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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 I 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/m2 administered as continuous
intravenous infusion on days 1–5 and days 8–12) plus
escalating doses of nedaplatin (40 mg/m2 in level 1,
50 mg/m2 in level 2, or 60 mg/m2 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 I 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%)

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 Æ Esophageal cancer Æ
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 5-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/m2 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 I to IVA (International Union

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/mm3 and <10,000/mm3, neutrophil
count >2,000/mm3 and platelet count >100,000/mm3);
adequate hepatic function (total bilirubin level 1.5 mg/dl
and aspartate aminotransferase, alanine aminotransfer-
ase and alkaline phosphatase levels 2.0· the upper limit
of normal); adequate renal function (serum creatinine
level 1.5 mg/dl); adequate respiratory and cardiac
function (PaO2 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 ‡1 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/m2 in subsequent cohorts)
on days 1 and 8 and continuous infusion of 5-FU
400 mg/m2/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 5FU 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/m2/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 ‡50%. Progres-
sive disease was considered to be an increase of ‡25% in
the area of the tumor. 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.

Results

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/m2 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/m2), no grade 3 or 4 toxicity was observed in the
three patients treated. At level 2 of nedaplatin (50 mg/
m2), 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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(60 mg/m2) 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 II)
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

Table 1 Patients characteristics

aNumbers correspond to the
tumor-node-metastasis system
of classification. (UICC1997)

Nedaplatin (mg/m2) 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
PS 0 2 6 2 9 19
PS 1 1 0 1 4 6
PS 2 0 0 0 1 1
Tumor location
Proximal 0 1 1 3 5
Middle 2 4 1 7 14
Distal 1 1 1 4 7
Tumora

1 1 0 0 3 4
2 0 1 0 2 3
3 1 4 2 3 10
4 1 1 1 6 9
Nodea

0 1 1 0 5 7
1 2 5 3 9 19
Metastasis a

0 2 4 1 7 14
1a 1 2 2 7 12
Clinical stage
I 1 0 0 3 4
II 0 1 0 2 3
III 1 3 1 2 7
IVA 1 2 2 7 12

Table 2 Results of dose escalation

Dose level Nedaplatin
(mg/m2)

No. of
patients

Type of DLTs
(no of patients)

1 40 3 None
2 50 6 Neutropenia (l)
3 60 3 Neutropenia (2)

Thrombocytcpcnia (1)

DLT Dose-limiting toxicity
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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

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/m2

once per week based on the approved dosage for use in
Japan being 100 mg/m2 per course given as a 1-h
intravenous infusion every 4 weeks [17].

Table 3 Toxicity occurring in patients throughout the study period by dose level

Dose level
(Nedaplatin)

Phase I Phase II All patients (n=26)

1 (40 mg/m2, n=3) 2 (50 mg/m2, n=6) 3 (60 mg/m2, n=3) 2 (50 mg/m2, n=14)

Toxicity/grade G1 or 2 G3 G4 G1 or 2 G3 G4 G1 or 2 G3 G4 G1 or 2 G3 G4 G1 or 2 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 1 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

Table 4 Response rate

N CR PR NC PD Response
rate (%)

Total
Stage I 4 4 0 0 0 100.0
Stage II 4 3 1 0 0 100.0
Stage III 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 I 3 3 0 0 0 100.0
Stage II 3 3 0 0 0 100.0
Stage III 5 2 2 1 0 100.0
Stage IVA 9 1 7 1 0 88.9
Overall 20 9 9 2 0 90.0

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/m2 on
days 1 and 8 in combination with 5-FU at 400 mg/m2/
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 RTOG85-01 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

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/m2) and 5-FU (median
dose 507 mg/m2/24 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.

Conflict of interest statement

None declared.

Acknowledgments We thank Kevin S. Litton (Bachelor of English
literature at University of Massachusetts, Amherst) for assistance
in the preparation of this manuscript.

References

1. Jemal A, Murray T, Ward E, Samuels A, Tiwari RC,
Ghafoor A, Feuer FJ, Thun ML (2005) Cancer statistics. CA
Cancer J Clin 55:10–30

2. National Cancer Institute. Esophageal cancer treatment
(PDQ�): treatment information for health professionals.
http://www.cancer.gov/cancerinfo/pdq/treatment/esophageal/
healthprofessional/

3. Al-Sarraf M, Martz K, Herskovic A, Leichman L, Brindle JS,
Vaitkevicius VK, Cooper J, Byhardt R, Davis L, Emami B
(1997) Progress report of combined chemoradiotherapy versus
radiotherapy alone in patients with esophageal cancer: an in-
tergroup study. J Clin Oncol 15:277–284

4. Smith TJ, Ryan LM, Douglass HO Jr, Haller DG, Dayal Y,
Kirkwood J, Tormey DC, Schutt AJ, Hinson J, Sischy B (1998)
Combined chemoradiotherapy vs radiotherapy alone for early
stage squamous cell carcinoma of the esophagus: a study of the
Eastern Cooperative Oncology Group. Int J Radiat Oncol Biol
Phys 42:269–276

5. Minsky BD, Pajak TF, Ginsberg RJ, Pisansky TM, Martenson
J, Komaki R, Okawara G, Rosenthal SA, Kelsen DP (2002)
INT 0123 (Radiation Therapy Oncology Group 94–05) phase
III trial of combined-modality therapy for esophageal cancer:
high-dose versus standard-dose radiation therapy. J Clin Oncol
20:1167–1174

575



6. Herskovic A, Martz K, al-Sarraf M, Leichman L, Brindle J,
Vaitkevicius V, Cooper J, Byhardt R, Davis L, Emami B (1992)
Combined chemotherapy and radiotherapy compared with
radiotherapy alone in patients with cancer of the esophagus. N
Engl J Med 326:1593–1598

7. Araujo CM, Souhami L, Gil RA, Carvalho R, Garcia JA,
Froimtchuk MJ, Pinto LH, Canary PC (1991) A randomized
trial comparing radiation therapy versus concomitant radiation
therapy and chemotherapy in carcinoma of the thoracic
esophagus. Cancer 67:2258–2261

8. Cooper JS, Guo MD, Herskovic A, Macdonald JS, Martenson
JA Jr, Al-Sarraf M, Byhardt R, Russell AH, Beitler JJ, Spencer
S, Asbell SO, Graham MV, Leichman LL (1999) Chemora-
diotherapy of locally advanced esophageal cancer: long-term
follow-up of a prospective randomized trial (RTOG 85-01).
Radiation Therapy Oncology Group. JAMA 281:1623–1627

9. Enzinger PC, Ilson DH, Kelsen DP (1999) Chemotherapy in
esophageal cancer. Semin Oncol 26:12–20

10. Kobayashi H, Takemura Y, Miyachi H, Ogawa T (1991)
Antitumor activities of new platinum compounds,
DWA2114R, NK121 and 254-S, against human leukemia cells
sensitive or resistant to cisplatin. Invest New Drugs 9:313–319

11. Kameyama Y, Okazaki N, Nakagawa M, Koshida H, Na-
kamura M, Gemba M (1990) Nephrotoxicity of a new platinum
compound, evaluated with rat kidney cortical slices. Toxicol
Lett 52:15–24

12. Sasaki Y, Amano T, Morita M, Shinkai T, Eguchi K, Tamura
T, Ohe Y, Kojima A, Saijo N (1991) Phase I study and phar-
macological analysis of cis-diammine(glycolato)platinum (254-
S; NSC 375101D) administered by 5-day continuous intrave-
nous infusion. Cancer Res 51:1472–1477

13. Ota K, Wakui A, Majima H, Niitani H, Inuyama Y, Ogawa M,
Ariyoshi Y, Yoshida O, Taguchi T, Kimura I (1992) Phase I
study of a new platinum complex 254-S, cis-diammine (glyco-
lato)-platinum (II). Gan To Kagaku Ryoho 19:855–886

14. Inuyama Y, Miyake H, Horiuchi M, Hayasaki K, Komiyama
S, Ota K (1992) A late phase II clinical study of cis-diammine
glycolato platinum, 254-S, for head and neck cancers. Gan To
Kagaku Ryoho 19:871–877

15. Fukuda M, Shinkai T, Eguchi K, Sasaki Y, Tamura T, Ohe Y,
Kojima A, Oshita F, Hara K, Saijo N (1990) Phase II study of
(glycolate-O,O¢) diammineplatinum(II), a novel platinum
complex, in the treatment of non-small-cell lung cancer. Cancer
Chemother Pharmacol 26:393–396

16. Noda K, Ikeda M, Yakushiji M, Nishimura H, Terashima Y,
Sasaki H, Hata T, Kuramoto H, Tanaka K, Takahashi T
(1992) A phase II clinical study of cis-diammine glycolato
platinum, 254-S, for cervical cancer of the uterus. Gan To
Kagaku Ryoho 19:885–892

17. Taguchi T, Wakui A, Nabeya K, Kurihara M, Isono K, Ka-
kegawa T, Ota K (1992) A phase II clinical study of cis-di-
ammine glycolato platinum, 254-S, for gastrointestinal cancers.
254-S Gastrointestinal Cancer Study Group. Gan To Kagaku
Ryoho 19:483–488

18. Uchida N, Takeda Y, Hojo K, Maekawa R, Sugita K,
Yoshioka T (1998) Sequence-dependent antitumour efficacy of

combination chemotherapy of nedaplatin, a novel platinum
complex, with 5-fluorouracil in an in vivo murine tumour
model. Eur J Cancer 34:1796–1801

19. Yoshioka T, Gamoh M, Shineha R, Ishibashi S, Shibata H,
Suzuki T, Murakawa Y, Kato S, Shimodaira H, Ishioka C,
Kanamaru R (1999) A new combination chemotherapy with
cis-diammine-glycolatoplatinum (Nedaplatin) and 5-fluoro-
uracil for advanced esophageal cancers. Intern Med 38:844–848

20. Yamanaka H, Motohiro T, Michiura T, Asai A, Mori T, Hioki
K (1998) Nedaplatin and 5-FU combined with radiation in the
treatment for esophageal cancer. Jpn J Thorac Cardiovasc Surg
46:943–948

21. Nemoto K, Matsushita H, Ogawa Y, Takeda K, Takahashi C,
Britton KR, Takai Y, Miyazaki S, Miyata T, Yamada S (2003)
Radiation therapy combined with cis-diammine-glycolatoplat-
inum (Nedaplatin) and 5-fluorouracil for untreated and recur-
rent esophageal cancer. Am J Clin Oncol 26:46–49

22. Kato H, Fukuchi M, Manda R, Nakajima M, Miyazaki T,
Sohda M, Masuda N, Fukai Y, Tsukada K, Kuwano H (2003)
Efficacy and toxicity of nedaplatin and 5-FU with radiation
treatment for advanced esophageal carcinomas. Anticancer Res
23:3493–3498

23. Japanese Society for Esophageal Disease (1992) Guidelines for
the clinical and pathologic studies on carcinoma of the esoph-
agus, 8th edn. Kanehara & Co. Ltd.

24. Coia LR (1994) Chemoradiation as primary management of
esophageal cancer. Semin Oncol 21:483–492

25. Ishikura S, Nihei K, Ohtsu A, Boku N, Hironaka S, Mera K,
Muto M, Ogino T, Yoshida S (2003) Long-term toxicity after
definitive chemoradiotherapy for squamous cell carcinoma of
the thoracic esophagus. J Clin Oncol 21:2697–2702

26. Rich TA, Shepard RC, Mosley ST (2004) Four decades of
continuing innovation with fluorouracil: current and future
approaches to fluorouracil chemoradiation therapy. J Clin
Oncol 22:2214–2232

27. Toita T, Ogawa K, Adachi G, Kakinohana Y, Nishikuramori
Y, Iraha S, Utsunomiya T, Murayam S (2001) Concurrent
chemoradiotherapy for squamous cell carcinoma of thoracic
esophagus: feasibility and outcome of large regional field and
high-dose external beam boost irradiation. Jpn J Clin Oncol
31:375–381

28. Coia LR, Engstrom PF, Paul AR, Stafford PM, Hanks GE
(1991) Long-term results of infusional 5-FU, mitomycin-C, and
radiation as primary management of esophageal carcinoma. Int
J Radiat Oncol Biol Phys 20:29–36

29. Minsky BD, Neuberg D, Kelsen DP, Pisansky TM, Ginsberg
RJ, Pajak T, Salter M, Benson AB III (1999) Final report of
Intergroup Trial 0122 (ECOG PE-289, RTOG 90–12): phase II
trial of neoadjuvant chemotherapy plus concurrent chemo-
therapy and high-dose radiation for squamous cell carcinoma
of the esophagus. Int J Radiat Oncol Biol Phys 43:517–523

30. Ohtsu A, Boku N, Muro K, Chin K, Muto M, Yoshida S,
Satake M, Ishikura S, Ogino T, Miyata Y, Seki S, Kaneko K,
Nakamura A (1999) Definitive chemoradiotherapy for T4 and/
or M1 lymph node squamous cell carcinoma of the esophagus.
J Clin Oncol 17:2915–2921

576


	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Sec9
	Sec10
	Sec11
	Tab1
	Tab2
	Sec12
	Sec13
	Tab3
	Tab4
	Fig1
	Sec14
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


