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Abstract 

Major chemotherapeutic drugs for advanced biliary tract cancer (ABTC) include gemcitabine, 
fluoropyrimidines and platinum compounds, but the optimum combination of them remains inconclusive. 
The main objective of this network meta-analysis was to compare the efficacy and safety of first-line 
chemotherapies for ABTC. 
Methods: We searched PubMed, EMBASE, the Cochrane library and Science Direct for relevant 
controlled trials until May 2017. We estimated the Hazard ratios (HRs) for survival time and odds ratios 
(ORs) for response rate and toxic effects among different therapies. All data were calculated by 
Aggregate Data Drug Information System (ADDIS) v2.0 online and STATA software. 
Results: 16 trials involving 2245 patients and 10 regimens were included in this study. In terms of the 
objective response rate, Cap plus CIS (CapC) exhibited better performance than FU (OR 5.46, 95% CI 
1.07–56.63). Gem plus S-1 (GS) was superior to Gem (OR 4.72, 95% CI 1.31–17.02) and FU (OR 9.08, 
95% CI 1.56–89.20). Also, GS had an overall survival benefit compared to FU and Gem, with a HR of 0.51 
(95% CI 0.28-0.96) and 0.43 (95% CI 0.20-0.93), respectively. Compared with FU, Gem plus OXA 
(Gemox) prolonged the OS (HR 0.57, 95% CI 0.32–0.96). And FU was also inferior to FP (HR 1.88, 95% 
CI 1.07-3.16). The PFS did not differ between all regiments. The incidence of grade 3 or 4 hematological 
toxic effects appeared to be higher in the Gem-based chemotherapies. In regard to nonhematological 
adverse events, grade 3 or 4 diarrhea and stomotitis occurred more frequently in S-1-based groups. In 
addition, the Cap plus CIS combination (CapC) were more likely to cause vomiting, stomotitis and 
hand-foot syndrome. As for peripheral neuropathy, Gem plus OXA (Gemox), CapC and GC were 
associated with higher risk. There was no difference among different treatments with respect to 
anorexia, fatigue, nausea, pigmentation, renal dysfunction and asthenia.  
Conclusion: Physicians should discuss with the patients the different options outlining potential benefit 
and toxicity since no clear evidence of an approach of choice can be produced. 

Key words: advanced biliary tract cancer, chemotherapy, gemcitabine, fluoropyrimidines, platinum compounds, 
network meta-analysis  

Introduction 
Biliary tract cancer (BTC) arises from the biliary 

epithelium of the small ducts in the periphery of the 
liver (intrahepatic) and the main ducts of the hilum 

(extrahepatic). Extrahepatic biliary tract cancers 
include gallbladder cancer, ampullary cancer, and 
cancer of the pancreatic biliary ducts [1]. These 
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cancers are relatively rare, but the annual incidence 
and mortality of BTC are increasing worldwide, with 
the highest rates in Latin American and Asian 
populations [2]. Although surgery is currently the 
only curative treatment of BTC, the majority (80%) of 
patients have locally advanced or distant metastatic 
disease at presentation [3]. The prognosis of 
unresectable BTC is aggressive, and less than 10% of 
patients are alive at 5 years after diagnosis [4]. 
Therefore, palliative therapy is important for patients 
with advanced biliary tract cancer (ABTC). 

Current National Comprehensive Cancer Netw-
ork (NCCN) practice guidelines endorse gemcitabine- 
cisplatin combination chemotherapy as a category 1 
recommendation for the first-line treatment of 
patients with ABTC, on the basis of ABC-02 trail [5]. 
In the ABC-02 trial, gemcitabine-cisplatin significantly 
improved overall survival (OS), progression-free 
survival (PFS), and disease control rate (DCR) 
compared with gemcitabine monotherapy. However, 
the prognosis remains poor, with a median survival 
time less than 1 year (11.7 month) [6, 7]. Therefore, 
new drugs and combination therapies for BTC are 
highly demanded. 

Target-specific monoclonal antibodies and small 
molecules inhibitors directed against the signaling 
pathways that drive BTC growth and invasion have 
been developed [8]. As we understand more about the 
molecular pathways involved in BTC, targeted 
therapies are at the forefront of new therapeutic 
combinations. However, targeted therapies combined 
with chemotherapy have failed or shown only 
marginal benefits in several clinical trials. Nowadays, 
we mainly improve prognosis of ABCT by using 
chemotherapies. Gemcitabine (Gem), fluoropyrimid-
ines (fluorouracil (FU), S-1, capecitabine (Cap) and 
tegafur et al), and platinum compounds (cisplatin 
(CIS), oxaliplatin (OXA) et al) are considered key 
drugs for the treatment of ABTC. Lots of controlled 
trials have been conducted to explore the optimum 
combination of these regimens, and yet no conclusive 
results have been reached. Therefore, we conducted a 
Bayesian network meta-analysis to assess the efficacy 
and safety of different chemotherapy regimens 
directly or indirectly in patients with ABTC. 

Methods 
Search strategy  

PubMed, EMBASE, the Cochrane library and 
Science Direct were retrieved, with a censor date up to 
September 2017. Following terms were used in the 
searching procedure: (advanced biliary tract cancer/ 
carcinoma/neoplasms OR cholangiocarcinoma) AND 
(chemotherapy). The search was limited to English 

language and human-based papers. To ensure that all 
relevant trials were included, we scanned related 
literature and references in the selected articles. 

Study selection  
We checked every paper by viewing the title, 

abstract, and the full text. Eligible studies were 
controlled trials involving patients with ABTC who 
were treated with first-line chemotherapy. Studies 
involving the followings were excluded: targeted 
therapy, hepatic artery infusional chemotherapy, 
intraperitoneal chemotherapy, immunotherapy, 
combination therapy with a local control therapy such 
as palliative surgery, radiotherapy, or photodynamic 
therapy. We defined ABTC as unresectable or 
recurrent or metastatic disease. We distinguish 
monotherapy (single agent) and multidrug regimens 
by the number of effective components in the 
chemotherapy regimen. For example, S-1 (also named 
Tiji′aoJiaonang in China) is a novel oral derivative of 
5-FU, and contains tegafur / gimeracil / oteracil 
potassium in a molar ratio of 1.0:0.4:1.0. Tegafur (FT) 
is a depot form of fluorouracil, which releases 
5-fluorouracil (5-FU) slowly in the body. Gimeracil, a 
dihydropyrimidine dehydrogenase inhibitor, contri-
butes to a decrease in 5-FU catabolism and to 
significantly higher blood levels of 5-FU compared to 
FT alone. Oteracil potassium (Oxo), another enzyme 
inhibitor of 5-FU, can suppress the gastrointestinal 
toxicity of FT. FT has antitumor effect. Gimeracil and 
oteracil are biology regulators, but not chemother-
apy agents. When used gimeracil or oteracil alone, 
there was no effect on the tumor. Accordingly, S-1 is 
considered as a single drug, not a combination 
chemotherapy regimen in clinical context. All 
different opinions were discussed. 

Data extraction 
Characteristics of studies, such as author name, 

year of publication, therapy regimens, number of each 
intervention, follow-up time were recorded exactly. 
The details of the efficacy and safety outcome, 
including objective response rate (ORR), overall 
survival (OS), progression-free survival (PFS) and 
adverse events (AEs) were captured respectively. The 
ORR was the percentage of patients who had a 
complete or partial tumor response. OS was defined 
as the time from random assignment to the date of 
death from any cause. PFS was calculated from the 
date of randomization to the date of disease 
progression or death from any cause. Original data 
was transformed into the forms suitable for 
meta-analysis where necessary. The above data 
extraction was performed by two reviewers 
independently. 
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Statistical Analysis 
We performed the multi-treatment meta-analysis 

within a Bayesian framework by Markov Chain Mon-
te Carlo simulation. All data was calculated by using 
Aggregate Data Drug Information System (ADDIS) 
v2.0 online and STATA (Version 12.0; StataCorp, 
College Station, TX). 

Hazard ratios (HRs) and 95% confidence inter-
vals (CIs) were used as effect indicators for time-to- 
event data (OS and PFS). Dichotomous data (ORR and 
AEs) was analyzed using odds ratio (OR) and 95% 
CIs. 

Statistical heterogeneity between studies was 
assessed with I2 statistics and P value. Values of I2 
above 50%, between 25% and 50%, and lower than 
25% were regarded respectively as of high, moderate, 
and low heterogeneity [9, 10]. A random-effects 
model was used to incorporate direct and indirect 
data into a single comparison, if heterogeneity existed 
(P < 0.05, or I2 < 25%) and could not be explained or 
corrected.  

Inconsistency refers to the differences between 
direct and various indirect effects estimated for the 
same comparison. Node-splitting analysis is an 
alternative method to evaluate inconsistency by 
assessing whether direct and indirect evidences on the 
split node are in agreement. P < 0.05 was considered 
as significant heterogeneity. We also investigated 
possible sources of inconsistency using inconsistency 
factor (IF) among studies in each closed loop. If the 
95% CIs of IF values are including zero, it indicates 
that there is no significant inconsistency. 

The publication bias was evaluated by a 
‘comparison-adjusted’ funnel plots whose horizontal 
axis represented the difference between study-specific 
effect sizes and the corresponding comparison- 
specific summary effect.  

We further calculated ranking probabilities for 
each treatment’s efficacy under different endpoint to 
provide basis for selection of alternatives. 

Results 
Study characteristics 

After applying the inclusion and exclusion 
criteria, 16 relevant articles involving a total of 2245 
patients were finally screened out. Figure 1 shows the 
flow chart of selection process. Eleven different thera-
peutic regimens with single or combined use of six 
drugs were obtained. Other basic characteristics of the 
included studies were presented in Table 1. 

Heterogeneity analysis, inconsistency tests and 
Publication bias 

In the pair-wise meta-analysis, I2 values for the 
comparisons of GC and CapC in OS (I2 = 0%) and PFS 
(I2 = 0%), GC and Gem in ORR (I2 = 0%), PFS (I2 = 0%) 
and OS (I2 = 0%) were less than 25%. These results 
indicated that heterogeneity was low overall. And we 
presented the results of inconsistency tests, which did 
not indicate inconsistencies between the direct and 
indirect evidence for any of the efficacy and toxic 
safety outcomes. No significant publication bias was 
found in this meta-analysis as the funnel plots were 
symmetrical near the zero line (Figure 2). 

 

Table 1. Main characteristics of included studies.  

Author Year Follow-up 
time (months) 

Outcomes Site Stage No. of 
patients 

Comparison 

Anant Ramaswamy 2017 36 ORR, OS, PFS, AEs gallbladder cancer inoperable/metastatic 326 GC vs. Gemox 
Naminatsu Takahara 2017 40 ORR, OS, PFS, AEs biliary tract cancer inoperable/metastatic/recurrent 212 GS vs. GC 
Kwonoh PARK 2017 30 ORR, OS, PFS biliary tract cancer inoperable/metastatic/recurrent 124 GC vs. CapC 
Tulay Kus 2017 44 ORR biliary tract cancer inoperable/metastatic 80 GC vs. FP  
Jieun Lee 2015 24 ORR, PFS, AEs biliary tract cancer inoperable/metastatic/recurrent 93 GC vs. CapC 
Sang Myung Woo 2013 40 ORR, OS, AEs biliary tract cancer inoperable/metastatic/recurrent 292 GC vs. CapC 
Chigusa Morizane 2013 24 ORR, OS, PFS, AEs biliary tract cancer inoperable/metastatic/recurrent 90 GS vs. S-1 
Takashi Sasaki 2013 24 ORR, OS, PFS, AEs biliary tract cancer inoperable/metastatic/recurrent 62 GS vs. Gem 
Park J M 2013 Not given* ORR biliary tract cancer inoperable/metastatic 54 GC vs. Gem 
Myoung Joo Kang 2012 30 ORR, OS, PFS, AEs biliary tract cancer inoperable/metastatic 88 CS vs. GC 
Juan Valle 2010 32 ORR, OS, PFS, AEs biliary tract cancer inoperable/metastatic 303 GC vs. Gem 
T Okusaka 2010 24 ORR, OS, PFS, AEs biliary tract cancer inoperable/metastatic/recurrent 83 Gem vs. GC 
Atul Sharma 2010 28 ORR, OS, PFS, AEs gallbladder cancer inoperable 54 FU vs. Gemox 
Mi-Jung Kim 2008 48 ORR, OS, PFS biliary tract cancer inoperable/metastatic/recurrent 177 GC vs. FP 
Naohiro Yonemoto 2007 48 ORR biliary tract cancer inoperable 152 FU vs. S-1 vs. Gem 

vs. Cisplatin 
M. Ducreux 2005 38 ORR, OS, PFS, AEs biliary tract cancer inoperable/metastatic 55 FU vs. FP 
Note 1: GC=gemcitabine+cisplatin; Gemox=gemcitabine+oxaliplatin; GS=gemcitabine+S-1; CapC=capecitabine+ciaplatin; FP=5-FU+cisplatin; Gem=gemcitabine; 
CS=cisplatin+S-1; FU=5-FU. Note 2: *Only objective response rate was showed in this article, the survival time and follow-up time were not reported 
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Figure 1. Flow chart and network structure. 

 

 
Figure 2. Publication bias. The red line represents the null hypothesis that the study-specific effect sizes do not differ from the respective comparison-specific 
pooled effect estimates. 
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ORR 
As presented in Table 2, Gem plus S-1 (GS) was 

superior to both Gem (OR 4.72, 95% CI 1.31–17.02) 
and FU (OR 9.08, 95% CI 1.56–89.20). Cap plus CIS 
(CapC) exhibited better performance than FU (OR 
5.46, 95% CI 1.07–56.63). We did not detect significant 
difference among other treatments. 

OS and PFS 
According to the results of network analysis, GS 

had an overall survival benefit compared to FU and 
Gem, with a HR of 0.51 (95% CI 0.28-0.96) and 0.43 
(95% CI 0.20-0.93), respectively. Compared with FU, 
Gem plus OXA (Gemox) prolonged the OS (HR 0.57, 
95% CI 0.32–0.96). And FU was also inferior to FP (HR 
1.88, 95% CI 1.07-3.16). The PFS did not differ between 
these regiments. The details are listed in Table 2. 
Adverse Events (AEs) 

The incidence of grade 3 or 4 hematological toxic 
effects appeared to be higher in the Gem-based 
chemotherapies. Gem plus CIS (GC) and GS lead to 
more leucopenia and febrile neutropenia events 
compared with CS. The risk of anemia and 
neutropenia were higher with GC than CS or Gem. In 

regard to nonhematological adverse events, grade 3 or 
4 diarrhea and stomotitis occurred more frequently in 
S-1-based groups. The Cap plus CIS combination 
(CapC) were more likely to cause vomiting, stomotitis 
and hand-foot syndrome. In terms of peripheral 
neuropathy, Gem plus OXA (Gemox), CapC and GC 
were associated with higher risk. No difference was 
identified among treatments with respect to anorexia, 
fatigue, nausea, pigmentation, renal dysfunction and 
asthenia (Table 3). 

Ranking of treatments 
The results of rank probability were presented in 

Figure 3 and Figure 4. From the ranking of efficacy 
outcomes, GS, CS and CapC presented a high 
probability at ORR. CapC, CS and Gemox were 
outstanding PFS terms. And GS, FP and CS were the 
top three effective therapies with respect to OS. 
However, GC, GS, CapC, Gemox were associated 
with high risk of adverse events. On the other hand, 
due to the lack of data in compare of FP with other 
regiments, its toxic effects were uncertain. It appeared 
that there was no ideal treatment which can perform 
well in both efficacy and safety. 

 

 
Figure 3. Ranking probability results of ORR (A), OS (B) and PFS (C). Rank 1 is best, rank N is worst. 



 Journal of Cancer 2019, Vol. 10 

 
http://www.jcancer.org 

262 

Table 2. Network meta-analysis results for ORR, PFS and OS.  

ORR CS 1.10 
(0.15, 
9.30) 

0.79 (0.05, 
11.83) 

1.04 (0.08, 
9.11) 

0.20 (0.01, 1.73) 0.77 (0.12, 
4.43) 

1.80 (0.17, 15.78) 0.38 (0.05, 2.69) 0.82 (0.07, 7.28) 0.82 (0.07, 9.08) 

  CapC 0.71 (0.07, 
6.66) 

0.96 (0.11, 
4.41) 

0.18 (0.02, 0.94) 0.70 (0.21, 
1.77) 

1.63 (0.26, 7.75) 0.34 (0.07, 1.27) 0.78 (0.09, 3.19) 0.71 (0.10, 4.86) 

    Cisplatin 1.31 (0.10, 
12.01) 

0.24 (0.02, 2.37) 0.97 (0.13, 
7.47) 

2.26 (0.28, 17.63) 0.48 (0.08, 3.14) 1.06 (0.09, 9.08) 1.01 (0.13, 8.08) 

      FP 0.19 (0.03, 1.03) 0.74 (0.19, 
3.97) 

1.69 (0.28, 13.43) 0.36 (0.07, 2.39) 0.80 (0.12, 5.06) 0.76 (0.10, 7.93) 

        FU 3.88 (0.93, 
26.57) 

9.08 (1.56, 89.20) 1.90 (0.40, 14.69) 4.17 (0.91, 23.17) 4.07 (0.60, 47.57) 

          GC 2.28 (0.63, 8.55) 0.49 (0.18, 1.27) 1.10 (0.22, 3.72) 1.03 (0.21, 5.54) 

            GS 0.21 (0.06, 0.76) 0.48 (0.06, 2.56) 0.44 (0.11, 1.98) 

              Gem 2.21 (0.38, 9.49) 2.15 (0.45, 10.89) 

                Gemox 0.94 (0.15, 9.70) 

                  S-1 

                      

           

OS CapC                 1.05 (0.56, 
2.03) 

0.94 (0.58, 
1.70)  

1.77 (0.95, 3.46)  1.03 (0.79, 
1.43)  

1.48 (0.97, 2.44)  1.00 (0.60, 1.71)  0.77 (0.44, 1.44)  1.07 (0.48, 2.46)  

  CS   0.89 (0.44, 
1.94)  

1.67 (0.77, 3.86)  0.98 (0.55, 
1.75)  

1.41 (0.72, 2.82)  0.96 (0.46, 1.89)  0.73 (0.34, 1.56)  1.01 (0.38, 2.68)  

     FP  1.88 (1.07, 3.16)  1.09 (0.68, 
1.69)  

1.58 (0.86, 2.73)  1.07 (0.58, 1.77)  0.81 (0.40, 1.61)  1.12 (0.45, 2.71)  

       FU  0.58 (0.33, 
1.03)  

0.84 (0.43, 1.65)  0.57 (0.32, 0.96)  0.43 (0.20, 0.93)  0.60 (0.23, 1.52)  

         GC  1.45 (0.99, 2.09)  0.98 (0.61, 1.45)  0.75 (0.45, 1.24)  1.04 (0.48, 2.19)  

           Gem  0.68 (0.38, 1.17)  0.51 (0.28, 0.96)  0.72 (0.31, 1.6)  

             Gemox  0.76 (0.40, 1.52)  1.05 (0.45, 2.59)  

               GS  1.39 (0.78, 2.46)  

                 S-1  

                     

           

PFS CapC   1.22 (0.40, 
3.87) 

1.35 (0.48, 
3.91)  

1.94 (0.59, 6.24)  1.15 (0.65, 
2.04)  

1.83 (0.76, 4.65)  1.13 (0.40, 2.98)  1.32 (0.42, 3.92)  2.27 (0.52, 10.06)  

  CS   1.11 (0.30, 
4.25)  

1.59 (0.39, 6.41)  0.95 (0.37, 
2.55)  

1.51 (0.45, 5.02)  0.93 (0.25, 3.28)  1.08 (0.27, 4.28)  1.87 (0.34, 9.80)  

     FP  1.43 (0.56, 3.36)  0.85 (0.35, 
2.02)  

1.35 (0.44, 3.92)  0.83 (0.29, 2.12)  0.98 (0.26, 3.38)  1.68 (0.31, 8.17)  

       FU  0.60 (0.22, 
1.67)  

0.95 (0.29, 3.32)  0.58 (0.23, 1.42)  0.68 (0.16, 2.68)  1.19 (0.21, 6.55)  

         GC  1.59 (0.80, 3.19)  0.98 (0.41, 2.10)  1.15 (0.42, 2.84)  1.96 (0.49, 7.78)  

           Gem  0.61 (0.21, 1.72)  0.73 (0.21, 2.24)  1.24 (0.26, 5.82)  

             Gemox  1.17 (0.33, 4.26)  2.00 (0.39, 10.03)  

               GS  1.72 (0.65, 4.53)  

                 S-1  

           

Note: Each cell gives the effect of the column-defining intervention relative to the row-defining intervention. The bold form means significant result. 
 
 

Table 3. Network meta-analysis results for adverse events. 

vomiting CS 6.95 (0.12, 
3.99E+02) 

    3.32E+06 
(3.16, 
3.12E+19) 

2.60 (0.07, 
1.14E+02) 

2.56 (0.08, 
8.80E+01) 

2.60 (0.06, 
1.59E+02) 

0.69 (0.01, 
7.99E+01) 

throcopen
ia 

0.00 (0.00, 
0.47) 

CapC   1.34 (0.29, 
6.90) 

0.38 (0.01, 
1.32E+01) 

0.38 (0.01, 
1.02E+01) 

0.39 (0.01, 
2.05E+01) 

0.10 (0.00, 
9.61) 

0.00 (0.00, 
2.16) 

1.49 (0.01, 
1.54E+02) 

FP       

0.00 (0.00, 
3.36) 

3.94 (0.07, 
1.95E+02) 

2.53 (0.24, 
3.87E+01) 

FU      
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0.00 (0.00, 
0.32) 

0.75 (0.14, 
3.50) 

0.53 (0.01, 
3.95E+01) 

0.21 (0.00, 
7.41) 

GC 0.33 (0.04, 
2.75) 

0.33 (0.06, 
1.76) 

0.34 (0.02, 
4.81) 

0.09 (0.00, 
2.90) 

0.00 (0.00, 
4.62E+04) 

4.28 (0.00, 
5.20E+09) 

2.10 (0.00, 
3.75E+09) 

0.92 (0.00, 
1.20E+09) 

5.08 (0.00, 
4.57E+09) 

GS 1.00 (0.10, 
9.23) 

1.02 (0.03, 
3.16E+01) 

0.27 (0.01, 
4.60) 

0.00 (0.00, 
0.31) 

0.64 (0.06, 
7.34) 

0.42 (0.00, 
5.88E+01) 

0.16 (0.00, 
1.12E+01) 

0.88 (0.14, 
6.19) 

0.18 (0.00, 
1.97E+11) 

Gem 1.01 (0.05, 
2.61E+01) 

0.26 (0.01, 
1.13E+01) 

0.00 (0.00, 
2.03) 

3.48 (0.23, 
6.17E+01) 

2.37 (0.06, 
1.01E+02) 

0.92 (0.05, 
1.49E+01) 

4.59 (0.47, 
5.26E+01) 

0.82 (0.00, 
6.42E+11) 

5.44 (0.25, 
1.09E+02) 

Gemox 0.26 (0.00, 
2.11E+01) 

1.69 (0.00, 
1.58E+16) 

2.82E+06 
(0.00, 
5.09E+25) 

2.07E+06 
(0.00, 
1.76E+25) 

8.09E+05 
(0.00, 
6.44E+24) 

3.44E+06 
(0.00, 
5.99E+25) 

2.80E+05 
(0.54, 
2.08E+20) 

3.90E+06 
(0.00, 
4.99E+25) 

8.31E+05 
(0.00, 
7.16E+24) 

S-1 

Anemia CS 1.91 (0.11, 
4.83E+01) 

  2.26 (0.26, 
1.97E+01) 

1.87 (0.14, 
3.12E+01) 

1.16 (0.10, 
1.58E+01) 

0.66 (0.03, 
1.72E+01) 

0.04 (0.00, 
1.52) 

neutropen
ia 

0.12 (0.00, 
4.97) 

CapC   1.16 (0.12, 
1.06E+01) 

0.94 (0.06, 
1.55E+01) 

0.60 (0.04, 
7.28) 

0.34 (0.01, 
7.84) 

0.02 (0.00, 
0.75) 

  FP       

   FU      

0.05 (0.00, 
0.64) 

0.40 (0.03, 
4.29) 

  GC 0.80 (0.17, 
4.55) 

0.53 (0.14, 
1.91) 

0.29 (0.03, 
3.05) 

0.02 (0.00, 
0.34) 

0.10 (0.00, 
1.94) 

0.79 (0.03, 
1.34E+01) 

  2.02 (0.37, 
9.50) 

GS 0.65 (0.11, 
3.06) 

0.37 (0.02, 
5.59) 

0.02 (0.00, 
0.24) 

0.15 (0.00, 
2.82) 

1.19 (0.06, 
1.76E+01) 

  3.02 (0.83, 
1.14E+01) 

1.54 (0.29, 
8.93) 

Gem 0.57 (0.04, 
8.10) 

0.04 (0.00, 
0.69) 

0.19 (0.00, 
5.05) 

1.60 (0.05, 
3.41E+01) 

  4.01 (0.61, 
3.04E+01) 

2.01 (0.17, 
2.61E+01) 

1.32 (0.12, 
1.46E+01) 

Gemox 0.06 (0.00, 
2.63) 

0.35 (0.00, 
2.68E+01) 

3.03 (0.05, 
1.87E+02) 

    7.25 (0.40, 
2.05E+02) 

3.65 (0.36, 
6.29E+01) 

2.43 (0.12, 
6.80E+01) 

1.85 (0.05, 
7.14+01) 

S-1 

diarrhea CS 4.17E+08 
(1.11, 
5.37E+29) 

 5.95E+02 
(0.00, 
8.12E+22) 

1.33E+09 
(4.40, 
1.05E+30) 

0.01 (0.00, 
1.23E+23) 

 4.59E+09 
(9.87, 
3.46E+30) 

 periphera
l 
neuropat
hy 1.20 (0.00, 

4.39E+09) 
CapC  0.00 (0.00, 

3.16) 
3.00 (0.22, 
4.96E+01) 

0.00 (0.00, 
0.50) 

 9.61 (0.22, 
4.84E+02) 

 

  FP       

   FU      

4.40E+04 
(1.72, 
1.58E+15) 

4.97E+04 
(0.44, 
2.68E+17) 

 0.00 (0.00, 
0.84) 

GC 0.00 (0.00, 
0.13) 

 3.27 (0.20, 
5.77E+01) 

 

0.35 (0.00, 
6.02E+11) 

0.13 (0.00, 
5.86E+11) 

 2.86E+03 
(0.00, 
1.13E+29) 

0.00 (0.00, 
0.59) 

GS  1.82E+11 
(2.23E+01, 
4.51E+34) 

 

1.03E+13 
(2.63E+02, 
6.01E+26) 

1.16E+13 
(9.21E+02, 
4.40E+25) 

  4.60E+07 
(0.87, 
4.81E+19) 

2.00E+14 
(1.08E+03, 
5.92E+24) 

Gem   

2.22E+04 
(0.57, 
8.17E+14) 

2.35E+04 
(0.18, 
1.06E+17) 

 0.00 (0.00, 
0.18) 

0.53 (0.05, 
5.16) 

2.07E+05 
(0.64, 
1.02E+13) 

0.00 (0.00, 
0.85) 

Gemox  

0.08 (0.00, 
1.09E+11) 

0.04 (0.00, 
1.33E+11) 

    0.00 (0.00, 
0.26) 

0.24 (0.01, 
5.19) 

0.00 (0.00, 
0.00) 

0.00 (0.00, 
0.62) 

S-1 

leucopenia CS    1.28E+07 
(2.67, 
1.76E+26) 

7.12E+07 
(7.64, 
7.24E+26) 

  1.98E+02 
(0.00, 
3.84E+21) 

febrile 
neutropen
ia 

 CapC        

  FP       

   FU      

0.00 (0.00, 
0.01) 

   GC 4.32 (0.30, 
2.33E+02) 

  0.00 (0.00, 
1.72E+01) 

0.00 (0.00, 
0.00) 

   0.69 (0.14, 
3.72) 

GS   0.00 (0.00, 
1.95) 

0.00 (0.00, 
0.01) 

   1.74 (0.41, 
6.87) 

2.50 (0.42, 
1.37E+01) 

Gem   

       Gemox  

0.00 (0.00, 
0.16) 

      2.30E+01 
(1.10, 
1.61E+03) 

3.27E+01 
(2.29, 
2.22E+03) 

1.41E+01 
(0.59, 
1.11E+03) 

  S-1 

Anorexia CS 7.72 (0.12, 
9.86E+02) 

  2.47 (0.14, 
8.21E+01) 

5.33 (0.08, 
7.14+02) 

1.72 (0.05, 
8.19E+01) 

 1.81E+01 
(0.08, 
7.49E+03) 

nausea 

0.00 (0.00, 
1.02E+12) 

CapC   0.37 (0.01, 
6.51) 

0.67 (0.01, 
6.68E+01) 

0.23 (0.00, 
6.99) 

 2.19 (0.01, 
8.68E+02) 

  FP       
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   FU      

0.00 (0.00, 
3.31E+11) 

0.28 (0.04, 
1.89) 

  GC 1.94 (0.12, 
7.62E+01) 

0.68 (0.11, 
3.39) 

 6.01 (0.08, 
1.23E+03) 

0.00 (0.00, 
8.10E+11) 

0.59 (0.03, 
1.22E+01) 

  2.11 (0.21, 
1.91E+01) 

GS 0.36 (0.01, 
6.10) 

 2.86 (0.12, 
1.86E+02) 

0.00 (0.00, 
2.42E+11) 

0.20 (0.01, 
2.33) 

  0.67 (0.09, 
3.20) 

0.31 (0.03, 
3.07) 

Gem  9.16 (0.11, 
2.02E+03) 

       Gemox  

0.00 (0.00, 
1.89E+12) 

0.83 (0.02, 
3.60E+01) 

    2.96 (0.09, 
7.87E+01) 

1.46 (0.11, 
1.78E+01) 

4.37 (0.14, 
1.55E+02) 

  S-1 

stomotitis CS         renal 
dysfuncti
on  CapC   3.17 (0.44, 

2.22E+01) 
0.00 (0.00, 
2.71E+07) 

1.71 (0.07, 
4.53E+01) 

 0.00 (0.00, 
8.36E+08) 

  FP       

   FU      

 1.69E+05 
(2.33, 
4.82E+18) 

  GC 0.00 (0.00, 
5.88E+06) 

0.57 (0.04, 
7.17) 

 0.00 (0.00, 
3.14E+08) 

 0.00 (0.00, 
7.13E+11) 

  0.00 (0.00, 
0.22) 

GS 2.04E+04 
(0.00, 
1.92E+16) 

 0.03 (0.00, 
4.31E+09) 

 2.04E+03 
(0.00, 
1.15E+26) 

  0.00 (0.00, 
3.40E+15) 

3.91E+07 
(0.00, 
3.81E+22) 

Gem  0.00 (0.00, 
6.48E+08) 

       Gemox  

  1.69E+05 
(0.00, 
3.84E+23) 

    1.95 (0.00, 
2.26E+14) 

3.85E+09 
(7.01, 
7.82E+28) 

2.73E+01 
(0.00, 
1.93E+25) 

  S-1 

fatigue CS         skin rash 

 CapC        

  FP       

   FU      

    GC 2.99 (0.09, 
1.89E+02) 

0.00 (0.00, 
0.83) 

1.06 (0.21, 
4.82) 

0.38 (0.00, 
7.46E+01) 

    3.28 (0.38, 
4.03E+01) 

GS 0.00 (0.00, 
0.12) 

3.55 (0.22, 
6.40E+01) 

0.13 (0.00, 
4.09) 

    1.01 (0.23, 
3.43) 

0.30 (0.02, 
3.65) 

Gem 1.06 (0.11, 
6.98) 

2.94E+08 
(0.66, 
3.29E+28) 

    0.95 (0.21, 
4.81) 

0.28 (0.02, 
4.47) 

0.94 (0.14, 
8.80) 

Gemox  

        8.17 (0.35, 
2.43E+02) 

2.37 (0.23, 
2.76E+01) 

8.43 (0.28, 
3.41E+02) 

8.20 (0.25, 
3.57E+02) 

S-1 

           pigmentat
ion 

CS 1.16E+01 
(0.24, 
1.45E+03) 

    2.35 (0.14, 
1.28E+02) 

        asthenia 

 CapC   0.23 (0.01, 
2.66) 

    

  FP       

   FU      

    GC     

    0.16 (0.00, 
6.62E+01) 

GS    

    1.19 (0.00, 
3.23E+03) 

7.61 (0.01, 
8.78E+03) 

Gem   

       Gemox  

                S-1 
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Figure 4. Ranking probability results of adverse events. Rank 1 is best, rank N is worst. 

 
Discussion 

BTC is an aggressive cancer causing a high 
mortality around the world. One-year survival for 
intrahepati BTC was 25%, decreasing to 8% and 5% at 
3 and 5 years [11]. In extrahepatichepatic BTC 
survival less rapidly reduced from 48% at 1 year to 
23% at 3 years [11]. For the majority of the patients 
who present with locally advanced or metastatic 
disease, systemic chemotherapy remains the mainstay 
treatment. To give valuable suggestions for chemo-
therapy regiments by comparing the efficacy and 
safety, we conducted this network meta-analysis 
based on 16 studies involving a total of 2245 
individuals, with six drugs commonly used for ABTC. 

This meta-analysis showed that doublet 
chemotherapy was more outstanding than mono 
therapy for efficacy in ORR, PFS and OS, but with 

higher risk of toxicity. According to ranking of 
treatments, Gem based therapies showed advantages 
in OS; fluoropyrimidines based regimens were 
associated with an increased ORR. And platinum 
compounds based chemotherapies may have PFS 
benefits. Overall, GS probably have some advantages 
in terms of efficacy (OS and ORR) in treating patients 
with ABTC. 

 S-1, an oral fluoropyrimidine derivative, has 
been widely used as one of the key drugs for the 
treatment of BTC. An ORR of 15%-20% and median 
OS of 7-9 month were obtained for S-1 monotherapy 
as the first-line treatment in patients with ABTC 
[12-14]. Because of its high anti-tumor activity, the 
combination therapy with gemcitabine, another 
crucial drug for ABTC, was tried and has shown 
promising results in several phase II trials [15, 16]. 
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Recently, a multicenter retrospective study compared 
GS and GC treatment in patients with ABTC, and 
demonstrated that GS and GC were similar with 
regard to their safety and efficacy [17]. Outcomes of 
this network analysis are consistent with the 
conclusion from previous clinical researches. On the 
other hand, patients treated with S-1 could have better 
compliance and higher quality of life than received 
cisplatin, with regard to its oral administration. Also, 
GS therapy can be continued until disease progr-
ession, although GC therapy should be terminated 
before progression if cumulative toxicity of cisplatin 
such as peripheral neuropathy or renal damage is 
observed [18]. Therefore, in addition to the standard 
recommendation (GC), GS may be worthy of 
consideration in clinical for the treatment of ABTC. 
Further evaluation should be given. 

However, all the treatments assessed were not 
associated with surprising survival prospects compa-
red with GC regiment, the standard chemotherapy for 
ABTC at present. As BTC is a heterogeneous group of 
tumors, a large amount of work has been recently 
accomplished to gain deeper insights into its 
biological mechanism [19]. Until now, no effective 
molecular biomarkers are currently available to 
predict response and survival outcome after treat-
ment in ABTC patients. Targeted therapy for ABTC is 
still in its infancy and the experience of other 
successful cancers is borrowed. For example, 
oncogenic activation of EGFR and its downstream 
pathways, including KRAS, BRAF, PTEN, PIK3CA et 
al, are correlated with responsiveness to anti-EGFR 
therapies [20, 21]. In colorectal cancer, it has been 
showed that KRAS mutation precludes any therap-
eutic benefit from anti-EGFR antibodies (cetuximab 
and panitumumab). And EGFR mutation point 
benefits from erlotinib in lung cancer. Although 
ABTCs have a spectrum of mutations in EGFR 
signaling pathway, the concept above has not yet been 
confirmed [22, 23]. VEGF, one of the main growth 
factors regulating angiogenesis, is over expressed in 
40–75% of BTC. However, sorafenib or cediranib 
combined with conventional chemotherapy does not 
exceed the outcome of patients treated with 
chemotherapy alone [23-27]. We hold the opinion that 
the use of Next-generation sequencing (NGS) and the 
establishment of molecular classification could make 
the breakthrough of targeted therapy for BTC 
possible. Further prospective studies are needed. 

There are some limitations in our analysis. First, 
given the rarity of this disease, samples in some of the 
clinical studies included in this network analysis were 
small and not randomized. Second, limited by the 
absence of some raw data, the subgroup analyses for 
location of the primary tumor, disease status and 

metastatic sites et al were not conducted. On the other 
hand, classical risk factors for biliary tract cancer 
include chronic cholestatic disease (primary biliary 
cirrhosis) and chronic inflammation of the biliary tract 
(calculi, malformations, Caroli disease, hamartoma, 
chronic parasitic or bacterial infections). However, the 
majority of patients develop biliary tract cancer in the 
absence of identifiable risk factors clinically [28]. The 
interaction between risk factors and chemotherapy in 
patients with biliary tract cancer is not described and 
analyzed in all literatures included in this network 
meta-analysis. Admittedly, as a re-analysis of the 
relevant data, it is difficult to describe the causation 
elements of these patients with the disease. Therefore, 
we did not carry out a subgroup analysis of the 
incentives here, too. Third, not all adverse events were 
calculated among the ten therapeutic regimens. 
Fourth, during the process of literature review and 
data extraction, we noted that there were various 
standards of liver dysfunction. This inconsistency in 
evaluating criteria can skew results, so we did not 
analyse this common adverse effect here.  

In conclusion, a regimen with an excellent 
combination of efficacy and safety remains to be 
discovered. Physicians should discuss with the 
patients the different options outlining potential 
benefit and toxicity since no clear evidence of an 
approach of choice can be produced in the existing 
chemotherapies. 
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