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The clinicopathological factors associated
with prognosis of patients with resectable
perihilar cholangiocarcinoma
A systematic review and meta-analysis
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Abstract
The refinement in surgical techniques combined with the preoperative management has improved the resectability rate of perihilar
cholangiocarcinoma (pCCA). However, the prognosis of pCCA with curative resection is still dismal. This meta-analysis was
performed to investigate the prognostic clinicopathological factors in resectable pCCA.
PubMed, the Cochran Library, ScienceDirect, and Web of Science were searched systematically to identify reports focusing on

studying the prognostic clinicopathological factors in resectable pCCA. The hazard ratios (HRs) and its 95% confidence interval (95%
CI) from the identified studies using Cox proportional hazard regression model were extracted for overall survival (OS), disease-
specific survival (DSS), and disease-free survival (DFS) analysis.
Three prospective and 35 retrospective cohort studies including 5681 resectable pCCA were included in the pooled analysis.

Among more than 20 clinicopathological factors associated with negative survival of pCCA, only 6 were included in quantitative
analysis which showed that lymph node involvement was associated with a reduced OS (HR=2.04; 95%CI: 2.10–2.62), DSS (HR=
1.80; 95%CI: 1.39–2.34), DFS (HR=4.38; 95%CI: 1.89–10.14), negative resection margin (HR=2.04; 95%CI:1.73–2.41), operative
transfusion (HR=1.82; 95%CI: 1.06–3.11), and T3 or T4-stage (HR=2.04; 95%CI: 2.04–2.53) were poor prognostic factors of OS,
and poor or moderate differentiation was also an adverse prognostic factor of OS (HR=2.71; 95%CI: 1.80–4.07) and DSS (HR=
1.74; 95%CI: 1.25–2.44). The overall median resectability rate (95CI%), R0 resection (95CI%), and 5-year OS (95CI%) in Eastern and
Western countries were 74.9 (66.4–78.4) % and 41.3 (32.6–80.8) %, 70.7 (65.6–80.8) % and 75.9 (64.0–80.4) %, and 33.0 (29.7–
39.7) % and 25.5 (20.0–31.6) %, respectively.
Negative resectionmargin, lymph node involvement, poor or moderate differentiation gradewas identified as the negative predictor

factors of resectable pCCA. Operative transfusion and T3/T4 stage were also associated with a reduced survival of resectable pCCA.

Abbreviations: DFS = disease-free survival, DSS = disease-specific survival, EBD = endoscopic biliary drainage, HR = hazard
ratio, 95%CI = 95% confidence interval, OS = overall survival, PBD = preoperative biliary drainage, pCCA = perihilar
cholangiocarcinoma, PTBD = percutaneous transhepantic biliary drainage, PVE = portal vein embolization.
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1. Introduction

Perihilar cholangiocarcinoma (pCCA), also named as hilar
cholangiocarcinoma, is the most common type of biliary tract
cancer, which is a neoplasm originating from the degree of 2nd-
order bile duct proximally to the insertion of cystic duct into the
extrahepatic bile duct.[1] The pCCA is labeled as “silent” cancer
on account of the symptoms may unnoticed until the carcinoma
has been found in the advanced stage when it got metastasis. Due
to the major hepatectomy combined with preoperative manage-
ment strategies development, the resectability rate of pCCA has
increased gradually in recent years worldwide.[2] However, the 3-
and 5-year overall survival (OS) of most previously published
studies varied considerably, ranging from 27% to 56% and 13%
to 42% respectively in resectable pCCA,[3–17] which indicates
that the prognosis of pCCA who underwent an operation with
curative intention remains gloomy.
Surgical resection with negative resection margins (R0) is the

only way to cure this intractable neoplasm since the chemother-
apy with or without radiation, neoadjuvant chemotherapy or
photodynamic therapy is less effective.[18] Nevertheless, the
postoperative recurrence rate of this silent cancer is not rare even
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http://creativecommons.org/licenses/by-nc/4.0
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with using of R0 resection that comprises major hepatectomy
combined with en bloc resection of the extrahepatic bile duct, and
caudate lobe and lymphadenectomy.[19] In addition, majority of
previously published research studies was carried out in past 2
decades[2–6,10,12–17,20–25] with varied hazard ratio (HR) found
that positive surgical resection margins and lymph nodes
involvement were associated with the prognosis of resectable
pCCA, but the prognosis of pCCA nor merely associated with
positive surgical resection margins and lymph nodes involve-
ment, there are many other clinicopathological factors surround-
ing (such as histological grade, operative transfusion, male
gender, T-stage, no-hepatectomy, caudate lobe invasion, etc.), as
many previously published studies described,[2,5,8–10,12–
14,16,22,24–31] were associated with a reduced OS of resectable
pCCA. For those reason depicted above, we, therefore,
performed a prognostic systematic review and meta-analysis to
investigate the clinicopathological factors associated with the
prognosis of resectable pCCA postoperatively.
2. Materials and methods

2.1. Search strategy

A comprehensive literature search on studies in human subjects was
performed to identify all original reports that focus on assessing the
prognostic clinicopathological factors associated with the prognosis
of resectable pCCA. In November 2017, we searched 4 main
electronic databases (PubMed, ScienceDirect, The Cochrane
Library, and Web of Science), restricted to articles published in
English. The following keywords were used for search: (“Bile duct
adenoma”OR “Bile duct neoplasms”OR “Cholangiocarcinomas”
OR“Cholangiocellular carcinoma”OR“Biliary tract cancer”OR“

Bile duct cancer”) AND (“obstructive jaundice” OR “cholestasis”
OR “jaundice”) AND (“survival” OR “prognostic” OR “progno-
sis”). Moreover, we scrutinized the reference lists of the identified
reports, meta-analysis, reviews, and other relevant publications to
identify additional pertinent studies missed on the initial search.
This study did not require ethical approval as all the data used have
been published previously, and hence are already in the public
domain.

2.2. Inclusion criteria

Published studies were included if they met the following criteria:
prospective or retrospective cohort design with a well-defined
study population with justification for excluded cases; all subjects
with pCCA or hilar cholangiocarcinoma or klatskin tumor were
diagnosed by pathologist postoperatively; clear description of
surgical resection approach, perioperative mortality rate, and 5-
year survival rate of pCCA; statistical analysis using multivariate
Cox proportional hazards model that adjusted for clinical
prognostic factors; and reporting HRs including 95% confidence
interval (95%CI) and the corresponding P value. We excluded
studies based on following criteria: animal studies; review
articles, case reports, comments, or case series with less than 10
patients; duplicated publications; and subjects with intrahepatic
cholangiocarcinoma, distal cholangiocarcinoma, primary gall-
bladder carcinoma, or carcinoma of pancreas.

2.3. Data extraction

Data were extracted from all included manuscripts by 2
investigators independently (Zengwei Tang and Yuan Yang),
with the discrepancies resolved by the consensus of these 2
2

investigators (any disagreement on a conflicting study was
resolved by a full discussion). Besides the HR and 95%CI and
corresponding P value, the following characteristics were
recorded: the first author of study, year of publication, study
design and duration, country, sample size in each study with
mean age and gender, median follow-up time, resectability rate
and R0 resection rate, 30-day and/or 90-daymortality or death in
hospital, 3- and 5-year OS rate, indication of preoperative biliary
drainage (PBD) and type of PBD, indication of preoperative
portal vein embolization (PVE), operative technique and type of
hepatectomy, and any prognostic clinicopathological factors
with or without statistical significance in multivariate analysis
using Cox proportional HR model.
2.4. Quality assessment across studies and publication
bias

The methodological quality of included studies was assessed by
using the modified risk of bias tool recommended by the
Cochrane Collaboration as described previously.[32,33] Further-
more, Begg funnel plot and the Egger linear regression test were
applied to evaluate potential publication bias for eligible studies
using OS as an endpoint.
2.5. Statistical analysis

The statistical analysis was performed according to the guidelines
proposed by the Meta-Analysis of Observational Studies in
Epidemiology group (MOOSE).[34] The pooled HR with 95%CI
was calculated with a random-effect model according to the
DerSimonian-Laird method to assess the prognostic significance
of clinicopathological factors associated with survival of
resectable pCCA.[35] By definition, the value of HR>1 indicates
a worse outcome for patients with this risk factor, and this would
be considered statistically significant if the 95%CI of the HR did
not overlap 1. The heterogeneity among included studies was
measured using the Q tests and I2 statistic to assess the extent of
the inconsistency.[36] A probability value of P< .1 and I2 >50%
indicated the existence of significant heterogeneity.[35] Publica-
tion bias was evaluated for OS analysis by Egger and Begg test.
Moreover, a P< .01 for Egger test was considered representative
of significant publication bias.[18] Pearson correlation coefficient
analysis was used to determine the correlation between the age of
resectable pCCA patients and OS. Column scatters graphs were
performed to investigate the difference in resectablity rate,
R0 resection, and 5-year OS rate between Eastern and
Western countries. Furthermore, Mann–Whitney U test was
used to test the difference between these 2 groups. All statistical
analyses were performed with Stata/MP 14.0 (StataCorp, Parallel
Edition) and GraphPad Prism Software (CA) Version 7.0.
3. Results

3.1. Study selection

The initial literature research yielded 2458 articles by using 4
primary electronic databases, of which 315 papers were
selected for full-text review, the remaining 1873 publications
were excluded by reviewing the titles and abstracts. Among
these publications retrieved from the full-text review, according
to the inclusion and exclusion criteria, 38 articles were eligible
for this meta-analysis. The detailed screening process is
visualized in Fig. 1.



Figure 1. Search flow diagram.
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3.2. Study and participants characteristics
A total of 38 observational studies, studying the prognostic
survival factors, including 2 prospective cohorts[31,37] and 36
retrospective cohort studies[2–17,20–30,38–46] met the inclusion
criteria. Of those publications, 29 studies[3–7,9,12,13,15–17,20,21,23–
26,28,30,31,37–41] used OS as endpoint alone, 5 studies[8,10,11,22,29]

used both OS and disease-free survival (DFS), 3 studies[2,27,42]

used disease-specific survival (DSS), and only 1 study[14]

reported both OS and DSS. In addition, 21 studies (55%) were
carried out in Eastern countries,[3–5,9,12,16,17,20,21,23–25,27–
31,39,40,44,45] 16 studies (42%) were performed in
Western countries,[6–8,10,11,13–15,22,26,37,38,41–43,46] and the
3

remaining 1 study (3%) including 2 cohorts was from Japan
and UK, respectively.[2] The sample size, mean age, the ratio
of men to women, and R0 resection rate included studies
varied greatly, ranging from 36 to 1116, 54 to 70, 1.2 to 3.7,
and from 46% to 89%, respectively. Furthermore, the
resectability rate, caudate lobe resection rate, and major
hepatectomy rate also differed greatly among included
studies, ranging from 32% to 88%, 33% to 100%, and
67% to 100%, respectively. The detailed characteristics of
eligible studies included in this meta-analysis were presented
in Table 1 and Supplementary Tables 1–3, http://links.lww.
com/MD/C420.
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3.3. Summary of indication of preoperative management
strategies: preoperative biliary drainage (PBD) and portal
vein embolization (PVE)

Among these 38 included studies, 27 studies[2–4,6,8,9,12,16,17,20–
23,25–31,38,39,42–46] had a detail data on indication of PBD. The
main indication of PBD was the level of serum total bilirubin
concentration which ranged from >2.0 to >15mg/dL differed
greatly. In addition, 17 out of the 27 studies including
2478 resectable pCCA described the type of PBD,[2–4,
6,8,12,16,17,20,21,25,27–30,44,45] in which 1427 subjects underwent
percutaneous transhepatic biliary drainage (PTBD), 850 subjects
underwent endoscopic biliary drainage (EBD), and remaining
201 patients required both type of biliary technique. The ratio of
PTBD to EBD was 1.7 (1427/850). Furthermore, the volume of
future liver remnant ranging from 20% to 50% was only criteria
of preoperative PVE, which also varied greatly among 19
included studies.[2,3,5,9,16,17,20,22,23,25–30,39,40,44,46]
3.4. Summary of the prognostic clinicopathological factors
of resectable pCCA

The prognostic value of quantitative analysis of clinicopatholog-
ical parameters were performed, which including the positive
surgical resection margins, lymph node involvement, histological
grade, operative transfusion, and T-stage (T3/T4) based on
American Joint Committee on Cancer 6th/7th edition, and the
male gender. Moreover, as mentioned only by the following
groups, the age of resectable pCCA (≥70 or ≥69),[12,14] caudate
lobe invasion,[10] papillary tumor,[42] adjuvant chemotherapy,[10]

symptomatic at presentation,[29] history of hepatitis,[43] trans-
mural extension of gall bladder,[25] surgical margins of bile duct
<5mm,[12] the preoperative serum total bilirubin (>3.0mg/dL)
and CA19–9 level (>196U/L),[5,28,30] no hepatic resection,[7]

portal vein and/or hepatic artery resection,[24,27,40] PTBD,[12,16]

and the ratio of lymph nodes involved to lymph nodes
retrieved[13,26,38] (>0.2 or >0.25) were reported as the risk
factor of prognosis in resectable pCCA as well. However, it can
thus be conceivably hypothesized that pooled analysis would be
conducted to determine the correlation between these clinical
parameters and the prognosis of resectable pCCA patients once
the sample size increases.

4. Meta-analyses

4.1. The prognostic clinicopathological factors associated
with OS

The surgical resection margins and lymph node involvement were
evaluated for their association with OS in more than 15 studies,
allowing for pooled analysis, as shown in Supplementary Figs. 1A
and 2, http://links.lww.com/MD/C420. Owing to the significant
publication bias and/or heterogeneity within those included studies,
only14 studies[6,15,20–23,25,28–30,37,38,40,44] including1634resectable
pCCA were eligible for the final pooled analysis of the prognostic
role of positive surgical resectionmargins, with a pooledHRof 2.04
(1.73–2.41), and no heterogeneity among these studies was found
(I2=0.0%; P= .604) as Fig. 2A shows. Similarly, only 17
studies[4,6,8,9,12,13,16,17,20,21,23,25,28,31,41,44,45] including 2971 resect-
able pCCA allowed for a pooled analysis of the prognostic role of
lymph node involvement (Fig. 2B), and the pooled HR was 2.34
(2.10–2.62), with a heterogeneity of 0.0% (P= .475).
In the pooled analysis of the prognostic role of histological

grade of pCCA, due to the indication of significant inconsistency
5

if all 11 studies were included (Supplementary Fig. 1B, http://
links.lww.com/MD/C420). Only 8 studies[3,13,21,25,31,37,41,45]

with 985 resectable pCCA were included for the quantitative
analysis (Fig. 2C), and the pooled HRwas 2.71 (1.80–4.07), with
a low heterogeneity (I2=34.2%; P= .155).
In addition, a pooled analysis of T-stage (Fig. 2D), male gender

(Fig. 2E), and operative transfusion (Fig. 2F) was also conducted
to evaluate the prognostic significance of those 3 clinicopatho-
logical factors, with a pooled HR of 1.78 (1.17–2.71), 2.14
(0.78–5.88), and 1.82 (1.06–3.11), respectively, and with a
significant heterogeneity among included studies (I2=87.2%;
P= .000, I2=79.1%; P= .002, and I2=57.0%; P= .098 respec-
tively).
4.2. The prognostic clinicopathological factors associated
with DSS and DFS

Lymph node status and histological grade were also assessed for
the association with DSS in 4 studies, and a quantitative analysis
was conducted to assess the prognostic significance of these 2
clinicopathological factors, with a pooled HR of 1.80 (1.39–
2.34) and 1.74 (1.25–2.44), respectively, and the heterogeneity
revealed that I2=64.4% (P= .038) and I2=73.6% (P= .010), as
described in Fig. 3A and B, respectively.
Furthermore, another pooled analysis was performed to assess

the association of lymph node status with DFS within 3
studies.[8,22,29] As presented in Fig. 4, the pooled HR was 4.38
(1.89–10.14), heterogeneity testing revealed that I2 was 69.3%
(P= .039).

4.3. Risk of bias within studies

Assessment of risk of bias for each study included in this meta-
analysis showed that 19 studies with an unclear risk,[2–
7,24,26,28,31,37–43] 15 with a low risk,[8,9,12,16,17,20–
23,25,27,29,30,44,46] and 4 with a high risk of bias,[10,14,15,45] as
depicted in Supplementary Table 4, http://links.lww.com/MD/
C420. Begg funnel plots of the results of surgical resection
margins (Fig. 5A) and lymph node status (Fig. 5B) and
histological grade (Fig. 5C) presented no evidence of noticeable
asymmetry. Furthermore, Egger test also showed no publication
bias in the pooled analysis of the prognostic significance of
surgical resection margins (Egger t value=1.89, P= .083), lymph
node status (Egger t value=1.00, P= .332), and histological
grade (Egger t value=2.25, P= .066).

4.4. Additional analyses

In the initial pooled analysis of the prognostic role of surgical
resection margins, although the heterogeneity testing showed a
lower inconsistency (I2=1.9%; P= .433) as all 18 stud-
ies[3,6,9,15,16,20–25,28–30,37,38,40,44] were included (Supplementary
Fig. 1A, http://links.lww.com/MD/C420: the pooled HR=1.82
[1.60–2.06]), however, Egger test showed a significant risk of
publication bias (Egger t value=3.70, P= .002). To reduce risk of
bias, 4 studies (2 studies[16,24] were from Japan, 1 study[3] from
South Korea, and another one[6] from USA, Italy, Portugal, and
Switzerland) were excluded from the analysis of the association
of surgical resection margins with OS, the pooled analysis of
remaining 14 studies also showed a significant result (Fig. 2A),
with the HR of 2.04 (1.73–2.41), heterogeneity testing showed
that I2=0.0% (P= .604). In addition, Egger test showed no
significant publication bias (P= .083). The exact cause of this

http://links.lww.com/MD/C420
http://links.lww.com/MD/C420
http://links.lww.com/MD/C420
http://links.lww.com/MD/C420
http://links.lww.com/MD/C420
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http://www.md-journal.com


2

Figure 2. Forest plot for the pooled analysis the association of clinicopathological factors with overall survival of resectable perihilar cholangiocarcinoma.
(A) Forest plot for the pooled analysis of surgical resection margins status. (B) Forest plot for the pooled analysis of lymph node status (positive vs
negative). (C) Forest plot for the A pooled analysis of histological grade (poor or moderate vs well). (D) Forest plot for the pooled analysis of T-stage (T3
and/or T4 vs T1 and/or T2). (E) Forest plot for the pooled analysis of gender of participation (male vs female). (F) Forest plot for the pooled analysis of
operative transfusion (yes vs no).
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difference is unknown, but mainly because of the differences in
the population of participants, among these 18 studies, a half of
them were from Japan, and the ratio of Japanese to the whole
population was 1300/2669 (49%).
The initial pooled analysis of the prognostic role of lymph node

status, including 22 studies[3,4,6,8,9,12–14,16,17,20–25,28,29,31,41,44,45]

(SupplementaryFig. 2, http://links.lww.com/MD/C420), showeda
significant resultwith anHRof 2.41 (2.10–2.77).However, due to
the indication of significant heterogeneity (I2=50.0%; P= .004)
and a significant publication bias (Egger t value=3.39, P= .03).
After5 studies[3,14,22,24,29] removed fromthe initial pooledanalysis
(Fig. 2B), we got a significant result (pooled HR=2.34 [2.10–
6

2.62]), and no heterogeneity (I =0.0%; P= .475) and no
significant publication bias was found (Egger t value=1.00,
P= .332). This significant differencemay be caused bywe included
2 studies[14,24] with no data on the lymphadenectomy and 3
studies[3,22,30] with a various extent of lymphadenectomy in the
initial pooled analysis.
Furthermore, in the initial pooled analysis of the prognostic

role of histological grade, a pooled HR of 1.88 (1.40–2.52)
showed a significant result (Supplementary Fig. 1B, http://links.
lww.com/MD/C420), but heterogeneity testing showed that there
was a high inconsistency (I2=63.1%; P= .002). To reduce the
heterogeneity, after 3 studies[9,14,20] removed, the pooled HR of

http://links.lww.com/MD/C420
http://links.lww.com/MD/C420
http://links.lww.com/MD/C420
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2.71 (1.80–4.07) similarly showed a significant result and
heterogeneity among remaining 8 studies decreased obviously
(I2=34.2%; P= .155). Besides 1 study with high-risk bias
reported by Mao et al[14] had no data on the mean age of
subjects, and the mean age of subjects in another 2 studies[9,20]

were more than 65 year may account for this difference.

4.5. Sensitivity analysis

To test the stability of meta-analysis of the prognostic role of
surgical resection margins, lymph node status, and histological
grade in OS, we performed a sensitivity analysis by sequentially
removing each eligible study. As shown in Fig. 6A–C, the present
meta-sensitivity analysis did not suggest an undue influence of
any single study.
7

4.6. The correlation between the age of resectable pCCA
patients and 5-year OS rate, and the difference in
resectablity rate, R0 resection, and 5-year OS between
Eastern and Western countries

As shown in Fig. 7A, we used Pearson correlation coefficient
analysis to determine the effect of older age on OS. However, no
significant correlation (r=0.2244; P= .2020) was found between
these 2 parameters. Figure 7B is presenting the overall median
resectability (95CI%) rate in Eastern andWestern countries were
74.9 (66.4–78.4) % and 41.3 (32.6–80.8) %, respectively.
Furthermore, Mann–Whitney U test result showed there was a
significant difference (P= .0254) between these 2 groups.
No significant difference (P= .9810) was found in the R0

resection rate between Eastern and Western countries, as Fig. 7C

http://www.md-journal.com
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showed, the overall median R0 resection rate (95CI%) rate in
Eastern and Western countries were 70.7 (65.6–80.8) % and
75.9 (64.0–80.4) %, respectively.
As Fig. 7D showed, the overall 5-year OS (95CI%) rate in

Eastern and Western countries were 33.0 (29.7–39.7) % and
25.5 (20.0–31.6) %, respectively. Moreover, Mann–Whitney U
test result showed there was a significant difference (P= .001)
between these 2 groups.
5. Discussion

Due to the initial progress was executed by using the preoperative
management and surgical resection techniques, a progressive
enhancement of resectability rate of pCCA ranging from 80% to
87% has been achieved.[3,16,17,41] However, in the light of recent
events of this devastating cancer, there is now considerable
concern about the OS even with using of major hepatectomy
combined with en bloc resection of caudate lobe and extrahepatic
bile duct, lymph node dissection, and with or without resection of
the portal vein and hepatic artery.[5,6,11,14,15,17,22,37] Moreover,
the postoperative mortality rate after major hepatectomy,
ranging from 0% to 11%, varied considerably as reported in
many published studies,[2,9,11,12,15–17,20,24,25,27,31,44] however, in
order to improve the survival of pCCA, most centers have
adopted a gold criteria of R0 resection, in which significant
hepatectomy combined with en bloc resection of the extrahepatic
bile duct and caudate lobe and lymph node dissection with varied
extent, and/or pancreatoduodenectomy was performed to ensure
complete resection of positive proximal and/or distal bile
ducts.[15,17]
8

In this systematic review, more than 20 clinicopathological
factors associated with prognosis of resectable pCCA have been
assessed, however, among those survival factors, only 6 factors
were qualified for quantitative analysis. Moreover, the results of
the pooled analysis revealed that the positive surgical resection
margins (HR=2.04; 95%CI: 1.73–2.41), lymph node involve-
ment (HR=2.34; 95%CI: 2.10–2.62), and poor or moderate
histological grade (HR=2.71; 95%CI: 1.80–4.07) were the most
influential adverse prognostic factors in resectable pCCA. In
addition, the pooled analysis of the T-stage (Fig. 2D) based on the
protocols of American Joint Committee on Cancer 6th[8,14] or 7th
edition[9,12] and operative transfusion (Fig. 2F) also showed a
significant result, inversely no association of the gender of
participants (male vs female) with OS resectable pCCA (Fig. 2E,
HR=2.14; 95%CI: 0.78–5.88), however, a high inconsistency
among included studies in the pooled analysis of the prognostic
role of T-stage (T3 or T4), male gender and operative transfusion
may introduce some risk bias that cannot be underestimated.
Besides 6 clinicopathological factors associated with the

survival of resectable pCCA as described above, allowing a
pooled analysis, there were more than 10 clinicopathological
factors, such as the age of patients (≥70 or ≥69), caudate lobe
invasion, papilliary tumor, adjuvant chemotherapy, symptomatic
at presentation, history of hepatitis, transmural extension of gall
bladder, surgical margins of bile duct <5mm, the preoperative
serum total bilirubin (>3.0mg/dL) and CA19–9 level (>196U/
L), no-hepatic resection, portal vein and/ or hepatic artery
resection, PTBD, and the ratio of lymph nodes involved to lymph
nodes retrieved (>0.2 or >0.25), were demonstrated as poor
prognostic factors of resectable pCCA by many published
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studies. Nevertheless, due to the limitation
of sample size, the quantitative analysis was not able to be
performed, but we should be cautious in interpreting those results
since there may have some overlap or some unclear risk bias in
terms of the significant result, for example, although 2
retrospective studies reported by Komaya et al[16] and Hirano
et al[12] found that PTBD was associated with a reduced OS in
resectable pCCA, but there was apparently some overlap in
dividing participation into PTBD group and EBD group: 62 out
of 168 (37%) patients from Komaya cohort and 10 out of 67
9

(15%) patients from Hirano cohort in PTBD groups had
undergone EBD prior to undergoing PTBD, but for data analysis,
those patients with a history of EBD prior to PTBDwere included
in PTBD group versus subjects with EBD alone palliating
jaundice successfully.
We compared the difference in resectability rate, R0 resection,

and 5-yearOS between Eastern andWestern countries. As Fig. 7B
showed, the resectability rate of Eastern countries was
significantly higher (P= .0254) than that of Western, but only
5 out of 15 included studies fromWestern countries reported the

http://www.md-journal.com


Figure 3. Forest plot for the pooled analysis the association of lymph node status (A) and histological grade (B) with DSS of resectable pCCA. DSS=disease-
specific survival, pCCA=perihilar cholangiocarcinoma.

Figure 4. Forest plot for a pooled analysis of the association of lymph node status with disease-free survival.
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Figure 5. Begg funnel plot for the pooled analysis of the prognostic role of surgical resection margins (A), lymph node status (B), and histological grade (C).
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resectability related dataset, therefore, the false positive results
caused by the limited sample size fromWestern Countries cannot
be underestimated. Furthermore, although no significant differ-
ence in R0 resection rate was found between these 2 groups
(Fig. 7C), the 5-year OS rate (Fig. 7D) of resectable pCCA
11
patients from Eastern countries was significantly higher than
(P= .001) that of patients from Western countries. The exact
cause of this difference is unclear, the main reason may be
considered as the ratio of patients with lymph node metastases
(LN+) in Western Countries was greater than that of patients

http://www.md-journal.com


Figure 6. Sensitivity analysis of the results of pooled analysis of surgical resection margins (A), lymph node status (B), and histological grade (C).
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from Eastern countries. This hypothesis can be supported by
Buettner et al’s report,[15] in which the 5-year OS rate of LN+
pCCA patients reported by only was 13%.
To our knowledge, the present meta-analysis is the first

paper to comprehensively evaluate the association of
12
clinicopathological factors with the prognosis of resectable
pCCA. Moreover, the pooled analysis with a total of 38
studies including 5681 resectable pCCA showed significant
results, which indicates that the prognosis of resectable pCCA
affected by multifactors (positive surgical resection margins,



Figure 7. The correlation between the age of resectable pCCA patients and 5-year OS rate (A), and the difference in resectablity rate (B), R0 resection (C), and 5-
year OS (d) between Eastern and Western countries. OS=overall survival, pCCA=perihilar cholangiocarcinoma.
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lymph node involvement, poor or moderate histological
grade, operative transfusion, and T3 or T4 stage). In addition,
a low heterogeneity and no evidence of publication bias in the
analysis of the prognostic value of surgical resection margins,
lymph node status, and histological grade was found, and the
solid results of sensitivity analysis made the results of present
meta-analysis more credible.
However, there were some limitations that cannot be under-

estimated. Firstly, this is a meta-analysis based on observational
studies, therefore, the differences in the capacity of institution
(the total of patients admitted for pCCA yearly), the level of
proficiency of operators, operative time, and the diagnostic
accuracy of frozen section examination of surgical margins
among different medical centers still should not be under-
estimated. Secondly, the rate of major hepatectomy, ranging
from 47% to 100%, varied considerably in these included
studies.[2–17,20–31,37–44] Furthermore, a high heterogeneity was
found in the pooled analysis the association of operative
transfusion, the gender of participants, and T-stage with OS of
resectable pCCA, due to the limitation of small sample size, we
did not perform sensitivity analysis to reduce the inconsistency
among included studies. These inconsistencies were considered
to have affected the level of evidence.Moreover, these limitations
mandate caution when interpreting the present results of pooled
analysis of the operative transfusion, gender of participants, and
T-stage (T3 or T4).
Currently, R0 resection has becoming a gold standard of

surgical treatment of pCCA. Nevertheless, the extent of
lymphadenectomy and the number of lymph node retrieved
routinely still under debate. As described previously, the
prognosis of pCCA is associated with multifactors. To improve
13
the survival rate of this typical silent cancer postoperatively, each
clinicopathological factors that can be controlled, associatedwith
prognosis, should be miniaturized. Such as using advanced
surgical equipment not merely using a Cavitron ultrasonic
operative aspirator to reduce the blood loss during hepatectomy.
Furthermore, advocating the autologous blood transfusion
during operation and preoperative autologous blood donation
in selected subjects.
In conclusion, the current meta-analysis provides evidence that

positive surgical resection margins, lymph node involvement, and
poor/moderate histological grade were the most influential
adverse prognostic factors in resectable pCCA. Furthermore,
operative transfusion and T3/T4-stage may be associated with a
reduced OS in resectable pCCA that should be validated by a
future prospective study with a well-design.
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