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Background: Serum antibody for Opisthorchis viverrini (OV) is strong evidence for a history 
of OV infection in people. Currently, no studies have examined whether varying cholangiocar-
cinoma (CCA) prevalence levels are linked to previous OV infection nor have they provided 
comprehensive assessment and characterization of OV-associated CCA.
Objective: Our study examined the prevalence of serum IgG antibodies for OV-positive CCA 
cases and determined whether there were correlations of IgG antibodies with histopathologic 
features, HER2, PD-L1, and FGFR2 expression, as well as their roles on the patients’ survival.
Methods: The study involved 221 CCA surgical patients at Khon Kaen University Hospital, 
Thailand, from 2005 to 2017. Serum specimens were tested for OV IgG by ELISA. CCA 
tissue microarrays were used to examined for HER2, PD-L1, and FGFR2 expression. 
Logistic regression was used to investigate an association between factors and IgG. Cox 
regression was used to determine factors that affected CCA patient survival.
Results: IgG for OV were positive in 162 cases, and the prevalence was 73.3% (95% 
CI=68.0–78.7). About three quarters (78.3%) had large duct type tumors and concomitant 
intraductal papillary neoplasm of bile ducts (IPNB) occurred in 92 (50%) cases. HER2 
expression was positive in 94 (61.4%) cases. Positive PD-L1 and FGFR2 expression 
occurred in 125 (83.9%) and 100 (67.1%) cases. IgG for OV had no significant correlation 
to any histological feature but had significant correlation with HER2 overexpression with 
adjusted OR=2.32 (95% CI=1.09–4.96, P=0.03). Cases of CCA with OV IgG positive had a 
significantly poor prognosis with adjusted HR=1.66 (95% CI=1.13–2.43, P=0.01).
Conclusion: We found a high prevalence of serum IgG for OV-positive CCA patients and a 
correlation with overexpression of HER2. Moreover, IgG for OV and HER2 expression 
indicated poor survival of CCA. Therefore, future clinical studies for anti-HER2 treatments 
should focus on OV-associated CCA.
Keywords: survival, intraductal type, FGFR2, PD-L1, immunoglobulin G, fluke-associated 
CCA

Background
Cholangiocarcinoma (CCA) has a poor prognosis, even in curative cases where the 
5-year survival rates are only 20–30%1–4 and palliative cases have median survival 
between 4–12 months.5,6 This devastating disease has a high incidence in South 
East Asia, with increasing incidence in western countries.

The liver fluke, Opisthorchis viverrini (OV) is the known common cause of 
CCA in Thailand. OV causes bile duct injury by several mechanisms such as 
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feeding, suckling, direct toxic excretory substance(s) and 
host immune response. Epithelial hyperplasia and fibrosis 
of bile ducts occur in response to repetitive injury progres-
sing to premalignant and invasive cancer even if fluke 
infection has been cured with drug treatment, specifically 
praziquantel. Stool examination is a gold standard for 
diagnosis of OV infection by detecting OV eggs in feces. 
This technique can diagnose patients with heavy active 
infection, but false negatives occur in latent infections 
and the technique is unable to identify past infections. 
Serum IgG for OV has been shown to be sensitivity for 
diagnosis of OV infection up to 99.2%, with a specificity 
of 93%7 and IgG can persist in infected hosts after being 
cured.8 Therefore, serum IgG for OV can be useful for the 
diagnosis of OV-associated CCA.

CCA has two histological subtypes according to differ-
ent postulated cells origins. First, perihilar large duct type 
originates from peribiliary gland in the large bile duct and 
is associated with stones, choledochal cysts, and PSC. 
Second, peripheral small duct types can originate from 
cells in the canal of Hering, which is associated with 
chronic hepatitis and cirrhosis.9 Small duct type CCA is 
associated with mass forming morphology consisting of 
low columnar or cuboidal cells with no identifiable pre-
malignant lesions. Large duct type CCA has a variety of 
gross tumors from periductal infiltrate, intraductal, mass 
forming or mixed features consisting of tall columnar cells 
with associated premalignant lesions in biliary BilIN and 
IPNB. Large duct type CCA has mechanism(s) of carci-
nogenesis compatible with pathology in OV infection, 
therefore, OV-associated CCA may have histology similar 
to large duct type CCA.

The genetic landscape comparing between OV and 
non-OV-associated CCA has been recently reported. A 
genomic sequencing study found that CCA from high 
OV infection countries had high amplification for 
ERBB2/HER2 and TP53 mutations, while CCA from 
non-OV endemic countries had high expression of PD1, 
PDL2, and FGFR.10 Studies from non-OV endemic coun-
tries have reported low alteration of HER2, for instance, a 
study in Germany found CCA had only 5% HER2 ampli-
fication, and a study from Japan reported HER2 expression 
in extrahepatic CCA of only 8.5%.11,12 Moreover, the 
recent study in OV related CCA cases found the high 
expression of HER2 (55%) and the expression of HER2 
was correlated with late recurrence state after undergoing 
surgical resection.13 These findings suggested ERBB2/ 
HER2 implicated in OV-associated CCA and can be a 

promising target for CCA treatment. However, the criteria 
currently used to describe the characterization of OV-asso-
ciated CCA are not clearly defined.

Therefore, our study aims to explore the prevalence of 
CCA with serum OV IgG antibodies for positive OV cases 
as well as to determine whether there is a correlation of 
IgG antibodies with histopathology and targeted gene 
expression in CCA.

Materials and Methods
Patients and Serums
The excess formalin-fixed paraffin embedded tissues and 
serum specimens were obtained from patients who were 
diagnosed with CCA and had undergone surgery at 
Srinagarind Hospital, Khon Kaen University during 
January 1, 2005 to December 31, 2017, and were kept in 
the biobank of the Cholangiocarcinoma Research Institute 
(CARI), Khon Kaen University. The clinicopathological 
data of each patient were provided by the CARI. Written 
informed consent for usage of excessive tissue specimens 
and serum samples for the study were obtained from each 
subject before surgery and this research protocol was 
carried out by approval and supervision of the Human 
Research Ethics Committee of Khon Kaen University 
based on the Declaration of Helsinki and the ICH Good 
Clinical Practice Guidelines (HE621147). H&E stained 
slides were examined by a pathologist (PS), and patients 
were excluded from the study if the result was not CCA 
and if serum specimens were unavailable. Tumor growth 
type, cell type, background liver, concomitant premalig-
nant lesions, and bile duct types were recorded.

Indirect Enzyme-Linked Immunosorbent 
Assay (ELISA)
An indirect ELISA technique was performed to determine 
immunoglobulin G (IgG) antibodies against OV antigen in 
a total of 221 serum specimens from patients. The plates 
were coated with whole adult OV antigen using the fol-
lowing protocols. Whole adult OV antigen was diluted to a 
concentration of 1,500 µg/mL with 1x PBS pH7.4, then 
added into 96-well (100 µL/well) flat bottom microtiter 
plates and incubated at 4°C overnight. Subsequently, 
plates were washed with 0.05% Tween 20 in PBS, blocked 
with 250 μL of 3% skimmed milk in PBS, and incubated 
at 37°C for 1 hour. Tested serum (dilution 1:6,000 in 3% 
skimmed milk) was added at 100 μL/well in duplicates and 
incubated at 4°C overnight. After incubation, the plates 
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were washed five times with PBST20, and 100 μL of a 
conjugate of horseradish peroxidase with goat anti-human 
IgG (1:3,000 in 3% skimmed milk) was added to each well 
and incubated for 2 hours at 37°C. The plates were washed 
again with PBST20, and a 100 μL orthophenylene diamine 
hydrochloride (OPD) (Zymed, CA, USA) substrate was 
added for 30 minutes. The reaction was stopped by adding 
4N sulfuric acid and measured optical density (OD) at 492 
nm by using an ELISA reader (Tecan, Austria). The results 
were analyzed as described in a previous study.14

CCA Tissue Microarray
Of the total 221 cases, 153 available serum matched CCA 
tissue specimens were archived and reviewed to select 
tumor area and normal liver tissue for negative controls. 
Tissue microarray (TMA) blocks were prepared using a 
manual tissue microarrayer with a 2.0 mm diameter needle 
with 70 cores per block. TMA blocks were sliced into 4 
µm thick sections, and mounted on glass slides in prepara-
tion for immunohistochemistry (IHC) staining.

Antibodies
Primary antibodies in this study are as follows: mouse 
anti-FGFR2 (ab58201, Abcam, Cambridge, MA), and rab-
bit anti-PD-L1 (#13684) and rabbit anti-HER2/ErbB2 
(#4290) (Cell Signaling Technology, Denver, MA).

Immunohistochemistry (IHC)
Immunohistochemistry (IHC) was performed to determine 
the expressions of the target proteins in CCA TMA. 
Briefly, paraffin embedded CCA TMAs were deparaffi-
nized in xylene and rehydrated in a series of concentra-
tions of ethanol. Antigen retrieval was performed by 
microwaving tissue sections in 1x Sodium citrate plus 
0.05% tween 20 for 10 minutes (for FGFR2 or HER2 
retrieval) and by Tris EDTA at 110°C for 10 minutes by 
autoclave (for PD-L1 retrieval). Endogenous peroxidase 
activity was blocked by using 0.3% (v/v) hydrogen per-
oxide in PBS and non-specific proteins were blocked with 
10% skim milk in PBS. Primary antibodies for FGFR2 
(1:20,000), PD-L1 (1:25), and HER2 (1:100) were added 
to tissue microarrays and incubated at 4°C overnight. 
Subsequently, sections were washed in 0.1% Tween 20 
in PBS for 5 minutes (3-times) and incubated with horse-
radish peroxidase conjugated EnvisionTM secondary anti-
body (Dako, USA). After washing three times in PBS plus 
0.1% Tween 20 the color was developed with 3,3ʹ diami-
nobenzidine tetrahydrochloride (DAB) substrate kit 

(Vector Laboratories, Inc., CA) for 5 minutes, then coun-
terstained with Mayer’s hematoxylin. The sections were 
rehydrated with stepwise increasing concentration of etha-
nol and mounted with per mount solution. The sections 
were observed under a light microscope (Nikon Ni-U, 
Japan).

IHC Scoring System
The result of immunohistochemistry staining of tumors in 
human tissue arrays were recorded as frequency and inten-
sity scores. Frequency scores were classified as 1+ if the 
positive staining area was less than 25%, 2+ for 25–50%, 
and 3+ if >50% area was stained. Intensity scores were 
classified as 0 for negative stain, 1 for weakly stained, 2 
for moderately stained, and 3 for strongly stained. Total 
scores were calculated by multiplying the frequency and 
intensity score in each case. The results were recorded as 
low expression if the total score was less than the median, 
high expression if the total score was more than the med-
ian, and negative expression for negative staining. 
Demonstrations of IHC staining in CCA tissue are shown 
in Figure 1.

Statistical Analysis
Determining the sample size for a prevalence in one popu-
lation was calculated by Daniel’s method formula with 
precision ±0.05 and expected prevalence 0.89. This pro-
vided a sample size of 165 cases for an expected data loss 
of 10%. Continuous data were reported as mean and 
standard deviation (SD). Categorical data were presented 
as percentages. Prevalence of IgG for OV were reported as 
percentages with 95% confidence interval (CI). Bivariate 
analysis by logistic regression were used for screening for 
candidate variables to be included in the initial model. All 
variables with a P-values of less than 0.2 were included in 
the full model, followed by a backward elimination pro-
cess as a model fitting strategy using a likelihood ratio test. 
The odds ratio (OR) with its 95% CI and P-value were 
obtained. Survival analysis by Kaplan-Meier methods 
were recorded as median survival time with 95% CI. 
Cox proportional hazard was used to estimate the use for 
estimating the median survival of CCA patients. Effect of 
factors on overall survival were estimated as hazard ratios 
(HR), it’s 95% CI and P-values were analyzed using the 
Cox-proportional hazards model. Statistical analyses were 
performed by using STATA version 14 (Stata Corp, 
College Station, TX)
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Results
Patients Characteristic and 
Histopathology
A total of 221 serum specimens from CCA patients who 
received treatment in the CARI from March 2005 to 
November 2017 were studied for OV IgG antibodies. Of 
these, 162 (73.3%, 95% CI=68.0–78.7) were positive for 
OV IgG antibodies. The mean age of patients was 59.8 
±8.9 years, and 138 (62.4%) were male. Histologically 
confirmed CCA was found in 98 (44.3%) specimens who 
had papillary carcinoma, 76 (34.4%) were tubular carci-
noma, 13 (5.9%) were combined papillotubular carcinoma, 
and 34 (15.4%) were non-specific adenocarcinoma and 
rare variants.

A total of 184 cases had available specimens for patho-
logical examination of tumor growth types, background 
liver, concomitant premalignant lesion, and histologic sub-
types (Table 1).

Mass forming tumor growth (MF) was found in 56 
(30.4%) cases, three (1.6%) cases had periductal infiltrate 
(PI), 44 (23.9%) intraductal (ID), and 81 (44.1%) had mix 
morphology which consisted of MF with ID (41, (22.3%), 
MF with PI (25, 13.6%), ID with PI (7, 3.8%), and eight 
(4.4%) had a combination of all growth types. Most of the 
patients had normal liver background, 28 (15.2%) had 

periductal fibrosis background, and only two patients had 
cirrhotic liver. IPNB were concomitant in 92 (50%) cases, 
while biliary intraepithelial neoplasia was found in only 
seven (3.8%) cases. One hundred and forty-four (78.3%) 
were large duct type, 38 (20.7%) were small duct type, and 
two (1%) cases had combined hepatocellular-cholangio-
carcinoma. There was no statistically significant difference 
in the proportion of histopathology characters between OV 
IgG positive and negative except for a greater proportion 
of ID growth type in the OV IgG negative group (Table 1).

HER2, PD-L1, and FGFR2 Expression
From all patients there were 153 cases that had tumor 
tissue available for IHC study, four cases were excluded 
to examine for FGFR2 and PD-L1 because of scanty 
tumor cells in the arrays. HER2 expression was negative 
in 59 (38.6%) cases, low expression was found in 37 
(24.2%), and high expression was found in 57 (37.2%) 
cases. PD-L1 expression was negative in 24 (16.1%) 
cases, low expression in 69 (46.3%), and high expression 
was found in 56 (37.6%) cases. FGFR2 expression was 
negative in 49 (32.9%), low expression in 56 (37.6%), and 
high expression in 44 (29.5%) cases. There was a higher 
proportion of HER2 expression in the OV IgG positive 
group, but no difference was found in PD-L1 and FGFR2 

Figure 1 Immunohistochemistry of CCA for HER2, PD-L1, and FGFR2 expression, magnification 40x.
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expression between the OV IgG positive and negative 
groups (Table 2).

The Correlation of Serum OV IgG 
Positive with Histopathologic Factors, 
HER2, PD-L1, and FGFR2 Expression in 
CCA
Bivariable analysis showed OV IgG positive cases were 
less likely to have pure intraductal growth type CCA 
with OR=0.42 (95% CI=0.20–0.84, P-value=0.01). 
Intraductal growth type, papillary type, and concomitant 
IPNB were included in multivariable logistic analysis 

due to P-value less than 0.2 from bivariable analysis. 
Intraductal growth type had a significant correlation 
with OV IgG with adjusted OR=0.42 (95% CI=0.18– 
0.95, P-value=0.04) (Table 3). OV IgG positive CCA 
had a higher chance of HER2 positive outcome from the 
IHC study with crude OR=2.24 (95% CI=1.10–4.54, P- 
value=0.02) When adjusted with PD-L1 and FGFR2, 
HER2 there was a significant correlation with OV IgG 
positive cases with adjusted OR=2.32 (95% CI=1.09– 
4.96, P-value=0.03) and HER2 high expression had a 
significant correlation with OV IgG with adjusted 
OR=2.50 (95% CI=1.06–5.89, P-value=0.04) (Table 4).

Table 1 Patient Characteristic and Histopathology

Overall IgG for OV Positive IgG for OV Negative Proportion Difference (95% CI)

Overall 221 162 (73.3%) 59 (26.7%)
Age* 59.8 (8.9) 60 (8.6) 59 (9.5)

Gender
Female 83 (37.6%) 57 (35.2%) 26 (44%)

Male 138 (62.4%) 105 (64.8%) 33 (56%) −8.8% (−23.5–5.8)

Location of tumor

Intrahepatic 147 (66.5%) 109 (67.3%) 38 (64.4%)
Extrahepatic 74 (33.5%) 53 (32.7%) 21 (35.6%) 2.9% (−11.3–17.0)

Cell type
Papillary and papillotubular 111 (50.2%) 77 (47.5%) 34 (57.6%) 10.1% (−4.7–24.8)

Tubular 76 (34.4%) 55 (34%) 21 (35.6%)

Other 34 (15.4%) 30 (18.5%) 4 (6.8%)

Tumor growth type 184** 128 56

Mass forming 56 (30.4%) 40 (31.3%) 16 (28.6%) −2.7% (−17-11.6)

Periductal infiltration 3 (1.6%) 3 (2.3%) 0 −2.3% (−4.9 −0.3)

Intraductal 44 (23.9%) 24 (18.8%) 20 (35.7%) 16.9% (2.7–31.2)

Mix 81 (44.1%) 61 (47.6%) 20 (35.7%) −11.9% (−27.2–3.3)

Background liver
Normal 154 (83.7%) 108 (84.4%) 46 (82.1%)

Cirrhosis 2 (1.1%) 0 2 (3.6%)

Periductal fibrosis 28 (15.2%) 20 (15.6%) 8 (14.3%) −1.3% (−12.5–9.8)

Concomitant premalignant

None 85 (46.2%) 63 (49.2%) 22 (39.3%)
BilIN 7 (3.8%) 5 (3.9%) 2 (3.6%)

IPNB 92 (50%) 60 (46.9%) 32 (57.1%) 10.2 (−5.3–25.8)

Histologic duct type

Large duct type 144 (78.3%) 98 (76.6%) 46 (82.1%) 5.5% (−6.8–18)

Small duct type 38 (20.7%) 28 (21.9%) 10 (17.9%)
Combine HCC-CCA 2 (1%) 2 (1.5%) 0

Notes: *Presented as mean (SD). **184 cases had slides or tissues available for pathological reviewed.
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Survival by Serum OV IgG, 
Histopathologic Factors, HER2, PD-L1, 
and FGFR2 Expression in CCA
Bivariable analysis showed CCA with OV IgG positive cases 
had a significantly poor prognosis with median survival time 
12.7 months (95% CI=9.2–16.0) with HR=1.73 (95% 
CI=1.23–2.43, P-value<0.01) compared to OV IgG negative 
(Figure 2). Histopathologic factors which had significant 
outcomes for survival were mass forming growth type 
(HR=2.50, 95% CI=1.77–3.51, P-value<0.01), intraductal 
growth type (HR=0.40, 95% CI=0.26–0.60, P-value<0.01), 
papillary type (HR=0.52, 95% CI=0.39–0.69, P-value<0.01), 
concomitant IPNB (HR=0.37, 95% CI=0.27–0.52, P- 
value<0.01), and large duct type (HR=0.40, 95% CI=0.28– 
0.58, P-value<0.01). HER2, PD-L1, and FGFR2 expression 
had no significant effect on survival outcome. Multivariable 
analysis showed only OV IgG positive and concomitant 
IPNB were significant prognostic factors with adjusted 
HR=1.66 (95% CI=1.13–2.43, P-value=0.01) and HR=0.48 
(95% CI=0.28–0.82, P-value=0.01), respectively (Table 5).

To assess the clinical significance of OV-associated 
CCA, OV IgG status were grouped according to correlated 
factors, intraductal growth type tumor, and HER2 expres-
sion. CCA with both HER2 and OV IgG positive cases had 
a median survival time of 13.4 months (95% CI=11.5– 
18.6), only one HER2 or OV IgG positive case had a 

survival time of 19.2 months (95% CI=13.2–29.2), while 
both HER2 and OV IgG were negative at 29.4 months. 
Both HER2 and OV IgG positive cases had significantly 
poor prognostic factors with HR=2.0 (95% CI=1.13–3.5, 
P-value=0.01) (Figure 3A and B). Pure intraductal type 
CCA with OV IgG negative cases showed the best median 
survival time of 102.8 months (95% CI could not be 
calculated due to the too low event rate), intraductal type 
with OV IgG positive and other types with OV IgG nega-
tive had median survival time of 22.3 months (95% 
CI=13.0–29.5). Non-intraductal type with OV IgG positive 
cases had a median survival time of 13.4 months (95% 
CI=9.2−6.8) and significantly poor prognostic factors with 
HR=3.65 (95% CI=1.89–7.04, P-value<0.01, Figure 4A 
and B).

Discussion
OV-associated CCA has been examined in many previous 
studies based on no clearly defined characterization cri-
teria. Results from our study propose criteria for OV- 
associated CCA based on CCA with positive IgG for OV. 
The majority of CCA in Thailand is associated with OV 
infection with Ov prevalence in some localities of more 
than 70%. A previous study of the prevalence of serum 
OV IgG in CCA patients was reported in 1994 in a study 
of serum IgG against crude somatic OV antigen in four 

Table 2 HER2, PD-L1, and FGFR2 Expression with IgG for OV

Overall IgG for OV Positive IgG for OV Negative Proportion Difference (95% CI)

HER 2 153 107 46

Negative 59 (38.6%) 35 (32.7%) 24 (52.2%)

Positive 94 (61.4%) 72 (67.3%) 22 (47.8%) −19.5% (−36.4 - −2.5)

Low expression 37 (24.2%) 28 (26.2%) 9 (19.6%)
High expression 57 (37.2%) 44 (41.1%) 13 (28.2%)

PD-L1 149 104 45

Negative 24 (16.1%) 15 (14.4%) 9 (20%)

Positive 125 (83.9%) 89 (85.6%) 36 (80%) −5.6% (−19.1–7.9)

Low expression 69 (46.3%) 49 (47.1%) 20 (44.4%)

High expression 56 (37.6%) 40 (38.5%) 16 (35.6%)

FGFR2 149 103 46

Negative 49 (32.9%) 34 (33%) 15 (32.6%)

Positive 100 (67.1%) 69 (67%) 31 (67.4%) 0.4% (−15.9–16.7)
Low expression 56 (37.6%) 39 (37.9%) 17 (37%)

High expression 44 (29.5%) 30 (29.1%) 14 (30.4%)
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groups of patients, namely, people from Thailand with 
CCA, or cholecystitis or accident trauma, and the control 
group who were healthy volunteers from Japan. Serum OV 
IgG levels were positive in 89% of patients in the CCA 
group, 69% in the cholecystitis group, and 42% in the 

accident victim group. No volunteers from the control 
group had serum OV IgG.15

The reduction of prevalence of OV-associated CCA 
can be explained by the decreasing levels of prevalence 
of OV infection. During the past 30 years in Thailand, 

Table 3 Histopathologic Factors Correlated with IgG for OV

Total Subjects 
(n)

IgG for OV Positive 
(%)

Crude OR (95% 
CI)

Adjusted OR (95% 
CI)

P- 
value

Location of tumor

Intrahepatic 147 109 (74.1%) 1

Extrahepatic 74 53 (71.6%) 0.88 (0.47–1.64) *

Tumor growth type

Mass forming 56 40 (71.4%) 1.14 (0.57–2.26)** *
Periductal infiltration 3 3 (100%) NA *

Intraductal 44 24 (54.5%) 0.42 (0.20–0.84)** 0.42 (0.18–0.95) 0.04
Mix 81 61 (75.3%) 1.64 (0.86–3.13)** *

Cell type
Non-papillary 110 85 (77.3%) 1 1

Papillary 111 77 (69.4%) 0.67 (0.37–1.22) 0.83 (0.35–1.95) 0.66

Background liver

No PDF 156 108 (69.2%) 1

PDF 28 20 (71.4%) 1.1 (0.46–2.7) *

Premalignant lesion

None 85 63 (74.1%) 1 1
BilIN 7 5 (71.4%) 0.87 (0.16–4.83) 0.83 (0.15–4.62) 0.83

IPNB 92 60 (65.2%) 0.65 (0.34–1.25) 1.08 (0.42–2.80) 0.86

Histologic duct type

Small duct type with combine HCC- 

CCA

40 30 (75%) 1

Large duct type 144 98 (68%) 1.4 (0.63–3.12) *

Notes: *Not included in multivariable analysis, **Compared to all other types. 
Abbreviation: NA, too small number to calculate.

Table 4 HER2, PD-L1 and FGFR2 Expression Correlated to IgG for OV

N %OV IgG Positive Crude OR (95% CI) Adjusted OR (95% CI) P-value

HER 2 153 107

Negative 59 35 (59.3%) 1 1

Positive 94 72 (76.6%) 2.24 (1.10–4.54) 2.32 (1.09–4.96) 0.03

PD-L1 149 104

Negative 24 15 (62.5%) 1 1
Positive 125 89 (71.2%) 1.48 (0.59–3.69) 1.36 (0.48–3.81) 0.56

FGFR2 149 103
Negative 49 34 (67.3%) 1 1

Positive 100 69 (69%) 0.98 (0.47–2.06) 0.70 (0.30–1.66) 0.43
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especially in the northeast region, there have been extre-
mely high levels of OV infection because of “raw atti-
tudes”, that is the eating of raw, partially cooked or 
fermented fresh water fish culture.16 In 1984, a study of 
1651 people in Khon Kaen province, northeast Thailand, 
showed that the prevalence of OV infection by stool ana-
lyses was extremely high, with prevalence as high as 
89.5% in all age groups and, alarmingly, 32% in children 
under 5 years.17 Since then, there have been many studies 
and specific projects to control OV infection in Thailand 
which have resulted in the decline of prevalence of OV 
infection in northeast Thailand to 15.7% in 200918 and 
10% in 2019, from a population based study.19

The decline in OV infection in northeast Thailand has 
resulted in a corresponding decrease of the incidence of 
CCA, especially in Khon Kaen province, as shown from a 
database study from the Khon Kaen cancer registry from 
1989 to 2013 showing a decreasing incidence rate of CCA 
since 2002 and a projected stabilization by 2025.20 This 
study provided the basis foundation for the hypothesis that 
OV-associated CCA is preventable and a curable cancer by 
preventing OV infection, appropriate treatment of infected 
patients, and early screening for CCA. Unfortunately, 
however, OV infection and OV-associated CCA still 
remain important health problems in other areas in 
Thailand as well as other countries of Southeast Asia. 
For instance, the prevalence of OV infection in many 
provinces in northeast Thailand remain very high, with 
some provinces having up to 60% prevalence, and 

prevalence in Laos PDR for example, has been recorded 
as 60–90%.18

Histological features of OV-associated CCA have been 
described in several studies. For instance, a study com-
pared CCA specimens from Khon Kaen, which were all 
labeled fluke-associated CCA, and archived CCA speci-
mens from Australia in 1993–1996 reported no difference 
in histological type or morphology, but liver fluke-asso-
ciated CCA had more P53 over-expression.21 Indirect evi-
dence of the correlation between OV and histological 
features was studied in 2018, where results showed a 
strong correlation of the history of frequently used prazi-
quantel and intrahepatic type CCA and a correlation of 
papillary type CCA with a history of praziquantel usage 
were also reported.22

Chronic inflammation in large and medium sized bile 
ducts is a risk factor for CCA arising from peribiliary 
gland which is classified as large duct type CCA. Large 
duct type is composed of mucin producing tall columnar 
cells in a glandular pattern or mucin producing papillary of 
tall columnar epithelium. Small duct type on the other 
hand, is composed of non-mucin low cuboidal columnar 
tumor and shared characters with hepatocellular 
carcinoma.23 Large duct type CCA is developed from 
two types of premalignant lesions consisting of IPNB 
and BilIN, whereas no detectable premalignant lesions 
have been found to be associated with small duct type 
tumors.9,24 In our study, large duct type CCA was identi-
fied by mucin producing papillary or tall columnar cells 

Figure 2 Survival of CCA by serum IgG for OV.
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and the presence of concomitant premalignant lesions 
without an IHC marker. The results showed that there 
was no difference in histological features or bile duct 
type between CCA with IgG for OV positive and negative 
groups. The exception being for IgG for OV positive 
groups which were significantly less likely to be pure 
intraductal growth type CCA. This, however, was not 

significant if intraductal growth combined with other 
types were included. Morphological and histological fea-
tures alone are unable to distinguish OV-associated CCA. 
Targeted IHC marker(s) should be used in combination 
with histological features for duct type, premalignant 
lesion to comprehensively examine the correlation of OV 
IgG status and CCA.

Table 5 Survival Analysis by OV IgG, Histologic Features, and Targeted Gene Expression

Variables N IRR MST, Months (95% CI) Crude HR (95% CI) Adjusted HR (95% CI) P-value

Overall 221 15.3 (12.5–17.4)

OV IgG 221

Negative 59 1 24.9 (15.3–35.7) 1 1
Positive 162 1.95 12.7 (9.2–16.0) 1.73 (1.23–2.43) 1.66 (1.13–2.43) 0.01

Growth type

MF 56 2.95 7.8 (3.8–11.7) 2.50 (1.77–3.51) 1.37 (0.77–2.47) 0.28

ID 44 0.33 41.5 (22.3-.)** 0.4 (0.26–0.6) 0.69 (0.43–1.12) 0.13
Mix 81 1.03 18.8 (15.8–25.6) 0.95 (0.7–1.31) *

Papillary type 111 0.44 22.8 (16.9–29.2) 0.52 (0.39–0.69) 1.19 (0.73–1.94) 0.48

Periductal fibrosis 28 0.60 19.2 (15.3–43.9) 0.66 (0.4–1.1) *

Concomitant IPNB 92 0.30 30.2 (22.8–43.9) 0.37 (0.27–0.52) 0.48 (0.28–0.82) 0.01

Small duct type 40 1 7.7 (3.3–9.2) 1 1

Large duct type 144 0.36 21.8 (16.9–27) 0.4 (0.28–0.58) 0.79 (0.46–1.36) 0.40

HER2 153

Negative 59 1 19.2 (12.6–40.6) 1

Positive 94 1.43 15.9 (12.7–21.8) 1.37 (0.94–1.98) *

PD-L1 149

Negative 24 1 25.6 (4.6–41.5) 1
Positive 125 0.99 16.9 (13.2–21.8) 1.0 (0.62–1.61) *

FGFR2 149
Negative 49 1 18.1 (11.1–40.6) 1

Positive 100 1.30 15.9 (12.8–22.3) 1.21 (0.83–1.77) *

HER2 and OV IgG 153

Both -ve 24 1 29.4 (5.8-.)** 1

HER2 or OV IgG +ve 57 1.49 19.2 (13.2–29.2) 1.4 (0.78–2.53) *

Both +ve 72 2.26 13.4 (11.5–18.6) 2.0 (1.13–3.5) *

ID and OV IgG 184

ID +ve, OV IgG -ve 20 1 102.8 (17.4-.)** 1

Both +ve or Both -ve 60 2.74 22.3 (13.0–29.5) 2.37 (1.19–4.7) *

ID -ve, OV IgG +ve 104 4.57 13.4 (9.2–16.8) 3.65 (1.89–7.04) *

Notes: *Not included in multivariable analysis, **Upper confidence limit cannot be determined due to small sample. 
Abbreviations: IRR, incidence rate ratio; MST, median survival time.
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HER2 has been shown to have a significant role in the 
cell proliferation process, therefore, cancer with high 
expression of HER2 has a poor prognosis such as in breast 
cancer and gastric cancer. A study has found that global 
HER2 expression in biliary tract cancer was 26.5%, and 
that HER2 amplification rate in the HER2 overexpression 
group was found to be 57.6%.25 Results from our study 
found that a high overall HER2 expression rate of 61.4%, 
especially in IgG for OV positive groups resulted in poor 
prognosis in OV-associated CCA. A limitation in our 
study, however, was that a test for HER2 amplification 
could not be performed. We suggest that therapeutic 

screening for HER2 expression and clinical prospective 
studies for targeted therapy should be conducted for OV- 
associated CCA because of a high rate of HER2 amplifica-
tion in the HER2 overexpression group.

PD-L1 ligands in tumor tissue have roles in the 
immune evading process and tumor expressed PD-L1 has 
a correlation with good responses in anti-PD-L1 immu-
notherapy. Results in our study found high overall PD-L1 
expression of 84% which corresponds with other studies 
that reported PD-L1 expression in CCA of between 70– 
94%,26,27 whereas many other studies have reported low 
expressions of PD-L1 in CCA of around 10%.28–30 These 

Figure 3 Survival of serum OV IgG positive with HER2 expression. (A) Survival by HER2 expression and (B) Survival by OV IgG combined with HER2 expression.
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variations of PD-L1 expression between studies may result 
from tumor biology and different antibody clones used in 
each study. Therefore, no standard protocol for diagnosis 
of PD-L1 expression and clinical study for immunotherapy 
in CCA exists and needs to be evaluated further. The 
FGFR inhibitor is a novel targeted therapy for CCA and, 
hence, FGFR expression screening may prove beneficial. 
Previous studies have reported overall FGFR2 expression 
of 65%31 which corresponds to level we found herein. 
However, it has been reported that the prevalence of high 
FGFR2 expression is low and there is extremely low 
FGFR2 fusion in fluke-associated CCA.32 Nonetheless, 
FGFR inhibitor therapy in OV-associated CCA requires 

more comprehensive studies to evaluate its potential use-
fulness as a targeted therapy.

The results in our study showed good prognosis in CCA 
with concomitant IPNB, which is consistent with previous 
studies that reported outcomes after resection of malignant 
IPNB which had 5 year survival rates of 47–68.8%.33,34 We 
found that the overall survival of IgG for OV-positive CCA 
cases was significantly poor compared to the negative group. 
This finding supports a previous study which reported that 
fluke-positive CCA had a different mutation pathways and 
poor prognosis in nature.10 The aggressiveness of CCA in 
IgG for OV positive cases may be explained by a chronic 
inflammatory response that induces cellular adaptation to 

Figure 4 Survival of serum OV IgG positive with intraductal growth type. (A) Survival by intraductal type and (B) Survival by OV IgG combined with intraductal type.
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oxidative stress, immune evasion and cellular proliferation. 
This hypothesis requires further detailed studies. A previous 
study has reported that HER2 overexpression is an indepen-
dent prognostic factor in CCA.35 However, in our study HER2 
expression alone did not affect survival outcome but, when 
combined with IgG for OV, HER2 expression in the OV 
IgG positive group had a significantly poor outcome. In the 
same way, combined non-intraductal type with IgG for OV 
positive cases also has poor outcomes, As OV-associated CCA 
is a very aggressive type of bile duct cancer with extremely 
poor survival outcomes, further comprehensive studies should 
be undertaken to determine which treatment strategies are 
effective against this type of CCA.

Conclusion
In summary, our study showed high prevalence of CCA 
with IgG for OV positive cases in Thailand which was 
associated with overexpression of HER2. Moreover, IgG 
for OV indicated poor survival of CCA patients. 
Therefore, prevention and eradication of OV infection is 
mandatory to enable a reduction of the current high levels 
of prevalence of OV-associated CCA, and clinical studies 
should be conducted on anti-HER2 and should focus on 
OV-associated CCA patients.
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