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	 INTRODUCTION

Cholangiocarcinoma (CCA) is the second most 

frequent primary malignant neoplasm in the liver 

and accounts for about 3% of all gastrointestinal 

cancers1. It originates from the epithelium of intra 

or extrahepatic bile ducts2. It has been described by 

Durand-Fardel for the first time in 1840, and can be 

divided according to its location into intrahepatic, peri-

hilar (Klatskin tumor) and distal3. Histologically, it is 

usually an adenocarcinoma and displays varying degrees 

of differentiation and phenotypes4. Some risk factors for 

cholangiocarcinoma have already been established, such 

as parasitic infections, primary sclerosing cholangitis, 

bile duct cysts, hepatolithiasis, and some toxins. Other 

potential risk factors include inflammatory bowel 

disease, hepatitis B and C virus, liver cirrhosis, diabetes 

mellitus, obesity, alcoholism, smoking, and genetic 

mutations5. The incidence of CCA has been increasing 

in recent years6.

More attention has been devoted to CCA 

due to poor prognosis, coupled with the poor efficacy 

of therapeutic modalities, especially for patients with 

advanced disease7. Chemotherapy has been widely 

used, though with a low response rate7,8. Staging, 

size and degree of tumor differentiation, resection 
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A B S T R A C T

Objective: to evaluate the expression of the epithelial growth factor receptor (EGFR) by immunohistochemistry, and to verify its association 

with prognostic factors and survival of patients operated by cholangiocarcinoma. Methods: we verified the immunohistochemical 

expression of EGFR in 35 surgical specimens of cholangiocarcinoma (CCA). We obtained survival curves with the Kaplan-Meier method. 

Results: we found significant EGFR expression in ten (28.6%) of the 35 CCAs, eight with score 3 and two with score 2. Advanced stages 

(III and IV) presented higher EGFR expression (p=0.07). The clinical characteristics that were most associated with positive EGFR expression 

were female gender (p=0.06) and absence of comorbidities (p=0.06). Overall survival at 12, 24, 36 and 48 months was 100%, 82.5%, 59% 

and 44.2%, respectively. The survival of EGFR positive patients at 12, 24, 36 and 48 months was 100%, 75%, 50% and 0%, whereas for 

negative EGFR patients it was 100%, 87.5%, 65.6% and 65.6%, respectively. Conclusion: EGFR expression occurred in 28.6% of the cases 

studied and was associated with lower survival.

Keywords: Cholangiocarcinoma. Genes, erbB-1. Prognosis. Survival Analysis. 
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margins, and perineural and angiolymphatic invasion 

are described as prognostic factors9. Among the factors 

that contribute to poor prognosis, the advanced stage of 

the disease is highlighted, which decreases the chance 

of cure by surgical treatment10. More than 50% of the 

cases are diagnosed at an advanced stage, leading to a 

general average survival of approximately seven to eight 

months10. Patients who undergo surgical resection have 

a better prognosis, with a five-year survival rate of 30% 

and mean survival of 30 months11-13.

Epidermal growth factor receptor (EGFR) is 

a cell membrane receptor tyrosine kinase encoded by 

proto-oncogenes. Different ligands, such as epidermal 

growth factor (EGF), heparin binding factor (HB-EGF), 

and amphiregulin, couple in the extracellular domains 

of these receptors and initiate an intracellular signaling 

cascade, increasing the potential for cell proliferation, 

angiogenesis and resistance to apoptosis. EGFR activation 

also impairs cell-cell adhesion through the destabilization 

of junctional complexes (E-cadherin, beta-catenin), which 

contributes to the acquisition of motile and invasive 

phenotype14,15.

Epidermal growth factor inhibitors, antibodies 

and other molecules, such as erlotinib, gefitinib, 

cetuximab, panitumumab, trastuzumab and lapatinib, 

have been used in the treatment of colorectal, breast, 

lung and head and neck cancers, with promising results, 

having as targets the EGFR or the human epidermal 

growth factor receptor 2 (HER2)11,16. The overexpression 

of EGFR in tumor cells was associated with a worse 

prognosis in some studies, being found in up to 80% 

of the cholangiocarcinomas, making this receptor a 

potential therapeutic target in patients with this type of 

neoplasia16-19.

The role of EGFR in malignant liver diseases is 

still poorly understood. The identification of groups of 

patients with more aggressive subtypes and risk of lower 

survival could contribute to the development of more 

effective therapeutic options. To better understand the 

clinical significance of EGFR in cholangiocarcinoma, the 

main objectives of the present study were to evaluate 

the degree of immunohistochemical expression of EGFR 

and to verify its association with clinical-pathological 

factors and survival of patients submitted to surgical 

treatment.

	 METHODS

This research was approved by the Institutional 

Ethics Committee with the following reference number: 

CAAE - 37156714.6.0000.5149. From January 2008 

to December 2015, we selected patients undergoing 

surgical treatment and histological diagnosis of 

cholangiocarcinoma. We collected data regarding 

gender, age, previous history, history of smoking 

or alcoholism, presence of gallstones, family history 

for neoplasia, histological type, tumor staging and 

survival after treatment. The laboratory tests analyzed 

were bilirubins and Ca  19‑9. The classification of the 

anatomical location of the tumors and the staging were 

based on the description of the radiological studies 

(Computed Tomography, Magnetic Resonance and/

or Magnetic Resonance Cholangiopancreatography) 

associated with the findings of the surgical description 

and anatomopathological study. We revised the 

hematoxylin and eosin (HE) stained slides to classify 

tumors as polypoid and non-polypoid. Classification 

and staging followed the TNM pattern of the American 

Joint Cancer Committee/Union for International Cancer 

Control - 7th edition20,21.

We included patients whose tissue samples 

were obtained from surgical resection specimens or 

surgical biopsies of cholangiocarcinomas. Samples of 

gallbladder cancer and the hepatopancreatic (Vater’s) 

ampulla and cases of biopsies in which the material 

was insufficient for analysis (six cases) were considered 

exclusion criteria. All samples were fixed in 10% 

formaldehyde, embedded in paraffin, cut into fragments 

with a thickness of four micrometers and stained with 

hematoxylin and eosin.

We performed the histological and 

immunohistochemical analysis in tissues representative 
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In cases with variable intensity, the 

predominant intensity was selected for the final score. 

Scores 2+ and 3+ were defined as positive for protein 

expression.

We performed statistical analysis using the 

statistical package Stata for Mac 2016. To compare 

the distribution of the categories of the study variables 

according to EGFR expression (negative and positive), 

we performed the Student’s t-test for the continuous 

variables and Chi-square or Fisher’s test for categorical 

ones. Survival analysis had as the dependent variable 

the occurrence of death in relation to time, which was 

measured in months. We excluded cases of death of 

patients occurring within 30 postoperative days. We 

constructed survival curves for the variables using the 

Kaplan-Meier method. In the comparison between 

groups for each variable, we used the Logrank test. In 

all analyzes, the level of significance considered was 5% 

(p<0.05).

	 RESULTS

There was no significant difference in the 

proportion between men (n=17) and women (n=18). 

The mean patients’ age was 58 years, ranging from 28 

to 83. There were lower proportions of smokers, alcohol 

users and gallstones (Table 1).

The following procedures with curative intent 

were performed in 30 patients: eight (26.66%) right 

hepatectomies, two (6.66%) right trisegmentectomies 

and nine (30%) left hepatectomies, associated 

with resection of segment one, four (13.33%) 

bisegmentectomies (three including segments two 

and three and one including segments six and seven). 

Six (20%) pancreatoduodenectomies and one (3.33%) 

resection of the extrahepatic biliary tract were also 

performed.

of the primary tumor site, consisting of 30 specimens of 

surgical resection with curative intent and five biopsies. 

The slides were initially processed with pepsin and 

hydrochloric acid at 37°C for 30 minutes for antigen 

retrieval and, thereafter, blocking of endogenous 

peroxidase and proteins. Next, incubation with the 

primary antibody (EGFR - clone 3G7 - Invitrogen - 

1:100 dilution) was performed for 16 to 18 hours 

(overnight incubation). Thereafter, the antibody was 

removed, the polymer was placed and the slides were 

incubated in the humid chamber for 30 minutes at 

room temperature. After removal of the polymer, the 

chromogen 3,3’  Diaminobenzidine tetrahydrochloride 

(DAB), which was withdrawn after the reaction. When 

the reaction was positive, brown staining was observed 

at the antigen site. Then, we performed HE counter-

staining and assembled the slides with transparent 

medium.

All slides were evaluated by a pathologist 

with experience in immunohistochemical analysis, 

without prior knowledge of the clinical and pathological 

information of the patients. The intensity of EGFR 

expression was defined according to the previously 

described score, based on the work of Yoshikawa et 

al.22:

•	 0: no staining of the cell membrane or 

staining of the membrane in 10% or less of 

the tumor cells;

•	 1+: weak and partial staining of the 

membrane in more than 10% of tumor 

cells;

•	 2+: moderate and complete staining of the 

membrane in more than 10% of tumor 

cells;

•	 3+: strong and complete staining of the 

membrane in more than 10% of tumor 

cells.
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Table 1. Expression of EGFR according to the clinicopathological variables.

Variables
EGFR Total Valor p

Negative
(n=25; 71.4%)

Positive
(n=10; 28.6%) 35 (100.0) 0.017

Age
(mean; SD) (n=35)

59.5 (12.6) 56.2 (13.7) 0.496

Gender (n; %)
Male
Female

15 (88.2)
10  (55.6)

2 ( 11.8)
8 (44.4)

17 (100.0)
18 (100.0)

0.060

Smoking (n; %)
No
Yes

14 (63.6)
8 (80.0)

8 (36.4)
2 (20.0)

22 (100.0)
10 (100.0)

0.440

Alcohol use (n; %)
No
Yes

17 (65.4)
5 (83.3)

9 (34.6)
1 (16.7)

26 (100.0)
6 (100.0)

0.637

Comorbidities (n; %)
No
Yes

10 (55.5)
13 (86.7)

8 (44.5)
2 (13.3)

18 (100.0)
15 (100.0)

0.070

Family history (n; %)
No
Yes

10 (71.4)
7 (58.3)

4 (28.6)
5 (41.7)

14 (100.0)
12 (100.0)

0.683

Biliary lithiasis (n; %)
No
Yes

17 (65.4)
5 (83.3)

9 (34.6)
1 (16.7)

26 (100.0)
6 (100.0)

0.637

Classification (n; %)
Intra-hepatic
Peri-hilar
Distal

6 (60.0)
15 (83.3)
4 (57.1)

4 (40.0)
3 (16.7)
3 (42.9)

10 (100.0)
18 (100.0)
7 (100.0)

0.185

CA 19-9  (n; %)
>37U/ml
<37U/ml

5 (55.5)
8 (61.5)

4 (44.4)
5 (38.5)

9 (100.0)
13 100.00)

0.999

Bilirubin (n; %)
0-4 mg/dl
4-10 mg/dl
>10mg/dl

8 (57.1)
5 (71.4)
8 (88.8)

6 (42.9)
2 (28.6)
1 (11.1)

14 (100.0)
7  (100.0)
9  (100.0)

0.151

Treatment (n; %)
Palliative
Resection

4 (80.0)
21 (70.0)

1 (20.0)
9 (30.0)

5 (100.0)
30 (100.0)

.999

T (n; %)
1-2
3-4

15 (83.3)
10 (58.8)

3 (16.7)
7 (41.2)

18 (100.0)
17 (100.0)

0.146

N
Negative
Positive

15 (75)
6 (60)

5 (25)
4 (40)

20 (100)
10 (100)

0.331

Staging (n; %)
I-II
III-IV

14 (87.5)
11 (57.9)

2 (12.5)
8 (42.1)

16 (100.0)
19 (100.0)

0.071

Type of growth (n; %)
Polypoid
Non-polypoid

12 (70.6)
13 (72.2)

5(29.4)
5 (27.7)

17 (100.0)
18 (100.0)

0.999
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Table 1 shows the EGFR expression in relation 

to the variables of interest in the 35 CCA cases. There 

was significant EGFR expression in ten (28.6%) of the 

35 lesions, being score 3+ in eight patients and 2+ in 

two patients. In 25 patients (71.4%), EGFR expression 

was negative, being 1+ in five patients and 0 in 20 

patients.

The clinical characteristics of patients who had 

the greatest association with positive expression were 

female (p=0.06) and absence of comorbidities (p=0.07). 

Regarding TNM staging, those with the more advanced 

stages III and IV had greater EGFR expression (p=0.071). 

Figure 1 shows the intensities and scores attributed to the 

cholangiocarcinomas.

Figure 1. Intensity of EGFR in cholangiocarcinomas. HE staining on the left (a, c, e, g) and EGFR immunohistochemistry on the right (b, d, f, h). (b) 
Complete membrane, strong staining, score 3+. (d) Complete membrane, moderate staining, score 2+. (f) Incomplete membrane, weak staining, 
score 1+. (h) Negative, score 0.

The overall survival at 12, 24, 36 and 48 months 

was 100%, 82.5% (CI: 45.1-95.5), 59% (CI: 22.9-82.8) 

and 44.2% (CI: 11.9-73.2), respectively . The survival of 

patients with EGFR-positive tumors at 12, 24, 36 and 48 

months was 100%, 75% (CI: 12.8-96.1), 50% (CI: 5.8-

84.5%), and 0%, while of the EGFR-negative patients 

was 100%, 87.5 (CI: 38.7-98.1), 65.6% (CI: 15.7-90.9) 

and 65.6% (CI: 15.7-90.9%), respectively. The survival of 
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patients with EGFR-positive tumors was lower than that 

of negative EGFR patients, with no statistical significance 

(p=0.328) (Figure 2).

Figure 2. Survival curves obtained by the Kaplan-Meier method 
(p=0.328) in patients with positive and negative EGFR cholangiocarci-
nomas.

	 DISCUSSION

The expression of ErbB family growth factor 

receptors, EGFR and HER2 has been studied in different 

tumor types and has led to the use of targeted therapies 

with inhibitors or antibodies specific for these receptors in 

colorectal, breast, lung and head and neck neoplasias16. 

So far, the use of monoclonal antibodies and tyrosine 

kinase inhibitors, such as cetuximab, trastuzumab, 

erlotinib, gefitinib, is still being investigated in other 

types of cancer. In biliary tract cancer, EGFR expression 

usually occurs in small groups of patients. Yoshikawa et 

al. recently described the expression of these receptors 

in malignant tumors of the biliary tract22. Harder et al. 

studied the expression of EGFR and HER2 in a group 

of patients with advanced and unresectable biliary 

tract tumors. The results of these authors suggest that 

routine testing and therapeutic targeting of HER2 does 

not appear to be useful in patients with bile duct cancer, 

whereas EGFR may be promising as a target11. In a phase 

II study, Chiorean et al. tested Erlotinib and Docetaxel 

in hepatocellular carcinoma and advanced cancer of 

the biliary tract and concluded that for a significant 

improvement in survival, treatment should probably be 

individualized according to the tumors’ molecular and 

genetic profiles23.

The expression of EGFR in CCA in previous 

studies occurred with a variability of 8.1% to 81%, and has 

been associated with tumors’ greater aggressiveness16-19. 

In our study, EGFR expression was considered positive in 

28.6% of the cases and, although there was no statistical 

significance, we found a higher rate of expression in 

tumors in advanced stages, occurring in 42.1% of stages 

III/IV versus 12.5% ​​of stages I/II (p=0.071), translating 

characteristics of aggressive phenotype in the presence 

of invasive disease. One hypothesis is that the tumor 

will express more EGFR upon reaching advanced stages. 

Survival analysis also corroborated the hypothesis that 

EGFR expression is associated with a worse prognosis, 

since patients considered positive had lower survival rates 

than negative ones.

These findings, previously mentioned, can 

be explained by the work of Clapéron et al., who 

demonstrated that the EGF/EGFR axis is a potent 

inducer of the epithelial-mesenchymal transition, one 

of the main molecular factors associated with the 

progression of cholangiocarcinoma24. It is known that 

EGFR activation interferes with intercellular adhesion, 

destabilizing the E-cadherin/beta-catenin complex, 

promoting the epithelial-mesenchymal transition, which 

contributes to increase in the capacity of migration, 

invasion and resistance to apoptosis24,25. Similarly, 

Hoffmann et al. found a worse prognosis in patients 

with EGFR expression, with an average survival of only 

8.5 months, while patients with low expression had 

a mean survival rate of more than three years17. The 

significant association of EGFR with survival may help 

to select more effective treatment strategies for patients 

with CCA.

Our EGFR staining score readings were based 

on the work of Yoshikawa et al.22, who considered 

complete or incomplete staining of the cytoplasmic 

membrane. According to Harder et al., tumors were 

considered negative when less than 10% of cancer 

cells were stained, regardless of the intensity in the 

membrane10. In the work of these authors, the expression 
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of EGFR was absent in 39.3% (22/56) of patients, whilst 

they observed weak expression (1+) in 21.5% (12/56), 

moderate (2+) expression in 23.2% (13/56) and intense 

(3+) in 16% (9/56). The fact that we used a different 

way to obtain the score may be the reason we obtained 

results (28.6%) inferior to those authors’. In addition, 

Harder et al.11 performed biopsy investigations of 

advanced and unresectable cases of biliary carcinoma 

without distinguishing between gallbladder carcinoma 

and bile duct cholangiocarcinoma, whereas we only 

studied patients with carcinoma of the biliary ducts, and 

in different stages.

Yoshikawa et al. showed an overexpression in 

26.4% of extrahepatic CCAs and in 17.7% of intrahepatic 

CCAs. These authors considered only two anatomic sites, 

including peri-hilar carcinomas in the extrahepatic CCA 

group22. In our study, we considered peri-hilar carcinoma 

separately and EGFR expression was only 16.7% in that 

group, smaller than in the others. Harder et al. found an 

expression rate of 57.9% in the extrahepatic lesions and 

25% in the intrahepatic ones11. In our study, expression 

in extrahepatic CABG was 42.9%. These divergences 

can be explained by the different ways of anatomical 

classification adopted, which are still controversial in 

the literature, especially in relation to extrahepatic 

cholangiocarcinoma.

Although the World Health Organization 

(WHO) includes peri-hilar and distal CCAs in the 

extrahepatic modlity20,21, they are known to have 

different biological behaviors and respond differently 

to chemotherapy. In a systematic review, Wiggers et 

al. showed significant differences in the expression 

of biomarkers between intrahepatic and extrahepatic 

CCAs, being more relevant in the markers that are 

potential targets of systemic therapies (EGFR, c-erB-2 

and VEGF-A), suggesting that they should be treated as 

distinct tumors26. Ercolani et al. have already classified 

CCAs into three subgroups (intrahepatic, peri-hilar and 

extrahepatic) and concluded that CCAs appear to be the 

same type of tumor, but depending on the location, have 

different invasion properties of adjacent structures, which 

may also influence prognosis27. Our results corroborate 

this conclusion, since the anatomical location implied 

different survival outcomes, although the correlation 

with EGFR expression displayed no significant difference 

between the three locations.

Challenges for the development of targeted 

therapies for CCAs include not only the heterogeneity 

of these tumors but also the rarity of the cases when 

compared to other solid tumors and the lack of interest 

of the pharmaceutical industry19. Some limitations 

may be noted in our study. Conducting the research 

in a single center limited the size of the sample, since 

it is a relatively rare disease. This fact may have been 

responsible for the lack of statistical significance in some 

of our findings.

We conclude that EGFR expression occurred 

in a considerable number of cholangiocarcinomas 

studied and was associated with patient’s lower survival 

rates. Studies with a greater number of cases will be 

necessary to prove the influence of EGFR expression on 

the prognosis of patients with cholangiocarcinoma and 

to show the potential of this receptor as a therapeutic 

target.
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