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ABSTRACT
Objective This study aimed to determine the benefits 
of adjuvant therapy in patients with resected biliary tract 
cancer (BTC) and identify the optimal adjuvant treatment 
scheme.
Design Systematic review and network meta- analysis.
Data sources Studies comparing different adjuvant 
therapies in patients with BTC were searched in PubMed, 
Embase, CINAHL, Cochrane Central Register of Controlled 
Trials and  ClinicalTrials. gov databases from inception 
to December 2021. Additionally, the references were 
manually searched for the related literature.
Materials and methods Eligible studies were identified, 
and data were extracted independently by two authors. 
A random- effects network meta- analysis was performed 
using R software. The pooled outcomes of overall survival 
(OS) and disease- free survival (DFS) were measured using 
the combined HRs with 95% CIs.
Results Nineteen eligible studies reporting three types 
of adjuvant therapies were included in our network meta- 
analysis. Adjuvant radiotherapy (ART, HR 0.62; 95% CI 
0.42 to 0.93), adjuvant chemoradiotherapy (ACRT; HR 
0.71; 95% CI 0.54 to 0.83) and adjuvant chemotherapy 
(ACT; HR 0.84; 95% CI 0.68 to 0.98) were more effective in 
prolonging OS than that of observation, with no significant 
difference between the three adjuvant therapies. Moreover, 
the improvement in DFS was also found in ACRT and 
ACT compared with that of observation (HR 0.60; 95% CI 
0.45 to 0.75; HR 0.82; 95% CI 0.68 to 0.97, respectively). 
Furthermore, ACRT obtained a slightly better DFS benefit 
compared with that of ACT (HR 0.73; 95% CI 0.53 to 0.95).
Conclusions Our primary results demonstrated that, 
compared with that of observation, ACRT and ACT 
after radical resection could provide better OS and 
DFS benefits in patients with BTC. However, ART only 
showed improvement in OS, but not in DFS. Due to the 
lack of head- to- head studies of ACT, ACRT and ART, the 
above results need to be further verified by prospective 
randomised controlled trials.

INTRODUCTION
Biliary tract cancer (BTC) is classified into 
gallbladder cancer (GBC), intrahepatic 
cholangiocarcinoma (iCCA) and extrahe-
patic cholangiocarcinoma (eCCA), and 
eCCA is further subdivided into perihilar 

cholangiocarcinoma (pCCA or Klatskin 
tumour) and distal cholangiocarcinoma 
(dCCA).1 BTC accounts for approximately 
3% of digestive system cancers and 10%–15% 
of primary liver cancers.2 The incidence of 
BTC is higher in Asian countries and lower in 
European countries, the USA and Australia; 
however, its incidence is increasing globally.2 3 
The vast majority (>90%) of BTC cases were 
adenocarcinoma. Moreover, most cases are 
usually in the advanced or metastatic stage at 
the initial diagnosis. Only approximately 20% 
of BTC cases are considered resectable.4

Surgical resection remains the primary 
curative treatment in patients with resected 

Strengths and limitations of this study

 ► This network meta- analysis compared the effica-
cy of three major types of adjuvant treatments for 
patients with biliary tract cancer (BTC) after radical 
resection.

 ► This review was conducted with a strict selection 
criterion to lower the risk of bias and increase the 
homogeneity, including only patients with negative 
resection margins (R0) or microscopic positive re-
section margins (R1), but not macroscopic involve-
ment resections (R2), and excluding studies with 
unbalanced or unclear baseline profiles in age, sex, 
disease severity or residual tumour status.

 ► A comprehensive analysis was performed, including 
the transitivity assumption, local inconsistency of 
the model, global and local heterogeneity, sensitivi-
ty analysis, subgroup analysis, rank probability and 
publication bias.

 ► All studies regarding adjuvant radiotherapy (ART) 
and adjuvant chemoradiotherapy (ACRT) were ret-
rospective studies, which were inherent to selection 
bias.

 ► Because of the small sample sizes of ART, the claim 
of optimal treatment for patients with BTC should be 
interpreted with caution. The optimal regimens and 
dosing schedules for adjuvant chemotherapy and 
ACRT need to be further explored.  on O
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BTC. However, the high recurrence rates (including 
locoregional or distant recurrence) and low survival 
rates (5- year survival rates of patients ranging from 5% 
to 15%) are prominent problems, even with complete 
(R0) resection.4–8 Previously published studies have 
shown that histologic margin status, lymph node (LN) 
involvement and intrahepatic metastasis are the main 
prognostic factors.9–11 Adjuvant chemotherapy (ACT), 
adjuvant radiotherapy (ART) and adjuvant chemoradio-
therapy (ACRT) are the main options following resection 
for adjuvant therapy.

A variety of guidelines have suggested that postoper-
ative adjuvant therapy could be considered an option 
for BTC patients.12–15 The use of ACT and ACRT for 
patients with GBC and eCCA was supported by the 
National Comprehensive Cancer Network (NCCN) 
guidelines. Adjuvant capecitabine is recommended by 
the American Society of Clinical Oncology (ASCO) 
guidelines for patients with resected BTC for 6 months, 
based on the results of the BILCAP study, which showed 
a protocol- specified adjusted overall survival (OS) HR 
of 0.71 (95% 0.55 to 0.92).16 However, some experts still 
hold reservations regarding the BILCAP study due to 
the underpowered statistical design and concerns over 
data maturity.17 The discrepancy between the BILCAP 
study and the PRODIGE- 12/ACCORD- 18 studies also 
results in more discussions on the optimal scheme of 
adjuvant therapy.18 Despite the tremendous effort, 
universal agreement on the optimal scheme of adju-
vant therapy has not been established due to the lack of 
high- quality evidence.19

Moreover, conflicting results were also observed in 
the meta- analyses on this topic. A previous study by 
Rangarajan et al showed a significant improvement in 
OS with adjuvant therapy after resection compared 
with that of resection only.20 In contrast, Horgan et al 
reported a non- significant improvement in OS with 
adjuvant therapy compared with that of observation 
in the overall population. However, a more significant 
benefit from adjuvant therapy was found in patients 
with positive LN involvement and R1 resection.21 Three 
network meta- analyses of adjuvant therapies in patients 
with resected BTC have been published previously. One 
made comparisons among ACT, ACRT and resection 
only and did not consider ART.22 One only summarised 
three randomised clinical trials (RCTs) covering three 
different ACT regimens, and the robustness of their 
results was limited due to the very small sample sizes.23 
A recent study indicated that ACRT could provide 
a survival benefit in patients with positive margins or 
nodal involvement, but the inclusion of patients with R2 
margins is still debatable.24

Therefore, it is essential to perform a new network 
meta- analysis to elucidate the efficacy of adjuvant therapy 
and identify the optimal scheme of adjuvant therapy for 
patients with resected BTC.

METHODS
The study design was built in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyse extension statement for network meta- 
analysis for healthcare (online supplemental table 1).25

Search strategy
PubMed, Embase, CINAHL, Cochrane Central Register 
of Controlled Trials (CENTRAL) and ClinicalTrials. gov 
databases were searched from inception to December 
2021 to find relevant literature using the main keywords 
“biliary tract cancer” and “adjuvant therapy.” In addi-
tion, references in the relevant literature were manually 
checked for potentially relevant papers. The detailed 
search strategy is presented in online supplemental table 
2.

Selection criteria
Studies that met the following criteria were included: (1) 
those including patients with histologically or cytologi-
cally confirmed resected BTC and treated with adjuvant 
therapy or observation after curative- intent resection 
(defined as negative resection margins (RM, R0) or 
microscopic positive resection margins (R1), but not 
macroscopic involvement resections (R2)); (2) studies 
reporting at least one of the following clinical outcomes, 
OS or disease- free survival (DFS) and (3) studies with 
treatment and control arms.

Studies that involved the following were excluded: (1) 
studies including patients with ampullary carcinomas or 
other primary cancers or neoadjuvant therapy, palliative 
therapy or therapy after postoperative recurrence; (2) 
studies comparing the same type of adjuvant therapies; 
(3) those with unbalanced baseline profiles in age, sex, 
disease severity (American Joint Committee on Cancer 
staging) or residual tumour status; (4) reviews, confer-
ence abstracts, posters or case reports and (5) studies not 
written in English or without a full text, or with a small 
sample size (<10 in any group).

All study titles and abstracts were screened, and then 
the full texts of potentially eligible articles were sequen-
tially assessed for final inclusion.

Data extraction and quality assessment
The following details were extracted from each study: 
author, study period, country, study type, sample size, 
tumour site (BTC type), disease severity, age, female sex 
(%), RM status, LN status, OS and DFS. OS was defined 
as the period from the date of surgery (or randomisation 
in RCTs) to the date of death (or last follow- up). DFS was 
defined as the time from the surgery date (or randomi-
sation in RCTs) to recurrence of tumours (locoregional 
or distant). Moreover, the authors were contacted when 
there was confusion or missing data in any article. Data 
were excluded or not considered if no response was 
received.

The quality of the studies was assessed using the 
Newcastle- Ottawa Scale for observational studies, based 
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on the following domains: selection, comparability and 
outcome.26 The detailed information can be found in 
online supplemental table 3. A study that scored 8–9 
points, of which 2 points for comparability, is considered 
high quality; a score of 4–7 points indicates moderate 
quality and 0–3 means low quality. The Cochrane Risk of 
Bias Tool was used to grade the RCT quality.27

Two investigators (YCh and BZ) independently 
conducted the study selection and data extraction, and 
four authors (YCh, BZ, CLi and YCa) assessed the risk of 
bias of each eligible study. Discrepancies were resolved 
by consensus and arbitration by other investigators (CLu 
and MQ).

Data synthesis and statistical analysis
The primary outcomes were OS and DFS and measured 
using the HR with a 95% CI. When HRs and 95% CIs 
for OS and DFS were not reported in the original article, 
they were extracted from survival curves using Engauge 
Digitizer V.10.9 (2014 Mark Mitchell) and estimated by 
the method suggested by Tierney.28

A Bayesian network meta- analysis was performed using 
the R software (V.4.1.2, https://www.r-project.org/). 
Network plots were generated for different outcomes to 
clarify which treatments were compared directly or indi-
rectly. A random- effects model (including subgroup anal-
yses based on the RM status, tumour sites, regions and 
patients without distal metastasis) was used to compare 
all direct and indirect evidence using ‘Rjags’ and ‘gemtc’ 
packages in the R software. To fit the non- informative 
uniform and normal prior distributions, the parameters 
were set with four chains, 50 000 sample iterations ( n. 
inter), and 20 000 burn- ins ( n. adapt) with a thinning 
interval of 1. The convergence of the chains was assessed 
using the Gelman–Rubin statistics and inspection of the 
trace plots (online supplemental figure 1).29 30 The devi-
ance information criterion (DIC) was used to test the 
goodness of fit of consistent and inconsistent models.31

The transitivity assumption was evaluated by comparing 
the distribution of clinical variables (age, percentage 
of females, sample size, publication year, RM status, 
LN status), which could be effect modifiers. The local 
inconsistency of the model was evaluated using the node- 
splitting approach.32 33 The global and local heteroge-
neity was assessed via between- study variance τ2 and I2 
inconsistency statistic.34–36 Heterogeneity was considered 
low, moderate, and high for estimated τ2 or I2 values 
<25%, between 25% and 50%, and larger than 50%, 
respectively. Within the Bayesian framework, the network 
meta- analysis provided a ranking probability of each treat-
ment and estimated the overall rankings by calculating 
the surface under the cumulative ranking (SUCRA).37 38 
To assess the reliability of results, sensitivity analyses for 
OS and DFS were performed by excluding RCT studies, 
only including high- quality studies, and only including 
the studies for which HRs were reported in the original 
articles. The ‘netmeta’ package in the R software was 
used to generate the comparison- adjusted funnel plots to 

visualise publication bias. Egger’s test was used to assess 
funnel plot asymmetry.39 40 Values of p<0.05 were consid-
ered statistically significant. All statistical tests were two 
sided.

Patient and public involvement
Patients or the public were not involved in our research 
design, conduct, reporting or dissemination plans.

RESULTS
Characteristics of the included studies
A total of 2146 records were identified, including 49 
records that were manually searched by reviewing the 
references of relevant publications. After reviewing 
the abstracts, 264 full- text articles were retrieved and 
reviewed after excluding 688 duplicates and 1194 ineli-
gible records (figure 1). Nineteen studies comprising a 
total of 5595 patients who received one of the following 
four different treatments after radical resection—ACT, 
ART, ACRT and surgical resection alone (observation 
group)—were included in our analysis. It is worth noting 
that 34 studies11 41–73 were excluded because of unbal-
anced or unclear baselines. Of the included patients, 
2774 patients received adjuvant treatments following 
curative- intent resection, and 2821 patients underwent 
curative- intent resection without adjuvant treatments.

The main characteristics of the studies included in the 
network meta- analysis are presented in table 1. These 
19 studies consisted of 3 RCTs16 74 75 and 16 retrospec-
tive studies.76–91 The patients of 6 studies16 75 79 83 84 91 
were Westerners (Americans, French and British) and 
13 studies74 76–78 80–82 85–90 were Asian (Japanese, Korean, 
Indian and Chinese). Four studies80 87 88 91 assessed patients 

Figure 1 A PRISMA flow diagram of the study selection. 
BTC, biliary tract cancer; OS, overall survival; DFS, disease- 
free survival; PRISMA, Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses.
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with GBC, and 11 studies74 76–79 82–86 89 assessed patients 
with CCA. Of the 11 studies, 2 studies85 86 particularly 
examined the outcomes of iCCA, and 6 studies74 76 77 83 84 89 
examined the outcomes of eCCA, including pCCA76 89 
and dCCA.83 84 In the remaining four studies,16 75 81 90 the 
BTC subtypes involved were varied.

The quality assessment of 16 retrospective studies 
is listed in online supplemental table 4), which shows 
that 12 studies76–78 81–85 87 89–91 were judged to be of 
high quality, and 4 studies79 80 86 88 were judged to be of 
moderate quality. Of these studies, four were assigned 
only one star in ‘comparability’ due to the unreported 
RM79 86 or LN status.80 88 Ten studies obtained 0 star in 
item 8 in relation to ‘outcome’ due to the inadequacy 
of follow- up.77 79–84 86–88 90 Online supplemental figure 1) 
summarises the risk of bias assessments of three RCTs. 
All three RCTs were conducted in an open- label fashion, 
one75 did not reveal the details of allocation concealment, 
and all were at low risk of bias in the domains of ‘random 
sequence generation,’ ‘incomplete outcome data’ and 
‘other bias’.

Transitivity, heterogeneity and inconsistency assessment
The transitivity assumption was assessed across treatments 
in our network. Patient characteristics that are known 
modifiers of treatment efficacy, such as age, percentage 
of female participants, sample size, publication year, RM 
status and LN status, were evaluated and visualised using 
box plots (online supplemental figure 2). No difference 
in these characteristics was observed between the different 
therapies (online supplemental table 5). Therefore, the 
transitivity assumption was ensured in this network.

Heterogeneity was also evaluated between eligible 
studies. Low global heterogeneity was detected in the 
OS, with I2=0.0% for a pairwise effect and I2=19.4% for 
a consistency effect and τ2=0.022 for the between- study 
variance (online supplemental table 6). Minimal global 
heterogeneity was seen in the DFS, with I2=0.0% for a 
pairwise pooled effect and a consistency effect (online 
supplemental table 6). High local heterogeneities were 
detected in the OS for the direct comparison of ART vs 
observation and the DFS for the direct comparison of 
ACRT vs observation, with I2=81.9% and 82.2%, respec-
tively, for the pooled network effect.

The local inconsistency was evaluated by comparing 
the corresponding pooled HRs of OS and DFS after 
comparing the results from pairwise and network meta- 
analyses. Statistical inconsistency between the direct and 
indirect evidence after node- splitting was not found, 
except for the comparison of ACRT vs ART (p<0.001) and 
ACT vs ART (p=0.001) in OS and ACRT vs ART (p=0.009) 
in DFS, owing to the fact that only one study contained 
OS and DFS data comparing ACRT vs ART and ACT vs 
ART (online supplemental table 7).

To further check the consistency at the treatment level, 
the goodness of fit of the inconsistency model (unrelated 
mean effects model, UME) was compared with that of the 
consistency model. The DICs of the consistency model S
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were 46.17 for OS and 29.93 for DFS, which were similar 
to the DICs of the inconsistency model (46.05 and 31.15, 
respectively), suggesting no evidence of inconsistency in 
the network. The more parsimonious model, the consis-
tency model, was used for our analyses (online supple-
mental table 8).

Network meta-analysis of treatments in BTC
A network meta- analysis was conducted to assess the 
efficacy (OS and DFS) of the following treatments in a 
Bayesian framework: observation alone after surgery, 
surgery with ACT, surgery with ART, and surgery with 
ACRT.

A network plot is shown in figure 2. OS data were avail-
able from 18 studies that included 5497 patients, of whom 
2785 (50.7%) were in the observation group, 1519 (27.6%) 
received ACT, 83 (1.5%) received ART and 1110 (20.2%) 
received ACRT. The pooled OS data indicated that ART 
(HR 0.62; 95% CI 0.42 to 0.93), ACRT (HR 0.71; 95% CI 
0.54 to 0.83) and ACT (HR 0.84; 95% CI 0.68 to 0.98) 
were more beneficial in patients with BTC compared with 
that of observation (figure 3A–B). No significant bene-
fits in OS were observed in the comparisons between the 
different adjuvant therapies (figure 3A).

In terms of DFS, 14 studies with 1979 patients were 
included in the network meta- analysis (figure 2). The 
pooled DFS data demonstrated a significant improve-
ment for ACRT and ACT compared with that of observa-
tion (HR 0.60; 95% CI 0.45 to 0.75, and HR 0.82; 95% CI 

0.68 to 0.97, respectively). Furthermore, a slightly better 
efficacy for ACRT was obtained compared with that of 
ACT (HR 0.73; 95% CI 0.53 to 0.95). Significant differ-
ences in DFS were not observed between the other pair-
wise comparisons (figure 3A,C).

The ranking analysis was performed using SUCRA. 
Based on the pooled OS and DFS data, the ranking order 
of OS and DFS was inconsistent. The best therapy for OS 
was ranked as follows: ART, ACRT, ACT and observation 
(figure 3D). The best SUCRA value of ART was 87.0%, 
which was close to that of ACRT with a SUCRA value of 
75.3% (online supplemental table 9). As for DFS, the best 
therapy was ranked as ACRT, ACT, ART, and observation 
(figure 3D). The SUCRA value of ACRT was approxi-
mately 97.1%, which was far higher than that of the others 
(online supplemental table 9).

Subgroup analyses for OS in patients with different 
residual tumour status, tumour sites, regions and absence 
of distant metastasis were performed. Seven studies 

Figure 2 Network plot of comparisons on overall survival 
(OS) and disease- free survival (DFS) of treatments in patients 
with biliary tract cancer. Each circular node represents 
a type of treatment. The node size corresponds to the 
total number of participants assigned to each treatment. 
Each line represents a type of direct comparison, and its 
width corresponds to the number of studies evaluating the 
connected treatments. ACT, adjuvant chemotherapy; ACRT, 
adjuvant chemoradiation therapy; ART, adjuvant radiotherapy.

Figure 3 Network meta- analysis results for efficacy 
outcomes. (A) League table of the network meta- analysis. 
Pooled HRs and 95% CIs for the overall survival (OS) and 
disease- free survival (DFS) are listed in the upper and lower 
triangle, respectively. The estimate in each cell compares the 
row- defining treatment versus column- defining treatment. In 
the left lower half (DFS results), HR >1 favours the column- 
defining treatment, and in the upper right half (OS results), 
HR <1 favours the row- defining treatment. significant results 
are in bold. (B) Forest plot of the network meta- analysis for 
OS. (C) Forest plot of the network meta- analysis for DFS. 
HRs and 95% CIs are provided and visually represented by 
the squares and error bars. (D) Bayesian ranking curves of 
comparable treatments on efficacy for patients with biliary 
tract cancer. Ranking curves indicate the probability of each 
treatment ranked first to last on OS (solid lines) and DFS 
(dotted lines). Data of the curves are presented in online 
supplemental table 9. ACT, adjuvant chemotherapy; ACRT, 
adjuvant chemoradiation therapy; ART, adjuvant radiotherapy.
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reported the outcomes of patients after R0 resection, 
and seven studies reported the outcomes of patients after 
R1 resection (online supplemental figure 3A). In the R0 
group, only ACRT had a survival advantage compared 
with that of surgery alone. In the R1 group, no survival 
advantage was observed in patients who underwent adju-
vant therapies than in those with surgery alone (figure 4A, 
online supplemental figure 4A). In the subgroup analysis 
by primary tumour sites, 6 studies enrolled patients with 
GBC, and 11 studies recruited patients with CCA (online 
supplemental figure 3B). The OS benefit of ACRT was 
clear compared with that of observation in the CCA 
group (HR 0.62; 95% CI 0.36 to 0.85). The benefit of ART 
is unclear due to the lack of eligible ART studies. Among 
the comparable treatments in the GBC group, no signif-
icant differences in OS were found between ACT, ACRT 
and observation (figure 4B, online supplemental figure 
4B). When studies were grouped according to region, 12 
studies included patients in Asian countries and 7 from 
Western countries (online supplemental figure 3C). 
In both the Asian and Western groups, the pooled OS 
results favoured ACRT (HR 0.42; 95% CI 0.20 to 0.74 in 
Asia; HR 0.76; 95% CI 0.63 to 0.91 in Western countries) 
(figure 4C, online supplemental figure 4C). Subgroup 
analysis was also conducted for 15 studies investigating 
OS in patients with non- distant metastasis (online supple-
mental figure 3D). The pooled results showed superior 
efficacy of ACRT compared with that of observation (HR 
0.74; 95% CI 0.60 to 0.85). Moreover, ACRT tended to be 
more effective compared with that of ACT (HR 0.82; 95% 
CI 0.67 to 0.96) (figure 4D, online supplemental figure 
4D).

Subgroup analyses were also performed for DFS in 
patients with different tumour sites and regions and 

the absence of distant metastasis (online supplemental 
figure 5). Due to the small number of studies, subgroup 
analyses for DFS by different residual tumour statuses 
cannot be conducted. In patients without distant metas-
tasis, the results from this subgroup were similar to that 
of the primary analysis; ACRT demonstrated statistically 
significant improvement with an HR of 0.61 (figure 4E, 
online supplemental figure 4D). When studies were 
split by primary tumour sites, only ACRT showed an 
apparent advantage in patients with CCA (figure 4F, 
online supplemental figure 4E). Furthermore, the strati-
fied meta- analysis by region indicated that the favourable 
treatment was ACRT in Asia (HR 0.47; 95% CI 0.28 to 
0.68) (figure 4G, online supplemental figure 4F).

To assess the robustness of the primary results, sensi-
tivity analyses were performed for OS and DFS by 
excluding RCT studies, removing moderate- quality 
observational studies, and only including the studies for 
which HRs were reported in the original articles. The 
first sensitivity analysis included 15 retrospective studies 
of OS and 11 retrospective studies of DFS. The pooled 
results (online supplemental figure 6) and the ranking 
profiles of comparable treatments from retrospective 
studies confirmed the reliability of the primary OS results 
(figure 5A, online supplemental table 10). In terms of 
DFS, ACRT was still ranked as the best treatment option 
(figure 5B). Furthermore, the second and third sensitivity 
analyses were performed by removing moderate- quality 
observational studies (14 studies for OS and 11 studies for 
DFS) and by combining HRs reported in the original arti-
cles (11 studies for OS and 8 studies for DFS). The results 
did not suggest a material change in the efficacy estima-
tion for ACRT, but ART no longer showed advantages 
over observation in both OS and DFS; the improvement 

Figure 4 Forest plots of the network meta- analysis for overall survival (OS) and disease- free survival (DFS) in the subgroup 
analyses. (A) Forest plots of os in patients stratified into the R0 and R1 groups. (B, E) Forest plots of OS and DFS in patients 
stratified into the gallbladder cancer (GBC) and cholangiocarcinoma (CCA) groups. (C, F) Forest plots of os and DFS in patients 
stratified into the Asian and Western groups. (D) forest plots of OS and DFS in patients with non- distant metastasis. Effect 
sizes are presented as HRs with 95% CIs. ACT, adjuvant chemotherapy; ACRT, adjuvant chemoradiotherapy; ART, adjuvant 
radiotherapy.
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in OS and DFS between ACT and observation was insig-
nificant except for the pooled DFS in high- quality studies 
(online supplemental figure 6).

The visual examination of the comparison- adjusted 
funnel plots did not suggest a publication bias for OS 
presented in our network meta- analysis (online supple-
mental figure 7A). The result of Egger’s test (p=0.251) 
also rejected the presence of small- study effects. However, 
both the visual examination of the comparison- adjusted 
funnel plots and the results of Egger’s test (p=0.018) 
suggested a publication bias for DFS in our network meta- 
analysis (online supplemental figure 7B).

DISCUSSION
BTCs are an uncommon and heterogeneous type of 
cancer with a higher prevalence in Asian countries.92 
In general, BTCs include cancers raised from the intra-
hepatic, hilar, and distal bile ducts, as well as the gall-
bladder.7 Surgical resection provides the only chance for 
cure in patients with BTC at an early stage, but the survival 
outcomes are poor. The 5- year survival rate was as low as 
10%.93 The most recent NCCN and ASCO guidelines 
recommend the use of adjuvant therapy for BTC patients 
after resection.12 15 However, experts mentioned that the 
use of adjuvant therapy is based on a very limited number 
of studies, and the benefit of adjuvant therapy remains 
unclear in many pivotal BTC trials.16 74 75 94 95 Therefore, it 
is necessary to compile up- to- date studies to validate the 
efficacy of adjuvant therapy in BTC patients.

In this network meta- analysis, 19 studies were included 
to evaluate the comparative benefits (involving 5497 
patients for OS and 1979 patients for DFS) between adju-
vant therapy (ACT, ART and ACRT) following surgical 
resection and curative- intent resection (observation 
group). Our primary results demonstrated that adjuvant 
therapy was more effective than that of observation in 
OS. However, no statistically significant difference was 

detected between ACT, ACRT and ART. Moreover, the 
pooled DFS results suggested a statistically significant 
benefit for ACRT and ACT over observation. Although 
ART was ranked first in OS, its DFS result was inconsis-
tent with OS, and caution should be exercised regarding 
the bias that arises from the small sample size effect of 
ART evidence (only 83 patients). In addition, a previously 
published meta- analysis of adjuvant therapy in the treat-
ment of BTC suggested that ART did not provide a signif-
icant advantage over observation.21 We hold reservations 
on the conclusion of the efficacy of ART, and further 
evidence is needed to elucidate this matter.

Combining the results of OS with DFS, ACRT, and ACT 
after radical resection could provide a survival benefit in 
patients with BTC. This was in line with another meta- 
analysis that showed that both ACT (HR 0.61; 95% CI 0.47 
to 0.79) and ACRT (HR 0.35; 95% CI 0.14 to 0.83) could 
significantly improve the clinical survival of patients with 
resected BTC compared with that of surgery alone.96 As 
known, the BILCAP study is a unique positive randomised 
trial of ACT in patients with BTC. Despite the concerns 
regarding the findings of the BILCAP trial, this study 
established adjuvant capecitabine as the new standard of 
care for resected BTC. However, no randomised trials of 
ACRT vs ACT are available. Although in our study, the 
ACRT ranked high in terms of OS and DFS (second place 
for OS, first place for DFS), whether it is genuinely supe-
rior to ACT needs further confirmation in prospective 
RCTs.

The types of patients who are more likely to benefit 
from adjuvant therapy are also the focus. A previous phase 
II study indicated that the risk factors were GBC, eCCA, 
pathological stage T2–4, positive LN or positive RM.97 In 
our study, we were only able to conduct subgroup analyses 
on the effects of the RM, primary tumour site, regions 
and absence of distant metastasis, but not LN and tumour 
size, on adjuvant therapy due to the availability of data. 
We observed that ACRT showed a modest improvement 
in DFS than that of ACT in CCA and Asian patients and 
ranked first in each subgroup (online supplemental table 
11). We noticed that approximately 95% (for OS anal-
ysis) and 80% (for DFS analysis) of CCA patients treated 
with ACRT had eCCA. The benefit of ACRT observed in 
CCA patients may be mainly derived from eCCA patients. 
Inconsistent with most studies, ACRT has an OS benefit in 
the R0 group, but not in the R1 group. This was possibly 
due to the more stringent selection of studies and the 
effects of small sample sizes. Subgroup analyses for DFS 
by R0 or R1 were not conducted because of limited data. 
Therefore, the subgroups of patients who could benefit 
more from postoperative adjuvant therapy need to be 
further elucidated. We look forward to seeing more 
randomised controlled studies in this field, especially 
head- to- head trials and trials designed for more specific 
subgroups. Using the primary tumour site, tumour size, 
disease severity, LN metastases and RM as stratification 
factors in future studies would reduce selection bias due 
to the heterogeneity of the population.

Figure 5 Bayesian ranking plots of comparable treatments 
on efficacy in patients with biliary tract cancer in the 
sensitivity analyses. Ranking curves indicate the probability 
of each comparable treatment being ranked from first to last 
on overall survival (OS) (solid lines) and disease- free survival 
(DFS) (dotted lines). Data of the curves are presented in 
online supplemental table 10). ACT, adjuvant chemotherapy; 
ACRT, adjuvant chemoradiation therapy; ART, adjuvant 
radiotherapy.
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This study had several limitations. First, RCT data were 
only available to compare ACT and observations. Unfortu-
nately, there are neither RCTs for ART and ACRT nor head- 
to- head RCTs between different adjuvant treatments. The 
notable differences in the study design level may intro-
duce confounding factors in our data analysis, although 
data transitivity and consistency could be assumed statisti-
cally. Second, the included studies spanned over a 45- year 
period during which operative techniques and methods 
have changed and improved over time. These changes 
in treatment methods could potentially bias our results, 
but the impact on the outcome was unclear and difficult 
to interpret. Third, most comparisons were indirect, and 
direct evidence was obtained from two or three studies. 
The comparisons between the different treatment modal-
ities and treatment regimens may substantially contribute 
to heterogeneity among included studies. Patients in 
ACT, ART or ACRT groups were treated with different 
modalities. Even within the same treatment modality, 
different regimens offered various efficacy results. Such 
as, the adjuvant capecitabine monotherapy (BILCAP 
study) appeared more effective compared with obser-
vation, whereas adjuvant gemcitabine (BCAT study) 
or gemcitabine plus oxaliplatin (PRODIGE 12 study) 
did not.98 Furthermore, we noticed that the number of 
patients treated with ART was small. These may result 
in a considerable risk of bias. Fourth, the definitions 
of OS and DFS in RCTs and retrospective studies were 
calculated differently. In RCTs, it started from the date 
of randomisation to the date of surgery in retrospective 
studies. The span was relatively short compared with the 
expected survival duration, but the slight variation in data 
collection should still be considered. Finally, we failed to 
compare the safety outcomes due to a lack of sufficient 
data on adverse events. Taking all these into account, our 
estimates should be interpreted with caution.

CONCLUSIONS
Our primary results demonstrated that, compared with 
that of observation, ACRT and ACT after radical resec-
tion could provide better OS and DFS benefits in patients 
with BTC. However, ART only showed improvement in 
OS. ACRT had a modest DFS advantage compared with 
that of ACT. Due to the absence of direct evidence from 
head- to- head prospective studies, thorough and high- 
quality RCTs are warranted to consolidate our results 
further. Optimal regimens and dosing schedules still 
need to be explored.
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