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Summary Gemcitabine is widely used for the treatment of
advanced biliary tract cancer (BTC) as first-line chemo-
therapy. However, there is no standard chemotherapy for
patient with advanced BTC refractory to gemcitabine. We
conducted a multicenter phase II study of S-1 monotherapy
as second-line chemotherapy for patients with advanced
BTC that were refractory to gemcitabine. S-1 was admin-

istered orally at a dose of 80 mg/m2 for 28 days, followed
by 14 days of rest. This regimen was repeated every
6 weeks. Tumor response was assessed every two cycles
using the Response Evaluation Criteria in Solid Tumors
version 1.0. Twenty-two patients were enrolled between
March 2007 and January 2010, with 14 patients (64%)
representing cases of recurrence after surgery. The overall
response rate was 22.7%, and the overall disease control
rate was 50.0%. The median overall survival time was
13.5 months (95% CI, 7.1–23.1 months) and the median
time-to-progression was 5.4 months (95% CI, 2.6–
17.2 months). Grade 3/4 toxicities included neutropenia
(5%) and anemia (5%). The most common non-
hematological toxicities were nausea (27%), anorexia
(55%), and pigmentation (32%). In conclusion, S-1 mono-
therapy is feasible and moderately efficacious second-line
chemotherapy for advanced BTC.
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Introduction

Biliary tract cancer (BTC) is the sixth leading cause of
death in Japan [1]. Surgery is still the only treatment that
can cure this life-threatening disease. However, most
patients treated with surgery experience recurrence. There-
fore, chemotherapy is indispensable for the treatment of
advanced BTC.

Gemcitabine is now the key drug for the treatment of
advanced BTC, and several phase II studies of combination

T. Sasaki :H. Isayama (*) :Y. Nakai : S. Mizuno :
K. Yamamoto :K. Kawakubo :H. Kogure :O. Togawa :
N. Sasahira :K. Hirano :M. Tada :K. Koike
Department of Gastroenterology, Graduate School of Medicine,
The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-8655, Japan
e-mail: isayama-2im@h.u-tokyo.ac.jp

H. Yagioka
Department of Gastroenterology, JR Tokyo General Hospital,
Tokyo, Japan

Y. Yashima :Y. Ito : T. Tsujino
Department of Gastroenterology,
Japanese Red Cross Medical Center,
Tokyo, Japan

S. Matsubara
Department of Gastroenterology, Kanto Central Hospital,
Tokyo, Japan

N. Toda
Department of Gastroenterology, Mitsui Memorial Hospital,
Tokyo, Japan

M. Omata
Yamanashi Prefectural Hospital Organization,
Kofu, Japan

Invest New Drugs (2012) 30:708–713
DOI 10.1007/s10637-010-9553-9



chemotherapies involving gemcitabine have been reported
[2–5]. In 2009, the first large phase III study was reported,
confirming the superiority of gemcitabine and cisplatin
combination chemotherapy to gemcitabine monotherapy in
patients with advanced BTC [6]. This effect was also
observed in a randomized phase II study conducted in
Japan [7]. Moreover, a phase III study is underway
investigating gemcitabine and capecitabine combination
chemotherapy versus gemcitabine monotherapy
(NCT00658593). Thus, these studies are gradually accu-
mulating a body of evidence on first-line chemotherapy for
advanced BTC.

Only a few studies have been reported on second-line
chemotherapy for BTC [8, 9], and no standard second-line
chemotherapy has been established. One phase II study of
second-line gemcitabine single chemotherapy showed a
response rate of 6.9% [10]. Furthermore, we conducted a
feasibility study of gemcitabine and cisplatin combination
chemotherapy which enrolled the patient refractory to both
gemcitabine and S-1, and we observed no tumor response
[11].

S-1 is an oral fluoropyrimidine that has mainly been
investigated in Asian countries. The efficacy and safety of
S-1 monotherapy have previously been reported in the
setting of first-line chemotherapy [12–14]. Only our single-
center feasibility study has investigated S-1 for second-line
chemotherapy of advanced BTC [15]. This feasibility study
treated 16 patients and showed a response rate of 18.8%.
The median overall survival and time-to-progression were
8.0 and 5.5 months, respectively. Because of the good anti-
tumor activity, we conducted a multicenter phase II study to
confirm the efficacy and safety of S-1 monotherapy as
second-line chemotherapy in patients with advanced BTC
refractory to gemcitabine.

Patients and methods

This multicenter phase II study was an open-label, single-
arm study that was conducted in five institutions in Tokyo,
Japan. The protocol was approved by each institutional
review board. Informed consent was obtained from each
participant, and the study was conducted according to the
Declaration of Helsinki. The study was registered in the
UMIN Clinical Trials Registry (UMIN000001614).

Eligibility criteria

Patient with advanced BTC that was not amenable to
potentially curative surgery or that was refractory to surgery
were eligible if they met the following criteria: 1) patholog-
ically demonstrated BTC or graphically confirmed BTC; 2)
the presence of measurable lesions defined by Response

Evaluation Criteria in Solid Tumors (RECIST) version 1.0
[16]; 3) refractory to gemcitabine monotherapy and con-
firmed as a progressive disease defined by RECIST version
1.0; 4) Eastern Cooperative Oncology Group (ECOG)
performance status ranging from 0 to 2; and 5) adequate
bone marrow function (white blood cell count>3,000/mm3,
hemoglobin>9.0 g/dl, and platelet count>100,000/mm3),
liver function (total bilirubin<three times the upper limit of
normal (ULN) and aspartate/alanine transaminases<five
times ULN), and renal function (creatinine<1.2 mg/dl or
creatinine clearance>50 ml/min). In patients with obstructive
jaundice, serum total bilirubin was required to be within
three times of the ULN after biliary drainage. Exclusion
criteria included an age<20 years, uncontrolled infection,
uncontrolled massive pleural effusion or massive ascites, an
active ulcer of the gastrointestinal tract, gastrointestinal
obstruction compromising oral ingestion, pregnancy or
lactation, a history of drug hypersensitivity, active concom-
itant malignancy, and concurrent severe medical conditions.
All patients stopped the first-line chemotherapy at least
2 weeks before entry into this study.

Treatment

S-1 was administered orally twice daily for 28 days followed
by 14 days of rest. Three doses of S-1 were established
according to body surface area (BSA) as follows: BSA
<1.25 m2, 80 mg/day; 1.25 m2<BSA <1.5 m2, 100 mg/day;
and BSA >1.5 m2, 120 mg/day. Dose reduction was based on
adverse effects graded according to the National Cancer
Institute Common Toxicity Criteria version 3.0. Treatment
was temporarily suspended in the case of grade 3/4
hematological toxicity or grade 2 or higher non-
hematological toxicity. After recovery to grade 1 toxicity
level or lower, treatment was restarted at the following
reduced doses: BSA <1.25 m2, 50 mg/day; 1.25 m2<BSA
and <1.5 m2, 80 mg/day; BSA >1.5 m2, 100 mg/day. No dose
re-escalation was allowed following dose reduction. The
study treatment was continued in cycles of 28 days of
treatment followed by 14 days of rest until disease
progression, unacceptable toxicity, or patient refusal occurred.

Response and toxicity assessment

Pretreatment evaluation included medical history and
physical examination, complete blood counts, serum bio-
chemical tests, urinalysis and echocardiogram. The ECOG
performance status and laboratory tests, which included a
complete blood count and serum biochemical tests, were
checked every 2 weeks. Carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA19-9) were measured at
the beginning of the study and at day 1 of each treatment
cycle. Pretreatment evaluation using contrast-enhanced
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computed tomography (CT) or magnetic resonance imaging
(MRI) was conducted within 4 weeks before the patient’s
enrollment. Tumor response was assessed every two cycles.
Toxicity was evaluated using the National Cancer Institute
Common Toxicity Criteria version 3.0.

Statistical analysis

The primary endpoint was the objective response rate. The
secondary endpoints were time-to-progression, overall
survival, and toxicity. The sample size was calculated to
reject a 5% response rate in favor of a target response rate
of 20%, with a significance level of 0.05 and a power of
80%. The target sample size was thus 21 assessable
patients. If four or more objective responses were observed
among all 21 assessable patients, this study would consider
the regimen to be effective [17].

The Mann-Whitney U test was used to compare
quantitative variables. The objective response rate was
evaluated according to RECIST version 1.0. Time-to-
progression and overall survival were calculated using the
Kaplan-Meier method. Time-to-progression was calculated
from the start of treatment to the first date of documented
disease progression. Overall survival was defined as the
time from treatment initiation to final follow-up or until
death from any cause. The final analysis was based on
follow-up information, which was received until July 2010.
All analyses were conducted based on the intention-to-treat
principle. The JMP 8.0 statistical software program (SAS
Institute Inc., Cary, NC, USA) was used for all statistical
analyses.

Results

Patient characteristics

Table 1 lists the characteristics of the 22 patients with
advanced BTC enrolled between March 2007 and January
2010. All enrolled patients except three exhibited patholog-
ically confirmed BTC. Fourteen patients (64%) had experi-
enced recurrence after surgery. The median baseline sum of
longest diameter (BSLD), which was evaluated as a measure
of tumor volume according to RECIST version 1.0, was
6.5 cm (range 2.0–42.0 cm). As subset analyses, the median
BSLDs of non-resectable (locally advanced and metastatic)
and recurrent patients were 18.2 cm (range 5.9–42.0 cm) and
3.9 cm (range 2.0–15.2 cm), respectively (p<0.01). The
median duration of first-line chemotherapy was 5.9 months
(95% CI, 4.5–8.1 months). As for third-line chemotherapy
following the treatment for this study, seven patients (32%)
received cisplatin-based combination chemotherapy (six
patients received gemcitabine and cisplatin combination

chemotherapy and one patient received S-1 and cisplatin
combination chemotherapy). Three patients (14%) continued
S-1 monotherapy despite tumor progression, and one patient
(4%) was re-treated by gemcitabine monotherapy. All
patients completed the study treatment, and 10 patients
(45%) were still alive at the time of this analysis.

Efficacy

Five patients showed partial responses, for an overall
objective response rate of 22.7%. The primary biliary sites
of the patients who showed partial responses were three
gallbladders, one intrahepatic bile duct and one ampulla of
Vater (Fig. 1). Stable diseases were observed in six patients
(27.3%), with an overall disease control rate of 50.0%
(Table 2). One patient was moved to another hospital before
tumor response could be assessed and was therefore
designated “not evaluable”. The median overall survival
time was 13.5 months (95% CI, 7.1–23.1 months), and the

Table 1 Patient characteristics (n=22)

Age (years)

Median 71

Range 33–82

Gender

Male 11 (50%)

Female 11 (50%)

ECOG performance status

0 10 (46%)

1 10 (46%)

2 2 (8%)

Primary biliary site

Gallbladder 6 (27%)

Intra-hepatic bile duct 12 (55%)

Extra-hepatic bile duct 3 (14%)

Ampulla of Vater 1 (4%)

Disease status

Locally advanced 1 (4%)

Metastatic 7 (32%)

Recurrent 14 (64%)

CA19-9 (U/ml)

Median 367.5

Range 3.0–123,000

CEA (ng/ml)

Median 6.0

Range 1.3–84.5

BSLD (cm)

Median 6.5

Range 2.0–42.0

ECOG Eastern Cooperative Oncology Group; CA19-9 carbohydrate
antigen 19-9; CEA carcinoembryonic antigen; BSLD baseline sum of
longest diameter.
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median time-to-progression was 5.4 months (95% CI, 2.6–
17.2 months; Fig. 2). The 6-month progression-free
survival and 1-year overall survival rates were 38.0% and
51.6%, respectively. The median overall survival time from
first-line chemotherapy was 24.3 months (95% CI, 12.5–
32.6 months).

Toxicity

A total of 82 cycles of S-1 monotherapy were delivered,
with a median of two cycles per patient (range, 1–15
cycles). The dose intensity of S-1 was 92.1%. Table 3
presents the major adverse events that occurred during the
study. No treatment-related deaths occurred. The major
grade 3/4 adverse events included neutropenia (5%) and
anemia (5%). The most common non-hematological tox-
icities were nausea (27%), anorexia (55%), and pigmenta-
tion (32%). There were two elderly patients (over 80 years
old) enrolled in this study. These two patients could also

take sufficient dose of S-1 (the dose intensities were 99.4%
and 96.4%, respectively) and showed only grade 2
myelosuppressions and grade 1 anorexia.

Biliary events and drainages

Of the 22 patients, 14 (64%) had experienced recurrence
after surgery, and eight patients (36%) had non-resectable
(locally advanced and metastatic) disease. Among the
patients with non-resectable BTC, two patients (25%)
required drainage prior to treatment. These two patients
were drained by uncovered self-expandable metallic stents.
Two recurrent cases (14%) required drainage prior to

Fig. 1 A 67-year-old woman
with recurrent ampullary
cancer which showed partial
response. a Pre-treatment CT
scan, and b CT scan after four
cycles of S-1 monotherapy. The
metastatic para-aortic lymph
node shrank and several small
lung metastases disappeared.
Only a few small lung
metastases remained

Table 2 Tumor response

n=22

Complete response 0 (0%)

Partial response 5 (22.7%)

Stable disease 6 (27.3%)

Progressive disease 10 (45.5%)

Not evaluable 1 (4.5%)

Response rate 22.7%

Disease control rate 50.0%

Fig. 2 Overall survival (solid line) and time-to-progression (dashed
line) curves of patients with advanced biliary tract cancer receiving
second-line S-1 monotherapy. The median overall survival and time-
to-progression were 13.5 months and 5.4 months, respectively
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treatment: one was drained using a covered, self-
expandable metallic stent alone, and the other was drained
by percutaneous transhepatic biliary drainage. After initia-
tion of treatment, five patients (23%) experienced a total of
eight biliary events. All patients except one recovered from
biliary events and were able to restart the study treatment.

Discussion

This multicenter phase II study confirms that S-1 mono-
therapy is a feasible and moderately efficacious second-line
treatment for advanced BTC. The response rate and disease
control rate were 22.7% and 50.0%, respectively. The
median overall survival and time-to-progression were
13.5 months and 5.4 months, respectively. Supportive to
our study, another study on second-line S-1 monotherapy
was recently reported at the 2010 annual meeting of the
American Society of Clinical Oncology [18]. That study
showed tumor response and disease control rates of 7.5%
and 62.5%, respectively. The median overall survival and

time-to-progression were 7.3 months and 2.5 months,
respectively. That study was only reported at the annual
meeting and full paper has not been published yet.
Therefore the detail of that study was still unclear.
However, these two studies indicate that second-line S-1
monotherapy could be a good treatment option in patients
with advanced BTC refractory to gemcitabine.

The primary tumor site was different between these two
studies. In the current study group, more than half of the
patients were intra-hepatic cholangiocarcinoma patients,
while there were more patients with gallbladder cancer
and extra-hepatic cholangiocarcinoma in the study reported
by Suzuki et al. [18]. Previous studies have reported a
worse prognosis for gallbladder cancer and a better
prognosis for extra-hepatic cholangiocarcinoma [2, 19].
On the other hand, we previously reported that the
prognosis for patients receiving chemotherapy depends on
tumor volume rather than on the primary tumor site [20].
Non-resectable gallbladder cancers are usually diagnosed at
the advanced stage with an already large tumor volume,
while extra-hepatic cholangiocarcinomas were diagnosed
with small tumor volumes, even in non-resectable cases.
Unfortunately, tumor volume information was lacking from
the study reported by Suzuki et al., so it is difficult to
compare these two studies in detail.

Recurrent cases usually show better prognoses [7], and they
also have smaller tumor volumes. In fact, the tumor volume
of our recurrent cases was significantly smaller than that of
the non-resectable cases (18.2 cm versus 3.9 cm, p<0.01).
This study showed a fairly good anti-tumor effect compared
with previous reports, which could have resulted from the
fact that more recurrent patients were enrolled in this study
(64%). Compared with our previous feasibility study of
gemcitabine and cisplatin combination chemotherapy [11],
the tumor volume of this study was quite small. The patients
enrolled in this study were refractory only to gemcitabine and
were administered S-1 as a second-line chemotherapy, while
the patients enrolled in our feasibility study of gemcitabine
and cisplatin combination chemotherapy were refractory to

Table 3 Toxicity

Grade 1 2 3 4 Grade 1–4 Grade 3–4

Leukopenia 5 4 0 0 41% 0%

Neutropenia 7 1 1 0 41% 5%

Anemia 4 8 1 0 59% 5%

Thrombocytopenia 7 2 0 0 41% 0%

Nausea 5 1 0 0 27% 0%

Vomiting 0 0 0 0 0% 0%

Anorexia 9 3 0 0 55% 0%

Stomatitis 3 1 0 0 18% 0%

Diarrhea 0 3 0 0 14% 0%

Constipation 2 0 0 0 9% 0%

Skin rash 3 3 0 0 14% 0%

Pigmentation 7 0 0 0 32% 0%

(Common Toxicity Criteria for Adverse Events version 3.0)

Table 4 Previous reports of chemotherapy for refractory biliary tract cancer

Author Regimen N RR (%) DCR (%) Median TTP/PFS (mo.) Median OS (mo.)

Lee et al. Gemcitabine + Cisplatin 4 50.0 100.0 5.0 9.0

Paule et al. GEMOX + Cetuximab 9 22.2 33.3 4.0 7.0

Sasaki et al. S-1 16 18.8 43.8 5.5 8.0

Oh et al. Gemcitabine 32 6.9 27.6 1.6 4.1

Sasaki et al. Gemcitabine + Cisplatin 20 0 70.0 3.6 5.9

Current study S-1 22 22.7 50.0 5.4 13.5

N number of patients; RR response rate; DCR disease control rate; TTP time-to-progression; PFS progression-free survival; OS overall survival;
GEMOX gemcitabine + oxaliplatin.
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both gemcitabine and S-1 and were administered gemcitabine
and cisplatin combination chemotherapy as a second-line or
third-line chemotherapy. Based on the difference in patient
characteristics, the BSLDs were quite different between this
study of S-1 monotherapy and the feasibility study of
gemcitabine and cisplatin combination chemotherapy
(6.5 cm versus 17.0 cm, respectively) [11]. In consequence,
the smaller tumor volume in this study could have affected
the better tumor effect of S-1 monotherapy in this study. The
limitation of this study was the small number of patients
enrolled. However, it is still valuable as one of only a few
studies to examine the effects of chemotherapy on refractory
BTC (Table 4).

The results of the ABC-02 study led to the establishment
of gemcitabine and cisplatin combination chemotherapy as
the standard first-line treatment for advanced BTC [6].
However, no standard chemotherapy has yet been estab-
lished for second-line treatment. The current study demon-
strates that second-line S-1 monotherapy could be a good
treatment option in patients with advanced BTC refractory
to gemcitabine.

Conflict of interest statement None declared.
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