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Abstract Cholangiocarcinoma (CCA) is a rare tumor
arising from the epithelium of the intrahepatic or the
extrahepatic bile ducts. It is rarely diagnosed before 40 years
of age except in patients with primary sclerosing cholangi-
tis. CCA is usually clinically silent until the tumor obstructs
the bile ducts. Carbohydrate antigen 19-9 is the most
commonly used tumor marker, and magnetic resonance
cholangiopancreatography is the best available imaging
modality for CCA. Endoscopic retrograde cholangiopan-
creatography and cholangioscopy allow tissue acquisition.
Positron emission tomography may play a role in identify-
ing occult metastases. Tissue diagnosis is obtained by brush
cytology or bile duct biopsy.
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Introduction

Cholangiocarcinoma (CCA) is a tumor arising from the
epithelial cells of the intrahepatic or the extrahepatic bile
ducts. It was originally reported by Durand-Fardel in 1840
[1] and is usually an adenocarcinoma with variable desmo-

plastic reaction. CCAs are classified according to their
anatomic location as intrahepatic (ICCA), perihilar, or distal
extrahepatic (ECCA). Perihilar CCAs, first described as a
separate entity by Klatskin in 1965, represent 60–70% of all
CCAs, whereas intrahepatic tumors represent 5–10% and
distal extrahepatic tumors 20–30% [2]. CCAs are slow-
growing tumors that metastasize late in their progression.
They usually present with cholestasis as the tumor obstructs
the bile duct [3]. The prognosis of CCA is poor because
most tumors are advanced at the time of diagnosis. In the
recent years, several improved diagnostic and therapeutic
modalities have emerged and new targeted therapies are
being developed, thus offering the potential for earlier
detection and improved survival for patients with CCA.

Epidemiology

CCA accounts for about 3% of all gastrointestinal malig-
nancies; however, it represents the second most common
hepatic malignancy after hepatocellular carcinoma (HCC)
[4]. The incidence of CCA varies widely in different
geographic regions, with the highest in Southeast Asia
and the lowest in Australia [4]. However, interpreting the
available epidemiologic data has been complicated because
some studies grouped ICCA with HCC, and other studies
classified Klatskin tumors as ICCA.

The ICCA incidence rates vary from as high as 96 per
100,000 in men and 38 per 100,000 in women in northeast
Thailand, to as low as 0.2 per 100,000 among Australian
men and 0.1 per 100,000 among Australian women [4].
Epidemiologic studies suggest the incidence of ICCA has
been increasing around the world [5]. In the United States,
the age-adjusted incidence rates of ICCA increased from
0.32 per 100,000 between 1975 and 1979 to 0.85 per
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100,000 between 1995 and 1999 [4, 5]. Mortality from
ICCA has been increasing as well [6]. Khan et al. [6] noted
a trend of increasing ICCA mortality between 1979 and
1997 in several countries, including the United States,
Japan, Australia, England and Wales, Scotland, France, and
Italy. In the United States, the age-adjusted mortality rates
for ICCA increased from 0.07 per 100,000 in 1973 to 0.69
per 100,000 in 1997 [5]. Shaib and El-Serag [4] examined
the temporal trends in survival for patients diagnosed with
ICCA between 1975 and 1999. Although the 1-year relative
survival increased from 16.4% in 1975–1979 to 27.6% in
1995–1999, the 5-year survival did not show any signifi-
cant change and has remained below 5% [4].

Strom et al. [7] reported incidence rates of ECCA that
varied between 0.53 per 100,000 in the United Kingdom
and 1.14 per 100,000 in Manitoba, Canada. In the United
States, the age-adjusted incidence of ECCA was 1.2 per
100,000 for men and 0.8 per 100,000 for women as
reported by the Surveillance, Epidemiology, and End
Results Program (SEER) registry between 1973 and 1987
[8]. In contrast to ICCA, however, there is evidence that the
incidence of ECCA has been decreasing over time. The age-
adjusted incidence of ECCA decreased from 1.08 per
100,000 in 1979 to 0.82 per 100,000 in 1998 [4]. The
mortality related to ECCA has been decreasing in many
areas around the world [6]. In the United States, the age-
adjusted mortality rates decreased from 0.6 per 100,000 in
1979 to 0.3 per 100,000 in 1998 [5]. Carriaga and Henson
[8] reported that the 5-year survival of ECCA patients
increased from 11.7% in 1973–1977 to 15.1% in 1983–1987.

Worldwide, the average age at presentation of CCA is
50 years. However, there is a shift toward an older age at
diagnosis, with most cases diagnosed in people more than
65 years old [4].

Ethnic variations in the prevalence of CCA was
highlighted in a study by McLean and Patel [9] that
examined racial and ethnic variations in the epidemiology
of ICCA in the United States. The age-adjusted prevalence
was highest for Hispanics (1.22 per 100,000) and lowest for
African Americans (0.3 per 100,000) [9].

Risk Factors

In most cases, no etiology of CCA can be identified.
However, the association between CCA and conditions
leading to chronic biliary tract inflammation and cholestasis
is well established. Several conditions have been clearly
identified as risk factors for CCA; others have been shown
to be associated with CCA in epidemiologic studies
(Table 1).

Primary sclerosing cholangitis (PSC) is a major risk
factor for CCA in the western world. The lifetime risk of

CCA in patients with PSC ranges from 7% to 20%. The
annual incidence rate for CCA in the setting of PSC is 0.6–
1.5% [10]. The average age at diagnosis of CCA is
generally lower in patients with PSC, and has been reported
to be in the mid 40s [11]. CCA is usually diagnosed
early after the diagnosis of PSC. In a long-term follow-up
of 305 PSC patients, Broome et al. [12] reported 24 cases
of CCA. The average time from PSC diagnosis to CCA
diagnosis was 33 months. No difference was noted in the
duration of PSC between patients who developed CCA
and those who did not [12]. The risk of CCA in PSC is not
related to the presence of concomitant inflammatory bowel
disease [12].

Infection with liver flukes—particularly Opisthorchis
viverrini and to a lesser extent Clonorchis sinensis, which
are endemic in some areas of Southeast Asia—has been
associated with the development of CCA [13]. Humans
are infected by eating undercooked fish. Adult worms
inhabit the biliary system and lay eggs there. Potential
risk factors for CCA were investigated in a case-control
study (103 cases) among inhabitants of northeast Thailand,
which is endemic for O. viverrini and has the highest
incidence rate of CCA in the world. In this study, a clear
association with past or present infection with O. viverrini, as
indicated by raised serum antibodies, was found (OR 5.0), and
at least two thirds of cases can be attributed to this cause [13].

Hepatolithiasis is rare in the western world, but it is more
common in several areas of Asia including China, Korea,
and Japan. Hepatolithiasis seems to be associated particu-
larly with peripheral ICCA. In a study from Taiwan,
69% of patients undergoing hepatic resection for CCA
had hepatolithiasis [14]. It is believed that biliary stasis
and recurrent infections in people with hepatolithiasis lead
to chronic inflammation and carcinogenesis.

Choledochal cysts and Caroli’s disease have been
associated with an increased risk of CCA. The incidence
of malignancy increases with age. In a recent systematic

Table 1 Risk factors for cholangiocarcinoma

Established risk factors

Primary sclerosing cholangitis

Liver fluke infection (Opisthorchis viverrini)

Hepatolithiasis

Choledochal cysts, Caroli’s disease

Thorotrast exposure

Probable risk factors

Liver fluke infection (Clonorchis sinensis)

Cirrhosis

Hepatitis C

Toxins (dioxin, polyvinyl chloride)

Biliary-enteric drainage procedures
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review, the incidence of CCA in patients with biliary cysts
ranged from 10% to 30%. The mean age at diagnosis was
32 years [15].

An increased risk of CCA has also been reported in
patients with a history of biliary-enteric drainage proce-
dures for benign disease [16].

Thorotrast, a radiologic contrast medium containing
232-Thorium dioxide, an α-particle emitter (used exten-
sively before being banned in the 1950s), was associ-
ated with an increased incidence of CCA. Malignancy
usually develops 30–35 years after exposure [17].
Several other toxins, including dioxin and polyvinyl
chloride, have been correlated with an increased risk of
CCA [18, 19].

Cirrhosis from any cause was found to be associated
with a tenfold increase in the risk of CCA in a cohort study
from Denmark [20]. Several studies have noted an
association between hepatitis C and CCA [21]. A less
compelling association has been suggested with hepatitis B
[22].

Pathogenesis

In recent years, molecular and genetic studies provided
better insight into the molecular pathogenesis of CCA. It is
widely believed that cholestasis and chronic inflammation
are important factors. They seem to provide an environment
favorable for DNA damage and carcinogenesis [23].
Several mutations in oncogenes and tumor suppressor
genes have been identified in CCA. Mutations of the
oncogene K-ras have been found in 20–100% of histo-
pathologically proven CCA [24, 25], and mutations in the
tumor suppressor gene p-53 are present in 20–80% of
ICCA [24, 26]. Recent studies have demonstrated that
cholangiocytes release cytokines, such as interleukin 6 (IL-
6), transforming growth factor-β (TGF-β), IL-8, tumor
necrosis factor-α (TNF-α), and platelet-derived growth
factor (PDGF). These factors can interact with cholangio-
cytes in an autocrine and paracrine fashion to regulate
cholangiocyte intracellular signaling responses, which
are thought to be altered during cholangiocarcinogenesis
[27]. Cytokines, such as IL-6, appear to play an important
role in cholangiocyte evasion of apoptosis. Cytokines
also activate inducible nitric oxide synthase (iNOS) in
cholangiocytes. This activation results in the generation
of nitric oxide, which, along with other reactive oxygen
species, may alter DNA bases, leading to direct DNA
damage and triggering the downregulation of DNA
repair mechanisms [28]. In addition, alterations of the
expression of adhesion molecules and angiogenic factors
have been described, further mediating tumor invasion
and spread [27].

Diagnosis

Clinical Presentation

CCA usually remains clinically silent until reaching an
advanced stage. The ECCAs usually present with biliary
obstruction and jaundice, which occurs in more than 90%
of patients. Common symptoms include pruritus, weight
loss, abdominal pain, and fever. Cholangitis occurs in 10%
of cases [1]. ICCAs usually present as an intrahepatic mass
causing dull right upper quadrant pain and weight loss.

Ultrasonography

Transabdominal ultrasound is frequently the first radiologic
study ordered for the evaluation of cholestasis. Ultrasound
is accurate in the diagnosis of biliary obstruction; however,
its findings are nonspecific and its value in the diagnosis of
CCA is limited [29].

Computed Tomography

CT scanning is widely available and frequently obtained in
patients with suspected hepatic and biliary malignancy.
Contrast-enhanced CT is sensitive for detecting intrahepatic
bile duct tumors, the level of biliary obstruction, and the
presence of liver atrophy. In addition, CT may also permit
visualization of the pertinent nodal basins. Performance of a
triple-phase helical CT will detect essentially all CCAs
greater than 1 cm [30]. However, CT is limited in its ability
to determine intraductal tumor spread. It may only be able
to establish resectability in about 60% of patients [31]. CT
has a limited sensitivity for N2 nodal disease [32].

MRI and Magnetic Resonance Cholangiopancreatography

In recent years, MRI with magnetic resonance cholangio-
pancreatography (MRCP) has become the imaging method
of choice for the diagnosis of CCA [29]. On MRI, CCAs
appear hypointense on T1-weighted images, and hyperin-
tense on T2-weighted images. Central hypointensity can be
seen on T2-weighted images, and corresponds to fibrosis.
On dynamic MRI, CCAs show moderate peripheral
enhancement followed by progressive and concentric filling
in the tumor with contrast material. Pooling of contrast
within the tumor on delayed MRI images is suggestive of
peripheral CCA [33]. Several studies, including a meta-
analysis, have shown that MRI has a sensitivity and a
specificity greater than 90% in diagnosing biliary obstruc-
tion [34]. The accuracy of MRI in diagnosing a malignant
biliary stricture is lower and variable, according to the
authors (sensitivity of 48–88% and specificity of 71–95%)
[34]. Because of its intrinsic high tissue contrast and
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multiplanar capability, MRI and MRCP are able to detect
and preoperatively assess patients with CCA, investigating
all involved structures such as bile ducts, vessels, and
hepatic parenchyma [33].

Endoscopic Retrograde Cholangiopancreatography
and Percutaneous Transhepatic Cholangiography

Although MRCP has emerged as a less invasive method for
the evaluation of the biliary tree, endoscopic retrograde
cholangiopancreatography (ERCP) (Fig. 1) and percutane-
ous transhepatic cholangiography (PTC) have the advan-
tage of allowing therapeutic interventions, such as stenting,
as well as tissue sampling for pathologic and cytologic
evaluation. Brush cytology has a high specificity of nearly
100%, but sensitivity is much lower, ranging from 18% to
60% in most series [35, 36]. The sensitivity of brush
cytology can be further improved by detecting chromo-
somal abnormalities with advanced cytologic methods,
including digital image analysis and fluorescence in situ
hybridization [37].

Cholangioscopy

Cholangioscopy uses visible light to directly visualize the
biliary tract lumen, and may be used to determine whether a
focal biliary stricture is benign or malignant. Typical signs
for malignancy, including mucosal ulcerations, irregular
mucosa, and asymmetric stricture, may be visible. The use
of peroral cholangioscopy increases the diagnostic accuracy

of ERCP for assessing malignancy in biliary tract strictures.
In a study published by Shah et al. [38] in 2006, sensitivity
was 89% and specificity was 96% for cholangioscopy to
detect malignancy. Most recently, a single-operator peroral
cholangiopancreatoscopy system known as SpyGlass (Spy-
Glass Direct Visualization System; Microvasive Endosco-
py, Boston Scientific Corp., Natick, MA) has been
developed [39•]. In a feasibility study, the preliminary
sensitivity and specificity of Spyglass to detect malignancy
were 71% and 100%, respectively [39•].

Endoscopic Ultrasound and Fine Needle Aspiration

Endoscopic ultrasound (EUS) complements the role of
ERCP in the evaluation of biliary strictures and may
provide tissue diagnosis through fine needle aspiration
(FNA). It proves to be a valuable tool in patients with
ERCPs that are nondiagnostic for malignancy. It also
provides visualization of the regional lymph nodes, and
FNA of these nodes could serve both diagnostic and staging
purposes. In patients with suspected hilar CCA and
negative brush cytology, EUS-FNA had accuracy of 91%,
sensitivity of 89%, and specificity of 100% [40]. In another
study evaluating the yield of EUS-FNA and its impact on
patient management for patients with suspected CCA,
sensitivity was 86%, specificity was 100%, positive
predictive value was 100%, negative predictive value was
57%, and accuracy was 88%. EUS-FNA had a positive
impact on patient management in 84% of patients [41].

Positron Emission Tomography

Positron emission tomography (PET) using the radio-
nucleotide tracer 18-fluorodeoxyglucose has evolved into
a useful staging technique in many neoplastic disorders.
Several studies have shown sensitivity and specificity
greater than 90% for PET in the diagnosis of CCA [42].
PET has a reported specificity of 80% to 100% [42, 43]. A
much lower specificity of 33% has been reported in ECCAs
[44]. The sensitivity of PET in the detection of local lymph
node metastasis is low (12–38%) [42, 44]. On the other
hand, PET appears to be the best technique in detecting
distant metastases, especially when using integrated PET
and CT (PET/CT). PET/CT had a sensitivity of 94–100% in
detecting distal metastasis [44].

Tumor Markers

The most studied and the most used tumor markers in
clinical practice are the carbohydrate antigen 19-9 (CA 19-
9) and the carcinoembryonic antigen (CEA). Both CEA and
CA 19-9 can be elevated in CCA [45, 46]. However, CEA
levels alone are neither sensitive nor specific for CCA [47].

Fig. 1 Cholangiogram of a patient with hilar CCA (arrow). Wires
were advanced into the right and left intrahepatic ducts to assure
access before injection of contrast
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In a retrospective study of 208 patients with sclerosing
cholangitis, including 14 patients with CCA, CA 19-9
had a sensitivity of 79% and a specificity of 98% for
diagnosing CCA, with a cut-off value of 129 U/mL [48].
CA 19-9 can also be elevated in other malignancies and in
cholangitis [49].

Staging

Staging of CCA is according to the American Joint
Committee on Cancer Staging (AJCCS) tumor, nodes,
and metastases (TNM) system. This classification is a
pathologic staging system, and it is not useful for
preoperative staging. It predicts neither resectability nor
survival [50].

Perihilar tumors can be classified according to the
Bismuth classification, which stratifies the patients based
on the location and extent of the cancer in the biliary tree.

Currently, no useful clinical staging system exists for
ICCAs. The AJCCS TNM classification for primary liver
cancer is applied to both HCC and ICCA, but is of little
practical value.

Conclusions

CCA is a rare tumor with a poor prognosis. Despite
advances in diagnostic techniques and new therapeutic
options, 5-year survival for CCA continues to be less than
5%. This is mainly attributed to the delayed diagnosis,
because the tumor remains silent until it is advanced and
obstructs the bile duct. Diagnosis and accurate staging are
improved with better imaging and advanced cytologic
techniques. Cholangioscopy allowed visualization of this
tumor, and made it more accessible for diagnostic and
therapeutic inventions.
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