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ABSTRACT

Liver cirrhosis is associated with regenerative nodules and an increased risk of developing
hepatocellular carcinoma (HCC). However, other benign and malignant liver lesions may also
occur. Differentiating the other lesions from HCC is important for further therapeutic decisions.
This review discusses the characteristics of non-HCC liver lesions in cirrhosis and their
consequent appearance on contrast-enhanced ultrasonography (CEUS) with consideration
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of other imaging. Knowledge of this data would be helpful in avoiding misdiagnoses.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the
most common primary malignancy of the
liver with over 500,000 new cases diagnosed
annually worldwide.l"? It is the second
leading cause of cancer-related mortality in
the world.Pl The yearly incidence of HCC
among patients with clinical liver cirrhosis
ranges from 0.5% to 11.0%.1*°

Seventy-six percent of all solid lesions in
282 cases of liver cirrhosis corresponded
to HCC in a German multicenter study.!”

In a contrast-enhanced ultrasonography
(CEUS) study by Tetzi ez al® 81% of 1006

solid lesions in surveillance in chronic liver
disease corresponded to HCCs.F! HCC
has typical findings on CEUS, computed
tomography (CT), and magnetic resonance
imaging (MRI) due to the peculiarity of its
vascularization, which make it possible to
diagnose it noninvasively. According to the
European Association for the Study of the
liver (EASL) and the American Association
for the Study of Liver Diseases (AASLD)
guidelines, contrast-enhanced CT including
the arterial and portal venous phase and
MRI with liver-specific contrast medium
should be used to diagnose/rule out HCC in
cirrhosis. Other international guidelines also
give equivalent importance to CEUS,P"!
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and overall, the diagnosis of HCC and other non-HCC
lesions is primarily made by contrast-enhanced imaging.

In this context, all other focal liver lesions can also occur
in liver cirrhosis with a frequency of about 20%.7* Table
1 summarizes an overview of the frequency of HCC and
non-HCC in liver cirrhosis.

Knowledge of the different types of benign and malignant
lesions that can arise in the context of cirrhosis and about
their ultrasound appearance on B-mode and CEUS is
important to avoid misdiagnoses and, thus, the wrong
therapeutic decision. This review focuses on this topic.

NOT EVERY LESION IN LIVER
CIRRHOSIS IS AN HCC

Imaging diagnosis of HCC in liver cirrhosis is based on
the identification of the typical characteristics, which differ
according to imaging techniques or contrast agents and
are as follows: arterial phase hyperenhancement (APHE)
followed by washout in the portal venous or delayed phases
on CT and MRI using extracellular contrast agents or
gadobenate dimeglumine, APHE with washout in the portal
venous phase on MRI using gadoxetic acid, and APHE with
late-onset (> 60 s) washout of mild intensity on CEUS.”!

Arterial hyperenhancement is also shown by other FLL:
hemangiomas, focal nodular hyperplasia (FNH)/FNH-like
lesions, hepatocellular adenomas (HCAs), many dysplastic
and very few regenerative nodules, cholangiocellular
carcinoma (CCC), metastases, and lymphomas, whereas in
CEUS, very specific diagnostic vascularization patterns of
the vascular architecture in the arterial phase are revealed
in detail [P-1117:19.27-41]

The probability that a new lesion smaller than 10
mm corresponds to HCC is low.?***1 When a small
hypervascular lesion is first detected on CT or MRI,
it may be a true nodule, but it may also be a vascular
phenomenon such as an arterioportal shunt. It has been
published that 70%-90% of small (1-2 or < 2 cm)
hypervascular foci that can only be seen on arterial phase
(hyper arterial phase enhancement [HAPE]) imaging do
not correspond to HCC."**! Holland e# a/* assessed
small liver lesions < 20 mm on MRI, which exclusively
showed hyperenhancement in the arterial phase on MRI.
In the liver explants, 93% of these lesions were benign.

The prevalence of HAPE-only lesions in patients with
severe cirrhosis before transplantation was 35%. The
majority of HAPE-only lesions (93%) had no correlative
pathologic findings, were benign, and may have represented
regenerative nodules or arterial-portal venous shunts.*)

In the study by Jang e a/*! of 59 patients at high risk of
HCC and having 1-2 cm nodules with APHE on CEUS,
only 26 (44%) corresponded to HCC and 33 (56%) were
benign (20 regenerative nodules [RNs]/dysplastic nodules
[DNs], 11 hemangiomas, two focal fat sparring). Khalili ez
al*" found in 93 indeterminate 1-2 cm nodules on dynamic
CT, MRI, and CEUS that the prevalence of HCC was low.
Eighty-five percent of the FLL showed characteristics of
benignity and the only significant predictors of malignancy
were arterial phase hypervascularity and synchronous HCC
elsewhere in the liver. Among a total of 138 nodules, 4%
were hemangiomas.[’l In the study by Kim ez /" 23% of
all newly diagnosed solid lesions measuring 10-20 mm on
MRI corresponded to hemangiomas during surveillance
for HCC.*

CEUS might be effectively used for characterizing
indeterminate lesions on CT and MRI or when these two
are contraindicated.*” If a small nodule does not show
arterial hypervascularity on CEUS, it is unlikely to show
typical features of hypervascular HCC on CT or MRL™!

Forner ¢ al? differentiated 89 nodules detected by
ultrasound surveillance in liver cirrhosis. Among them,
67.4% were HCC, 1.1% were CCC, and 31.5% were benign
lesions (RN/DN 27.0%, hemangioma 3.4%, FNH 1.1%).

In a retrospective study by Compagnon e al™ of explanted
livers following liver transplantation, 16.7% were false
positive for pretransplant HCC diagnosed on imaging
without biopsy. These were nine DNs, five RNs, one
CCC, one hemangioma, and four were not lesions. All
lesions were smaller than 30 mm. Sensitivity, specificity,
positive predictive value, and negative predictive value for
the preoperative clinical and radiologic diagnosis of HCC
wete 89%, 94.3%, 77%, and 93.3%, respectively.”

In a study by Lee ez a/P" among 837 liver resection cases
for presurgical imaging diagnosed as HCC without biopsy
confirmation, 2.2% false positively diagnosed HCC cases
were found. Among the false positives, 0.8% were benign
FLL (hemangioma, inflammation, cortical adenoma,
DN, angiomyolipoma, bile duct adenoma, and non-
neoplastic liver parenchyma) and 1.3% were malignant FLL
(cholangiocarcinoma, hepatoblastoma, lymphoepithelioma-
like carcinoma, ovarian cystadenocarcinoma, and
nasopharynx carcinoma metastasis). The false-positive rate
in nodules < 2 cm was 3.4%.

Table 2 presents the false-positive diagnoses on imaging
without CEUS and biopsy for HCC.

Table 3 shows that lesions other than HCC are not
uncommon when only APHE lesions are small or when the
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Table 1: Frequency of HCC and non-HCC lesions in liver cirrhosis in autopsy and imaging studies

Author Method HCC Non- RN/DN FNH; FNH- Hemangioma HCA Metastases CCC Other
HCC like lesion
Guinaldo Autopsy 90.3% 9.6% NA 0 1.2% 1.5% 4.2% 2.3% Hamartomas 0.8%
et al.
1997[20]
Dodd et Autopsy 9% NA 11.2% O 1.7% 0 (6] 0 Peribiliary cysts 2.6 %
al. 1999121
Forner CT, MRI, 67.4% 31.5% 27% 1.1% 3.4% NA NA 1.1% NA
et al. biopsy
2008[22]
D’Onofrio  CEUS, 46.4% 53.6% 32.3% 3.8% 17.4% 0 0 0 NA
et al. CT, MRI,
2008!%¥ histology
Seitz et al. CEUS 76.6% 23.4% 5.7% 0 2.8% 0.3% 4.3% 2.5% Various 7.8%
20117
Serste CT, MRI, 63.5% 57.4% 25.2% O 0 0 0 1.4% Epithelioid
et al. biopsy hemangioendothelioma
2012124 1.4%
Victor MRI NA NA NA 8.8% NA NA NA NA Cysts 17.5%
et al.
2011128
Terzi et CEUS, 81% 19% 11% 0 1% NA 0.2% 4% HCC/CCC 0.9%
al.2018'®  CT, MRI, Other 1.9%
histology

HCC: hepatocellular carcinoma; RN: regenerative nodule; DN: dysplastic nodule; FNH: focal nodular hyperplasia; HCA: hepatocellular adenoma; CCC:
cholangiocellular carcinoma; CEUS: contrast-enhanced ultrasonography; MRI: magnetic resonance imaging; CT: computed tomography; NA: not applicable.

Table 2: False-positive diagnosis of HCC in liver cirrhosis in liver explants and resections

Author

Methods and patients

Benign lesions with false-positive

diagnosis of HCC

Malignant lesions with false-positive

diagnosis of HCC

Compagnon et al.'s"!

Lee et al.’®V

n = 120 patients; liver
transplantation
Imaging without biopsy
(US, CT, MRI)
False positive 16.7%;
all < 30 mm
n = 837 liver resection cases
Presurgical imaging diagnosed
HCC without biopsy (US, CT,

MRI)

False positive 2.2% (n = 18)

Dysplastic nodules 9
Regenerative nodules 5
Hemangioma 1

No lesions 4

n =7 (38.9%)
Hemangioma 1
Inflammation 1
Cortical adenoma 1
Regenerative nodule 1
Angiomyolipoma 1
Bile duct adenoma 1

Cholangiocarcinoma 1

n =

11 (61.1%)

Cholangiocarcinoma 6
Hepatoblastoma 2
Lymphoepithelioma-like carcinoma 1
Ovarian cystadenocarcinoma 1
Metastasis from nasopharyngeal
carcinoma 1

Non-neoplastic liver parenchyma 1

HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging; US: ultrasound; CT: computed tomography.

Table 3: Lesions in liver cirrhosis with arterial phase hyperenhancement only

Author

Method, imaging

Number of patients
Size of lesion

HCC

Non-HCC

Holland et al.'%

Jang et al.'®

arterial phase

CEUS and histology

MRI and liver transplantation,
exclusively hyperenhancement in the

Arterial phase vascular intensity

without hemangioma pattern

16 patients with APHE- 7%

only, 45 lesions
< 20 mm

59 patients
10-20 mm

44%

93% benign (no correlative findings,
regenerative nodules, arterioportal

shunts)

56 % benign
(20 regenerative and dysplastic

nodules, 11 hemangiomas, two focal
fat sparing)

HCC: hepatocellular carcinoma; CEUS: contrast-enhanced ultrasonography; APHE: arterial phase hyperenhancement; MRI: magnetic resonance imaging.

310

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / OCT-DEC 2022 / VOL 10 / ISSUE 4



Moller et al.: FLL other than HCC in liver cirrhosis

Table 4: Cysts in liver cirrhosis: Similarities and differences with the noncirrhotic liver

Common features with cysts in noncirrhotic liver

Special features in the cirrhotic liver

No significant differences between the frequencies!>*
Small liver cysts occur with similar rates!?"

Large cysts are rare!?"
Peribiliary cysts (retention cysts of the peribiliary glands; the accumulation

of fibrosis encases the glands, leading to an increase in size)!?'-5%

diagnosis is made solely on the basis of hypervascularization
in the arterial phase.

BENIGN LIVER LESIONS

Cysts

In an autopsy study without liver cirrhosis, the prevalence
of liver cysts was 15%.°*>1 An MRI study revealed no
significant differences between the frequency of liver cysts
in cirrhotic and noncirrhotic livers (17.5% and 13.8%,
respectively) (Table 4).54

Dodd e al’s?" autopsy study of 508 liver cirrhosis
explants discovered that small liver cysts occur with
similar rates in healthy and cirrhotic livers. Large liver
cysts are a rare finding in cirrhosis, and 13 out of 508 were
peribiliary cysts.*!l Peribiliary cysts are retention cysts of
the peribiliary glands, located in the periductal connective
tissue. They typically present as small cysts on both sides
of the portal vein, often with a hilar distribution, and can
be confounded with dilated bile ducts; they, however, have
no connection with biliary ducts (biliary cysts are one side
of the portal vein). This asymptomatic condition has been
reported under the labels “multiple cysts in the hepatic
hilum”, “hepatic cysts of periductal origin”, and “multiple
hepatic peribiliary cysts”,” The first description was
given by Nakanuma ez a/F" in 1984. Cirrhosis and portal
hypertension are the most frequently associated conditions
with peribiliary cysts. The frequency of peribiliary cysts
in liver explants was 1%.5!

Liver cysts are easy to diagnose on B-mode abdominal
sonography, and usually, CEUS examination and other
radiologic imaging are not necessary.

Hemangioma

Regarding the frequency of liver hemangiomas in liver
cirrhosis, thete are reports of a lower frequencyl™*"?!!
compatable to patients without liver cirrhosis.” In an
autopsy study by Dodd e a/*"! hemangiomas were found
in only 1.7% of all cirrhotic livers.? This is significantly
lower than in non-selected autopsy studies without liver
cirrhosis, which had a 20% incidence of hemangioma.>*!
It appears that the process of cirrhosis (ze., necrosis and
fibrosis) obliterates existing hemangiomas.”!l Autopsy
studies reveal that previous imaging (CT, MRI) had missed
hemangiomas in liver cirrhosis.”>*

Hemangiomas in liver cirrhosis usually become smaller
and gradually develop fibrosis. This process already begins
with liver fibrosis.”” Nevertheless, some controversial data
exists here. Brancatelli ez a/F¥ reported hemangioma sizes
up to 10.0 cm in the cirrhotic liver. In patients with liver
disease, the hemangiomas were more often solitary."”! In
a retrospective CT follow-up of hemangiomas in cirrhotic
liver, Brancatelli e 2/5% demonstrated a decrease in size in
44% of cases. Retraction of the liver capsule was discovered
in 31% of the patients. Vernuccio ¢# a/! demonstrated
in a case example that the process of sclerosis generally
starts at the center and then extends to the entire lesion.
Fibrotic degeneration may lead to retraction of the capsule
or concavity of the entire lesion. These changes can reduce
the size of the hemangiomas. This may explain why the
hemangiomas in liver cirrhosis are smaller compared to
a healthy liver.??%5%1 The sclerosing process leads to a
reduced contrast uptake to varying degrees.

On ultrasonography in the healthy liver with normal
echogenicity, hemangiomas present as smoothly
circumscribed, mostly homogeneous, hyperechogenic
lesions and do not require contrast-enhanced
sonography."**? For this reason, typical hemangiomas
are number-wise underrepresented in CEUS studies
for the evaluation of liver lesions.[” Depending on
the liver echogenicity, hemangiomas may also appear
isoechogenic or hypoechogenic. This means that other
differential diagnoses come into consideration. Forty-
three percent of the hemangiomas showed feeding vessels
in duplex sonography and 7% showed homogeneous
hyperenhancement.l”

A typical feature of hemangiomas in CEUS is a smooth
contrast-receiving ring in the arterial phase with a peripheral,
discontinuous nodular (syn.: globular) enhancement with
progressive centripetal contrast (Figure 1). The fill-in in
the late phase can be complete or incomplete. (Partially)
thrombosed hemangiomas do not fill up completely
(Figure 2)."

Atypical CEUS features show small hemangiomas (< 15
mm) and larger hemangiomas. Hemangiomas below 10
mm, in particular, tend to lack the typical hemangioma
contrast enhancement and are a challenge.l* Small lesions,
in particular, can fill up very fast and completely in the
arterial phase. Hemangiomas with arteriovenous shunts
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Figure 1: An 80-year-old female presented with thrombosed hemangioma (in between markers) and liver cirrhosis after hepatitis C infection. She had normal
AFP and no previous known tumor disease. Hypoechoic inhomog us liver lesion with echogenic rim on B-mode ultrasonography (A). No enhancement in
the arterial phase, only suggested rim (B). At the beginning of the portal venous phase, the lesion is not enhanced, except for a few vascular pixels. These
are seen in the marginal area and cannot be clearly assigned for differential diagnosis (C). In the late CEUS phase, the lesion remains completely avascular.
A retraction of the liver contour is seen above the lesion. On MRI, the lesion was assigned as a thrombosed hemangioma. Thrombosed hemangioma with

capsular retraction is a finding that has been described on MRI for hemangiomas in liver cirrhosis. Capsular retraction can also be seen in tumors (D). CEUS:

contrast-enhanced ultrasonography; MRI: magnetic resonance imaging; AFP: alpha-fetoprotein.

(high-flow or shunt hemangiomas) show a very rapid
homogeneous hyperenhancement in the arterial phase
and sometimes do not reveal the annular centripetal
flow pattern. Here, differential diagnosis with other
completely hyperenhanced lesions in the arterial phase
is difficult (FNH, adenomas, HCCs, some CCCs and
some metastases).”'”) A possible explanation for the rapid
enhancement of small hemangiomas is a hyperdynamic
status with large arterial inflow, rapid tumor enhancement,
and consequently latrge and rapid outflow.[*”

But mostly these shunt hemangiomas are hyperenhanced
in the portal venous and late phase, which is considered a
benign critetion in the healthy liver.”” Some hemangiomas
are hypoenhanced in the late phase (especially when located
superficially near the transducer head or after continuous
insonation)./””) This makes it difficult to distinguish
them from malignant liver lesions. Regressively altered
hemangiomas may be completely sclerosed and are smoothly
irradiated, but remain avascular and do not fill up at all. It
is to be expected that the regressive changes that hepatic
hemangiomas undergo in liver cirrhosis and the specific
features of vascularization in liver cirrhosis are also reflected

in the CEUS appearance of hemangiomas in liver cirrhosis.
Since every arterially hypervascularized hepatic lesion in liver
cirrhosis is suspicious for HCC and not every HCC shows
hypoenhancement in the late phase, difficult differential
diagnostic challenges can arise, especially in the case of shunt
hemangiomas. The coincidence of HCC and hemangiomas
in liver cirrhosis has been described.” Also, in patients with
liver cirrhosis, 13% (2/15) hemangiomas corresponded
to shunt hemangiomas.* The correct diagnosis of each
individual focal lesion in cirrhosis is important for further
therapeutic decisions. Misdiagnosis of a hemangioma as
HCC can misinterpret a curative therapeutic option into a
supposedly palliative situation. D’Onoftio ez 2 studied 36
hemangiomas in liver cirrhosis, with a range of 0.6-3.5 cm.
On B-mode ultrasound examination, 32 were hyperechoic,
one was hyperechoic with a peripheral hypoechoic halo,
two were hypoechoic, and one was hypoechoic with a
peripheral hyperechoic halo. In Doppler ultrasound (US),
all the hemangiomas displayed peripheral or intranodular
venous vessels. Furthermore, in CEUS imaging, all the
cases exhibited peripheral globular enhancement with
centripetal fill-in in the arterial phase; in the late phase,
two appeared isoechoic and 34 appeared homogeneously
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Figure 2: A 65-year-old male with diabetes and past history of obesity. Hemangioma (in between markers) on the background of steatosis hepatis with severe
fibrosis at shear wave elastography (9.5 kPa). Hypoechoic liver lesion in B-mode ultrasonography (A). On CEUS, smooth annular enhancement in the arterial
phase (B). Smooth contrast medium lake in the marginal area in the portal venous phase (C). Complete centripetal filling in the late phase (D). Here typical
hemangioma. CEUS provides the exact differential diagnostic assignment of a hypoechoic liver lesion in liver cirrhosis and makes further contrast-enhanced

radiologic diagnostics unnecessary. CEUS: contrast-enhanced ultrasonography.

hyperechoic.”!

In the study by Jang ez a/*) 59 patients were monitored
tor HCC. In this study, 23% of all nodules with arterial
hyperenhancement corresponded to hemangiomas
on CEUS. All of them showed peripheral nodular
enhancement and progressive fill-in.* In these studies,
hemangiomas in liver cirrhosis in the arterial phase
showed typical contrast behaviors for diagnosis. Diagnostic
difficulties were not evident here.

In the study by Terzi ez al¥ of 1006 nodules in cirrhosis, a
few high-flow hemangiomas fell in the LR-4 category. The
authors concluded that this finding is not worrisome not
only for its minimal numeric impact (< 1% of all lesions),
but also mostly for the fact that MRI is highly accurate
in establishing the diagnosis of hemangioma.®! However,

there are also a few experiences to the contrary. Smaller,
rapidly enhancing hemangiomas appear as uniformly
enhancing lesions in the arterial phase, and therefore, it
can be difficult to differentiate them from small HCCs
simply based on the contrast patterns, especially in the
MRI performed with hepatobiliary contrast agents such
as gadoxetate disodium. On images obtained with this
agent, hemangiomas can exhibit pseudo washout in the
transitional phase: the lesion appears hypointense relative
to the surrounding parenchyma owing to the rapid uptake
of gadoxetate disodium by the background parenchyma.
This pseudo washout phenomenon is more gradual than
true washout in malignant tumors.*** Therefore, for the
differential diagnosis, the pattern in the T2 nonenhanced
phases is highly relevant. Brancatelli ¢z a/P¥ reported
in the follow-up of hemangiomas in liver cirrhosis the
loss of some typical features, such as nodular peripheral
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Table 5: Features of hemangiomas in liver cirrhosis

Pathogenetic processes

Process of fibrosis and cirrhosis obliterates existing hemangiomas

Fibrosis and sclerosis of hemangiomas"

Morphological changes of

hemangiomas Decrease in size!2!:58.:59.61]

Retraction of liver capsule!®

Concavity!®'-6¢!
Imaging changes and problems

Lower frequency in liver cirrhosis!7:2021

Missed hemangiomas on imaging'?'-58!

Difficult demarcation in the inhomogeneous, nodular, altered cirrhosis on ultrasound

Decreased enhancement due to sclerosis

Loss of some typical features in the follow-up (nodular peripheral enhancement, centripetal filling)'®
Loss of T2 hyperintensity, central hypointensity in T2-weighted images, lack of T2 shine-through'®"

Similarities to the noncirrhotic liver

Special differential diagnostic
problems

Typical CEUS enhancement of hemangiomas in liver cirrhosis!?%44
Shunt hemangiomas with isoenhancement in the portal venous and late phase on CEUS®

CEUS: contrast-enhanced ultrasonography.

enhancement and isoattenuation to blood vessels."
! reported that the fibrotic degeneration
may lead to peripheral capsular retraction or concavity

Vernuccio et al.

over the lesion and loss of the typical imaging features
of hemangiomas, including T2 hyperintensity, nodular
peripheral enhancement with centripetal filling, and the
enhancement parallel to blood vessels, and that central
fibrotic degeneration might result in central hypointensity
in T2-weighted images and a lack of T2 shine-through
compared to lesions occurring in healthy or mildly fibrotic
livers. Unfortunately, there are no comparative statements
on the CEUS patterns in hemangiomas not showing a
typical appearance on MRI. Sclerosed hemangioma may
appear as a hypoenhancing lesion or display arterial phase
rim hyperenhancement. The decreased enhancement in
the dynamic study correlates with the histologic degree
of sclerosis. Galia ¢7 a/* noted that fibrotic hemangiomas
are usually irregular in shape. Duran ¢ /" observed a
smaller T2 shine-through effect for hemangiomas in liver
cirthosis with MRI, and this effect is less common in
flash-filling hemangiomas than in other types. All other
MRI parameters were similar compared to noncirrhotic
patients. Hemangiomas are rarely surrounded by fibrotic
tissue distorting the liver, paradoxically appearing
hypovascular. To differentiate them from other lesions,
especially hypovascular HCC, one should remember that
these hemangiomas commonly exhibit irregular margins
and marked hypoattenuation compared to the surrounding
liver in noncontrast and postcontrast images. Of course,
marked signal hyperintensity in T2-weighted MRI remains
helpful.?”¢"1 The changes in hemangiomas in the cirrhotic
liver are shown in Table 5.

FNH and FNH-like nodules

The FNH in the normal liver and the FNH-like nodule which
only develops in the cirrhotic liver are morphologically
identical. Whether it is an FNH or an FNH-like lesion in
liver cirrhosis cannot be distinguished on imaging, FNH-

like nodules are focal lesions occurring in liver cirrhosis
and are morphologically and immunohistochemically very
similar to classical FNH in an otherwise normal liver.[%-71
Histologic analyses revealed that the FNH-like nodules
showed many unpaired arteries with thick-walled blood
vessels, and this resulted in hypervascular enhancement
that mimicked HCC on contrast-enhanced CT.I%’)

However, it is striking that FNH is diagnosed much less
frequently on imaging in liver cirrhosis than in noncirrhotic
liver. From this, it can be assumed that FNH also undergoes
a morphological change in the cirrhotic liver or is more
difficult to identify. In two autopsy studies®*! and the
German multicenter study,!! no cases of FNH in liver
cirthosis were described. This entity is the exception in
liver cirrhosis and in the mirror of so far published papers,
practically irrelevant. But FNH-like lesions should not
result in the misdiagnosis of HCC. The risk of a false-
negative diagnosis is more relevant than that of a false-
positive diagnosis of HCC. However, the concern of this
review is to consider the changes that non-HCC lesions
undergo in the process of liver cirrhosis. Therefore, FNH
and FNH-like lesions are also discussed and examples
shown.

FNH-like nodules were diagnosed in 15% of 130 explanted
cirrhotic livers. Of them, 75% were smaller than 10 mm."1 Tt
was hypothesized that the FINH-like nodules arise as a local
hyperplastic response to vascular alterations in cirrhosis.
The presence of esophageal varices and pretransplant
treatment with chemoembolization were independently
and significantly associated with the presence of FNH-like
nodules.”! Multiple FNH-like nodules were seen in 37%
of cases." No associations were found between FNH-like
nodules, on the one hand, and low-grade DN, high-grade
DNs, and HCCs, on the other hand.

In the DEGUM multicenter study with > 1300 patients,

314 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / OCT-DEC 2022 / VOL 10 / ISSUE 4



Moller et al.: FLL other than HCC in liver cirrhosis

Table 6: Peculiarities of FNH and FNH-like nodules in liver cirrhosis

Peculiarities Descriptions

Peculiarities of FNH in liver cirrhosis
compared to noncirrhotic liver
Differential diagnostic problems on
imaging compared to HCC

FNH is very rare in comparison to noncirrhotic liver;!78202" FNH-like nodules arise as a response
to vascular alterations in cirrhosis!”"!

Arterial hyperenhancement with iso- and/or hypoenhancement in the late phase (75% respectively
25%);'*® Hypervascular enhancement with washout in the delayed phase on CE-CT!6%.74

FNH: focal nodular hyperplasia; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging; CEUS: contrast-enhanced ultrasonography.

0.4% of FNH showed hypoenhancement in the late phase.
This study also included patients with liver cirrhosis. It did
not further differentiate which patients with FNH and
hypoenhancement in the late phase were involved.? When
FNH in liver cirrhosis in the arterial phase does not show
the wheel spoke pattern and centrifugal enhancement flow
pattern and the lesion is iso- ot even hypoenhanced in the
late phase, differentiation from HCC can be very difficult.

In the report by D’Onoftio ef al! among 128 patients
with liver cirrhosis and 207 focal lesions, 101 were
benign lesions and eight of them were FNH (mean
diameter 3.45 £ 1.11 cm; range 2.5-6.0 cm). On B-mode-
ultrasonography, these appeared hypoechoic in six cases,
slightly and heterogeneously hyperechoic in one case, and
heterogeneous in the remaining one case. On Doppler US,
six displayed peripheral and intranodular arterial vessels. In
CEUS, seven lesions enhanced during the arterial phase.
In the late phase, six lesions appeared isoechoic and two
appeared hypoechoic. The two hypoechoic lesions were
properly characterized iz MRI with a liver-specific contrast
agent.

FNH-like nodules are rate and small.'l Some of them
were detected by radiologic imaging and misclassified
as HCC, as described in the studies by Quaglia””! and
Libbrecht.” In both studies, only larger FNH-like nodules
were detected."" Lee e all® described that FNH-like
nodules showed hypervascular enhancement in the arterial
phase of the contrast-enhanced CT images, and this was
followed by a washout pattern in the delayed phase, which
is a feature generally considered to be highly suggestive
of HCC in liver cirrhosis. They appeared as high-signal-
intensity masses on SPIO-enhanced MRI. In the study by
Choi ez al™ 33% (3/9) FNH-like lesions in liver cirrhosis
or Budd Chiari syndrome were misinterpreted as HCC
by radiologic imaging (CT, MRI). All of them showed
nodules > 1 cm in diameter with arterial enhancement and
portal/delayed washout on dynamic CT." Among 62 patients
with FNH-like lesion or FNH who underwent percutaneous
needle biopsy, four patients (6.5%) were misdiagnosed as
having HCC and two patients (3.2%) had inconclusive
results by a first needle biopsy." Histologic differentiation
of FNH or FNH-like lesion from well-differentiated HCC
by needle biopsy may be difficult due to a modest increase in

cell density with an irregular trabecular pattern and unpaired
arteties and a diffuse capillatization of the sinusoids."™
Loh et al™ desctibed an FNH-like lesion in a cirthotic liver
with radiologic features on CT and MRI that mimicked an
intrahepatic cholangiocarcinoma (ICC) (Figure 3).7

Itis possible that with increasingly sensitive high-resolution
modern imaging, more of these small FNH-like lesions
could be detected in liver cirrhosis, but then also, they
would be difficult to be differentiated (Figure 4).1%7 As
some FNH lesions (2/8, 25%) in cirrhotic liver in the study
of D’Onoftio ef al?) also showed hypoenhancement in the
late phase on CEUS, differential diagnosis with HCC is
very difficult in these lesions.*! Also, in radiologic imaging
with CT and MRI, 33% of FNH/FNH-like lesions in
liver cirrhosis were misinterpreted as HCC.™ One should
consider the possibility of an FNH-like nodule and, in case
of doubt, perform histologic confirmation. However, as the
data of Choi ¢z al™ show, histology by needle aspiration
also does not provide definitive confirmation in all
cases. Table 6 summatizes the specifics of FNH.

Hepatocellular adenoma

HCA is a tumor that is rarely diagnosed in the noncirrhotic
liver. Four subtypes are distinguished:" inflammatory
HCA (30%-50% of all HCAs), hepatocyte nuclear
factor 1 alpha (HNF1la)-inactivated HCA (approx.
40% of cases), B-catenin-mutated HCA (5%-10% of
cases), and unclassified HCA (5%—-10% of cases). The
B-catenin-mutated HCA has an increased risk of malignant
transformation, and the HCA is > 5 c¢cm in males. In the
German multicenter study, HCA was diagnosed in one of
the 216 patients with liver cirrhosis (0.3%).7 In an autopsy
study with 596 cases of liver cirrhosis, 43.6% had a liver
lesion, among which 1.5% were adenomas, surprisingly
more than hemangiomas (1.2%)."

In CEUS, the typical behavior of HCA includes rapid
centripetal filling in the arterial phase and persistent
enhancement in the portal and delayed phases. None of the
filling patterns in the arterial phase is specific to HCA, and
they may also be observed in HCC or in hypervascularized
metastasis. In the portal venous phase, they may show
slight hypoenhancement, resulting in a difficult differential
diagnosis from HCCs, whereas hypoenhancement in HCC
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Figure 3: FNH or FNH-like lesion (histologically proven). In a 78-year-old female, ascites was diagnosed during gynecological examination. Further diagnosis
revealed cirrhosis cardiac with a liver lesion. A 22-mm, slightly hyperechoic lesion was located in the right liver lobe adjacent to the inferior vena cava (in
between markers and shown by arrows). This is shown on B-mode ultrasonography (A). A central vessel is visible on CEUS at the beginning of the arterial
phase. The lesion is marked in the dual measurement (B). In the arterial phase, an evenly distributed contrast uptake is seen in the further course (C). The lesion
is homogeneously enhanced. Increased contrast is conspicuous adjacent to the caudal part of the liver. Here, the contrast of a strong arterial vessel is visible
(D). These phenomena are also seen in parametric imaging (E). In the portal venous phase (F) and late phase (G), the lesion remains hyperenhanced to the
surrounding liver parenchyma. This was considered benign. On MRI, the lesion could not be clearly classified. Due to the hyperenhancement in the arterial phase
and the diffusion disturbance in the MRI, the lesion remained suspicious. A sonographic guide biopsy was performed. The histology described an FNH. Follow-up
over 6 months showed no change in findings. CEUS: contrast-enhanced ultrasonography; MRI: magnetic resonance imaging; FNH: Focal nodular hyperplasia.
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Figure 4: A 38-year-old female presented with suspected FNH-like nodule, alcohol toxic cirrhosis (in between markers and shown by arrows). She had a history
of continued alcohol abuse and had untreated hepatitis B and hepatitis C. She had undergone repeated hospitalizations with ascitic decompensation. Newly
diagnosed hepatic lesion not present 6 months previously on B-mode ultrasonography (A). In CEUS, wheel spoke enhancement early arterial (B), corresponding
temporal mapping also in parametric imaging (C). The lesion was enhanced in the arterial phase (D), isoenhanced or slightly hyperenhanced in the portal
venous phase (E), and slightly hyperenhanced in the late phase (F). The lesion also remained iso- to slightly hyperenhanced in the further course of examination
until 3 min p.i. MRI also showed an APHE hepatic lesion. The wheel spoke enhancement and persistent hyperenhancement on CEUS were suggestive of FNH.
However, a corresponding lesion was not pre-documented. Therefore, sonographically assisted biopsy with 4x percutaneous access was performed. This
did not result in a definitive diagnosis — no HCC, but also no FNH. The CEUS findings were compatible with an FNH. Since the lesion was not known before,
it could be in the overall context with an FNH-like nodule. The contrasting course in the CEUS argues against a regenerated node. On further hospitalization
with ascitic decompensation, the lesion remained unchanged and the AFP was normal even after 6 months. FNH: focal nodular hyperplasia; CEUS: contrast-
enhanced ultrasonography; APHE: arterial phase hyperenhancement; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging; AFP: alpha-fetoprotein.

typically starts after 60 s."*?7*%71 However, depending on
the subtype, the behavior of HCA in the portal venous and
late phases may differ.™ Inflammatory HCA showed arterial

and isoenhancement in the portal and late portal venous
phases were detected. Homogeneous hyperechogenicity
on B-mode ultrasonography was the most specific pattern

hyperenhancement with centripetal filling, peripheral rims
with persistent enhancement, and central washout in the
late venous phase (sensitivity 64%; specificity 100%). In
HNF1o-inactivated HCA, isoenhancement or moderate
hyperenhancement with mixed filling in the arterial phase

(sensitivity 88%; specificity 91%) and correlated with
diffuse fat distribution on MR images. In the unclassified
and B-catenin-activated HCA, CEUS showed features of
benign hepatocellular tumors without specific features.["

On MRI, HCAs are hyperintense or isointense on
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precontrast T2-weighted images and isointense or
hypointense on T1-weighted images. HCA shows arterial
enhancement and washout in the portal venous phase and
hypointensity in the hepatobiliary phase.”!

There are few case reports of HCA in the cirrhotic liver,
including a patient with liver cirrhosis in hepatitis B/ and
another with glycogen storage disease IV.¥!

Seo ¢t al” reported an FLL in hepatitis B that appeared
on MRI as a benign hepatocellular lesion such as FNH.
Because of an increase in size in the follow-up, an
ultrasound-guided biopsy was performed. Histologic
findings revealed a benign hepatocellular nodule indicative
of HCA. In addition, imaging showed liver cirrhosis. Alpha-
fetoprotein (AFP) was normal. On follow-up, surgical
resection was performed due to increase in size and a
“nodule-in nodule” appearance on CT image. The histology
revealed an HCC. This case demonstrates the difficulty of
diagnosing HCA on imaging, especially in liver cirrhosis.[”

Calderaro et al®" desctibed two patients with liver cirrhosis
caused by metabolic syndrome and alcohol use (patient 1:
female, alcohol intake, obesity [body mass index {BMI} =
30], type 2 diabetes; patient 2: male, alcohol intake, obesity
[BMI = 30], and inflammatory HCA) and one patient
with metabolic syndrome without alcohol use (patient
3: male, obesity [BMI = 37], type 2 diabetes) with severe
steatosis hepatis/histologically liver cirrhosis and multiple
inflammatory HCAs. Microscopic examination initially
diagnosed FNH in patient 1 and an RN in patient 2. Only
complete immunohistochemical staining and molecular
analysis confirmed the diagnosis of inflammatory HCA.
The authors concluded that if HCA is known to arise in
nonfibrotic, noncirrhotic liver, their observations showed
that inflammatory adenoma and inflammatory liver
adenomatosis might also rarely develop in the setting of
chronic liver disease and cirrhosis. Interestingly, all three
patients had chronic liver disease related to well-established
risk factors for inflammatory adenoma development in
patients without fibrotic livers, namely, metabolic syndrome
and alcohol intake.™!

HCAs are usually homogeneously hyperenhanced
on CEUS in the arterial phase. They may show slight
hypoenhancement in the portal venous phase.”” Whether
HCAs in liver cirrhosis show a different appearance in
CEUS is unclear. This makes the differential diagnosis
to HCC in liver cirrhosis difficult. Moreover, as the case
report of Calderaro ef a/® showed, needle biopsy is also
not reliable in diagnosing HCA.

The challenge in differential diagnosis for liver cirrhosis is
primatrily with HCC. According to data from Seitz ez a/l"

the ratio of HCA to HCC in liver cirrhosis is 1:216. The
incidence of HCA in liver cirrhosis is many times lower
than HCC.

MALIGNANT LESIONS

Metastases

There are alarge number of autopsy studies®* and meta-
analyses of autopsy studies®* showing that metastases
of extrahepatic tumors are rarer in liver cirrhosis than in
noncirrhotic livers. In a recent meta-analysis with biopsies,
excisions, and autopsies from 1453 cirrhotic livers with
liver masses, only 1.7% wetre metastases.™ This applies
to metastases of colorectal carcinomas as well as other
tumors.

Several possible causes for the lower frequency of
metastases in liver cirrhosis are discussed. A cirrhotic liver
does not represent a breeding ground for the development
of tumor cells because fibrosis and distortion of small
hepatic capillaries, which occur in cirrhosis, known as
sinusoid capillarization, represent a mechanical obstacle to
the establishing of tumors. Portal venous flow is reduced
by portal hypertension, and tumor seeding is impeded.
Hepatofugal flow impedes the spread of metastasis to the
liver. Other factors are Kupffer cell activation, increased
concentrations of metalloproteinase inhibitors, and
dysfunction of the lectins.®*

In the noncirrhotic liver, metastases can have a variable
and unpredictable appearance in native B-mode
ultrasonography: not only hyperechoic and isoechoic, but
also hypoechoic lesions, different types of boundaries, a
hypoechoic rim (halo sign). The lesion may contain necrotic
avascular anechoic or hypoechoic areas. How metastases
are to be differentiated in the cirrhotic liver depends on the
degree of alteration and the RNs present, but in general,
B-mode gray-scale US is often insufficient in small lesions
to achieve a diagnosis of metastasis or even of malignancy.
A typical feature in CEUS is hypoenhancement from the
carly portal venous to the late phase. Most metastases
show early hypoenhancement from the portal venous
phase. In the arterial phase, rim enhancement with irregular
vessels is a typical feature. The extent of arterial contrast
depends, however, on the primary tumor. For example,
metastases of neuroendocrine carcinomas may be arterially
hyperenhanced and show hypoenhancement only late. This
results in diagnostic challenges with HCC. If hypoechoic
lesions in a cirrhotic liver show a washout very early in the
portal venous phase, metastases should be included in the
differential diagnostic considerations,”'*" following what
has been described here just above.

Metastases are classified as LR-M (Liver Imaging
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Figure 5: Liver metastases in a liver cirrhosis (histologically confirmed [in between markers and shown by arrows]). A 78-year-old male presented with hepatitis
B and C and a history of continued alcohol abuse and operated sigmoid carcinoma. He currently had a peripheral lung lesion. AFP was normal. Computed
tomography demonstrated hypodense liver lesions. Sonographically, irregularly circumscribed hyperechogenic liver lesions are seen subdiaphragmatically
in the right liver lobe in B-mode (A). Adjacent to this, the right posterior branch of the ramus principalis is dilated and filled with thrombi (B). There is also
a small thrombus in the pars umbilicalis, which is hyperenhanced in the arterial phase in CEUS, and thus corresponds to a tumor thrombus (C). On CEUS,
the hyperechogenic lesions in the right hepatic lobe are isoechogenic, slightly inhomogeneously enhanced in the arterial (D) and portal venous (E) phases.
The adjacent thrombosed portal venous branch is hypoenhanced (F). In the late phase, the liver lesions are hypoenhanced (G). CEUS was used to perform
ultrasonography-guided puncture of the liver lesions and the thrombosed portal vein branch. Histologically, a metastasis of the sigmoid carcinoma was found.
There was no evidence of hepatocellular carcinoma. CEUS: contrast-enhanced ultrasonography; AFP: alpha-fetoprotein.
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Reporting and Data System [LIRADS] malignant) in
the CEUS-LIRADS algorithm "> Tn contrast to
HCC, metastases often have a rim sign and usually an
early washout in the portal venous phase.”'? In the
study by Terzi ef al® with 848 patients with liver cirrhosis
and 1006 nodules, 87% were malignant, but only 0.25%
were metastases. These are classified as LM-R according
to CEUS-LIRADS. The two metastases showed arterial
phase rim enhancement or APHE and an early washout.
The CEUS pattern LR-M showed few HCC, CCC, HCC/
CC, and lymphoma. The authors concluded that the LR-M
class requites histologic confirmation (Figure 5).%!

The following conclusion could be drawn from this: if a
solid lesion is detected in a cirrhotic liver, it is very likely to
be HCC. However, this does not mean that patients with
liver cirrhosis can never develop liver metastases.

Intrahepatic cholangiocarcinoma

CCC may be a mimicker of HCC in the setting of
noninvasive diagnosis of HCC as both can show
hypervascularity and washout on CEUS. After HCC,
ICC is the second most common primary tumor in liver
cirthosis. The combined HCC/ICC is also possible and can
only be differentiated histologically. The most important
differential diagnoses of CCC are HCC and liver metastases
or all liver tumors presenting as LR-M because of the
imaging characteristics.!'>!#41-%

ICC can appear on CEUS with different enhancement
patterns in the arterial phase: peripheral irregular rim-
like enhancement, heterogeneous hyperenhancement,
homogeneous hyperenhancement, and heterogeneous
hypoenhancement.”"” ICC is charactetized by washout in
the early portal venous phase and marked hypoenhancement
in the late phase (Figure 6).”"

On noncontrast CT, CCCs are usually seen as
hypoattenuating focal liver masses with irregular margins.
On MRI, CCCs are hypointense on T1-weighted images
and moderately hyperintense on T2-weighted images,
with the latter often associated with central hypointensity
corresponding to areas of fibrosis. Typically, contrast-
enhanced images show rim enhancement during the
arterial phase, followed by progressive and concentric
enhancement after extracellular contrast administration
due to the presence of marked fibrous stroma.”’]

There has been a controversy on the use of CEUS because
ICC can be misdiagnosed as HCC, and CEUS has been
subsequently excluded from the diagnostic tests for HCC
in the AASLD practice guidelines from 2011 onward. But
CCC in liver cirrhosis is significantly rare compared to
HCC. In the German multicenter study, 2.5% of patients

with liver cirrhosis had CCC. However, the pattern of
CEUS HCC diagnosis at that time (in the year 2011) did
not adopt the refinements first introduced by the European
Federation of Societies for Ultrasound in Medicine and
Biology guidelines in 2013 and subsequently by the
LIRADS system in 2017 even in the group without liver
cirrhosis, CCC was rare (only 3.3%). In other studies,
only 1.1%P and 1.3%"Y of all newly detected nodules in
liver cirrhosis were histologically confirmed as CCC. In the
study by Terzi et al™ 4% of all nodules in liver cirrhosis
corresponded to a CCC.F! On CEUS, cholangiocatcinoma
shows arterial hyperenhancement, often a rim sign, and a
rapid washout in the portal venous phase. Unlike HCC,
the onset of washout occurs early in CCC, usually before
1 min, and the degree of hypoenhancement in the venous
phase is more marked in CCC than in HCC.®** On
CEUS, CCC shows the criteria of LR-M. Differential
diagnoses are primarily metastases. In the study by Terzi
et al¥ the majority of CCC tended to segregate in the
LR-M category, together with the mixed HCC-CCC
tumors and metastases. Also, 12.5% (5/40) of the CCCs
showed CEUS behavior of I.LR-3 and 10% (4/40) showed
LR-4 behavior. The mean size was 1.6 cm in CEUS-LR-3
and 2.7 cm in LR-4; no case of misdiagnosis of LR-5 for
CCC occurred.™ Using the LR-M criteria to differentiate
CCC from HCC, sensitivity, specificity, and accuracy
were 97.3%, 87.7%, and 92.3%, respectively.”” In the
differentiation of ICC from LR-M HCC, the trim APHE
is the most important feature. Rim APHE plus elevated
CA19-9 and normal AFP are strong predictors of CCC
rather than LR-M HCC. In differentiation of CCC and
LR-M HCC, early washout and marked washout have
limited value.®

For differential diagnostic reasons, histologic confirmation
of any suspected malignant lesion without the typical
features of HCC (corresponding to the LR5 pattern in
cirrhosis) usually should be performed.

Lymphoma

Primary hepatic lymphoma (PHL) manifests in the liver
and perihepatic lymph nodes without any involvement of
other organs or leukemic changes in the peripheral blood
for at least 6 months after diagnosis. PHL is rare, less than
1% of all non-Hodgkin’s lymphomas; most PHLs are B-cell
lymphomas.” Diffuse large B-cell lymphoma (DLBCL) is
the most common subtype of PHL.""! PHL accounts for
0.4% of extranodal NHL and 0.016% of all NHL.I'*01
PHL has also been described in liver citrthosis."""!" Primary
hepatic extranodal marginal zone lymphoma of mucosa-
associated lymphoid tissue (MALT) has been reported to
be the second most common variant of lymphoma after
DLBCL. Histologic liver assessment is required for the
accurate diagnosis of primary hepatic extranodal marginal
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Figure 6: Histologically confirmed intrahepatic cholangiocellular carcinoma (in between markers) in a 60-year-old mildly obese male with metabolic liver cirrhosis
and moderate alcohol consumption until detection of chronic liver disease. B-mode ultrasonography revealed a newly detected hypoechoic liver lesion (A). In
CEUS, this showed complete arterial hyperenhancement in the arterial phase (19 s) and no rim sign (B). Already at the onset to the portal venous phase (31
s), the lesion had started to appear hypoenhanced (C). The progressive hypoenhancement continued in the portal venous and late phases (D and E). The early
washout is atypical for HCC and suspicious for the presence of metastasis or intrahepatic cholangiocellular carcinoma. Therefore, histologic confirmation was
performed, which diagnosed a CCC. CEUS: contrast-enhanced ultrasonography; CCC: cholangiocellular carcinoma; HCC: hepatocellular carcinoma.
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Table 7: CEUS features of metastases, cholangiocarcinoma, and primary hepatic lymphomal8-10.19.102.103]

Phases on CEUS Metastases

Cholangiocarcinoma

Primary hepatic lymphoma

Arterial Rim enhancement, varying
degrees of contrast intensity
depending on the primary tumor

and necrosis

Portal venous Early hypoenhancement

Rim-like enhancement

Heterogeneous hyperenhancement
Homogeneous hyperenhancement
Heterogeneous hypoenhancement

Early washout in early portal venous

Mostly heterogeneous
hyperenhancement
“Vascular penetration sign”

Early hypoenhancement

phase
Late Progredient hypoenhancement Marked hypoenhancement Hypoenhancement
CEUS-LIRADS LR-M LR-M LR-M

CEUS: contrast-enhanced ultrasonography; LIRADS: Liver Imaging Reporting and Data System. LR-M: LIRADS malignant.

zone lymphoma of MALT.' Preexisting liver disease,
which may be etiologically important for the development
of nongastric hepatic MALT lymphoma, is, in turn, a
risk factor for the development of HCC. In a secondary
liver manifestation of lymphoma, other organ and lymph
node manifestations are already present. More often, non-
Hodgkin’s lymphoma affects the liver in advanced stages of
a systemic disease. DLBCL is the most common lymphoma
subtype in the western countries."""!

Most often, solitary liver lesions are seen in PHL (60%), but
multiple lesions ate also possible.'"™! In contrast, multiple
liver lesions are seen in about 90% of cases in secondary
lymphoma involvement of the liver.

On B-mode ultrasonography, lymphoma lesions may
be hypoechoic or almost nonechoic like cysts. But a
hypetechoic center with a hypoechoic rim is also possible.”

On CEUS, the lymphoma lesions show inhomogeneous
hyperenhancement in the arterial phase and contrast
agent washout in the portal and late phases.!'™
Homogeneous hyperenhancement in the arterial phase
followed by washout on CEUS is also described.
Hypoenhancement on CEUS already occurs in the early
portal venous phase.l'""” Yamashita ez 2" compared the
appearance of hepatic extranodal marginal zone lymphoma
of MALT from published case reports with HCC on CEUS,
CT, MRI, and positron emission tomography (PET). The
appearance is very similar, and a reliable differential
diagnosis based on imaging is not possible."" However,
the “vascular penetration sign” was described as a special
characteristic. The hepatic lymphomas showed penetrating
vessels in the arterial phase. This sign is sometimes also
present in metastatic liver tumors and CCCs, but not in
HCC." 1In the study by Terzi ez al® 0.2% (2/1006) lesions
in liver cirrhosis corresponded to lymphoma infiltrations
(without specifying primary or secondary). These showed
CEUS-LIRADS pattern of LR-M. Histologic assignment
by ultrasound-guided needle biopsy is necessary, taking
into account anamnestic data (Figure 7)."%

While the presentation of lymphomas on imaging is

variable, they may be hyperenhanced on arterial phase
images and hypointense on hepatobiliary MR phase due
to lack of hepatocytes. They show signal restriction on
high-b value diffusion-weighted imaging. Nevertheless,
differentiation from HCC can be difficult.”””! Fu e a/!"*"
describe the misdiagnosis of HCC in primary hepatic
MALT lymphoma and hepatitis B. Under antiviral therapy,
newly diagnosed FLL of 11 and 5 mm were held as HCC on
MRI and PET-CT. Laparoscopic resection of the left lateral
lobe was performed. Postoperative histology diagnosed
hepatic MALT lymphoma.!'""

Due to this lack of specific clinical, laboratory, and imaging
features, definitive diagnosis of PHL requires liver biopsy
compatible with lymphoma in the absence of extrahepatic
disease.'™ The differential diagnosis of PHL includes
HCC, especially in patients with preexisting hepatitis B or
C infection and liver cirrhosis, which may be present in
PHL. However, HCC is substantially more common than
PHL. In the study by Terzi ¢/ /¥ with 1006 FLL in liver
cirrhosis, 82% HCC were compared to 0.2% lymphoma
infiltration in the liver, although it is not known whether
this was PHL or secondary lymphoma infiltration. The
ratio of HCC:hepatic lymphoma is 410:1.8 Both HCC
and PHL may occur in patients who have cirrhosis with
viral hepatitis.

The behavior of metastases, cholangiocarcinomas, and
PHL in CEUS is summarized in Table 7.

DISCUSSION

Newly discovered focal liver lesions in liver cirrhosis
are primarily suspicious for HCC. Diagnosis is based
on radiologic imaging with contrast-enhanced MRI and
CT, but CEUS is also accepted by many, despite not all,
scientific societies. Typical appearance of HCC is arterial
hyperenhancement with hypoenhancement in the late
phase. CEUS is used for unclear radiologic findings/®***
as well as when CT and MRI are contraindicated or not
available. The probability of HCC and of malignancy,
in general, increases with the size of the nodule. The
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Figure 7: Diffuse large cell non-Hodgkin’s lymphoma and alcoholic liver cirrhosis of Child—Pugh class B in a 74-year-old male. Large hypoechoic mass in segment
5/6 on B-mode ultrasonography (A). On contrast-enhanced ultrasound, the lesion showed an inhomogeneous, nearly isoechoic enhancement after 15 s (B), with
hypoenhancement after 30 s (C) and 3 min (D). A biopsy of the lesion revealed a diagnosis of diffuse large cell non-Hodgkin’s lymphoma. After chemotherapy,

a complete regression of the tumor was observed.

likelihood of HCC is low in FLL < 10 mm compared
to nonmalignant lesions such as RN with or without
dysplasia.”! Although any newly diagnosed solid nodule in
liver cirrhosis is primarily suspicious for HCC, small nodules
or nodules that show only arterial hyperenhancement may
still be nonmalignant. It is important to differentiate
HCC from other arterially hypervascularized FLL such as
hemangiomas, FNH or FNH-like lesion, HCA, metastases,
CCC, and lymphoma. CEUS is excellent in the diagnosis of
HCC, as well as in the differential diagnostic evaluation of

all other liver lesions,”™” but usually histologic confirmation
is required in all these instances to achieve definitive, apart
from hemangiomas.

Data on the frequency of benign focal liver lesions in
the noncirrhotic conditions vary widely. This, however,
depends on the type of imaging and information from
autopsy studies.**1%>

Hemangiomas, in particular, undergo a morphological
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change in liver cirrhosis, where liver cirrhosis leads to
obliteration of preexisting hemangiomas.?"! These changes
start to occur eatly in the course of the chronic liver disease
with liver fibrosis deposition, even before the development
of liver cirrhosis,?"" and it is thought of as a dynamic
process. Accordingly, hemangiomas in cirrhosis may show
fibrotic changes, become smaller, and change shape.**>*¢!l
In CEUS, the majority of hemangiomas showed a typical
petipheral nodular enhancement.” Shunt hemangiomas,
which are homogeneously enhanced in the arterial phase
and show isoenhancement in the late phase, can be
problematic in the differential diagnosis with HCC.!
On CEUS, however, the majority of hemangiomas show
a typical contrast coursel! comparable to hemangiomas in
the noncirrhotic liver.['”*!

FNH is diagnosed much less frequently in liver cirrhosis
than in the normal population.?"! The development of
FNH-like nodules, despite rare, is specific to liver cirrhosis;
these are morphologically identical to FNH, but exist only
in liver cirrhosis.®* " They ate often very small and only
discovered on the liver explant."! The only significance of
both types of liver lesions is in the differential diagnosis
with HCC, especially if the typical wheel spoke-like vessel
architecture cannot be differentiated in the early arterial
phase and the lesions only appear arterially hyperenhanced.
In patients with cirrhotic liver, the FNH tends to show
isoenhancement in the late phase, but 25% show even
hypoenhancement. A biopsy is usually performed.
False positives for HCC in the percutaneous biopsy were
exceptionally reported, particularly in case of FNH-like

lesions.™

HCA is a rare tumor in the healthy population.>>>*!%!
Adenomas have also been exceptionally described in liver
cirrhosis."?*- In the noncirrhotic liver, many HCAs
show mild hypoenhancement in the portal venous and
delayed phases.!""**" Thus, if an adenoma in liver cirrhosis
shows isoenhancement or a mild washout with CEUS
in the portal venous and late phases, it cannot be reliably
differentiated from an HCC. Further evaluation by means
of MRI is required. These characteristics on CEUS have a
threefold probability of an HCC rather than an adenoma
on a background of a cirrhotic liver.” Thus, an HCC must
be assumed until proven otherwise in this scenatio.

Liver metastases in hepatic cirrhosis are rarer than
in noncirrhotic livers in autopsy studies.[*¢-55108.10%
Nevertheless, patients with cirrhosis can also develop liver
metastases. On CEUS, the metastases are classified as LR-
M. Differentiation from HCC is usually not difficult, !>
but nonetheless, biopsy is usually required to achieve a
specific diagnosis of the malignant cellular type.!""

Intrahepatic CCC is similarly rare as in the noncirrhotic
liver. It should be emphasized that CCC can be reliably
differentiated from HCC by CEUS. The most important
distinguishing feature from HCC is the rapid distinctive
washout, occurring within 60 s from contrast injection in
cholangiocarcinoma.[»**?>!11

Small lesions, in particular, can be a diagnostic challenge.
In case of doubt, a biopsy is recommended by the EASL
for all indeterminate lesions > 10 mm when various
contrast-enhanced imaging modalities cannot assign the
lesion.” In fact, HCC not reaching the typical imaging
diagnostic criteria (z.e., CEUS-LIRADS LR5) does not have
better prognosis than the typical ones.!""” Therefore, early
diagnosis is not less important in these instances than in
HCC with a typical enhancement pattern. However, it is
also important to keep in mind that false-negative results
have been reported in up to 30%, especially in small
lesions.""™ In these cases, a decision must be made in the
overall context with the aid of all diagnostic possibilities
for short-term follow-up or for therapeutic intervention,
including repeat biopsy.

CONCLUSIONS

Liver cirrhosis comprises necrosis, fibrosis, and regeneration.
RNs, FNH-like nodules, DNs, and HCC frequently
develop, and sometimes existing benign liver lesions may
change through the process of fibrosis, inflammation, and
vascular obliteration. Hemangiomas are more easily missed
on imaging, and true FNH is a rarity. Differentiation of
HCCs from FNH and adenoma can be difficult in these
conditions. Metastases are also infrequent. The most
important aim of diagnosis is to differentiate these liver
lesions in liver cirrhosis from HCC in order to make the
right therapeutic decisions. Due to the characteristics of
the lesions in liver cirrhosis, this can be challenging for
both imaging.
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