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ABSTRACT
Background and Aim: Cholangiocarcinomas of different locations differ in growth patterns, 
symptoms, treatment response, and survival. Still, they are regarded in many studies as a uniform 
malignancy. Because intra- (iCCA) and extrahepatic (eCCA) cholangiocarcinoma display such 
differences, we performed a systematic review and meta-analysis to analyze differences in the 
immunohistochemical profile of these tumors.

Methods: In February 2014, we searched the two main medical literature databases MEDLINE and 
EMBASE. We extracted risk ratios (RRs) and 95% confidence intervals from the identified studies 
and performed random-effects model meta-analyses in accordance with PRISMA and REMARK 
guidelines.

Results: A total of 54 cohort studies, including 4458 patients and studying 102 individual markers 
met the inclusion criteria. Of the 57 markers that were evaluated in more than 30 iCCA and eCCA 
patients, 18 showed a statistically significant difference in expression between iCCA and eCCA. 
Biomarkers expressed differently between iCCA and eCCA included potential targets of therapy: 
EGFR, c-erbB-2 and VEGF-A. Several markers showed no statistical difference, but large 95% 
confidence intervals suggesting insufficient sample size.

Conclusions: This systematic review shows differences in marker expression between iCCA and 
eCCA. Consequently, patients with iCCA and eCCA may benefit from different treatment strategies.
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INTRODUCTION
Cholangiocarcinoma (CCA) develops from epithelial cells of the biliary tract, either within the liver 
or from the extrahepatic bile ducts. Anatomically, classifications distinguish intra- (iCCA) or extra-
hepatic CCA (eCCA), and eCCA is further divided into hilar CCA located at the liver hilum, or distal 
CCA located near the pancreas. The 7th edition of the American Joint Committee on Cancer staging 
system introduced a separate staging for intrahepatic, perihilar, and distal Cholangiocarcinoma.1

Studies evaluating chemotherapy often combine CCA regardless of location.2 However, iCCA and 
eCCA differ in risk factors, etiopathogenesis, growth patterns, symptoms, incidence of metastases, 
staging, treatment, and survival.3,4 In a previous meta-analysis, we studied the prognostic impact 
of various immunohistochemical markers in Cholangiocarcinoma.5 Some studies included both 
patients with iCCA and eCCA. In the present study, we sought to examine whether IHC markers 
can distinguish between iCCA and eCCA. Such differences could have considerable impact on 
therapeutic strategies in the era of personalized medicine.

Numerous studies have investigated molecular markers in CCA at the level of protein expression.5 
A few studies have addressed the hypothesis that iCCA and eCCA differ in protein expression, and 
compared protein expression of iCCA and eCCA using immunohistochemistry (IHC).6,7 However, 
these studies are limited by small patient numbers, and by a restricted number of evaluated proteins. 
We performed a systematic review, aimed to test the hypothesis that iCCA and eCCA differ in their 
expression profile of immunohistochemical marker proteins.

METHODS
Search strategy
A comprehensive search was performed to identify all original articles that applied IHC to assess 
the presence of specific markers, in resected CCA specimens. We searched the two main 
medical literature databases (MEDLINE [January 1966- February 2014], and EMBASE [January 
1980-March 2011]) using the following search criteria: (Bile duct OR cholangio* OR biliary 
tract OR klatskin) AND (Cancer OR adenocarcinoma OR carcinoma) AND (immunohistoch*). 
The search was designed to be broad and sensitive, and limited to the English language. Peri-
ampullary and gallbladder carcinoma series were excluded from this review. All review articles, 
letters, comments, studies published in the abstract form only, and case series with less than 
ten patients were eliminated. Abstracts were screened to identify potentially relevant articles 
by two authors (AR and BG) independently. Discrepancies in judgement were resolved by 
discussion. Subsequently, the full texts were obtained. If the same IHC dataset was presented 
in multiple articles, only the most recent results were used for the review. However, when 
different markers were evaluated in the same IHC dataset in different studies, each marker 
was included.  
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Inclusion and exclusion criteria
The inclusion criteria for this review were based on the published guidelines (REMARK) for reporting 
IHC-based tumor marker studies.8  In addition, we applied quality assessment criteria that have 
been used in previous cancer biomarker evaluations.9-11 Studies were included if they dealt with 
a well-defined study population with justification for excluded cases, if IHC was done on primary 
resected cholangiocarcinoma specimens or autopsy specimens, if there was a clear description 
of the reference group (what is negative), and if the studies had a clear description of methods 
for tissue handling and IHC, including antigen retrieval, selection, and preparation. Furthermore, 
cholangiocarcinoma had to be defined as biliary intraepithelial carcinoma neoplasia or intraductal 
papillary neoplasm of the bile duct, but not cholangiolocellular carcinoma, and there had to be a 
clear definition of the location of the CCA. As this review was aimed to detect differences between 
iCCA, and eCCA, studies that failed to report the location of the CCA were excluded. Finally, studies 
needed a direct head-to-head comparison of iCCA and eCCA to be eligible for inclusion in the 
analysis.

Data extraction
The full manuscripts of potentially relevant articles were reviewed. The following characteristics were 
extracted from the manuscripts (AR): institution of primary author, site of tumour, number of patients, 
whole slide or tissue micro array (TMA), compartment (cytoplasmic [C], membranous [M], nuclear 
[N], or stromal [S]), evaluated proteins, criteria of the reference group (definition of positivity), and the 
proportion of patients expressing a specific marker. When expression of markers was evaluated in 
stromal cells instead of tumour cells, data were evaluated separately. 

Assessment of study quality and publication bias
The study quality of included studies was assessed by using the modified risk of bias tool 
recommended by the Cochrane Collaboration as described previously.12,13 Funnel plot 
analyses were used to evaluate publication bias for biomarkers that were evaluated in 4 or 
more studies.14

Statistical analysis
Risk ratios (RR) were calculated of the proportions of expression of the marker in iCCA and eCCA. 
Subsequently, we pooled these RR using random effects modelling according to the DerSimonian–
Laird method for markers that were evaluated in multiple studies.15 All estimates were calculated with 
95% confidence intervals (CIs). Forest plots were used to present the results of pooled analyses. 
Interstudy heterogeneity was assessed by the I2 statistic.16 The degree of heterogeneity among 
studies was investigated for each protein using χ2-tests (Q statistic) and the I-squared measure 
(I2 statistic). P values of <0.05 were considered as statistically significant. All markers that were 
evaluated in at least 30 iCCA, and 30 eCCA patients were combined in one Forest plot showing 
the RRs with corresponding CIs (figure2). All statistical analyses were performed using REVMAN 
systematic review and meta-analysis software package version 5.1 (Cochrane Collaboration; www.
cochrane.org).
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RESULTS
Excluded articles
The initial search yielded 2634 articles (Figure 1). A total of 739 were duplicate studies. Based 
on review of the articles’ abstracts, 1261 articles were excluded. The most frequent reasons 
for exclusion were that the study concerned a different diagnosis (especially gallbladder or peri-
ampullary cancer) (857), or IHC was not performed (382).

Of the remaining 634 articles selected for full text review, another 580 were excluded, predominantly, 
because they did not report a clear definition of positivity, or did not evaluate both iCCA, and eCCA. 
Other reasons for exclusion included: location of CCA not reported (iCCA vs eCCA), no use of 
resection specimens of CCA, less than 10 patients with CCA, or duplicate data. Four full texts could 
not be retrieved, and were excluded.17-20 For each evaluated full text, the reason for exclusion is 
presented in supplemental Table 1.

 
Figure 1. Flowchart of included studies.
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Included articles
A total of 54 cohort studies met the inclusion criteria. These included 4458 patients and studied 
102 individual markers. Baseline characteristics are shown in Table 1. In 37 (69%) studies IHC 
was carried out on individual whole-slide tissue sections. In the other 17 (31%) studies, TMAs 
were used. Sample sizes of the included patients with eCCA ranged from 10 to 149 with a median 
of 42, whereas the sample sizes of included patients with iCCA ranged from 10 to 159 with a 
median of 28. 

Quality assessment
The assessment of risk of bias for the individual studies showed 29 studies with a high risk, 13 
with a low risk, and 12 with an unclear risk of bias (results not shown). Many studies (24) failed to 
adequately describe the location of eCCA (hilar versus distal). Also, 15 studies failed to adequately 
describe eligibility criteria, including period of enrollment, and basic characteristics of included 
patients (gender, age and stage). Funnel plots of the results of p53, EGFR, CK20 and c-erbB-2 
showed no clear indication for publication bias (results not shown).

RRs of marker expression in iCCA and eCCA
We constructed Forest plots to show RRs of the proportions of marker expression in iCCA and 
eCCA, when more than one study evaluated that marker. Results are shown in Figure 2. In Figure 
3, all RRs (pooled estimates, and results from single studies) from markers evaluated in more than 30 
iCCA and 30 eCCA patients are shown. Markers that were evaluated in less than 30 iCCA or eCCA 
patients, as well as markers that were completely negative in both iCCA and eCCA, can be found in 
a supplemental table available at the publishers’ website. Of the 57 markers that were evaluated in 
more than 30 iCCA and more than 30 eCCA patients, 18 markers showed a statistically significantly 
different expression. Some markers were less frequently expressed in iCCA than in eCCA (RR<1): 
Akt2, Annexin II, c-erbB-2, CD10, CDX2, CK20, MUC1, MUC5AC, p53 and S100P. Other markers 
were more frequently expressed in iCCA than in eCCA (RR>1): Aurora-B, bcl-2, EGFR, filamin A, 
galectin-1, p16, SMAD-4, and VEGF-A. A total of 16 markers showed a comparable expression 
profile between iCCA and eCCA and had narrow 95%CIs (CI lower limit >0.5 and upper limit <2). 
These markers included Aurora-A, b-catenin, CK13, CK19, CK7, CK8, COX-2, D10, E-cadherin, 
hENT1, Mdm-2, metallothionein, S100A4, TNF-a, VEGF and Vimentin. 

DISCUSSION
In this systematic review, which included 54 cohort studies, 4458 patients, and studied 102 individual 
markers, we assessed differences and similarities in immunohistochemical marker expression 
between intra- and extrahepatic CCA. We found a statistically significantly different expression in 
18 of the 57 markers that were evaluated in more than 30 iCCA and eCCA patients. By contrast, 
only 16 markers had a similar prevalence in iCCA and eCCA with narrow CIs. In addition, several 
markers showed no statistical difference, but had large 95%CIs, suggesting insufficient sample sizes 
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to draw definitive conclusions. Future studies are needed to address whether there is a difference in 
expression of these markers. 

Others have addressed the question whether there are location-related differences in pathogenesis, 
and molecular alterations in CCA.6,7,21 Jarnagin et al. concluded that CCAs exhibit different expression 
of cell cycle–regulatory proteins according to tumor site of origin and morphology.7 This finding was 
confirmed by Karamitopoulou et al., who found clearly distinctive immunoreactive patterns in iCCA 
and eCCA.21 A recent study from Komuta et al. attributed differences between iCCA and eCCA to 
different origin cholangiocytes. In that study, eCCA tumors and iCCA tumors near the liver hilum (so-
called mucin-producing iCCA) showed gene expression and immunohistochemistry profiles (MUC1 
and S100P) similar to cylindrical mucin-producing cholangiocytes, whereas peripheral iCCA tumors 
showed histological diversity possibly reflecting their origin of hepatic progenitor cells.22 In addition, 
Guedj et al. reporting on protein expression results, concluded that hilar and peripheral hepatic 
CCAs can be considered distinct tumors that follow specific molecular pathways of carcinogenesis, 
one reflecting extrahepatic bile duct carcinoma and the other closely resembling subtypes of HCC.6 
These studies however, address only a few markers, in a limited number of patients. Results of 
the current systematic review show a complete overview of differences and similarities in marker 
expression.

The question whether iCCA and eCCA can be considered equal from a biological point of view is 
important for several reasons. Firstly, IHC results from iCCA, can be extrapolated to patients with 
eCCA, and the other way around, when equality is demonstrated. Secondly, if equal, CCA can be 
lumped together in trials, as is typically done because of perceived similarity and low incidence of 
both iCCA and eCCA. For example, the only phase III-trial for CCA (the ABC-02-trial)2 comparing 
the combination gemcitabine and cisplatin with gemcitabine alone included any patient with CCA 
(in addition to patients with ampullary and gallbladder cancer). Thirdly, some markers may be 
prognostic and potentially identify a subgroup of patients who may benefit from a specific treatment. 
We studied he prognostic impact of various markers in patients with CCA in a previous paper.5 Some 
prognostic markers may also be predictive markers allowing for personalized cancer treatment. 
Moreover, IHC markers could serve as targets for anti-cancer therapy. For example, the antibody 
trastuzumab is effective in breast cancer patients with the biomarker HER-2/neu.23 In this respect, 
it’s paramount to know which tumours do and which tumours do not present with specific markers. 

We found significant differences in the expression of Akt2, Annexin II, c-erbB-2 (also known as HER-
2/neu), CD10, CDX2, CK20, MUC1, and MUC5AC, Aurora-A, bcl-2, EGFR, filamin A, galectin-A, p16, 
p53, SMAD-4, S100P, and VEGF-A. Three markers (EGFR, c-erbB-2, and VEGF-A) are particularly 
interesting, since they also could be used as future targets of therapy.24 Among these markers, 
c-erbB-2 and VEGF-A clearly showed distinct expression profiles (RR 0.22 and 2.78, respectively). 
Other differences found in expression of bcl-2 (anti-apoptosis), p53 and p16 (tumor suppressor 
proteins) suggest different pathogenetic mechanisms for iCCA and eCCA. There were also some 
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clear differences in expression of mucins (MUC), which are high molecular weight glycoproteins with 
oligosaccharides attached to serine or threonine residues of the mucin core protein backbone, and 
have been shown to be prognostic in Cholangiocarcinoma.25 Mucin proteins showed tendency to be 
expressed less frequent in iCCA, consistent with findings from Komuta et al.22

Another way to answer the question of this study would be to pool proportions of expressions 
of markers in iCCA and eCCA separately, and subsequently compare the two pooled estimates. 
However, we anticipated a large heterogeneity of results between the studies as a result of differences 
in cut-off values for positivity, and differences in antibodies that were used to stain the same marker. 
Hence, the large heterogeneity would have resulted in even larger 95%CIs, and consequently the 
power to detect significant differences would haven been minimized. To circumvent this large intra-
study variability, we performed the current analysis, in which we only included studies that applied 
the same IHC methodology in both iCCA and eCCA, thus minimizing the effects of intra-study 
variability. 

Our meta-analysis has technical limitations mainly because of the afore-mentioned inter-study 
heterogeneity, and the consequent smaller number of patients tested per marker. We addressed 
the issue of heterogeneity by a rigorous methodologic approach that used a random-effects model 
for more conservative estimates. We used strict inclusion criteria and included only studies with 
a minimum sample size of 10 iCCA and eCCA patients. In addition, we assessed quality and 
publication bias. iCCA involves tumors arising proximal to the confluence of the second order bile 
ducts.1 While the exact origin is not always obvious, patients may have been misclassified as iCCA 
or eCCA. Moreover, as some iCCA tumors may originate from mucin-producing cholangiocytes 
similar to eCCA, stratification of iCCA tumors would potentially reveal even more distinct protein 
expression profiles.22 Future research in IHC for CCA, but possibly also medical intervention studies 
in CCA, should therefore adequately stratify for the topographic location and cholangiocyte subtype. 
CCA or biliary tract carcinomas cannot be considered one homogeneous group.

In conclusion, this systematic review shows differences in marker expression between iCCA and 
eCCA, which is especially relevant in markers that are potential targets of systemic therapy (EGFR, 
c-erbB-2 and VEGF-A). Results of this study based on data from 4458 patients, confirm suggestions 
from previous small single-cohort studies that iCCA and eCCA are distinct tumors. Consequently, 
these patients may benefit from different treatment strategies.
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Table 1. Baseline characteristics of included studies.

Period Country of 
study

iCCA
(n)

eCCA
(n)

Full section or 
TMA

Markers evaluated Risk of 
Bias

Tian 201326 2005-2010 China 15 72 Full section GATA6 High

Nakagawa 201327 1993-2008 Japan 45 41 Full section EZH2 Low

Mao 201328 2006-2011 China 94 48 Full section Fascin, E-cadherin, Vimentin High

Kaira 201329 2000-2011 Japan 20 89 Full section LAT1, CD34, Ki-67, p53 Low

Goeppert 201330 1995-2010 Germany 159 149 TMA BRAF Low

Fisher 201331 2000-2008 USA 15 48 Full section ERCC1, RRM1, RRM2, hENT1 High

Kobayashi 201232 1989- 2010 Japan 16 89 TMA hENT1 Low

Tsai 201233 2000-2010 Taiwan 106 35 Full section S100P Low

Fabris 201134 1989-2009 Italy 55 31 Full section S100A4 High

Pignochino 201035 2002-2005 Italy 17 19 Full section PTEN, p-Akt, p-MAPK, TGF-a, 
EGFR, c-erbB-2

High

Riener 201036 1995-2007 Switzerland 19 59 TMA p53, CD24, P-cadherin High

Dos 201037 NR France 23 17 TMA vimentin High

Riener 201038 1992-2007 Switzerland 19 59 TMA periostin High

Shafizadeh 201039 NR Switzerland 26 19 TMA EGFR, c-erbB-2 High

Nishihara 200940 1987-2004 Japan 70 97 Full section CD10 Unclear

Onodera 200941 1987-2006 Japan 31 57 Full section TNF-a, MMP-2, MMP-9, fascin Low

Schmitz 200942 1998-2006 Germany 56 56 Full section metallothionein Low

Park 200943 1998-2007 Korea 34 51 Full section MUC6, MUC1, MUC2, MUC5AC Unclear

Riener 200944 1995-2007 Switzerland 19 58 TMA IMP3 High

Guedj 20096 1995-2006 France 59 52 TMA Smad 4, E-cadherin, EGFR, PTEN, 
Akt 2, Annexin II, b-catenin, CD117, 

CK5/6, Estrogen, FGF, Filamin A, 
MIB-1, p38, P44/42, PR, VEGF-A, 
bax, bcl-2, c-erbB-2, CK19, CK20, 
CK8, MUC1, MUC2, MUC5AC, p53

Unclear

Riener 200945 1992-2007 Switzerland 19 57 TMA GOLPH2 High

Shen 200946 1995-2004 Taiwan 74 49 Full section p53, Aurora-A, Aurora-B, survivin Low

Riener 200947 1993-2005 Switzerland 13 37 TMA NY-ESO-1, GAGE, MAGE-A4, 
MAGE-C1, MAGE-C2

High

Karamitopoulou 
200821

NR Switzerland 27 62 TMA p53, bcl-2, COX-2, p16, bax, p21, 
p27

Unclear

Huang 200848 1992-2001 Taiwan 23 10 Full section GNMT High

Mosnier 200949 NR France 29 16 TMA E-cadherin, Hep Par 1, N-cadherin, 
CK19, CK7

High

Zhao 200850 NR China 12 41 Full section FHIT, cyclin D1 High

Riener 200851 1995-2005 Switzerland 13 38 TMA eIF4-E, 4E-BP1 High

Yoshikawa 200852 1991-2004 Japan; 106 130 Full section EGFR, VEGF, c-erbB-2 Unclear

Herberger 200753 1993-2006 Austria 47 20 TMA p-mTOR Unclear

Chang 200754 1995-2004 Taiwan 74 49 Full section CDX2 Unclear
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Period Country of 
study

iCCA
(n)

eCCA
(n)

Full section or 
TMA

Markers evaluated Risk of 
Bias

Ney 200755 NR Germany 18 13 TMA PODXL-1 High

Jinawath 200656 NR Japan 36 23 Full section pERK1/2 Unclear

Hughes 200657 1993-1996 Thailand 40 72 Full section CK20, 17NM, D10, 1F6 Unclear

Jarnagin 20067 1992-2002 USA 23 73 TMA p53, bcl-2, cyclin D1, p27, mdm-
2, p21

Low

Nakazawa 200558 1986-2002 Japan 28 78 Full section EGFR, c-erbB-2, c-Met Unclear

Jhala 200559 NR England 13 17 Full section p53, fas High

Gardini 200560 1984-2001 Italy 30 25 Full section CTGF Low

Chuang 200461 1990-2000 Japan 20 10 Full section Smad 4 High

Maeda 200462 1989-1999 Japan 35 15 Full section AAH gene High

Terashi 200463 1987-2000 Japan 25 48 Full section osteopontin Low

Tsuneyama 200464 NR Japan 29 39 Full section MAGE-A3 Unclear

Sahin 200365 NR USA 10 15 TMA STK11 High

Lee 200366 NR Korea 50 40 TMA CK8, CK7, MUC1, MUC2, 
MUC5AC, MUC6, CK13, CK14, 

CK18, CK19, CK20

High

Aishima 200267 1987-2000 Japan 57 16 Full section Keratin 903 High

Argani 200168 1989-1999 USA 12 114 Full section Smad 4, p53 High

Shimonishi 200169 NR Japan 40 40 Full section Galectin-3, Galectin-1 Unclear

Shimonishi 200070 NR Japan 39 29 Full section Fas, fasL Low

Shimonishi 200071 NR Japan 40 37 Full section CK7, CK18, CK19, CK8, CK20 Low

Rullier 200072 NR France 25 23 Full section CK7, CK20 High

Ito 200073 NR Japan 19 41 Full section ets-1 High

Furubo 199974 NR Japan 19 19 Full section p53, mdm-2, p21 High

Shrestha 199875 1994-NR Japan 12 11 Full section p53 High

Subimerb 201076 NR Thailand 32 18 Full section MACAC387 High

Table 1 (continued). Baseline characteristics of included studies.
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Figure 2. Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for markers that were 
evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less frequently expressed in 
iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 2 (continued). Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for 
markers that were evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less 
frequently expressed in iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 2 (continued). Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for 
markers that were evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less 
frequently expressed in iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 2 (continued). Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for 
markers that were evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less 
frequently expressed in iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 2 (continued). Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for 
markers that were evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less 
frequently expressed in iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 3. Forest plot of all evaluated markers: when more than one study was available, pooled results are presented, and 
the number of studies is shown between brackets after the marker name in the first column.
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