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KEY POINTS

e Atypical liver malignancies, which may be defined as either an atypical appearance of commonly
encountered lesions or lesions that are encountered rarely, pose diagnostic challenges at cross-

sectional imaging.

e Knowledge of key imaging findings and differential diagnostic considerations can aid in making an

accurate diagnosis.

INTRODUCTION

Advances in cross-sectional imaging methods
with computed tomography (CT) and magnetic
resonance imaging (MRI) have improved the radi-
ologist’s ability to noninvasively characterize
many liver malignancies with high accuracy.
Recent developments include improvements in
imaging technique, sequences, protocols, use of
newer liver-specific contrast agents (ie, gadoxetic
acid for MRI), as well as the incorporation of func-
tional and/or quantitative methods (ie, diffusion-
weighted MRI) into routine imaging protocols.
Malignant liver lesions include lesions that orig-
inate in the liver (primary) and lesions that are met-
astatic from other organs (secondary). Often,

patients are either asymptomatic or have nonspe-
cific symptoms, and thus present with advanced
disease at the time of diagnosis. Apart from hepa-
tocellular carcinoma (HCC), intrahepatic cholan-
giocarcinoma (ICC), and hepatic metastases,
other types of malignant liver lesions are quite
rare.” As such, despite improvements in imaging
methods, atypical liver malignancies, which may
be defined as either an atypical appearance of
commonly encountered lesions or lesions that
are encountered rarely, remain challenging to
characterize on imaging. While primary liver malig-
nancies such as HCC, and to a lesser extent ICC,
have characteristic and well-described imaging
appearances, atypical presentations exist, such
as infiltrative, cystic, or intraductal HCC or
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mucinous ICC.? The increasingly recognized entity
combined hepatocellular-intrahepatic cholangio-
carcinoma (cHCC-ICC) is notoriously difficult to di-
agnose preoperatively or without histologic
confirmation.® Clearly, accurate diagnosis is
essential, as the management and prognosis of
these lesions differ drastically. On the other
hand, certain hepatic malignancies, such as pri-
mary neuroendocrine malignancy, mesenchymal
sarcomas, and hematologic malignancy, occur
so rarely and are highly variable in appearance,
contributing to the challenge of making an accu-
rate diagnosis. Furthermore, certain benign le-
sions and pseudotumors, such as inflammatory
pseudotumor, vascular shunting, focal or
confluent hepatic fibrosis, and focal fat deposition
can mimic malignancy, especially in oncologic pa-
tients or patients at risk for HCC.*

Diagnostic radiologists are playing an increas-
ingly important role in the interdisciplinary care of
patients. Knowledge of the epidemiologic factors,
certain cross-sectional imaging appearances, and
key technical and imaging pitfalls can contribute
significantly to accurate diagnosis and subse-
quent patient management. In this article, we re-
view certain technical considerations and focus
on atypical appearances of common primary and
secondary malignant liver lesions, as well as un-
common malignant liver lesions, with emphasis
on CT and MRI.

TECHNICAL PITFALLS
Imaging Technique Considerations

Careful attention to imaging protocol and acquisi-
tion technique is essential to enabling accurate
liver lesion characterization. Dedicated imaging
protocols have been developed and optimized
for both CT and MR, details of which are reported
elsewhere.>® Pre/postcontrast imaging is the
cornerstone of focal liver lesion detection and
characterization, and liver scanning protocols
routinely include noncontrast, late arterial phase
(AP), portal venous phase (PVP), and equilibrium
(EP) or transitional phase (TP) or delayed phase
(DP) using either extra-cellular contrast agents
(CT and MRI) or liver-specific contrast agents
(MRI; gadoxetic acid).

Late arterial phase is defined as hepatic artery
enhancement as well as early enhancement of
the portal vein, with no or minimal liver paren-
chymal enhancement, and is essential for the
determination of arterial phase hyperenhancement
(APHE) that is characteristic of certain hepatic ma-
lignancies.>” Special attention to technique,
timing, and image quality of late arterial phase
MRI with gadoxetic acid is warranted, given the

risk of transient severe motion (TSM) and that the
small volume of agent administered may result in
a shortened, less avid enhancement duration.®®°
Finally, while CT scanning is less impacted by
patient motion due to rapid acquisition time, volun-
tary and physiologic involuntary motion during
longer-acquisition MRI can result in significant im-
age degradation and artifacts—such as blurring
and ghosting which cause image duplicates from
misplaced signal—all of which may impede image
interpretation. ™

Image Interpretation Pearls

Uncommonly, HCC or hepatic metastases may
contain hemorrhage (ie, RCC, neuroendocrine tu-
mor, lung cancer, or choriocarcinoma) or melanin
(ie, melanoma) resulting in T1 hyperintensity or
hyperdensity on noncontrast MRI and CT, respec-
tively.* Scrutiny of postcontrast subtraction MRl is
then recommended to better define the lesion’s
enhancement characteristics. Registration between
pre and postcontrast imaging is needed to avoid ar-
tifacts on subtraction imaging, which can be mini-
mized by instructing patients on breath-holding
technique. Unlike CT, breath-holding for MRI may
be best performed on end-expiration to ensure a
more consistent location of the diaphragm. For CT,
careful manual region of interest (ROl) measurement
or the use of dual-energy CT may be of value to
determine enhancement within such lesions. "

The presence of moderate to severe steatosis or
iron deposition in the background liver can poten-
tially confound the characterization of focal liver le-
sions as the signal intensity of a lesion is evaluated
and compared relative to the background paren-
chyma. It has also been reported that hepatic stea-
tosis may potentially either mask or mimic liver
metastases on CT in oncology patients.'? Scrutiny
of fat sensitive sequences, such as T1 in and
opposed phase imaging or dedicated fat and iron
quantification sequences on MRI, is recommen-
ded to recognize the presence of steatosis or
iron deposition to ensure accurate characteriza-
tion of liver lesions (Fig.1).*

PRIMARY LIVER CANCER
Hepatocyte Origin

Atypical hepatocellular carcinoma

According to international guidelines published by
the American Association for the Study of Liver
Diseases (AASLD), European Association for the
Study of Liver (EASL) and Liver Reporting and
Data System (LI-RADS), a liver lesion in the setting
of cirrhosis with APHE followed by washout in the
PVP or DP on CT or MRI is diagnostic for HCC
without the need for pathologic confirmation.'
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Fig. 1. 36-year-old woman with elevated liver function tests and mass-like hepatic steatosis. Axial noncontrast CT
(A) demonstrates an ill-defined, mass-like region of decreased attenuation in the right hepatic lobe (arrow). The
region of decreased attenuation in the right lobe measured 12 HU, compared with 57 HU in the left hepatic lobe.
Postcontrast arterial phase (B) and portal venous phase (C) axial CTs demonstrate an ill-defined region of
decreased attenuation in the right hepatic lobe without discrete mass (arrows), and otherwise normal back-
ground liver. Normal hepatic vessels are seen coursing through the hypoattenuating region without the evidence

of mass effect.

However, these imaging criteria have reduced
sensitivity (as low as 30%) for HCCs with atypical
enhancement.™® Atypical enhancement patterns
are often seen in small and well-differentiated
HCCs, and includes iso/hypovascular HCC (ie,
without APHE), hypervascular HCC without PVP
washout, and HCC that is hyperintense on the
hepatobiliary phase (HBP) for MRI performed
with liver-specific contrast agents (Figs. 2 and
3)."® Isovascular or hypovascular lesions can be
the first sign of early HCC, with a reported preva-
lence of 14% to 19.5%."* Choi and colleagues re-
ported that 96.6% of hypovascular HCCs were
also hypointense on the HBP, which, therefore,
may be a hallmark of iso/hypovascular HCC.'®
Some HCCs are hypervascular on the AP without
washout on the PVP, and there are conflicting
studies on whether T2 hyperintensity can be
seen as an indicator of HCC in these lesions.'®
Hypointensity on the HBP is a helpful finding but
does not differentiate HCC from other lesions
such as hepatic hemangiomas which also lack
functioning hepatocytes.'® Approximately 10% of
HCCs are hyperintense on the HBP phase, while
demonstrating the typical vascular enhancement
profile on the dynamic phases of postcontrast im-
aging' However, 3% of HCCs that are hyperin-
tense on the HBP phase may lack PVP or DP
washout.'” This can make it very difficult to distin-
guish atypical HCC from large regenerative nod-
ules and other benign lesions, although scrutiny
of the ancillary findings of T2 hyperintensity or
restricted diffusion on diffusion weighted imaging
(DWI) may be helpful for diagnosis.

Infiltrative hepatocellular carcinoma

Infiltrative HCC accounts for 7% to 20% of HCC
cases and is almost always associated with
cirrhosis.'® The ill-defined appearance poses
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diagnostic challenges and can also mimic other
liver diseases such as hepatic fat deposition, hepat-
ic microabscesses, ICC, and diffuse metastatic
disease.® Infiltrative HCC usually involves multiple
hepatic segments, an entire hepatic lobe, or both
lobes. Portal vein thrombosis is a very common
finding with a frequency ranging from 68% to
100% and may often be the primary imaging
feature.’® On contrast-enhanced imaging, infiltra-
tive HCC often has a permeative appearance, min-
imal and inconsistent arterial enhancement, and
heterogeneous washout on the PVP. On MR, the
tumor is often heterogeneously T2 hyperintense,
homogenously or heterogeneously T1 hypointense,
and hyperintense on DWI compared with surround-
ing liver parenchyma (Fig. 4).'®

Intraductal hepatocellular carcinoma

HCC will occasionally invade the bile ducts and
cause bile duct tumor thrombus (BDTT) with a re-
ported incidence of 0.53% to 12.9%.'° The initial
presentation may be obstructive jaundice and can
mimic cholangiocarcinoma. Cholangiocarcinoma
has a different surgical management from HCC
with BDTT, and therefore, preoperative distinction
is important, although is very challenging in the
absence of liver parenchymal involvement. A retro-
spective study by Zhou and colleagues of patho-
logically proven HCC with hilar bile duct tumor
thrombus (HBDTT) found that liver parenchymal
involvement with an associated intraductal lesion,
absence of hilar bile duct wall thickening, and
washout in PVP were all found to have high sensi-
tivity and high specificity for HCC with HBDTT."®
Other imaging features with high specificity for
HCC with HBDTT are vascular tumor emboli and
splenomegaly. Clinical history of viral hepatitis and
elevations of serum alpha-fetoprotein (AFP) level
may also aid in the diagnosis.'®
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Fig. 2. 58-year-old man with nonalcoholic steatohepatitis undergoing HCC screening presenting with an atypical
(hypovascular) HCC. Axial SS FSE T2WI (A) demonstrates a mildly T2 hyperintense, well-defined, ovoid mass in sub-
capsular segment 7 posteriorly (arrow). SS EPI DWI (b 800 s/mm?2) (B) and corresponding ADC map (C) demon-
strate intralesional restricted diffusion. Axial noncontrast GRE T1WI (D), and arterial (E), portal venous (F), and
transitional (G) postcontrast phases demonstrate a hypointense mass in segment 7 (arrows) with subtle rim arte-
rial phase hyperenhancement and progressive delayed internal enhancement. The lesion is hypointense in the
hepatobiliary phase (H). Pathology at percutaneous biopsy was consistent with hepatocellular carcinoma.

Cystic hepatocellular carcinoma

HCC that undergoes internal necrosis, cystic
degeneration, or hemorrhage can present as a
multilocular cystic mass.?° Cystic HCC is a rare
entity generally seen in rapidly growing tumors.?"
Cross-sectional imaging findings that help differ-
entiate cystic HCC from other cystic neoplasms
(ie, mucinous cystic neoplasm and metastases)
or benign cystic lesions (ie, hepatic abscess, echi-
nococcal cyst, intrahepatic hematoma, and
biloma) include the presence of liver cirrhosis,
typical imaging characteristics of HCC within the
solid components, and vascular invasion.'®?°
Compared with simple fluid, the attenuation of
the cystic component of HCC is similar or slightly
higher density on CT and has slightly hypointense
signal intensity on T2-weighted MRI.?° Clinical his-
tory can help distinguish cystic HCC from HCC
treated with locoregional therapies with subse-
quent liquefactive necrosis, which can appear
cystic on cross-sectional imaging.??

Fibrolamellar hepatocellular carcinoma
Fibrolamellar HCC mainly occurs in young adults
(average age 25 years) without underlying liver

disease.?® These are classically large, well-defined
(80%-100%), lobulated tumors with internal
heterogeneity that can lead to a variable cross-
sectional imaging appearance.?® Fibrolamellar HCC
is typically hypodense on noncontrast CT, and most
(approximately 90%) demonstrate heterogeneous
APHE. The lesion has a widely variable appearance
on PVP CT: 48% of lesions are isodense, 16% are
hyperdense, and 36% are hypodense relative to the
liver. A central stellate scar is observed in 71% of
the lesions. 68% of the scars contain calcifications
and 95% of the scars are associated with radial
septa.?® Delayed enhancement of the scar is reported
in 25% to 65% of lesions, however, should not be
used as a distinguishing feature on CT as focal
nodular hyperplasia (FNH) may also demonstrate
delayed enhancement of the scar.?®2*

On MRI, fibrolamellar HCC is typically T1 hypo-
intense and T2 hyperintense, with heterogeneous
enhancement on the arterial phase that becomes
isointense or hypointense on the PVP and DP
following contrast administration.?* MRI may
have an advantage for the characterization of the
central scar, as the central scar within fibrolamellar
HCC is typically T1 and T2 hypointense, compared
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Fig. 3. 69-year-old woman with cirrhosis and incidental liver mass. Axial noncontrast CT (A) demonstrates a well-
defined hypoattenuating mass in segment 2 (arrow). Postcontrast arterial phase (B), portal venous phase (C), and
transitional phase (D) axial CTs demonstrate rim arterial phase hyperenhancement, central progressive enhance-
ment, and delayed peripheral washout. Pathology at percutaneous biopsy demonstrated poorly differentiated
carcinoma, with hepatocellular carcinoma favored over cholangiocarcinoma.

with the scar in FNH which is typically T2 hyperin-
tense. Additionally, fibrolamellar HCC does not
typically retain hepatobiliary specific contrast
agents, which helps to differentiate it from FNH
(Fig. 5).2

Combined hepatocellular carcinoma/
intrahepatic cholangiocarcinoma

Combined hepatocellular carcinoma-
cholangiocarcinoma (cHCC-ICC) is a rare primary
liver tumor that demonstrates imaging and histo-
logic features of both HCC and ICC.?® Given the
rarity of this entity, many of its clinical and demo-
graphic features, prognostic factors and optimal
treatment options remain poorly understood.?®
The preoperative diagnosis of cHCC-ICC is
important as patients can proceed to transplant
without histology; however, significant overlap
of HCC and ICC imaging features and inherent tu-
mor heterogeneity make this quite difficult.?” Pre-
vious studies have reported that imaging features
of cHCC-ICC more closely resemble ICC and
metastasis rather than HCC; however, a recent
study of 61 cHCC-ICCs demonstrated that
54.1% of the lesions met LI-RADS criteria for
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HCC, and therefore might have originally been
misclassified.?®34

cHCC-ICC generally appears as a hypodense
or isodense mass on noncontrast CT and as a
T1 hypointense, T2 intermediate or hyperintense
mass on MRI.2° Diffusion restriction, intralesional
fat, hemorrhage, biliary obstruction, tumor
thrombus, and/or overlying capsular retraction
may be visualized, lending to its individual HCC
and ICC components.?” The enhancement
pattern on CT and MRI can also be quite variable,
with  most cHCC-ICC lesions demonstrating
whole-lesion or rim APHE, either with progressive
central enhancement, central or peripheral
washout, or washout and progression on more
delayed phases (Fig. 6).2”*' The presence of
washout, washout and progression, intralesional
fat, and hemorrhage were all strongly associated
with cHCC-ICC when directly compared with
ICC.2"

Biliary Duct Origin

Intraductal papillary neoplasm of the bile duct
Intraductal papillary neoplasm of the bile
duct (IPN-B) is analogous to the intraductal
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Fig. 4. 57-year-old man with elevated alpha-fetoprotein (AFP) of 544.9 ng/mL and infiltrative HCC. Axial postcon-
trast GRE T1WI during the arterial phase (A) demonstrates heterogenous enhancement in the left lobe, with ill-
defined discrete and confluent hypointense nodules on portal venous phase (arrows) (B). Axial T2 FSE with fat
saturation (C) and SS EPI DWI (b 800 ssmm2) demonstrate corresponding diffuse and heterogeneous signal hyper-
intensity in the left lobe, consistent with infiltrative HCC (arrows). Expansion of the portal vein with heterogeneous
enhancement and T2/DW!I hyperintensity are also present, consistent with tumor thrombus (dashed arrows).

papillary mucinous neoplasm of the pancreas related to biliary obstruction by tumor and/or
(IPMN) given that they share similar embryo- thick intraductal mucin, including abdominal
logic, clinical, and histopathologic features.3¢:37 pain, jaundice, elevated liver enzymes, and
Typical clinical presentation involves symptoms cholangitis.3®

Fig. 5. Similar and contrasting imaging characteristics of fibrolamellar hepatocellular carcinoma (HCC) compared
with focal nodular hyperplasia (FNH). Contrast-enhanced MRI using an extracellular contrast agent in a 15-year-
old woman with an incidental liver mass reveals a 10.0 cm mildly T2 hyperintense solid mass in segments 7 and 8
(arrow) (A) with arterial phase hyperenhancement (APHE) (B) and no portal venous or equilibrium phase washout
(C, D). Delayed enhancement of the T2 hypointense central scar is present (short arrow). Subsequent MRI with
gadoxetic acid-enhanced MRI demonstrates delayed hepatobiliary phase (HBP) hypointensity (E). Pathology re-
vealed fibrolamellar HCC. Similar mild T2 hyperintensity and dynamic postcontrast imaging findings are noted
in an 8.3 cm solid mass in segments 2 and 3 in a 65-year-old woman (dashed arrow) (F through 1) on gadoxetic
acid-enhanced MRI. Delayed HBP (J) in this patient reveals hyperintensity in the lesion, diagnostic for FNH. No
central scar was identified in the FNH.
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Fig. 6. 46-year-old man with chronic hepatitis B, elevated AFP (44.8 ng/mL), and new liver mass on prior screening
ultrasound. Axial GRE T1WI demonstrates a peripherally enhancing mass in segment 5 on the arterial phase (A)
with progressive whole-lesion enhancement in the portal venous phase (B) SS EPI DWI (b 800 s/mm?2) (C) and cor-
responding ADC map (D) demonstrate intralesional restricted diffusion, imaging features that are typical for in-
trahepatic cholangiocarcinoma (ICC). This patient had a normal CA 19-9 level. Pathology at resection

demonstrated cHCC-ICC.

Macroscopically, IPN-B appears as a papillary
lesion within a bile duct lumen, with varying de-
grees of associated mucin production (mucin is
detected macroscopically in approximately 1/3 of
cases of IPN-B).3° As the lesion spreads along
the bile duct mucosa, multiple lesions can be
seen in up to 50% of cases.*? Surgical resection
is considered the treatment of choice as the lesion
may demonstrate an invasive component; accu-
rate preoperative diagnosis is, therefore, critical
as the lesion is approached surgically similar to a
cholangiocarcinoma.*1=43

Four different imaging manifestations have been
described, primarily related to the balance
between papillary proliferation and mucin produc-
tion: (1) mass with proximal duct dilatation; (2)
disproportionate duct dilatation without mass; (3)
mass with proximal and distal duct dilatation
(most common subtype); and (4) cyst forming.*
When IPN-B is associated with abundant mucin
production, it may cause dilatation of the bile
duct distal to the lesion, which is considered a
characteristic feature.*® In the cystic subtype,
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internal papillary projections may be visible, and
communication between the cystic mass and bile
duct is often a clue to differentiate between other
cystic hepatic lesions.*®

On CT, the lesion appears as an intraductal
mass that is generally iso- or hyperattenuating
to surrounding liver.*” On MRI, it is T1 iso- or
hypointense to surrounding liver and appears as
a papillary filling defect within a dilated bile duct
on T2-weighted images. Following contrast
administration, the lesion demonstrates iso- or
mild hyperintensity on the late arterial phase but
does not remain hyperintense during the PVP or
DP, unlike intraductal cholangiocarcinoma which
shows progressive PVP and DP enhancement.*®
Diffusion restriction may be present within any
solid components. Mucin may appear as linear
filling defects on hepatobiliary phase MRI or
MRCP.#%:50 Malignant components can be found
in 31% to 83% of cases of IPN-B, which, in addi-
tion to the above-described features, would also
show avidity on FDG-PET and macroscopic peri-
biliary enhancement.*3:48:51
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Mucinous cystic neoplasms with invasive
features
Previously referred to as biliary cystadenomas,
mucinous cystic neoplasms (MCN) are biliary neo-
plasms composed of mucin-producing epithe-
lium.®2%% There is a reported 20% risk of
malignant transformation to invasive MCN(form-
erly referred to as biliary cystadenocarcinoma).®®
Although widely reported as occurring almost
exclusively in females —theorized to be secondary
to the essential feature of ovarian-like subepithelial
stroma—MCN has been reported in a small subset
of male patients, typically in the fifth decade of
life.5455 Clinical presentation is widely variable,
with patients either being asymptomatic or pre-
senting with right upper quadrant/epigastric pain,
abdominal fullness, and/or a palpable abdominal
mass.%®

MCN is a very rare entity, with most published
literature consisting of limited single-center
studies or case reports. There are currently no
well-established imaging features that differentiate
noninvasive MCN from invasive MCN, and MCNs
are usually resected to reliably identify their degree
of malignancy.>®°” The typical appearance of
MCN on both CT and MRl is a large unilocular or
multilocular cystic mass with enhancement and/
or calcification of the septa, with or without visible
mural nodules (Fig. 7). MCNs typically do not
communicate with an adjacent bile duct, a key
differentiating factor from cyst-forming IPN-B.58
Adjacent ductal dilatation is, therefore, less
commonly associated with MCN than IPN-B, and
downstream ductal dilatation to the tumor is rarely
observed.®® Recent studies have demonstrated
septal enhancement and septations arising from
the cyst wall without an overlying indentation as
highly sensitive features of MCN on CT and
MRI.53%9 |In a subset comparison of noninvasive
and invasive MCNSs, a mural nodule, calcification,
bile duct dilation, and intra-cystic debris were all
characteristics of invasive MCNs.5°

Mucinous cholangiocarcinoma
Mucinous cholangiocarcinoma (mCCA) is an
extremely rare variant of ICC, with nearly all pub-
lished literature on this entity consisting of case
reports. Given the lesion’s abundant mucin
production, differentiation from other mucin-
producing lesions (such as invasive IPN-B, inva-
sive MCN, or mucinous metastasis) is prudent
but remains extremely difficult.®

mCCA generally appears as a large, irregular,
lobulated mass that may be almost entirely cystic
or mixed solid/cystic, depending on the degree
of mucin production (Fig. 8). Intra-tumoral calcifi-
cation and portal vein tumor thrombus have been

described. On CT, mCCA is generally hypodense,
and solid components are hypovascular with pe-
ripheral enhancement following contrast adminis-
tration, lending to possible confusion with
hemangioma. On MRI, it is generally T1 hypoin-
tense and T2 hyperintense, and luminal communi-
cation between the tumor and bile duct on MRCP
sequences may be observed.®'®® Like the more
common mass-forming ICC, upstream biliary
obstruction, satellite nodules, adjacent hepatic
perfusion anomaly, and parenchymal atrophy
may be observed in mCCA.%*

Neuroendocrine origin

Although mainly occurring in organs of the bron-
chopulmonary or gastrointestinal tract, primary
neuroendocrine tumors (NETs) can occur in almost
any organ.®® Primary hepatic neuroendocrine tu-
mor (PHNET), representing approximately 0.3%
of all neuroendocrine tumors, is an extremely
rare entity that is difficult to distinguish from the
much more common metastatic hepatic NET,
with fewer than 200 cases of PHNET reported in
the literature.®%:57

The clinical presentation of PHNET is nonspe-
cific and may include vague abdominal pain, jaun-
dice, palpable right upper quadrant mass, weight
loss, and diarrhea.?” It has been reported that
less than 20% of patients with PHNET present
with classic carcinoid syndrome (described as
skin flushing, abdominal pain, and episodic diar-
rhea).®®"% Surgical resection is considered the
mainstay of treatment, supplemented by systemic
chemotherapy, radiation, and targeted locore-
gional and molecular therapies.””

The imaging appearance of PHNET is similar to
metastatic hepatic NET. On CT, the lesion is typi-
cally a round, well-circumscribed, hypodense
mass that demonstrates heterogeneous APHE
following contrast administration. Calcification
and/or internal heterogeneity/necrosis are rare
yet may become more frequent as tumors grow
larger.”" On MRI, the lesion is generally a round,
well-circumscribed, T1 hypointense, T2 hyperin-
tense mass with APHE, DP capsule, HBP hypoin-
tensity, and diffusion restriction.%”"2 They can
demonstrate radiotracer avidity on both FDG and
somatostatin receptor analog (eg, gallium-68
DOTATATE) PET.”®

PRIMARY HEPATIC SARCOMAS
Angiosarcoma

Although primary hepatic angiosarcoma accounts
for only 2% of primary hepatic tumors, it is the
most common hepatic malignancy of mesen-
chymal origin. This tumor demonstrates a strong
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Fig. 7. 51-year-old woman with a multiloculated mucinous cystic neoplasm of the liver. Coronal (A) and axial (B)
SS FSE T2WI demonstrate an 11.0 cm multiloculated cystic mass containing thin septations (arrows). On axial non-
contrast GRE T1WI (C), the largest cystic component contains T1 hyperintense material, consistent with mucin
(asterisk). Thin perceptible septal enhancement is present in the portal venous phase subtracted GRE T1WI
(dashed arrow) (D). Pathologic diagnosis of multiloculated mucinous cystic neoplasm was confirmed given the
presence of simple cuboidal epithelium with underlying "ovarian-like" cellular stroma that was positive for estro-
gen and progesterone receptors by immunohistochemistry stains following partial hepatectomy.

male predominance, and most commonly pre-
sents in the clinical setting of hematologic abnor-
malities, such as anemia and thrombocytopenia.
Exposure to environmental carcinogens, including
thorium dioxide (Thorotrast), arsenic, and vinyl
chloride has previously been associated with he-
patic angiosarcoma; however, exposure to these
substances is now uncommon. Moreover, many
cases now are reported in the absence of known
risk factors.”*

The diagnosis of hepatic angiosarcoma is often
challenging due to the known vascularity and pleo-
morphic histopathology of this tumor, which result
in both an increased risk of hemorrhage with bi-
opsy and a varied spectrum of imaging appear-
ances, respectively.”> Reported CT findings
include multiple small nodules, a large dominant
mass, a mixed presentation with a dominant
mass and multiple nodules, or diffusely infiltrating
tumor.”* Furthermore, on CT, many of these small
nodular lesions are hypodense compared with the
normal hepatic parenchyma on both noncontrast
and AP, with some cases demonstrating mild
hyperenhancement on AP.”4"S Though often
confused with benign hepatic hemangioma,
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multiple recent reports have shown the enhance-
ment pattern of hepatic angiosarcoma to vary
from hemangioma in multiple ways.'®"*7% |n
contrast to the characteristic progressive, nodular,
discontinuous centripetal enhancement of heman-
giomas, angiosarcomas demonstrate irregular
central and rim enhancement of a lower attenua-
tion than that of the aorta.”* On MRI, larger domi-
nant masses are typically heterogeneous and T2
hyperintense, with or without T1 hyperintense
hemorrhagic components and/or fluid-fluid levels
representing intra-tumoral necrosis. Postcontrast
MRI demonstrates heterogeneous AP and PVP
enhancement with progressive enhancement on
DP, barring regions of internal necrosis, fibrosis,
or hemorrhage (Fig. 9).”47°

Given the highly variable appearance of angio-
sarcoma, including overall lesion appearance
and enhancement pattern, differential diagnostic
considerations include HCC, ICC, and hypovascu-
lar and hypervascular metastases. Apart from dis-
tinguishing clinical and laboratory features, the
progressive enhancement on delayed imaging of
angiosarcoma is significant, as it would be atypical
of HCC. In addition, periductal enhancement and
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Fig. 8. 73-year-old man with new liver mass. Axial T2 FSE with fat saturation (A) axial GRE T1WI with arterial (B)
and portal venous phases (C) and SS EPI DWI with b values of 10 ss/mm2 (D) 500 s/mm2 (E) and 800 s/mm2 (F)
demonstrate a 5.6 cm lobulated mass in segment 4A (arrows) with central areas of marked T2 hyperintensity.
The lesion demonstrates minimal peripheral enhancement, surrounding biliary distention, and diffusion restric-
tion. There is severe atrophy of the left lateral segment and perfusion anomaly surrounding the mass. Pathology
at resection was consistent with mucinous cholangiocarcinoma.

intrahepatic biliary dilatation are findings that
would favor cholangiocarcinoma.”*7677

Hepatic Epithelioid Hemangioendothelioma

Hepatic epithelioid hemangioendothelioma
(HEHE) is a rare and low-grade malignant tumor
of vascular origin with an increased female pre-
dominance. Approximately 36% of patients
demonstrate extra-hepatic lesions at diagnosis,
most commonly within the lungs, lymph nodes,
and peritoneum. Accurate diagnosis is essential
as HEHE can often be treated with surgical resec-
tion or transplantation regardless of the presence
of metastatic disease. However, diagnosis re-
mains challenging due to the variable clinical pre-
sentation and the range of potential imaging
appearances.’578

Most cases of HEHE demonstrate multifocal
and peripherally distributed or subcapsular le-
sions, which ultimately increase in size and coa-
lesce to form larger confluent masses.”®"®
Capsular retraction and hypertrophy of the normal
hepatic parenchyma have been reported. The
most common cross-sectional imaging appear-
ance is multifocal low-density hepatic nodules of
varying sizes (Fig. 10). Earlier stage disease, as
mentioned above, demonstrates a multifocal and
peripheral nodular pattern, while more progressed
forms have confluent masses. Associated calcifi-
cation or central hypodensity on nonenhanced
CT images, possibly reflecting central necrosis,
are also described. Postcontrast CT images
demonstrated mild peripheral enhancement in
some cases.”® On MRI, lesions typically demon-
strate T1 hypointensity with heterogeneous or
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Fig. 9. 57-year-old man with hepatic epitheloid angiosarcoma. Axial noncontrast GRE T1WI (A) and arterial (B)
portal venous (C) and transitional (D) postcontrast phases demonstrate a dominant hypointense mass in segment
6 (arrows) with progressive heterogeneous internal enhancement. No significant hemorrhage or necrosis was
identified in the lesion. Three-month follow-up axial SS FSE T2WI (E-F) demonstrates significant tumor

progression.

targetoid T2 hyperintensity. Most lesions also
demonstrate immediate peripheral enhancement
on postcontrast sequences. Delayed postcontrast
sequences showed progressive central filling in
some cases. The differential diagnosis is quite
extensive, including hemangiomas, abscesses,
FNH, HCC, and metastases.

The lollipop sign is an imaging sign that has been
reported to increase the specificity and recognition
of HEHE on cross-sectional imaging.”®’® The
lollipop sign has two components, the first being
the round, well-circumscribed hypodense tumor,
most commonly with an avascular core (the candy),
and the second being an adjacent histologically
occluded vein (the stick). Additional reported but
uncommon imaging characteristics include cavi-
tating or complex exophytic tumor, the presence
of a central enhancing scar, or hyperenhancement
of the lesion.”%:8°

Fibrosarcoma

diagnosis is made at pathology as there is no
imaging finding characteristic for hepatic fibrosar-
coma. Case reports have described lesions
containing cystic degeneration and hemorrhage,
portal vein involvement, or heterogeneous AP
enhancement at CT.82:83

Leiomyosarcoma

Fibrosarcoma is a malignant tumor derived from fi-
broblasts and usually occurs in the limbs, head
and neck, and the trunk, while rarely occurring in
the viscera. According to Ito and colleagues from
1924 to 1990, only 33 cases of hepatic fibrosar-
coma were reported in the literature.®’ Currently,
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Primary hepatic leiomyosarcoma is extremely rare,
with probable origin from the smooth muscle cells
of the hepatic veins or bile ducts. Most cases
generally reflect metastases from extra-hepatic
sites, including the gastrointestinal system, uterus,
retroperitoneum, or lung. The tumor is most
commonly found in middle-aged or older patients
without a gender predisposition or a clear associ-
ation with chronic hepatic disease or cirrhosis.®*
Interestingly, an increased number of cases of pri-
mary hepatic leiomyosarcoma in a younger popu-
lation with human immunodeficiency virus (HIV)
and in immunosuppressed transplant patients
have recently been reported.®

The most frequently described finding is a large,
well-circumscribed, and heterogeneously hypo-
dense mass with internal enhancement on post-
contrast CT. An appropriate clinical history is
essential as additional studies have reported an
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Fig. 10. 32-year-old man with epigastric pain and hepatic epithelioid hemangioendothelioma. Axial noncontrast
CT (A) demonstrates extensive, confluent hypodense masses throughout both hepatic lobes. Postcontrast arterial
phase (B) portal venous phase (C) and delayed phase (D) axial CTs demonstrate innumerable predominantly rim-
enhancing lesions on the arterial phase with progressive central filling.

enhancing, thickened wall, which may mimic the
findings of an abscess or hydatid cyst.2® On MR,
these lesions generally demonstrate homogenous
or heterogenous T1 signal, which may reflect inter-
nal hemorrhage, with associated high signal on
T2-weighted sequences. Marked enhancement
on the delayed postcontrast sequences is also
generally noted without significant enhancement
on arterial or venous phase.®%7

Kaposi Sarcoma

Kaposi sarcoma is a low-grade malignancy asso-
ciated with human herpesvirus-8 (HHV-8) and is
the most common intrahepatic neoplasm in pa-
tients with acquired immunodeficiency syndrome
(AIDS). Less commonly, Kaposi sarcoma has
also been reported in immunocompromised solid
organ transplant recipients.”®

Hepatic Kaposi sarcoma most commonly pre-
sents as multifocal parenchymal nodules, usually
originating from the perivascular regions of the pe-
ripheral portal venous branches. Multiple hypoat-
tenuating nodules in a perivascular and periportal
distribution are noted on noncontrast CT. No sig-
nificant associated enhancement is generally
noted on AP or PVP, although there may be diffuse

enhancement on DP.”:88:89 Other differential diag-
noses include metastatic lesions, fungal micro-
abscesses, and multiple hemangiomas, for which
associated Kaposi cutaneous involvement would
be most helpful in narrowing the diagnosis.

Malignant Fibrous Histiocytosarcoma/
Histiocytoma

Although malignant fibrous histiocytosarcoma
(MFH) is the most common soft tissue sarcoma
in the adult population, involvement of the visceral
organs, including the liver, is very rare.®® Most
cases occur in adults over the age of fifty with a
slight male predominance. The complex internal
architecture of these tumors, including hemor-
rhage, necrosis, myxoid degeneration, and/or
fibrosis results in a large, heterogenous, and pre-
dominantly hypodense mass on noncontrast CT
images with occasional involvement of the adja-
cent liver capsule. A spectrum of postenhance-
ment appearances has been noted including a
large heterogeneously enhancing mass with inter-
nal necrosis, a large mass with an enhancing
peripheral pseudo-capsule, as well as a multi-
loculated cystic mass with progressively
enhancing fibrotic internal septations. Despite
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Fig. 11. 58-year-old woman with a history of allogeneic stem cell transplant for acute myeloid leukemia (AML)
presenting with multiple liver lesions. Axial T2 FSE with fat saturation (A) demonstrates a 2.7 cm well-defined,
T2 hyperintense mass in segment 5 (arrow). There is peripheral and mild central enhancement with surrounding
shunting on portal venous phase GRE T1WI (B). Axial SS EPI DWI (b 800 s/mm2) (C) and corresponding ADC map
(D) demonstrate intralesional diffusion restriction. Diffuse iron deposition is noted in the background liver, as evi-
denced by marked T2, DWI, and ADC hypointensity. Subsequent biopsy of this lesion revealed posttransplant lym-

phoproliferative disease (PTLD).

the rather aggressive appearance of hepatic MFH,
there has been no report of bile duct obstruction,
portal vein occlusion, or lymph node metastasis."

Similarly, the few reported cases with MRI
demonstrated a large, predominantly T1 hypoin-
tense and T2 hyperintense, lobulated mass with
well-circumscribed margins and associated heter-
ogenous and progressive enhancement. Although
there is no distinctive imaging feature, hepatic
MFH should be considered in a patient with an
aggressive-appearing and large necrotic/cystic
lesion of unknown etiology.-87+%°

HEMATOLOGIC ORIGIN
Primary Hepatic Lymphoma

Primary hepatic lymphoma (PHL) is a subset of
non-Hodgkin lymphoma that is confined to the
liver and perihepatic lymph nodes without distant
involvement for at least 6 months after disease
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onset.®" Although liver involvement is common in
systemic lymphoma, PHL is exceedingly rare,
accounting for less than 0.4% of extranodal lym-
phoma and is rising in incidence.®? As the treat-
ment of PHL consists primarily of combination
chemotherapy, correct diagnosis is crucial and
may spare the patient from surgical resection.
PHL is variable in appearance and most
frequently presents as a solitary mass or multiple
masses. A diffuse or infiltrative pattern is rare
and confers a worse prognosis.&®> On CT, PHL pre-
sents as a solitary or multiple hypoattenuating
masses, and may appear heterogeneous due to
internal hemorrhage or necrosis. Calcification in
untreated lesions is rare.®® Following contrast
administration, PHL may demonstrate minimal to
no enhancement, patchy enhancement, or rim
enhancement.®* On MRI with liver-specific
contrast agents, PHL is typically T1 hypointense,
T2 hyperintense, and demonstrates hypointense
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Fig. 12. 62-year-old woman with a history of cystic neuroendocrine liver metastases. Axial T2 FSE with fat satu-
ration (A) demonstrates a 6 mm T2 hyperintense cyst in segment 6 (arrow) without enhancement on portal
venous phase postcontrast GRE T1WI (B). The patient had previously undergone surgical wedge resection and
ablation of other hepatic metastatic lesions in segments 4 and 6 (dashed arrows). Follow-up MRI 6 months later
demonstrates interval enlargement of the segment 6 cystic lesion on axial T2 FSE with fat saturation (C) and sub-
tracted portal venous phase postcontrast GRE T1WI (D), now measuring 12 mm.

signal on HBP.®® Like other lymphomas, PHL dem-
onstrates hyperintense signal on DWI with corre-
sponding low ADC values reflective of their
hypercellularity. Whole-body DWI has been shown
to be comparable to FDG-PET/CT for the staging
of lymphoma.®®

Posttransplant Lymphoproliferative Disease

Posttransplant lymphoproliferative disease (PTLD)
describes a spectrum of disease ranging from
benign lymphoid hyperplasia to frank lymphoma
following solid organ or hematopoietic stem cell
transplant. It is associated with Epstein-Barr virus
reactivation in the setting of immunosuppres-
sion.%” The first-line treatment is a reduction in
immunosuppression, while other treatment modal-
ities include rituximab, chemotherapy, radiation,
and/or antiviral therapy.®” Extranodal disease is
more common than nodal disease in PTLD, with
the liver being the most involved abdominal solid
organ.%®

Hepatic involvement of PTLD may manifest (in
descending order of frequency) as focal liver
mass or masses, ill-defined infiltrative lesions, or

as a porta hepatis mass, potentially causing hepa-
tomegaly and biliary obstruction.®® While vascular
encasement may occur in PTLD, vessel invasion,
thrombosis or occlusion is rare.’® PTLD lesions
are typically hypoattenuating with minimal to ab-
sent contrast enhancement on CT. On MRI,
PTLD typically demonstrates hypointense signal
on T1, mildly hyperintense signal on T2, with min-
imal to absent enhancement on postcontrast se-
quences (Fig. 11).°° Similar to other lymphomas,
PTLD demonstrates hyperintense signal on DWI
with corresponding low ADC values, making
whole-body DWI a potentially viable alternative
to FDG-PET-CT for the diagnosis, staging, and
assessment of treatment response in patients
with PTLD.96:101

METASTATIC DISEASE

Due in part to its dual vascular supply, the liver is
one of the most frequent sites of metastasis. A
study by Horn and colleagues using data from
the Surveillance, Epidemiology, and End Results
(SEER) database found that 5.1% of patients
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Pre (A) and postcontrast (B) axial CTs demonstrate a complex cystic-solid mass in hepatic segments 5/6, with a
4.0 cm enhancing component along the anterior margin (arrows) and a complex predominantly low attenuation
cystic component posteriorly (asterisk). MRl was then performed for further characterization, revealing T2 inter-
mediate (C) and T1 hyperintense (D) material in the posterior component, most consistent with hemorrhage
(asterisk). Axial SS EPI DWI (b 800 ss/mm?2) (E) and corresponding ADC map (F) demonstrate intralesional restricted
diffusion. Metastatic retroperitoneal lymphadenopathy is also noted.
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have synchronous liver metastasis at the time of
primary cancer diagnosis and that survival for pa-
tients with liver metastasis was significantly
decreased compared with patients without liver
metastasis.'®? The imaging features of hepatic
metastases are highly variable and often depend
on histology of the primary malignancy; however,
atypical features include cystic components and
hemorrhage, which are discussed herein.

Cystic Hepatic Metastases

Liver metastases may be cystic due to high mucin
content reflective of the primary tumor, such as in
ovarian cystadenocarcinoma or colorectal adeno-
carcinoma. Alternatively, the cystic component
may be secondary to necrosis in metastasis that
has been treated or has outgrown its blood supply.
In general, cystic metastases have ill-defined bor-
ders, irregular walls, and demonstrate early arterial
rim enhancement on CT and MRI."%® On occasion,
these metastases may be purely cystic (Fig. 12).
The differential diagnosis includes polycystic liver
disease, biliary hamartomas, abscesses, cystic
HCC, and MCN or invasive MCN.'%4

Hemorrhagic Hepatic Metastases

Both hypervascular and hypovascular liver metas-
tases have been reported to cause hepatic hemor-
rhage. However, hemoperitoneum is more
frequently seen in association with primary liver tu-
mors compared with liver metastases due to the
higher degree of vascularity in primary liver tu-
mors.’ The hemorrhage may be contained or
may rupture into the peritoneal space and poten-
tially cause hemorrhagic shock and intraperitoneal
tumor spillage. In the acute phase, hemorrhagic
hepatic metastases are typically hyperattenuating
on noncontrast CT and gradually decrease in
attenuation over time. The MRI appearance of
hemorrhagic hepatic metastases is highly variable
depending on the age of the blood products
(Fig. 13). The differential diagnosis includes hem-
orrhage into benign lesions (ie, hepatocellular ade-
noma) or primary liver malignancy (ie, HCC),
rupture of a hepatic artery aneurysm, and sponta-
neous hepatic rupture in patients at risk for
bleeding complications.'%®

SUMMARY

Atypical liver malignancies, which may be defined
as either an atypical appearance of commonly
encountered lesions or lesions that are encoun-
tered rarely, may present with a myriad of imaging
appearances. Such variability at imaging poses a
diagnostic challenge for the radiologist. Ultimately,

knowledge of the patient’s clinical history, labora-
tory values, pertinent imaging findings, as well as
discussion in a multi-disciplinary setting, may
enable an accurate diagnosis noninvasively. In
this review, we sought to summarize the key CT
and MRI findings in the context of clinical informa-
tion for such liver lesions. The radiologist’s
enhanced knowledge of atypical liver malig-
nancies will help achieve accurate diagnosis, and
thus improved clinical treatment planning and pa-
tient care.

CLINICS CARE POINTS

Liver malignancies result from the develop-
ment of tumor from variety of cells in the
liver (hepatocytes, biliary epithelium, hepa-
tocytes, lymphocytes, neuroendocrine cells,
et cetera) and secondarily from spread to
the liver from other sites (metastatic
disease).

Certain tumors may have a characteristic
appearance on cross sectional imaging,
while certain tumors can be highly variable
in appearance.

The diagnostic radiologist’s knowledge of
atypical liver malignancies and unusual pre-
sentations of more common liver malig-
nancies can aid the multidisciplinary clinical
team in reaching the correct diagnosis and
enabling appropriate management for the
patient.

Careful attention to imaging protocols and
awareness of certain technical pitfalls can
help in avoiding imaging misinterpretation.
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