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Abstract
Introduction: The benefits of adjuvant radiotherapy (ART) 
for extrahepatic cholangiocarcinoma are uncertain largely 
because existing publications lack clear comparisons be-
tween ART and non-ART arms. Methods: PubMed, Medline, 
Embase, and the Cochrane library were systematically 
searched until December 2020. The primary endpoint was 
overall survival (OS). Sensitivity analysis was performed for 
studies with reliable comparability (i.e., no favorable prog-
nosticators in the ART arm that could skew the data). Results: 
Twenty-three studies involving 1,731 patients with extrahe-
patic cholangiocarcinoma were reviewed. The overall me-
dian of all median prescribed doses was 50.4 Gy; brachyther-
apy or an intraoperative boost of 10–21 Gy was applied in 5 
studies. The pooled 1-, 3-, and 5-year OS rates in the non-ART 
and ART arms were 69.2% versus 81.0%, p = 0.035; 34.3% 

versus 44.7%, p = 0.025; 25.6% versus 31.7%, p = 0.115, re-
spectively. The corresponding pooled locoregional recur-
rence rates were 52.1% versus 34.9% (p = 0.014). The pooled 
rate of grade ≥3 gastrointestinal complications was 9.8%. 
Sensitivity analysis performed on 14 eligible studies showed 
that the ART arms had a lower pooled R0 rate (36.8% vs. 
63.2%, p = 0.02) and a higher rate of positive lymph nodes 
(47.4% vs. 34.9%, p = 0.08). The pooled 1-, 3-, and 5-year OS 
rates in the non-ART versus ART arms of the selected studies 
were 78.2% versus 84.9%, p = 0.143; 38.5% versus 49.2%, p = 
0.026; and 27.8% versus 34.5%, p = 0.11, respectively. Con-
clusions: ART was shown to improve OS in all studies and in 
those selected for their reliable comparability.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Biliary tract cancers are rare but have a poor prognosis; 
the 5-year survival rate is generally <20% [1, 2]. Surgical 
resection is the only potentially curative treatment; how-
ever, high rates of recurrence and poor survival necessi-
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tate adjuvant therapy. The BILCAP phase 3 study com-
paring capecitabine with observation following biliary 
tract cancer resection demonstrated a survival benefit. 
However, a standard strategy has yet to be established re-
garding adjuvant radiotherapy (ART) as all relevant stud-
ies are nonrandomized case series.

Several meta-analyses have been performed to suggest 
a clinical strategy for ART [3–6]. Despite the sound meth-
odologies used, these studies have room for improvement 
with respect to their inclusion of types of malignancies 
with different clinical behaviors (e.g., cholangiocarcino-
ma and gallbladder cancer) [7, 8]. The aforementioned 
meta-analyses assumed that patients in the ART arms 
may have an inferior clinical profile compared to non-
ART arms; However, ART may not be applied to patients 
with a short life expectancy or poor performance status. 
Some researchers performed subgroup analyses on pa-
tients with lymphatic metastasis or positive resection 
margin, but the included studies were based on limited 
information from 2 to 5 studies [4–6]. Although all these 
meta-analyses concluded that ART could be beneficial, 
their findings were less persuasive owing to such limita-
tions, and ART has yet to be fully utilized in clinical prac-
tice. In recent NCCN guidelines, systemic treatment, 
clinical trial, and chemoradiotherapy are proposed as ad-
juvant options after surgery for extrahepatic cholangio-
carcinoma without preference, regardless of status of re-
section margin or lymphatic metastases [9].

Physicians in practice should inevitably refer to a di-
verse body of literature before making clinical decisions. 
Therefore, we designed a quality assessment-based meta-
analysis, focused on whether ART for extrahepatic chol-
angiocarcinoma yields oncological benefits considering 
the clinical comparability between groups on an individ-
ual study basis.

Materials and Methods

Study Design and Eligibility Criteria
Using the PICO method, the hypothetical question was “Does 

the administration of ART after surgical resection of extrahepatic 
cholangiocarcinoma confer a survival benefit to patients com-
pared with those who did not undergo ART”? Furthermore, we 
reviewed 3 previous related meta-analyses, 2 of which were highly 
referenced [3, 4], while the third was published most recently [5]. 
Previously published studies had room for improvement in the 
following areas (with consideration provided for possible inter-
vention complexity [10]) that our study was designed to address: 
(1) diseases with different types of treatment or recurrence pat-
terns were included; (2) comparability between the study arms was 
less rigorously considered; and (3) outcome-based results, which 
might have been useful, were not provided.

Studies eligible for inclusion were those that met the following 
criteria: (1) clinical studies of extrahepatic cholangiocarcinoma 
(i.e., not pancreatic cancer, gallbladder cancer, or intrahepatic 
cholangiocarcinoma); (2) overall survival (OS) data were provid-
ed; (3) inclusion of at least 10 patients who underwent ART; and 
(4) each comparative arms (ART and non-ART) had >5 patients. 
There was no language restriction. Conference abstracts were ex-
cluded. We did not restrict the publication period. Studies based 
on the cancer registries in which data potentially overlapped with 
those from individual studies were also excluded to sustain the as-
sumption of independence [11].

Protocol Registration
This study is registered in PROSPERO (Registration number: 

CRD42021235051).

Information Sources and Searching Strategy
We systematically searched the PubMed, Medline, Embase, and 

Cochrane Library until 16 December 2020. Search terms and a de-
tailed search strategy are given in the online suppl. materials; for all 
online suppl. material, see www.karger.com/doi/10.1159/000518298. 
Regarding multiple studies from the same institution, those with the 
greater number of eligible patients were included. Multiple studies 
were all included if the recruiting periods did not overlap. We also 
cross-referenced 3 related systematic reviews [3–5] to identify studies 
that may have been missed. Searching for published studies was per-
formed by 2 independent reviewers, and any disagreement on final 
inclusion was resolved by mutual discussion.

Data Items and Collection Process
We used a pre-standardized data sheet that included the fol-

lowing: general information such as the author names, affiliation, 
country of origin, patient recruiting period, number of patients, 
and conflict of interest status; clinical information regarding exter-
nal beam radiotherapy dose and modality; concurrent chemother-
apy; rates of lymphatic metastasis (LN+); poor differentiation; 
pathologic lymphovascular invasion (LVI); ≥ pT3; R0 status; clin-
ical outcomes including the median and 1-, 3-, and 5-year OS rates; 
pattern of failure (locoregional or distant); grade ≥3 gastrointesti-
nal (GI) complications; and clinical factors affecting OS on multi-
variate analysis. Survival data were acquired from descriptive 
graphs in the absence of a numerical report. Data collection was 
performed by 2 independent researchers, both of whom checked 
all information and resolved any disagreements by discussing and 
re-evaluating the literature.

Risk of Bias and Quality Assessment
Since most of the candidate studies were nonrandomized, pos-

sible confounders were carefully assessed as advised by the Co-
chrane group [12]. The most significant confounder was the un-
known distribution of patients. Previous meta-analyses suggested 
that patients who underwent ART showed better OS than did those 
without, despite the assumption of their having an inferior clinical 
status. However, it is potentially not advisable to arrive at practical 
decisions based on these data because certain clinical covariates 
were not rigorously considered. Moreover, previous assumptions 
may not have been true (e.g., patients with better clinical or phys-
ical conditions may have decided to undergo ART, while those 
with poorer clinical indicators might not have been expected to 
achieve additional benefits from it).
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Since the majority of studies published to date were observa-
tional, we used the Newcastle-Ottawa Scale for our analysis [13]. 
This showed that the quality differences between the studies were 
mostly due to cohort comparability as the majority of candidate 
studies had similar scores in other compartments. To avoid sub-
jectivity, we categorized the comparability of the included studies 
based on discussions between clinical oncologists and a biostatisti-
cian. Reliable comparability was defined as (1) the provision of at 
least 2 of 5 clinical prognosticators (rates of LN+, poor differentia-
tion, LVI, ≥ pT3, and R0 status), with none of these indicators hav-
ing a clinically favorable slant toward the ART arm (defined as 
having either a statistically significant [e.g., p value of <0.05 in a 
comparative statistical test such as the χ2 test or as stated in the ar-
ticle that there is a statistically significant difference between 
groups] or >20% difference) and (2) the patients’ distributions be-
tween the arms were according to participant selection or a tem-
poral difference and not owing to clinical considerations. Such 
studies were assigned 2 (full) points for comparability scoring; as 
such, they were considered to have reliable comparability and un-
derwent further sensitivity analysis. Studies that did not fulfill the 
aforementioned criteria were assigned 1 point.

Statistics
The principal summary measures are the pooled outcome rates 

(shown as percentiles). The random-effects analysis model was 
used considering the clinical heterogeneity among studies and 
their designs and referencing the Cochrane handbook that states 
that the random-effects model should be the default choice when 
analyzing nonrandomized studies [12]. The primary endpoint was 
the OS rate, while rates of recurrence and grade ≥3 GI complica-
tions were analyzed as secondary endpoints. Complication data 
were also qualitatively analyzed. Sensitivity analysis was performed 
for those regarded as having reliable comparability as defined be-
fore. For subgroup comparisons between the ART and non-ART 
arms, mixed-effects analysis was performed, and a p value of <0.1 
indicated a significant difference [14]. For studies with ≥3 arms 
(e.g., a non-ART arm and 2 arms with different radiotherapy mo-
dalities), either the ART arm that was most comparable to the non-
ART arm or that had a larger number of patients was selected.

Heterogeneity among studies was assessed using the Cochran 
Q test [15] and I2 statistics [16]. Significant heterogeneity was de-
fined as a p value of <0.1 and I2 of ≥50%. Publication bias was 
evaluated using visual assessment of funnel plots and Egger’s test 

Records identified through
database searching

EMBASE/Medline (n = 1,866);
PubMed (n = 612); Cochrane

library (n = 45):
Total: n = 2,523

Full-text articles assessed for eligibility
(n = 89)

Studies included in qualitative synthesis (n = 23)

Studies included in quantitative synthesis
(meta-analysis) (n = 23)

Additional records identified
through other sources

(n = 4)

Full-text articles excluded, with reasons:
Irrelevant subject (18)

Irrelevant publication type (2)
No target information (18)

NCDB study (1)
Insufficient number of patients (2)
Studies from same institution (14)

No comparative arm (11)
(n = 65)

Records excluded
Irrelevant subject (460)
Irrelevant format (121)

No target information (26)
NCDB study (10)

Publication earlier than 1990 (4)
(n = 621)
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Duplicated among databases (n = 54)

Records screened (n = 710)

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

El
ig

ib
ili

ty
In

cl
ud

ed

Fig. 1. Study inclusion process. NCDB, National Cancer Database.
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[17]; a test of publication bias was performed for analyses that in-
cluded >10 studies. Duval and Tweedie’s [18] trim-and-fill method 
was performed if significant publication bias was likely (i.e., a 
2-tailed p value <0.1 in Egger’s test). All statistical analyses were 
conducted using Comprehensive Meta-Analysis version 3 (Biostat 
Inc., Englewood, NJ, USA).

Results

Study Selection and Characteristics
Among 2,523 studies initially searched, 710 under-

went abstract review after machine screening to exclude 
those with irrelevant formats or duplicates. Full-text re-

viewing was performed for 89 studies that were filtered 
after abstract review, 23 of which [19–41] fulfilled all in-
clusion criteria and were ultimately analyzed. These stud-
ies involved a total of 1,731 patients with extrahepatic 
cholangiocarcinoma who underwent surgical resection, 
including 717 who underwent ART. The selection pro-
cess is shown in detail in Figure 1.

Seven studies were from the USA, 6 from Japan, 5 
from Korea, 3 from China, and 2 from the Netherlands. 
All studies were reported in English, except for one by 
Kamiya et al. [27] that was in Japanese and another by 
Meng et al. [34] that was in Chinese. The earliest study 
recruited patients from 1968 to 1983 [41], whereas the 
latest did so from 1997 to 2015 [29]. The median follow-

Table 1. General information of included studies

Author Institution Country Recruiting 
period

RT profile F/U period, 
months

Patients 
without/with 
ART, n

Sagawa et al. [36] Hokkaido University Japan 1980–1998 EBRT and/or IORT M32 30/39
Gwak et al. [23] Inha University Republic of Korea 1997–2005 EBRT, M50.4 Gy M19.5 47/31
Kobayashi et al. [30] Osaka University Japan 2007 EBRT, M50 Gy M16.7 23/21
Hughes et al. [24] Johns Hopkins USA 1994–2003 

(S: 1970–1992)
EBRT, M50.4 Gy M41 30/34

Lee et al. [31] Korea, Haundae Paik, Ajou, 
Konyang

Republic of Korea 1994–2013 EBRT, 50 or 50.4 Gy M26 52/19

Kim et al. [29] Keimyung University, Daegu Republic of Korea 2000–2013 EBRT, M50.4 Gy M24 33/19
Cheng et al. [20] Eastern Hepatobiliary Surgery 

Hospital
China 1997–2002 EBRT, m50 Gy M21 52/23

Sugiura et al. [39] Shizuoka Cancer Center Japan 2002–2014 EBRT, M50.4 Gy 22/22
Schoenthaler et al. [37] UCSF and Lawrence Berkeley 

Laboratory
USA 1977–1987 EBRT, M46.3 Gy Minimum 

5 years
62/45

Tollenaar et al. [41] Leiden University The Netherlands 1968–1983 EBRT, 40–60 Gy M4 39/16
Borghero et al. [19] MDACC USA 1984–2005 EBRT, M45 Gy + boost 10 

or 20 Gy (brachy)
M31 23/42

Serafini et al. [38] South Florida University USA 1988–1999 EBRT, 39–54 Gy Unknown 57/34
Pitt et al. [35] Johns Hopkins (old cohort) USA 1988–1993 EBRT, m46 Gy + boost 

IR-192 implant m13 Gy
Unknown 27/23

Kamiya et al. [27] Yokohama University (old 
cohort)

Japan 1992–1997 EBRT, 45 or 54 Gy in 30F m20.6 19/10

Li et al. [32] Hunan Provincian Hospital China 2010–2013 Unknown 109/72
Gerhards et al. [21] Amsterdam University The Netherlands 1983–1998 EBRT, m42.3 Gy± Brachy 

m10.4 Gy
m28.8 20/71

Grove et al. [22] Cleveland Clinic Foundation USA 1977–1985 EBRT, m37.7 Gy Unknown 9/19
Im et al. [25] Yonsei University Republic of Korea 2001–2010 EBRT, M50.4 Gy M63 168/29

90/49 
(with CTx)

Mcmaster et al. [33] Louisville University USA 1983–1996 M12 11/20
Itoh et al. [26] Kanazawa Medical Center Japan 1994–2004 EBRT, m52.3 Gy m32 8/11
Todoroki et al. [40] Tsukuba University Japan 1976–1999 EBRT, m43.6 Gy± IORT 

m21.0 Gy
Unknown 19/17

Kim et al. [29] Ewha University Republic of Korea 1997–2015 EBRT, M50.4 Gy M19 36/23
Meng et al. [34] Shanghai Eastern Hepatobiliary 

Hospital
China 1992–1997 EBRT, M52 Gy M30 19/28

Capital M headings denote median and small m heading mean values. RT, radiotherapy; ART, adjuvant radiotherapy; EBRT, external beam radiation 
therapy; IORT, intraoperative radiotherapy; CTx, chemotherapy.
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up periods were provided in 17 studies, with the pooled 
median value being 26 (range: 4–63) months. Regarding 
the ART modality used, advanced techniques such as in-
tensity-modulated radiotherapy were not applied, but 
conventional 3-dimensional or 2-dimensional, multi-di-
rectional portal-based radiotherapy was used. The over-
all median of all median prescribed doses was 50.4 (range: 
37.7–52.3) Gy, and brachytherapy or an intraoperative 
boost of 10–21 Gy was performed in 5 studies. Concur-
rent chemotherapy was administered in 12 studies. None 
of the studies reported significant conflicts of interest. 
General information from the included studies is given 
in Table 1.

Among the clinical covariates, the median R0 rates 
were 54.0% (range: 0–100%) and 34.5% (range: 0–76.5%) 
in the non-ART and ART arms, respectively; the median 
LN + rates were 37% (range: 13–63.2%) and 42.1% (range: 
13–82%), respectively. The overall median of all reported 
median survival times was 19.5 (range: 2.2–43) months in 

the non-ART arms and 27.5 (range: 11–49) months in the 
ART arms. The detailed clinical information of patients 
in the included studies is given in Table 2.

Quality Assessment and Study Selection
All studies shared fundamentally similar clinical de-

signs and had similar scores in their selection and out-
come categories (except the adequacy of follow-up). 
Comparability was evaluated as described in the Materi-
als and Methods. Studies with a follow-up period of ≥2 
years were regarded as having an adequate follow-up pe-
riod, whereas those with shorter or unknown follow-up 
durations were not. Scoring results are provided in online 
suppl. Table 1.

Following the confirmation of reliable comparability, 
we performed sensitivity analysis on the eligible studies 
in a manner where they were less affected by possible bias 
(unknown patient distribution). Studies that did not pro-
vide data regarding at least 2 of the 5 clinical indicators 

Table 3. Pooled results of endpoint outcomes

Cohorts, 
n

Patients, 
n

Heterogeneity 
(p, I2)

Pooled rates 
(95% CI)

Subgroup 
comparison

Eggers’ 
p

Trimmed value

1-year OS
All studies

Without ART 21 852 <0.001, 84.0% 69.2% (59.1–77.8) 0.035 0.713
With ART 21 619 <0.001, 64.6% 81.0% (74.1–86.4) <0.001 76.2% (67.8–83.0)

Selected studies
Without ART 13 659 <0.001, 68.3% 78.2% (71.1–83.9) 0.143 0.183
With ART 13 374 0.023, 49.2% 84.9% (77.8–90.0) <0.001 80.7% (71.1–87.7)

3-year OS
All studies

Without ART 20 831 <0.001, 58.7% 34.3% (28.9–40.1) 0.025 0.285
With ART 20 607 <0.001, 64.3% 44.7% (37.6–52.0) 0.356

Selected studies
Without ART 14 686 0.067, 39.0% 38.5% (33.6–43.6) 0.026 0.695
With ART 14 397 0.004, 57.4% 49.2% (41.3–57.2) 0.705

5-year OS
All studies

Without ART 21 932 <0.001, 65.8% 25.6% (20.5–31.4) 0.115 <0.001 30.1% (24.2–36.8)
With ART 21 684 0.019, 43.1% 31.7% (26.9–36.9) 0.007 36.9% (31.2–42.9)

Selected studies
Without ART 14 678 0.001, 64.3% 27.8% (21.9–34.6) 0.11 <0.001 32.5% (25.8–40.1)
With ART 14 402 0.399, 4.8% 34.5% (29.8–39.5) 0.11

LRR
Without ART 10 495 <0.001, 79.7% 52.1% (40.6–63.3) 0.014 0.647
With ART 10 275 0.167, 30.3% 34.9% (28.0–42.4) 0.188

Distant recurrence
Without ART 9 479 0.010, 60.3% 39.3% (31.7–47.6) 0.265 NA
With ART 9 258 <0.001, 72.4% 48.0% (35.4–60.8) NA

OS, overall survival; ART, adjuvant radiotherapy; CI, confidence interval; NA, not applicable; LRR, locoregional recurrence.
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[21, 22, 26, 32, 33, 41] or those with control arms exhibit-
ing inferior clinical profiles (e.g., >20% higher value in LN 
+ or pT3/4 rates) [30, 37, 40] were not subjected to further 
sensitivity analysis. In 14 selected studies, the ART arms 
had a lower pooled R0 rate (36.8% vs. 63.2%, p = 0.02) and 
a higher rate of LN+ (47.4% vs. 34.9%, p = 0.08), whereas 
rates of pT3 or pT4, poor differentiation, and LVI were 
not significantly different between ART and non-ART 
arms (online suppl. Fig. 1).

Pooled Results of Endpoints and Sensitivity Analyses
The pooled 1-, 3-, and 5-year OS rates in the non-ART 

and ART arms were 69.2% (95% confidence interval [CI]: 
59.1–77.8%) versus 81.0% (74.1–86.4%), p = 0.035; 34.3% 
(28.9–40.1%) versus 44.7% (37.6–52.0%), p = 0.025; and 
25.6% (20.5–31.4%) versus 31.7% (26.9–36.9%), p = 0.115, 
respectively. The pooled locoregional recurrence (LRR) 
rates in the non-ART and ART arms were 52.1% (40.6–
63.3) versus 34.9% (28.0–42.4%), p = 0.014, whereas the 
distant recurrence rates were 39.3% (31.7–47.6%) versus 
48.0% (35.4–60.8%), p = 0.265. Significant heterogeneity 
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was found in all analyses, except for those of the 5-year 
OS and LRR rates in the ART arms.

On sensitivity analysis of the selected studies, the 
pooled 1-, 3-, and 5-year OS rates in the non-ART and 
ART arms were 78.2% (95% CI: 71.1–83.9%) versus 84.9% 
(77.8–90.0%), p = 0.143; 38.5% (33.6–43.6%) versus 49.2% 
(41.3–57.2%), p = 0.026; and 27.8% (21.9–34.6%) versus 
34.5% (29.8–39.5%), p = 0.11, respectively. Significant 
heterogeneity was found upon pooled analyses of the 

1-year and 5-year OS rates of patients in the non-ART 
arms and in the 3-year OS rates among patients in the 
ART arms. These results are given in Table 3 in detail and 
are also depicted in Figure 2 (all studies) and Figure 3 (se-
lected studies). Forest plots of locoregional and distant 
recurrences are shown in online suppl. Figure 2.

Publication Bias
Possible publication bias was noted in the pooled anal-

ysis of the 1-year OS in the ART arms of all studies; the 
trimmed value (76.2%) was lower than the original 
(81.0%). A similar finding was observed when analyzing 
the 1-year OS in the ART arms of only the 14 selected 
studies, in which the trimmed value (80.7%) was also low-
er than the original (84.9%). The difference between arms 
might be reduced when considering these trimmed val-
ues. Regarding pooled analyses of the 5-year OS rates in 
all studies, possible publication bias was noted, and the 
trimmed values increased from their originals in both 
arms. Possible bias was noted in the pooled analysis of the 
5-year OS rate in the non-ART arms of the selected stud-
ies. The trimmed value (32.5%) was higher than the orig-
inal (27.8%), which may reduce the difference between 
arms. The detailed results are given in Table 3.

GI Complications
Qualitative and quantitative data regarding complica-

tions were available for 10 studies. We evaluated grade ≥3 
GI complications but not grade ≥3 hematologic compli-
cations that did not cause mortality. Duodenal ulcers and 
bile duct damage were the most common types of serious 
GI complications. Two studies did not report any serious 
complications, but 1 reported that 21.4% of patients had 
GI bleeding or jaundice. One study reported 4 patients 
among 45 (8.9%) who experienced grade 5 fatal events 
owing to duodenal ulcer and cholangitis [37]. The pooled 
rate of grade ≥3 GI complications was 9.8% (95% CI: 6.2–
15.0, I2 = 16.2%, pheterogeneity: 0.294). The qualitative data 
are summarized in Table 4, while the pooled result is de-
picted in online suppl. Figure 3.

OS Comparison in R+ Patients
Five studies were suitable for the comparative OS anal-

ysis of R+ patients. The 5-year OS rate, which was the 
most frequently reported, was used for pooled analysis. 
The pooled 5-year OS rates in the ART and non-ART 
arms were 32.1% (95% CI: 20.1–47.1%) and 16.5% (8.3–
30.2%), respectively, p = 0.089. No significant heteroge-
neity was observed in the analyses of both arms; a forest 
plot is shown in online suppl. Figure 4.
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Fig. 2. Forest plot of pooled analyses of all included studies regard-
ing (a) 1-year, (b) 3-year, and (c) 5-year OS rates. ART, adjuvant 
radiotherapy; CI, confidence interval; S, surgery; R, radiotherapy; 
C, concurrent chemotherapy; OS, overall survival.
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Serafini_SRC
Kamiya_SR
IM_SR
IM_SRC
KimE_SR
Pooled rate, with ART
Heterogeneity:
p < 0.001; I2 = 68.3% (wo ART)
p = 0.023; I2 = 49.2% (with ART)
Subgroup comparison p = 0.143

0.796
0.617
0.700
0.769
0.939
0.771
0.896
0.958
0.797
0.648
0.775
0.927
0.553
0.782
0.771
0.808
0.794
0.684
0.895
0.979
0.978
0.919
0.789
0.955
0.983
0.960
0.697
0.849

0.616
0.472
0.517
0.636
0.787
0.638
0.687
0.748
0.673
0.418
0.706
0.852
0.391
0.711
0.615
0.633
0.627
0.451
0.663
0.741
0.732
0.789
0.621
0.552
0.783
0.852
0.486
0.778

0.905
0.744
0.836
0.864
0.985
0.865
0.971
0.994
0.882
0.825
0.832
0.966
0.705
0.839
0.877
0.911
0.898
0.851
0.974
0.999
0.999
0.972
0.895
0.997
0.999
0.990
0.848
0.900

0 0.5 1
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Discussion

Currently, no clinical practice guidelines support pref-
erential use or strong recommendation of ART as an ad-
juvant modality for extrahepatic cholangiocarcinoma be-

cause there are no sufficiently convincing studies or me-
ta-analysis [9, 42, 43]. In this situation, the most prominent 
finding when compared with the previous literature was 
the observance of an OS benefit on the sensitivity analysis 
of the selected group. Since our study primarily considers 

Table 4. Grade ≥3 GI complication reported

Author RT arm, n Grade ≥3 GI complication, %

Sagawa et al. [36] 39 2.6 (biliary fistula)
Gwak et al. [23] 31 0.0
Kobayashi et al. [30] 21 4.7 (op leakage)
Kim et al. [28] 19 10.5 (duodenal ulcer)
Sugiura et al. [39] 22 9.1 (nausea and neutropenia)
Schoenthaler et al. [37] 45 8.9 (G5, cholangitis, and duodenal ulcer)
Tollenaar et al. [41] 16 0.0
Borghero et al. [19] 42 14.3 (acute GI 3, late 2 ulcers, and 1 bile duct stricture)
Kim et al. [29] 23 4.3 (1 case N/V)
Meng et al. [34] 28 21.4 (5 late bleeding and 1 obstructive jaundice)

RT, radiotherapy; GI, gastrointestinal; N/V, nausea and vomiting.

3

(Figure continued on next page.)
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Study name 
Event
rate

Lower
limit

Upper
limit

Event rate and
95% CI

Sagawa_S
Gwak_SC
Hughes_S
Lee_S
Kim_S
Cheng_SC
Sugiura_S(R1)
Borghero_S
Serafini_S
Kamiya_S
IM_S
IM_SC
KimE_S
Meng_S
Pooled rate, wo ART
Sagawa_SR
Gwak_SRC
Hughes_SRC
Lee_SRC
Kim_SRC
Cheng_SR
Sugiura_SRC
Borghero_SR
Serafini_SRC
Kamiya_SR
IM_SR
IM_SRC
KimE_SR
Meng_SR
Pooled rate, with ART
Heterogeneity:
p = 0.001; I2 = 64.3% (wo ART)
p = 0.399; I2 = 4.8% (with ART)
Subgroup comparison p = 0.11

0.314
0.116
0.267
0.365
0.152
0.219
0.315
0.430
0.223
0.025
0.432
0.379
0.290
0.140
0.278
0.261
0.210
0.353
0.263
0.211
0.253
0.441
0.363
0.348
0.508
0.429
0.476
0.270
0.340
0.345

0.175
0.051
0.140
0.246
0.065
0.127
0.158
0.248
0.133
0.002
0.359
0.285
0.166
0.043
0.219
0.147
0.101
0.213
0.114
0.082
0.117
0.254
0.233
0.209
0.230
0.265
0.341
0.128
0.191
0.298

0.497
0.243
0.450
0.503
0.317
0.351
0.531
0.633
0.349
0.298
0.508
0.483
0.456
0.373
0.346
0.419
0.387
0.524
0.498
0.446
0.464
0.647
0.517
0.519
0.781
0.611
0.614
0.481
0.530
0.395

0 0.5 1

c

comparability and provides data comprehensible in clin-
ical practice, it might support efficient use of ART and 
facilitate future researchto identify proper and specific in-
dications.

Although the pooled 3-year OS rate was significantly 
higher in the ART arms, the pooled 1- and 5-year OS rates 
were also higher, with p values mildly exceeding the 
threshold of subgroup comparison. Considering that the 
non-ART groups among the selected studies had a sig-
nificantly lower pooled R0 rate (36.8% vs. 63.2%, p = 0.02) 
and higher LN + status (47.9% vs. 34.9%, p = 0.08), the 
benefit of ART in terms of OS may be more convincing. 
Since the pooled LRR rate was significantly lower (34.9% 
vs. 52.1, p = 0.014), the OS benefit might therefore also 
extend to reducing such recurrences. This result is con-
sistent with those of previous studies that found that ap-

proximately half of the recurrences observed after extra-
hepatic cholangiocarcinoma resections were locoregional 
and that most could be encompassed by the external 
beam radiotherapy target area [44–46]. However, it 
should be also noted that distant recurrences were not 
diminished with ART; some researchers claimed that 
such recurrences were even more frequent after ART [19, 
29].

We found several meta-analyses in the literature that 
were of a similar topic as ours [3–6]. Previous meta-
analyses used sound methodology; however, there is 
some room for improvement in terms of clinical deci-
sion-making. First, several meta-analyses included pa-
tients with cancers other than extrahepatic cholangio-
carcinoma (e.g., gallbladder cancer). Although they 
might share some similarity in terms of their surgical 
treatment approaches, their patterns of recurrence and 
potential to benefit from adjuvant therapy can differ 
[47]. Another confounder is the unknown distribution 
of patients between arms. Previous researchers assumed 
that patients who underwent ART would have generally 
inferior clinical profiles and be more vulnerable to re-
currence. However, such an assumption might not al-
ways be true; for instance, patients who are in better 
clinical condition may decide to undergo ART, whereas 
those whose expected prognoses are too poor may de-
cide to forgo it. In Kobayashi et al.’s [30] study, the LN 
+ rates were 52% and 29% in the non-ART and ART 
arms, respectively, and in Schoenthaler et al.’s [37] 
study, the pT3 or pT4 rates were 74% and 37% in the 
non-ART and ART groups, respectively; these studies 
were excluded from the sensitivity analysis. Addition-
ally, from a technical perspective, nonrandomized stud-
ies could be difficult to unearth owing to poor indexing 
or inconsistent terminology [12]. The number of studies 
investigating extrahepatic cholangiocarcinoma includ-
ed in previous meta-analyses ranged from 8 to 14, 
whereas our analysis included 23 studies. The present 
study was designed to overcome the aforementioned 
limitation and produced outcome-based results that can 
be more applicable to clinical practice.

Concerns regarding the application of ART are also 
described in the literature. Shinohara et al. [48] performed 
a Surveillance, Epidemiology, and End Results (SEER) 
database study of extrahepatic cholangiocarcinoma and 
found that although ART produced a survival benefit, it 
was not sustained after controlling for confounders. 
Vern-Gross et al. [49] also conducted a SEER database 
study and found that the addition of ART was only ben-
eficial in the short term but was hazardous in the long 

Fig. 3. Forest plot of pooled analyses of selected studies according 
to reliable comparability, regarding the (a) 1-year (b) 3-year, and 
(c) 5-year OS rates. ART, adjuvant radiotherapy; CI, confidence 
interval; S, surgery; R, radiotherapy; C, concurrent chemotherapy; 
OS, overall survival.
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term. However, in both studies, it should be noted that 
the only clinical covariate included when controlling for 
confounders was disease stage, whereas all the remaining 
variables were social (such as age, race, sex, and year of 
diagnosis). Although both these studies have merit in 
terms of producing data from a large number of patients, 
the results after statistical balancing should be carefully 
interpreted.

The pooled grade ≥3 complication rate was 9.8% in 
our study; 4 patients with grade 5 (mortality) were re-
ported, although they were from a relatively older study 
[37]. Although the rate of complications might not be 
high enough to outweigh the locoregional benefit of ART, 
efforts are necessary to reduce such toxicities. All studies 
included in the present meta-analysis reported outcomes 
of patients who underwent conventional 3- or 2-dimen-
sional ART. Bittner et al. [50] reported that intensity-
modulated radiotherapy significantly reduced grade ≥3 
nausea and vomiting (7.8% vs. 13.4% vs., p < 0.001), diar-
rhea (2.0% vs. 11.6%, p < 0.001), and late GI toxicities 
(5.0% vs. 10.6%, p = 0.017) among patients treated for 
pancreatic cancer compared with 3-dimentional radio-
therapy. Although the literature pertaining to cholangio-
carcinoma is scarce, such results encourage the use ad-
vanced modalities because the radiotherapy targets for 
cholangiocarcinoma and pancreatic cancer have close 
similarity.

Our study had certain limitations. Meta-analyses of 
nonrandomized studies are controversial due to influenc-
es from heterogeneity and uncontrolled confounders 
[12]. However, the field of oncology is not always depen-
dent on randomized studies; applying radiotherapy for 
rare cancers is inevitably supported by observational 
studies [51]. Several researchers reported that well-de-
signed observational studies have results similar to those 
of randomized studies [52]; in the same vein, we per-
formed all the statistical calculations and sensitivity anal-
yses to enhance confidence in our result. Furthermore, 
one might argue that the present study did not provide 
specific clinical indication as compared to the previous 
literature. However, although lymphatic metastases or 
positive resection margins are known prognostic factors, 
actual clinical decision should be performed in consider-
ation of other clinical factors, such as T stage, age, tumor 
grade, and treatment policy of institutions. The role of 
this study is to encourage the use of ART, which is not 
widely used compared to the actual role, and to support 
the production of more personalized indications in the 
future studies (e.g., nomograms). Finally, we could not 
comprehensively assess the effect of systemic chemother-

apy partly because the rate of its application varied and 
the relevant information was scarce. On the other hand, 
in the recent BILCAP study, the effect of capecitabine was 
comprehensibly addressed, although the rate and effec-
tiveness of ART administration were not reported [53]. 
We hope that future researchers investigate the roles of 
such treatments in their fields as well as in parallel disci-
plines.

Conclusion

The present study, confined to a single disease entity 
and primarily considering comparability, will support ef-
ficient use of ART and conduction of future studies to 
identify proper indications. Although a reduction of LRR 
was shown, further technical efforts to minimize compli-
cations are necessary.
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