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Background: Cholangiocarcinoma is the most common primary cancer of liver in North-Eastern region of Thailand. Human epidermal growth 
factor receptor-2 (HER-2) overexpression is a poor prognostic factor of many types of cancer but there is limited data in cholangiocarcinoma. The 
present study aimed to investigate prevalence of HER-2 overexpression in cholangiocarcinoma and analyzed its association with overall survival 
and clinicopathological features.

Materials and Methods: The present study was retrospective cohort analytical single-centered study which included adult patients with 
cholangiocarcinoma in Srinagarind Hospital, Khon Kaen, Thailand. Archived pathological tissue diagnosed as cholangiocarcinoma were stained 
for HER-2 using a labeled streptavidin biotin peroxidase method with the polyclonal antibody (Dako A0485) and classified into positive and 
negative group as, in the present study, 3+ and 0, 1+, 2+ by immunohistochemistry results, respectively. Prevalence of HER-2 overexpression was 
presented with percentage and 95% confidence interval (95% CI).

Results: A total of 93 cases, of which 71% were male, were included. Mean age was 63 and 62 years in HER-2 positive and negative groups, 
respectively. The proportion of intrahepatic was more than extrahepatic cholangiocarcinoma (72% vs. 28%). HER-2 positive was revealed 10 
cases, as 10.8% (95% CI 5.3% to 18.9%). Most cases were early to locally advance stage (89% vs. 90%) Median overall survival was not reach in 
HER-2 positive group compared with 30.9 months in negative group (hazard ratio 0.39; 95% CI 0.12 to 1.21; p 0.089). 

Conclusion: Among patients with cholangiocarcinoma, 1 of 10 cases had HER-2 overexpression.
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Hepatobiliary malignancies are the seventh most 
common cancer in the world by global cancer statistic 
2020(1). In Thailand, they are the most common cancer in 
men and the fifth most common cancer in women(2). In 
primary hepatobiliary malignancies, cholangiocarcinoma is 
the second most common cancer behind the hepatocellular 
carcinoma and the most common primary cancer of liver 
in North-Eastern region of Thailand(3).

Human epidermal growth factor receptor-2 (HER-2) 
amplification and overexpression are important driving 

mutations that contribute to major step of carcinogenesis. 
It can be evaluated by ethier immunohistochemistry or 
in situ hybridization. In the field of cholangiocarcinoma, 
there is no consensus criteria for classifing overexpression 
status to positive or negative. Apart from that, there are 
criteria for HER-2 analysis in breast cancer and HER-2 
criteria in gastroesophageal adenocarcinoma(4,5). Before 
the era of targeted therapy, previous studies showed that 
HER-2 overexpression or amplification were related to 
poor prognosis and more aggressiveness of breast cancer(6). 
It also was a poor prognostic factor of many types of 
cancer(7,8).

The prevalence of HER-2 overexpression in 
cholangiocarcinoma, in the present study which about 
half of study population were Thai, was 73%(9). It varied 
among studies, ranging from 0% to 73% and rarer in 
Western country (1.4%)(9-20). This variation may be resulted 
from diversity of criteria for defining positivity and the 
association between HER-2 overexpression and liver fluke 
infestation that was more common in Thailand(9,11,21,22).

As the prognostic biomarker, there was study showed 
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Figure 1. Interpretation of immunohistochemistry of study tissue according 
to 2016 HER-2 criteria in gastroesophageal adenocarcinoma from the 
college of American pathologists, American society of clinical pathology 
and American society of clinical oncology.

that HER-2 overexpressed mostly in well-differentiated 
cholangiocarcinoma(10). There was a study, conducted in 
Japan, analyzed 68 cholangiocarcinoma sample reported 
that patients with HER-2 overexpression were associated 
with shorter survival time than others. However, this was 
a small study and included only patients in Japan(23). There 
was no association between HER-2 expression status and 
various clinicopathologic features in another study(24). In 
subgroup of lymph node metastasis in patients with resected 
extrahepatic cholangiocarcinoma, HER-2 amplification 
was associated with higher mortality rate (Hazard ratio 
(HR) 43.6, 95% confidence interval (95% CI) 1.51 to 
1219.6) but was not associated with clinicopathological 
features(25). Another study, conducted in Thailand, classified 
cholangiocarcinoma to 4 clusters by integrative clustering 
of tumor whole genome. They found that survival rate, 
as secondary outcome, of cluster 1 and cluster 2, which 
had HER-2 amplification as a part of genetic mutation 
profile, was lower than cluster 3 and cluster 4, which 
had no HER-2 amplification(11). In western population 
with cholangiocarcinoma, HER-2 overexpression was an 
independent prognostic factor for mortality (Hazard ratio 
3.08, 95% CI 1.23 to 7.28)(26). However, there was no 
association with survival in HER-2 positive group in one 
study(21).

Current data about HER-2 overexpression as a 
prognostic and predictive marker of cholangiocarcinoma is 
limited and inconclusive(4). To conduct study assessing these 
aspects, the exact prevalence of HER-2 overexpression is 
required. The major risk factor of cholangiocarcinoma in 
Thai patients is liver fluke, converserly to other regions that 
the main mechanism is primary sclerosing cholangitis and 
there is no large study that investigate survival outcome. So, 
there might be the different survival outcome in the study 
conducted in different region. The present study aimed to 
study about prevalence of HER-2 overexpression and its 
association of clinicopathological features and survival 
outcome in patients with cholangiocarcinoma attended in 
Srinagarind Hospital.

Materials and Methods
The present study was retrospective cohort analytical, 

single-centered study which included patients aged above 18 
years old diagnosed as cholangiocarcinoma by pathologist 
and attended in Srinagarind hospital, Khon Kaen University, 
Khon Kaen, Thailand, between 1st January 2015 and 31st 
May 2019.

All archived pathological tissue diagnosed as 
cholangiocarcinoma were stained for HER-2 using a labeled 
streptavidin biotin peroxidase method with the polyclonal 
antibody (Dako A0485) and classified into HER-2 positive 
or HER-2 negative by a certified and appropriately blinded 

pathologist using 2016 HER-2 criteria in gastroesophageal 
adenocarcinoma from the college of American pathologists, 
American society of clinical pathology and American 
society of clinical oncology (CAP-ASCP-ASCO), defined 
HER-2 positive as strong complete basolateral or lateral 
membranous reactivity in ≥10% of cancer cells (intensity 
of staining was 3+). Other results were classified as HER-2 
negative as shown as Figure 1.

The primary endpoint was prevalence of HER-2 
overexpression in patients with cholangiocarcinoma. 
The authors included clinical data (including date of last 
follow-up/death, status at last follow-up, parameters to 
calculate Charlson’s comorbidities index (CCI)(27), Eastern 
Cooperative Oncology Group (ECOG) performance status, 
cancer staging and other basic characteristic), laboratory 
data on the date of admission at the time of diagnosis 
(including liver function test(28), coagulogram, complete 
blood count, serum creatinine, serum cancer antigen 19-9 
(CA19-9) as there was association with survival outcome 
after resection(29)), pathological data and treatment received 
(including chemotherapy, surgical resection and surgical or 
radiological or body intervention) from Thai civil registry, 
Srinagarind Hospital’s cancer registry, electronic medical 
record and patient’s chart review using case record form. 

The sample size was calculated using prevalence of 
HER-2 overexpression of 0.73(9), desired precision of 0.1 and 
confidence level of 0.95. The calculated sample size was 76. 

Prevalence of HER-2 overexpression in patients with 
cholangiocarcinoma was presented with percentage and 95% 
CI. Baseline characteristics of patients were summarized. 
Estimation of percentage point was used for discrete 
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Figure 2. Bar chart demonstrated prevalence of each HER-2 staining 
intensity; x-axis showed HER-2 staining intensity group; y-axis showed 
prevalence in each group.

variable. Mean with standard deviation (SD) or median 
with inter-quartile range (IQR) were used for continuous 
variable. Associations between HER-2 overexpression and 
clinicopathological features were reported as odds ratio 
(OR) and 95% CI. The p-value was calculated by Fisher’s 
exact test. Continuous data was tested for normality by 
Kolmogorov-Smirnov test and analyzed by independent 
samples t-test and presented as mean difference with 95% 
CI, p-value and mean with SD or median with IQR. Loss 
of follow-up or alive until 31st May 2020 were defined as 
censored. Survival outcome of patients with HER-2 positive 
group compared with HER-2 negative group was analyzed 
by Cox regression model and log rank test presented with 
Kaplan-Meier curve, Overall survival (OS), HR with 95% 
CI and p-value. Subgroup analysis of survival outcome was 
conducted with the subgroup of intrahepatic/extrahepatic 
cholangiocarcinoma and tumor staging. Prespecified 
analysis using different cut-off of intensity of staining to 
compare OS was done, analyzed by Cox regression model. 
All data analyses were performed using IBM SPSS Statistic 
version 26.

The present study was approved by the Institutional 
Review Board (HE631276), the Office of Human Research 
Ethics, Khon Kaen University. 

Results
The authors identified 93 cases of cholangiocarcinoma 

in pathological archives during the period of 1st January 2015 
to 31st May 2019, of which 66 cases (71%) were male. 67 
cases (72%) were intrahepatic cholangiocarcinoma. 26 cases 
(28%) were extrahepatic cholangiocarcinoma. Prevalence 
of HER-2 positive in patients with cholangiocarcinoma in 
Srinagarind Hospital was 10.8% (95% CI 5.3% to 18.9%) 
(10 of 93 cases), composed of 9 cases (13.4%) of patients 
with intrahepatic cholangiocarcinoma and 1 case (3.8%) 
of patients with extrahepatic cholangiocarcinoma. The 
prevalence of HER-2 staining intensity 2+ and 1+ were 
14.0% (13 cases) and 15.1% (14 cases), respectively and 
was shown as Figure 2.

The baseline characteristics of overall population was 
shown in Table 1. The mean age were 63 and 62 years with 
standard deviation of 6.5 and 7.9 years in HER-2 positive 
group and HER-2 negative group, respectively. The median 
points of CCI were 5 in both groups with IQR of 2 and 
1 in HER-2 positive group and HER-2 negative group, 
respectively. In HER-2 positive group, there was higher 
proportion of pateints who received chemotherapy as a 
part of treatment (80% compared with 51.8%) and higher 
proportion of patients with ECOG performance status 
0 (100% compared with 61.8%) compared with HER-2 
negative group. Most patients were in early or locally 
advanced stage (8 of 9 (89%) and 71 of 79 (90%) in HER-2 

positive and negative group, respectively, were in stage I to 
III). Median follow-up time were 47 months with IQR of 28 
months and 30 months with IQR of 33 months for HER-2 
positive group and HER-2 negative group, respectively. 
At the end of follow-up, 3 cases (30%) of HER-2 positive 
group and 48 cases (57.8%) of HER-2 negative group 
have died. All patients were undergone surgical resection. 
In HER-2 positive group, 8 of 10 cases (80%) received 
chemotherapy which more than in HER-2 negative group, 
which 43 of 83 cases (51.8%) received chemotherapy. Most 
common selected chemotherapy regimen in both adjuvant 
and palliative settings was cisplatin with 5-fluorouracil, as 
4 of 10 patients (40%) in HER-2 positive group and 19 of 
45 (42%) patients in HER-2 negative group. Second most 
common regimen was cisplatin with gemcitabine, as 3 of 
10 patients (30%) in HER-2 positive group and 17 of 45 
patients (38%) in HER-2 negative group.

Median OS of overall population was 32.0 months (95% 
CI 16.9 to 47.1 months). HER-2 positive cholangiocarcinoma 
tended to associate with better survival outcome with the 
median OS of not reach (NR) compared with 30.9 months 
in HER-2 negative group without statistically significance, 
HR 0.39 (95% CI 0.12 to 1.21; p 0.089) (Figure 3). Subgroup 
analysis of survival outcome showed that even in subgroup 
of intrahepatic or extrahepatic cholangiocarcinoma, there 
was no significant association between HER-2 positive and 
OS, HR 0.49 (95% CI 0.15 to 1.59; p 0.234) and 0.04 (95% 
CI 0.00 to 237.10; p 0.477), respectively. Subgroup analysis 
by cancer staging showed HER-2 positive tended to have 
positive effect on survival outcome without statistically 
significance in patients with stage I, II and III with HR of 
0.48 (95% CI 0.06 to 3.76; p 0.486), 0.40 (95% CI 0.00 to 
3664.66; p 0.581) and 0.41 (95% CI 0.06 to 3.02; p 0.380), 
respectively. In prespecified analysis, defining HER-2 
staining 2+ or 1+ as HER-2 positive, there was no significant 
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Characteristics HER-2 positive (3+) (n=10) HER-2 Negative (0, 1+, 2+) (n=83) All patients (n=93)

Sex, male 9 (90.0%) 57 (68.7%) 66 (71.0%)

Age (years) 1 63, 6.5 62, 7.9 62, 8.2

Body mass index (kg/m2) 2 22.9, 3.75 22.4, 3.89 22.1, 4.00

Charlson’s comorbidities index 2 5, 2 5, 1 5, 1

Cancer staging 

    Stage I 5 of 9 (55.6%) 26 of 79 (23.9%) 31 of 88 (35.2%)

    Stage II 1 of 9 (11.1%) 10 of 79 (12.7%) 11 of 88 (12.5%)

    Stage III 2 of 9 (22.2%) 35 of 79 (44.3%) 37 of 88 (42.0%)

    Stage IV 1 of 9 (11.1%) 8 of 79 (10.1%) 9 of 88 (10.2%)

ECOG

    ECOG 0 4 of 4 (100%) 21 of 34 (61.8%) 25 of 38 (65.8%)

    ECOG 1 0 12 of 34 (35.3%) 12 of 38 (31.6%)

    ECOG 2 0 0 0

    ECOG 3 0 1 of 34 (2.9%) 1 of 38 (2.6%)

    ECOG 4 0 0

Blood chemistry

    Albumin (g/dL) 2 4.0, 0.5 4.2, 0.8 4.1, 0.8

    Directed bilirubin (mg/dL) 2 0.2, 0.5 0.2, 1.1 0.2, 0.5

    Alanine aminotransferase (U/L) 2 33, 44 36, 51 36, 47

    Aspartate aminotransferase (U/L) 2 32, 19 37, 41 37, 40

    Alkaline phosphatase (U/L) 2 116, 140 141, 134 136, 112

    International normalized ratio 2 1.02, 0.14 1.03, 0.14 1.02, 0.13

    Hemoglobin (g/dL) 1 12.5, 1.39 12.4, 1.57 12.4, 1.49

    Cancer antigen 19-9 (U/mL) 2 11.4, 81.3 36.3, 111.2 35.2, 111.8

Intrahepatic type 9 (90.0%) 58 (69.9%) 67 (72.0%)

Extrahepatic type 1 (10.0%) 25 (30.1%) 26 (27.9%)

    Perihilar 1 (10.0%) 21 (25.3%) 22 (23.7%)

    Distal  0 4 (4.8%) 4 (4.3%)

Treatment received

    Chemotherapy 8 (80%) 43 (51.8%) 51 (54.8%)

    Number of cycles (times) 2 6,  4 2, 6 3, 6

    Surgery 10 (100%) 83 (100%) 93 (100%)

    Other surgical/radiological intervention 4 (40.0%) 30 (36.1%) 34 (36.5%)

1 Mean with standard deviation, 2 Median with interquartile range

ECOG=Eastern Cooperative Oncology Group performance status

Table 1. Baseline characteristic of overall population classified by Human epidermal growth factor receptor-2 (HER-2) immunohistochemistry results 
(defined positive as 3+ in staining intensity) presented as count and percentage by total number within column unless specified otherwise

association between HER-2 positive and OS, HR 0.79 (95% 
CI 0.56 to 1.12; p 0.183) and 0.81 (95% CI 0.46 to 1.43; p 
0.464), respectively.

The present study could not demonstrate association 
between HER-2 positive and any clinicopathological 
features (Table 2).

Discussion
Prevalence of HER-2 positive in patients with 

cholangiocarcinoma was 10.8%. This was corresponded 
with study in Thailand that assessed HER-2 amplification 
with the prevalence of 8.5%(11). The incidence of  liver 

fluke infestation, that associated with HER-2 amplification, 
was decreased overtime due to National Public Health 
Development plan, liver fluke control program and other 
liver fluke control policy, developed since 1987(11,30,31). So, 
this may address why another study, which about half of 
study population were Thai and was conducted in 1989, 
showed prevalence was 73%(9). The prevalence of HER-2 
overexpression in patient with cholangiocarcinoma varied 
among studies, ranging from 0% to 73% and was rarer in 
Western country (1.4%)(9-20). This variation may be resulted 
from: (a) including cytoplasmic HER-2 overexpression 
in HER-2 positive group by some studies, (b) variation 
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Figure 3. Kaplan-Meier Curve demonstrated probability of survival (y-axis) 
and time (months; x-axis) in patient with cholangiocarcinoma according to 
HER-2 positive (red line) or HER-2 negative (blue line) with Hazard ratio 
(HR), 95% confidence interval (95% CI) and p-value.

of criteria for defining positivity, (c) some guidelines 
changed definition for interpretation in updated versions 
e.g. United Kingdom guideline that reverted to criteria of 
>10% cells staining for HER2 instead of the >30% cut-off 
used in previous guideline, and (d) the association between 
HER-2 overexpression and liver fluke infestation that was 
more common in Thailand(9,11,18,21,32). For example, the 
study using weakly positive for membrane staining as the 
cut-off for positive interpretation showed that prevalence 
of HER-2 positive was 67%(18), and another study using 2+ 
intensity, defined as moderately membrane staining without 
requirement of amount of stained tumor cell, for positive 
interpretation showed that prevalence was 65%(17). Whereas 
the study using breast cancer criteria for HER-2 classification 
showed lower prevalence (4.5%) than others(15). In recently 
published study from our organization, the scoring system 
and criteria for classifing overexpression of HER-2 were 
different from this study causing difference in prevalence of  
HER-2 overexpression (29.5%)(20). In the present study there 
was higher proportion of HER-2 positive in intrahepathic 
than extrahepatic cholangiocarcinoma, 13.4% and 3.8% 
respectively. Result was inconsistence with previous tumor 
genome study, found that HER-2 alterations were occurred 
predominantly in extrahepatic cholangiocarcinoma (11% 
compared with 3% in intrahepatic cholangiocarcinoma)(33). 
Few subjects with extrahepatic cholagiocarcinoma included 
in the authors’ study, due to relatively higher incidence of 
intrahepatic cholangiocarcinoma in North-Eastern region 
of Thailand, may contribute to this inconsistence(3). Further 
study is required. 

The authors chose immunohistochemistry to assess 
overexpression of HER-2 rather than in situ hybridization 
because it was a method that assess final product expressed 
in central dogma. However, there was correlation between 

HER-2 overexpression defined by both methods(15). As there 
was no consensus criteria to defined HER-2 positive in 
cholangiocarcinoma, the authors used 2016 HER-2 criteria 
in gastroesophageal adenocarcinoma from CAP-ASCP-
ASCO. The reason was that malignancies originated from 
organs other than breast tended to have less intensity of 
HER-2 immunostaining pattern.

We found that HER-2 positive in patients diagnosed 
as cholangiocarcinoma had no significant association with 
survival outcome compared with HER-2 negative with 
median OS of NR and 30.9 months, respectively (HR 0.39; 
95% CI 0.12 to 1.21; p 0.089). This finding was inconsistent 
with some of previous studies that reported HER-2 as poor 
prognostic factor(11,23,25,26). In one study, patients with resected 
extrahepatic cholangiocarcinoma with HER-2 amplification 
was associated with higher mortality rate only in subgroup of 
lymph node metastasis(25). Several reasons may account for 
this finding: (a) the present study mostly included resectable 
cholangiocarcinoma, this resectability may also associate 
with lower mortality rate compared with others(34-38), (b) there 
was higher proportion of patients with ECOG performance 
status 0 in HER-2 positive group that may positively affect 
OS(39), (c) the authors proposed that there may be other 
undiscovered prognostic factors, (d) in the present study, 
patients in HER-2 positive group had higher proportion of 
receiving chemotherapy that improved survival outcome in 
resectable cholangiocarcinoma(37,40), (e) limited number of 
study population causing low power to detect significance 
of OS, and (f) the authors did not collect data on residual 
tumor classification of surgical margin that can affect the 
primary outcome, that was the limitation of the present study. 
In another recently published study from our organization, 
analyzed HER-2 overexpression and survival outcome as 
secondary outcome, showed HER-2 had no significant 
effect on survival outcome that correlated with the authors’ 
study(20). Another limitation was no incorporation of in situ 
hybridization with immunohistochemistry testing in the 
present study. Therefore, there must be cautious that, in this 
study, HER-2 negative means HER-2 immunohistochemistry 
status of 0, 1+ and 2+.

Median overall survival for all study patients was 32 
months that was more than previous study with median 
overall survival of 12 months in stage I and II disease(34). 
Improvement of screening program in Thailand was 
proposed.

In the present study, most common selected 
chemotherapy regimen (adjuvant and palliative settings) 
was cisplatin with 5-fluorouracil and second most common 
was cisplatin with gemcitabine due to there was no standard 
regimen for adjuvant setting and our institution conducted 
clinical trial assessing adjuvant chemotherapy of cisplatin 
with gemcitabine.
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Clinicopathological features (n) HER-2 Positive Statistical interference p-value

Tumor differentiation 

    Poorly/moderately (10) 2 (20.0%) OR 2.29 (95% CI 0.49 to 8.44) 0.307 1

    Well (71) 7 (9.9%)

Portal vein invasion 

    Yes (25) 1 (4.0%) OR 0.30 (95% CI 0.04 to 2.27) 0.278 1

    No (68) 9 (13.2%)

Hepatic vessel invasion 

    Yes (17) 0 - 0.199 1

    No (76) 10 (13.2%)

Perineural invasion 

    Yes (10) 2 (20.0%) OR 2.08 (95% CI 0.51 to 8.45) 0.292 1

    No (83) 8 (9.6%)

Lymphovascular invasion

    Yes (12) 2 (16.7%) OR 1.69 (95% CI 0.41 to 7.02) 0.613 1

    No (81) 8 (9.9%)

Lymph node metastasis

    Yes (35) 1 (2.9%) OR 0.18 (95% CI 0.02 to 1.39) 0.084 1

    No (58) 9 (15.5%)

Stage IV disease

    Yes (9) 1 (11.1%) OR 1.03 (95% CI 0.15 to 7.19) 1.000 1

    No (83) 9 (10.8%)

Classification

    Intrahepatic (67) 9 (13.4%) OR 3.88 (95% CI 0.47 to 32.27) 0.273 1

    Extrahepatic (26) 1 (3.8%)

Tumor size (cm) (67) 4.5, 3.8 2 Mean difference -0.4 (95% CI -2.3 to 1.4) 0.626 3

Age (years) (93) 63, 6.5 4 Mean difference 1.3 (95% CI -3.9 to 6.5) 0.610 5

OR=Odds ratio; 95% CI=95% confidence interval
1 The p-value (2-tailed) by Fisher exact test; 2 Median with interquartile range (IQR), compared with median of 4.8 cm. and IQR of 4.4 cm; 3 The p-value (2-tailed) 
by independent sample test (equal variances not assumed); 4 Mean with standard deviation, compared with mean of 62 years and standard deviation of 7.9;  
5 The p-value (2-tailed) by independent sample test (equal variances assumed)

Table 2. Association between HER-2 positive and clinicopathological features presented as count, percentage by total number within row and statistical 
interference unless specified otherwise

The strength of this study is that almost all of cases 
in the present study has exact time-to-event and follow-up 
period. Another strength is that we used whole-slide staining 
instead of tumor microarray technique.

In current world-wide evidence, it is inconclusive to 
establish HER-2 overexpression as negative or positive 
prognostic biomarker. Longer follow-up time and larger 
sample size were suggested. The results of the present study 
will be used for further prognostic study and for further 
predictive study for HER-2 targeted therapy. The results of 
the present study will be used for further prognostic study 
and for further study assessing predictive effect of HER-2 
for HER-2 targeted therapy in cholangiocarcinoma.

Conclusion
Among patients with cholangiocarcinoma, 1 of 10 

cases had HER-2 overexpression. The present study cannot 
demonstrate association between HER-2 positive and 

survival outcome in patients with cholangiocarcinoma. 
However, from the present study, HER-2 positive group 
received effective treatment with adjuvant chemotherapy 
tended to have good survival outcome.

What is already known on this topic? 
Human epidermal growth factor receptor-2 (HER-2) 

overexpression is a poor prognostic factor of many types 
of cancer but there is limited data in cholangiocarcinoma. 

What this study adds? 
The results of this study revealed that 1 of 10 cases of 

cholangiocarcinoma patients had HER-2 overexpression and 
tended to have good survival outcome when they received 
adjuvant chemotherapy.
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