65.1 and 37.2%, respectively. Of note is
that our results were comparable with the reported trials
of CRT using the cisplatin and 5-FU protocol, including
RTOG 85-01 [8] and an INT 0123/RTOG 94-05 [5],
despite the limitation of a small number of patients.
Previously reported nedaplatin-based CRT regimens
showed relatively good response rates of 76.5% (CR rate
11.85%) [20] and 77% (CR rate 9%) [22]. Nemoto et al.
[21] performed one or two cycles of treatment with ne-
daplatin (median dose 65 mg/m?) and 5-FU (median
dose 507 mg/m?/24 h, 5-day continuous infusion) with
radiation therapy (60-70 Gy) and reported a response
rate of 94% (16/17: CR rate 41%) in spite of the low-
dose regimen in which the total dose of the agents was
half or less than that used in our study. However, their
study involved fewer patients with T4 disease (2/17,
11.8%) than our study (34.6%).

In conclusion, this phase I/II study has demon-
strated the feasibility of administering combined ther-
apy with nedaplatin, 5-FU and radiation and has
shown evidence of anti-tumor activity with an accept-
able safety profile.
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Purpose: To analyze the outcomes of patients with early hypopharyngeal cancer treated with radical radiother-
apy (RT).

Methods and Materials: Ten institutions combined the data from 115 patients with Stage I-II hypopharyngeal
squamous cell carcinoma treated with definitive RT between 1990 and 2001. The median patient age was 67
years; 99 patients were men and 16 were women. Of the 115 patients, 39 had Stage I and 76 had Stage II disease.
Conventional fractionation was used in 98 patients and twice-daily RT in 17 patients; chemotherapy was
combined with RT in 57 patients. The median follow-up period was 47 months.

Results: The overall and disease-specific 5-year survival rate for 95 patients without synchronous malignancies
was 66.0% and 77.4%, respectively. The 5S-year disease-specific survival rate by T stage was 95.8% for patients
with T1 disease and 70.1% for patients with T2 disease (p = 0.02). Of the 115 patients, local control with
laryngeal voice preservation was achieved in 34 of 39 patients with T1 lesions, including 7 patients successfully
salvaged, and in 56 of 76 patients with T2 lesions. Sixty-five patients (56.5%) had synchronous or metachronous
cancers. Of the 115 patients, 19 died of hypopharyngeal cancer, 10 died of second primary cancers, and 14 died
of other causes during the study and follow-up periods.

Conclusions: Patients with early hypopharyngeal cancer tended to have a good prognosis after RT. However,
second malignancies had an adverse effect on the overall outcomes of patients with early hypopharyngeal cancer.

© 2006 Elsevier Inc.

Radiotherapy, Hypopharyngeal cancer, Early stage, Chemoradiotherapy, Second primary cancer.

INTRODUCTION

The optimal treatment for early hypopharyngeal cancer has
been debated for years (1, 2). Treatment options have in-
cluded surgery and radiotherapy (RT) with or without che-
motherapy. More recently, endoscopic laser resection has
been used at a limited number of institutions (3). Although
some authors have advocated for the effectiveness of con-

servation surgery or endoscopic laser resection in patients in
the early stages of hypopharyngeal cancer, the functional
results in terms of voice preservation have seemed unsatis-
factory (3-5). RT may be the treatment of choice in terms of
functional preservation. However, because early-stage hy-
popharyngeal cancer is relatively rare, few reports have
been published on the efficacy of RT for this type of cancer
2,6, 7).
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Table 1. Patient characteristics

Stage I Stage II
Characteristic (n =39 (n = 76)

Gender (n)

Male 33 66

Female 6 10
Age (y)

Median 63 68

Range 48-84 43-88
Performance status (n)

0 31 33

1 1 27

2 1 6

3 0 1

4 0 0

Unknown 6 9
Tumor differentiation (n)

Well 8 15

Moderate 17 34

Poor 3 7

Unknown 11 20
Subsite

Pyriform fossa 27 53

Posterior wall 8 13

Postcricoid region 0 6

Unknown 4 4

In the present multi-institutional retrospective study, we
reviewed the clinical records of patients with early squa-
mous cell carcinoma of the hypopharynx treated with rad-
ical RT or chemoradiotherapy at 10 institutions to analyze
the outcomes of RT for early hypopharyngeal cancer.

METHODS AND MATERIALS

Ten institutions with significant experience in RT for head-and-
neck cancer collaborated in the present study. We collected the
clinical records of 115 patients with early-stage squamous cell
carcinoma of the hypopharynx who underwent RT with radical
intent between 1990 and 2001. Early-stage cancer was defined as
Stage 1 (TINOMO, tumor limited to one subsite of the hypopharynx
and to =2 cm in the greatest dimension) or II (T2NOMO, tumor
that had invaded more than one subsite of the hypopharynx or an
adjacent site or measured >2 cm but not >4 cm in the greatest
dimension, without fixation of the hemilarynx), according to the
International Union Against Cancer 2002 classification (8).

The patient characteristics are presented in Table 1. The age
range of the 99 men and 16 women in the study group was 43-88
years (median 67). The performance status (PS) according to the
Eastern Cooperative Oncology Group was 0 for 64 patients, 1 for
28 patients, 2 for 7 patients, and 3 for 1 patient. PS data were not
obtained for 15 patients. The patients with Stage II disease tended
to have a poorer PS than the patients with Stage 1. All tumors were
diagnosed as squamous cell carcinoma by histopathologic exami-
nation of the biopsy specimens. Of the 115 patients, 23 had
well-differentiated tumors, 51 had moderately differentiated tu-
mors, 10 had poorly differentiated tumors, and 31 had squamous
cell carcinoma of unknown differentiation. The primary sites were
the pyriform fossa in 80 (69.6%), posterior pharyngeal wall in 21
(18.3%), and postcricoid region in 6 (5.2%); 8 patients (6.9%) had
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an unknown primary site. Most patients underwent CT as a part of
their staging workup. At the initial workup, 39 patients were
diagnosed with Stage I cancer and 76 with Stage 11 disease.

All patients underwent RT with radical intent, primarily using
supervoltage X-rays (Table 2). The techniques and doses varied by
institution. Because the clinical data from the multiple institutions
were retrospectively analyzed for this study, it was not possible to
standardize these data completely. A conventional fractionation
schedule of 1.5-2.0 Gy/d was used in 98 patients, and twice-daily
RT with doses of 1.2-1.6 Gy/fraction was used in 17 patients.
Local irradiation of the primary site was performed using parallel-
opposed lateral fields or three-dimensional conformal techniques.
Elective bilateral neck irradiation was also performed using par-
allel-opposed lateral fields with or without a matched anterior
lower neck field or anterior and lateral wedged fields. In the case
of elective nodal irradiation, the primary lesion was boosted with
reduced fields after 36-50 Gy.

Of the 39 patients with T1 tumors, 17 (43.6%) were treated with
local irradiation only and 22 (56.4%) with elective neck irradia-
tion. Of the 76 patients with T2 tumors, 8 (10.5%) were treated
with local irradiation only and 68 (89.5%) were treated with fields
encompassing the primary lesion and nodal areas. Of the 90
patients treated with elective nodal irradiation, the radiation fields
included the retropharyngeal region and supraclavicular nodes, in
addition to the entire neck in 12 patients with T1 tumors and 44
patients with T2 tumors. Smaller fields were used in the remaining
patients. The median total dose for T1 or T2 lesions was 63.0 Gy
or 66.0 Gy with once-daily fractionation and 63.5 Gy or 70.0 Gy
with twice-daily fractionation, respectively.

Chemotherapy, which was chosen according to the policy of the
patient’s physician or on the basis of the patient’s condition, was
given in 57 patients (49.6%), of whom 17 had T1 tumors and 40
had T2 tumors. Neoadjuvant chemotherapy was performed in 8
patients, concurrent chemoradiotherapy in 46 patients, and alter-
native chemoradiotherapy in 3 patients. Chemotherapy was admin-
istered daily to 34 patients, weekly to 5 patients, and monthly to 18
patients. In 40 patients, 5-fluorouracil was used with (n = 24) or
without (n = 16) cisplatin, carboplatin, or Nedaplatin. Single-agent
chemotherapy using cisplatin was given to 7 patients; the other agents
used in the present study included docetaxel, peplomycin, tegafur-
uracil, and oral fluoropyrimidine anticancer drug TS-1.

The median follow-up period was 47 months (range, 2-156
months). The overall and disease-specific survival rates were eval-
uated in 95 patients without synchronous malignancies, using the
Kaplan-Meier method. The statistical significance of the differ-
ences between the survival curves was assessed using the log-rank

Table 2. Dose and radiation field by stage

Stage 1 Stage 11
(n = 39) (n = 76)
Radiation dose (Gy)

Once daily 35 63
Median 63.0 66.0
Range 50.0-70.5 50.0-80.0

Twice daily 4 13
Median 63.5 70.0
Range 55.5-69.0 59.5-72.0

Radiation field
Local 17 8
Locoregional 22 68
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Fig. 1. Overall and disease-specific survival rates for 95 patients
without synchronous malignancies.

test. The local control rate was calculated for all 115 patients.
Cox’s proportional hazards model was used in the multivariate
analysis. A p value of <0.05 was considered to indicate a statis-
tically significant difference. The Radiotherapy Oncology Group
late toxicity scales were used to assess late morbidity.

RESULTS

Survival

The 5-year overall and disease-specific survival rate for
95 patients without synchronous malignancies was 66.0%
and 77.4%, respectively (Fig. 1). The 5-year disease-spe-
cific survival rate according to T stage was 95.8% for
patients with T1 disease and 70.1% for patients with T2
disease (p = 0.02; Fig. 2). The S-year progression-free
survival rate according to T stage was 67.6% for patients
with Stage T1 disease and 51.5% for patients with Stage T2
disease (p = 0.13; Fig. 3).

Failure patterns

Table 3 shows the patterns of failure we encountered in
the present study. Of the 115 patients, 42 (36.5%), 10 with
T1 tumors and 32 with T2 tumors, developed disease re-
currence; 30 patients (26.1%) had a local recurrence. Al-
though local control was good for patients with Stage T1
tumors, local recurrence was more frequent with T2 tumors.
Fourteen patients developed a relapse in the neck. Of these,
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Fig. 2. Disease-specific survival rates for 95 patients without
synchronous malignancies as a function of tumor stage.
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Fig. 3. Progression-free survival rates for 95 patients without
synchronous malignancies as a function of tumor stage.

3 patients with T1 tumors underwent local irradiation only,
and 8 of the remaining 11 patients, who had Stage T2
disease, underwent elective neck irradiation. Three patients
developed distant metastases. Of 76 patients with locore-
gional control, 3 (3.9%) had failure at distant sites.

Treatment factors and T stage were analyzed in all 115
patients as potential prognostic factors for local control
using the univariate log-rank and the multivariate Cox
regression method (Table 4). PS, T stage, and concurrent
chemoradiotherapy showed statistical significance for local
control in multivariate analysis.

Salvage treatment

Of the 30 patients with local recurrence, 26 (86.7%)
underwent attempted radical salvage of their primary recur-
rence. Total laryngopharyngectomy with or without neck
resection was performed in 20 patients, partial pharyngec-
tomy was performed in 3, endoscopic mucosal resection in
1, laser surgical excision in 1, and RT in 1. As a result, 17
patients remained disease free, and 9 patients died of sub-
sequent recurrences. Other salvage treatments for nodal
recurrence or distant metastasis included RT in 4 patients
and neck dissection in 3 patients. The remaining 9 patients
were treated with best supportive care.

Local control with laryngeal voice preservation was
achieved in 34 (87.2%) of 39 patients with T1 lesions,
including 7 patients successfully salvaged after local recur-
rence, and in 56 (73.6%) of 76 patients with T2 lesions.

Adverse effects

Three patients had Grade 2 laryngeal edema, 1 had Grade 2
laryngeal stenosis, and 1 had Grade 3 dysphagia. One patient

Table 3. Distribution of initial failures

Stage 1 Stage 11 Total
Failure (n = 39) (n = 76) (n = 115)
Local 6 19 25
Nodal 3 6 9
Local + nodal 0 5 5
Distant 1 2 3
Total (%) 10 (25.6) 32 (42.1) 42 (36.5)
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Table 4. Results of multivariate analysis of prognostic factors for local control

Multivariate

Prognostic factor n 5-y local control rate (%) Univariate p p Risk ratio
Age (<70 vs. =70 y) 76/37* 58.6/82.6 0.064 0.052 0.39
Performance status (0 vs. 1-3) 64/36% 67.4/71.2 0.37 0.0242 0.33
T stage (T1 vs. T2) 39/76 76.5/62.6 0.077 0.0021 5.25
Total dose (<60 vs. =60 Gy) 28/87 75.4/63.6 0.57 0.79 1.15
Once-daily (yes vs. no) 99/16 64.4/87.5 0.24 0.143 0.38
Chemotherapy (yes vs. no) 57/58 69.5/64.7 0.72 0.24 0.53
Concurrent CRT (yes vs. no) 46/69 79.3/60.8 0.108 0.0031 6.76

Abbreviation: CRT = chemoradiotherapy.

* Because some data were missing, the total numbers of patients were less than actual number.

had Grade 4 laryngeal necrosis, and total laryngectomy was
performed. The remaining 109 patients had no severe compli-
cations other than Grade 2-3 acute radiation mucositis.

Synchr()nous and metachronous cancers

Of our 115 patients, 65 (56.5%) had 83 synchronous or
metachronous malignancies. Of these malignancies, 34, 22,
and 27 tumors occurred before, during, and after treatment
for hypopharyngeal cancer, respectively. The anatomic sites
of synchronous or metachronous malignancies included the
esophagus in 41 patients, stomach in 12, lung in 6, colon in
5, rectum in 4, tongue in 3, oral floor in 3, urinary bladder
in 2, thyroid in 2, oropharynx in 1, breast in 1, uterine
cervix in 1, liver in 1, and bone marrow (myelodysplastic
syndrome) in 1. Seven patients had triple synchronous or
metachronous malignancies, and 5 patients had quadruple
malignancies. All metachronous malignancies before hy-
popharyngeal cancer were completely controiled.

The simultaneous occurrence of hypopharyngeal cancer and
other primary cancers was noted in 20 patients (17.4%), 15 of
whom had esophageal cancer. Both hypopharyngeal and
esophageal cancers were treated simultaneously with chemo-
radiotherapy (n = 8) or RT (n = 1) in 9 patients. Subse-
quently, esophagectomy was performed in 3 patients, and
endoscopic mucosal resection was used in 1 patient. Esoph-
agectomy (n = 4) or endoscopic mucosal resection (n = 1)
was performed before chemoradiotherapy for hypopharyn-
geal cancer in 5 patients. Esophagectomy was performed
after RT for hypopharyngeal cancer in 1 patient. However,
6 patients died of esophageal cancer recurrence. Other syn-
chronous malignancies included gastric cancer in 2 patients,
tongue cancer in 1, colon cancer in 1, and thyroid cancer in
1, all of which were successfully treated.

Overall, a total of 19 patients died of hypopharyngeal
cancer, 6 died of esophageal cancer, 2 of lung cancer, 1 of
myelodysplastic syndrome, | of hepatocellular carcinoma,
and 14 of other intercurrent diseases or unknown causes.

DISCUSSION

Extensive data have been published on patient outcomes
after RT for hypopharyngeal cancer; however, the previ-

ously published series have typically focused on the out-
comes of RT for all stages of this cancer. Because most
patients with hypopharyngeal cancer have either large pri-
mary tumors or lymph node metastases, patients with early
hypopharyngeal cancer were relatively small cohorts in
these works. Mendenhall et al. (7) described the outcome of
73 patients with T1-T2 carcinoma of the pyriform sinus
after RT, yet only 14 patients (19%) had Stage I or II
disease. In the study reported by Okamoto et al. (9) on 134
patients with hypopharyngeal cancer, only 11 (8%) had
Stage I disease and 13 (10%) had Stage II disease. Only a
few reports have focused on the efficacy of RT for early-
stage hypopharyngeal cancer, and the optimal treatment
approach remains highly controversial.

RT has long been recognized as an effective therapy for
hypopharyngeal cancer. Mendenhall et al. (7) achieved ex-
cellent local control in 80% of patients with T1-T2 pyri-
form sinus carcinoma treated with RT alone, and Garden et
al. (6) reported that the 2-year actuarial local control rate for
T1 and T2 tumors after RT alone was 89% and 77%,
respectively. They concluded that patients with early hypo-
pharyngeal cancer were highly radiocurable. The present
results compare favorably with these reports.

Local recurrence after definitive RT is the most common
form of disease failure, despite the relatively high overall
control rate (6). Because nodal or distant failure is infre-
quent, local control is still an important factor in controlling
early-stage hypopharyngeal cancer. Although concurrent
chemoradiotherapy was a strong prognostic factor for local
control on multivariate analysis, our study was not able to
definitively show that other possible prognostic factors such
as radiation dose or hyperfractionation regimen were asso-
ciated with an improved local control rate. However, im-
provement of the local control rate with a hyperfractionation
regimen or with a combination of RT and chemotherapy has
been documented in published reports. Even in patients with
advanced pyriform sinus carcinoma, Samant et al. (10) dem-
onstrated an organ preservation rate of 88% using concomitant
RT and cisplatin chemotherapy. Additionally, Okamoto et al.
(9) showed that of 88 patients with hypopharyngeal cancer
treated with chemoradiotherapy, the larynx was preserved in
74% of patients, a far better preservation rate than that in the
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surgery group. Although evidence has now clearly shown
that chemoradiotherapy provides a substantial improvement
compared with RT alone in both survival and locoregional
control (1, 11), the efficacy of the combination of chemo-
therapy with RT in early hypopharyngeal cancer remains
unclear. However, the combination of RT with chemother-
apy has generated great interest because of its improved
outcomes, considering that a considerable number of pa-
tients (26% in the present study) developed local recurrence.
In Japan, a national survey on the current status of treatment
of early hypopharyngeal cancer revealed that chemotherapy
was combined with RT for Stage I disease in 60% of
institutions and for Stage II disease in 80% of institutions
(12). However, large, well-designed clinical trials, which
will allow any estimates of the risk for severe late side
effects, as well as improved local control rates, are neces-
sary.

Some authors have advocated for the effectiveness of
hyperfractionation for head-and-neck cancers, including
hypopharyngeal cancer. A Radiation Therapy Oncology
Group randomized study demonstrated that locoregional
control significantly increased in patients with locally ad-
vanced head-and-neck cancer who received treatment with
hyperfractionation rather than standard fractionation (13).
Although hyperfractionation has also been shown to im-
prove the outcome of RT for head-and-neck cancer in other
randomized trials, very little evidence has shown an in-
creased local control rate of early-stage cancer as a result of
hyperfractionation.

Because of the high propensity for metastasis to the
lymph nodes at multiple levels, one researcher has recom-
mended that the retropharyngeal and supraclavicular areas,
in addition to the entire neck, should be part of the treatment
volume, even in patients with early T stage tumors and

negative neck lymph nodes (14). In contrast, another re-
searcher has shown that treatment should focus on smaller
fields that include the primary tumor and upper cervical
lymph nodes for T1-T2NOMO pyriform sinus carcinoma
(15). Because of limited material available in published
studies and in our series, the optimal radiation field for early
hypopharyngeal cancer remains controversial.

The crude incidence of synchronous and metachronous
primary malignancies was extremely high in our series and
had a major impact on overall survival. Specifically, second
primary tumors of the aerodigestive tract are known to
occur in approximately 26% of patients with hypopharyn-
geal cancers (16). In the present study, 56.5% of our patients
had synchronous or metachronous cancers, and esophageal
cancer in particular had a major impact on overall survival.
Because patients with early head-and-neck cancers gener-
ally have a good prognosis, careful follow-up and the early
detection of second primary tumors are critical.

To the best of our knowledge, this is the largest reported
series of patients with early hypopharyngeal cancer treated
with RT. The present study was a nonrandomized retrospec-
tive study, and we could not exclude the possibility of bias
and limitations to the results. Although 24 (31.6%) of 76 T2
tumors recurred locally in our study, patients with Stage 11
disease had a poorer PS than patients with Stage 1. Also, a
considerable number of the patients in this study might not
have been candidates for surgery because of old age or
medical problems. However, in the absence of other large
series, multi-institutional analyses of this type provide im-
portant information on therapeutic efficacy. Patients with
early hypopharyngeal cancer seem to have a good prognosis
after RT; however, the exact benefits of RT can be eluci-
dated only by prospective randomized studies.

REFERENCES

1. Garden AS. Organ preservation for carcinoma of the larynx
and hypopharynx. Hematol Oncol Clin North Am 2001;15:
243-260.

2. Nakamura K, Shioyama Y, Sasaki T, et al. Chemoradiation
therapy with or without salvage surgery for early squamous
cell carcinoma of the hypopharynx. Int J Radiat Oncol Biol
Phys 2005;62:680-683.

3. Bernal-Sprekelsen M, Vilaseca-Gonzalez I, Blanch-Alejandro
JL. Predictive values for aspiration after endoscopic laser
resections of malignant tumors of the hypopharynx and lar-
ynx. Head Neck 2004;26:103-110.

4. Godballe C, Jorgensen K, Hansen O, et al. Hypopharyngeal
cancer: Results of treatment based on radiation therapy and
salvage surgery. Laryngoscope 2002;112:834-8§38.

5. Czaja JM, Gluckman JL. Surgical management of early-stage
hypopharyngeal carcinoma. Ann Otol Rhinol Laryngol 1997,
106:909-913.

6. Garden AS, Morrison WH, Clayman GL, et al. Early squa-
mous cell carcinoma of the hypopharynx: Outcomes of treat-
ment with radiation alone to the primary disease. Head Neck
1996;18:317-322.

7. Mendenhall WM, Parsons JT, Stringer SP, et al. Radiotherapy
alone or combined with neck dissection for T1-T2 carcinoma

of the pyriform sinus: An alternative to conservation surgery.
Int J Radiat Oncol Biol Phys 1993;27:1017-1027.

8. Sobin LH, Wittekind C. TNM classification of malignant
tumours. 5th ed. New York: Wiley Liss; 1997.

9. Okamoto M, Takahashi H, Yao K, er al. Clinical impact of
using chemoradiotherapy as a primary treatment for hypopha-
ryngeal cancer. Acta Otolaryngol 2002;547(Suppl.):11-14.

10. Samant S, Kumar P, Wan J, et al. Concomitant radiation
therapy and targeted cisplatin chemotherapy for the treat-
ment of advanced pyriform sinus carcinoma: Disease con-
trol and preservation of organ function. Head Neck 1999,
21:595-601.

11. Zackrisson B, Mercke C, Strander H, et al. A systematic
overview of radiation therapy effects in head and neck cancer.
Acta Oncol 2003;42:443-461.

12. Nakamura K, Hareyama M, Shioyama Y, et al. Radiothera-
peutic management of early hypopharyngeal cancer: A ques-
tionnaire survey. J Jpn Soc Ther Radiol Oncol 2005:17:41-45
[in Japanese].

13. Fu KK, Pajak TF, Trotti A, et al. A Radiation Therapy
Oncology Group (RTOG) phase I1T randomized study to com-
pare hyperfractionation and two variants of accelerated frac-
tionation to standard fractionation radiotherapy for head and

—318—



1050 [. J. Radiation Oncology @ Biology ® Physics

neck squamous cell carcinomas: First report of RTOG 9003.
Int J Radiat Oncol Biol Phys 2000;48:7-16.

14. Fu KK. The endolarynx and hypopharynx. In: Cox JD, editor.
Moss’ radiation oncology. 7th ed. St. Louis: Mosby-Year
Book: 1994. p. 214-245.

15. Dobbs J. Hypopharynx. In: Dobbs M, Barrett A, Ash D, editors.

Volume 65, Number 4, 2006

16.

—319—

Practical radiotherapy planning. 3rd ed. London: Arnold; 1999.
p. 86-93.

Emami B, Shmidt-Ullrich RK. Hypopharynx. In: Perez CA.
Brady LW, editors. Principles and practice of radiation
oncology. 4th ed. Philadelphia: JB Lippincott; 2003. p. 1071-
1093.



®
BMCCancer = siomedcm

Research article

Results of radiation therapy combined with nedaplatin
(cis-diammine-glycoplatinum) and 5-Fluorouracil for postoperative
locoregional recurrent esophageal cancer

Keiichi Jingu**, Kenji Nemoto?, Haruo Matsushita, Chiaki Takahashi,
Yoshihiro Ogawa, Toshiyuki Sugawara, Eiko Nakata, Yoshihiro Takai and
Shogo Yamada

Address: Department of Therapeutic Radiology, Tohoku University School of Medicine, Seiryo-machi 1-1, Aoba-ku, Sendai 980-8574, Japan

Email: Keiichi Jingu* - kjingu-jr@rad.med.tohoku.ac.jp; Kenji Nemoto - knemoto@rad.med.tohoku.ac.jp; Haruo Matsushita - h-
matsushita@rad.med.tohoku.ac.jp; Chiaki Takahashi - chiakitakahashi@rad.med.tohoku.ac.jp;

Yoshihiro Ogawa - ogaway@rad.med.tohoku.ac.jp; Toshiyuki Sugawara - sugatoshi@rad.med.tohoku.ac.jp; Eiko Nakata - e-
nakata@rad.med.tohoku.ac.jp; Yoshihiro Takai - y-takai@rad.med.tohoku.ac.jp; Shogo Yamada - shogo-y@rad.med.tohoku.ac.jp

* Corresponding author  tEqual contributors

Published: 04 March 2006 Received: 0 November 2005
BMC Cancer2006, 6:50  doi:10.1186/1471-2407-6-50 Accepted: 04 March 2006
This article is available from: http://www.biomedcentral.com/1471-2407/6/50

© 2006Jingu et al; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: Although the effectiveness of radiotherapy with concurrent administration of several anti-
tumor drugs for postoperative recurrent esophageal cancer has been demonstrated, the results are not
satisfactory. The purpose of the present study was to evaluate the effectiveness and safety of radiotherapy
combined with nedaplatin and 5-FU for postoperative locoregional (excluding hematogenous metastasis)
recurrent esophageal cancer.

Methods: In June 2000, we started a phase Il study on treatment of postoperative locoregional recurrent
esophageal cancer with radiotherapy (60 Gy/30 fr/é weeks) combined with chemotherapy consisting of
two cycles of nedaplatin (70 mg/m2/2 h) and 5-FU (500 mg/m2/24 h for 5 days).

The primary endpoint of the present study was overall survival rate, and the second endpoints were
irradiated-field control rate, tumor response and toxicity.

Results: A total of 30 patients were included in this study. The |-year and 3-year overall survival rates
were 60.6% and 56.3%, respectively, with a median survival period of 39.0 months, and the I-year and 3-
year irradiated-field control rates were 86.4% and 72%, respectively. Complete response and partial
response were observed in 13.3% and 60.0% of the patients, respectively. Grade 3 or higher
leukocytopenia and thrombocytopenia were observed in 30% and 3.3% of the patients, respectively, but
renal toxicity of grade 3 or higher was not observed. The regimen was completed in 76.7% of the patients.

In univariate analysis, the difference between survival rate in preradiotherapy performance status,
recurrent pattern (worse for patients with anastomotic recurrence) and age (worse for younger patients)
were statistically significant.

Conclusion: Radiotherapy combined with nedaplatin and 5-FU is a safe and effective salvage treatment
for postoperative locoregional recurrent esophageal cancer.
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Background

Since the mid-1980's, extended radical esophagectomy
with three-field (neck, mediastinum, and abdomen)
lymph node dissection has been performed, and it seems
to have improved survival of patients with esophageal
cancer [1-3]. However, there is recurrence in 27~52% of
operated patients and locoregional recurrence in
41.5~55% of patients with postoperative recurrence [3-9].
Although the effectiveness of radiotherapy and concurrent
chemoradiotherapy using cisplatin (CDDP) + 5-fluorour-
acil (5-FU) or a combination of several anti-tumor drugs
for postoperative recurrent esophageal cancer has been
demonstrated, median survival periods have been only
7.0~11.0 months [9-19]. These results are not satisfactory.

Nedaplatin (Cis-Diammine-Glycoplatinum:CDGP), a
derivate of CDDP that shows anti-tumor activity similar
to that of CDDP and has less renal and gastrointestinal
toxicity [20-23], is now being used clinically to treat can-
cer patients in Japan. The chemical structures of CDGP
and CDDP are shown in Fig. 1. The rate of response to
CDGP alone for treatment of esophageal cancer was
reported to be 51.7% (15 partial responses obtained in 29
patients) [21]. CDGP + 5-FU seemed to have a superior
effect to that of CDDP + 5-FU in a preclinical study [22]
and has been shown to be safe and effective for treatment
of esophageal cancer in some clinical studies
[16,17,24,25].

Based on these facts, we started a phase study 1l on the
effectiveness of radiotherapy combined with CDGP and
5-FU for postoperative locoregional recurrence of esopha-
geal cancer.

Methods

In June 2000, we started the present study in three insti-
tutes, Tohoku University Hospital and two affiliated hos-
pitals, according to the following protocol.

All patients had histologically proven squamous cell car-
cinoma of the esophagus. Patient selection criteria
included 1) 30 to 80 years of age, 2) Eastern Cooperative
Oncology Group (ECOG) performance status of 0 to 3, 3)
no other active cancer, 4) no serious cardiac, liver, or pul-
monary disease, 5) creatinine clearance of more than 50
ml/min, 6) adequate bone marrow function (leukocyte
count of 4000/ul, platelet count of 100,000/ul, 7) locore-
gional recurrence (including para-aortic lymph node
metastasis) without distant metastasis after no residual
tumor (RO) resection; extended radical esophagectomy
with three-field (neck, mediastinum, and abdomen)
lymph node dissection, and 8) no previous therapy other
than RO resection.

http://www.biomedcentral.com/1471-2407/6/50
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Chemical structures of cisplatin and nedaplatin.

Recurrence was diagnosed comprehensively by upper gas-
trointestinal endoscopy, ultrasonography, computed
tomography (CT), physical findings and/or cytology.

Alinear accelerator (4 MV or 10 MV) was used as the X-ray
source. The target volume was localized for radiotherapy
in all patients by CT planning. The daily fractional dose of
radiotherapy was 2.0 Gy, administered 5 days a week, and
the total dose was 60.0 Gy. For 11 patients who had
metastasis of lymph nodes in some regions or metastasis
of many lymph nodes in one region, a T-shaped field
(including the bilateral supraclavicular, mediastinal and
abdominal regions) was used. For the remaining 19
patients, local fields with a margin of 1 to 2 cm from the
macroscopic tumor were used. After a total dose of 40 Gy,
the field was changed for all patients to avoid the spinal
cord, and only macroscopic lesions were irradiated with a
margin of 1 to 1.5 cm. To decrease the incidence of radia-
tion pneumonitis, we avoided as much as possible irradi-
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Figure 2
Schedule of the protocol of chemoradiotherapy.
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Table |: Patient characteristics
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Patients
Age years old
median 64
range 50-72
Gender Number of patients
male 29
female l

Preoperative Stage (UICC* 1997)
|

A

B
I
v

unknown
Site of recurence
supraclavicular lymph node
mediastinal lymph node
abdominal lymph node
local
Performance Status (ECOGY)
0
]
2
3
4
State at last observation date (August 31, 2005)
alive
dead
unknown

Number of patients
4
2
3
17
2
2
Number of patients
9
14
7
9
Number of patients
10
I5
3
2
0
Number of patients
15
13
2

* UICC: Union Internationale Contre le Cancer, 1 ECOG: Eastern Cooperative Oncology Group

ating more than 30% of V,,, which is the percentage of the
total lung volume that received > 20 Gy.

Each cycle of chemotherapy consisted of 120-minute infu-
sion of CDGP at 70 mg/m? and a 5-day period of 5-FU at
500 mg/m?/day. The median doses per body of CDGP
and 5-FU were 100 mg/day (range, 80 to 125 mg/day) and
750 mg/day (range, 500 to 900 mg/day), respectively.
This cycle of chemotherapy was repeated with an interval
of 3 or 4 weeks, for a total radiotherapy dose of 60 Gy (Fig.
2). However, if toxicity of grade 3 or higher was noted and
prolonged, we suspended or discontinued chemotherapy
or reduced the dose of CDGP alone or the dose of both
CDGP and 5-FU by 25~30% in the subsequent cycle.

Completion of the regimen in this study was defined as
completion of two cycles of full-dose CDGP + 5-FU for a
total radiotherapy dose of 60 Gy without suspension of
treatment.

The overall survival, relapse-free survival and irradiated-
field control rates were calculated from the first date of
radiotherapy.

—322—

The primary endpoint of the current study was overall sur-
vival rate, and the second endpoints were tumor response,
relapse-free survival rate, irradiated-field control rate and
toxicity.

RECIST (Response Evaluation Criteria in Solid Tumors)
was used to determine the tumor response. Tumor
response was evaluated by CT 1~2 months after chemora-
diotherapy. The number of mean measurable lesions was
1.8 per patient, and the response was evaluated according
to agreement of more than two radiation-oncologists. In
the present study, metastasis of para-aortic lymph nodes
was defined as regional recurrence.

Follow-up evaluations were performed every 3~6 months
for the first 2 years and every 12 months thereafter by
endoscopy and CT.

We defined what only progression disease (PD) according
was the failure of the present regimen (relapse again).

Survival estimates were calculated using the Kaplan-Meier
method, and differences were evaluated by the log-rank
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Figure 3

Overall survival of patients with postoperative locoregional
recurrent esophageal cancer/(Kaplan-Meier method).

test. Cox's proportional hazards regression model was
used for univariate survival analysis. Age, preoperative
stage (I - [1 vs. IlI - IV: Union International Contre le Can-
cer 1997 (UICC1997)), time interval between surgery and
recurrence, pre-radiotherapy performance status (0-1 vs.
2-3), radiation field (local alone vs. T-shaped), acute
tumor response (complete regression (CR) ~ partial
regression (PR) vs. stable disease (SD) ~ PD), relapse
again inside the irradiated field (yes vs. not), number of
cycles of chemotherapy (one vs. two), recurrent pattern
(anastomotic vs. non-anastomotic) and number of recur-
rent regions (one region vs. multiple regions) were
entered into univariate analysis. In univariate analysis, age
and time interval between surgery and recurrence were
not classified in categories. A p value of less than 0.05 was
considered significant. All analyses were performed using
SPSS 11.0.

Toxicity was graded according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE v3.0).

The present study protocol was reviewed and approved by
the Tohoku University Hospital Institutional review
board, and informed consent was obtained from each
patient before conducting the treatment.

Results

From June 2000 to December 2004, a total of 30 patients
(29 males, 1 female; median age, 64 years; age range, 50
to 72 years) were enrolled in this phase II study. Patient
characteristics are shown in Table 1. The sites of recur-
rence were supraclavicular lymph nodes (9 patients),
mediastinal lymph nodes (14 patients), abdominal
(including para-aortic) lymph nodes (7 patients) and
anastomotic recurrence (9 patients). Five patients had
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Table 2: Treatment response (RECIST: Response Evaluation
Criteria in Solid Tumors)

Treatment response No.
CR* 4
PR§ 18
SDt} 7
PD# |

CR: complete response, §PR: partial response, 1 SD: stable disease,
#PD: progression disease

recurrence or metastatsis in two regions and 2 patients
had recurrence in three regions. The median time interval
from surgery to recurrence was 12.5 months (range, 4 to
102 months). The median period of the regimen in the
present study was 42 days (range, 37 to 106 days).
Although all of the patients except for one patient who
had a 59-day idle period because of acute cholecystitis
completed the regimen of radiotherapy without suspen-
sion of treatment, 7 patients did not complete the regi-
men of chemotherapy because of adverse events in the
acute phase (The second cycle of chemotherapy was can-
celled in 5 patients, and the dose of CDGP alone or the
dose of both CDGP and 5-FU were reduced in 2 patients.).
The rate of completion of this regimen was 76.7%.

The last observation date was August 31, 2005. The
median follow-up period was 12.5 months (range, 4.0 to
62.0 months) for all patients and 18.0 months (range, 4.5
to 62.0 months) for patients still alive. Sixteen of the 30
patients had relapse again. Thirteen patients out of a total
of 30 died; 10 patients due to progression disease, 2
patients due to intercurrent diseases and one patient due
to iatrogenic cause. At the last observation date, 15
patients remained alive, and 2 patients were lost to follow

up.

The 1-year and 3-year overall survival rates were 60.6%
(95%CI = 42.4-78.8) and 56.3% (95%CI = 37.5-75.1),
respectively, with a median survival period of 39.0
months (95% CI = 0.0-82.3) (Fig. 3). Overall response
rate, including complete responses in 4 patients and par-
tial responses in 18 patients, was 73.3% (Table 2). There
was not correlation between tumor response and site of
recurrence or between overall survival rate and site of
recurrence.

The 1-year and 3-year relapse-free survival rates were
53.4% and 35.6%, respectively, and the 1-year and 3-year
irradiated-field control rates were 86.4% and 72%, respec-
tively (Fig. 4).

As the major toxicity in the acute phase, grade 3 leukocy-
topenia was observed in 9 (30%) of the patients. How-
ever, grade 4 leukocytopenia was not observed in any of
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