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ABSTRACT
Purpose: Cholangiocarcinoma (CC) is characterized by a still unfavorable prognosis due to a late diagnosis 
and high recurrence rate. In this retrospective study prognostic factors for long-term survival and an 
immunohistochemical panel of markers (IHC) for distinction of CC and other primary liver malignancies 
were analyzed.

Materials and Methods: In 208 patients with CC clinical data, tumor characteristics and the primary mode of 
treatment were analyzed using univariate and multivariate statistics. In 145 cases the immunohistochemical 
profile of the tumors was established using markers such as CK7, CK20, CA19-9, HepPar-1, AFP, CD34 
and CDX2 routinely in comparison to 60 cases of HCC (control group). Significance of marker expression in 
relation to histological subtype were estimated using SPSS 10.0.

Results: Median overall survival (OS) was 18.8±22.5 months. Multivariate analysis identifies subtype of CC 
/ tumor localisation (dCC vs. iCC or pCC), tumor size (P=0.001), grading (P=0.002) and tumor resection 
(P<0.0001) as independent prognostic factors for survival. CK7, CK20 and CA19-9 were the most commonly 
overexpressed markers in CC (86.2%, 55.2% and 50%), whereas expression of these markers in HCC was 
significantly less frequent (24.3%, 0% and 8.3%, respectively; P<0.001 and P<0.0001).

Conclusions: Tumor localization and stage, surgical resection and tumor biology as expressed by tumor 
cell differentiation are the most important factors for OS in CC. Best predictive markers for differentiation 
between CC and HCC were CK7, CK20 and HepPar-1. Using this panel a fast and accurate differentiation 
was possible in more than 95% of all analyzed liver tumors.
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Introduction
Cholangiocarcinomas (CC) of the biliary tract are rare tumors 
compromising only 3-5% of all gastrointestinal cancers. However 
it is the second most common primary hepatic malignancy next 
to hepatocellular carcinoma (HCC), accounting for 10-15% 
of all liver tumors. This neoplasm originates from the intra- 
or extrahepatic bile duct or gallbladder epithelium [1] and is 
classified according to the anatomic location in the biliary tract 
as intrahepatic (iCC) or extrahepatic cholangiocarcinoma (eCC) 
and gallbladder cancer (GBC). Extrahepatic CC can be classified 
as perihilar tumors (pCC) or distal cancers (dCC). Perhilar tumors 
or so-called Klatskin tumors are subclassified using the Bismuth-
Corlette classification [2].

Recent epidemiologic studies have shown an increasing incidence 
of CC in western countries [3]. Established risk factors for 
ductal cholangiocarcinoma include diseases leading to chronic 
inflammation of bile ducts such as infections with Clonorchis 
sinensis, Opisthorchis viverrini (liver flukes) and chronic viral 
hepatitis, chronic intrahepatic lithiasis, primary sclerosing 
cholangitis (PSC), congenital diseases (Caroli disease, congenital 
choledochal cysts) and exposure to the radiopaque medium thorium 
dioxide (Thorotrast) [4,5]. Especially patients with PSC have an 
increased risk for cholangiocarcinogenesis and epidemiologic 
studies have shown a lifetime risk for CC of approximately 1.5% 
per year of disease [4]. However, in most patients with CC no risk 
factors for cholangiocarcinogenesis can be identified.

Despite recent progress in various imaging modalities most CCs 
are diagnosed at an advanced stage due to the fact that early 
disease is often asymptomatic. Thus, curative treatment options by 
surgical resection are limited leading to poor prognosis especially 
in patients with intrahepatic CCs with median survival times of 
only three to six months [6].

Another pitfall in the management of patients with iCC is the 
differentiation of these tumors from HCC or other adenocarcinomas 
of the liver, e.g. metastases of other gastrointestinal cancers. 
In clinical routine this is a frequent diagnostic dilemma for 
pathologists. However, accurate diagnosis is crucial because 
treatment and treatment goals for these tumors may differ. In contrast 
to iCC hepatocellular carcinoma is chemo-resistant; whereas liver 
transplantation is a potential therapeutic option in patients with 
HCC and liver cirrhosis, this option is rarely recommended in 
patients with iCC [6,7]. Thus, correct classification of these tumors 
is critically important. In addition to a hematoxylin and eosin (H&E) 
staining several immunohistochemical markers are used routinely 
in clinical practice for distinction of liver tumors. However, the 
utility of each of these markers is limited either by suboptimal 
sensitivity or by difficulties in interpretation, especially in poorly 
differentiated tumors or scirrhous hepatocellular carcinoma [8,9].

In this retrospective unicenter study we analyzed the clinical use 
of different immunohistochemical markers (IHC) for diagnosis 
and subclassification of primary liver cancer (CC vs. HCC) and 
elaborated clinical characteristics as potential prognostic markers 
in our cohort of patients with biliary tract cancer.

Patients and Methods
Patients
Clinical and histopathological data of 208 patients with biliary 
tract cancer (50.0% males; mean age 72.4 ± 10.9 years) who were 
admitted to the Marienhospital Stuttgart between January 2006 
and February 2016 were analysed in this retrospective study. 
Additional clinicopathological characteristics of the enrolled 
patients are summarized in table 1.

Male gender (n; %) 104 (50.0)

Mean age (year) 72.4 ± 10.9

Predominant clinical symptoms
iCC (pain; weight loss)
eCC (icterus)

15 (28.8); 12 (23.0)
72 (64.8) 

Tumor localisation (n; %)
iCC
pCC
-Bismuth I
-Bismuth II
-Bismuth III
-Bismuth IV
dCC
GBC

208 (100.0)
52 (25.0)
46 (22.1)
6 (2.8)
6 (2.8)
7 (3.4)
27 (13.0)
65 (31.2)
45 (21.6)

Tumor size (TNM; n; %; pCC excluded)
1
2
3
4

148 (91.4)
11 (7.4)
34 (23.0)
71 (48.0)
32 (21.6)

Tumor differentiation (Grading; n; %)
G1 – well differentiated
G2 – moderately differentiated
G3 – poorly differentiated
G4 - undifferentiated

185 (88.9)
12 (6.5)
48 (25.9)
103 (55.7)
22 (11.9)

Table 1: Histopathologic findings and clinical data of the study population 
(n=208).

Histopathological evaluation
Clinical and pathological data were obtained from patients including 
information on tumor type, stage (according to UICC 2009 or 
Bismuth-Corlette classification), and grade (WHO graduation G1–
4). Hematoxylin-eosin staining was performed to detect features of 
bile canalicular structure and Mallory hyaline bodies. Additional 
histochemical staining plus immunohistochemical staining was 
performed routinely in 145 patients with CC and in a control group 
of 60 patients with HCC to confirm the histological diagnosis of 
CC and to exclude other types of liver malignancy, especially of 
HCC. These studies included antibodies against HepPar-1, AFP, 
CK7, CK20, CDX2, CA19-9, CD34, and CEA.

Treatment modalities of cholangiocarcinoma (CC)
In 56.3% of all cases (n=117) a surgical tumor resection including 
lymph node dissection was performed. Type of surgical resection 
differed by tumor location:  atypical or lob-/hemihepatectomy 
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for iCC, bile duct resection with hepatico-jejunostomie and/
or hemihepatectomy for pCC; Whipple operation for dCC and 
cholecystectomy with or without atypical hepatectomy in cases 
of GBC. In 19.2% of patients (n=40) with multifocal tumor, 
metastatic tumor stage or other contraindications for surgical 
treatment palliative chemotherapies (1-14 sessions; mean 5.8) or 
transarterial chemoembolizations (TACE; n=4) were performed. 
In 13.5% (n=28) palliative drainage by stenting was initiated. In 
11% (n=23) of the patients only best supportive care (BSC) could 
be offered due to advanced disease or patients preferences. 

Statistical analysis
The association between several histopathological findings such 
as tumor differentiation and tumor stage and survival rates was 
analysed using t test and 2-sided Fisher´s test. Clinicopathological 
factors were analysed for influence on survival by univariate 
and multivariate methods. Multivariate analysis was performed 
using Cox proportional hazards method. Only factors found to be 
significant on univariate analysis were included in the regression 
model. Median overall survival (OS) was estimated according to 
the Kaplan–Meier method. Differences in survival were analyzed 
using a log-rank test. SPSS 10.0 software (Inc., Chicago, IL) was 
used to test for sensitivity, specify and for predictive values of 
different immunohistochemical markers as well as of clinical data. 
P ≤ 0.05 was considered statistically significant. 

Results
Clinical symptoms at diagnosis; association of age, tumor 
localisation (iCC, pCC, dCC, GBC) and treatment modalities 
with overall survival (OS)
The clinical presentation was dominated by the anatomic location 
of the tumor. Whereas in most patients with iCC right upper 
abdominal quadrant pain (28.8%) or weight loss (23.0%) were the 
leading symptoms, patients with eCC presented initially in 64.8% 
with painless jaundice (p<0.0001).

Median overall survival (OS) of all patients was 18.8 ± 22.5 months. 
One year after diagnosis OS was 44.5% and dropped to 25.7% and 
20.5% after 3 and 5 years, respectively. In older patients (>70y) OS 
was significantly lower as compared to younger patients (≤70y) 
(25.1 ± 27 vs. 12.6 ± 12.6 years; p<0.0001). In male patients there 
was a trend to better OS as compared to females (71.6 ± 10.9 vs. 
73.3 ± 11 years; p=ns).

OS correlated significantly with localisation of CC. Patients 
with dCC had significant better survival rates in comparison to 
patients with pCC, iCC or GBC (p=0.0001 up to 0.0004; Figure 1) 
reasonable to the fact that dCC was diagnosed twice as frequently 
at an earlier stage (T1/2 = 31.2%) as compared to iCC (T1/2 = 
14%). Patients with perihilar tumors localized distal or in the 
biliary confluence (Bismuth I or II) had also a significantly better 
OS when compared to perihilar CC with involvement of the right 
and/or left hepatic bile ducts (Bismuth III/IV; p=0.0025).

After surgical therapy OS was 26.4 ± 24.3 months and significantly 
higher than in patients without tumor resection or other treatment 

modalities (9.8 ± 5.8 months with chemotherapy only, 6.5 ± 6.1 
months with stenting only, 4 ± 3 months with best supportive care; 
P<0.0001).

Figure 1: OS in relation to tumor localization.

Association of CC stage (TNM), tumor differentiation 
(grading), occurrence of metastasis and overall survival (OS)
Patients with lower tumor size (T1) survived significantly longer 
(OS 33.4 ± 26.8 months) compared to patients with T4 tumors (OS 
8.7 ± 6.8 months; P<0.0001). After 3 years of observation 72.7% 
of patients with T1 tumors were still alive whereas all patients with 
T4 tumors had died. In patients with metastasic disease at the time 
of diagnosis OS was similarly short as in patients with T4 tumors 
(8.4 ± 8.8 months in median; 1-year OS 19.3%; Figure 2).

Figure 2: OS in relation to T stage and existence of metastasis at primary 
diagnosis.

Similarly, tumor T-stage correlates significantly with cell 
differentiation. In tumors with well or moderate cell differentiation 
(G1 or G2) disease was diagnosed at an advanced tumor stage (T3 
or T4) in 58.2%, whereas in tumors with poorly or undifferentiated 
tumor cells (G3 or G4) incidence of advanced tumor stage 
increased to 74.5% (p=0.0018; Figure 3). A non-significant trend 
between poor tumor cell differentiation and metastatic tumor stage 
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(M1) was observed (32.7% vs. 38.8%; p=ns). 

Figure 3: Correlation between tumor stage and tumor cell differentiation 
(grading).

Multivariate analysis of prognostic factors in HCC
Based on the results, a multivariate analysis was performed. 
This analysis identified early tumor size (T1/2 stage; P=0.001), 
G1/2 cell differentiation (P=0.002), performed surgical resection 
(P<0.0001) and tumor localisation (dCC vs. other localisations), 
as independent prognostic factors for survival.

Immunophenotypic Profile of intra- and extrahepatic 
Cholangiocarcinoma
CK7 was the most commonly overexpressed marker in CC. A 
total of 125 biopsies (86.2%) of CC were positive for this marker 
using IHC. In 72 cases (49.6%) also a strong reaction for CK20 
was documented. These results were significantly different in 
the control group of hepatocellular carcinoma (23.3% and 0%, 
respectively; P<0.001 and P<0.0001). Using IHC positivity of 
carbohydrate antigen 19-9 (CA19-9) was detected in 80 cases of 
CC (55.2%) and in 5 cases (8.3%) of HCC (P<0.0001).

In comparison to these markers HepPar-1 was the most commonly 
expressed marker in HCC, positive in 48 cases (80%). AFP 
staining was positive in 29 HCCs (48.3%; P<0.0001). However, 
in two patients with combined hepatocellular-cholangiocarcinoma 
(combined HCC-CC) and >50% of malignant cholangiocytes AFP 
and HepPar-1 were also positive. CD34 protein, an endothelial 
marker showed a significant positive reaction in 32 patients (53.3%) 
with HCC compared to 5 patients (3.5%) with cholangiocarcinoma 
(P<0.0001). For more details see table 2 and figure 4a-b.

Figure 4: a,b: Immunohistochemistry of intrahepatic cholangiocarcinoma 

(iCC). Strong reaction of antibodies against a: CA19-9 (x200, above) and 
b: CK7 (x200, below).

AFP HepPar-1 CD34 CK7 CK20 CA19-9

Hepatocellular 
carcinoma (n=60)* 48.3 80.0 53.3 23.3 0 8

Cholangiocarcinoma 
(n=145)# 1.7 1.7 4.3 86.2 49.6 55.5

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Sensitivity 0.466 0.80 0.566 0.862 0.496 0.615

Specify 0.982 0.982 0.956 0.766 1.0 0.90

pos. predictive 
value 0.933 0.98 0.872 0.899 1.0 0.941

Table 2: Specify and sensitivity of immunohistochemical markers for 
diagnosis of CC and HCC.
Abbreviations: CEA, polyclonal antibody to carcinoembryonic antigen; 
HepPar-1, Hepatocyte Paraffin 1; CD34, Cluster of differentiation 34; 
CK7, cytokeratin 7; CK20, cytokeratin 20; CA19-9, carbohydrate antigen 
19-9.  Numbers reflect percentages.

In some cases, available tissue was insufficient to perform all stains. 
Numbers of patients with analyses performed were* 55 for CK19 and 
CD34, 50 for CA19-9 and CK20, # 130 for CA19-9, 115 for AFP, CD34 
and HepPar-1.

Discussion
Prognosis of advanced cholangiocarcinoma is very poor, with 
median survival time less than 1 year [10], in most cases due to 
diagnosis at an advanced, unresectable stage. Even in patients who 
can be resected, risk of recurrence is high.

In the present study, overall survival of 208 patients with CC was 
analyzed in relation to different risk factors for tumor recurrence and 
overall survival. In addition, accuracy of an immunohistochemical 
panel was evaluated to discriminate between CC and HCC. In line 
with earlier studies OS in patients with CC was disappointingly 
short with a 1-year OS of 44.5%, dropping to 25.7% and 20.5% 
after 3 and 5 years, respectively. OS correlated significantly with 
histopathological and clinical parameters.

Poor tumor cell differentiation is associated with aggressive tumor 
biology in many human cancers. This is mainly due to early 
metastasis. Tumor differentiation in CC has already previously 
been shown to have a significant effect on prognosis [10,11]. This 
is confirmed by our study demonstrating that prognosis of cancers 
with low differentiation is poorer than of those with well tumor 
cell differentiation. Tumor stage has also been shown to be related 
with prognosis [12,13]. At later stages, risk of metastasis increases 
due to vascular or lymph vessel infiltration. In advanced tumor 
stages a complete tumor resection may not be feasible without 
leaving infiltrated i.e. positive resection margins. In the literature 
there is considerable evidence that infiltration of resection margins 
indicates higher recurrence rates and poor prognosis [14-16]. In 
our retrospective analysis investigation for infiltration of resection 
margins was not sufficiently possible. Nevertheless we found a 
significant independent correlation between tumor stage and OS in 
intrahepatic as well as extrahepatic tumors (Figure 2). OS was also 
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significantly lower in patients with perihilar tumor localization in 
Bismuth-Corlette III and IV tumors as compared to class I and 
II tumors probably due to a lower surgical resection rate (20% 
vs. 50%; p=0.025). Accordingly, Boudjema et al. reported higher 
rates of inoperability associated with vascular invasion in case of 
infiltration of the confluence of bile ducts [17]. In contrast to these 
observations OS in dCC was significantly better as compared to 
intrahepatic or perihilar CC and to the group of patients with GBC. 
A possible explanation for these differences could be the fact, that 
in dCC more cases were diagnosed at an earlier stage. In tumors of 
the distal bile duct jaundice or pruritus resulting from cholestasis 
are more commonly reported as early clinical complaints leading 
to earlier diagnosis, earlier treatment and thus better prognosis. 
Obvious clinical manifestations such as pain in the right upper 
abdominal quadrant or weight loss indicate advanced stage of 
cholangiocarcinoma. In our study, this constellation was seen 
significantly more often in patients with iCC. DeOliveira et al. 
[18] reported in a large series of 564 patients with biliary tract 
cancer only 8% to be localized in the liver in contrast to 25% of the 
patients in the present study. This discrepancy may be reconciled 
by the observation that the incidence of iCC is disproportionally 
increasing [19,20].

By univariate analysis older age (>70y) at diagnosis was a significant 
prognostic factor for poor survival in our collective, possibly due 
to a lower rate of surgical tumor resections performed. Advanced 
age was recently identified as independent prognostic factor in 
a large meta-analysis including over 4700 patients [21]. In our 
multivariate analysis tumor stage (TNM), tumor cell differentiation 
(grading), distal location of tumor (dCC) and surgical therapy but 
not age, were found to be significant prognostic factors in patients 
with biliary tract cancer. Not surprisingly, the impact of tumor 
resection on survival has been confirmed repeatedly in recent 
studies [22,23]. Inoperable patients derived benefit from systemic 
treatment with chemotherapy significantly prolonging survival as 
compared to BSC (9.8 ± 5.8 months vs. 4 ± 3 months; p<0.0001). 
Even in highly palliative situations stenting of occluded bile 
ducts may be of benefit not only to control jaundice and risk of 
cholangitis but also to prolong OS (6.5 ± 6.1 months, P=0.049).

A fast and accurate differentiation is indispensable in primary 
liver cancers because treatment options differ substantially. In 
our patients with cholangiocarcinoma CK7 staining showed the 
highest sensitivity (0.86) but specify was low (0.76) because 
more than 23.3% of our patients in the control group with HCC 
showed similar positivity for this marker. Interestingly, CK7 is 
expressed in hepatic progenitor cells (HPCs) but normally not in 
hepatocytes. CK7 positive HCCs and combined hepatocellular-
cholangiocarcinoma, as suggested by our results may derive 
from HPCs [24]. Stem cell markers such as CD117, EpCAM 
and CD56 may be helpful to establish the diagnosis of combined 
hepatocellular-cholangiocarcinoma in tumors expressing both 
hepatic markers (e.g. AFP, HepPar-1) and positive cytokeratins 
[25,26]. Compared to CK7, CK20 is not expressed in HCC and 
thus may be useful to distinguish CC from HCC. However, in 
CK20 positive tumors secondary neoplasms of the liver need 

to be considered because sensitivity to CK20 in CC is low and 
expression in colorectal cancer is considerably stronger [27].

In summary, our data confirm the disappointing prognosis of CC. 
Biological parameters such as tumor cell differentiation as well 
as clinical criteria such as stage of disease or surgical therapy are 
the most important prognostic factors in CC. These data underline 
the importance of earlier diagnosis and of treatment in surgical 
centers with expert knowledge in hepatobiliary diseases. From 
a practical point of view, the present study confirms also earlier 
reports on the complexity of making an unequivocal diagnosis of 
HCC or cholangiocarcinoma. For accurate distinction of primary 
liver cancer a panel of immunohistochemical markers such as 
CK7, CK20, HepPar-1 and AFP is helpful in addition to clinical 
data. Currently novel markers emerge to improve discrimination 
of primary liver tumors (e.g. Glypican3, Arginase-1) [28,29]. 
In future clinical routine gene expression profiles may also be 
helpful for subclassification of HCC, CC and especially combined 
hepatocellular-cholangiocarcinoma [30].
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