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Abstract: Radiologic and pathologic features of common and/or critical tumor or
tumor-like diagnoses (lesions) of the liver are discussed within. Hepatocellular
lesions (focal nodular hyperplasia, hepatocellular adenoma, hepatocellular carcinoma, and hepatoblastoma), biliary lesions (mucinous cystic neoplasm and intrahepatic cholangiocarcinoma), vascular mesenchymal lesions (cavernous
hemangioma, epithelioid hemangioendothelioma, and hepatic angiosarcoma),
and metastatic malignancies are the primary focus, although a more comprehensive list of lesions is also provided. Definitions, distributions, gross appearances
and microscopic pathological features are introduced first, followed by radiologic
correlation. Multiple imaging modalities are explored with an emphasis on those
that provide the greatest value for the lesion under evaluation. A common understanding of the features of both diagnostic specialties will allow for high-quality
correlation and subsequent high-quality patient care. Representative images highlighting important features are also presented.
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INTRODUCTION
This chapter is designed to introduce the reader to the radiologic and pathologic
features of common and/or critical tumor or tumor-like diagnoses (lesions) within
the liver. It is divided into hepatocellular lesions, biliary lesions, vascular mesenchymal lesions, and metastatic malignancies. However, a broad differential is
important when approaching liver lesions, and a more comprehensive list of
lesions is provided in Table 1.

TABLE 1

Categorization of Liver Lesions

Hepatocellular
Benign

Precursors

Malignant

Focal Nodular Hyperplasia

Low-Grade Dysplastic Nodule

Hepatocellular Carcinoma

Macroregenerative Nodule

High-Grade Dysplastic Nodule

Hepatoblastoma

Benign

Precursors

Malignant

Bile Duct Hamartoma

Intraductal Papillary
Neoplasma

Intraductal Papillary Neoplasm with
Associated Invasive Carcinomaa

Bile Duct Adenoma

Mucinous Cystic Neoplasma

Mucinous Cystic Neoplasm with
Associated Invasive Carcinomaa

Hepatocellular Adenoma
Biliary

Biliary Adenofibroma

Cholangiocarcinoma

Solitary Biliary Cyst
Mesenchymal
Benign

Intermediate

Malignant

Cavernous Hemangioma

Inflammatory Myofibroblastic
Tumor

Epithelioid Hemangioendothelioma

Infantile Hemangioma

Solitary Fibrous Tumor

Angiosarcoma

Angiomyolipoma

Kaposi Sarcoma

Embryonal Rhabdomyosarcoma

Mesenchymal Hamartoma

Undifferentiated Embryonal Sarcoma

Other
Metastatic Malignancy
Infection/Abscess
Confluent Hepatic Fibrosis
Hydatid Cyst
Neuroendocrine Neoplasm
Lymphoma
a

The 4th edition of the WHO Classification of Tumors of the Digestive System in 2010 removed the terms biliary
cystadenoma and biliary cystadenocarcinoma, refining into mucinous cystic neoplasms (MCN) and intraductal papillary
neoplasm (IPN), “with associated invasive carcinoma” added, if present. Literature in the interval using the term biliary
cystadenoma and/or cystadenocarcinoma may include MCN and/or IPN, with or without associated invasive carcinoma.

Radiologic-Pathologic Correlation of Liver Tumors

Radiology plays an important and varied role, including screening, diagnosis,
and treatment of liver lesions. Ultrasound plays an increasingly important role in
the diagnosis of liver lesions, in part due to increased utilization of contrastenhanced ultrasound (CEUS), with clinical use in Europe, Asia, and Canada
established and increasing use in the United States after FDA approval for abdominal use in 2016 (1). Magnetic resonance imaging (MRI) is also becoming increasingly important, with the ability to perform additional pulse sequence phases (for
example, diffusion-weighted imaging [DWI]) and increased accuracy without
increased exposure to ionizing radiation as in computed tomography (CT).
Additionally, hepatobiliary gadolinium contrast agents such as gadoxetic acid
(Primovist, Eovist) are increasingly used, adding accuracy in some instances compared to conventional extracellular gadolinium contrast agents. Nuclear medicine
tests are utilized in select scenarios and not elaborated on in detail. Dual photon
nuclear imaging tests, such as positron emission tomography with computed
tomography (PET/CT), play an important role in the detection of extrahepatic
(and to a lesser extent, intrahepatic) metastases, and traditional single-photon
emission computed tomography (SPECT) nuclear imaging tests (for example,
Tc-99m sulfur colloid) are largely of historical value. Interventional radiology is
not elaborated on in this chapter but is invaluable in diagnosing liver lesions with
image-guided biopsy and in treatment.
Pathology provides further diagnostic insight into material obtained through
biopsy or surgical resection. Gross appearances guide sampling approaches, and
microscopic examination can lead to a final diagnosis. In challenging cases or in
metastatic disease, additional ancillary studies, including immunohistochemical
(IHC) stains, help determine cell lineage and refine the diagnosis. If present, characteristic molecular alterations can define a diagnosis.

HEPATOCELLULAR LESIONS
Hepatocytes are the main functional epithelial cells of the liver and are arranged
within hepatic plates supported by a fine reticulin fiber meshwork. The following
sections discuss lesions involving hepatocytes and includes focal nodular hyperplasia, hepatocellular adenoma, hepatocellular carcinoma, and hepatoblastoma.

Focal nodular hyperplasia
Focal nodular hyperplasia (FNH) (Figure 1) is a non-neoplastic mass-forming
lesion characterized by hyperplastic nodules, fibrous septae, and abnormal blood
vessels within a region of altered hepatic blood flow (2–3). FNH is a solitary mass
in three-quarters of cases with a right-lobe predilection; however, more than fifteen masses have been documented distributed throughout the liver (4). Grossly,
FNH is a well-circumscribed and non-encapsulated bulging mass with a central
stellate scar and radiating fibrous septae that create a multinodular appearance.
Diameters are usually less than 5 cm but can exceed 10 cm, and central scars are
present approximately half of the time (5). Microscopically, nodules show cytologically benign hepatocytes arranged in hepatic plates up to two cells thick with
preservation of the reticulin network. Dystrophic vessels are present in the central
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Figure 1. Representative images of focal nodular hyperplasia. A. On portal phase CT in liver
windows the isoenhancing lesion with hypoenhancing central scar in segment 2/3 is subtly
appreciated (white arrow to the edge of lesion), subtly bulging the inner contour of the left
lobe, a so-called “stealth” lesion. B and C. On MRI in a different patient, a similarly located
segment 2/3 lesion is isointense with the background liver on the T1 weighted image (B) and
T2 weighted image (C). D and E. Following intravenous gadoxetic acid administration, the
lesion shows homogenous hyperenhancement during the arterial (D) and portal (E) phases.
F. On the hepatobiliary phase at 20 minutes, the lesion shows uniformly higher signal than
the background liver. G and H. A partial hepatectomy from a separate patient shows a
well-circumscribed lesion with a central stellate scar (white arrow) and radiating fibrous
septae, seen grossly (G) and microscopically (H). I. Ductular reaction (black arrow) is present
at the interface of fibrous regions with nodules. Slides are stained with Hematoxylin and
Eosin. Total image magnification: H - 25X; I - 100X.

scar, and a ductular reaction is seen at the interface between the fibrous septae and
hyperplastic nodules. Normal bile ducts and portal tracts are absent. Glutamine
synthetase demonstrates a characteristic ‘map-like’ pattern of staining by immunohistochemistry (6–7).
FNH can be subtle on unenhanced imaging, due to the benign hyperplastic
tissue blending in with adjacent liver parenchyma, classically described as a
“stealth lesion” (8). On ultrasound, the central scar may be indistinctly visualized;
otherwise, FNH echogenicity is varied and nonspecific. However, contrastenhanced ultrasound, CT, or MRI is usually diagnostic. The central feeding artery
with centrifugal flow may be seen as the characteristic “spoke-wheel” pattern
on color Doppler, CEUS, and sometimes CT arterial phase, most commonly in
larger lesions (9). FNH is typically a subtle hypoattenuating or isoattenuating
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homogenous lesion on unenhanced CT. On multiphasic CT, the arterial phase is
most diagnostic for FNH, with homogenous enhancement and hypoattenuating
central scar, if present. On the portal-venous phase, enhancement is subdued,
appearing mildly hyperattenuating or isoattenuating to the liver with the scar
remaining hypoattenuating. On delayed phase imaging, the scar is typically
hyperenhancing, with the remainder of the lesion isoattenuating.
MRI provides the most diagnostic characterization of FNH (with a specificity
of 98%) (10). FNH is T1-weighted imaging (T1WI) isointense or slightly hypointense, and T2-weighted imaging (T2WI) isointense or slightly hyperintense. If
present, the central scar is T1WI hypointense and T2WI hyperintense. Similar to
CEUS and CT, during the arterial phase, FNH demonstrates intense homogenous
enhancement (sparing the central scar), is relatively isointense on portal-venous
phase (hypointense scar), and isointense on delayed phase (hyperintense scar).
Gadoxetic acid-enhanced MRI is sensitive for FNH, showing a high signal on the
hepatobiliary phase at 20 minutes, which aids in differentiation from other arterial
enhancing liver lesions, such as adenomas (11).

Hepatocellular adenoma
Hepatocellular adenoma (HCA) (Figure 2) is a benign hepatocellular neoplasm,
which may be solitary or multiple (2). Liver adenomatosis is defined by 10 or
more HCAs and is diagnosed most frequently in patients with nodules greater
than 5 cm (12). Hemorrhage is the first presentation in 15% of patients and is
associated with lesions greater than 5 cm (13). Grossly, HCAs are non-encapsulated
and soft tan or red-brown masses that occur within a non-cirrhotic liver.
Microscopically, the tumor is composed of benign hepatocytes arranged in plates
up to two cells thick with unpaired arteries and an absence of portal tracts.
Currently, there are four recognized genotypic-phenotypic subtypes: (i) HNF1αinactivated HCA with marked steatosis and loss of liver fatty acid-binding protein
expression by IHC, (ii) inflammatory HCA (JAK/STAT3 pathway activation) with
inflammation, sinusoidal dilatation, ductular reaction, and diffuse expression of
C-reactive protein and serum amyloid A by IHC, (iii) beta-catenin activated
inflammatory HCA, and (iv) beta-catenin activated HCA. Beta-catenin activated
HCAs may show atypical cytological and/or architectural features, suggesting
transformation to hepatocellular carcinoma (HCC) (14). Evaluation of IHC stains
may show nuclear beta-catenin expression along with over-expression of glutamine synthetase within these beta-catenin activated HCAs. Careful evaluation of a
reticulin stain is essential to help exclude malignant transformation.
Imaging features of HCA are often varied, with slightly different characteristics
depending on the subtype. Hemorrhage with possible subsequent calcification,
fat, and encapsulation may be seen. Of note, HCAs 5 cm or larger are at higher
risk for both hemorrhage and malignant transformation into HCC, and require
close imaging follow up. Males with HCAs are often treated by prophylactic surgical resection, particularly for solitary or large lesions, as a result of the increased
incidence of the beta-catenin subtype.
Ultrasound is nonspecific, demonstrating a well-circumscribed lesion with
variable echogenicity, more often hyperechoic. CEUS may increase specificity,
particularly showing centripetal arterial flow, differentiating HCA from FNH,
which typically illustrate a centrifugal arterial flow. Multiphasic contrast-enhanced
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Figure 2. Representative images of hepatocellular adenoma. A and B. The large lesion (>5 cm)
in segments 5 and 6 shows signal loss on the opposed phase T1 weighted image (B)
compared to the in-phase T1 weighted image (A) denoting microscopic fat content. C. The
lesion shows heterogeneous high signal on the T2 weighted image. D, E, and F. Following
gadolinium administration, the lesion shows heterogeneous arterial (D) and portal phase (E)
hyperenhancement and delayed phase washout (F). An ancillary finding of an enhancing
capsule is depicted in (E) and (F). G. A partial hepatectomy from a separate patient shows a
tan and poorly defined lesion grossly, with areas of hemorrhage and necrosis. H.
Microscopically the neoplastic lesion (white arrow) shows an absence of portal tracts and is
notably different from the background parenchyma (black arrow). I. Benign hepatocytes are
arranged in cell plates up to two cells thick. Slides are stained with Hematoxylin and Eosin.
Total image magnification: H - 25X; I - 400X.

CT demonstrates a well-circumscribed mass, which is typically isoattenuating on
the unenhanced phase, with heterogeneous arterial phase hyperenhancement,
usually returning to near isoattenuation on portal-venous phase and delayed
phase imaging. Following hyperenhancement, contrast washout (hypoenhancement on the portal-venous and delayed phases) may be seen in both CT and MRI,
mimicking malignant lesions.
On MRI, T1WI and T2WI signal intensities are variable, depending on the
presence of fat, hemorrhage, and calcification. A high signal on fat-saturated
T1WI denotes the presence of intratumoral hemorrhage. Contrast-enhanced
phases are similar to CT, with early arterial enhancement, and are typically
isointense on portal-venous phase imaging. HCAs are predominantly hypointense on hepatobiliary phase gadoxetic acid imaging, an important distinction
from FNH. Opposed phase T1WI and fat-saturated T1WI are helpful to demonstrate microscopic fat and macroscopic fat, respectively, a characteristic feature
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of HNF1α-inactivated HCAs. Conversely, inflammatory HCAs have a characteristic high signal peripheral rim on T2WI, attributed to sinusoidal dilatation, termed
the “atoll sign” (15).

Hepatocellular carcinoma
Hepatocellular carcinoma (HCC) (Figure 3) is a malignant hepatocellular neoplasm, commonly occurring in the setting of underlying chronic liver disease (2).
Traditionally, macroscopic patterns of HCC are described as single or multiple
liver nodules, massive nodules that may involve multiple liver segments, and diffuse forms with multiple small nodules throughout the liver mimicking cirrhosis
(16). Tumor nodules smaller than the main tumor and less than 2 cm away (separated by non-neoplastic parenchyma) are classified as satellite nodules and

Figure 3. Representative images of hepatocellular carcinoma. A. Transverse ultrasound image
of the liver demonstrates a new hyperechoic lesion in a cirrhotic liver, highly suspicious for
HCC. B and C. The lesion in segment 6 shows signal loss on the opposed phase T1 weighted
image (C) compared to the in-phase T1 weighted image (B) denoting microscopic fat
content. D. The lesion shows heterogeneous high signal on the T2 weighted image. E and
F. Following gadolinium administration, the lesion shows heterogeneous arterial
enhancement (E) and portal phase wash-out (F). G. A representative slice of liver from an
explant of a separate patient shows a soft variegated lesion grossly (white arrow), ranging
from green to red-brown, embedded in a firm cirrhotic liver parenchyma. H and I. There is a
loss of normal hepatic architecture with trabecular and pseudoglandular growth patterns (H)
of malignant cells with enlarged vesicular nuclei and eosinophilic cytoplasm (I). Slides are
stained with Hematoxylin and Eosin. Total image magnification: H - 25X; I - 400X.
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usually represent intrahepatic metastases. Nodules that are far from the primary
tumor may represent either synchronous tumors or intrahepatic metastases (16).
Involvement and spread through intrahepatic portal vein branches are common.
Grossly, HCC is soft with a variegated appearance ranging from green to light
tan depending on bile and fat content respectively, and foci of hemorrhage or
necrosis. Tumors may have a capsule of fibrotic and inflamed tissue and can be
seen invading large vascular structures. Fibrolamellar and scirrhous subtypes may
appear firmer and more fibrotic compared to conventional HCCs, and these features may mimic the central scar of FNH or even cholangiocarcinoma. Fibrolamellar
carcinoma is a distinct lesion affecting younger adults without pre-existing cirrhosis or elevated serum AFP. It is typically a large mass with calcification, hemorrhage, or necrosis, can mimic FNH with a central scar, commonly metastasizes to
lymph nodes and distant sites, and shows a DNAJB1-PRKACA fusion transcript
(17–18).
Microscopically, HCC shows variable degrees of cytological and architectural
atypia with thickened hepatic plates and disruption/loss of the reticulin framework. Hepatocellular differentiation is often apparent on hematoxylin and eosin
(H&E); however, IHC stains (Hep Par-1 and Arginase-1) are sometimes necessary
for poorly differentiated tumors to establish hepatocellular origin. Furthermore,
careful examination of reticulin stain and identification of abnormal expression of
Glypican-3 IHC may be required in well-differentiated tumors to establish a diagnosis of carcinoma. Increased arterial blood flow leads to sinusoidal capillarization, which can be demonstrated by CD34 IHC. There are four predominant
growth patterns including trabecular (70%), solid (20%), pseudoglandular (10%),
and macrotrabecular with cell plates greater than ten cells in thickness (1%),
although mixed patterns are common (19). Approximately 35% of HCCs show
distinct clinicopathologic subtypes, including steatohepatitic (most commonly in
patients with underlying fatty liver disease), clear cell (cytoplasmic clearing secondary to glycogen accumulation), scirrhous (fibrosis in the majority of the tumor,
separate small nests of tumor cells in thin trabeculae), and fibrolamellar (large
polygonal hepatocytes with abundant cytoplasm and prominent nucleoli, pale
bodies, thick collagenous bands in parallel orientations, and non-cirrhotic background liver) (20). Combined hepatocellular cholangiocarcinoma is a rare diagnosis with convincing HCC and cholangiocarcinoma morphologies present within
the same tumor.
Precursor lesions of HCC are commonly identified in hepatectomy specimens
and occasionally in biopsy specimens in patients with advanced chronic liver
disease. These precursor lesions include dysplastic foci (<1 mm) and dysplastic
nodules (approximately 5–15 mm) (21). Dysplastic foci are incidental findings
and include small cell and large cell cytological change or small groups of hepatocytes with an otherwise clonal appearance (for example, iron free foci). Dysplastic
nodules can be low- or high-grade, and the high-grade dysplastic nodules can
mimic small (<2 cm) early HCCs. Features that favor the designation of HCC over
a dysplastic nodule include a nodule-in-nodule growth pattern, stromal invasion,
loss of reticulin, and expression of Glypican-3 by IHC. Low-grade dysplastic nodules require distinction from large regenerative nodules, although this distinction
can be challenging and of limited significance in explanted livers (2).
Across imaging modalities, differentiation of small HCCs from regenerative or
dysplastic nodules can be challenging in the setting of cirrhosis. Smaller lesions
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are typically homogenous, with larger lesions demonstrating variable heterogeneity secondary to the variable presence of fat, fibrosis, necrosis, hemorrhage, and
calcification. The American College of Radiology (ACR) Liver Imaging and
Reporting Data System (LI-RADS) version 2018 provides a validated set of standardized diagnostic criteria for HCC based on CT/MRI. It has become integrated
into the American Association for the Study of Liver Diseases (AASLD) clinical
practice guidelines (22–23). LI-RADS provides uniformity and improved accuracy in diagnostic reporting, including consistency in imaging work-up options
and follow-up time intervals.
On ultrasound, small HCCs are usually hypoechoic, with larger lesions demonstrating variable echogenicity and heterogeneity. A thin hypoechoic pseudocapsule may be seen. Doppler may demonstrate vascularity and arteriovenous
shunting. Increased arterialisation and progressive loss of the portal-venous vascular contribution results in a characteristic pattern on contrast-enhanced ultrasound, CT, and MRI of late arterial hyperenhancement with decreased enhancement
relative to liver parenchyma (wash-out) on delayed phases, variably present on
the portal-venous phase (24). Unenhanced CT has limited sensitivity for HCC,
typically hypoattenuating if detected.
Contrast-enhanced MRI (extracellular or hepatobiliary gadolinium agents)
shows significantly higher sensitivity for HCC than contrast-enhanced CT in the
setting of cirrhosis (82% vs. 66%) with similar specificities (91% vs. 92%) (25).
Approximately 20% of HCCs arise in non-cirrhotic livers, with contrast-enhanced
MRI also demonstrating high sensitivity (91%) and specificity (75–98%) (26).
HCC is usually T1WI isointense to hypointense, and T2WI heterogeneously
intermediate to high signal. Late arterial hyperenhancement is typically homogenous for smaller lesions and more heterogeneous for larger lesions. Portal-venous
phase wash-out is variable depending on size, with smaller lesions typically retaining a degree of perceptible enhancement and larger lesions demonstrating greater
wash-out compared to the adjacent liver. With delayed phases, lesions typically
demonstrate wash-out with residual enhancement in the pseudocapsule, if
present. A recognized pitfall is that small (<2 cm) early HCCs may show a lack of
delayed phase washout, and close imaging follow up of these lesions in the cirrhotic liver is required. DWI shows diffusion restriction in areas of high cellularity
and cell membrane density (for example, malignancy) (27). DWI increases the
sensitivity of conventional extracellular contrast-enhanced MRI, especially for
small (<2 cm) HCCs (28). Sensitivity for HCC with gadoxetic acid contrastenhanced MRI is improved (95.2%) when including wash-out criteria for the
hepatobiliary phase (29).

Hepatoblastoma
Hepatoblastoma (HB) is a primary malignant liver neoplasm that recapitulates the
developing fetal/embryonal liver with variable proportions of epithelial and mesenchymal elements and is the most common malignant liver tumor in children
(30). HB is frequently a solitary mass; however, poor prognostic features include
multifocality (20%), the involvement of the vena cava or all three hepatic veins
(10%), the involvement of the portal bifurcation or both right and left portal veins
(10%), extrahepatic tumor extension (5%), and tumor rupture (5%) (31). Grossly,
tumors are nodular or bosselated, and cut surfaces depend on tumor components,
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ranging from soft tan-brown in fetal patterns to gritty whitish speckles of osteoid
in mesenchymal patterns. A variegated appearance can result from cystic degeneration, necrosis, or hemorrhage.
Microscopically, HBs are classified according to the International Pediatric
Liver Tumors Consensus Classification of Liver Hepatoblastoma (32). Tumors
can be either purely epithelial or contain a mixture of epithelial and mesenchymal
components (spindle cells, osteoid, or cartilage) (32). Epithelial tumors may
show a single or combination of histologic patterns including: fetal (characterized
by trabecular growth of fetal-type hepatocytes, clear or finely granular cytoplasm
depending on cytoplasmic glycogen content, variable degrees of mitotic activity,
and nuclear pleomorphism), embryonal (primitive tubule formation, angulated
nuclei, and high nuclear-to-cytoplasmic ratios), macrotrabecular (fetal or
embryonal patterns in trabeculae greater than 5 cells thick), small cell
undifferentiated (diffuse sheets or nests of cells with minimal cytoplasm, frequent
apoptosis, mitotic activity, and necrosis), and cholangioblastic (formation of
small ducts). The fetal pattern can be further subclassified into those with
low-mitotic activity (well-differentiated), mitotically active (crowded fetal), and
pleomorphic types. The small cell undifferentiated pattern can be further
subdivided into SMARCB1 (INI1) positive and negative types with the help of
IHC (2). Mixed epithelial and mesenchymal tumors are further subclassified
into those with and without teratoid features. Given the wide variation in
histological patterns, biopsies may not be representative of the tumor overall.
Neoadjuvant chemotherapy can markedly alter the histologic appearance with
changes including fibrosis, necrosis/hemorrhage, and the presence of osteoid-like
tissue (30).
Ultrasound is commonly the first modality used when detecting HB, with
further characterization by CT or MRI. MRI is advantageous in children, given
the lack of radiation, and likely has increased sensitivity and specificity with
gadoxetic acid MRI. Ultrasound appearances are dependent on the underlying
histologic pattern. Generally, these lesions are lobular, well-circumscribed
hypoechoic or heterogeneous lesions. Calcification, necrosis and vascular invasion may be seen. HB is typically heterogeneous and hypoattenuating to the liver
parenchyma on CT. Speckled or amorphous calcification is seen in greater
than 50% of lesions (33). Enhancement is typically less than that of the liver;
however, peripheral arterial enhancement may be observed (33). On MRI,
hepatoblastomas are typically heterogeneously T2WI hyperintense and T1WI
hypointense. On contrast-enhanced MRI, HB is typically hypointense on the
arterial, portal-venous, and delayed phases (34–35). The presence of a liver mass
and elevated serum AFP in a child less than 4 years should alert the radiologist
to the possibility of HB.

BILIARY LESIONS
A network of bile canaliculi and a system of bile ducts located within portal tracts
transports bile into larger intrahepatic ducts, exiting at the liver hilum. The following sections discuss lesions involving bile ducts and includes mucinous cystic
neoplasm and intrahepatic cholangiocarcinoma.

Radiologic-Pathologic Correlation of Liver Tumors

Mucinous cystic neoplasm
Mucinous cystic neoplasm (MCN) is a cyst-forming epithelial neoplasm of the
liver that occurs almost exclusively in females. MCNs generally do not communicate with the biliary tree and show a characteristic subepithelial ovarian-type
stroma, ranging from focal (8%) to diffuse (36%) (36). These two features can
help differentiate it from other cystic neoplasms of the liver (for example, intraductal papillary neoplasm of the bile ducts). MCNs are uncommon hepatic cysts
(11%), frequently solitary, have an average size of 11 cm (range 5–23 cm), located
predominantly in the left lobe (72%), and rarely have associated carcinomas (6%)
(36). Grossly, MCNs are well-demarcated multiloculated cystic lesions with
smooth inner surfaces containing mucinous, hemorrhagic, or serous fluid. Solid
grey-white areas are concerning for invasive carcinoma. Microscopically, cyst
walls are lined by either flattened epithelial cells or columnar/cuboidal cells with
eosinophilic or mucinous cytoplasm and basally oriented nuclei and are delimited
by a fibrous capsule. Low- and intermediate-grade dysplasia is common in MCNs,
and cases must be thoroughly sampled and examined to exclude invasive adenocarcinoma, often with associated high-grade dysplasia (37). Estrogen and progesterone receptor IHC can be used to highlight the characteristic stroma in certain
cases (2).
Radiology literature historically and still frequently describes MCNs of the
liver and bile ducts as biliary cystadenomas and biliary cystadenocarcinomas.
Across modalities (ultrasound, CT, MRI), MCNs are typically large, solitary, multilocular cystic lesions with smooth margins and internal septations (38). Varying
mucin concentrations produce differing signal intensity within each locule of the
multilocular cystic lesion; intermediate to high signal on T2WI, and low to high
signal on T1WI. This may produce a “stained-glass” appearance, more commonly
described in mucinous ovarian epithelial cystic neoplasms.
The presence of rapid growth, solid nodularity (particularly if enhancing),
coarse calcification, irregular septations, and internal hemorrhage is suspicious
for cystadenocarcinoma, although multiple studies have proven that imaging is
not sufficiently diagnostic (39).

Intrahepatic cholangiocarcinoma
Intrahepatic cholangiocarcinoma (ICCA) (Figure 4) is a primary intrahepatic
malignant neoplasm of epithelial cells with biliary differentiation. Two subtypes
with unique clinicopathological features have been described: (i) large duct ICCA,
arising from large perihilar intrahepatic bile ducts proximal to the right and left
hepatic ducts, and (ii) small duct ICCA arising from small bile ducts or ductules
in a peripheral location. Large duct and small duct subtypes account for 45% and
55% of all ICCAs, respectively (40), with 60% of all ICCAs being greater than
5 cm in size (41).
Grossly, large duct ICCAs often present as mass lesions around the larger caliber bile duct branches with invasion into the surrounding hepatic parenchyma.
Some large duct ICCAs will not form a mass lesion but rather spread along bile
ducts in a diffuse and longitudinal manner (referred to as a “periductal infiltrating” pattern of growth) (42). They may be found in association with macroscopically visible intraductal papillary neoplasms of the bile ducts, not discussed within
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Figure 4. Representative images of intrahepatic cholangiocarcinoma. A and B. The lesion shows
low signal on the T1 weighted image (A) and intermediate to high signal on the T2 weighted
image (B) with surrounding mild peripheral intrahepatic biliary dilatation. C. The lesion
shows intense diffusion restriction on the b=150 s/mm2 image. D, E, and F. Following
gadolinium administration, the lesion shows heterogeneous arterial (D) and portal phase (E)
enhancement (predominantly in the periphery), with progressive centripetal filling-in,
completely hyperenhancing on the delayed phase (F) at 5 minutes. G. A partial hepatectomy
from a separate patient shows a tan-white sclerosing lesion grossly, with extensive
involvement of a probed large duct. H. Microscopically an invasive adenocarcinoma (white
arrow) is seen arising from a large duct (black arrow). I. Well-formed glands are seen
invading a nerve. Slides are stained with Hematoxylin and Eosin. Total image magnification:
H - 25X; I - 200X.

this chapter. Small duct ICCAs typically present as a peripheral mass-forming
lesion that is white-grey and nodular, often within a background of cirrhosis (62%
of cases) (40).
Microscopically, large duct ICCAs are invasive adenocarcinomas of tubular or
solid growth patterns with extensive desmoplastic reaction, sclerosis of larger bile
ducts, portal tract involvement, frequent perineural and lymphatic space invasion, and frequent lymph node metastasis. They may be found in association with
microscopically visible biliary intraepithelial neoplasms, which are not discussed
in this chapter. Small duct ICCAs show variable proportions of slit-like lumens in
cord-like growth patterns, or distinct lumens in tubular growth patterns found
replacing the hepatocytes in regenerative nodules. All ICCAs have small-tomedium-sized cuboidal or columnar cells, eosinophilic or vacuolated cytoplasm,
small nuclei, and variably prominent nucleoli. The diagnosis of adenocarcinoma
is typically readily made by morphology alone; however, poorly differentiated
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cases may lack apparent glandular differentiation and require IHC to exclude
other primary neoplasms (for example, poorly differentiated HCC). Combined
hepatocellular cholangiocarcinoma is a rare malignancy composed of both
unequivocal HCC and ICCA components within the same tumor and may occasionally be encountered in biopsy specimens. ICCA does not show a specific morphology or IHC profile. Therefore, careful clinical and radiological correlation is
essential to rule out a metastatic adenocarcinoma from another site.
On imaging, the mass-forming pattern of ICCA demonstrates a
well-circumscribed, often large, lobulated mass frequently with satellite nodules.
The periductal-infiltrating pattern demonstrates growth along bile ducts with an
elongated, branching, spiculated appearance. Capsular retraction, more typical of
the mass-forming pattern, is characteristic but not pathognomonic for ICCA.
Upstream biliary ductal dilatation is typical but not specific.
Mass-forming ICCAs are typically hyperechoic on ultrasound if larger than
3 cm and isoechoic or hypoechoic if smaller (43). A peripheral hypoechoic rim is
seen in approximately 35% of cases (43). On unenhanced CT, they are typically
hypoattenuating (43), and calcification may be present. They are typically heterogeneously T1WI hypointense and demonstrate a T2WI hyperintense peripheral
rim with central hypodensity, which may be hyperintense in the setting of internal
necrosis (43). The enhancement pattern on MRI and CT is typically arterial phase
continuous rim-like enhancement (targetoid) with progressive, concentric centripetal fill-in on the portal-venous phase and persistent enhancement on delayed
imaging (43).
Periductal-infiltrating ICCAs are typically enhancing on CT and MRI (43). Bile
duct imaging, including endoscopic retrograde cholangiopancreatography (ERCP)
and magnetic resonance cholangiopancreatography (MRCP), are highly sensitive
and specific for bile duct narrowing and stricturing, which may be otherwise subtle.
MRCP is 97% sensitive and 98% specific for the presence of obstruction (44).
Differentiating HCC from ICCA is important as locoregional treatments for
HCC (for example, ablative or transcatheter therapy) are not effective for ICCA,
and liver transplantation is a relative contraindication for ICCA due to the high
risk of recurrence (45). A helpful finding is the presence of tumor thrombus, more
commonly associated with HCC, while ICCA more commonly causes venous
occlusion from extrinsic compression.

VASCULAR MESENCHYMAL LESIONS
Fine vascular sinusoids transport blood between hepatocytes from terminal
branches of both the hepatic artery and hepatic portal vein, components of the
portal tracts, to hepatic venules that drain into the hepatic vein. The following
sections discuss lesions involving liver vasculature and includes cavernous hemangioma, epithelioid hemangioendothelioma, and hepatic angiosarcoma.

Cavernous hemangioma
Cavernous hemangioma (CH) of the liver is a benign venous malformation with
no malignant potential. CHs are most often solitary and are categorized according
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to size: small (less than 5 cm), large (5–10 cm), and giant (>10 cm). Frequencies
are approximately 30%, 35%, and 35%, respectively (46). Grossly, CHs are wellcircumscribed, soft, spongy purple-red lesions located subcapsular or deep in the
liver parenchyma. Microscopically, they consist of variably sized large vascular
spaces lined by a bland epithelium and are embedded in a fibrous stroma. Thrombi
may be present, and when extensive, can result in significant sclerosis of the
lesion. Although well-circumscribed grossly, the tumor interface microscopically
is irregular, with separate hemangioma-like vessels located 0.1–2 cm away from
the lesion in 80% of cases (47).
As the most common benign liver tumor, CHs are frequently detected incidentally on imaging and can show a wide variety of atypical appearances. CHs are
typically well-circumscribed and hyperechoic on ultrasound, with a well marginated lobulated contour that is better appreciated in larger CHs. Heterogeneity is
more common with giant CHs, although the lesion periphery typically remains
echogenic (48). A central scar may be seen in a minority of giant CHs, mimicking
FNH, and calcification is rare, sometimes seen in the central scar. No central flow
is demonstrated using color Doppler; however, peripheral vascularity can be
present. A “reverse target” morphology with hyperechoic rim may be seen in a
minority, with metastasis or HCC as the diagnosis of exclusion on a background
of normal or cirrhotic liver parenchyma, respectively (49). Where CEUS is
available, enhancement patterns parallel CT and MRI.
On CT, attenuation and enhancement across phases mirror blood pool (for
example, the aorta), due to the underlying disorganized venous histology, with
more rapid (“flash”) filling and delayed/centripetal filling observed in small and
giant CHs, respectively. The peripheral nodular contour with discontinuous
enhancement is more conspicuous with large and giant CHs. The central scar, if
present, is characteristically non-enhancing. MRI has the greatest sensitivity and
specificity for diagnosing CH. On MRI, CHs are T1WI isointense or hypointense,
with hypointensity typically observed in giant CHs. If present, the central scar is
markedly T1WI hypointense. CHs are typically T2WI hyperintense due to the
long T2 relaxation time in these lesions. MRI contrast enhancement patterns are
similar to those described for CT; however, some CHs show slow enhancement
with fill-in on delayed phase images, and rarely a centrifugal (inside-out) enhancement pattern (50).
Typically reserved for diagnostic clarification in patients unable to undergo
MRI or contrast-enhanced studies, Tc-99m labelled RBC scans demonstrate photopenia or decreased activity relative to liver parenchyma on early dynamic scans
with persistent filling of large and giant CHs on delayed imaging. This differentiates CHs from vascular tumors such as HCC, HCA, and FNH. When combined
with multi-headed SPECT the positive predictive value approaches 100%, with
sensitivity markedly improving in larger lesions (20% in lesions 0.5–0.9 cm;
100% in lesions >1.4 cm) (51).

Epithelioid hemangioendothelioma
Epithelioid hemangioendothelioma (EHE) (Figure 5) of the liver is a malignant
endothelial neoplasm. EHE is frequently multifocal (87%), bilobar (81%), and
arises in the absence of chronic liver disease (52). Grossly, there is nodular or
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Figure 5. Representative images of hepatic epithelioid hemangioendothelioma. A. Transverse
ultrasound image of the liver demonstrates a centrally hyperechoic lesion with a thin
hypoechoic halo (“targetoid” appearance) in the right lobe of the liver with multifocal
peripheral targetoid, heterogeneous and hypoechoic lesions involving both lobes (not
shown). B and C. These lesions show low signal on the T1 weighted image (B) and
intermediate to high signal on the T2 weighted image (C). One lesion in segment 7 at the
subcapsular border is associated with focal capsular retraction (*). D, E, and F. Following
gadolinium administration, the lesions show targetoid peripheral enhancement during the
arterial (D) and portal (E) phases, and centripetal fill-in on the delayed phase (F). G. A
representative slice of liver from a complete total hepatectomy of a separate patient shows
multiple small red-brown lesions (white arrow) scattered throughout the parenchyma
grossly. H and I. Bland epithelioid and spindled cells (I) are embedded in a fibrous and
myxohyaline background (H). Slides are stained with Hematoxylin and Eosin. Total image
magnification: H - 25X; I - 400X.

multinodular growth of firm, gray-white tumor. Microscopically, epithelioid or
stellate spindled cells are arranged in cords, small nests, or single cells, and
embedded in a fibrous or myxohyaline background. Nuclei show fine chromatin
with small nucleoli, and the eosinophilic cytoplasm can show notable well-defined
intracytoplasmic vacuoles/lumina of variable sizes. The mitotic rate is variable.
WWRT1-CAMTA1 and YAP1-TFE3 translocations are present in approximately
80% and 5% of EHEs, respectively (53). A panel of IHC stains is typically required
to confirm endothelial origin (for example, CD31 and ERG) and to exclude the
possibility of carcinoma, although keratin stains may also be positive. CAMTA1
IHC stain is positive in a significant proportion of cases, given the associated gene
rearrangement (2).
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EHE is most commonly identified as coalescent, peripheral, target-like hepatic
nodules with capsular retraction on a normal liver parenchyma background.
Calcification is uncommon. Ultrasound is nonspecific; nodule echogenicity is
variable, often hypoechoic (54). Unenhanced CT is also nonspecific, demonstrating hypoattenuating nodules. A ring or target appearance is common on MRI and
CT, with 2 or 3 rings of differing enhancement/intensity. A 3-ring lesion consists
of a dominant central non-enhancing or delayed enhancing fibrous myxoid
stroma, which may demonstrate necrosis, an enhancing inner peripheral ring of
proliferating tumor cells, and an outer avascular non-enhancing rim of tumor
infiltrating into sinusoids and portal branches (55–57). On T1WI, nodules are
typically markedly hypointense centrally, with a less hypointense peripheral rim.
On T2WI, small nodules are typically hyperintense, with larger lesions demonstrating a target pattern of central hyperintensity, a thin inner peripheral hypointense ring, and a hyperintense outer ring (56). Nodules may demonstrate a
“Lollipop” sign; a well-defined, predominantly hypoenhancing nodule representing the spherical candy portion, and thrombosis within an associated vein, terminating smoothly at the edge or within the lesion rim, representing the stick (58).

Hepatic angiosarcoma
Hepatic angiosarcoma (HAS) is a primary malignant endothelial neoplasm. HAS
is predominantly bilobar (80%) and can show variable patterns of growth, including multinodular (40%), solitary (20%), dominant mass with satellite nodules
(20%), and diffusely infiltrating (20%) (59). Grossly, tumors are poorly defined
and heterogenous, with solid gray-white areas and hemorrhagic areas showing
large blood-filled spaces. Microscopically, tumors also display heterogeneity. Wellformed anastomosing vascular channels alternate with solid sheets of tumor lacking vascular formation. Tumor cells can show high-grade features, including
epithelioid or spindled cells with marked nuclear pleomorphism, hyperchromatic
nuclei, and abundant mitoses. Infarct, necrosis, and fibrosis are common. At the
periphery of the tumor, malignant cells characteristically grow along and replace
endothelial cells present in pre-existing sinusoids. A high index of suspicion is
required in some cases, along with a panel of IHC stains, to make a correct
diagnosis. Epithelioid HAS in particular can mimic carcinomas, melanomas, and
lymphomas by morphology alone, and therefore a panel of IHC stains is generally
recommended, including markers of vascular differentiation such as CD31 and
ERG (keratins and EMA may be positive) (2).
HAS demonstrates a variable appearance on radiologic imaging, reflecting the
underlying pleomorphic histology. HAS is commonly heterogeneous and hypervascular, with multiplicity, multiorgan involvement, rapidly progressive growth,
and a history of exposure to particular carcinogens (for example, vinyl chloride
polymers) pointing toward the underlying diagnosis, which ultimately relies on
histology. Hemorrhage, necrosis, and calcification may be seen. A background of
liver cirrhosis or fibrosis is reported in approximately 40% of patients (60). On
ultrasound, lesions are generally heterogeneous. On unenhanced CT, lesions are
typically hypoattenuating, although heterogeneity may be seen, particularly in the
setting of hemorrhage. On MRI, lesions are heterogeneous and may have an illdefined outline. They may be T1WI hypointense but can show high signal with
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intratumoral hemorrhage. On T2WI, HAS shows heterogeneous intermediate-tohigh signal intensity. On CT and MRI, HAS enhancement parallels blood pool,
typically bizarre and disordered, with centrifugal and centripetal filling being the
predominantly described progressive enhancement patterns (45, 60–61).
Peripheral arterial enhancement is typically circumferential rather than nodular
and discontinuous, as in CHs. Flash-filling of smaller lesions is also observed. In
a multi-institutional review of 35 cases, arterial phase foci of hyperenhancement
were seen in 89.7%, with none demonstrating portal or hepatic vein invasion,
which may help in distinguishing HAS from HCC (60). Rapid growth on serial
imaging and ancillary findings such as lymph node or extrahepatic organ metastases are recognized features (45).

METASTATIC MALIGNANCIES
Metastatic malignancies are common in the liver (more common than primary
malignancies) and frequently multifocal; however, solitary nodules and diffuse
parenchymal involvement without discrete nodule formation is possible. Tumors
are primarily carcinomas (92%), of which adenocarcinomas account for the
majority (75%), but melanomas (2.4%) and sarcomas (1%) are also found (62).
The most frequent primary sites of origin for adenocarcinomas are colorectal
(46%), pancreas (10%), breast (8%), and lung (4%) (62). Gross and microscopic
appearances differ based on the primary site of origin. Many cases of metastases
involving the liver can be quickly sorted out based on a combination of tumor
morphology/immunophenotype, clinical history, and radiology. Some cases, however, present a much greater challenge for pathologists, radiologists, and clinicians
alike, and a multidisciplinary team-based approach can be tremendously helpful
in determining the site of origin and/or appropriate management.
The radiologic appearance of metastatic malignancies also varies, with
appearances mimicking those seen at the respective sites of primary malignancies.
Common examples include hypovascular epithelial metastases (for example,
colon, lung, and gastric), hypervascular metastases (for example, renal cell
carcinoma, melanoma, thyroid, and neuroendocrine tumors), and cystic liver
metastases (for example, mucinous or serous primary malignancies from the
ovary, colon, and pancreas).
In comparison to the gold standard of resection or intraoperative ultrasound,
conventional ultrasound has modest sensitivity for metastases (50–76%), improving with contrast-enhancement (82–86%) (63), showing similar sensitivities to
contrast-enhanced CT and MRI (64–65). Ultrasound appearances are varied with
the following typical appearances: hypoechoic in hypovascular metastases, centrally hyperechoic and peripherally hypoechoic (targetoid) in aggressive metastases, and hyperechoic in hypervascular metastases.
Unenhanced CT has poor sensitivity for most metastases, with high sensitivity for calcification, a nonspecific but common finding in mucinous lesions.
Metastases are typically T1WI hypointense and T2WI hyperintense, heterogeneous in morphology, and may be associated with an ill-defined outline.
Enhancement characteristics are reflective of the predominant hepatic
arterial supply, appearing similar on CT and conventional extracellular
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contrast-enhanced MRI, with the latter demonstrating higher sensitivity and
specificity. Arterial enhancement with wash-out on portal-venous and delayed
phases is characteristic for malignant liver lesions (including metastases) with a
sensitivity of 24.5% and specificity of 100% on MRI (66). Cystic metastases are
typically non-enhancing.
On meta-analysis, gadoxetic acid-enhanced MRI was superior to contrastenhanced CT (sensitivity 86.9–100% vs. 51.8–84.6%, specificity 80.2–98.0% vs.
77.2–98.0%) (67). On gadoxetic acid-enhanced MRI, metastases are typically
conspicuously hypointense on delayed phase imaging as a result of the lack of
hepatocytes and biliary ducts. Additional sequences such as DWI may increase
MRI sensitivity and specificity. 18F-fluorodeoxyglucose PET/CT (FDG PET/CT) is
principally utilized for the detection of extrahepatic metastases, particularly in
lymph nodes, with high background liver FDG uptake slightly limiting the detection of intrahepatic metastases, as seen when evaluating for colorectal cancer liver
metastases, where MRI demonstrated superior sensitivity (84–86%), when compared to FDG PET/CT (72%) (68).

CONCLUSION
As research progresses, diagnostic criteria and diagnoses evolve. Novel techniques develop and characteristic molecular alterations are discovered. With an
expansion of knowledge comes an increasing need for effective communication
and feedback between diagnostic specialties. This chapter serves as a reference
for diagnostic findings in common and/or critical liver lesions. Radiologic
and pathologic correlation will continue to be necessary for providing patients,
their families, and their clinical care teams accurate diagnoses to guide future
management.
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