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Background: Infection with liver ¯ukes has been reported to be associated with bile duct malignancy.

Methods: The review is based on a literature search (Medline) and, in some cases, direct contact with

authors or principal investigators.

Results: A large body of evidence indicates that Opisthorchis viverrini is a de®nite cause of human

cholangiocarcinoma, whereas Clonorchis sinensis is a probable cause. The evidence regarding

Opisthorchis felineus is insuf®cient to assess its role in carcinogenesis. Possible mechanisms of

carcinogenesis include chronic irritation, nitric oxide formation, intrinsic nitrosation and activation of

drug-metabolizing enzymes. Early detection of bile duct malignancy is dif®cult and not clinically

available at present, although cholangiocarcinoma-associated soluble antigen has been reported in an

experimental study to be a useful early marker of cancer development. Long-term survival after surgical

treatment of liver ¯uke-associated cancer is similar to that reported in patients without liver ¯uke

infestation.

Conclusion: Liver ¯uke-associated cholangiocarcinoma is still a health problem in developing countries.

Mechanisms of carcinogenesis should be explored further in order to reduce the impact of this disease.
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Extent of the problem

According to the 1994 report of the World Health
Organization and the International Agency for Research
on Cancer (IARC) meeting1,2, crude estimation of the
global number of liver ¯uke infestations is of the order of 17
million, comprising 9 million with Opisthorchis viverrini, 7
million with Clonorchis sinensis and 1´5 million with
Opisthorchis felineus. O. viverrini infestation is found
predominantly in Thailand, Laos and Cambodia, whereas
C. sinensis is endemic in southern China, Korea, Taiwan and
Vietnam. O. felineus is endemic in western Siberia,
Kazakhstan, Ukraine and parts of eastern Europe. Recent
recovery of O. felineus from cyprinoid ®sh and cats in
Germany indicates the persistent existence of the ¯uke in
Europe3.

Association between liver ¯uke and
cholangiocarcinoma: clinical studies

Evidence of association between O. viverrini and bile duct
malignancy has emerged from several studies, including
hospital-based case series, population-based ecological
studies that correlated the incidence of cancer with
prevalence of infestation in various geographical areas,

and a few case±control studies. The ®rst large case series was
reported from Siriraj Hospital, Mahidol University, in
Bangkok4. The authors analysed 9694 autopsies performed
between 1954 and 1965, and 1301 liver biopsies obtained
between 1960 and 1962. An unusually high incidence of
cholangiocarcinoma was observed in both the autopsy and
biopsy materials taken from patients with O. viverrini
infestation. The ratio between hepatocellular carcinoma
and cholangiocarcinoma in autopsies without opisthorch-
iasis was 8 : 1, whereas the ratio was reversed among those
with liver ¯uke infestation. Similarly, the ratio of these two
malignancies in biopsies was 5 : 1 in non-infected patients
and 1 : 2 in the presence of the ¯uke.

A nationwide survey of liver pathology in Thailand by
Bunyaratvej and colleagues, who examined 3305 biopsy
specimens collected between 1974 and 1978, also demon-
strated a high incidence of cholangiocarcinoma in associa-
tion with opisthorchiasis in the north-east of Thailand5.
More than two-thirds of the patients were male, and the
mean age at diagnosis of cholangiocarcinoma was
48´8 years in males and 48´1 years in females. The results
of this study were later con®rmed by Srivatanakul et al.6,
who showed that the incidence of cholangiocarcinoma was
almost twice that of hepatocellular carcinoma in endemic
areas of O. viverrini in the north-east of the country, and the
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incidence in males was 2´4 times that in females. Subsequent
study found that the highest proportional incidence rate of
cholangiocarcinoma was in the north-eastern region, where
the prevalence of O. viverrini infestation was also highest7.

In a population-based study in a ¯uke-endemic area, the
age-standardized incidence rates for the year 1988 were
89´2 per 100 000 in males and 35´5 per 100 000 in females ±
the highest rates of cholangiocarcinoma in the world.
Moreover, the tumour burden appeared to correspond with
the intensity of O. viverrini infestation8. Studying in the
same year and in the same region by using hospital-based
data, Green et al.9 estimated the age-standardized incidence
rates of cholangiocarcinoma to be 135´4 and 40´0 per
100 000 in males and females respectively. The truncated
standardized incidence rates (in those aged 35±64 years
only) were 334´2 per 100 000 in males and 104´3 per
100 000 in females. Parkin and colleagues10 performed a
case±control study of 103 patients in comparison with
controls matched by age and sex. They found that O.
viverrini infection increased the risk of cholangiocarcinoma
®vefold, and that males carried a higher risk than females.
They estimated that two-thirds of cases of cholangiocarci-
noma in Thailand were caused by O. viverrini infestation.

In a longitudinal study of clinical, laboratory and
hepatobiliary ultrasonography of 913 voluntary subjects
infected with O. viverrini, treatment with the antihelminthic
drug praziquantel signi®cantly improved clinical symptoms
and ultrasonographic changes11. A study in Syrian ham-
sters, however, showed that removal of the parasite load in
itself might not be suf®cient to block the development of
cholangiocarcinoma, particularly if the ¯uke had already
caused signi®cant and permanent changes in the biliary
system12. There are no concrete data available to con®rm
the bene®t of ¯uke eradication in terms of reducing cancer
death.

An association between C. sinensis and cholangiocarci-
noma was ®rst made by Katsurada in Japan, just over a
century ago13. Although interest in the relationship
between the ¯uke and the cancer was initially stimulated
by a series of reports by Hou in Hong Kong14±16, the disease
is uncommon in Hong Kong today. By contrast, clonorch-
iasis-associated cholangiocarcinoma is still a problem in
Korea. In Pusan, an area with extremely high prevalence of
C. sinensis, the ¯uke increased the risk of cholangiocarci-
noma sixfold17. More recently, a case±control study18 in the
same area showed that identi®cation of C. sinensis in the
stool was signi®cantly associated with cholangiocarcinoma,
with a relative risk of 2´7. Cases of cholangiocarcinoma
associated with C. sinensis have also been reported among
Asian immigrants to the USA19,20.

There are several case reports or case series of cholangio-
carcinoma in patients with O. felineus infestation21±23, but

fewer than a handful of systematic studies have been
conducted to identify the actual relationship between the
two conditions1.

Association between liver ¯uke and
cholangiocarcinoma: experimental studies

An experimental model successfully demonstrating an
association between liver ¯uke and cholangiocarcinoma
was obtained using a combination of liver ¯uke infestation
and continuous administration of a hepatocarcinogen in the
drinking water or the basal diet of hamsters. Examples are
dimethylnitrosamine (DMN) in the drinking water for
10 weeks plus O. viverrini24,25; DMN in drinking water for
8 weeks plus C. sinensis26; 0´03 per cent N-2-¯uorenyl-
acetamide in the basal diet for 40 weeks plus C. sinensis27.
In hamsters receiving DMN (0´0025 per cent in drinking
water) and 100 metacercariae of O. viverrini, more than
50 per cent of the hepatic parenchyma was occupied
by cholangiocellular lesions and all animals developed
cholangiocarcinoma24. Similar increases in cholangiocarci-
noma, as well as preneoplastic hepatocellular lesions, were
also found in hamsters receiving continuous administration
of combined nitrite and aminopyrine in drinking water and
O. viverrini28. The report of DMN formation in the
stomach by nitrite and aminopyrine may explain such
®ndings29.

Based on a critical review of existing evidence from
several clinical and experimental studies, the working group
of IARC concluded that O. viverrini is a de®nite cause of bile
duct cancer in humans; O. viverrini infestation is therefore
classi®ed as a carcinogen. The review reported that C.
sinensis is a probable cause; O. felineus has not yet been
studied suf®ciently to assess its carcinogenic role1.

Pathological studies

Infestation of liver ¯ukes occurs when humans or other
mammals ingest raw ®sh containing the infective cysts of the
¯uke (metacercariae) in the muscle and connective tissue.
After being eaten by humans, the infective metacercariae
excyst in the duodenum. The newly excysted ¯ukes move
into the bile duct through the ampulla of Vater and develop
into adults in the intrahepatic bile ducts, and occasionally in
the pancreatic duct or gallbladder, within 1 month. The life
cycles of O. viverrini, C. sinensis and O. felineus are similar.
The adult ¯uke lays eggs that enter the biliary system and
are excreted in the faeces, to be ingested by snails of Bithynia
species, the ®rst intermediate hosts. The eggs hatch inside
the snail and mature, eventually leaving the snail in the form
of freely swimming cercariae that ®nd and penetrate
cyprinoid ®sh, the second intermediate hosts, where they
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develop into metacercariae in the muscle and connective
tissue. The lifespan of O. viverini and C. sinensis has been
reported to be 25±30 years30±32.

Pathological consequences of O. viverrini infection
appear to be similar in both animals and humans33,34.
Early pathological changes consist of an acute in¯ammatory
reaction involving the bile ducts of the second order and the
portal connective tissue, particularly the large veins. Death
of bile duct epithelial cells and hepatocytes, and evidence of
cell regeneration, occur early after liver ¯uke infesta-
tion33,35. As the ¯ukes develop into adults, they induce
hyperplasia of the bile duct epithelium and adenoma
formation. The adult ¯ukes and ova also induce a
granulomatous reaction. Resolution of such granulomas
leads to periductal and portal scarring. Bile ductule
proliferation associated with periportal ®brosis and linking
up between portal areas by ®brous bands results in the
appearance of multilobular cirrhosis in most hepatic
lobules. The periportal and periductal ®brosis in hamsters
with chronic infection of O. viverrini has been shown to
correlate with a marked increase in the synthesis and hepatic
content of type I and type III collagen36. In the liver of
patients with opisthorchiasis, the subcapsular bile ducts are
usually dilated, with prominent ®brotic wall34,37.
Microscopically, pathological changes in the liver are
con®ned to the biliary tree, particularly the large and
medium-sized bile ducts where the ¯ukes are usually
found34. Moreover, obstruction of bile ducts due to large
numbers of the ¯ukes in the ductal lumen is frequently seen.
This obstruction may lead to suppurative cholangitis with
abscess formation, and cholangiohepatitis may subse-
quently develop, particularly when rupture of abscess
occurs35.

In hamsters receiving both the carcinogen DMN (0´0025
per cent in drinking water) and 100 metacercariae of O.
viverrini, all animals developed mucin-producing cholangio-
carcinomas, with or without cholangio®brosis24. When
hamsters received a subcarcinogenic oral dose of N-
nitrosodimethylamine (1´6 mg) and 50 metacercariae of
O. viverrini, 20 per cent of the animals developed
cholangiocarcinoma. All tumours were of intrahepatic
type and were found most frequently in the right lobe38.
In humans, however, the tumour location has been reported
to be of central type (60 per cent), peripheral type (20 per
cent) and diffused type (20 per cent)40. Of the extrahepatic
lesions, 60 per cent are located in the proximal ductal region
and are of the scirrhous type, with an occasional papillary
component. Nodular and papillary types are found in the
middle and distal ductal region40,41. The histopathology is
almost always adenocarcinoma and occasionally the ¯ukes
are found in the tumour or in the adjacent liver parenchyma
(Fig. 1). Direct invasion and local metastasis via lymphatics,

blood vessels and perineural are common, especially in
extrahepatic cancer42,43. Among 29 non-jaundiced patients
with opisthorchiasis and intrahepatic or peripheral-type
cholangiocarcinoma, 23 had tumours in the right lobe41.

Scanning electron microscopy of a cholangiocarcinoma
cell line (HuCCA-1), originally established from an
intrahepatic bile duct tumour of a patient seropositive for
antibody to O. viverrini, showed the surface of the cells to be
covered with microvilli of varying size and irregular
distribution. Transmission electron microscopy clearly
revealed the presence of cytokeratin ®laments, an intra-
cytoplasmic lumen, tight junctions at the apices and
desmosomes at the lateral surfaces of neighbouring cells,
all of which are characteristics of an adenocarcinoma cell.
Cells from a tumour mass that developed in a nude mouse
following subcutaneous injection of HuCCA-1 cells exhib-
ited some morphological changes. Nearly one-third of the
tumour cells, particularly those lining the base of the
tumour tubules, formed small foci of cells in sheet-like
arrangements and exhibited electron-dense tono®lament
bundles typical of squamous cells44. These ®ndings are
consistent with evidence from a clinicopathological study of
an intrahepatic cholangiocarcinoma with a squamous cell
carcinoma component45.

Seventy per cent of Clonorchis-associated cholangiocarci-
nomas are adenocarcinomas and may be found at varying
stages of differentiation14. Anaplastic tumours of the bile
duct epithelium have been reported occasionally, but they
are uncommon. They may resemble primary liver cell
carcinoma13. Newly formed goblet cells are frequently
found and mucin production may be abundant, but
glycogen and bile pigment are characteristically absent.

Fig. 1 Histological appearance of peripheral type of Opisthorchis
viverrini-associated cholangiocarcinoma. Arrows show the eggs
of the ¯uke in the area adjacent to the tumour. (Courtesy of Dr
K. Atisook, Department of Pathology, Faculty of Medicine,
Siriraj Hospital)
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Squamous metaplasia is found in 13 per cent of cases14. The
tumour usually develops in the second-order intrahepatic
bile ducts near the hepatic hilum. Adenomatous prolifera-
tion of ductal epithelium can often be seen side by side with
malignant changes, and ¯ukes are frequently found in bile
ducts that are surrounded by tumour46. Intrahepatic or
peripheral cholangiocarcinoma is common and is found
much more often (as in O. viverrini-associated cancer) in the
right lobe of the liver47.

Molecular studies of carcinogenesis

Molecular mechanisms of human cholangiocarcinogenesis
secondary to liver ¯uke infestation are still to be investi-
gated, particularly in patients with O. viverrini infection. By
using the polymerase chain reaction and direct sequencing
of the product of c-Ki-ras gene, one study showed that ®ve
of nine Japanese patients with cholangiocarcinoma in
normal liver (without associated opisthorchiasis) had a
point mutation at codon 12, whereas none of 12 Thai
patients with opisthorchiasis had such a mutation48. A more
recent study con®rmed the ®ndings: the incidence of ras
mutation differed markedly between the Japanese (seven of
12 patients without opisthorchiasis) and Thai (two of 26
with opisthorchiasis) patients. In contrast, the incidence of
p53 mutation was similar: four of 12 and nine of 26
respectively. All but one of the ras mutations occurred at
codon 12 or 13 of the c-Ki-ras gene. The exceptional case
was found to have deletion±insertion in the second exon of
the N-ras gene. For p53 mutations, all but one were detected
in a highly conserved region, and the predominant form of
the mutations was G : C ® A : T transition at CpG sites in
both the Japanese and Thai patients49.

Results of such molecular studies on carcinogenesis in
patients with liver ¯ukes may pave a way for further
investigations to crystallize the actual or causal relationship
between the parasite and the tumour. However, the fact that
the incidence of cholangiocarcinoma is low, in sharp
contrast to the high prevalence of liver ¯uke infestation,
even in ¯uke-endemic areas, highlights the importance of
co-factors. Exploration of the molecular carcinogenesis of
the tumour with several plausible aetiological factors will
obviously be a lengthy and laborious task.

Possible mechanisms of carcinogenesis

The pathogenesis of liver ¯uke-associated cholangiocarci-
noma may be a complex process, involving several
mechanisms. From existing evidence, possible mechanisms
may be suggested.

Hyperplasia of bile duct epithelium and carcinogen
exposure

Chronic irritation and chronic in¯ammation caused by the
¯uke results in hyperplasia and adenomatous changes of bile
duct epithelium33,34. As previously shown in malignancy of
the colon or pancreas, hyperplastic cells are vulnerable to
carcinogen because the agent can easily induce DNA
damage during active cell proliferation50,51. If the DNA
damage involves cell cycle control genes, neoplastic changes
occur. It has been demonstrated that nitrates, nitrites and
even N-nitroso compounds are commonly found in several
fermented or preserved foods, and that these compounds
can act as exogenous carcinogens52,53. Moreover, patients
with liver ¯uke infestation have increased rates of endo-
genous nitrosation54,55.

Increased formation of endogenous carcinogen

Endogenous nitrosation caused by liver ¯uke infestation has
been studied in both animals and humans. In hamsters with
O. viverrini infestation, induction of nitric oxide synthase in
macrophages, mast cells and eosinophils in in¯amed areas
surrounding the bile ducts has been reported, and the
enzyme subsequently increases endogenous nitrosation of
thiazolidine-4-carboxylic acid (thioproline)56. In a dietary
control (low-nitrate diet) study comparing patients with
opisthorchiasis and uninfected controls, those with liver
¯uke infestation had increased endogenous generation of
nitric oxide and production of N-nitroso compounds, as
indicated by increased levels of plasma and urinary nitrate,
salivary nitrite and increased nitrosation of proline and
thioproline. Such increases were abolished by co-adminis-
tration of ascorbic acid with proline, and by elimination of
the ¯uke by treatment with the antihelminthic drug
praziquantel. Production of N-nitroso compounds occurs
through a reaction between amines and nitrosating agents
derived from the oxidation of nitric oxide outside the
stomach55,57. It is likely that N-nitroso compounds are
formed in the area of chronic in¯ammation around the bile
ducts as the result of local generation of nitric oxide by
in¯ammatory cells. Therefore, the bile duct epithelial cells
are exposed continuously to high concentrations of N-
nitroso compounds, leading to neoplastic transformation.
To prove this hypothesis, the concentration of N-nitroso
compounds in the bile ducts should be assayed. However,
measuring these compounds in bile is technically dif®cult at
present, because they are labile and other components in
bile can affect the assay.
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Activation of drug-metabolizing enzymes

In male hamsters infected by O. viverrini, activities of the
hepatic cytochrome P450 (CYP) isoenzymes (particularly
CYP2E1 and CYP2A6) have been shown to be higher than
those of controls, and the highest levels of these two
enzymes occur in hepatocytes immediately adjacent to the
area of in¯ammation58. Induction of CYP2A6 expression
has been demonstrated in patients with opisthorchiasis, and
a signi®cant reduction of the enzyme activity was observed
2 months after eradication of the ¯ukes by praziquantel
treatment59. N-nitrosodimethylamine (NDMA), one of the
products of endogenous nitrosation formed in the tissue, is
signi®cantly metabolized by CYP2E1 and CYP2A6. The
product of this metabolism is a DNA-methylating agent
that can result in DNA damage, particularly in proliferating
bile duct epithelial cells. However, the mechanism of
increased activity of these two enzymes in patients with
chronic liver ¯uke infestation is as yet uncertain.

Increased nitric oxide production

In areas of chronic in¯ammation caused by the liver ¯uke,
macrophages and other cell types (e.g. mast cells, eosino-
phils), activated by parasite-speci®c T cells and cytokines,
synthesize nitric oxide from L-arginine via the induction of
the enzyme nitric oxide synthase56,60,61. Nitric oxide is not
only cytotoxic, but also genotoxic at physiological concen-

trations62,63. Chronic exposure of the proliferating bile duct
epithelium to this genotoxic in¯ammatory product may
create an environment favouring malignant change.

It is probable that the above four mechanisms of
carcinogenesis may act in concert during the development
of liver ¯uke-associated cholangiocarcinoma. The possible
process of carcinogenesis is outlined in Fig. 2.

Early detection of cancer

A soluble antigen for early detection of O. viverrini-
associated cholangiocarcinoma has been reported in
hamsters64. This antigen is a 200-kDa glycoprotein that
appears to be immunologically distinct from other tumour
markers. The level of the antigen in serum and bile was
raised markedly in animals with progressive tumours,
compared with controls. Serum taken serially from each
animal that subsequently developed cholangiocarcinoma
showed a gradual but signi®cant increase in the level of
antigen as carcinogenesis progressed. Identi®cation of the
antigen, and the establishment of a cell line from O.
viverrini-associated cholangiocarcinoma induced in a ham-
ster model and a cholangiocarcinoma cell line from a patient
with liver-¯uke infestation, seem to provide an early
opportunity for tumour detection65,66. However, identify-
ing a tumour marker in serum or bile does not, on its own,
solve the problem. The intrahepatic biliary system is a
complex tubular structure. Although abdominal computed

Normal bile duct epithelium

NO formation

Chronic inflammation

Nitrosatable compounds

DNA damage DNA-methylating agent

Mutation of cell cycle control genes

Malignant bile duct epithelium

Increased activity of cytochrome P450*Proliferating bile duct epithelium

Exogenous carcinogen

Chronic irritation

Oxidation

(endogenous carcinogen)
N-nitroso compounds

Fig. 2 Possible mechanisms of carcinogenesis of liver ¯uke-associated cholangiocarcinoma. *Particularly CYP2A6 and CYP2E1. NO,
nitric oxide
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tomography (CT) (particularly three-dimensional spiral
CT cholangiography) or magnetic resonance imaging can
detect cholangiocarcinoma with an accuracy of up to 90 per
cent67,68, the demonstration of a small focus of early cancer
change in the liver is dif®cult. Con®rmation of neoplastic
change from such small lesions is dif®cult, particularly when
the tumour is beyond the second-order bile ducts.

Treatment and outcome

Surgical treatment

Operative treatment is the best available therapy for
cholangiocarcinoma. Not only may it cure a patient with
early-stage disease (if the lesion can be located precisely),
but it may also provide effective palliation for those with an
irresectable tumour. Whenever possible, tumour resection
should be performed unless there is clear evidence of
advanced disease. A series of 29 non-jaundiced patients with
opisthorchiasis and peripheral-type cholangiocarcinoma
who underwent liver resection has been reported41.
Twenty-one patients had tumour only in the right lobe,
seven had a tumour in the left lobe, and one had tumour
involving both lobes. Operations included right hepatect-
omy (19), extended right hepatectomy (four), left hepatect-
omy (two), left lobectomy (two) and medial segmentectomy
(two). Fourteen patients had died by the end of the ®rst
postoperative year, ®ve by the end of the second year, and a
further ®ve by the end of the third year. Five patients
survived until the end of the ®fth year, resulting in an actual
5-year survival rate of 17 per cent.

In a series of 30 patients with hilar cholangiocarcinoma
associated with O. verrini infestation, the criteria for
diagnosis of opisthorchiasis were (1) a history of previous
positive stool examination for Opisthorchis or its eggs, (2)
identi®cation of Opisthorchis or its eggs in the stool or bile,
(3) demonstration of a typical bead-like cholangiogram, and
(4) histological evidence of the ¯uke in the specimen43.
Seven patients had their tumours removed, four with
concomitant liver resection. The four patients who under-
went hepatectomy were anicteric before operation.
Twenty-two patients underwent palliative biliary bypass
procedures to a segmental duct (segment III duct in 18
patients and another segmental duct in four). For those
undergoing resectional procedures, the actual 1-year
survival rate was 86 per cent and the 2-year survival rate
was 43 per cent. No patient survived until the end of the
third year. The mean survival of patients undergoing
palliative biliary bypass procedures was 8 months and the
1-year survival rate was only 26 per cent. All patients died
within 2 years. Some jaundiced patients in this series were

found to have several abnormal autonomic function test
results69, although the signi®cance of these ®ndings needs
further investigation.

Generally, non-jaundiced patients with opisthorchiasis
seem to have a better long-term outcome after operation
than those who are icteric. Patients with a peripheral-type
cholangiocarcinoma have a better prognosis than those with
a hilar tumour; similar ®ndings occur in patients with
cholangiocarcinoma without associated liver ¯uke infesta-
tion70. Successful curative tumour resection is uncommon,
although in approximately one-quarter of the patients the
tumour can be resected43. The fact that up to three-quarters
of the patients already have lymphatic or vascular invasion,
or peritoneal seedings, at the time of operation makes
aggressive surgery unlikely to be bene®cial. By and large,
survival after operation for cholangiocarcinoma associated
with opisthorchiasis is similar to that in patients without
liver ¯uke infestation70,71. Although there are no data
available for the long-term outcome following surgical
treatment of C. sinensis- or O. felineus-associated cholangio-
carcinoma, survival can be expected to be more or less
similar to that of the patients with opisthorchiasis described
above.

Chemotherapy and immunomodulation

As periductal ®brosis and thickening of the bile duct walls,
leading to bile duct obstruction, are consistent pathological
®ndings, and intraluminal obstruction by ¯ukes is fre-
quently seen in the liver of patients with liver ¯uke
infestation regardless of the development of cholangiocar-
cinoma35, there is no signi®cant role for available adjuvant
chemotherapy after operation because of the risk of
cholangitis and sepsis41,43. Progress in identifying suitable
or new forms of chemotherapeutic agents is slow because
this tumour is rare in the developed countries where most
research institutes and pharmaceutical companies are
located. However, several anticancer drugs, especially
from plant products, have been tested against liver
¯uke-associated cholangiocarcinoma in Thailand72,73.
Triptolide, a diterpene from Tripterygium wilfordii, has
been shown to be highly effective against cholangiocarci-
noma by in vitro cytotoxicity assay and in vivo inhibition of
tumour growth in hamsters. It can induce apoptosis in
several cholangiocarcinoma cell lines, and the appearance of
apoptosis and DNA fragmentation occurs within 24 h of
exposure to the agent73. The fact that the ED50 (effective
dose that inhibits 50 per cent of cell growth) of triptolide
when tested against these cell lines is lower than that of
other antitumour compounds suggests that it may have
therapeutic potential for development into an effective drug
against this form of bile duct cancer72±74.
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More recently, tumour necrosis factor (TNF) a, at a
concentration of 760 and 100 pg/ml in the presence of
actinomycin D 1 mg/ml, has induced 50 per cent cell death
in the two established human cholangiocarcinoma cell lines.
The death of these two cell lines has been shown to be
through apoptosis, and TNF-a type I receptor is involved
in the process by generating suf®cient signal to activate
caspase group II enzymes, which are key enzymes in
initiating the apoptotic event75. Pharmacological modula-
tion of this group of enzymes may have a role in the
treatment of cholangiocarcinoma in the future.

Conclusion

Although the association between liver ¯uke and cholangio-
carcinoma has been recognized for more than half a century,
and the carcinogenesis induced by the ¯uke has been
actively investigated, the actual causal relationship between
the parasite and the cancer is still poorly understood. The
molecular biology of the tumour must be further studied.
Identi®cation of a marker for the tumour at an early stage is
essential if the outcome of surgery is to be improved.
Similarly, improvement in imaging technology to locate the
tumour precisely will be important. New forms of treatment
in addition to surgical resection, as well as effective means of
controlling liver ¯ukes, should also be explored.
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