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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
(0S) and disease-free survival (DFS) were measured using
the combined HRs with 95% Cls.

Results Nineteen eligible studies reporting three types

of adjuvant therapies were included in our network meta-
analysis. Adjuvant radiotherapy (ART, HR 0.62; 95% Cl
0.42 t0 0.93), adjuvant chemoradiotherapy (ACRT; HR
0.71; 95% Cl 0.54 to 0.83) and adjuvant chemotherapy
(ACT; HR 0.84; 95% CIl 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% Cl
0.4510 0.75; HR 0.82; 95% Cl 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 0S, 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
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» 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.

cholangiocarcinoma (pCCA or Klatskin
tumour) and distal cholangiocarcinoma
(dCCA)." BTC accounts for approximately
3% of digestive system cancers and 10%-15%
of primary liver cancers.” The incidence of
BTC is higher in Asian countries and lower in
European countries, the USA and Australia;
however, its incidence is increasing globally.*®
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.”
Surgical resection remains the primary
curative treatment in patients with resected
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BTC. However, the high recurrence rates (including
locoregional or distant recurrence) and low survival
rates (b-year survival rates of patients ranging from 5%
to 15%) are prominent problems, even with complete
(RO) resection.*™™ Previously published studies have
shown that histologic margin status, lymph node (LN)
involvement and intrahepatic metastasis are the main
prognostic factors.”! 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."*™ 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
0f 0.71 (95% 0.55 to 0.92).'° However, some experts still
hold reservations regarding the BILCAP study due to
the underpowered statistical design and concerns over
data maturity.'” 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."

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.”' 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.** 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.”
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.**

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).%

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, RO) 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;
(8) 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.” 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.”’

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.”

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).* ** The devi-
ance information criterion (DIC) was used to test the
goodness of fit of consistent and inconsistent models.”

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.”® * The global and local heteroge-
neity was assessed via between-study variance 1° and I”
inconsistency statistic.”"™® Heterogeneity was considered
low, moderate, and high for estimated © or I? values
<25%, between 256% 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 8
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

Records identified through Additional records identified
database searching through other sources
(n=2097) (n=49)

| |

Screening ] [ Identification]

Duplicates excluded
(n=688)
Records for title and
abstract screened | Records excluded
(n=1458) (n=1194)
— Full-text articles excluded with reasons (n=245)
) « Conference or poster (n=59)
« Inclusion R2 resection or the type of resection
Z Full-text articles margin was unclear (n=48)
E assessed for eligibility ™« Unbalanced or unclear baseline (n=34)
= (n=264) - Ongoing study or have no OS/DFS data (n=18)
Ll - Studies not written in English or without
full-texts (n=17)
) » Mixed adjuvant therapies (n=17)
—_ « Inclusion ampullary carcinoma (n=14)
. N « Palliative therapy or therapy was after
Studies included in postoperative recurrence (n=10)
3 quantitative synthesis « Unresectable BTC/non-adjuvant therapy (n=7)
] (meta-analysis) - Less than 10 patients in one arm (n=6)
E (n=19) - Comparisons between the same type of
- adjuvant therapies (n=9)
« Single-arm study (n=5)
h— « Protocol (n=1)
Figure 1 A PRISMA flow diagram of the study selection.

BTG, biliary tract cancer; OS, overall survival; DFS, disease-
free survival; PRISMA, Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses.

visualise publication bias. Egger’s test was used to assess
funnel plot asymmetry.39 0 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 studies'' *” 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 $ RCTs'® ™™ and 16 retrospec-
tive studies.””" The patients of 6 studies'® ™ 7 8 8491
were Westerners (Americans, French and British) and
18 studies’* 7678 80-82 8590 (pare Asian (Japanese, Korean,
Indian and Chinese). Four studies® ® **! assessed patients
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Table 1 Continued

5-year

5-year

DFS (%);

0OS (%);
MOST

Age, mean

Female no (SD/range),

(%)

Nodal status

(negative/
positive)

Margin
status

MDFST

Regimen of CT/ Sample

Disease
severity

(months)

(months)

years

(RO/R1)

size

type of RT

Therapy

Country Study period BTC type

Studies

NO: 121; N1: 112 (50) 62.0 (55-68) 2519;51.1 — 244
102

139/84

Cap 223

B\ ACT

BTC

2006-2014

UK

Primrose 2019

64.0 (55-69) 20.59;36.4 —17.5

NO: 115; 112 (50)
N1:108

140/84

224

Observation

—Indicates that the data was not given originally.

*Indicates that studies were presented as younger or older than a specific age.

FIndicates that median age was given instead of mean age.

fIndicates a 3-year OS or DFS.

§Indicates that the method of the value calculated is unclear.

flindicates overall survival rates but not survival probability.

ACRT, adjuvant chemoradiation therapy; ACT, adjuvant chemotherapy; ART, adjuvant radiotherapy; BTC, biliary tract cancer; Cap, capecitabine; CCA, cholangiocarcinoma; Cis, cisplatin; CT, chemotherapy; dCCA, distal cholangiocarcinoma;

3DCRT, three-dimensional conformal radiotherapy; EBRT, external beam radiotherapy; eCCA, extrahepatic cholangiocarcinoma; 5-FU, 5-fluorouracil; GBC, gallbladder cancer; GEM, Gemcitabine; GEMOX, gemcitabine and oxaliplatin;

iCCA, Intrahepatic cholangiocarcinoma; IMRT, intensity-modulated radiotherapy; Leu, Leucovorin; MDFST, median DFS time; MOST, median OS time; N+, positive lymph node; Nx, unclear; OTHs, others; Ox, oxaliplatin; pCCA, Perihilar

HDC); RO, negative resection margin; R1, microscopic positive resection margin; RCT, randomised clinical trial; RT, radiotherapy; Rx, unknown; S-1, tegafur gimeracil oteracil potassium; Total, means

the value of all patients in the study; 5-year DFS (%), 5-year disease-free survival probability; 5-year OS (%), 5-year overall survival probability.

cholangiocarcinoma (or hepatic duct carcinoma:

with GBC, and 11 studies’ "7 850 8 355e55ed patients
with CCA. Of the 11 studies, 2 studies® * particularly
examined the outcomes of iCCA, and 6 studies 47677838489
examined the outcomes of eCCA, including pCCA™ *
and dCCA.*** In the remaining four studies,'® " *' % the
BTC subtypes involved were varied.

The quality assessment of 16 retrospective studies
is listed in online supplemental table 4), which shows
that 12 studies’®"® 8755 87 89990 were judged to be of
high quality, and 4 studies” ** % % were judged to be of
moderate quality. Of these studies, four were assigned
only one star in ‘comparability’ due to the unreported
RM™ * or LN status.*’ ® Ten studies obtained 0 star in
item 8 in relation to ‘outcome’ due to the inadequacy
of follow-up.” #8889 Opline supplemental figure 1)
summarises the risk of bias assessments of three RCTs.
All three RCTs were conducted in an open-label fashion,
one” 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
0S, with 1’=0.0% for a pairwise effect and 1’=19.4% for
a consistency effect and 1°=0.022 for the between-study
variance (online supplemental table 6). Minimal global
heterogeneity was seen in the DFS, with 1’=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 1’=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
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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.

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
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Figure 3 Network meta-analysis results for efficacy
outcomes. (A) League table of the network meta-analysis.
Pooled HRs and 95% Cils 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% Cls 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.

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
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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 RO 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% Cls. ACT, adjuvant chemotherapy; ACRT, adjuvant chemoradiotherapy; ART, adjuvant

radiotherapy.

reported the outcomes of patients after RO resection,
and seven studies reported the outcomes of patients after
RI resection (online supplemental figure 3A). In the RO
group, only ACRT had a survival advantage compared
with that of surgery alone. In the Rl 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 bA, 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
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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.

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.”
In general, BTCs include cancers raised from the intra-
hepatic, hilar, and distal bile ducts, as well as the gall-
bladder.” Surgical resection provides the only chance for
cure in patients with BTC at an early stage, but the survival
outcomes are poor. The b-year survival rate was as low as
10%.” The most recent NCCN and ASCO guidelines
recommend the use of adjuvant therapy for BTC patients
after resection.'” "> 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.'® "7 ?*% 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 DEFS 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.”’ 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.” 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.” 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 RO 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 RO 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.
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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.”® 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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Supplementary Table 1. Checklist of the PRISMA extension for network meta-analysis.

Section/topic Item # JChecklist item* Reported on Page #

TITLE

|Title |1 |Identify the report as a systematic review incorporating a network meta-analysis (or related form of meta-analysis). |1

'ABSTRACT
Provide a structured summary including, as applicable:

* Background: main objectives;
» Methods: data sources; study eligibility criteria, participants, and interventions; study appraisal and synthesis
methods, such as network meta-analysis.

Structured summary |2 * Results: number of studies and participants identified; summary estimates with corresponding confidence/credible  |2-3
intervals; treatment rankings may also be discussed. Authors may choose to summarize pairwise comparisons against a
chosen treatment included in their analyses for brevity.

* Discussion/Conclusions: limitations; conclusions and implications of findings.
* Other: primary source of funding; systematic review registration number with registry name.
INTRODUCTION
. Describe the rationale for the review in the context of what is already known, including mention of why a network meta-

Rationale 3 . 4-7
analysis has been conducted.

.. Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,

Objectives 4 . 5-7
outcomes, and study design (PICOS).

METHODS

Protocol and 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide /

registration registration information including registration number.

Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,

Eligibility criteria |6 language, publication status) used as criteria for eligibility, giving rationale. Clearly describe eligible treatments included |7-8
in the treatment network, and note whether any have been clustered or merged into the same node (with justification).

. Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional

Information sources |7 .o 7
studies) in the search and date last searched.

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. Supplc?mental

Material page 6
|Study selection 9 |State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, |9

2
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Section/topic

Item # JChecklist item*

Reported on Page #

included in the meta-analysis).

Data collection 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for 3-9
process obtaining and confirming data from investigators.
. List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
Data items 11 L . 8-9
simplifications made.
Geome of the Describe methods used to explore the geometry of the treatment network under study and potential biases related to it.
try S1 This should include how the evidence base has been graphically summarized for presentation, and what characteristics |9
network . . .
were compiled and used to describe the evidence base to readers.
Risk of bias in 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done 10-11
individual studies at the study or outcome level), and how this information is to be used in any data synthesis.
State the principal summary measures (e.g., risk ratio, difference in means). Also describe the use of additional summary
Summary measures |13 measures assessed, such as treatment rankings and surface under the cumulative ranking curve (SUCRA) values, as well |9-10
as modified approaches used to present summary findings from meta-analyses.
Describe the methods of handling data and combining results of studies for each network meta-analysis. This should
include, but not be limited to:
. * Handling of multi-arm trials;
Synthesis of results |14 * Selection of variance structure; 10
* Selection of prior distributions in Bayesian analyses; and
* Assessment of model fit.
Assessment of S Describe the statistical methods used to evaluate the agreement of direct and indirect evidence in the treatment network(s) 10
Inconsistency studied. Describe efforts taken to address its presence when found.
Risk of bias across 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting 1
studies within studies).
Describe methods of additional analyses, if done, indicating which were pre-specified. This may include, but not be
limited to the following:
Additional analyses |16 * Sensitivity or subgroup analyses; 1
* Meta-regression analyses;
* Alternative formulations of the treatment network, and
* Use of alternative prior distributions for Bayesian analyses (if applicable).
'RESULTS
|Study selection 17 |Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each |11& Figure 1

3
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Section/topic

Item # JChecklist item*

Reported on Page #

stage, ideally with a flow diagram.

Comment on any concerns regarding network geometry (e.g., avoidance of certain comparisons).

Presentation of S3 Provide a network graph of the included studies to enable visualization of the geometry of the treatment network 18 & Figure 2
network structure
Summa of Provide a brief overview of characteristics of the treatment network. This may include commentary on the abundance of
ne tworkry come S4 trials and randomized patients for the different interventions and pairwise comparisons in the network, gaps of evidence |18
& try in the treatment network, and potential biases reflected by the network structure.
Study For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
. 18 - L0 13-15 & Table 1
characteristics provide the citations.
. . s 16 & Supplemental
St:f(li(ie(s)f bias within 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Material page 7-8 and
pagel8
Results of individual For all outcomes considered (benefits or harms), present, for each study:1) simple summary data for each intervention
studies 20 group, and 2) effect estimates and confidence/credible intervals. Modified approaches may be needed to deal with |16-17
information from larger networks.
Present results of each meta-analysis done, including confidence/credible intervals. In larger networks, authors may focus
. on comparisons versus a particular comparator (e.g. placebo or standard care), with full findings presented in an
Synthesis of results |21 : > . L . . 17-18
appendix. League tables and forest plots may be considered to summarize pairwise comparisons. 1f additional summary
measures were explored (such as treatment rankings), these should also be presented.
. Describe results from investigations of inconsistency. This may include such information as measures of model fit to
Exploration for . . . - . . .
inconsistenc S5 compare consistency and inconsistency models, P values from statistical tests, or summary of inconsistency estimates |17
Y from different parts of the treatment network.
ls{t:f(liiie(s)f bias across 22 Present results of any assessment of risk of bias across studies (see Item 15). 21
Additional analysis 23 Give resylts of a}ddltlonal an'alyses,'lf done .(e.g.z se.ns1t1.v1ty or subgrqup analyses, meta-regression, alternative network 1921
geometries studied, alternative choice of prior distributions for Bayesian analyses, and so forth [see Item 16]).
DISCUSSION
Summary of 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key 2122
evidence groups (e.g., healthcare providers, users, and policy makers).
Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
Limitations 25 identified research, reporting bias). Comment on the validity of the assumptions, such as transitivity and consistency. |24-25

4
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Section/topic Item # JChecklist item* Reported on Page #
|Conclusions |26 |Provide a general interpretation of the results in the context of other evidence, and implications for future research. |22-24
'FUNDING

Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 27
systematic review.

Funding ‘27

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analysis; PICOS = population, intervention, comparators, outcomes, study design.
*Text in italics indicates wording specific to reporting of network meta-analyses that has been added to guidance from the PRISMA statement.
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Supplementary Table 2. Search strategies

Database

Query

Results

Pubmed

(((((((((Biliary Tract Neoplasms""[Mesh]) OR ""Bile Duct Neoplasms""[Mesh])
OR ""Gallbladder Neoplasms""[Mesh]) OR ""Cholangiocarcinoma""[Mesh]) OR
Biliary Tract Cancer) OR ""Biliary Tract Neoplasms"") OR ""Bile duct cancer""))
AND  ((((((""Chemoradiotherapy, Adjuvant""[Mesh]) OR Radiotherapy,
Adjuvant[Mesh]) OR ""Chemotherapy, Adjuvant""[Mesh]) OR ""Adjuvants,
Immunologic""[Mesh]) OR ""adjuvant therapy"") OR ""adjuvant treatment""))
AND ((((((""Clinical Study"" [Publication Type]) OR ""Observational Study""
[Publication Type]) OR ""Clinical Trial"" [Publication Type]) OR case control
study) OR ""Case-Control Studies""[Mesh]) OR (((random) OR control) OR
randomized control trial))

509

Embase

(('biliary tract cancer'/exp OR 'biliary tract tumor'/exp OR 'bile duct tumor'/exp OR
'gallbladder tumor'/exp OR 'bile duct carcinoma'/exp OR 'biliary tract cancer' OR
'biliary tract neoplasms' OR 'bile duct neoplasms' OR 'bile duct cancer'’ OR
'gallbladder cancer' OR cholangiocarcinoma) AND (‘adjuvant therapy'/exp OR
'adjuvant chemotherapy'/exp OR ‘'adjuvant radiotherapy'/exp OR ‘adjuvant
chemoradiotherapy'/exp OR 'adjuvant treatment’) AND ('clinical article'/de OR
'clinical study'/de OR 'clinical trial'/de OR 'clinical trial (topic)'/de OR 'cohort
analysis'/de OR 'comparative effectiveness'/de OR 'comparative study'/de OR
'controlled clinical trial'/de OR 'controlled study'/de OR 'major clinical study'/de
OR 'methodology'/de OR 'multicenter study'/de OR 'observational study'/de OR
'phase 2 clinical trial'/de OR 'phase 2 clinical trial (topic)'/de OR 'phase 3 clinical
trial’/de OR 'phase 3 clinical trial (topic)/de OR 'prospective study'/de OR
'randomized controlled trial'/de OR 'randomized controlled trial (topic)/de OR
'retrospective study'/de) AND ([adult]/lim OR [aged]/lim OR [middle aged]/lim
OR [very elderly]/lim OR [young adult]/lim))

892

CINAHL

((Biliary Tract Cancer OR "bile duct cancer" OR "Gallbladder" OR "biliary tract
neoplasm" OR "Cholangiocarcinoma") AND ("adjuvant therapy" OR "adjuvant
treatment” OR "adjuvant chemotherapy"” OR "adjuvant radiotherapy" OR
"adjuvant Chemoradiotherapy" OR "adjuvant radiochemotherapy"))

274

Cochrane

("MeSH: [Biliary Tract Neoplasms]"/exp OR "MeSH: [cholangiocarcinoma]"/exp
OR ("Biliary Tract Cancer"):tiabjkw) AND ("MeSH: [Radiotherapy,
Adjuvant]"/exp OR "MeSH: [Chemotherapy, Adjuvant]"/exp) OR "MeSH:
[Chemoradiotherapy, Adjuvant]"/exp OR "Adjuvant therapy" OR "Adjuvant
treatment")

52

clinicaltrials.gov

(("Biliary Tract Cancer" OR "bile duct cancer" OR "Gallbladder" OR
"Cholangiocarcinoma'") AND "Adjuvant")

46
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Supplementary Table 3. Checklist for quality assessment and scoring using Newcastle-Ottawa
Scale.

ChecKklist items
Selection
1. How representative was the treatment group in comparison for BTC?
* [f yes, one star;
* No star if the patients were selected or selection of group was not described.
2. How representative was the observation group in comparison for BTC?
¢ [f drawn from the same community as the treatment group, one star;
* No star if drawn from a different source or selection of group was not described.
3. Ascertainment of treatment: secure record or structured interview?
* If the treatment were confirmed from surgical records or databases (eg NCDB or SEER), one
star;
* No star if it was not described.
4. Demonstration that outcome of interest was not present at start of study.
* Yes, one star;
* No, no star.
Comparability
5. Group comparable for age, sex, primary tumour site, resection margin status, tumour stage,
lymph node status, distant metastasis.
* If yes, two stars;
* One star was assigned if one of these eight characteristics was differed in groups or not reported.
* No star was assigned if there are at least 3 characteristics in the groups differed.
Outcome
6. Assessment of outcome?
* One star if for information ascertained by record lincage or independent blind assessment;
* No star if this information was not reported.
7. Was follow-up long enough for outcomes to occur?
* Yes, one star if the follow-up period was 5 years or more;
* No, no star if the follow-up period was less than 5 years or this information was not reported.
8. Adequacy of follow-up.
* One star if follow-up 90%;
* No star if this information was not reported.
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Supplementary Table 4. Quality assessment of included retrospective studies.

. - Outcome
Study Selection Comparability assessment Score
1 2 3 4 5 6 7 8
Todorokia 2000 * * * 0k *% * * * 9
Jiang 2010 * * * ok * * * * 3
Kim 2011 * * * ok % * * ~ 8
Kobayashi 2012 * * * 0% ok * * * 9
Dover 2016 * * * % * * _ 7
Kim 2016 * * * % * * - 7
Morine 2017 * * * 0k *% * * _ 3
Gu 2017 * * * % Hk * * - 8
Akahoshi 2018 * * * ok % * * _ 8
Bergeat 2018 * * * % *k * ® _ 8
Hester 2018 * * * % Hok * * _ 8
Zheng 2018 * * * % ok * * * 9
Choudhary 2019 * * ¥k * * * . 7
Im 2021 * * * % Hok ® * * 9
Miyata 2021 * * * % stk * * - 8
Wan 2021 * * * % ®ok * * * 9
8

ChenY, et al. BMJ Open 2022; 12:e051421. doi: 10.1136/bmjopen-2021-051421



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Supplementary Table 5. Assessment of transitivity.

Items Comparisons Mean Diff. Std.Error Sig. 95% CI
ART vs. Observation -3.594 2.710 0.557 -11.150 to 3.961
ACRT vs. Observation -1.327 2.430 0.947 -8.100 to 5.445
Age* ACT vs. Observation 1.416 2.012 0.895 -4.192 to 7.024
ACRT vs. ART 2.267 3.178 0.891 -6.592 to 11.130
ACT vs. ART 5.010 2.872 0.327 -2.994 t0 13.010
ACT vs. ACRT 2.743 2.608 0.722 -4.527 t0 10.010
ART vs. Observation 0.81 9.782 0.9998 -25.46 t0 27.09
ACRT vs. Observation 11.09 7.547 0.47 -9.19t0 31.36
Percentage female ACT vs. Observation 6.10 6.485 0.78 -11.33 t0 23.52
ACRT vs. ART 10.28 10.78 0.78 -18.68 t0 39.23
ACT vs. ART 5.28 10.06 0.95 -21.75 t0 32.32
ACT vs. ACRT -4.99 7.91 0.92 -26.24 t0 16.26
ART vs. Observation -145.1 157.3 0.793 -567.7 t0 277.5
ACRT vs. Observation -25.2 121.4 0.996 -351.3 to 300.8
Sample size ACT vs. Observation -44.7 104.3 0.973 -324.9 to 235.5
ACRT vs. ART 119.9 173.4 0.900 -345.8 to 585.6
ACT vs. ART 100.4 161.9 0.925 -334.5t0 535.2
ACT vs. ACRT -19.5 127.2 0.999 -361.2 t0 322.2
ART vs. Observation -3.750 2.633 0.492 -10.8 to 3.323
ACRT vs. Observation 1.375 2.031 0.905 -4.082 to 6.832
Publication year ACT vs. Observation 2.231 1.746 0.582 -2.459 to 6.920
ACRT vs. ART 5.125 2.901 0.305 -2.669 to 12.92
ACT vs. ART 5.981 2.709 0.139 -1.297 to 13.2
ACT vs. ACRT 0.856 2.129 0.978 -4.864 to0 6.575
ART vs. Observation -12.66 17.17 0.881 -58.75 t0 33.42
ACRT vs. Observation 7.61 13.97 0.947 -29.87 to 45.09
Percentage RO ACT vs. Observation 3.64 12.52 0.991 -29.95 to 37.23
ACRT vs. ART 20.27 18.70 0.701 -29.90 to 70.44
ACT vs. ART 16.30 17.64 0.792 -31.03 to 63.64
ACT vs. ACRT -3.97 14.54 0.993 -42.98 to 35.03
ART vs. Observation 19.33 11.23 0.332 -11.32 t0 49.99
ACRT vs. Observation -14.00 7.74 0.291 -35.13t0 7.13
Percentage NO ACT vs. Observation -10.90 5.99 0.285 -27.24 t0 5.44
ACRT vs. ART -33.33 12.43 0.056 -67.27 to 0.60
ACT vs. ART -30.24 11.42 0.060 -61.41 to 0.94
ACT vs. ACRT 3.10 8.01 0.980 -18.78 t0 24.97

The characteristics included age, percentage female, sample size, publication year, percentage RO and NO have
been evaluated in the network. All the comparisons had similar mean age and other main characteristics with P-
value over 0.05.

* Median age was given instead of mean age in the Bergeat, Dover, Miyata, Gu, and Edeline studies. Information
of age in the Jiang, Kobayashi, Akahoshi, Ebata, Choudhary, Im (2021), and Wan studies were presented as
younger or older than a specific age that couldn’t be integrated into the figure.
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Supplementary Table 6. Results of global heterogeneity and local heterogeneity.

Local Global
Comparisons Pair- Network B:tmi?n Pair-wise | Consistency H;;:Z:fg::?
‘o (]2 2 2 2
wise (I%) 9] variance (%) 9] effect (I%)

Overall survival for BTC patients
ACT vs Observation 20.3% 20.2%
ART vs Observation 0.0% 81.9%

1 0 0,
ig?g:;%sewauon 303. gf,/f’ i;i;‘: 0.022 0.0% 19.4% Low to high
ACRT vs ART 0.0% 28.8%
ACRT vs ACT 0.0% 0.0%
Overall survival for BTC patients with R0 resection margin
ACT vs Observation 0.0% 0.0%
ART vs Observation NA 0.0%
ACRT vs Observation 0.0% 0.0% N o Low to
ACT vs ART NA 0.0% 0.069 0.96% 0.0% moderate
ACRT vs ART 0.0% 0.0%
ACRT vs ACT 33.5% 21.6%
Overall survival for BTC patients with R1 resection margin
ACT vs Observation 33.8% 36.5%
ART vs Observation 0.0% 34.5%
ACRT vs Observation 28.1% 28.5% o o Low to
ACT vs ART NA 0.0% 0.179 24.9% 13.5% moderate
ACRT vs ART NA 0.0%
ACRT vs ACT NA 0.0%
Overall survival for GBC patients
ACT vs Observation 44.1% 45.0% Low to
ACRT vs Observation 0.0% 0.0% 0.028 12.1% 6.0% moderate
ACRT vs ACT 0.0% 0.0%
Overall survival for CCA patients
ACT vs Observation 0.0% 0.0%
ART vs Observation 0.0% 0.0%

1 [ o,
ig;{/;;%sewauon 63’&2’ Z‘%Q 0.064 0.0% 25.8% Low to high
ACRT vs ART 0.0% 17.6%
ACRT vs ACT 0.0% 0.0%
Overall survival for BTC patients in Asia
ACT vs Observation 56.5% 57.0%
ART vs Observation 0.0% 0.0%

1 [ o,
ASRTws Observation | TL6% | LT 0.271 27.5% 64.9% Low to high
ACRT vs ART 0.0% 0.0%
ACRT vs ACT 0.0% 0.0%
Overall survival for BTC patients in Western
ACT vs Observation 0.0% 0.0%
ART vs Observation 0.0% 0.0% 0.007 0.0% 0.0% Low
ACRT vs ACT 0.0% 0.0%
Overall survival for BTC patients without distant-metastasis
ACT vs Observation 0.0% 0.0%
ART vs Observation 0.0% 63.2%

1 0, 0,
AR T s Observation | 3L | 4L.0% 0.011 0.0% 1.7% Low to high
ACRT vs ART 0.0% 20.6%
ACRT vs ACT 0.0% 0.0%
Disease-free survival for BTC patients

10
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ACT vs Observation 6.1% 6.6%
ART vs Observation 0.0% 0.0%
1 0, o,
ig};zsvig%sewa“o“ 20%9,2’ s(ibz‘yf 0.017 0.0% 0.0% Low to high
ACRT vs ART 0.0% 0.0%
ACRT vs ACT 0.0% 0.0%
Disease-free survival for GBC patients
ACT vs Observation 75.0% 48.1%
ACRT vs Observation 9.7% 0.0% 0.169 51.2% 34.1% Low to high
ACRT vs ACT 3.7% 0.0%
Disease-free survival for CCA patients
ACT vs Observation 0.0% 0.0%
ART vs Observation 0.0% 0.0%
ACRT vs Observation 35.0% 47.0% Low to
ACT vs ART 0.0% | 0.0% 0.029 0.0% 0.0% moderate
ACRT vs ART 0.0% 0.0%
ACRT vs ACT 0.0% 0.0%
Disease-free survival for BTC patients in Asia
ACT vs Observation 32.8% 32.4%
ART vs Observation 0.0% 0.0%
3 0 [
igl;Tvs"i\gtT’serva“on 305' bi/f 6& '06(2’ 0.067 0.0% 0.0% Low to high
ACRT vs ART 0.0% 0.0%
ACRT vs ACT 0.0% 0.0%
Disease-free survival for BTC patients in Western
ACT vs Observation 0.0% 0.0%
ACRT vs Observation 0.0% 0.0% 0.023 0.0% 0.0% Low
ACRT vs ACT NA NA
Disease-free survival for BTC patients for patients without distant-metastasis
ACT vs Observation 0.0% 0.0%
ART vs Observation 0.0% 0.0%
ACRT vs Observation 20.0% 38.7% Low to
ACT vs ART 0.0% 0.0% 0.012 0.0% 0.0% moderate
ACRT vs ART 0.0% 0.0%
ACRT vs ACT 0.0% 0.0%

The numbers with high heterogeneity are in bold (We inferred the magnitude of heterogeneity by comparing the
estimated 72 to empirical distributions of heterogeneity typically found in meta-analyses. Low heterogeneity could
be considered when the estimated 12 is less than the 25% quantile of the empirical distribution, moderate
heterogeneity for 1 between 25% and 50% quantile, and high heterogeneity for 1 larger than the 50% quantile.).
NA=Not available, because only one study was included in this type of comparison; ACT=Adjuvant Chemotherapy;
ART=Adjuvant Radiotherapy; ACRT=Adjuvant Chemoradiation therapy; RO=negative resection margins;
R1=microscopic positive resection margins; GBC=gallbladder cancer; CCA= cholangiocarcinoma.

11
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Supplementary Table 7. Node-splitting analysis of inconsistency.

. Direct effect Indirect effect Overall
Comparison P
InHR (95% Cl)
Overall survival for BTC patients
ACRT, ACT 0.24 (0.02, 0.51) 0.10 (-0.30, 0.58) 0.18 (-0.01, 0.40) 0.52
ACRT, ART 1.3 (0.63, 1.90) -0.56 (-1.10, -0.08) -0.13 (-0.53, 0.37) 0.0000
ACT, ART 0.60 (0.05, 1.10) -0.66 (-1.10, -0.18) -0.31 (-0.71, 0.16) 0.001
ACRT, Observation 0.35(0.07, 0.73) 0.83 (0.25, 1.60) 0.35(0.18, 0.61) 0.15
ACT, Observation 0.24 (-0.03, 0.54) 0.19 (-0.52, 0.94) 0.17 (0.02, 0.38) 0.89
ART, Observation 0.70 (0.29, 1.10) -0.92 (-2.90, 1.10) 0.48 (0.07, 0.86) 0.13
Overall survival for BTC patients with R0 resection margin
ACRT, ACT 1.2 (-0.82,3.3) 0.35(-0.31, 1.2) 0.41 (-0.16, 1.20) 0.43
ACRT, ART NA NA NA NA
ACT, ART 0.92 (-1.30, 3.20) 0.05 (-2.20, 2.30) 0.53 (-1.00, 2.10) 0.58
ACRT, Observation 0.49 (-0.03, 1.20) 1.4 (-0.69, 3.40) 0.53 (0.07, 1.20) 0.41
ACT, Observation 0.14 (-0.40, 0.65) -0.24 (-2.00, 1.60) 0.12 (-0.35, 0.54) 0.69
ART, Observation 0.37 (-1.80, 2.40) -0.90 (-3.00, 1.20) -0.41 (-2.00, 1.10) 0.41
Overall survival for BTC patients with R1 resection margin
ACRT, ACT 0.60 (-0.69, 1.90) 0.57 (-0.80, 1.80) 0.68 (-0.32, 1.60) 0.97
ACRT, ART 1.20 (-0.17,2.5) -0.31 (-2.40, 1.60) 0.66 (-0.52, 1.80) 0.18
ACT, ART 0.57 (-0.67, 1.80) -0.88 (-2.60, 0.86) -0.017 (-1.10, 1.00) 0.15
Overall survival for GBC patients
ACRT, ACT 0.17 (-0.37, 0.82) 0.81 (-0.63, 2.50) 0.20 (-0.09, 0.55) 0.35
ACRT, Observation 0.25 (-0.20, 0.76) 0.55 (-0.98, 1.90) 0.25 (-0.02, 0.54) 0.67
ACT, Observation 0.061 (-0.51, 0.45) -0.35 (-2.00, 1.30) 0.06 (-0.26, 0.30) 0.58
Overall survival for CCA patients
ACRT, ACT 0.35(0.03, 0.81) 0.15 (-0.29, 0.72) 0.30 (-0.03, 0.81) 0.45
ACRT, ART 1.3 (0.60, 2.00) -0.57 (-1.10, 0.01) 0.04 (-0.51, 0.77) 0.00035
ACT, ART 0.61 (-0.02, 1.20) -0.70 (-1.20, -0.13) -0.27 (-0.77, 0.29) 0.0056
ACRT, Observation 0.56 (0.03, 1.30) 0.69 (-0.13, 1.70) 0.49 (0.16, 1.00) 0.77
ART, Observation 0.69 (0.27, 1.10) -0.98 (-3.0, 1.10) 0.46 (-0.02, 0.91) 0.12
ACT, Observation 0.19 (-0.20, 0.59) 0.51 (-0.41, 1.60) 0.18 (-0.07, 0.50) 0.50
Overall survival for BTC patients in Asia
ACRT, ACT 0.71 (-0.18, 1.70) -0.02 (-0.74, 0.95) 0.33 (-0.37, 1.20) 0.23
ACRT, ART 1.3 (0.53, 2.20) -0.75 (-1.50, 0.05) 0.18 (-0.56, 1.20) 0.0018
ACT, ART 0.11 (-0.78, 1.00) -0.27 (-1.30, 0.85) -0.15 (-0.78, 0.56) 0.56
ACRT, Observation 0.63 (-0.040, 1.50) 2.00 (-0.17,4.30) 0.77 (0.17, 1.60) 0.24
ACT, Observation 0.55 (-0.11, 1.20) -0.057 (-1.4, 1.4) 0.44 (-0.06, 0.99) 0.41
ART, Observation 0.67 (0.07, 1.30) 0.71 (-0.54, 1.80) 0.59 (-0.01, 1.10) 0.96
Overall survival for BTC patients in Western
ACRT, ACT 0.16 (-0.11, 0.39) 0.49 (-0.28, 1.30) 0.18 (-0.02, 0.37) 0.40
ACRT, Observation 0.25 (-0.01, 0.55) 0.35 (-0.26, 0.89) 0.28 (0.09, 0.46) 0.70
ACT, Observation 0.12 (-0.09, 0.31) 0.32 (-0.48, 1.1) 0.10 (-0.06, 0.26) 0.61
Overall survival for BTC patients without distant-metastasis
ACRT, ACT 0.24 (0.03, 0.48) 0.20 (-0.17, 0.69) 0.20 (0.039, 0.40) 0.86
ACRT, ART 1.30 (0.66, 1.90) -0.74 (-1.40, -0.04) -0.01 (-0.52, 0.53) 0.0000
ACT, ART 0.59 (0.06, 1.10) -0.82 (-1.50, -0.15) -0.21 (-0.72, 0.31) 0.001
ART, Observation 0.66 (0.13, 1.20) -1.00 (-3.00, 0.98) 0.32 (-0.18, 0.81) 0.12
ACRT, Observation 0.31 (0.08, 0.69) 0.61 (0.11, 1.40) 0.31(0.15, 0.52) 0.28
ACT, Observation 0.14 (-0.12, 0.42) 0.20 (-0.43, 0.94) 0.10 (-0.04, 0.27) 0.85
Disease-free survival for BTC patients
ACRT, ACT 0.49 (0.10, 0.93) 0.26 (-0.14, 0.70) 0.32 (0.05, 0.63) 0.41
ACRT, ART 1.30 (0.60, 2.10) -0.10 (-0.95, 0.72) 0.41 (-0.14, 1.00) 0.009
ACT, ART 0.33 (-0.27, 0.94) -0.20 (-0.92, 0.54) 0.09 (-0.44, 0.63) 0.27
ACRT, Observation 0.43 (0.17, 0.75) 1.10 (0.34, 1.80) 0.52 (0.28, 0.81) 0.11
ACT, Observation 0.22 (0.04, 041) -0.14 (-0.87, 0.60) 0.20 (0.03, 0.38) 0.35
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ART, Observation | 0.29(-0.30,0.86) | -0.30(-1.90,1.30) | 0.11(-0.41,0.63) | 0.50
Disease-free survival for GBC patients

ACRT, ACT 0.30 (-0.52, 1.20) 1.50 (-0.38, 3.30) 0.50 (-0.20, 1.30) 0.22
ACRT, Observation 0.30 (-0.47,1.10) -0.25 (-2.10, 1.60) 0.27 (-0.48,0.97) 0.52
ACT, Observation -0.28 (-1.30, 0.60) -0.15 (-2.10, 1.80) -0.24 (-1.10, 0.44) 0.89
Disease-free survival for CCA patients

ACRT, ACT 1.00 (0.33, 1.70) 0.27 (-0.18, 0.78) 0.45 (0.03, 0.95) 0.09
ACRT, ART 1.30 (0.62, 2.10) -0.14 (-1.10, 0.79) 0.53 (-0.08, 1.30) 0.017
ACT, ART 0.33 (-0.32, 0.98) -0.19 (-0.98, 0.63) 0.09 (-0.49, 0.67) 0.32
ACRT, Observation 0.58 (0.20, 1.10) 1.40 (0.02, 2.70) 0.64 (0.29, 1.10) 0.28
ACT, Observation 0.21 (-0.04, 0.49) -0.15 (-1.40, 1.10) 0.20 (-0.03, 0.44) 0.55
ART, Observation 0.28 (-0.33,0.89) -0.33 (-2.00, 1.30) 0.11 (-0.45, 0.66) 0.50
Disease-free survival for BTC patients in Asia

ACRT, ACT 0.88 (0.29, 1.50) 0.25 (-0.32,0.92) 0.50 (0.09, 1.00) 0.14
ACRT, ART 1.30 (0.56, 2.20) 0.02 (-0.99, 1.10) 0.64 (-0.01, 1.40) 0.052
ACT, ART 0.33 (-0.43, 1.10) -0.13 (-1.00, 0.85) 0.13 (-0.49, 0.78) 0.44
ACRT, Observation 0.65(0.21, 1.30) 1.2 (0.30,2.10) 0.76 (0.39, 1.30) 0.31
ACT, Observation 0.30 (-0.06, 0.70) -0.01 (-0.90, 0.99) 0.25 (-0.05, 0.59) 0.52
ART, Observation 0.28 (-0.39, 0.95) -0.30 (-2.00, 1.40) 0.12 (-0.48,0.72) 0.54
Disease-free survival for BTC patients in Western

ACRT, ACT [ 0.09(-051t00.69) [ 0.23(-0.51t00.99) | 0.09(-0.33t00.55) | 0.76
Disease-free survival for BTC patients without distant-metastasis

ACRT, ACT 0.48 (0.12, 0.89) 0.34 (-0.04, 0.77) 0.35(0.09, 0.65) 0.61
ACRT, ART 1.30 (0.62, 2.00) -0.12 (-0.94, 0.69) 0.39 (-0.17, 0.96) 0.01
ACT, ART 0.33 (-0.26, 0.92) -0.26 (-0.98, 0.48) 0.05 (-0.46, 0.57) 0.19
ACRT, Observation 0.43 (0.18, 0.72) 0.98 (0.27, 1.70) 0.49 (0.25, 0.75) 0.16
ACT, Observation 0.15 (-0.05, 0.33) -0.13 (-0.85, 0.62) 0.14 (-0.04, 0.30) 0.46
ART, Observation 0.29 (-0.29, 0.86) -0.33 (-2.00, 1.30) 0.10 (-0.42, 0.62) 0.46

Nonsignificant values (P > 0.05) indicate no inconsistency between direct and indirect effects. NA=Not available;
ACT=Adjuvant Chemotherapy;

Cl=confidence interval.

Chemoradiation therapy.
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Supplementary Table 8. Comparisons of the fitness of consistency and inconsistency models
using deviance information criteria

Resection Tumor Site The regions Non-
Item Model Overall margin status distant
RO R1 GBC CCA Asia Western | metastasis
0S Consistency 46.17 1537 | 16.03 | 16.95 31.39 | 2265 11.88 37.79
Inconsistency 46.05 1796 | 1599 | 16.70 | 32.54 | 228.1 12.93 38.31
DFS Consistency 29.93 NA NA 9.50 22.21 22.76 7.88 23.61
Inconsistency 31.15 NA NA 10.26 24.96 25.12 7.89 25.28

The fitness of the Bayesian model was evaluated by deviance information criteria (DIC), which is adjusted with the

complexity of the model.

NA=Not applicable; OS=overall survival, DFS=disease-free survival; RO=negative resection margins;

R1=microscopic positive resection margins; GBC=gallbladder cancer; CCA= cholangiocarcinoma.
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Supplementary Table 9. Ranking results of network meta-analysis for overall survival (OS) and
disease-free survival (DFS).

Rank of probability for OS (%) Rank of probability for DFS (%)
Treatment
1 2 3 4 SUCRA 1 2 3 4 SUCRA
ACT 0.7 10.5 87.5 1.3 36.9 7.9 63.1 354 0.7 54.7
ART 70.9 20.3 7.5 1.2 87.0 7.5 28.4 29.6 345 36.3
ACRT 28.4 69.1 2.5 0.0 753 91.7 7.9 0.3 0.0 97.1
Observation 0.0 0.0 24 91.5 0.8 0.0 0.6 34.6 64.8 11.9

The number in each cell represents the posterior probability of the row-defining treatment being ranked at the
column-defining position. The numbers with the biggest probability of ranking first and last are in bold and
underscored. ACT=Adjuvant Chemotherapy; ART=Adjuvant Radiotherapy; ACRT=Adjuvant Chemoradiation

therapy.
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Supplementary Table 10. Rank results for OS and DFS in the sensitivity analysis.

Rank of probability (%)
Treatment 1 ‘ 2 ‘ 3 ‘ 4 ‘ SUCRA 1 2 ‘ 3 ‘ 4 ‘ SUCRA
OS for studies including observational studies ?tﬁ(?ie;hr studies including observational
ACT 3.8 53.7 6.4 0.0 43.2 1.6 60.3 34.6 34 534
ART 56.4 232 18.3 2.1 77.9 6.9 28.9 28.1 36.0 35.6
ACRT 39.8 53.7 6.4 0.0 77.8 91.4 8.0 0.5 0.0 97.0
Observation 0.0 0.0 32 96.8 1.1 0.0 2.7 36.7 60.6 14.1
Treatment | OS for studies with high quality DFS for studies with high quality
ACT 4.0 31.0 63.0 2.0 45.7 0.9 63.3 34.9 0.9 54.7
ART 47.3 22.9 18.5 11.2 68.8 3.8 31.6 31.6 329 354
ACRT 48.7 45.6 5.6 0.1 90.0 95.3 4.4 0.3 0.0 98.3
Observation 0.0 0.5 6.3 86.7 1.6 0.0 0.7 332 66.1 11.5
Treatment OS f.or original reported HRs (95%CI) in the | DFS for-original reported HRs (95%CI) in
studies the studies
ACT 6.6 41.5 49.8 2.1 50.8 2.2 71.8 18.3 1.6 60.2
ART 38.2 20.0 20.1 21.7 58.2 3.7 11.7 14.7 69.9 164
ACRT 55.2 37.7 7.0 0.1 82.7 94.0 5.6 0.3 0.0 97.9
Observation 0.0 0.9 23.0 76.1 8.3 0.0 4.9 66.6 28.5 25.5

The number in each cell represents the posterior probability of the row-defining treatment being ranked at the
column-defining position. The numbers with the biggest probability of ranking first and last are in bold and
underscored. ACT=Adjuvant Chemotherapy; ART=Adjuvant Radiotherapy; ACRT=Adjuvant Chemoradiation
therapy.

Cl=confidence interval; OS=overall survival; DFS=disease-free survival.
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Supplementary Table 11. Ranking results for overall survival (OS) and disease-free survival

(DFS) in the subgroup analysis.

Treatment Rank of probability (%)
1| 2 | 3 | 4 |sueral| 1 2 | 3 | 4 |sucra
OS for BTC patients with RO resection margin OS for BTC patients with R1 resection margin
ACT 6.0 54.0 323 7.6 52.8 5.0 31.9 36.3 26.5 38.5
ART 11.6 12.0 7.6 68.8 22.1 9.9 36.8 17.5 35.8 40.3
ACRT 81.9 15.6 22 0.3 93.1 83.9 11.2 33 1.6 92.5
Observation 0.4 18.4 57.9 233 32.0 28.8 1.2 20.1 42.5 36.2
OS for GBC patients OS for CCA patients
ACT 7.4 61.3 313 NA 38.1 1.1 15.9 75.7 7.3 37.0
ART NA NA NA NA NA 45.4 39.8 12.2 2.7 75.9
ACRT 90.4 83 1.3 NA 94.5 53.5 43.9 2.5 0.1 83.6
Observation 2.2 30.4 67.4 NA 174 0.0 0.4 9.7 90.0 3.5
OS for BTC patients in Asia OS for BTC patients in Western
ACT 8.5 45.1 43.6 2.8 53.1 32 87.2 9.6 NA 46.8
ART 13.5 37.1 42.7 6.7 52.5 NA NA NA NA NA
ACRT 78.0 17.2 4.7 0.1 91.0 96.6 3.1 0.2 NA 98.2
Observation 0.0 0.6 9.0 90.5 34 0.2 96.6 | 90.1 NA 5.0
OS for BTC patients without distant metastasis | DFS for BTC patients without distant metastasis
ACT 0.4 19.9 73.1 6.7 38.0 0.3 53.7 42.0 4.0 50.1
ART 50.2 29.2 10.6 10.0 73.2 7.1 36.2 21.1 355 383
ACRT 49.4 50.0 0.6 0.0 82.9 92.6 7.2 0.2 0.0 97.5
Observation 0.0 0.9 15.7 83.3 5.8 0.0 2.9 36.6 60.5 14.1
DFS for GBC patients DFS for CCA patients
ACT 4.1 20.1 75.8 NA 14.1 1.2 57.9 38.2 2.7 52.6
ART NA NA NA NA NA 44 35.0 28.1 325 37.1
ACRT 78.2 18.0 3.8 NA 87.2 94.4 5.2 0.4 0.0 37.1
Observation | 17.7 62.0 20.4 NA 48.7 0.0 1.8 333 64.8 12.3
DFS for BTC patients in Asia DFS for BTC patients in Western
ACT 0.9 62.8 333 3.0 53.9 323 60.4 73 NA 62.5
ART 3.1 31.1 33.0 32.8 34.8 NA NA NA NA NA
ACRT 96.0 3.8 0.2 0.0 98.6 66.4 252 85 NA 78.9
Observation 0.0 2.3 334 64.2 12.7 1.3 14.5 84.2 NA 8.6

The number in each cell represents the posterior probability of the row-defining treatment being ranked at the

column-defining position. The numbers with the biggest probability of ranking first and last are in bold and
underscored. NA=Not available; ACT=Adjuvant Chemotherapy; ART=Adjuvant Radiotherapy; ACRT=Adjuvant

Chemoradiation therapy.
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Supplementary Figure 1. Summary of results from quality assessment of three randomized
controlled studies using the Cochrane risk of bias tool.
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Supplementary Figure 3. Network plots of comparisons on overall survival of treatments in
subgroups analyses (patients stratified into R0, R1, GBC, CCA, Asia, Western and non-distal
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metastasis). (A) Comparisons on overall survival in subgroups of study patients with RO and R1
resection margin; (B) Comparisons on overall survival in patients with GBC and CCA; (C)
Comparisons on overall survival in subgroups of study patients in Asia and Western; (D)
Comparisons on overall survival in patients without distal metastasis.
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Supplementary Figure 4. League tables of the network meta-analysis in subgroup analyses. (A)
League table of overall survival in subgroups of study patients with RO and R1 resection margin; (B)
and (E) League tables of overall survival and disease-free survival in subgroups of study patients with
GBC and CCA,; (C) and (F) League tables of overall survival and disease-free survival in subgroups
of study patients in Asia and Western; (D) League table of overall survival and disease-free survival
in subgroups of study patients without distal metastasis. Pooled hazard ratios (HRs) and 95% credible
intervals (95% Cls) are listed in each cell. The estimate in each cell is for the comparison of 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.
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Supplementary Figure 5. Network plots of comparisons on disease-free survival of treatments
in subgroups analyses (patients stratified into GBC, CCA, Asia, Western and non-distal
metastasis). (A) Comparisons on disease-free survival in subgroups of study patients with GBC
and CCA; (B) Comparisons on disease-free survival in subgroups of study patients in Asia and
Western; (C) Comparisons on disease-free survival in the subgroup of study patients without distal

metastasis.
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Supplementary Figure 6. Pooled estimates of the sensitivity analysis. (A) League tables of the
network meta-analysis in sensitivity analyses. The estimate in each cell is for the comparison of 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. (B) Forest plots of the network meta-analysis in sensitivity analyses.
Adjuvant treatments are ranked according to their surface under the cumulative ranking curve and
compared with observation. Effect sizes are presented as hazard ratios (HRs) with 95% confidence
intervals (95% CI). OS: overall survival; DFS: disease-free survival. First sensitivity analysis:
excluding RCT studies; Second sensitivity analysis: removing low-and moderate-quality
observational studies; Third sensitivity analysis: only including the studies for which HRs were
reported in the original articles.
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Supplementary Figure 7. The ‘comparison-adjusted’ funnel plot in network meta-analysis to
assess funnel plot asymmetry on the efficacy outcomes. (A) Funnel plot asymmetry on the overall
survival; (B) Funnel plot asymmetry on the disease-free survival. Funnel-plot asymmetry was tested
b Egger’s regression tests. No publication bias is detected when the P-value is larger than 0.05.
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