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ABSTRACT
Background/Aims: Previous study has shown a positive relationship between the hepatitis B virus (HBV) or hepatitis C virus (HCV) in-
fection and cholangiocarcinoma (CCA); however, their correlation with different anatomical sites of CCA (i.e. ICC and ECC) has not been 
revealed. This study aims to evaluate the association of HBV or HCV infection with CCA, including the intrahepatic cholangiocarcinoma 
(ICC) and extrahepatic cholangiocarcinoma (ECC), and to determine the roles of α-1 fetoprotein (AFP), CA19-9, and lymph node involve-
ment in CCA with HBV infection. 
Materials and Methods: Relevant studies published between 2004 and 2016 were systematically searched and retrieved from PubMed, 
SpringerLink, and Science Direct using key terms such as “cholangiocarcinoma”, “bile duct cancer”, “extrahepatic cholangiocarcinoma”, 
and “intrahepatic cholangiocarcinoma”. The demographic, clinical, and laboratory data were extracted from the included studies, and 
the meta-analysis was performed using RevMan and STATA 11.0 software.
Results: A total of 13 studies with CCA matched the inclusion criteria in this meta-analysis, including 7,113 CCA patients and 24,763 
controls. This meta-analysis showed that the HBV or HCV infections can significantly increase the risk of CCA, including ICC and ECC. 
In addition, the higher levels of AFP, lower levels of CA19-9, and lymph node involvement were detected in the CCA patients with HBV 
infection as compared to those without. 
Conclusion: The HBV and HCV infections significantly increased the risk of CCA, as well as ICC and ECC. The involvement of AFP, CA19-
9, and lymph nodes may play an important role in the diagnosis of CCA.
Keywords: Hepatitis B, hepatitis C, cholangiocarcinoma 

INTRODUCTION
The latest report from the World Health Organization 
(WHO) has revealed that around 325 million people world-
wide are living with chronic hepatitis B virus (HBV) or hepa-
titis C virus (HCV) infection. Meanwhile, the HBV and HCV 
infections are the most common viral infections worldwide 
(1). The WHO proposed a program to eliminate viral hepa-
titis in May 2016, which aims to reduce new infections by 
90% and mortality by 65% before 2030 (2). Cholangio-
carcinoma (CCA) is the second most frequently occurring 
primitive liver malignancy and is responsible for 7-10% of 
the malignant hepatic tumors (3). Recent epidemiological 
studies have shown that the incidence of CCA is increasing 
worldwide (4). In the United States, the incidence of in-
trahepatic cholangiocarcinoma (ICC) reported to the Me-
morial Sloan Kettering Cancer Center increased by 14.2% 
annually from 1990 to 2006 (5). Between 1990 and 2008, 

the mortality rate of ICC in Europe has increased approxi-
mately 9%, reaching the rates of 1.1 and 0.75 per 100,000 
in males and females, respectively (6). 

Previous studies have shown a positive relationship be-
tween the HBV or HCV infection and CCA; however, the 
correlation of the HBV or HCV infection with different 
anatomical sites of CCA (i.e. ICC and ECC) has not been 
revealed (7-10). So far, no meta-analysis has investigated 
the prognostic values of α-1 fetoprotein (AFP), CA19-9, 
and lymph node involvement in CCA patients infected 
with HBV. Therefore, we conducted this meta-analysis 
to evaluate the association of HBV or HCV infection with 
the risks of CCA, including ICC and ECC. Moreover, we 
determined the contribution of AFP, CA19-9, and lymph 
node involvement in the development of CCA in patients 
infected with HBV.
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MATERIALS AND METHODS
In this meta-analysis, the literature search, study selec-
tion, outcome measurement, data abstraction, and sta-
tistical analyses were performed according to the Me-
ta-analysis of the Observational Studies in Epidemiology 
(MOOSE) recommendations (11).

Data Sources and Searches 
Relevant studies published between 2004 and 2016 were 
systematically searched from the electronic databases, 
such as PubMed, Springer Link, and Science Direct, with 
no restrictions on the language or country of publication. 
After searching the databases, we extended our search to 
the related articles, as well as to the reference lists of the 
review articles. We also manually searched the journals, 
theses, and books available in the library for additional ar-
ticles that were not found during the previous efforts. For 
similar studies published more than once, only the stud-
ies with the most complete data were included. 

In order to provide a more comprehensive view of the 
specific risk factors of CCA, the combining terms of 
(((“cholangiocarcinoma”[MeSH]) OR “Cholangiocarcino-
mas” OR “Cholangiocellular Carcinoma” OR “Carcinoma, 
Cholangiocellular” OR “Carcinomas, Cholangiocellular” 
OR “Cholangiocellular Carcinomas” OR “Extrahepatic 
Cholangiocarcinoma” OR “Cholangiocarcinoma, Extra-
hepatic” OR “Cholangiocarcinomas, Extrahepatic” OR 
“Extrahepatic Cholangiocarcinomas” OR ”Intrahepatic 
Cholangiocarcinoma” OR “Cholangiocarcinoma, Intra-
hepatic” OR “Cholangiocarcinomas, Intrahepatic” OR 
“Intrahepatic Cholangiocarcinomas”)) OR ((“Klatskin Tu-
mor”[Mesh]) OR ”Tumor, Klatskin” OR “Klatskin’s Tumor” 
OR “Tumor, Klatskin’s” OR “Hilar Cholangiocarcinoma” 
OR “Cholangiocarcinoma, Hilar” OR “Cholangiocarcino-
mas, Hilar” OR “Hilar Cholangiocarcinomas” OR “Perihilar 
Cholangiocarcinoma” OR “Cholangiocarcinoma, Perihilar” 
OR “Cholangiocarcinomas, Perihilar” OR “Perihilar Chol-
angiocarcinomas”)) OR ((“Bile Duct Neoplasms”[Mesh]) 
OR “Bile Duct Neoplasm” OR “Neoplasm, Bile Duct” OR 
“Neoplasms, Bile Duct” OR “Bile Duct Cancer” OR “Bile 
Duct Cancers” OR “Cancer, Bile Duct” OR “Cancers, Bile 
Duct” OR “Cancer of the Bile Duct” OR “Cancer of Bile 
Duct”) were searched in PubMed. Likewise, the combin-
ing terms (“hepatitis B” OR “HBV” OR “hepatitis C” OR 
“HCV” OR “hepatitis B virus” OR “hepatitis C virus”) AND 
(“bile duct neoplasms” OR “cholangiocarcinoma”) were 
searched in SCIENCE DIRECT and SPRINGER. 

Study Selection
After the initial search, all the articles that have been report-
ed on the association between CCA and HBV or HCV were 

retrieved. This study was focused on ICC and ECC since the 
treatment of periampullary carcinoma and tumors of the 
lower parts of the choledochus are obviously different from 
that of ICC and ECC. In addition, the HBV infection has been 
defined as the presence of hepatitis B surface antigen. 

The studies were included if they met the following cri-
teria: (i) involved the HBV or HCV infection; (ii) reported 
the clinical outcomes of CCA, ICC, or ECC; (iii) provided 
the risk estimates with 95% confidence interval (CI) or 
the information needed to calculate these; (iv) published 
in full-text in English language journals; (v) included at 
least 30 patients. Meanwhile, the exclusion criteria were 
non-English language articles, non-human studies, me-
ta-analysis, review articles, editorials, case reports, and 
articles not reporting the primary data of interest.

Outcome Measurement
The primary outcomes assessed were the epidemiologi-
cal rates of CCA (including both ICC and ECC) in patients 
with HBV or HCV infection as compared to those with-
out the HBV or HCV infection. The secondary outcomes 
assessed were the levels of laboratory markers (includ-
ing AFP and CA-199) and lymph node involvement in the 
CCA patients with HBV or HCV infection as compared to 
those without, including ICC and ECC. 

Data Extraction and Quality Assessment
Following a careful screening process, two reviewers in-
dependently judged the potential eligibility of the articles 
by screening their titles and abstracts. The discrepancies 
were resolved through discussion and consensus by a 
third investigator. To determine the accuracy of the as-
sessment of eligibility, the studies with missing informa-
tion were evaluated and discussed together. Then, the 
data were extracted independently by two other review-
ers. For the studies included in the meta-analysis, the 
baseline characteristics and justifications of the inclu-
sion/exclusion criteria were carefully reviewed.

The quality of each included study was assessed using 
the Newcastle-Ottawa quality assessment tool since this 
is a representative tool developed for the meta-analysis 
of the observational studies (12). We also evaluated the 
methods used to handle the missing outcome data and 
loss to follow-up by excluding these studies from the 
sensitivity analysis.

Statistical analysis 
The odds ratio (OR) with 95% confidence interval (CI) 
were used to estimate the association of HBV or HCV in-
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fection with the risks of developing CCA, ICC, and ECC. 
The differences were considered statistically significant 
when the calculated p was less than 0.05. In the forest 
plots, OR > 1 was considered a risk factor while OR < 1 was 
considered a protective factor. To test the statistical het-
erogeneity, the Chi-Square based Q test and I2 statistic 
were analyzed using RevMan 5.3 software. When a signif-
icant Q-test (p>0.10) and I2 < 50% indicated no hetero-
geneity across the studies, the fixed-effects model was 
used to estimate the pooled OR and 95% CI; otherwise 
the random-effects model was used (13). 

The sensitivity analysis was conducted to confirm wheth-
er the modification of the inclusion criteria would affect 
the results of the meta-analysis. The pooled proportion 
of the vertical transmission of toxoplasmosis with the 
corresponding 95% CI was calculated by STATA 11.0 
software (Stata Corporation, College Station, TX, USA). 
The publication bias was considered significant if p<0.05, 
as evaluated by Begg’s funnel plots and Egger’s test.

The hazard ratio (HR) was used as the summary statistics, 
which allowed to estimate the effects of the interventions 
on the outcomes of interest over time. An HR of less than 

1 represented a survival benefit favoring the simultaneous 
group and P values less than 0.05 indicated the statisti-
cal significance. Medians were converted to means using 
the technique described. The fixed-effect model was first 
used to pool the results, which assumed that all the stud-
ies shared a common effect size. In this meta-analysis, 
the studies were weighted by the inverse of the estimated 
variance of the effect size. The heterogeneity among the 
studies was considered statistically significant if the Co-
chrane Q test P value was less than 0.1.

Characteristics of the Included Studies
Table 1 shows the number of patients enrolled and the de-
mographic characteristics of the included studies. A flow 
diagram of the selection of the studies is shown in Figure 1. 
A total of 13 eligible studies (14-26) were identified in this 
meta-analysis, including 7,405 CCA patients and 25,263 
controls (Table 1). Of which, these studies were investigat-
ed on the association of the HBV infection with CCA risk 
(n=11) or ICC risk (n=6) or ECC risk (n=6), as well as the as-
sociation of the HCV infection with CCA risk (n=5) or ICC 
risk (n=4). The number of studies for the association be-
tween the HCV infection and ECC risk was less than 3, and 
therefore, not included in the final meta-analysis model. 

Table 1. Number of patients enrolled in the demographic characteristics of the included studies.

Authors Year Country
Non-CCA  

Controls (n)
CCA  

cases (n)
ICC  

cases (n)
ECC  

cases (n)
HBV infection cases in 

CCA patients (n)

Chul-Soo Ahn et al. 2016 South Korea NA 292 292 NA 37

Lian-Yuan Tao et al. 2016 China 438 312 312 NA 151

Yan-Ming Zhou et al. 2015 China 504 126 NA NA 88

Ban Seok Lee et al. 2015 South Korea 552 276 83 193 28

Kazuya Matsumoto et al. 2014 Japan 100 103 50 53 7

Yu Zhou et al. 2013 China 478 222 NA 222 27

Jeffrey S. Chang et al. 2013 China 20628 5157 2978 2179 376

Rui-qing Liu et al. 2013 China NA NA NA NA 37

Qiao Wu et al. 2012 China 835 188 102 86 34

Zhenliang QU et al. 2012 China 317 212 98 212 19

Ning-fu Peng et al. 2011 China 196 98 NA NA 31

Wen-Ke Cai et al. 2011 China 609 313 NA NA 23

Petcharin Srivatanakul et al. 2010 China 606 106 NA NA 11

Total 25263 7405 3915 2945 869

NA: not available; CCA: cholangiocarcinoma; ICC: intrahepatic cholangiocarcinoma; ECC: extrahepatic cholangiocarcinoma.
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All the included studies were conducted in Asian coun-
tries, including Japan, Korea, and China. Furthermore, we 
analyzed the influence of different risk factors on the 
CCA patients with HBV infection. 

Quality Assessment of the Included Studies
The overall agreement between the two systematic review-
ers was 0.94 for the study selection and 0.89 for the qual-
ity assessment. The quality level of the 13 included studies 
was evaluated using the Newcastle-Ottawa scale (Table 2). 
The detailed descriptions of the study design were available 
for most studies; however, majority of the included studies 
did not adequately describe the methods for handling the 
missing data. Moreover, the findings might have been in-
fluenced by a selection bias with respect to the patient’s 
distribution, including their age, sex ratio, ethnicity, and the 
total number between the cases and control group. Fur-
thermore, the publication bias was detected through the 
visual inspection of the funnel plot, which can be interpret-
ed as asymmetric or symmetric inverted funnel shape.

RESULTS

HBV Infection and the Risk of CCA
For the pooled analysis of the association between the 
HBV infection and CCA risk, a total of 11 studies with 
24,763 participants were included. Most studies were 
performed in China (n=8), followed by Korea (n=2) and 
Japan (n=1). The result from the random-effects mod-
el (OR=3.70, 95% CI: 2.34-5.83, p<0.00001) revealed a 
significant association between the HBV infection and 
increased risk of CCA (Figure 2a). The shape of the funnel 
plot was asymmetrical, suggesting the presence of publi-
cation bias in this association (Figure 2b).

HBV Infection and the Risk of ICC
For the pooled analysis of the association between the 
HBV infection and ICC risk, the results from the ran-
dom-effects model (OR=5.98, 95% CI: 4.08-8.76, 
p<0.00001) suggested that the HBV infection is signifi-
cantly associated with an increased risk of ICC (Figure 

Figure 1. A flow diagram of the selection of the studies. 
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Table 2. Evaluation of the quality using Newcastle-Ottawa scale.

Authors

HBV  
infection 
cases(n)

HCV  
infection 
cases(n)

CCA  
cases(n)

ICC  
cases(n)

ECC  
cases(n)

Exposure  
Ascertain-

ment

Comparability of  
Simultaneous Group and 

Reference Assessment
Possible Factors 
in Selection Bias

Lian-Yuan Tao  
et al. (2016)

151 9 312 312 NA Hospital 
records

No restriction or matching Record 
linkage

Unmentioned

Yan-Ming Zhou  
et al. (2015)

88 1 126 NA NA Hospital tests 4:1 matched healthy  
controls for age and sex

Record 
linkage

Hospital-based 
study

Ban Seok Lee  
et al. (2015)

28 11 276 83 193 Hospital tests 2:1 matched controls 
for age, sex, and date of 

diagnosis

Record 
linkage

Hospital-based 
study and diag-

nosis bias

Kazuya Matsu-
moto  
et al. (2014)

7 NA 103 50 53 Hospital tests 
and reviews

No restriction or  
matching

Record 
linkage

Possible bias 
in allocation to 
simultaneous 

group

Yu Zhou  
et al. (2013)

27 NA 222 NA 222 Pathological 
diagnosis

Controls matched for sex 
and age

Record 
linkage

Hospital-based 
study

Jeffrey S. Chang  
et al. (2013)

376 250 5157 2978 2179 The datasets 
of the NHIRD

4:1 matched cancer-free 
controls for sex, age (birth-
day), and the time of case 
diagnosis (reference date 

for the controls)

Record 
linkage

Selection and 
recall biases

Qiao Wu  
et al. (2012)

34 NA 188 102 86 PUMCH 
Patient 

Information 
Database

3:1 matched controls for 
gender and age

Record 
linkage

Differential re-
ferral patterns

Zhenliang QU  
et al. (2012)

19 46 212 NA 212 Hospital tests Participants with benign 
biliary disease with 

cholelithiasis or acute 
cholangitis undergoing 

surgical intervention

Record 
linkage

Hospital-based 
study

Ning-fu Peng  
et al. (2011)

31 NA 98 98 NA Medical 
records

3:1 matched cancer-free 
controls for sex, age 

(birthday)

Record 
linkage

Mechanism 
confusion

Wen-Ke Cai  
et al. (2011)

23 NA 313 NA NA Hospital 
records

2:1 matched controls for 
age and sex

Record 
linkage

Geographic re-
gions limitation

Petcharin  
Srivatanakul  
et al. (2010)

11 NA 106 NA NA Hospital 
records

1:1 matched controls for 
sex, age (± years) and by 

residence

Record 
linkage

Unmentioned

Rui-qing Liu  
et al. (2013)

37(total num-
ber for study 
of CA19-9)

NA NA NA NA Hospital 
records

Non-HBV group Record 
linkage

Small population

Chul-Soo Ahn  
et al. (2016)

37(total num-
ber for study 

of lymphnode 
involvement)

NA 292 292 NA Hospital 
records

Non-HBV group Record 
linkage

Single-center 
study and limit-
ed sample size

Summation 869 317 7405 3915 2945

NA: not available; CCA: cholangiocarcinoma; ICC: intrahepatic  cholangiocarcinoma; ECC: extrahepatic  cholangiocarcinoma
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Figure 3. a-d. (a). The forest plots depicting the pooled analysis of the association between the HBV infection and ICC risk. (b). The funnel 
plots showing the evaluation of the publication bias of the association between the HBV infection and ICC risk. (c). The forest plots 

depicting the pooled analysis of the association between the HBV infection and ECC risk. (d). The funnel plots showing the evaluation of 
the publication bias of the association between HBV infection and ECC risk. 

c

a

d

b

Figure 2. a, b. (a). The forest plots depicting the pooled analysis of the association between the HBV infection and CCA risk. (b). The funnel 
plots showing the evaluation of the publication bias of the association between the HBV infection and CCA risk. 

a b
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3a). The shape of the funnel plot was relatively symmet-
rical, indicating a modest publication bias for this associ-
ation (Figure 3b).

HBV Infection and the Risk of ECC
For the pooled analysis of the association between the 
HBV infection and ECC risk, the result from the fixed-
effects model (OR = 2.50, 95% CI: 2.05-3.06, p<0.00001) 
found a significant association between the HBV infec-
tion and increased risk of ECC (Figure 3c). The shape of 
the funnel plot was relatively symmetrical, indicating a 
modest publication bias for this association (Figure 3d). 

HCV Infection and the Risk of CCA
For the pooled analysis of the association between the 
HCV infection and CCA risk, the result from fixed-effects 
model (OR=4.15, 95% CI: 3.51-4.90, p<0.00001) showed 

a significant association between the HCV infection and 
increased risk of CCA (Figure 4a). The shape of the funnel 
plot was relatively symmetrical, indicating a modest pub-
lication bias for this association (Figure 4b).

HCV Infection and the Risk of ICC
For the pooled analysis of the association between the 
HCV infection and ECC risk, the results from the fixed-
effects model (OR=5.60, 95% CI: 4.52-6.95, p<0.00001) 
indicated that the HCV infection is significantly associ-
ated with an increased risk of ICC (Figure 4c). The shape 
of the funnel plot was relatively symmetrical, indicating a 
modest publication bias for this association (Figure 4d).

AFP level and the Risk of CCA
The secondary outcomes assessed were the levels of the 
laboratory markers (namely, AFP and CA-199) and lymph 

Figure 4. a-d. (a). The forest plots depicting the pooled analysis of the association between the HCV infection and CCA risk. (b). The 
funnel plots showing the evaluation of the publication bias of the association between HCV infection and CCA risk. (c). The forest plots 

depicting the pooled analysis of the association between the HCV infection and ICC risk. (d). The funnel plots showing the evaluation of the 
publication bias of the association between the HCV infection and ICC risk.

c

a

d

b
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node involvement in the CCA patients with the HBV or 
HCV infection as compared to those without. With regard 
to the secondary outcome results, a total of 11 studies 

with 24,763 participants were included. These studies 
were conducted in the Asian countries, including Japan 
(n=1), Korea (n=2), and China (n=8).

Figure 5. a-f. (a). The forest plots depicting the pooled analysis of the association between the AFP level and CCA with HBV or HCV 
infection. (b). The funnel plots showing the evaluation of the publication bias of the association between AFP level and CCA with 16HBV or 
HCV infection. (c). The forest plots depicting the pooled analysis of the association between the CA-199 level and CCA with HBV or HCV 
infection. (d). The funnel plots showing the evaluation of the publication bias of the association between the CA-199 level and CCA with 

HBV or HCV infection. (e). The forest plots depicting the pooled analysis of the association between the lymph node involvement and CCA 
with HBV or HCV infection. (f). The funnel plots showing the evaluation of the publication bias of the association between the lymph node 

involvement and CCA with HBV or HCV infection.

c

e

a

d

f

b
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For the pooled analysis of the association between the 
levels of AFP and CCA with HBV or HCV infection, the 
results from the fixed-effects model (OR=6.26, 95% CI: 
2.13-18.38, p<0.001) found a significant association be-
tween high levels of AFP and increased risk of CCA (Fig-
ure 5a). The shape of the funnel plot was symmetrical, 
indicating no evidence of publication bias for this associ-
ation (Figure 5b).

CA-199 level and the Risk of CCA 
For the pooled analysis of the association between the 
levels of CA-199 and CCA with HBV or HCV infection, 
the results from the fixed-effects model (OR=0.34, 95% 
CI: 0.19-0.61, p<0.001) suggested a significant associa-
tion between the levels of CA-199 and lower incidence of 
CCA (Figure 5c). The shape of the funnel plot was sym-
metrical, indicating no evidence of publication bias for 
this association (Figure 5d).

Lymph Node involvement and the Risk of CCA 
For the pooled analysis of the association between the 
lymph node involvement and CCA with HBV or HCV infec-
tion, the results from the fixed-effects model (OR=0.47, 
95% CI: 0.24-0.94, p=0.03) suggested a reduced risk of 
CCA associated with lymph node involvement (Figure 
5e). The shape of the funnel plot was symmetrical, indi-
cating no evidence of publication bias for this association 
(Figure 5f).

DISCUSSION
The current meta-analysis was performed to establish 
the relationship between the HBV or HCV infection and 
the risks of CCA, ICC, and ECC across 13 included stud-
ies. The impact of the levels of AFP and CA19-9, and the 
lymph node involvement on the incidence of CCA in the 
patients with HBV infection were analyzed in this me-
ta-analysis. To our knowledge, few meta-analyses have 
been performed to comprehensively evaluate the asso-
ciation of the HBV or HCV infection with CCA, ICC, and 
ECC, and to determine the roles of AFP, CA19-9, and 
lymph node in the CCA with HBV infection.

This meta-analysis revealed that the risk of CCA (in-
cluding ICC and ECC) in the HBV patients was 3.70-fold 
higher than that in the patients without HBV infection. 
Similarly, our meta-analysis showed 5.98-fold and 2.50-
fold increase in the risk of developing ICC and ECC, re-
spectively, among the patients infected with HBV, with 
a significant P-value of less than 0.00001. As compared 
with ECC, ICC may be more closely related to the HBV in-
fection, suggesting that the etiology of ICC and ECC may 

be different. The HBV infection is a global health issue, 
and China has a high incidence of the HBV infection (27). 
It is therefore postulated that the incidence of CCA (in-
cluding ICC and ECC) can be reduced by preventing the 
HBV infection.

This study also indicated that the risks of CCA and ICC 
in the patients with HCV infection were 4.15-fold and 
5.60-fold higher that in the non-infected patients, re-
spectively, with a statistical significance of p<0.00001. 
In addition to the HBV infection, we found that the HCV 
infection significantly increased the risks of CCA and ICC. 
As compared to the overall CCA, the incidence of ICC is 
more closely related to the HCV infection. However, the 
relationship between HCV infection and ECC risk was not 
analyzed due to lack of sufficient literature.

The possible reasons for these findings include: (i) HBV 
and HCV are hepatotropic viruses, moreover, the liver and 
bile duct are homologous during embryogenesis and have 
anatomical continuity; (ii) Bile duct is responsible for bile 
secretion from the liver cells, and the upper part of the 
bile duct that is located near the liver is more likely to suf-
fer from HBV and HCV infections; (iii) both the liver and 
bile duct cells originated from the primitive cells where 
HBV and HCV can cause hepatocellular carcinoma and 
further lead to CCA; and (iv) most CCA is presented in the 
upper part of the bile duct (28). Through this meta-anal-
ysis, we have discovered that both HBV and HCV are the 
high-risk factors for CCA. Therefore, we can reduce the 
incidence of CCA by preventing the occurrence of these 
risk factors.

The results from the meta-analysis showing the lev-
els of the laboratory markers in the CCA patients with 
HBV infection as compared to those without HBV in-
fection suggested that the levels of AFP and CA19-9, 
and the lymph node involvement changed by 6.26-, 
0.34- and 0.47-fold, respectively, among the HBV in-
fection group. Hence, there was statistically significant 
increased risk of incidence of CCA with high AFP levels, 
whereas significantly decreased risk of CCA incidence 
with decreased CA19-9 levels and lymph node involve-
ment. Meanwhile, all the funnel plots are symmetri-
cal, which indicate that no publication bias existed for 
these associations. Recent studies have reported that 
the bile duct cells and hepatocytes differentiate from 
the same hepatic progenitor cells, which can produce 
AFP through the process of malignant transformation 
(29). Previous study showed that the serum CA 19-9 
levels are correlated with the tumor burden and not the 
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magnitude of cholestatic liver dysfunction (30). Lymph 
node invasion is considered an important index to eval-
uate the prognosis of the ICC patients that underwent 
hepatectomy (31). Our study found that the HBV-in-
fected CCA has a better prognosis. Therefore, we can 
utilize the levels of AFP and CA19-9, and lymph node 
involvement as well as the HBV or HCV infection to as-
sist in the diagnosis and treatment of CCA.

There are some limitations in this study. First, this me-
ta-analysis included the studies from China, South Ko-
rea, and Japan; thus, the studies from different coun-
tries may have different effects on the results of this 
study. Second, only 13 studies were included in this 
meta-analysis which may lead to selection bias. Third, 
the severity of the HBV or HCV infection was not de-
tailed in most studies, which may influence the true 
results since the condition of the hepatitis virus can af-
fect the prognosis.

Our findings suggest that both the HCV and HBV in-
fections can significantly increase the risk of develop-
ing CCA, as well as ICC and ECC; therefore, prevention, 
screening, and treatment of both may reduce the risk of 
CCA in these patients. Furthermore, higher levels of AFP 
and lower levels of CA19-9, and lymph node involvement 
were observed in the CCA patients with the HBV infec-
tion as compared to those without.
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