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There is accumulating evidence that cancer stem cells (CSCs) play an integral role in the initiation of hepatocarcinogenesis
and the maintaining of tumor growth. Liver CSCs derived from hepatic stem/progenitor cells have the potential to
differentiate into either hepatocytes or cholangiocytes. Primary liver cancers originating from CSCs constitute a
heterogeneous histopathologic spectrum, including hepatocellular carcinoma, combined hepatocellular-cholangiocarcinoma,
and intrahepatic cholangiocarcinoma with various radiologic manifestations. In this article, we reviewed the recent
concepts of CSCs in the development of primary liver cancers, focusing on their pathological and radiological findings.
Awareness of the pathological concepts and imaging findings of primary liver cancers with features of CSCs is critical for
accurate diagnosis, prediction of outcome, and appropriate treatment options for patients.

Index terms: Liver cancer; Cancer stem cell; Hepatocellular carcinoma; Cholangiocarcinoma; Combined hepatocellular-

cholangiocarcinoma

INTRODUCTION

The concept of cancer stem cells (CSCs) has garnered a lot
of attention in cancer research for the past decade in hopes
that it may provide new insights into tumor biology which
might lead to new anti-cancer treatment (1). CSCs are a
subset of cancer cells within a cancer having the ability to
self-renew and differentiate into a heterogeneous lineage
of cancer cells that eventually form tumors (2). In addition
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to initiating tumor formation, CSCs have been shown to
be responsible for maintaining tumor growth, generating
distant metastases, and causing relapse after treatment
(3). CSCs have been identified in primary liver cancers
such as hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma (CC). A cumulative body of evidence
suggests that these liver cancers can originate from CSCs
which themselves may be derived from hepatic stem/
progenitor cells (HPCs) upon genetic deregulation of stem
cell self-renewal pathway (4).

The most common primary liver cancers are HCC and
CC defined as malignant neoplasms showing hepatocytic
and cholangiocytic differentiation, respectively. Combined
hepatocellular-cholangiocarcinoma (cHCC-CC) is another
distinct and rare primary liver cancer that shows a mixture
of hepatocytic, cholangiocytic or intermediate (hepatocytic-
cholangiocytic) phenotypes (5, 6). Recent studies using
advanced stem cell biology-based technologies suggest that
cHCC-CCs may arise from transformed HPCs responsible for
the bi-phenotypic feature of these tumors (7, 8).
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According to the current practice guidelines for the
management of HCCs (9, 10), HCCs in cirrhotic livers can be
diagnosed noninvasively through typical imaging features
on dynamic contrast-enhanced computed tomography (CT)
or magnetic resonance imaging (MRI) without histological
confirmation. Until now, however, few studies have
specifically evaluated the role of imaging or radiologic
features of primary liver cancers of postulated CSC origin.

A variety of imaging modalities including ultrasound (US),
CT, MRI, and positron emission tomography (PET) are
widely used for the detection, characterization, staging,
and assessment of resectability of primary liver cancers
including HCCs and CCs (11-13). Awareness of imaging
characteristics of liver cancers with stem cell features

is important for clinical practice. In addition, patients’
prognoses differ among HCCs, CCs, and cHCC-CCs. Their
features on cross sectional imaging would provide great
value to the determination of the most appropriate
treatment plan and the predication of the prognosis of each
patient. Furthermore, prognosis after liver transplantation
differs among patients with HCCs, CCs, and cHCC-CCs, and
distinguishing among HCCs, CCs, and cHCC-CCs would be
important for the selection of optimal candidates for liver
transplantation in the organ allocation system (14, 15).
Recent studies have reported that “stemness”-related
markers expressing HCCs, CCs, and cHCC-CCs have different
prognoses and responses to treatment compared to tumors
that do not express these markers (16-19). Therefore,
identification of imaging biomarkers correlated with stem
cell features is an area of great interest (20, 21).

In this review, we address the concept of CSCs in
hepatocarcinogenesis which would help radiologists
understand the current pathological classification of
primary liver cancers, including tumors with histopathologic
features intermediate between HCCs and CCs. In addition,
as radiologic diagnosis is critical for the appropriate
treatment and prediction of prognosis for primary liver
cancer patients, the spectrum of imaging findings presented
in primary liver cancers of postulated CSC origin will be
discussed based on previously published studies.

Hepatic Stem/Progenitor Cells

Cancer stem cells are cancer cells that harbor properties of
stem/progenitor cells, such as self-renewal, differentiation,
proliferation, tumorigenicity, and chemoresistance. They
have been identified in various hematologic and solid
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tumors, including primary liver cancers. The presence of
CSCs has been associated with poor prognosis in cancer
patients (16-19). Different sources have been suggested
for liver CSCs, such as HPCs, bone marrow-derived cells, and
dedifferentiated hepatocytes. Liver CSCs are heterogeneous
in cellular origins. They also demonstrate heterogeneity in
marker expression (22, 23).

Hepatic stem/progenitor cells are hypothesized to
reside in bile ductules and the canals of Hering. HPCs can
differentiate into both hepatocytes and cholangiocytes.
HPC component expanded in the setting of chronic
liver disease can be seen microscopically in the form of
ductular reactions (5). Repeated rounds of inflammation
and regeneration in chronic liver disease result in various
genetic and epigenetic changes to both parenchymal cells
and HPCs, activating various signaling pathways due to the
stromal microenvironment. These changes are thought to
promote the development of liver CSCs (23). In addition,
liver CSCs may be generated from non-CSCs through
dedifferentiation (23).

The presence of CSCs is associated with aggressive
biologic behavior, chemoresistance, and poor prognosis
(16-19). It is important to identify tumors with significant
proportions of CSCs for both prognostic and therapeutic
purposes. Increasing interest in stem cells has led to the
identification of a large number of putative HPC markers,
including epithelial cell adhesion molecules (EpCAM),
(D133, CD90 (Thy-1), CD44, CD24, CD13 (aminopeptidase
N), DLK-1, OV-6, keratin 19 (K19), K7, and others (22-26).
Functional assays such as the isolation of side population
cells by Hoechst dye staining are also currently used to
select liver CSCs (27).

Extensive studies on HPC markers over the past decade
have led to an increasing interest in the histological
diversity of primary liver cancers. Now we have cumulative
data on a wide spectrum of hepatic malignancies with
various morphological and immunophenotypic features,

a significant proportion of which seem to be related to
HPCs (Fig. 1). These different primary liver cancers will be
reviewed in the following in details.

Combined Hepatocellular-Cholangiocarcinoma

Pathologic Features

Combined hepatocellular-cholangiocarcinoma, also known
as mixed hepatobiliary carcinoma, is defined as a primary
liver cancer consisting of unequivocal elements of both HCC

51



Korean Journal of Radiology

KJR

Joo et al.

uotjeziueblQ y3esaH plAOM = OHM ‘Bwoutdsed

Jle)n@003eday = ))JH ‘ewoutdiedoLbue)oyd-tejn)@d03eday pauLquwiod = ))-)IH2 ‘ewouldledotbue|oyd = J) "UOLIRLIUIIAHLP JB)N]19D 03 Bulpiodde si1dued JaAl) Atewud jo wnipads 1 by

adfqns Jejnjjasojoibuejoyo

S$ainjea} (a2 wWals YHM 00-J0H?

Ansiwsyooysiyounwiwi 64

K T SN

sainjeaj o16ojoyed

0
I
Q
9
Q
ks
0
)
w
2
0
5
<
3
S2In)ea) (|32 WA)S YUM D-IDHD uoissaidxa Jayiew
22 : OOH Snoyuds  Palejar (SSAUWSLS,  DOH [edisse|D sadAiqgns 2160]0)sIH
adfy |eaissefa '0J-00HI UM 99K
20 J0-00H? J0H uonesuisse|? OHM

uonenuasayip ajhroibuejoyn

uonenuaiayip aArojedaH

uonenuaIayip Jenjied

kjronline.org

Korean J Radiol 16(1), Jan/Feb 2015

52



Cancer Stem Cells in Primary Liver Cancers

and CC that are intimately admixed (28), with a reported
incidence ranging from 1.0% to 6.5% in all primary liver
cancers (29). cHCC-CC was first reported in the literature
by Wells in 1903. Since then, it has been described under
various names, including “combined liver cell and bile duct
carcinoma” (6). Various classifications and definitions have
been described for this tumor, possibly accounting for the
vast heterogeneity in the incidence of cHCC-CCs reported
thus far. For example, a classification by Allen and Lisa (6)
included a separate HCC and CC in the same liver as a type
of cHCC-CC. Fibrolamellar tumors (now a distinct variant of
HCC; not further discussed in this review) were designated
as “type III cHCC-CCs” in another classification (30).

The cellular origin of cHCC-CC is still unclear. However,
several possible theories have been hypothesized: 1)

HCC and CC components may arise from hepatocytes and
cholangiocytes, respectively, and collide to form a single
tumor; 2) HCCs may arise first and subsequently transform
in part to CCs, or vice versa, and acquire features of HPCs
(dedifferentiation theory); or 3) HPCs, capable of both
hepatocellular and cholangiocytic differentiation, may
undergo malignant transformation and differentiate into
HCC and CC and components with HPC features (maturation
arrest theory). Recent interest in HPCs and increasing
evidence (morphological, immunohistochemical, and
molecular) for HPC differentiation in cHCC-CCs has led to a
wider acceptance of the maturation arrest hypothesis (5).
In addition, increasing identification of HPC-like cells in
cHCC-CCs has resulted in the designation of a new subtype
of cHCC-CC in the latest World Health Organization (WHO)
classification of tumors: “cHCC-CC with stem cell features”
(28).

In the 2010 WHO classification (most recent version),
cHCC-CC is largely classified into two types: 1) cHCC-CC, the
classical type (Fig. 2); 2) cHCC-CC with stem cell features
(Figs. 3-5). The classical type of cHCC-CC is characterized
by the presence of typical HCC-like and typical CC-like areas
within the same tumor (Fig. 2). Separate HCCs and CCs
arising in the same liver are not included in this category.
HCC and CC components are also immunohistochemically
compatible with hepatocytic and cholangiocytic
differentiation, respectively. For example, HCC components
may express HepParl and alpha-fetoprotein (AFP)
showing canalicular patterns on CD10 or polyclonal-
carcinoembryonic antigen (CEA) immunostains, whereas CC
components may express biliary markers such as K19, K7,
and CEA. Interestingly, in the majority of these classical
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cHCC-CCs, careful microscopic evaluation often reveals
transitional areas that are morphologically intermediate
between HCCs and CCs. Tumor cells in these areas often
have morphological features that are similar to HPCs
(small cells with increased nuclear/cytoplasmic ratio and
hyperchromatic nuclei) expressing immunohistochemical
markers of progenitor cell differentiation, such as K19,
neural cell adhesion molecules (CD56), EpCAM, and c-kit
(312).

On the other hand, cHCC-CCs with stem cell features
are predominantly composed of tumor cells with features
of HPC differentiation. Three specific subtypes of cHCC-

CC with stem cell features described in the current

WHO classification are typical, intermediate-cell, and
cholangiolocellular subtypes (28). Although it should be
stressed that these subtypes are not currently considered
to be distinct clinicopathologic entities, no biological
difference among these three subtypes has been reported
so far. It remains to be seen whether further subtyping of
cHCC-CCs with stem cell features will actually have clinical
implications. In addition, these subtypes may only represent
a few of the heterogeneous group of cHCC-CCs. In fact, new
variants have recently been identified in the literature,
including the newly described “ductal plate malformation
subtype of cHCC-CC with stem cell features” (32).

The first subtype is the “typical subtype” that has been
previously reported as “hepatic stem cell malignancies”
(28, 33). This subtype is characterized by nests of mature-
looking hepatocytes (resembling a typical HCC) that are
surrounded by small cells with a high nuclear/cytoplasmic
ratio and hyperchromatic nuclei in the periphery (Fig.

3). Interestingly, these small cells share morphologic
and immunohistochemical features with HPCs, thus
recapitulating the appearance of ductular reactions around
hepatocytes in chronic liver disease. Fibrous stromas
surrounding the tumor cell nests are often abundant.

The second subtype is the “intermediate cell subtype”
which is composed of tumor cells with histological and
immunohistochemical features intermediate between
hepatocytes and cholangiocytes (Fig. 4) (31). These
neoplastic cells are small, oval-shaped, and uniform

with hyperchromatic nuclei and scanty cytoplasm.

They are arranged in strands, trabeculae, or solid nests
embedded in a desmoplastic stroma. These tumor cells
express both hepatocytic and cholangiocytic markers on
immunohistochemistry. They are also positive for markers
associated with HPCs, suggesting a HPC origin. The third
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subtype is the “cholangiolocellular subtype” of cHCC- similar to those described for the typical stem cell
CC with stem cell features (Fig. 5) (28, 34, 35). This subtype. Cells are arranged in a distinct tubular or cord-
subtype is characterized by small cells morphologically like anastomosing architectural pattern recapitulating

Fig. 2. Pathologically confirmed classical type of cHCC-CC.

A. Portal phase CT image showing ill-defined mass (arrow) in left lobe of liver and dilated intrahepatic duct (arrowhead). B. On gross specimen
showing ill-defined infiltrative solid mass (arrows). C-E. Microscopic findings revealing mixture of glandular (CC) and hepatocytic (HCC)
differentiation. CC component (D) and HCC component (E) are shown in greater detail on right panel (H&E stain, x 100 (C), x 200 (D, E)). CC =
cholangiocarcinoma, cHCC-CC = combined hepatocellular-cholangiocarcinoma, HCC = hepatocellular carcinoma
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Fig. 3. cHCC-CC with stem cell features of typical stem cell subtype in 58-year-old male patient with chronic hepatitis B with
moderate elevation of serum AFP level (154 IU/mL).

A. MR image on arterial phase showing 4 cm tumor (arrow) with peripheral enhancement in segment 6 of liver. B. Hepatic mass (arrow)
showing centripetal enhancement on portal phase image. C. Photograph of gross specimen showing lobulated solid yellowish-white mass.

D. On microscopic examination, tumor is composed of sheets and islands of polygonal mature-looking hepatocyte-Llike tumor cells (MH) with
eosinophilic cytoplasm surrounded by peripheral rim of smaller tumor cells with high nuclear:cytoplasmic ratio resembling hepatic stem/
progenitor cells (arrows) (H&E stain, x 400). AFP = alpha-fetoprotein, cHCC-CC = combined hepatocellular-cholangiocarcinoma

the canals of Hering or ductular reactions. These tubules Imaging Features

or cords arranged in fibrous stromad have been reported Combined hepatocellular-cholangiocarcinomas contain

to be immunohistochemically positive for HPC markers. histological elements of both HCCs and CCs. Imaging

Mucin production is absent in these tumors. HCC-like or findings of cHCC-CCs are also a coexistence or mixture of
CC-like areas are often present at the periphery of these HCC and CC imaging features. Therefore, cHCC-CCs can mimic
tumors. These tumors have been previously classified as either HCCs or CCs on imaging (Fig. 6) (36). In addition,

a special subtype of CC due to their tubular architecture both HCCs and CCs can show a variety of radiologic features
with associated desmoplastic stroma. However, it is now according to the tumor size, cellular differentiation, and
regarded as a subtype of cHCC-CC with stem cell features. underlying liver disease (37-40), differential diagnosis

Increasing evidence suggests that they share morphological ~ between cHCC-CCs from HCCs or CCs through imaging is

and immunohistochemical features of HPCs. They lack mucin  often difficult. cHCC-CCs have been frequently misdiagnosed

production. as HCCs or CCs in preoperative settings. Fowler et al. (7)
have reported that preoperative imaging diagnoses of cHCC-
CCs showed 33-34% sensitivity with 81-100% specificity. In
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Fig. 4. Combined hepatocellular-cholangiocarcinoma with stem cell features of intermediate cell subtype in 53-year-old male

patient.

A. Arterial phase CT scan demonstrating hyperenhancing mass (arrow) in segment 8 of liver. B. Portal phase CT scan showing prolonged
enhancement of mass without washout (arrow). C. On gross examination, homogeneous yellowish-white solid lobulated mass is seen. D.
Trabeculae and cords of relatively monomorphic population of tumor cells with high nuclear:cytoplasmic ratio in background of fibrotic stroma

are seen (H&E stain, x 400).

addition, Nishie et al. (41) reported a diagnostic accuracy
of only 33% for cHCC-CCs through analysis of enhancement
patterns within and around the tumor on contrast-enhanced
CT.

Nevertheless, there is cumulative evidence of useful
radiologic features that can assist in the differentiation
of cHCC-CCs from HCCs and CCs. Considering the
histopathological spectrum of primary liver cancers, cHCC-
CCs would present a spectrum of imaging findings which
are intermediate between HCCs and CCs (Figs. 3-6) (7).
The known imaging features of cHCC-CCs compared to HCCs
and CCs are summarized in Table 1. Based on a previous
study on CT findings, cHCC-CCs grossly resemble HCC,
showing arterial enhancement and delayed washout in the
entire portion of the tumor. However, cHCC-CCs grossly

56

resemble CC, mostly showing arterial enhancement in the
peripheral portion of the tumor and low attenuation or
central enhancement on the delayed phase (42). On MRI,
cHCC-CCs have moderately high signal intensity on T2-
weighted images, peripheral or heterogeneous enhancement
on arterial phase images, with tumor portions showing
progressive contrast enhancement (43). Hwang et al. (44)
reported that an irregular shape of the tumor with strong
enhancement of the peripheral portion on the arterial
phase in the absence of reverse target appearance (central
enhancement with an hypo-intense rim) on hepatobiliary
phase images of gadoxetic acid-enhanced MRI would
suggest cHCC-CC rather than CC. Ancillary imaging findings
are also helpful for diagnosis. Fukukura et al. (42) reported
that the absence of intrahepatic bile duct dilation can be

Korean J Radiol 16(1), Jan/Feb 2015 kjronline.org
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suggestive for cHCC-CC over intrahepatic CC. Absence of a CCs or CCs rather than HCCs (7, 43, 45). In addition, the
pseudocapsule with a retraction of the hepatic surface and presence of vascular invasion has been reported to be more
lymph node involvement can also raise suspicion for cHCC- frequent in the cHCC-CC group than in the HCC or CC groups

: \;ﬁ‘\ S{%}-

J, tho
E

Fig. 5. Combined hepatocellular-cholangiocarcinoma with stem cell features of cholangiolocellular subtype in 67-year-old male
patient with alcoholic liver cirrhosis.

A. Precontrast T1-weighted MRI showing lobulated well-defined mass (arrow) in segment 6 of liver. Note hepatic surface retraction (arrowhead).
Arterial (B) and delayed phase images (C) demonstrating gradual enhancement of lateral portion of tumor (arrows). D. Solid greyish-white mass
with indistinct margins. E. Tumor is characterized by distinct tubular structures embedded in fibrotic stroma, reminiscent of ductular reactions (H&E
stain, x 200).
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Table 1. Comparison of Imaging Features of HCC, cHCC-CC, and Intrahepatic CC
Imaging Features HCC cHCC-CC CC
Arterial enhancement Diffuse or heterogeneous  Peripheral, strong Peripheral, weak
Delayed washout 1 — !
Delayed enhancement — 1
Tumor Pseudocapsule 1 — l
Reverse target appearance on
hepatobiliary phase ! ! f
Hepatic surface retraction l 1 1
Ancillary findings Bilfe duct dilation . l l 1
Major vascular thrombosis — 1 l
Lymph node involvement l 1 1
Underlying liver disease Chronic hepatitis or liver cirrhosis 1 1 !

Note.— 1 = more frequent, — = intermediate, | = less frequent. CC = cholangiocarcinoma, cHCC-CC = combined hepatocellular-

cholangiocarcinoma, HCC = hepatocellular carcinoma

Arterial Portal/Delayed

HCC

B
cHCC-CC

D

-~
(A »
ccC B
E F

Fig. 6. Schematic representation of imaging features of HCC,
cHCC-CC, and CC.

A, C, E. Arterial phase images. B, D, F. Portal and delayed phase
images. A, B. HCC in cirrhotic liver shows arterial enhancement and
delayed washout. Pseudocapsule shows delayed enhancement. C,

D. cHCC-CC in cirrhotic liver shows strong arterial enhancement in
peripheral portion of tumor and concentric filling on delayed phase.
Note tumor thrombus in portal vein. E, F. CC in noncirrhotic liver
shows weak arterial enhancement in peripheral portion of tumor and
concentric filling on delayed phase. Note bile duct dilation and hepatic
surface retraction. CC = cholangiocarcinoma, cHCC-CC = combined
hepatocellular-cholangiocarcinoma, HCC = hepatocellular carcinoma

(Fig. 7) (46, 47). Furthermore, "*F-fluorodeoxyglucose
(FDG) PET has shown to be useful for cHCC-CCs which have
higher FDG uptake than poorly differentiated HCCs (21).
8F-FDG PET is also useful for the detection of extrahepatic
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metastases in patients with cHCC-CCs (48).

Another subtype of interest is cholangiolocellular
carcinoma (CLC), an extremely rare primary liver cancer. CLC
was previously classified as a subtype of intrahepatic CC.
The latest WHO classification has reclassified CLC as one
of the stem-cell subtype of cHCC-CC (28). Although few
characteristic imaging findings of each subtype of cHCC-
CCs have been reported, imaging features of CLCs have been
relatively more investigated than other subtypes of cHCC-
CCs because CLCs resembles HCCs, particularly in patients
with chronic liver disease or liver cirrhosis, or as a subtype
of CCs showing atypical imaging features based on previous
classification schemes (49, 50). Most CLCs are found in the
peripheral portion of the liver which could be explained
by the location of its cells of origin (HPCs are located in
cholangioles or the canals of Hering) (20). On contrast-
enhanced imaging or angiographic studies, considering
that CLCs have histologically intermediate characteristics
between HCCs and CCs, various dynamic enhancement
patterns are expected depending on the pattern of tumor
cell proliferation and the degree of fibrous stroma (50).
Asayama et al. (50) reported that CLCs can show a variety
of imaging features that resemble HCC and/or CC, i.e., they
are either homogeneous, mosaic, or peripheral enhancement
on arterial phase image of dynamic CT or MRI; they have
delayed washout or concentric delayed filling; they have
hypervascularity on CT hepatic angiography; they have
portal perfusion defects on CT arterioportography. Motosugi
et al. (49) have demonstrated that CLCs show HCC-like
complete enhancement or CC-like peripheral enhancement
on arterial phase and CC-like persistent enhancement on
delayed phase of dynamic CT and MRI. Fukukura et al.

(51) reported two cases of CLCs with obvious contrast
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Fig. 7. Pathologically confirmed cHCC-CC with vascular invasion and lymph node metastases in 60-year-old male patient with
liver cirrhosis.

A, B. Contrast-enhanced CT images of different sections showing large lobulated mass (arrows) with poor enhancement. A. Note tumor thrombus
in portal vein branch in segment 8 (white arrowhead) and in middle hepatic vein (black arrowhead). B. Metastatic hepatoduodenal lymph node
(arrowhead). C. Fat-suppressed T2-weighted image showing large high signal intensity mass involving segment 4 and right anterior segment of
liver (arrows) as well as multiple daughter nodules (arrowheads). D. ADC map showing diffusion restriction of hepatic mass (arrow) and metastatic
hepatoduodenal lymph node (arrowhead). ADC = apparent diffusion coefficient, cHCC-CC = combined hepatocellular-cholangiocarcinoma

enhancement in the peripheral portion of the tumor on the  warranted.

arterial and portal venous phases with concentric filling Many efforts have been made to improve the preoperative
on the delayed phase. In summary, although imaging differentiation performance of cHCCs from HCCs or

findings is not specific for the diagnosis of CLCs yet, a CCs through a combination of radiologic findings with
tumor located in the peripheral portion of the liver with demographics and tumor markers, as current conventional
HCC-like early enhancement and CC-like persistent delayed imaging-alone has limitations of substantial overlaps in the
enhancement may suggest the possibility of CLCs (Figs. 5, diagnosis of cHCC-CCs from HCCs or CCs. Several previous

8). Sasaki et al. (52) recently reported that a proportion studies have revealed that combined interpretation of

of subtypes with stem cell features of cHCC-CCs may imaging features and tumor markers including AFP and
affect clinicopathological factors. According to their study carbohydrate antigen (CA) 19-9 (frequently elevated in HCCs
results, the CLC component in cHCC-CC was significantly and CCs) could improve the diagnostic performance of cHCC-
correlated with the degree of fibrosis and inversely CCs (53, 54). For example, radiologic findings similar to
correlated with tumor size (52). Further studies on the HCC and/or CC together with simultaneous modest elevation
correlation of histopathologic findings with corresponding of serum AFP and CA 19-9 have been suggested as reliable

imaging features of the different subtypes of cHCC-CCs are indicators of cHCC-CC.
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Chronic viral hepatitis or underlying liver cirrhosis has demographic characteristics can provide important
been reported to be more common in patients with cHCC- information for the diagnosis of liver tumors, chronic liver
CC and HCC than in those with CC (15, 54). Although disease is a risk factor not only for cHCC-CC and HCC,

E

Fig. 8. Pathologically confirmed combined hepatocellular-cholangiocarcinoma with stem cell features of cholangiolocellular
subtype in 58-year-old male patient with chronic hepatitis B.

A. Fat-suppressed T2-weighted image revealing lobulated mass (arrow) in right posterior segment of liver with moderately high signal intensity
in peripheral portion of mass. On arterial phase (B) and portal phase (C) of gadoxetic acid-enhanced MR T1-weighted images, mass demonstrates
strong arterial enhancement in peripheral portion and delayed concentric enhancement without washout (arrows). D. Hepatobiliary phase T1-
weighted image showing mass as clear hypointense lesion. Note hepatic surface retraction (arrowhead). E. Solid lobulated on gross examination.
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but also for intrahepatic CC (55). Small intrahepatic CCs should be performed with caution for liver tumor if the
in the cirrhotic liver may show atypical imaging features patient has chronic liver disease.
mimicking those of HCC (56). Thus, imaging interpretation
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Fig. 9. Hepatocellular carcinoma with “stemness”-marker expression in 48-year-old male patient with liver cirrhosis.
A-C. Gadoxetic acid-enhanced MRI showing irregular mass (arrows) in segment 6 of liver with tumor thrombus (arrowheads) in right inferior
hepatic vein. Mass shows peripheral enhancement on arterial phase (A) and delayed enhancement (B). C. Hepatobiliary phase showing mass
with hypointensity. D. Gross examination reveals infiltrative solid greyish-white mass in liver. E. Tumor cells with eosinophilic cytoplasm arranged

in sheets and pseudoglandular structures (H&E stain, x 400). F. Immunohistochemical staining revealing K19-positive cells in tumor (x 400).
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Hepatocellular Carcinoma with
“Stemness”-Related Marker Expression

Pathologic Features

In addition to microscopy which can readily used to
identify cHCC-CCs, some morphologically typical HCCs
may also show expressions of “stemness”-related markers,
also known as HCCs with HPC immunophenotype (57)
characterized by the expression of “stemness”-related
markers, such as K19 (Fig. 9), CD133, and EpCAM. In > 5%
of tumor cells, HCCs with these markers are associated with
poorer prognosis compared to usual HCCs without these
markers (58). HCCs with “stemness”-related markers are
characterized by more frequent microvascular invasion,
fibrous stroma, and less tumor pseudocapsule formation
compared to conventional HCCs. They are known to
behave aggressively, with higher stages at diagnosis and
decreased overall survival rates (58). Associations between
K19 expression and increased epithelial-mesenchymal
transition-related proteins have been demonstrated in
both Korean and Caucasian cohorts (58, 59). A recent
Japanese study demonstrated that K19 expression in HCCs
at liver biopsy was an indicator of high tumor recurrence
rate after radiofrequency ablation (60). The frequency of
K19 expression in HCCs varies from 4% (60) to 28% (58),
depending on the cohort studied, the type of specimens
used (resections, biopsies or tissue microarray cores), and
the cut-off values determined for “positivity” (5% vs. 1%).

Imaging Features

Identification of imaging features to differentiate HCCs
with and without stem cell features would be clinically
significant for the determination of patient management,
prediction of tumor response to anti-cancer therapies, and
prognosis stratification (22). Recently, Jeong et al. (61)
reported differential MRI findings between HCCs with and
without expression of stem cell markers. According to their
study, HCCs with the expression of stem cell markers showed
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more frequent non-expanding gross morphology, persistent
or progressive dynamic enhancement patterns, less frequent
nodule-in-nodule appearance, and higher signal intensity on
diffusion-weighted images than HCCs without the expression
of stem cell markers (61). These features of HCCs with the
expression of stem cell markers may be explained by their
characteristic histologic features because the infiltrative
growth pattern with less tumor pseudocapsule formation
and abundant fibrous stroma are frequently found in HCCs
with stem cell markers (Fig. 9) (58). Since the nodule-in-
nodule appearance is considered to be a morphologic marker
of the multistep process of hepatocarcinogenesis (62), the
lower frequency of the nodule-in-nodule appearance in HCCs
with stem cell markers may suggest that the main mode of
HCC development with or without stem cell markers may be
different. On gadoxetic acid-enhanced MRI, HCCs with the
expression of stem cell markers were reported to have lower
signal intensities on the hepatobiliary phase than those
without the expression of stem cell markers (61). Choi et al.
(63) demonstrated that gadoxetic acid-enhanced MRI could
be useful to differentiate K19-positive from K19-negative
HCCs because K19-positive tumors showed lower contrast
enhancement ratios on hepatobiliary phase images than
K19-negative tumors. This is somewhat consistent with

the results of recent studies which have demonstrated that
HCCs with lower signal intensities on hepatobiliary phase
are associated with worse prognosis than those with higher
signal intensities (64, 65). A meta-analysis also revealed
that stem cell markers were associated with poor prognosis
in patients with HCCs (66). Yamashita et al. (67) suggested
that HCCs could be classified based on “stemness” status
using a combination of the signal intensity on hepatobiliary
phase images and serum levels of AFP. They revealed

that HCCs with lower signal intensities on hepatobiliary
phase and higher AFP were associated with the expression
of “stemness”-related markers and poor prognosis (67).
Imaging features of HCCs with “stemness”-related marker
expression compared to those without “stemness”-related

Table 2. Comparison of Imaging Features of HCCs without and with Stemness-Related Marker Expression

Imaging Features of Tumor

HCC, Stemness-Related Marker (-)

HCC, Stemness-Related Marker (+)

Gross morphology

Pseudocapsule

Nodule-in-nodule appearance

Delayed enhancement

Diffusion restriction

Signal intensity on MR hepatobiliary phase image

Expanding Non-expanding
1 !
1 !
! 1
Lower Higher
Higher Lower

Note.— 1 = more frequent, | = less frequent. HCC = hepatocellular carcinoma
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Fig. 10. Scirrhous hepatocellular carcinoma in 50-year-old female patient with liver cirrhosis.
A. Arterial phase CT image showing lobulated mass with peripheral enhancement in segment 8 of liver. B. Portal phase CT image demonstrating
prolonged centripetal enhancement of tumor. C. Specimen photograph showing lobulated solid yellowish-white mass.

marker expression are summarized in Table 2.

Scirrhous Hepatocellular Carcinoma

Pathologic Features

Scirrhous HCC, a subtype of HCC with significant
proportions of fibrous stroma within the tumor, has been
reported to account for 4.6% of all HCCs (68). However,
the definition of scirrhous HCC has varied in the literature.
The minimum amount of intratumoral fibrous component
required ranged from 30% to 50% in various definitions
(38, 68-71). Morphologically, in addition to marked stromal
fibrosis, these tumors are often without encapsulation
and atrophy of tumor cell trabeculae (Fig. 10). There is
accumulating evidence that scirrhous HCCs also express HPC
markers, leading to the suggestion that scirrhous HCCs may
have stem-cell traits. Small HPC-like cells are also observed
at the periphery of tumor cell nests (71, 72). Scirrhous

kjronline.org Korean J Radiol 16(1), Jan/Feb 2015

HCCs have been linked to clinicopathological features with
more aggressive behavior, such as more frequent vascular
invasion, more infiltrative growth, and decreased disease-
free survival compared to conventional HCCs (71).

Since there is a remarkable overlap in the morphological
and immunophenotypic features among scirrhous HCCs,
HCCs with “stemness”-related marker expression, and the
typical stem cell subtype of cHCC-CC with stem cell features,
it is possible that these tumors lie on the same spectrum
of primary liver cancers, with conventional HCCs on the
far left, followed by HCCs with “stemness”-related marker
expression (little fibrous stroma), scirrhous HCCs (abundant
fibrous stroma), cHCC-CCs, and CCs on the far right (Fig. 1)
(71).

Imaging Features
Common CT findings of scirrhous HCCs include ill-defined

tumor margin, peripheral enhancement on arterial and
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portal phases, prolonged and delayed enhancement on the
delayed phase, and hepatic surface retraction. However,
the presence of a washout area or tumor pseudocapsule
enhancement is rare, significantly differentiating it from
typical HCCs (Fig. 10) (38). Therefore, scirrhous HCCs often
mimic intrahepatic CCs as well as cHCC-CCs on imaging
studies. According to Park et al. (73), although scirrhous
HCCs may resemble CCs as both have lobulating shapes, rim
enhancement, and target appearance on diffusion weighted
images, but arterial hyperenhancement of the tumor
diameter at 20% or greater may suggest scirrhous HCCs
rather than CCs. The target appearance on hepatobiliary
phase images defined as peripheral rim-like hypointensity
compared to the central portion with contrast enhancement
was also reported to be a potential imaging finding
suggesting CCs rather than scirrhous HCCs according to a
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previous study using gadobenate dimeglumine-enhanced
MRI by Jeon et al. (74). However, Park et al. (73) reported
that the target appearance on hepatobiliary phase images
may not be a useful finding to differentiate scirrhous HCCs
from CCs as both tumors can show target appearance in
approximately 80% of cases, reflecting the similar histologic
findings between of the two tumors, i.e., abundant central
fibrosis and rich tumor cellularity in the peripheral portion.

Cholangiocarcinoma: A Histologically and
Radiologically Diverse Tumor

Histological Diversity in Cholangiocarcinoma
Intrahepatic CCs are at the other end of the “primary

liver cancer spectrum”, Recent evidence suggests that

intrahepatic CCs are also heterogeneous, as is the biliary

Fig. 11. Intrahepatic CC mimicking HCC in background of chronic liver disease in 63-year-old female patient.

A. Precontrast CT image showing small low-attenuated mass (arrow) in segment 2 of liver. Note surface nodularity of liver suggesting liver
cirrhosis. B. Arterial phase CT image showing mass with hyperenhancement (arrow). C. Portal phase CT image demonstrating washout of mass
(arrow). This dynamic enhancement pattern is suggestive of HCC. D. Specimen photograph revealing lobulated yellowish mass (arrow) which was
pathologically confirmed as intrahepatic CC. Note background cirrhotic liver. CC = cholangiocarcinoma, HCC = hepatocellular carcinoma
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tree itself: mucin-producing cholangiocytes are in large

bile ducts; non-mucin-producing cuboidal cholangiocytes
are in the small interlobular bile ducts; ductules contain
HPCs. A recent study demonstrated that intrahepatic
cholangiocarcinoma have heterogeneous clinicopathological,
immunohistochemical, and molecular profiles depending on
their postulated cells of origin (20). While tumors composed
entirely of mucin-producing adenocarcinomas have similar
profiles as hilar CCs (originating from mucin-producing
biliary epithelium), those characterized histologically by a
mixture of components (mucin-producing adenocarcinomas,
ductular differentiation and hepatocytic differentiation)

in the same tumor were shown to have similar profiles as
those of cholangiolocellular carcinoma (20), which is now

a subtype of cHCC-CC with stem cell features based on the
latest WHO classification.

Imaging Features

Compared to cHCC-CCs or HCCs with the expression of
stem cell markers, the concept of CSCs in the development
of CCs has been less well established. Therefore, few studies
have detailed the imaging features of CCs with stem cell
features. Recently, Komuta et al. (20) demonstrated that
a substantial proportion of intrahepatic CCs displayed
histological diversity with a mixed features of hepatocytic
differentiation and ductular areas. These mixed CCs
predominantly located in the peripheral portion of the liver
were larger than classic intrahepatic CCs (mucinous CCs). On
MRI, different imaging characteristics between mucinous
CCs and mixed CCs were observed (20, 75). Due to the mucin
component within the tumors, mucinous CCs frequently
showed homogeneously high signal intensity on T2-
weighted images, whereas mixed intrahepatic CCs frequently
had heterogeneous signal intensity. In addition, on dynamic
MRI, mucinous CCs showed peripheral enhancement on the
arterial phase and concentric fill-in on the delayed phase,
whereas mixed CCs had either peripheral, diffuse or nodular
arterial enhancement and washout on the delayed phase in
various patterns (20, 75). These imaging features may lead
to misdiagnosis of intrahepatic CCs as HCCs, especially in
patients with chronic liver disease.

Intrahepatic CCs arising from the background of chronic
hepatitis or liver cirrhosis have been reported to frequently
express stem cell markers, which support the concept of
(SCs from HPCs in the carcinogenesis of CCs (76, 77). In
terms of imaging findings, previous studies have revealed
that intrahepatic CCs in chronic liver disease can have
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different imaging characteristics compared to tumors
developed in the normal liver which have a vascular pattern
similar to HCCs on contrast-enhanced US (78). Kim et al.
(40) reported that the incidence of chronic liver disease was
higher in the atypical enhancement group of intrahepatic
CCs (arterial enhancement on dynamic contrast-enhanced
CT in > 50% of the lesion volume) than in the typical
enhancement group. In addition, a previous study showed
that the differential diagnosis of small intrahepatic CCs in
the cirrhotic liver from HCCs was difficult solely through
contrast-enhanced CT because there were no significant
difference in enhancement patterns between the two
disease entities (Fig. 11) (56). Therefore, further studies are
warranted to reveal the precise relationship between the
expression of stem cell markers and HCC-like enhancement
patterns of intrahepatic CCs in cirrhotic liver diseases.

CONCLUSION

In the grey zone between typical HCCs and CCs, there
are a variety of primary liver cancers with histopathologic
and imaging features that are a mixture of, or intermediate
between tumors of hepatocytic and cholangiocytic
differentiation, such as cHCC-CCs, HCCs with “stemness”-
related marker expression, and a subtype of CCs with mixed
hepatocytic differentiation and ductular areas. Familiarity
with the imaging characteristics of these tumors and
understanding the concept of HPCs and CSCs would be
of clinical importance for early and accurate diagnosis,
appropriate treatment, prediction of prognosis, as well
as development of new anti-cancer drugs. For cases
without typical imaging features of HCCs or CCs, histologic
confirmation is suggested.
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