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We noted the limitations of applying conventional macroscopic patterns to classify the imaging features of
cholangiocarcinoma (CCA). Therefore, we hereby propose a dichotomous imaging classification of “par-
enchymal” and “ductal” types, based on recent developments in the histopathologic concepts of CCA. This new
imaging classification of CCA is simple and easy to apply, and can be useful to describe underlying carcino-
genesis and correlate clinicopathologic characteristics with imaging patterns of CCA.

1. Introduction

Cholangiocarcinoma (CCA) presents varying appearances on ima-
ging according to the location, morphologic growth pattern, and cell
type [1]. Imaging features of CCA have commonly been grouped into
three patterns of gross morphologic manifestations: mass-forming (MF),
periductal infiltrating (PI), and intraductal growing (IG) [2,3]. This
classification is useful to illustrate typical imaging patterns but may not
accurately reflect pathogenesis or the new concept of histologic clas-
sifications. According to the current histological classifications, CCA
can be divided into small duct and large duct types [2,4]; the former is
regarded as originating from small ductules or the canals of Hering and
the latter from mature cholangiocytes or the peribiliary glands of the
large bile duct (Fig. 1) [5]. Here, we propose an imaging classification
of CCA in accordance with the new histologic concepts by dividing
tumors into either the ‘parenchymal’ or ‘ductal’ type. The parenchymal
type represents mass-forming tumors with no gross involvement or
dilation of the bile duct, and the ductal type represent any tumors (e.g.,
MF, MF + PI, or PI) with the imaging features of peritumoral duct di-
lation or periductal tumor spread.

2. Varying imaging features of cholangiocarcinoma

Cholangiocarcinomas (CCA) present a wide variety of imaging fea-
tures [1]. The varying appearances of CCA on imaging may be partly
attributed to various cells of origin of the tumors such as mature cho-
langiocytes, the peribiliary gland, hepatic progenitor cells, or mature
hepatocytes [6]. Another reason may be that they arise from different

anatomical environments in the form of either intrahepatic (iCCA),
perihilar (pCCA), or distal (dCCA) CCA [3]. In addition, CCA may
present different macroscopic growth patterns manifesting different
imaging features.

The imaging features of CCA have commonly been grouped into
three morphologic growth patterns: mass-forming (MF), periductal in-
filtrating (PI), and intraductal growing (IG) (Fig. 2) [7]. Typically, an
MF-CCA manifests as a non-encapsulated mass showing irregular rim-
like enhancement at the early dynamic phase and gradual central en-
hancement with peripheral washout in later-phase images [1]. A PI-
CCA presents as irregular wall thickening and upstream dilation of the
obstructed bile duct. However, IG-CCA may also exhibit varying ap-
pearances due to the degree and extent of ductal dilation (diffuse,
cystic, or minimal dilation), the degree of mucin excretion, and the size
(poorly or highly visible) and extent (focal or diffuse papillomatosis) of
the intraductal lesion [1,8-11].

3. Problems in conventional morphologic classifications

The gross morphologic classifications are useful to describe the ty-
pical imaging patterns of CCA but have some limitations in explaining
atypical or complex tumors and also in relating the macroscopic growth
patterns of the tumors with their pathogenesis and clinicopathologic
characteristics.

3.1. MF and mixed type

Among the macroscopic growth patterns, the MF type accounts for
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Fig. 2. Macroscopic growth patterns of intrahepatic CCA. A-C. Based on CT
imaging, the tumors depicted were regarded as a mass-forming (A), periductal
infiltrating (B), and intraductal growing (C) CCA. However, they were reported
as a mass-forming and periductal infiltrating (A), periductal infiltrating and
mass-forming (B), and intraductal and periductal and mass-forming (C) CCA on
pathologic reports.

Fig. 3. Small duct type CCAs are composed of cuboidal to low columnar tumor
cells with scant eosinophilic or amphophilic cytoplasm forming small mono-
tonous glands. (Fig. 1A, original magnification 200 X ) In contrast, large duct
type CCAs consist of tall columnar tumor cells resembling epithelia of large
intrahepatic bile duct arranged in a large glandular pattern. Large duct type
CCAs often have a clear cytoplasm suggesting mucin production. (Fig. 1B,
original magnification 200 x).

more than 80% of iCCA [12,13], but this figure also includes some
mixed type tumors such as MF + PI, which is the second most common
type of growth pattern in iCCA [14,15]. Mixed MF + PI type tumors are
not only common, but also represent a different pathogenesis and origin
from pure MF-CCA because the former (MF + PI type) are mostly large
duct type tumors and the latter (MF type) are typically the small duct
type according to the new histopathological concept [30]. Although the
MF + PI pattern was initially introduced as a distinctive type [16],
other mixed patterns, such as MF + IG or PI + IG, can also exist [15].
However, on imaging, the less dominant component of the mixed pat-
tern may not be well depicted, leading to a discrepancy between the
imaging and pathological classifications (Fig. 2). For example, a tumor
that was considered a PI or MF tumor may be reported as an MF + PI-
iCCA after pathologic examination [17,18]. Therefore, MF-CCA and
MF + PI-CCA have been commonly grouped together to explain the
imaging features for analysis of the clinical characteristics in radiologic
literature [18-20].

3.2. PI type

A pure Pl-type tumor is not only rare in iCCA but also typically
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Fig. 1. Carcinogenesis and evolution of cho-
langiocarcinoma (CCA). Small duct type CCA is
associated with chronic liver disease, and arises
from progenitor cells then progresses to MF-
CCA or cholangiolocellular carcinoma. Large
duct type CCA is associated with chronic biliary
inflammation, and arises in the form of Bil-IN
or IPNB then progresses to periductal in-
filtrating, intraductal growing, or mixed form
of CCA.

ing CCA

» Mixed patterns:

MF+PI, PI+IG,
IG+MF

Fig. 4. Parenchymal type CCA in a 40-year-old man with B-viral cirrhosis. A, B.
The irregularly marginated mass is hyperintense on the T2-weighted fast spin-
echo image (A) and hypointense on the T1-weighted 3D fat-suppressed gra-
dient-echo image (B). C, D. The dynamic arterial (C) and delayed (D) phase
images show irregular peripheral enhancement and delayed central enhance-
ment. Note that there is no biliary dilation in either the peritumoral or remote
areas of the liver even though the mass is relatively large.

presents as a smaller lesion at the time of diagnosis compared to other
gross type tumors and tends to have better survival than MF- or MF + PI-
iCCA with a lower incidence of intrahepatic and nodal metastases
[14,18,21]. These characteristics of PI-iCCA — lower incidence, small
size at presentation, and better outcome after surgery — suggest that the
PI type is an earlier or intermediate stage of CCA in the progression to
more advanced forms, such as MF + PI type CCA, presenting with a
larger size and worse post-surgical outcome [14]. Therefore, the two
macroscopic patterns may represent different stages of one type of
tumor.

3.3. IG type

In addition, IG-CCA is commonly either described together or
sometimes confused with intraductal papillary neoplasms of the bile
duct (IPNB) [7,11,22,23]. Intraductal tumors may be IPNB or its in-
vasive forms [24] or may also represent early stage tumors or in-
traductal tubular or tubulopapillary carcinomas of different origins
[25-29]. When an intraductal growing tumor extends outside of the
bile duct, it may manifest as a mixed pattern of IG + MF or IG + PI CCA
[30]. However, a colloid carcinoma, which is thought to arise from
IPNB [31], may manifest as only a mass-forming tumor without a
grossly visible intraductal component.
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Fig. 5. Ductal type CCA in a 67-year-old man with no known risk factors. A, B.
The lobulated mass is hyperintense on the T2-weighted fast spin-echo image (A)
and hypointense on the T1-weighted 3D fat-suppressed gradient-echo image
(B). C, D. On the dynamic arterial (C) and venous (D) phase images, the mass
shows irregular peripheral enhancement and progressive internal enhancement.
Although the mass is relatively small and located periphery of the liver, the
adjacent bile duct is dilated at the peritumoral area.

3.4. Size and locations

The gross morphologic classifications also seem more closely related
with the size of a tumor or the diameter of the involved bile duct rather
than the underlying pathogenesis of the tumors. For example, the PI
and IG patterns are uncommon in iCCA and are usually seen in pCCA
and dCCA [14,15,17], but most CCA arising in the large perihilar bile
duct is the MF + PI pattern [2,32]. For dCCA, some authors advocate
application of the same morphologic classifications, but in iCCA and
dCCA, the MF pattern does not have the same imaging appearance.
Additional terms such as nodular, papillary, or sclerosing are therefore
also used to classify the morphologic type of dCCA [33-36].

4. Recent histologic classifications

Histologically, CCA has been traditionally classified into classical
(well-, moderately, and poorly differentiated) and variant forms of
carcinomas such as adenosquamous or squamous carcinomas [37].
However, during the last decade, several new histological classifica-
tions have been introduced [4,38-41]. Although those classifications
have used different histopathologic criteria, they are similar in re-
flecting their anatomical origin and pathogenesis [2]. According to one
new histological classification, CCA can be divided into the conven-
tional (ductal) type, the ductular type, the intraductal type, and rare
variants [4,13]. In the case of iCCA, the ductal type can be further
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divided into the small bile duct type and the large bile duct type (Fig. 3)
[30,38]. While ductular type tumors are only present in iCCA, the in-
traductal type can be seen in iCCA, pCCA, or dCCA. Additionally,
ductular and small bile duct CCA may be grouped together as the small
duct type [30].

On microscopic examination, small bile duct type CCA is composed
of cuboidal or low columnar cells with scant cytoplasm and enlarged
nuclei, and exhibits a tubular or ductular pattern of growth. Contrarily,
the large bile duct type is composed of tall columnar cells with eosi-
nophilic cytoplasm, and they are characterized by low cellularity,
abundant mucin, and a fibrous stroma [41].

Studies have shown that histologic subtype is a significant prog-
nostic factor of iCCA. Hayashi et al. [42] have used scoring of mucin
productivity and immunophenotype to classify iCCA into type 1 and
type 2. Their study showed that type 1, which shared the characteristics
of large duct, CCA were more frequently associated with poor prog-
nostic factors, such as poor differentiation or perineural invasion, and
also showed significantly worse recurrence-free and overall survival
after surgical resection. Similar results have been reported by Aishima
et al. [38], Liau et al. [41], and Akita et al. [31]. In radiological reports,
CCA showing small duct CCA also tended to have better postsurgical
outcomes [20,43].

4.1. Histologic classification and pathogenesis

When tumor carcinogenesis is explained according to the new
classifications, large duct type tumors are regarded as having developed
in association with chronic biliary inflammation (e.g., primary scler-
osing cholangitis, intrahepatic stone disease, or chronic biliary infec-
tion). They arise from large bile duct epithelia or the peribiliary glands
as a form of Bil-IN or IPNB as its precursor lesion then progress to the
various morphologic types including PI, IG, IG + MF, or MF + PI CCA
[30]. However, small duct type tumors are associated with chronic liver
disease and are suspected to arise from progenitor cells near the canals
of Hering without a known premalignant lesion then progress to MF-
CCA of the small ducts or ductular (cholangiolocellular) type CCA.

According to this new histological classification, small duct type
CCA may be assumed to be found in the peripheral liver and large duct
type tumors in a more central part of the liver. However, this topo-
graphical relationship may be difficult to demonstrate on cross-sec-
tional imaging because of the complex structure of the intrahepatic
biliary tree, even though a higher frequency of extensive bile duct en-
casement has been shown in large duct type tumors [43].

4.2. Imaging and histologic correlation

Several imaging studies have demonstrated a relationship between
dynamic enhancement patterns on CT or MRI and the clinicopathologic
characteristics of CCA [19,20,44,45]. A study using CT showed that
large duct type iCCA tends to show hypovascular enhancement, but the
small duct type more frequently exhibits rim enhancement or hy-
pervascular enhancement [20]. More recently, Nam et al. [43] reported
that small duct type iCCA more frequently showed arterial

Fig. 6. Schematic drawings and clinicopathologic characteristics
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Fig. 7. Parenchymal type CCA in a 79-year-old woman. A 5-cm mass lesion showing hypointensity on T1-weighted image (A), arterial enhancement (B), no apparent
washout on portal phase (C), and hyperintensity on T2-weighted image (D). No biliary dilatation or periductal infiltration was noted on MR images or gross specimen
(E). Microscopic exam showed that the tumor was composed of small glands with cuboidal cells (F, hematoxylin-eosin stain), suggesting small duct type CCA. Tumor
cells were positive for two small duct type CCA markers (G, CD56; H, N-cadherin), negative for large duct type CCA marker (I, S100 P), and also negative for mucin (J,

Alcian Blue stain).

Fig. 8. Ductal type CCA in a 73-year-old woman. A 2.8-cm nodular lesion in left lateral section of liver, causing distal biliary dilatation (A, B). On gross examination,
periductal infiltration of tumor was noted (C, arow). Tumor was composed of tall columnar tumor cells arranged in a large glandular pattern (D, hematoxylin-eosin
stain). On immunohistochemical stain, tumor cells were negative for small duct type CCA marker (E, CD56), and positive for large duct type CCA marker (F, S100 P).
In addition, there were abundant intracellular and extracellular mucin, which are common in large duct type CCA (G, Alcian Blue stain).

hyperenhancement, round or lobulated contours (compared to an ir-
regular shape), a left lobar location (compared to right lobar), and a
lack of bile duct encasement and less commonly presented with lymph
node enlargement. In a detailed pathologic study correlating with MRI,
Komuta et al. [40] showed that mucinous iCCA corresponding to large
duct type tumors tend to show homogeneous T2 intensity and con-
centric filling in dynamic venous phase images, whereas iCCA corre-
sponding to small duct type tumors tend to show mixed T2 intensity

and washout patterns [40]. Additionally, cholangiolocellular carci-
nomas, a ductular type or a subtype of small duct type tumor, tend to
show imaging features similar to cholangiocarcinoma in terms of pro-
gressive dynamic enhancement, target appearance, and vessel pene-
tration along with some features similar to HCC such as hypervascular
enhancement [46-48].

However, there have been considerable discrepancies in the pro-
portion of tumors showing hypervascular patterns reported in previous
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literature [19,20,49-52], indicating some interobserver differences in
determining whether a tumor shows hypervascular or rim-like en-
hancement. Moreover, the degree of the correlation between enhancing
patterns and histologic types seems not high enough to determine the
histologic type using enhancement pattern alone.

5. Proposal of dichotomous imaging classifications

Given that the new histologic classifications indicate that there
could be substantial differences in the involved bile ducts at the ana-
tomical level, it is surprising that current studies have not correlated
imaging features and the histologic type of CCA in the context of the
relationship between the tumor and morphological changes in the af-
fected biliary tree [19,20].

As described above, pure MF type CCA is likely a small duct type
tumor associated with chronic liver disease that shows either no or
minimal biliary dilation, while mixed type CCA is likely a large duct
type tumor that shows ductal dilation or abnormality. Based on this
assumption, we have proposed a simple, dichotomous imaging classi-
fication by dividing CCA into a “parenchymal” type or a “ductal” type
to correlate the macroscopic growth pattern with the underlying clin-
icopathologic characteristics.

5.1. Imaging and clinicopathologic features of parenchymal and ductal type
CCA

In this dichotomous imaging classification, “parenchymal” type re-
presents tumors with no gross involvement or dilation of the bile duct,
and “ductal” type represents tumors with imaging features of periductal
tumor spread or ductal dilation (Figs. 4 and 5): Periductal tumor spread
may be represented by soft tissue thickening along the periportal space.
Ductal dilation may present as peritumoral dilation due to tumor in-
vasion, or as diffuse biliary dilation due to underlying chronic biliary
disease. According to an our recent study [54], parenchymal type CCA
was more frequently associated with viral hepatitis, while ductal type
CCA showed higher frequency of node metastasis and higher serum
levels of carcinoembryonic antigen and carbohydrate antigen 19-9.
Coexistence of biliary intraepithelial neoplasm or perineural invasion
was noted only in ductal type CCA (Fig. 6, 7 and 8 ).

5.2. Relationship with other classifications

According to the proposed imaging classification, ‘parenchymal’
type CCA will mainly correspond to small duct type tumors showing a
pure MF pattern, and the ‘ductal’ type will mainly correspond to large
duct type tumors showing an MF + PI pattern, but would also include
the pure PI or IG patterns as well as other mixed patterns, such as an
MF + IG pattern, of large duct origin of all locations (iCCA, pCCA, or
dCCA).

However, imaging types may not exactly match histologic types.
Therefore, we suggest that the imaging classification should be used
separately from histologic classifications because it is possible some
small duct type tumors to be present with ductal involvement, espe-
cially at the area of off-center to the tumor when a tumor is larger or
located near the central liver. Additionally, some large duct type tumor
may not present peritumoral duct dilation. Therefore, we avoid using
the histological terms of ‘small duct’ or ‘large duct’ to classify the
imaging patterns because those histologic types should be determined
based on various histopathologic findings. Nonetheless, the proposed
imaging classification dividing the CCA into ‘parenchymal’ and ‘ductal’
types may be useful to explain the imaging findings based on current
clinicohistologic concepts and in future research addressing the sig-
nificance of imaging findings in relation to carcinogenesis and clinical
outcomes.

We note that our classification is also in line with a new proposal of
pathologic classification of CCA proposed by Bragazzi et al. [32], in
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which CCA was also divided into “primary liver parenchymal” and
“primary biliary” CCA. The former type may correspond to our “par-
enchymal” type tumor, and the latter to our “ductal” type tumors.
However, the differences of imaging features or clinicopathologic fea-
tures between the two types have not yet been explained. Fernandez
Moro et al. [53] also demonstrated that iCCA may represent hetero-
geneous group in terms of immunohistochemical characteristics by
showing similar patterns with perihilar or extrahepatic CCA in one
group.

In conclusion, we propose a new imaging classification to categorize
CCA into ‘parenchymal’ and ‘ductal’ types, which should be determined
separately from the histologic type. This dichotomous imaging classi-
fication is simple and easy to apply, and it may also be useful to de-
scribe underlying carcinogenesis and have relevant relationship with
clinicopathologic characteristics of iCCA. Further research is warranted
to address the feasibility and clinical utility of this imaging classifica-
tion.
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