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Summary Objective This study aimed to compare the safety
and efficacy of the combination therapy of gemcitabine and
S-1 (GS) versus gemcitabine and cisplatin (GC) in patients
with advanced biliary tract cancer (BTC). Methods In this
multicenter retrospective cohort study, a total of 212 patients
with advanced BTC receiving GS (n = 125) or GC (n = 87)
between July 2006 and August 2015 were analyzed. The pri-
mary endpoint was overall survival (OS). The secondary end-
points were progression-free survival (PFS), objective tumor
response, and safety. Results Patient characteristics were well
balanced between the two groups, except for tumor size (the
baseline sum of the largest diameter of the tumor: 6.3 cm in
the GS group vs. 8.6 cm in the GC group, p = 0.01). Although

the response rate was higher in the GS group than in the GC
group (28.8% vs. 10.3%, p = 0.01), the median PFS and OS
were comparable between the two groups (PFS of 5.6 vs.
7.6 months, p = 0.74; OS of 12.4 vs. 9.2 months, p = 0.20,
respectively). Stomatitis and skin rash were more frequently
observed in the GS group, whereas anemia, thrombocytope-
nia, nausea, and renal toxicity were more commonly observed
in the GC group. Conclusion This study demonstrates that GS
and GC are similar with regard to their safety and efficacy in
patients with advanced BTC. GS could serve as an alternative
treatment for advanced BTC as a first-line chemotherapy.
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Abbreviations
BTC Biliary tract cancer
GS Gemcitabine and S-1 combination therapy
GC Gemcitabine and cisplatin combination therapy
OS Overall survival
PFS Progression-free survival

Introduction

Biliary tract cancer (BTC) is a highly lethal malignancy with a
5-year survival rate of <20%; the number of patients with this
condition has been increasing in Japan [1]. While only surgery
can provide a cure, BTC is often diagnosed as an advanced
disease. Moreover, tumor recurrence frequently develops, even
after curative surgery. Therefore, palliative chemotherapy
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plays a crucial role in improving the prognosis of patients with
advanced and recurrent BTC.

The current standard of care for patients with advanced
BTC is a combination of gemcitabine and cisplatin (GC) che-
motherapy; this is based on the results from two randomized
controlled trials in which GC resulted in better survival with-
out substantial toxicity compared with treatment with
gemcitabine alone [2, 3]. However, cisplatin-containing treat-
ments have several limitations. First, cisplatin is associated
with several cumulative toxicities, including dose-dependent
nephrotoxicity and neurotoxicity, which may reduce the op-
portunities for second-line treatment after disease progression
as well as long-term treatment. In addition, cisplatin-
containing treatments require vigorous hydration or diuresis
to minimize the risk and severity of acute nephrotoxicity.

S-1, an oral fluoropyrimidine derivative, has been wide-
ly used as one of the key drugs for the treatment of BTC,
especially in Asian countries, because of its high anti-tumor
activity and its oral administration route [4–6]. In particu-
lar, gemcitabine and S-1 (GS) combination therapy has
shown promising results in several phase II trials [7–11].
Therefore, considering its long-term safety and convenient
route of administration, GS therapy is a candidate for the
standard treatment of BTC. However, no study to date has
compared the safety and efficacy of GS versus GC in pa-
tients with advanced BTC.

Patients and methods

Patients

Between July 2006 and August 2015, consecutive patients
receiving GS or GC as a first-line chemotherapy for advanced
BTC at the University of Tokyo Hospital and five affiliated
hospitals were retrospectively studied. BTC diagnosis was
based on pathological or typical radiological findings. At least
6 months of follow-up were required in patients without path-
ological evidence to confirm that their clinical course was
consistent with the malignancy. Clinical outcomes were re-
trieved from our database and medical records. This study
was approved by the local ethics committee of each hospital.

Treatment

GS and GC combination therapies have been described previ-
ously [2, 3, 7, 8]. In the GS group, gemcitabine was adminis-
tered at a dose of 1000 mg/m2 on days 1 and 15, and 80 mg/
m2 S-1 was administered orally every 4 weeks on days 1
through 14 [7, 8]. In the GC group, gemcitabine and cisplatin
were administered every 3 weeks at doses of 1000 mg/m2 and
25 mg/m2, respectively, on days 1 and 8 [2, 3]. In most pa-
tients, the treatment selection was on a chronological basis

because S-1 and GC were approved by Japanese medical in-
surance in 2008 and 2011, respectively. In the remaining pa-
tients, treatment was chosen according to the clinical trial
protocol [7, 8] or at the discretion of the attending physician.

Treatment was temporarily suspended upon the devel-
opment of grade 3/4 hematological or grade 2 or higher
non-hematological adverse events, graded according to
the Common Terminology Criteria for Adverse Events
(CTCAE) version 3.0 or 4.0. After recovery to grade 2 or
lower in hematological toxicities or grade 1 or lower in
non-hematological toxicities, treatment was restarted at re-
duced doses. Dose re-escalation was not applied in this
setting. Treatment continued until the disease progressed,
until unacceptable toxicity was reached, or until the patient
refused treatment.

Response and toxicity assessment

The primary endpoint was overall survival (OS). The second-
ary endpoints included progression-free survival (PFS), the
objective tumor response, and safety. OS was defined as the
time from treatment initiation to the final follow-up or death
from any cause. PFS was defined as the time from treatment
initiation to disease progression or death from any cause. The
follow-up time was defined as the time from treatment discon-
tinuation to the final follow-up or death from any cause. The
objective tumour response was assessed via computed tomog-
raphy (CT) using Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.0 or 1.1 [12, 13]. The evaluation
was repeated at least after every two or three courses or more
frequently in patients with clinically suspected progression.
The baseline sum of the largest diameter (BSLD) was defined
as a sum of the longest diameter for all target lesions identified
at baseline, which were according to RECIST version 1.1
[13]. Adverse events were evaluated and graded according
to CTCAE version 3.0 or 4.0. Carcinoembryonic antigen
(CEA) and carbohydrate antigen 19–9 (CA19–9) were mea-
sured on day 1 of each cycle.

Statistical analysis

Fisher’s exact test was used to compare patient characteristics
and tumor responses between the two groups. The Mann–
Whitney U test was used to compare quantitative variables
where appropriate. OS and PFS were calculated using the
Kaplan–Meier method and compared using the log-rank test.
Hazard ratios (HRs) with 95% confidence intervals (CIs) for
OS and PFS were estimated using a Cox proportional hazards
model. Exploratory analyses were performed to identify sub-
groups that may benefit from each treatment. A P value <0.05
was considered to indicate statistical significance. JMP 11.0
(SAS Institute Inc., Cary, NC, USA) was used for all statistical
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analyses. The final analysis was based on the follow-up infor-
mation, which was received until October 2016.

Results

Patient characteristics

From July 2006 to August 2015, a total of 375 patients were
diagnosed with advanced or recurrent BTC, of whom 212
patients were included in this analysis (125 in the GS group
and 87 in the GC group). The remaining 163 patients were
excluded based on the following criteria: patients receiving
gemcitabine monotherapy (n = 68), S-1 monotherapy
(n = 11), GS plus leucovorin combination therapy (n = 20),
radiation therapy (n = 29), or best supportive care alone
(n = 35) (Fig. 1). Among these 212 patients, 42 received GS
in clinical trials [7, 8]. Patient characteristics are summarized
in Table 1. There were no significant differences between the
two groups except for the BSLD (6.3 cm in the GS group and
8.6 cm in the GC group, p = 0.01). At the time of analysis, four
patients in the GS group were still alive with a median follow-
up time of 5.1 (range, 0–34.4) months, and two patients were
still receiving GS therapy. Two patients in the GC group were
still alive and receiving GC therapy with a median follow-up
time of 4.6 (range, 0–33.9) months.

Overall survival, progression-free survival, and tumor
response

Amedian of 4 (range, 1–68) cycles per patient in the GS group
and a median of 5 (range, 1–20) cycles per patient in the GC

group were delivered. The median OSwas 12.4 (95%CI, 9.0–
15.8) months in the GS group and 9.2 (95% CI, 7.6–13.7)
months in the GC group. The HR of GS to GC for OS was
0.81 (95%CI, 0.59–1.12; p = 0.20) (Fig. 2a). The median PFS
was 5.6 months (95% CI, 7.6–13.7) in the GS group and
6.4 months (95% CI, 7.6–13.7) in the GC group. The HR of
GS to GC for PFS was 1.06 (95% CI, 0.73–1.52; p = 0.74)
(Fig. 2b).

The response rate (RR) was significantly higher in the GS
group than in the GC group (29% vs. 14%, p = 0.01).
However, the disease control rate (DCR) was similar between
the two groups (70% vs. 77%, respectively, p = 0.27). A com-
plete response (CR) was achieved in 4 patients, all of whom
were in the GS group. Among these 4 patients who achieved
CR, 2 discontinued GS after 35 and 68 cycles of treatment and
were still alive without tumor progression, with a median
follow-up time of 49 months. The remaining 2 patients were
still receiving GS therapy at the time of the last follow-up.
Conversion surgery was performed in 3 patients, including 2
(2%) in the GS group and 1 (1%) in the GC group.

Adverse events and reasons for treatment discontinuation

Table 2 summarizes the incidences of major adverse events
during this study. No treatment-related death occurred during
the treatment period in either group. In regard to hematologi-
cal adverse events, grade 3/4 anemia and thrombocytopenia
occurred less frequently in the GS group than in the GC group
(anemia 18% vs. 31% and thrombocytopenia 6% vs. 15%,
respectively). In regard to non-hematological adverse events,
all grades of stomatitis, diarrhea, pigmentation, and skin rash
were significantly more frequent in the GS group, whereas

Fig. 1 The study population,
treatment and follow-up
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nausea, anorexia, renal dysfunction, and peripheral neuropa-
thy were more common in the GC group.

The major reasons for treatment discontinuation were dis-
ease progression (80% and 60% of patients in the GS and GC
groups, respectively, p < 0.01) and adverse events (10% and
21% of patients in the GS and GC groups, respectively,
p = 0.04). The most common adverse events that led to the
cessation of treatment were skin rash (n = 5) in the GS group
and renal dysfunction (n = 7) in the GC group. Details are
shown in Table 3.

Second-line chemotherapy

A second-line chemotherapy was similarly introduced after
discontinuation of the GS or GC regimen (63% in the GS
group and 59% in the GC group, p = 0.50). In the GS group,
second-line chemotherapy included GC (n = 56), gemcitabine
monotherapy (n = 12), S-1 monotherapy (n = 1), and other

regimens (n = 5). In the GC group, GS (n = 17), gemcitabine
monotherapy (n = 8), and S-1 monotherapy (n = 25) were
given as second-line chemotherapies. The chance of treatment
cross-over, meaning GC after GS or GS after GC, was signif-
icantly higher in the GS group than in the GC group (45% vs.
20%, respectively, p < 0.01).

Subgroup analyses

A forest plot of OS by each subgroup is shown in Fig. 3.
The median OS of the GS group was similar to that of the
GC group in most subgroups. For example, among patients
with gallbladder cancer, the median OS was similar be-
tween the two groups (9.5 months in the GS vs. 7.6 months
in the GC group, p = 0.33). However, in patients with
recurrent disease, the median OS was significantly longer
in the GS group than in the GC group (16.6 vs. 8.7 months,
respectively, p < 0.01).

Table 1 Patient characteristics
GS (n = 125) GC (n = 87) P value

Median age (range, years) 68 (24–85) 69 (37–85) 0.25

Sex, n (%) 0.64

Female 50 (40) 32 (37)

Male 75 (60) 55 (63)

ECOG PS, n (%) 0.71

0 67 (54) 43 (49)

1 51 (41) 38 (44)

2 7 (5) 6 (7)

Primary tumor site, n (%) 0.42

Gallbladder 48 (38) 25 (29)

Intrahepatic bile duct 41 (33) 34 (39)

Extrahepatic bile duct 31 (25) 22 (25)

Ampulla of Vater 5 (4) 6 (7)

Disease status, n (%) 0.95

Metastatic 83 (67) 57 (65)

Locally advanced 28 (22) 19 (22)

Recurrent 14 (11) 11 (13)

Metastatic site, n (%)

Liver 50 (40) 35 (40) 0.97

Lung 21 (17) 17 (20) 0.61

Lymph node 89 (71) 64 (74) 0.71

Peritoneum 18 (14) 17 (20) 0.32

Bone 4 (3) 3 (3) 0.92

Median CA19–9 (range, IU/mL) 350 (1–311,279) 249 (1–439,000) 0.68

Median CEA (range, ng/mL) 6.3 (0.9–1572) 5.0 (1.6–460) 0.90

Median BSLD (range, cm) 6.3 (1.0–22.2) 8.6 (1.2–49.9) 0.01

All values are expressed as n (%) or median (range)

GS gemcitabine and S-1, GC gemcitabine and cisplatin, ECOG Eastern Cooperative Oncology Group, PS
performance status, CA19–9 carbohydrate antigen 19–9, CEA carcinoembryonic antigen, BSLD baseline sum
of the longest diameter
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The median PFS in patients with gallbladder cancer
was similar between the two groups [4.6 (GS group) vs.
4.5 months (GC group), p = 0.92]. Conversely, in patients

with recurrent disease, the median PFS was longer in the
GS group than in the GC group (10.7 vs. 4.1 months,
respectively, p = 0.07).

Table 2 Adverse events
GS (n = 125) GC (n = 87) P value (Grade 3/4)

All grades Grade 3/4 All grades Grade 3/4

Hematological

Leukopenia 83 (66%) 39 (31%) 54 (62%) 20 (23%) 0.21

Neutropenia 79 (63%) 46 (37%) 56 (64%) 38 (44%) 0.32

Anemia 102 (82%) 23 (18%) 70 (81%) 27 (31%) 0.04

Febrile neutropenia 5 (4%) 5 (4%) 1 (1%) 1 (1%) 0.40

Thrombocytopenia 66 (53%) 7 (6%) 50 (58%) 13 (15%) 0.03

Non-hematological

Nausea 30 (24%) 1 (1%) 36 (41%) 1 (1%) 0.80

Vomiting 7 (6%) 0 9 (10%) 0 -

Anorexia 43 (34%) 2 (2%) 46 (53%) 3 (3%) 0.38

Stomatitis 32 (26%) 2 (2%) 5 (6%) 0 -

Diarrhea 17 (14%) 2 (2%) 6 (7%) 0 -

Constipation 36 (29%) 1 (1%) 32 (37%) 0 -

Pigmentation 21 (17%) 0 0 0 -

Skin rash 28 (22%) 3 (2%) 7 (8%) 1 (1%) 0.51

Fatigue 30 (24%) 2 (2%) 24 (28%) 4 (5%) 0.23

Liver dysfunction 8 (6%) 1 (1%) 9 (10%) 1 (1%) 0.80

Renal dysfunction 1 (1%) 0 18 (21%) 0 -

Peripheral neuropathy 2 (2%) 0 15 (17%) 2 (2%) -

Intestinal pneumonitis 4 (3%) 3 (2%) 2 (2%) 2 (2%) 0.96

Biliary tract infection 49 (39%) 49 (39%) 28 (32%) 28 (32%) 0.31

All values are expressed as n (%)

GS gemcitabine and S-1, GC gemcitabine and cisplatin

Fig. 2 Kaplan-Meier estimates for overall survival and progression-free survival. Kaplan–Meier estimates of overall survival (Fig. 2a) and progression-
free survival (Fig. 2b) in patients with advanced biliary tract cancer receiving gemcitabine and S-1 (black line) versus gemcitabine and cisplatin (dot-line)
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Discussion

Our multicenter retrospective study demonstrates similar OS
in patients receiving GS and GC for advanced BTC. Although
several studies have reported GS as a promising regimen in
patients with advanced BTC, no randomized study has direct-
ly compared GS to GC, the current standard treatment. Given
the comparable efficacy of GS and GC in our study cohort, GS
can serve as an alternative treatment for advanced BTC as a
first-line chemotherapy and may be selected according to spe-
cific adverse events.

Our study revealed a similar efficacy of GS and GC in
patients with advanced BTC. A recent meta-analysis report-
ed that RR, DCR, and median PFS were correlated with the
median OS in patients with advanced BTC receiving che-
motherapy [14]. In the present study, however, the median
OS was similar between the two groups despite the higher
RR in the GS group (RR of 29% vs. 14%, respectively,
p = 0.01). These outcomes are consistent with those from
several previous clinical trials [2, 3, 8–11]. The median OS
of the GS group was more than 3 months longer than that of
the GC group, although the difference was not statistically
significant. This could be explained by the imbalance of the
baseline characteristics and the impact of second-line treat-
ment. We previously reported that BSLD, which represents
tumor burden, was associated with OS in advanced BTC
patients receiving chemotherapy [15]. Therefore, a smaller
BSLD in the GS group may result in a longer OS [16, 17].
In addition, second-line treatment could influence the OS.

Combination chemotherapy was often intolerable after GC
failure because more than 20% of patients discontinued GC
due to adverse events. Although the overall induction rate
of second-line chemotherapy was similar between the two
groups (63% in the GS group vs. 59% in the GC group,
p = 0.50), the cross-over rate (i.e., GC after GS or GS after
GC) was higher in the GS group than in the GC group (45%
vs. 20%, respectively, p < 0.01), which may prolong the
post-progression survival in patients receiving GS.

Because the efficacy was comparable between GS and GC,
the safety profile could be informative for treatment selection.
Although both GS and GC were generally well tolerated in
this study, the major adverse events differed. The major ad-
verse events that led to discontinued treatment were skin rash
in the GS group and renal dysfunction in the GC group.
Cisplatin-induced nephrotoxicity is dose-dependent and may
limit the chance of subsequent treatment as well as long-term
GC treatment. Therefore, it is important to identify risk factors
for cisplatin-induced nephrotoxicity to avoid subjecting high-
risk patients to cisplatin. One study reported that cardiac co-
morbidities and the use of non-steroidal anti-inflammatory
drugs (NSAIDs) were risk factors for cisplatin-induced neph-
rotoxicity in patients with thoracic malignancy [18]. This can
also be applied in patients with BTC, where GS may serve as
an alternative treatment option.

Our subgroup analyses showed that the median OS in pa-
tients with recurrent disease was longer in the GS group than
in the GC group (16.6 vs. 8.7 months, respectively, p < 0.01).
We previously reported that treatment outcomes, including

Table 3 Reasons for
discontinuation of the study GS (n = 125) GC (n = 87) P-value

Discontinuation, n (%) 123 (98%) 85 (98%) 0.79

Disease progression, n (%) 100 (80%) 52 (60%) <0.01

Adverse events, n (%) 13 (10%) 18 (21%) 0.04

Skin rash 5 (4%) 2 (2%)

Nausea 0 (0%) 3 (3%)

Stomatitis 2 (2%) 0 (0%)

Diarrhea 1 (1%) 0 (0%)

Fatigue 0 (0%) 4 (5%)

Neutropenia 1 (1%) 1 (1%)

Renal dysfunction 1 (1%) 7 (8%)

Biliary tract infection 2 (2%) 1 (1%)

Deep vein thrombosis 1 (1%) 0 (0%)

Deterioration of general condition, n (%) 2 (2%) 4 (5%) 0.20

Unrelated disease development, n (%) 3 (2%) 5 (6%) 0.21

Withdrawal of consent, n (%) 2 (2%) 5 (6%) 0.10

Complete remission, n (%) 2 (2%) 0 (0%) 0.24

Conversion surgery, n (%) 2 (2%) 1 (1%) 0.78

All values are expressed as n (%)

GS gemcitabine and S-1, GC gemcitabine and cisplatin
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efficacy as well as toxicity and dose intensity, were signifi-
cantly different between initially unresectable and recurrent
BTC [19]. This difference may be caused by low tumor bur-
den due to short-interval surveillance after surgery and by
some changes in drug metabolism after surgery. However,
favorable outcomes of GS in recurrent BTC should be
interpreted with caution since our analysis was limited by its
retrospective design and the small number of patients with
recurrent disease. Only prospective randomized trials

stratified for these subgroups can define the benefits of GS
in this subgroup.

This study has several limitations. First, this was a retro-
spective study with different patient characteristics between
the GS and GC groups, including the baseline sum of the
largest diameter of the tumor and a smaller BSLD in the GS
group, which may have overestimated the efficacy of GS.
Second, this study had a relatively long-term registration
period and the treatment selection was mostly on a

Fig. 3 Forest plot for overall survival. Forest plot shows the treatment effect on overall survival in subgroup analyses. Horizontal lines represent 95%
confidence intervals. The position of each square represents the point estimate of the treatment effect
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chronological basis. The multidisciplinary approach is
mandatory in patients with BTC, and the clinical manage-
ment of patients with BTC is improving in general. Thus,
the outcomes of GC may have been overestimated in our
analysis. Despite these inherent biases, this study included
a large number of patients from five referral hospitals;
therefore, the results from this study reflect what is ob-
served in our daily practice and can be easily generalized.
A relatively high rate of patients with biliary drainage,
which is often necessary for the management of BTC, com-
pared to two previous RCTs suggests the generalisability of
our results.

In conclusion, this study demonstrates that GS and GC are
similarly safe and effective in patients with advanced BTC. GS
can serve as an alternative treatment for advanced BTC as a
first-line chemotherapy. A large prospective randomized con-
trolled trials comparing GS with GC are now underway [20].
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