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Cholangiocarcinoma (CCA) is an aggressive cancer arising 
from epithelial cells of the bile duct. Most patients with CCA 
have an unresectable tumor at the time of diagnosis. In 
Western countries, the risk of CCA increases in patients with 
primary sclerosing cholangitis, whereas liver fluke infection 
appears to be the major risk factor for CCA in Asian coun-
tries. A diagnosis of liver fluke infection often relies on stool 
samples, including microscopic examination, polymerase 
chain reaction-based assays, and fluke antigen detection. 
Tests of serum, saliva and urine samples are also potentially 
diagnostic. The presence of liver fluke along with exogenous 
carcinogens magnifies the risk of CCA in people living in en-
demic areas. The “liver fluke-cholangiocarcinoma” carcino-
genesis pathways consist of mechanical damage to the bile 
duct epithelium, immunopathologic and cellular reactions to 
the liver fluke’s antigens and excretory/secretory products, 
liver fluke-induced changes in the biliary tract microbiome 
and the effects of repeated treatment for liver fluke. A vac-
cine and novel biomarkers are needed for the primary and 
secondary prevention of CCA in endemic areas. Importantly, 
climate change exerts an effect on vector-borne parasitic dis-
eases, and awareness of liver fluke should be enhanced in 
potentially migrated habitat areas. (Gut Liver 2018;12:236-
245)
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INTRODUCTION

Cholangiocarcinoma (CCA) is a catastrophic malignant neo-
plasm of the bile duct. In Western countries, the risk of CCA in-
creases in patients with primary sclerosing cholangitis, whereas 
liver fluke infection appears to be the major risk factor for CCA 

in Asian countries.

BILE DUCT CANCER (CHOLANGIOCARCINOMA)

1. Clinical presentations

CCA, the second most common primary liver cancers, is an 
aggressive cancer arising from malignant transformation of bili-
ary epithelial cells.1 Globally, CCA accounts for approximately 
10% to 20% of primary liver cancers.2 Based on anatomical 
structures, CCA is divided into two subtypes: extrahepatic and 
intrahepatic, which accounts for approximately 75% and 25% 
of all cases, respectively.3 Extrahepatic CCA can be further clas-
sified into perihilar, middle, and distal, depending on the loca-
tions of the tumor.4,5 The perihilar CCA is further categorized 
according to the Bismuth-Corlette classification as addressed 
in the literature.6 The clinical presentations of CCA range from 
nonspecific symptoms to signs related to late stages of disease. 
Anatomical subtypes of CCA may affect clinical presentations 
of patients. Extrahepatic CCA often presents with signs of bile 
duct obstruction such as painless jaundice, pruritus, pale stools 
and dark urine. Intrahepatic CCA commonly presents with non-
specific symptoms such as fatigue, abdominal pain, liver mass, 
and weight loss. Nevertheless, some asymptomatic patients with 
CCA are incidentally diagnosed by imaging studies during a 
routine health check-up. Most CCA cases presented as unresect-
able tumor with stage III or stage IV at the time of diagnosis.3 
Therefore, CCA is unfortunately associated with poor prognosis 
and unfavorable treatment outcomes.5

2. Risk factors

Due to differences in risk factors and genetics in various 
regions, the incidence rates of CCA vary geographically. The 
highest incidence rates are documented in sub-Saharan Af-
rica, Eastern and South-Eastern Asia.7 In Eastern and South-
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Eastern Asia, the incidence of CCA is relatively low in Korea 
and Japan whereas the incidence rate of CCA in Thailand is 
extremely high with age-standardized incidence rates of 33.4 
per 100,000 in men and 12.3 per 100,000 in women.7 Known 
risk factors are established among a minority of patients with 
CCA (Table 1).5 In Western countries, the risk of CCA increases 
in patients with primary sclerosing cholangitis whereas liver 
fluke infection (Opisthorchis viverrini, Clonorchis sinensis, and 
Schistosomiasis japonica) appears to be the major risk factor of 
CCA in Asian countries.5,7-9 Exposure to toxic compounds such 
as Thorotrast has also been related to an increased risk of CCA.9 
Further, previous series showed several diseases associated with 
the development of CCA including hepatitis B and C infection, 
cirrhosis, obesity and diabetes mellitus.9 In Thailand, the high-
est percentage of CCA was observed in the north-eastern part 
where the highest prevalence of O. viverrini was reported in this 
country.7,10 Based on the World Health Organization (WHO), O. 
viverrini has also been addressed as class I carcinogen.11

LIVER FLUKE

1. The life cycle

O. viverrini and the related liver fluke C. sinensis, food-borne 
trematodes, have similar life cycles which starts when humans 
and other fish-eating mammals,12 the definitive hosts, passed 
eggs through their feces into the environment. When eggs reach 
freshwater, they hatch and the miracidia infect their first inter-
mediate host, a freshwater snail (Bithynia spp. or Parafossarulus 
spp.),13 where they transform into sporocysts, rediae, and cer-
cariae. Cercariae escape from the snail and penetrate freshwater 
fish (Cyclocheilichthys spp., Puntius spp., Hampala dispar),14 
which are the second intermediate host. The cercariae encyst 
as metacercariae in the muscles or under the scales which can 
infect humans by eating raw or undercooked cyprinoid fish 
products.15 The metacercariae reach human small intestine un-
harmed and migrate through the ampulla of Vater, they reach 
and inhabit in the bile ducts, where they eventually mature into 

adult worms within 4 weeks and deposit yellow, operculated 
eggs. The parasites may live for up to 25 years in human body.16

2. Geographical distribution

The global estimate of the number of people infected with 
liver fluke is 45 million: 35 million with C. sinensis (15 million 
in China) and 10 million with O. viverrini (8 million in Thai-
land).17-20 As many as 700 million people worldwide are at risk 
of infection by the liver flukes. Both infections are endemic in 
the Far East, Southeast Asia, and Eastern Europe. C. sinensis is 
endemic in northeast China, southern Korea, Japan, Taiwan, 
northern Vietnam, and the far eastern part of Russia, whereas O. 
viverrini is endemic in Southeast Asia countries, including Laos, 
Cambodia, Thailand, Vietnam, and with some reported cases in 
Malaysia, Singapore and the Philippines.

DIAGNOSTIC TEST FOR LIVER FLUKE INFECTION

1. Stool specimen

The microscopic method of flukes’ eggs detection in stool is 
typically used as a diagnostic test because of its availability and 
inexpensiveness. However, burden of disease does affect the 
accuracy of the test. The lower burden of fluke, the lower sensi-
tivity of stool parasitological test.21 In addition, liver fluke and 
other intestinal flukes infections can be superimposed and their 
eggs (Opisthorchis-like eggs) could be difficult to be microscopi-
cally differentiated.22-24

The polymerase chain reaction (PCR)-based method for detec-
tion of liver fluke’s genetic materials in stool could diagnose 
opisthorchiasis in 28.6% to 76.6% of cases in which stool mi-
croscopic examinations were negative.25-27 Moreover, PCR-based 
method could be used to differentiate O. viverrini from other 
Opisthorchis-like eggs.28-30 As compared to purge results, PCR 
test of O. viverrini had sensitivities of 93.7%.31 However, the 
PCR-based test could be falsely negative due to the presence of 
PCR inhibitor in stool.25-27 A deoxyribonucleic acid (DNA) ex-
traction protocol using cetyltrimethylammonium bromide to re-
move inhibitors had been used to optimize the sensitivity.25 The 
sensitivity of PCR-based stool test, which was found to be as 
low as one-half in the specimens containing less than 200 eggs 
per gram of feces, also depended on the intensity of O. viverrini 
infection.32

In addition to liver fluke’s genetic material, the O. viverrini 
antigens could also be discovered in stool (coproantigen). The 
detection of O. viverrini cathepsin F by a sandwich enzyme-
linked immunosorbent assay (ELISA) assay yielded a sensitivity 
and a specificity of 93.3% and 78.5%, respectively, in a hamster 
model study.33 A monoclonal antibody-based ELISA (Mab-ELI-
SA) could also be used to detect O. viverrini metabolic antigen 
in feces.34 The sensitivity and specificity of trichloroacetic acid 
(TCA)-based Mab-ELISA were 97.9% and 54.2%, respectively. 
The TCA-based Mab-ELISA were positive in about a half of 

Table 1. Risk Factors in Patients Presenting with Cholangiocarcinoma9

Established risk factor Possible risk factor

Liver flukes infection Hepatitis B, C and cirrhosis

    Opisthorchis viverrini

    Clonorchis sinensis

    Schistosomiasis japonica

Primary sclerosing cholangitis Diabetes

Hepatolithiasis Obesity

Toxic agents Alcohol

Bile duct cyst Smoking

    Caroli’s disease

    Choledochal cyst
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specimens which were negative for egg detection.35

2. Other specimens (serum, urine, saliva)

The circulating liver fluke’s antigens could be found in hu-
man serum and could be used as a diagnostic tool for liver fluke 
infection.36 O. viverrini excretory/secretory products (OvESP) 
were also detected in urine. The sensitivity and specificity of the 
urine OvESP assay were 81% and 70%, respectively, when com-
pared to the stool examination with a formalin-ether concentra-
tion technique.37

Detection of liver fluke’s specific antibodies in serum, saliva 
and urine could be performed.33,38,39 However, a presence of the 
antibody could not be used to distinguish between a past and a 
current infection.

THE CURRENT TREATMENT OF LIVER FLUKE INFECTION

Praziquantel is a drug of choice for treatment of fluke infec-
tion including opisthorchiasis and clonorchiasis. The standard 
dose of praziquantel is 75 mg/kg in three divided doses for 1 
day, which results in an egg reduction rate of 98% to 99% for 
both O. viverrini and C. sinensis infection.40 The adverse events 
of praziquantel treatment, such as dizziness, headache, and nau-
sea, are uncommon.

Several novel agents for treatment of liver fluke have been re-
cently proposed. Tribendimidine is one of the promising agents. 
Tribendimidine is an amidantel derivative which possesses 
activities against not only liver fluke but also some intestinal 
roundworm such as hookworms, ascariasis and enterobiasis.41,42 
Patients in endemic areas with co-infection of liver fluke and 
roundworms would benefit from the broad-spectrum coverage 
of tribendimidine. The egg reduction rate of a 400-mg single 
dose tribendimidine treatment against both O. viverrini41,43 and 
C. sinensis44 was 98% to 99%, which was comparable to that of 
praziquantel but with less adverse effects. The most common 
adverse effects of tribendimidine were dizziness, vertigo, head-
ache, nausea, and fatigue.43,44

LIVER FLUKE-ASSOCIATED CARCINOGENESIS OF BILE 
DUCT CANCER

O. viverrini-related CCA possesses distinct signatures of ge-
netics, epigenetics and transcriptional profiles comparing to 
non-O. viverrini-related CCA.45 Some major pathways that link 
liver fluke to the development of CCA have been proposed.46 
However, many promising pathways are continuously emerg-
ing from novel “omics” technologies such as proteomics,47 
genomics48 and miRNAomics.49,50 The combination of these 
mechanisms and exogenous carcinogens such as nitrosamines 
in fermented fish and pork magnify risk of CCA in people living 
in endemic areas.

1. Mechanical damage

Bile duct epitheliums could be physically injured by liver 
flukes’ suckers that cling to the bile duct wall, particularly to the 
medium- and large-sized bile ducts, causing bile duct ulcers. In 
addition, the flukes’ eggs could be ensnared into those ulcers 
inducing a granulomatous inflammation of the periductal tis-
sue (Fig. 1).51 In case of C. sinensis, of which the size is larger 
than O. viverrini, the fluke causes a partial bile duct obstruction 
resulting in bile stasis and an increase in biliary pressure, due to 
the relatively large size of the fluke as compared to human bile 
duct.52 These repeated circles of ulceration, inflammation and 
healing process eventually result in DNA damage and the devel-
opment of CCA.

2. Immunopathology

On top of the physical damage from the flukes, human im-
mune reaction to the parasites causing more damage to its 
biliary epithelium (Fig. 2). There are a number of immune 
mechanisms to O. viverrini infection including the fluke-specific 
IgG53 and non-fluke specific immune response. One of the most 
important inflammatory cytokines is interleukin-6 (IL-6). The 
high level of circulating plasma IL-6 is associated with the de-
gree of advanced periductal fibrosis from chronic O. viverrini 
infection but not with the infection with O. viverrini itself.54 In 
endemic areas of liver fluke infection, the higher plasma IL-6 
level, the greater risk of developing advanced periductal fibrosis 
and CCA.54,55 IL-6 can also promote CCA cell line proliferation 
by activation of human progranulin expression.56

The mechanisms by which O. viverrini induces host immune 
response have been demonstrated in normal immortalized hu-
man cholangiocyte cell line (H69) and human CCA cell line 
(KKU-100, KKU-M156) studies. The OvESP were endocytosed 
readily by normal cholangiocyte cells and induced prolifera-
tion of both normal cholangiocytes and CCA cells.57 The OvESP 
also induced inflammatory cascade by upregulation of Toll-like 
receptors (TLR) 4, activation of nuclear factor-B (NF-B) and 
expression and secretion of both IL-6 and IL-8. After activation 
of NF-B, the inducible nitric oxide synthase (iNOS) and cyclo-

Bile duct epithelium

Partial bile duct
obstruction

Eggs entrapped in ulcer
causing granulomatous

inflammation

Fluke's suckers
causing an ulcer

Fig. 1. Mechanical damage to the bile duct epithelium caused by liver 
fluke.
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oxygenase-2 (COX-2) are stimulated.58 Although iNOS is benefi-
cial as a host defense mechanism against liver fluke infection, 
the excessive iNOS formation could lead to oxidative stress and 
DNA damage, which play an important role in cholangiocar-
cinogenesis.59

In a macrophage cell line (RAW 264.7) study, a crude O. 
viverrini antigen induced the expression of TLR2, NF-B, 
iNOS and COX-2 in a dose-dependent manner.60 In vivo study 
showed that O. viverrini antigens were found initially in the bil-
iary epitheliums of the intrahepatic and extrahepatic bile ducts. 
Eventually, the antigens outspreaded into biliary epitheliums of 
small bile ducts, hepatocytes, Kupffer cells, macrophages, and 
cells within the egg granuloma. The antigens generated intense 
inflammatory cells infiltration, particularly those with mono-
nuclear cells.61

Regarding C. sinensis infection, a mouse model study showed 
that C. sinensis infection upregulated the transcription of TLR2 
and TLR4 in endothelial cells, fibroblasts, and biliary epithelium 
cells resulting in an increase of levels of IL-4, IL-10, tumor ne-
crosis factor  (TNF-) and interferon .62 In the affected tissues, 
there was intense immunoreactivity of lipid peroxidation prod-
ucts. The time-dependently histopathological changes consisted 
of bile duct epithelial hyperplasia, periductal fibrosis, edema and 
inflammatory infiltration in infected mice livers. The serum pro-
inflammatory cytokines such as TNF-, IL-1 and IL-6 were 
also upregulated.63

In a human hepatic stellate cell line (LX-2) study, C. sinensis 
ferritin heavy chain, a component of C. sinensis excretory/secre-
tory products (CsESP), increased the production of free radicals 

resulting in activation of NF-B signaling pathway. Correspond-
ingly, the expressions of pro-inflammatory cytokines such as 
IL-1 and IL-6 were upregulated through NF-B activation.64,65 
In a human CCA cell line (HuCCT1) study, CsESP induced the 
production of intracellular free radicals through upregulation of 
TLR signaling transduction.66 In summary, these immunopatho-
logic mechanisms contribute to CCA development by generating 
an intense inflammation, advanced periductal fibrosis, and DNA 
damage.

3. Parasites’ excretory/secretory products-induced cells 
proliferation

The parasite excretory/secretory products not only triggered 
immune-mediated inflammation, but also played many other 
roles in the carcinogenesis of CCA (Figs 2 and 3).67 In a murine 
fibroblast cell line (NIH-3T3) studies, OvESP promoted cells 
proliferation68 and upregulated genes expression in several 
pathways, particularly those involving in epidermal growth fac-
tor and transforming growth factor  pathways.69 Data from a 
proteomic study investigating the entire proteins in OvESP dem-
onstrated that OvESP was a complex blend of proteins associ-
ated with cancers, such as granulin, thioredoxin and cystatin. 
Moreover, many identified surface proteins had no homologues 
in the public databases yet.70 A recent proteomic study of im-
mediate intracellular changes of normal immortalized human 
cholangiocyte cell line (H69) and human colon cancer cell line 
(CaCo-2) after incubated with OvESP had shown the molecular 
mechanisms by which OvESP products interacted with host 
cells. Kyoto Encyclopedia of Genes and Genomes pathways 
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tion.
ESP, excretory/secretory products; 
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ribonucleic acid; ER, endoplasmic 
reticulum.



240  Gut and Liver, Vol. 12, No. 3, May 2018

analysis identified glycolysis/gluconeogenesis and protein pro-
cessing in the endoplasmic reticulum as two major differentially 
induced pathways in H69 cells compared to CaCo-2 cells. Simi-
larly, in the Reactome pathways analysis, the processes related 
to the apoptotic execution phase and apoptosis were enriched in 
H69 cells after incubation with OvESP.47

Among various components of OvESP, O. viverrini glutathi-
one S-transferase (OvGST) was identified. OvGST had a dose-de-
pendent proliferative effect on murine fibroblasts (NIH-3T3) and 
non-tumorigenic human bile duct epithelial cells (MMNK1).71

O. viverrini granulin (Ov-GRN-1), a homologue of human 
granulin, was one of the major growth factors in OvESP. Ov-
GRN-1 promoted wound healing at and around the feeding site, 
which attenuated the host bile duct injury caused by parasites. 
However, the cells proliferation effect of Ov-GRN-1 also in-
creased the risk of CCA. In vitro study reported that Ov-GRN-1 
stimulated proliferation of murine fibroblasts (NIH-3T3) and a 
human CCA cell line (KKU-100).72,73 Additionally, suppression of 
Ov-GRN-1 expression by RNA interference reduced the survival 
of the fluke and the capacity of OvESP to induce proliferation of 
both human cholangiocyte cell line (H69) and human CCA cell 
line (KKU-M214). These findings emphasized the importance of 
Ov-GRN-1 in liver fluke survival and its role in carcinogenesis.74

O. viverrini thioredoxin (Ov-Trx-1) was detected in OvESP 
and in the infected biliary epitheliums. Ov-Trx-1 is an inflam-
mation-inducible oxidoreductase enzyme acting as one of the 
flukes’ defense mechanisms against an oxidative damage caused 
by a human immune response.75 Moreover, Ov-Trx-1 could pro-
mote cells and tissue growth. In an immortalized human chol-
angiocyte cell line (H69) study, Ov-Trx-1 inhibited oxidative 
stress-induced apoptosis of bile duct epithelial cells, which may 
play a role in carcinogenesis of CCA.76

A study of C. sinensis showed that CsESP upregulated a num-

ber of genes involving in carcinogenesis; and downregulated 
several apoptosis-inducing genes in the human CCA cell line 
(HuCCT1).77 A study in HuCCT1 cell line found that CsESP in-
creased proliferation of CCA cells and induced the expression of 
COX-2. Cells pretreated with CsESP were resistant to partheno-
lide, an anti-inflammatory and anti-cancer agent that induces 
apoptosis of CCA cells.78 An in vitro study of human embryonic 
kidney epithelial cell line (HEK293) showed that CsESP stimu-
lated cell proliferation by inducing E2F transcription factor 1 
(E2F1) expression.79 The CsESP upregulated a number of mi-
croRNAs regulating cell proliferation and downregulated tumor 
suppressor microRNAs in both human CCA cell line (HuCCT1) 
and normal cholangiocyte cell line (H69) which may play a role 
in carcinogenesis.80

4. Changes in biliary tract microbiome

In vivo data demonstrated the significant differences in the 
microbiota within biliary system and feces of O. viverrini-in-
fected Syrian hamsters as compared to those of uninfected con-
trols.81 The unique microbiome profiles in the bile duct of the 
infected host influenced tissue microenvironment and contribut-
ed to cancer (Fig. 3).82 Data from a metagenomic study showed 
that chronic liver fluke infection augmented bacterial diversity 
in the liver. Helicobacter pylori were also identified in the liver 
of the chronic O. viverrini-infected hamsters but not in those of 
uninfected controls.82 O. viverrini was believed to be a residence 
of Helicobacter species, and both O. viverrini and H. pylori may 
potentially form an obligatory mutualism alliance.83 H. pylori, 
a group 1 carcinogen by International Agency for Research on 
Cancer (IARC), could contribute to O. viverrini-associated CCA 
by intensifying the degree of inflammation and proliferation of 
the biliary epitheliums.84,85 A hamster model study showed that 
co-infection of O. viverrini and H. pylori increased the degree of 
pathological abnormality, including periductal fibrosis, cholan-
gitis and bile duct hyperplasia, and the mRNA expression levels 
of IL-1, IL-6 and TNF-.86

5. Posttreatment effect

A treatment with praziquantel reduced iNOS-dependent DNA 
damage in O. viverrini-infected hamsters by decreased expres-
sion of NF-B and iNOS in the bile duct epitheliums.87 However, 
the treatment caused a short-term adverse effect due to a sudden 
release of O. viverrini antigens exposing to host immune system 
resulting in a surge of oxidative and nitrative stress (Fig. 4).88 
In endemic area, re-infection with liver fluke frequently follow 
a successful treatment. Thus, a repeating circuit of re-infection 
and re-treatment could possibly be harmful and can be a part 
of cholangiocarcinogenesis.89 However, this hypothesis was not 
confirmed by a recent study in hamster model with three cycles 
of O. viverrini infection and treatment with praziquantel.90 In 
summary, the role of repeated treatment on carcinogenesis of 
CCA remains controversial.

Bile duct epithelium

Fluke's antigens
excretory/secretory products

H. pylori
Unique microbiomes

Proliferation Periductal inflammation and fibrosis

Altered tissue
microenvironment

enhanced inflammation

Altered tissue
microenvironment

enhanced inflammation

Altered tissue
microenvironment

enhanced inflammation

Fig. 3. Cellular reactions to liver fluke antigens, excretory/secretory 
products and changes in the biliary tract microbiome.
H. pylori, Helicobacter pylori.
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FUTURE TREND

1. Novel biomarkers

Recent miRNAomic studies demonstrated the characteristic 
patterns of miRNA profiles in tissue and in matched plasma in 
different subtypes of O. viverrini-induced intrahepatic CCA.49,50 
These data pave the way for researchers to better understand 
mechanisms by which O. viverrini initiates cholangiocar-
cinogenesis. Moreover, the miRNAs are potentially valuable 
biomarkers that could help as a predictive, diagnostic and prog-
nostic factors of O. viverrini infection and O. viverrini-related 
CCA.50

2. Vaccine

In addition to a miRNAomic data, a genomic and transcrip-
tomic study of O. viverrini had illustrated the survival mecha-
nisms of the flukes within the bile duct and how they modulate 
host cell responses.48 Additional fundamental data are needed to 
unfold the liver fluke vaccine development. Vaccination against 
liver fluke for people living in endemic areas could potentially 
reduce the risk of liver fluke-related CCA.10

3. Climate change

Climate change causes an increasing in our planet tem-
perature continuously. The increasing temperature has a huge 
effect on vector-borne parasitic diseases. The habitat of the 
fluke could move northward and southward where are getting 
warmer while the current habitat around the equator line would 
be too hot to flourish.91 Because of a close association between 
opisthorchiasis and leptospirosis, the awareness of both diseases 
should be raised in the potentially migrated habitat area.92 The 
level of precipitation, the change in flowing river and the man-
made water reservoirs could also affect the habitat of fishes 
and snails, which could inevitably affect the prevalence of liver 
fluke.93,94

4. Public health policy to control liver flukes and impact on 
prevention of CCA

Habit of eating undercooked fish and poor sanitation among 
people in endemic area facilitate the uninterrupted cycle of O. 
viverrini infection. In spite of available treatment with praziqu-
antel, the prevalence of O. viverrini is still high as re-infection 
occurs frequently after treatment. A combination of intensive 
health education, sanitation improvement, mass stool examina-
tion and anthelmintic therapy could be the best way to combat 
with liver fluke infection which would also result in a decrease 
of the prevalence of CCA.7,10,95 The health education should 
be both school-based and community-based and is consist-
ing mainly of personal hygiene, especially defecation, and safe 
cooking. The key to a successful and sustainable control of liver 
flukes is to have both community along with multi-stakeholder 
participations.96,97

Not only a liver fluke preventive strategy is necessary but a 
CCA surveillance program should also be performed by ultraso-
nography,84,85 which has a potential to detect, hopefully early, 
CCA in endemic areas. To date, the benefit of this strategy is still 
doubtful since is impractical to convince those asymptomatic 
patients with periductal fibrosis to undergo for liver resection. 
Moreover, If the detected CCA is at the stage that not amenable 
for R0 resection, this strategy would cause a lead-time bias. 
Then, the more reliable novel biomarkers to detect early CCA 
are the next hope as the currently available markers provide 
unsatisfied sensitivity and specificity. 

CONCLUSIONS

CCA is an aggressive cancer arising from epithelial cells of 
the bile duct. Most patients with CCA had unresectable tumor at 
the time of diagnosis. In Western countries, the risk of CCA in-
creases in patients with primary sclerosing cholangitis whereas 
liver fluke infection appears to be the major risk factor of CCA 
in Asian countries. A diagnosis of liver fluke infection often 
relies on use of stool sample, including microscopic examina-
tion, PCR-based assay, and fluke’s antigen detection. Tests of 
serum, saliva and urine sample are also potentially diagnostic. 
The presence of liver fluke, in concert with exogenous carcino-
gens, magnifies risk of CCA in people living in endemic areas. 
The “liver fluke-cholangiocarcinoma” carcinogenesis pathways 
are consisting of mechanical damages to bile duct epithelium, 
immunopathologic and cellular reaction to liver fluke’s antigens 
and excretory/secretory products, liver fluke-induced changes 
in biliary tract microbiome and effect of repeated treatment of 
liver fluke. Vaccine and novel biomarker are needed for pri-
mary and secondary prevention of CCA in endemic area of liver 
fluke. Finally yet importantly, climate change does have effect 
on vector-borne parasitic diseases. The awareness of liver fluke 
should also be raised in the potentially migrated habitat area.

Bile duct epithelium

Exogenous carcinogen
Excretory/secretory products

growth factors

Repeated treatment

DNA damages
Surge of oxidative
and nitrative stress

Cholangiocarcinoma

Fig. 4. The cooperation of liver fluke infection, liver fluke treatment, and 
exogenous carcinogens in the carcinogenesis of cholangiocarcinoma.
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