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Intrahepatic cholangiocarcinoma is the second most common primary
hepatic tumor. Various risk factors have been reported for intrahepatic
cholangiocarcinoma, and the radiologic and pathologic findings of
this disease entity may differ depending on the underlying risk fac-
tors. Intrahepatic cholangiocarcinoma can be classified into three
types on the basis of gross morphologic features: mass-forming (the
most common), periductal infiltrating, and intraductal growth. At
computed tomography (CT), mass-forming intrahepatic cholangio-
carcinoma usually appears as a homogeneous low-attenuation mass
with irregular peripheral enhancement and can be accompanied by
capsular retraction, satellite nodules, and peripheral intrahepatic duct
dilatation. Periductal infiltrating cholangiocarcinoma is characterized
by growth along the dilated or narrowed bile duct without mass for-
mation. At CT and magnetic resonance imaging, diffuse periductal
thickening and increased enhancement can be seen with a dilated or
irregularly narrowed intrahepatic duct. Intraductal cholangiocarcino-
ma may manifest with various imaging patterns, including diffuse and
marked ductectasia either with or without a grossly visible papillary
mass, an intraductal polypoid mass within localized ductal dilatation,
intraductal castlike lesions within a mildly dilated duct, and a focal
stricture-like lesion with mild proximal ductal dilatation. Awareness of
the underlying risk factors and morphologic characteristics of intrahe-
patic cholangiocarcinoma is important for accurate diagnosis and for
differentiation from other hepatic tumorous and nontumorous lesions.
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Abbreviations: BilIN = biliary intraepithelial neoplasia, HCC = hepatocellular carcinoma, H-E = hematoxylin-eosin, PSC = primary sclerosing

cholangitis
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Introduction
Cholangiocarcinomas are malignant tumors
arising from the biliary tract (1). Most cholan-
giocarcinomas are well-, moderately, or poorly
differentiated adenocarcinomas with abundant
fibrous stroma (2). Intrahepatic cholangiocar-
cinomas account for 10%—-20% of all primary
hepatic tumors, with the only curative treatment
being complete surgical resection (2—4). Chol-
angiocarcinomas can be classified into three
types on the basis of their gross morphologic
features, with each type having its own charac-
teristic imaging findings (5). Cholangiocarci-
noma with typical imaging features can easily
be diagnosed; however, not all the tumors show
typical imaging findings, and the tumors may
mimic a variety of tumorous and nontumorous
lesions. Understanding the pathologic charac-
teristics of each type of tumor can be helpful in
developing a differential diagnosis and in treat-
ment planning. In this article, we discuss and
illustrate cholangiocarcinomas in terms of epi-
demiologic considerations, risk factors, imaging
techniques, and morphologic classification with
radiologic-pathologic correlation.

Epidemiologic Considerations
Cholangiocarcinoma is the second most com-
mon primary malignancy of the liver. The preva-
lence of cholangiocarcinoma varies markedly
from one geographic region to another, with the
highest prevalence in Southeast Asia (4,6). In-
terestingly, recent reports on the epidemiologic
features of cholangiocarcinoma in several coun-
tries have shown that the prevalence and mortal-
ity rates of intrahepatic cholangiocarcinoma are
continuously increasing, whereas those of gall-
bladder and extrahepatic cholangiocarcinoma
are remaining constant or decreasing (2). This
trend may be attributed in part to the ambigu-
ous classification of hilar cholangiocarcinoma,
which has been cross-referenced to both intra-
hepatic and extrahepatic cholangiocarcinoma
but should be classified as extrahepatic chol-
angiocarcinoma or simply as a separate entity
(2,7). A recent epidemiologic study addressed
this misclassification issue but showed that the
prevalence of intrahepatic cholangiocarcinoma
has actually increased, even after the exclusion
of the misclassified cases (7).
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Table 1
Risk Factors for Cholangiocarcinoma

Liver flukes (Opisthorchis viverini, Clonorchis
sinensis)*

Hepatolithiasis (recurrent pyogenic cholangitis)*

Primary sclerosing cholangitis (PSC)t

Viral infection (human immunodeficiency virus,
hepatitis B virus, hepatitis C virus, Epstein-Barr
virus)

Anomaly and malformation (anomalous pancreati-
cobiliary junction and choledochal cyst, fibrocys-
tic liver diseases [eg, Caroli disease])

Environmental or occupational toxin (thorotrast,
dioxin, polyvinyl chloride)

Biliary tract—enteric drainage procedures

Heavy alcohol consumption

Note.—All risk factors listed share the common
feature of chronic biliary inflammation.

*More common in Eastern countries.

TMore common in Western countries.

Risk Factors
There are a number of recognized risk factors
for cholangiocarcinoma that all share the com-
mon feature of chronic biliary inflammation
(Table 1). Among these risk factors, infection
with liver flukes (eg, O viverini and C sinensis)
and hepatolithiasis are common causes of chol-
angiocarcinoma in endemic areas. Dietary or
endogenous nitrosamine compounds associated
with parasitic infections also play an important
role as cofactors in carcinogenesis, probably due
to the carcinogenic effect of nitrosamine com-
pounds on the proliferation of epithelial cells of
the bile duct (2,8). At imaging, the association of
cholangiocarcinoma with clonorchiasis may be
characterized by prominent ductal dilatation, not
only in the peritumoral area but also in remote
areas of the liver. At microscopic examination, a
degenerated larva may be seen within the dilated
duct with marked periductal fibrosis and inflam-
matory reaction (Fig 1) (9). Innumerable eggs
can also be present in the ductal lumen. Hepato-
lithiasis is another common risk factor in parts of
Asia, especially Japan, Taiwan, China, and Korea
(2,4,10,11). Up to 10% of cases of intrahepatic
stone disease are complicated by cholangiocar-
cinoma, and up to 70% of cholangiocarcino-
mas manifest with intrahepatic stone disease in
endemic areas (Fig 2) (2). The mean time lag
between the diagnosis of intrahepatic stone dis-
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a. b.

Figure 1. Mass-forming cholangiocarcinoma in a patient with clonorchiasis. (a) Axial fat-suppressed T2-
weighted magnetic resonance (MR) image shows a hyperintense mass, with marked intrahepatic biliary dilata-
tion in the mass and the adjacent liver. (b) Photomicrograph (original magnification, x40; hematoxylin-eosin
[H-E] stain) shows a degenerated parasitic larva (arrow) and marked periductal fibrosis.

a.

Figure 2. Mass-forming cholangiocarcinoma. (a) Contrast material-enhanced computed tomographic (CT)
scan shows bile duct dilatation with a poorly enhancing lesion in the adjacent liver (arrows). There is significant
parenchymal atrophy with capsular retraction peripheral to the more centrally located cholangiocarcinoma.
(b) Photograph of the gross specimen clearly depicts a large mass (arrowheads) around the sclerotic bile duct.

ease and the development of cholangiocarcinoma without bile duct stricture. On contrast-enhanced
is about 8 years, and tumors may develop even portal venous phase scans, the involved intrahe-
after complete stone removal (12). At CT, chol- patic bile duct may show a higher enhancement
angiocarcinoma associated with hepatolithiasis than the adjacent normal bile duct. Portal vein

can be seen as periductal soft-tissue attenuation
or ductal wall thickening with dilatation, with or
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Figure 3. BIilIN in a patient with intrahepatic stone disease. (a) Axial precontrast CT scan shows hepato-
lithiasis (arrow) in the dilated left intrahepatic duct. (b) Photomicrograph (original magnification, x100; H-E
stain) shows dysplastic changes along the bile duct epithelium, a finding known as biliary dysplasia or BilIN.

obliteration, hepatic lobe atrophy, and cholangitic
abscess can also occur (13,14). In patients who
undergo surgery for intrahepatic stone disease
without cholangiocarcinoma, biliary intraepithe-
lial neoplasia (BilIN) is commonly seen in the
surgical specimen (Fig 3). BilIN is considered

to be a precursor lesion of cholangiocarcinoma
and is characteristically a microscopic lesion with
a flat or micropapillary dysplastic epithelium
known as biliary dysplasia, atypical biliary epithe-
lium, or carcinoma in situ (15).

In Western countries, PSC is one of the most
common risk factors for cholangiocarcinoma.
Cholangiocarcinoma develops at an earlier age
than does sporadic disease (usually within 2
years of the diagnosis of PSC), and the risk of
cholangiocarcinoma is not related to the dura-
tion or severity of PSC or inflammatory bowel
disease (2). At CT, cholangiocarcinoma with
underlying PSC has been noted as a hypoat-
tenuating mass or thickened bile duct wall (16).
In countries where hepatolithiasis and liver fluke
infection are rare, the epidemiologic features of
cholangiocarcinoma are not well understood. A
recent study from the United States showed that
liver cirrhosis, chronic hepatitis C viral infection,
and heavy alcohol consumption are risk factors
in these countries (17). In addition, a European

study showed that a history of alcohol-related
liver disease, cirrhosis, various bile duct diseases,
chronic inflammatory bowel disease, or diabetes
may increase the risk of development of cholan-
giocarcinoma (18). In our experience, cholangio-
carcinomas occurring in association with chronic
liver disease are frequently small, possibly be-
cause the patients are in a surveillance program.
A small cholangiocarcinoma may manifest as a
hypervascular tumor, whereas most of the large
mass-forming tumors manifest as a predomi-
nantly hypovascular mass with a hypervascular
rim (19). Cholangiocarcinoma arising from a
cirrhotic liver may be surrounded by a fibrotic
pseudocapsule, which is an unusual finding in
cholangiocarcinoma arising from a noncirrhotic
liver. In such cases, capsular retraction is noted
along the tumor surface. This capsular retraction
may be seen in some hepatocellular carcinomas
(HCCs) with cirrhotic stroma but is more sug-
gestive of cholangiocarcinoma (Fig 4).

Cholangiocarcinoma can develop in a con-
genital choledochal cyst, with a lifetime risk of
10%-15% (3,20). Surgery is the treatment of
choice, but excision of the choledochal cyst can-
not completely prevent carcinogenesis. Chol-
angiocarcinoma developed in about 1% of the
patients who underwent surgery (21). Combined
infected bile stasis and gallstones has been sug-
gested as a cause of malignant change in the re-
maining bile duct (21).
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Imaging Techniques
Although multidetector CT is widely used, mul-
tiphase scanning is possible without a reduction
in spatial resolution or scanning range. At our
institution, precontrast and triphasic CT, includ-
ing late arterial phase, hepatic venous phase, and
equilibrium phase scanning, is usually performed
in a patient who has not undergone prior CT.
Precontrast CT is useful for the detection and
differentiation of an intraductal stone. In patients
with an intraductal mass at postcontrast scan-
ning, it is often hard to differentiate between
an intraductal tumor and an intraductal stone
without a precontrast image (22,23). Late arte-
rial phase CT performed 20-30 seconds after
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Figure 4. Mass-forming cholangiocarcinoma
arising in a cirrhotic liver. (a) Axial fat-suppressed
T2-weighted MR image shows a slightly hyper-
intense mass with capsular retraction (arrow) in
segment V of the liver. (b) Contrast-enhanced ar-
terial phase T1-weighted MR image shows strong
enhancement of the tumor (arrow). (c) Photomi-
crograph (original magnification, x100; H-E stain)
shows a fibrotic pseudocapsule (arrowheads) sur-
rounding the tumor ().

contrast medium injection is useful for under-
standing the arterial anatomy and planning the
surgical method (24). Hepatic venous phase CT
is performed 25-30 seconds after the comple-
tion of late arterial phase scanning. At hepatic
venous phase scanning, cholangiocarcinoma
shows a higher enhancement than does the ad-
jacent normal liver parenchyma or normal bile
duct (25-27). At delayed phase scanning (per-
formed 150-180 seconds after the completion of
hepatic venous phase scanning), cholangiocar-
cinoma commonly shows a higher attenuation
than does the surrounding liver, a finding that

is related to abundant fibrous stroma. Delayed
phase scanning performed 3-30 minutes after
contrast medium injection can demonstrate late
enhancement of the tumor, a finding that reflects
abundant fibrous stroma within the tumor in in-
trahepatic or hilar cholangiocarcinoma, but it is
not widely used for the evaluation of extrahepatic
cholangiocarcinoma (28,29). The MR imaging
protocol at our institution includes axial and
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coronal T2-weighted images, a fat-saturated T'1-
weighted image, a dynamic contrast-enhanced
T1-weighted image obtained with a bolus track-
ing technique, and MR cholangiopancreatogra-
phy. The T2-weighted images and the dynamic
contrast-enhanced T1-weighted MR image can
be helpful for detecting and characterizing the
tumor (30). Contrast-enhanced MR imaging is
also useful in differentiating between benign and
malignant bile duct strictures (31,32). MR chol-
angiopancreatography is helpful in the evaluation
of a periductal infiltrating or intraductal growth
type tumor (33,34).

Morphologic Classification:
Radiologic-Pathologic Correlation
According to the morphologic classification sys-
tem proposed by the Liver Cancer Study Group

of Japan (5), cholangiocarcinoma is classified
into mass-forming, periductal infiltrating, and
intraductal growth types (Fig 5). Traditionally,
extrahepatic bile duct cancer has been clas-
sified as nodular, sclerosing, or papillary (3),
corresponding to the mass-forming, periductal
infiltrating, and intraductal growth types of
intrahepatic cholangiocarcinoma, respectively.
Classification based on gross morphologic char-
acteristics is valuable for the interpretation of
imaging features and the development of a dif-
ferential diagnosis. It is also useful for predict-
ing tumor dissemination and prognosis and for
planning the surgical approach (35-37).

Mass-forming Type

Mass-forming cholangiocarcinoma is character-
ized morphologically by a homogeneous mass
with an irregular but well-defined margin and is
frequently associated with dilatation of the biliary
trees in the tumor periphery. Vascular encasement
by the tumor is also common, but grossly visible
intravascular tumor thrombosis is rare. At ultra-
sonography (US), mass-forming cholangiocarci-
noma manifests as a homogeneous mass with an
irregular but well-defined margin. A peripheral
hypoechoic rim is seen in about 35% of all tu-
mors and consists of compressed liver paren-
chyma or proliferating tumor cells (38). Tumors
greater than 3 cm in size are usually hyperechoic,
but tumors less than 3 cm are hypo- or isoechoic

radiographics.rsnajnls.org

Periductal infiltrating type

raductal growing type

Figure 5. Drawing illustrates the three types of chol-
angiocarcinoma according to the morphologic clas-
sification system proposed by the Liver Cancer Study
Group of Japan.

(39). The typical CT features of a mass-forming
cholangiocarcinoma include homogeneous at-
tenuation, irregular peripheral enhancement

with gradual centripetal enhancement, capsular
retraction, the presence of satellite nodules, and
vascular encasement without the formation of

a grossly visible tumor thrombus (Fig 6a—6¢)
(40-43). Other common findings include the
presence of hepatolithiasis associated with the
ductal dilatation and obliteration of the portal
vein, leading to atrophy of the involved segment
(44). At gross examination, mass-forming cholan-
giocarcinoma is characterized by a homogeneous
sclerotic mass with an irregular lobulated margin,
typically in the absence of hemorrhage or central
necrosis (Fig 6d) (42). At histologic analysis, the
viable tumor cells are usually located at the pe-
riphery of the tumor. The central portion of the
tumor is composed of a variable degree of fibrosis
and shows coagulative necrosis with scanty scat-
tered tumor cells (Fig 6e, 6f) (30). The degree of
enhancement of a tumor on the delayed phase
image, which is usually obtained 3—15 minutes
after contrast medium administration, is closely
related to the amount of interstitial space in

the fibrous stroma. Valls et al (45) reported that
81.8% of tumors with severe fibrosis showed
delayed enhancement, whereas none of the tu-
mors in patients without fibrosis showed delayed
hyperenhancement.

The MR imaging features of mass-forming
cholangiocarcinoma are similar to its CT features
(30,33,44). The mass shows an irregular margin
with high signal intensity at T2-weighted imaging
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Figure 6. Typical features of mass-forming cholangiocarcinoma at CT, gross examination, and histologic
analysis. (a) Arterial phase CT scan shows a tumor with ragged rim enhancement at the periphery (arrow).
(b) Axial portal venous phase CT scan shows gradual centripetal enhancement of the tumor with capsular re-
traction (black arrow). A satellite nodule is also seen (white arrow). (c) Three-minute delayed phase CT scan
shows gradual centripetal enhancement with tumor encasement of the posterior branch of the right portal vein
(arrowhead). Encasement of a portal or hepatic vein without formation of a grossly visible tumor thrombus

is one of the distinguishing features of cholangiocarcinoma as opposed to HCC. (d) Photograph of the gross
specimen shows a homogeneous sclerotic mass with an irregular infiltrative margin and a central area of whit-
ish scarred tissue (x), findings that correlate well with microscopic findings, namely, tumor cells that are more
prominent at the periphery of the mass, with fibrotic stroma being more prominent in the center of the tumor.
(e) Photomicrograph (original magnification, x40; H-E stain) of the periphery of the tumor shows the indis-
tinct tumor margin, in which tumor cells (*) are intermingled with normal hepatocytes in the adjacent liver
(arrows). (f) Photomicrograph (original magnification, x100; H-E stain) of the inner portion of the tumor
shows a larger amount of fibrous tissue with scattered tumor cells (arrows).
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Figure 7. Typical MR imaging features of mass-forming cholangiocarcinoma. (a) Axial fat-suppressed T2-
weighted MR image shows a high-signal-intensity lobulated mass in the right hepatic lobe (arrow). (b, ¢) Con-
trast-enhanced arterial phase (b) and equilibrium phase (¢) T1-weighted MR images show irregular, ragged
rim enhancement (arrows in b) with gradual centripetal enhancement (arrowheads in ¢). (d) Photograph of
the gross specimen shows a mass with a relatively homogeneous appearance (arrow), although the central
area of the tumor is somewhat whitish (). (e) Photomicrograph (original magnification, x100; H-E stain) of
the tumor periphery shows a moderately differentiated adenocarcinoma, a finding that is consistent with the
peripheral rim enhancement seen in b and c. (f) Photomicrograph (original magnification, x40; H-E stain) of
the central portion of the tumor shows coagulative necrosis (x) with scanty tumor cells (arrows).
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Figure 8. Hepatic tuberculosis. Contrast-enhanced
arterial phase CT scan shows four layers of hepatic tu-
berculosis. Microscopic examination showed the outer-
most (hyperattenuating) layer (arrowheads) to consist
of compressed normal hepatic parenchyma with sinu-
soidal dilatation, the second (hypoattenuating) layer
(large arrows) to consist mainly of fibrosis, the third
(hyperattenuating) layer (small arrows) to represent
granulomatous inflammation, and the innermost (hy-
poattenuating) layer () to represent caseous necrosis.

and with low signal intensity at T'1-weighted
imaging. Both the peripheral and the centripetal
enhancement may be more prominent at MR
imaging than at CT (Fig 7). In certain cases,
prominent central enhancement can be seen on
the equilibrium phase or delayed phase MR im-
ages, a finding that is similar to the enhancement
pattern seen at contrast-enhanced CT. The area
of the tumor with early enhancement and rapid
washout indicates active growth, whereas the cen-
tral area is composed mainly of loose connective
tissue with an abundant intercellular matrix. Hy-
perattenuating areas in intrahepatic cholangiocar-
cinoma on delayed phase images may also be re-
lated to the fibrous stroma of the tumor (45,46),
and cirrhotic cholangiocarcinoma with abundant
fibrous stroma has been reported to correlate
more closely with a somewhat poorer prognosis
than does the noncirrhotic form (46,47). Not all
cholangiocarcinomas manifest with the typical
imaging pattern, and various atypical patterns are
frequently seen. Homogeneous hypervascular en-
hancement is an uncommon finding but may be
seen in a well-differentiated tumor with abundant

Chung etal 691

tumor vasculature in the fibrotic stroma in the
absence of remarkable necrosis. Prolonged en-
hancement may be attributed to the presence of
the vascular fibrotic stroma (48). If a tumor man-
ifests with central necrosis, which is common in
metastatic adenocarcinoma but rare in cholangio-
carcinoma (42), it may be very difficult to make

a preoperative diagnosis. Mucinous carcinoma is
one variant of cholangiocarcinoma that may show
strong hyperintensity and centripetal enhance-
ment on T2-weighted MR images, but it can and
should be distinguished from a hemangioma at
imaging on the basis of its continuous ragged rim
enhancement, as opposed to the stronger and
globular enhancement of the latter (49).

Several tumors or tumorlike conditions should
be included in the differential diagnosis for a
mass-forming cholangiocarcinoma. HCC with
cirrhotic stroma, sclerosing HCC, and combined
HCC-cholangiocarcinoma can all appear nearly
identical to cholangiocarcinoma. Therefore,
these three tumors should always be considered
together, especially in patients with chronic liver
disease (50-52). In addition, various tumors with
abundant fibrous stroma, immature abscesses,
metastasis from other sites, and hepatic tuber-
culosis may manifest with similar findings. In
hepatic metastasis from an extrahepatic tumor,
the area of central necrosis can be identified as a
strongly hyperintense area on T2-weighted im-
ages and as a hypointense area on T'1-weighted
images, with delayed contrast material uptake
on the hepatobiliary phase image. Such areas of
central necrosis are not common in primary chol-
angiocarcinoma and can help differentiate meta-
static lesions from a mass-forming cholangiocar-
cinoma. An organizing abscess is commonly seen
in patients with intrahepatic stone disease and
may be differentiated from cholangiocarcinoma
on the basis of its thick enhancing wall with cen-
tral cystic change, findings that are uncommon in
cholangiocarcinoma. An immature abscess mani-
festing at a very early stage may mimic a cholan-
giocarcinoma, especially in a patient at high risk
for cholangiocarcinoma. In these cases, findings
on serial follow-up scans are useful in making the
correct diagnosis. Hepatic tuberculosis can be
distinguished from cholangiocarcinoma on the
basis of its multilayered appearance (Fig 8).
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Figure 9. Periductal infiltrating cholangiocarci-
noma. (a) Axial T2-weighted MR image shows a
dilated peripheral intrahepatic duct with a slightly
hyperintense lesion around the duct (arrow).

(b) Contrast-enhanced equilibrium phase MR
image shows periductal enhancement around the
dilated intrahepatic duct (arrowheads). (c¢) Pho-
tograph of the gross specimen reveals a periductal
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infiltrating tumor (arrows) along the irregularly
dilated intrahepatic duct.

Periductal Infiltrating Type
Periductal infiltrating cholangiocarcinoma is
characterized by growth along a dilated or nar-
rowed bile duct without mass formation and
manifests as an elongated, spiculated, or branch-
like abnormality. At US, infiltrating type cholan-
giocarcinoma appears as a small, masslike lesion
or diffuse bile duct thickening with or without
obliteration of the bile duct lumen depending
on tumor extent (53,54). At CT and MR imag-
ing, diffuse periductal thickening and increased
enhancement due to tumor infiltration can be
seen, with an abnormally dilated or irregularly
narrowed duct and peripheral ductal dilatation
(Fig 9). This type of tumor is rare in intrahepatic
cholangiocarcinoma, but most hilar cholangio-
carcinomas are of this type (Fig 10) (13,55,56).
In the periphery of the liver, a combination of the
periductal and mass-forming types is more com-
mon than a purely periductal infiltrating lesion.
The differential diagnosis for a periductal in-
filtrating cholangiocarcinoma includes periportal

lymphangitic metastasis from the extrahepatic
tumor (57). The latter finding can be distin-
guished from periductal cholangiocarcinoma on
the basis of (a) the absence of ductal dilatation
and (b) diffuse involvement of both sides of the
liver. In contrast, periductal cholangiocarcinoma
tends to be localized to one segment or lobe and
manifests with ductal dilatation, a finding that
is indicative of biliary disease. Peribiliary cysts
may look similar to cholangiocarcinoma, but
they can easily be differentiated from periductal
infiltrating cholangiocarcinomas on the basis of
the presence of multiple peribiliary cysts with
discrete margins and the absence of ductal dila-
tation or soft-tissue lesions.

The early diagnosis of periductal infiltrating
cholangiocarcinoma can be very difficult because
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Figure 10.
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Periductal infiltrating hilar cholangiocarcinoma. (a) Coronal T2-weighted MR image shows ir-

regular ductal wall thickening along a narrowed hilar bile duct (arrow). (b) Photograph of the gross specimen
reveals an elongated and branchlike tumor along the bile duct.

Table 2

Classification of BilIN

Classification Description

BilIN-1 Low-grade dysplasia of biliary epi-
thelium, mild cellular-nuclear
atypia suggestive of neoplasia

BilIN-2 High-grade dysplasia of biliary
epithelium, cellular-nuclear
atypia evident but insufficient to
represent overt malignancy

BilIN-3 Carcinoma in situ, cellular-nuclear

atypia representing overt malig-
nancy

Sources.—References 15 and 60.

this entity may begin as a benign-looking stric-
ture. The correct diagnosis of peribiliary chol-
angiocarcinoma depends on differentiating the
benign focal stricture from a true malignancy.
Findings of (@) a long-segment stricture with an
irregular margin, asymmetric narrowing, ductal
enhancement, and lymph node enlargement and
(b) a periductal soft-tissue lesion suggest a malig-
nant stricture (58,59).

Intraductal Type
Intraductal cholangiocarcinoma is an intriguing
type of cholangiocarcinoma because it has a variety

of imaging features, grows slowly, and has a rela-
tively favorable prognosis. Imaging patterns include
(a) diffuse and marked ductectasia with a grossly
visible papillary mass, (b) diffuse and marked duc-
tectasia without a visible mass, (¢) an intraductal
polypoid mass within localized ductal dilatation,
(d) intraductal castlike lesions within a mildly di-
lated duct, and () a focal stricture-like lesion with
mild proximal ductal dilatation.

Intraductal cholangiocarcinoma may be clas-
sified as either macroscopic or microscopic.
Microscopic lesions may represent the early
form of typical cholangiocarcinoma, whereas
macroscopic lesions may represent a distinct
pathologic entity. Macroscopic lesions manifest
as either papillary or tubular polypoid lesions.
Intraductal papillary neoplasm of the biliary
tract is currently thought to be the counterpart
of intraductal papillary mucinous neoplasm of
the pancreas and is frequently associated with
marked mucin production. Microscopic lesions
are tumors with flat or micropapillary growth
associated with BilIN, which is thought to be a
precursor of cholangiocarcinoma in a multistep
cholangiocarcinogenesis involving low-grade
(BilIN-1) and high-grade (BilIN-2) intraepithe-
lial dysplasia and carcinoma in situ (BilIN-3)
(Table 2). BilIN is regarded as a counterpart of
pancreatic intraepithelial neoplasia (15,60-64).
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Figure 11. Intraductal papillary neoplasm of
the biliary tract with marked mucin production.
(a, b) Contrast-enhanced CT scan (a) and T2-

weighted MR image (b) show a markedly dilated
intrahepatic duct with mural nodules or irregular

wall thickening (arrow). (c¢) Photograph of the gross
specimen reveals an intraluminal plaquelike or pap-

illary mass (arrow) and mucin (arrowhead).

The most distinguishable imaging pattern of
the first type of intraductal cholangiocarcinoma
is diffuse ductal dilatation with multifocal super-
ficial spreading papillary or plaquelike masses at
CT or MR imaging (Fig 11) (65). These papil-
lary tumors may look like seaweed or coral at
cholangioscopy and gross examination. At US,
an intraductal polypoid lesion is echogenic rela-
tive to the surrounding liver. At precontrast CT,
an intraductal mass appears as a lesion within
the dilated bile duct that is hypo- or isoattenu-
ating relative to the surrounding liver. After
contrast medium administration, the intraductal
tumor shows enhancement. This lesion is usually
confined to the bile duct wall, so that the wall
will appear intact at US and CT (40,66,67). In
some cases, only marked intrahepatic bile duct
dilatation with no obstructive mass or stricture
can be detected at imaging. These imaging find-
ings can be explained on the basis of copious
mucin production. Because mucin is usually an-
echoic at US and appears isoattenuating relative
to water at precontrast CT, it is hard to detect at
US or CT (66). Papillary growth of the tumor
is clearly visible on a gross specimen (Fig 11c).
Tumors can easily slough from the surface and

may produce sludge or stones. In the second
pattern of intraductal cholangiocarcinoma, a
diffuse and marked ductectasia is present as in
the first pattern, but a grossly visible mass is not
present at CT, MR imaging, or even gross exam-
ination. This is either because of the micropapil-
lary nature of the tumor (Fig 12) or because of
the limited spatial resolution of the imaging mo-
dalities. The third pattern of intraductal tumors
manifests as localized ductal dilatation with

an intraductal mass. An intraductal papillary
mass is also usually present, but mucin secre-
tion is not remarkable, so that the distal ductal
dilatation is not prominent (Fig 13).This type
of tumor can be distinguished from an HCC
invading the bile duct on the basis of identifi-
cation of the mass outside the ductal system,
hypervascularity at dynamic imaging, the pres-
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a.

Figure 12. BIilIN-3. (a) Axial contrast-enhanced CT scan shows diffuse ductal dilatation in the left hepatic

lobe through the common bile duct, with no visible intraductal mass. (b) Photomicrograph (original magnifi-
cation, X40; H-E stain) shows micropapillary tumors throughout the bile ducts. These findings are compatible
with the micropapillary form of BilIN-3 (carcinoma in situ).
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a.

Figure 13. Intraductal papillary cholangiocarcinoma. (a) MR cholangiopancreatogram shows an intraductal
polypoid mass with localized ductal dilatation (arrow). (b) Photomicrograph (original magnification, x1; H-E
stain) shows an intraductal growth type mass with focal ductal dilatation (arrowheads).

ence of a prominent fibrous capsule or pseudo-
capsule, and other imaging features favoring
HCC (22).This type of intraductal tumor may
also be confused with an intraductal masslike
stone. The absence of contrast enhancement
and the high attenuation at precontrast CT are
useful in making the diagnosis of an intraductal
masslike stone, whereas an enhancing poly-
poid mass with asymmetric adjacent bile duct
wall thickening is suggestive of an intraductal
tumor (68). However, the presence of hepato-

lithiasis does not exclude the coexistence of an
intraductal tumor, and one must be careful not
to miss a coexistent intraductal tumor in cases
of hepatolithiasis (13). A biliary cystadenoma or
cystadenocarcinoma may manifest as a cyst that
contains intracystic lesions and may mimic an
intraductal tumor (69), but the absence of duc-
tal communication helps in making the correct
diagnosis. The fourth pattern is one of the most
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Figure 14. Intraductal cholangiocarcinoma.

(a) CT scan shows a soft-tissue component filling
a mildly dilated duct (arrow). (b) MR cholangio-
pancreatogram shows the mildly dilated duct with
irregularities that mimic impacted stones (arrow-
heads). (c) Photograph of the gross specimen re-
veals a dilated bile duct with innumerable impacted
small polypoid lesions representing tubular carcino-
mas without mucin production.

difficult forms to diagnose correctly at imaging.
It manifests as an area of mild ductal dilatation
filled with intraductal soft-tissue material, which
may show mild enhancement at CT or MR im-
aging (Fig 14). Impacted stones in the intrahe-
patic bile duct may appear similar to this type of
tumor, but the presence of calcifications and the
absence of contrast enhancement may be helpful
in making the correct diagnosis (intraductal im-
pacted stones). However, as mentioned before,
the identification of hepatolithiasis does not
exclude a coexistent carcinoma. The last pattern
of intraductal cholangiocarcinoma manifests as
a focal stricture-like lesion with mild proximal
ductal dilatation and no demonstrable mass
(Fig 15). The stricture may be a secondary find-
ing of the underlying inflammation and fibrotic
stricture or may itself represent a small tumor.
The differential diagnosis for this type of lesion
includes a benign stricture and intraepithelial
dysplasia (BilIN-1 or BilIN-2). In patients with
intrahepatic stone disease, most focal strictures
turn out to be benign; nevertheless, these stric-
tures should be viewed with a high degree of
suspicion for malignancy.

radiographics.rsnajnls.org

Conclusions
Current evidence suggests that the prevalence of
cholangiocarcinoma is increasing worldwide de-
spite some controversy over anatomic classifica-
tion. Liver flukes and hepatolithiasis are common
risk factors in eastern Asia, whereas PSC, liver
cirrhosis, alcohol-related liver disease, and diabe-
tes are relatively common risk factors in Western
countries. Cholangiocarcinoma can be classified
on the basis of gross morphologic features into
mass-forming, periductal infiltrating, and intra-
ductal types, and the imaging features may de-
pend on the underlying causative risk factors (Ta-
ble 3). Intraductal type cholangiocarcinoma can
be subdivided on the basis of imaging findings,
which include diffuse and marked ductectasia
with a grossly visible papillary mass, diffuse and
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Figure 15.
(arrow) with mild ductal dilatation. (b) Photomicrograph (original magnification, x200; H-E stain) shows an
intraepithelial carcinoma, also known as carcinoma in situ or BilIN-3, without subepithelial extension.
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BilIN with a focal ductal stricture. (a) Axial contrast-enhanced MR image show a focal stricture

Table 3
Imaging Findings of Cholangiocarcinoma according to Morphologic Type
Imaging Findings
Morphologic
Type UsS CT MR Imaging

Mass-forming  Hyperehoic (larger
than 3 cm), hypo-
or isoechoic (less
than 3 cm), periph-
eral hypoechoic rim

(~35% of all tumors)

Periductal
infiltrating

Small, masslike lesion
or diffuse bile duct
thickening with or
without oblitera-
tion of the bile duct
lumen

Localized or diffuse
ductectasia with or
without an echo-
genic intraductal
polypoid lesion

Intraductal

Homogeneous attenuation,
irregular peripheral enhance-
ment, gradual centripetal
enhancement

Diffuse periductal thickening
with increased enhancement,
abnormally dilated or irregu-
larly narrowed duct

Diffuse and marked ductal
dilatation with an intraductal
mass that is hypo- or isoat-
tenuating relative to the sur-
rounding liver at precontrast
CT and enhances at con-
trast-enhanced CT, marked
intrahepatic duct dilatation
with no mass or stricture, an
intraductal polypoid mass
within localized ductal dila-
tation, an intraductal castlike
lesion within a mildly dilated
duct, or a focal stricture-like
lesion with mild proximal
ductal dilatation

Hyperintense at T2-weighted

imaging, hypointense at T'1-
weighted imaging, peripheral
and centripetal enhancement
at dynamic contrast-enhanced
imaging; associated findings:
capsular retraction, satellite
nodules, vascular encasement
without gross tumor thrombus
formation, hepatolithiasis

Diffuse periductal thickening with

increased enhancement, ab-
normally dilated or irregularly
narrowed duct

Diffuse and marked ductal

dilatation with an intraductal
mass that enhances at contrast-
enhanced MR imaging, marked
intrahepatic duct dilatation with
no mass or stricture, an intra-
ductal polypoid mass within
localized ductal dilatation, an
intraductal castlike lesion within
a mildly dilated duct, or a focal
stricture-like lesion with mild
proximal ductal dilatation
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marked ductectasia with no visible mass, an intra-
ductal polypoid mass within localized ductal dila-
tation, intraductal castlike lesions within a mildly
dilated duct, and a focal stricture-like lesion with
mild proximal ductal dilatation. With pathologic
correlation, these imaging findings can be related
to emerging pathologic concepts of intraductal
papillary neoplasm of the biliary tract and BilIN.
Morphologic classification is useful for interpret-
ing imaging findings and understanding tumor
behavior. Finally, it is important to consider the
various tumorous and nontumorous diseases
when developing the differential diagnosis.
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Page 684

A recent epidemiologic study addressed this misclassification issue but showed that the prevalence of
intrahepatic cholangiocarcinoma has actually increased, even after the exclusion of the misclassified
cases (7).

Page 684
There are a number of recognized risk factors for cholangiocarcinoma that all share the common
feature of chronic biliary inflammation (Table 1).

Page 688

The typical CT features of a mass-forming cholangiocarcinoma include homogeneous attenuation,
irregular peripheral enhancement with gradual centripetal enhancement, capsular retraction, the
presence of satellite nodules, and vascular encasement without the formation of a grossly visible

tumor thrombus (Fig 6a—6c) (40—43).

Page 692
Periductal infiltrating cholangiocarcinoma is characterized by growth along a dilated or narrowed bile
duct without mass formation and manifests as an elongated, spiculated, or branchlike abnormality.

Page 693

Imaging patterns include (a) diffuse and marked ductectasia with a grossly visible papillary mass, (b)
diffuse and marked ductectasia without a visible mass, (c) an intraductal polypoid mass within
localized ductal dilatation, (d) intraductal castlike lesions within a mildly dilated duct, and (e) a focal
stricture-like lesion with mild proximal ductal dilatation.





