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Abstract

Background: Due to the frequent use of medical imaging
including ultrasonography, the incidence of benign liver tu-
mors has increased. There is a large variety of different solid
benign liver tumors, of which hemangioma, focal nodular
hyperplasia (FNH), and hepatocellular adenoma (HCA) are
the most frequent. Advanced imaging techniques allow pre-
cise diagnosis in most of the patients, which reduces the
need for biopsies only to limited cases. Patients with benign
liver tumors are mostly asymptomatic and do not need any
kind of treatment. Symptoms can be abdominal pain and
pressure effects on adjacent structures. The 2 most serious
complications are bleeding and malignant transformation.
Summary: This review focuses on hepatic hemangioma
(HH), FNH, and HCA, and provides an overview on clinical
presentations, surgical and interventional treatment, as well
as conservative management. Treatment options for HHs, if
indicated, include liver resection, radiofrequency ablation,
and transarterial catheter embolization, and should be care-
fully weighed against possible complications. FNH is the
most frequent benign liver tumor without any risk of malig-
nant transformation, and treatment should only be restrict-
ed to symptomatic patients. HCA is associated with the use
of oral contraceptives or other steroid medications. Unlike
other benign liver tumors, HCA may be complicated by ma-
lignant transformation. HCAs have been divided into 6 sub-
types based on molecular and pathological features with dif-

ferent risk of complication. Key Message: The vast majority
of benign liver tumors remain asymptomatic, do not in-
crease in size, and rarely need treatment. Biopsies are usu-
ally not needed as accurate diagnosis can be obtained using
modern imaging techniques. ©2020S. Karger AG, Basel

Introduction

Due to the frequent use of medical imaging including
ultrasonography, the incidence of benign liver tumors has
increased, most of them being asymptomatic. There is a
large variety of solid benign liver tumors of different cellular
origin (Table 1). However, the most frequent lesions are
hepatic hemangioma (HH), focal nodular hyperplasia
(FNH), and hepatocellular adenoma (HCA). As imaging
techniques improve, a precise diagnosis is possible in most
cases reducing the need for a percutaneous biopsy. How-
ever, atypical lesions may require more than one imaging
modality. Usually, clinical and radiological findings are suf-
ficient to pinpoint an accurate diagnosis, and additional bi-
opsy is only needed under few circumstances. In the last 10
years, several developments in radiological techniques have
been described. A summary of well-established imaging
features for benign liver tumors is depicted in Table 2.

Hemangioma
The most common benign liver tumor is HH. Its inci-

dence varies from 3 to 20% [13]. The female/male ratio is
5:1 [14]. Often, HH is an incidental finding during radio-
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logical imaging [15]. HH are mostly solitary lesions, and
sizes range from a few millimeters to up to 30 cm, but
most HH are <5 cm in diameter. HH >10 cm is referred
to as giant hemangiomas (Fig. 1). In general, HH are well-

Table 1. Histological classification of benign liver lesions

Epithelial lesions:
- Hepatocytes:
- Hepatocellular adenoma
- Focal nodular hyperplasia
- Nodular regenerative hyperplasia
- Focal fatty change
- Biliary cells:
- Bile duct adenoma
- Biliary hamartoma (von Meyenburg complex)

Nonepithelial lesions:
- Mesenchymal:
- Hemangioma
- Angiomyolipoma
- Lipoma
- Myolipoma
- Heterotopia:
— Adrenal, pancreatic, or spleen tissue
- Others:
- Peliosis hepatis
- Inflammatory pseudotumor

Table 2. Imaging features of benign liver lesions [1-12]

demarcated tumors with a spongy red-brown cut surface.
Long-term lesions frequently contain white fibrotic areas
(Fig. 2). Based on microscopic findings, HH can be di-
vided into 3 main subtypes: cavernous, capillary, and
anastomosing HH. The cavernous HH is the most com-
mon type. It is characterized by widely dilated vascular
channels with fibrous walls lined by a single layer of flat
endothelial cells. Cytological atypia or mitosis are absent.
Usually, the blood-filled channels can show fresh or or-
ganized thrombi (Fig. 2). Large und long-existing lesions
with partial or complete sclerosis are known as sclerosed
hemangiomas. It is known that HH arises from vascular
malformation; however, its exact pathogenesis remains to
be elucidated. Recently, it has been shown that an in-
crease in vascular endothelial growth factor (VEGF) plays
an essential role in the development of hemangioma [16].
This concept was supported by case reports showing
hemangioma shrinkage following anti-VEGF treatment
[17]. However, Lee et al. [18] found no effect in 21 anti-
VEGF-treated patients. Although very few hemangiomas
have estrogen receptors, growth of hemangiomas has
been observed after hormone replacement therapy, oral
contraceptives, and pregnancy [19]. The direct mecha-
nisms of those hormone effects are still unknown. Cur-
rent evidence does not support a contraindication for oral

Entity/imaging Hemangioma
modality

Focal nodular hyperplasia

Hepatocellular adenoma (HCA)

Ultrasound +  Homogenous, hyperechoic, sharp rim

Slightly hypo-/isoechoic

Arterial phase: homogeneous contrast

contrast Atypical: peripheral and globular Very rarely: hyperechoic enhancement, rapid complete centripetal filling
enhancement  enhancement followed by central Strong and homogeneous Early portal venous phase: isoechoic
enhancement in delayed phases enhancement (arterial phase)
Absence of halo sign Color Doppler: central arteries
Sclerosing hemangiomas: very slow have a spoke wheel pattern [4, 5]
filling and calcified or hyalinized
hemangiomas
Computed Inhomogeneous peripheral Central vascular supply Clear margins with peripheral enhancement
tomography nodular enhancement Arterial phase: homogenous Homogenous > heterogenous
isoattenuating to the aorta, hyperdense Steatotic: hypodense,
progressive centripetal Portal phase: similar to adjacent Hemorrhagic: hyperdense
contrast filling liver [6-8]
Magnetic T1: hypointense TI: hypointense Subtypes:
resonance T2: hyperintense [3] T2 (1) HNFla-inactivated HCA: diffuse and
imaging Arterial phase: homogeneous signal dropout on chemical shift

strongly hyperintense, homogenous
Portal venous phase:

isointense to the liver

The central element is hyperintense
on T2 and enhances on delayed-phase
imaging using extracellular contrast
agents [9, 10]

T1-weighted sequences
(2) Inflammatory HCAs:
Telangiectatic features: strong hyperintense
signal on T2-weighted images
Persistent enhancement on delayed phase
(extracellular contrast agent)
(3) B-Catenin mutations in exon 3:
No specific features
(4) B-Catenin mutations in exons 7-8
No specific features
(5) Unclassified
No specific features [11, 12]
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Fig. 1. A 36-year-old female patient with a giant hepatic heman-
gioma occupying segments IV-VIIL A CT, axial section showing
a lesion 22-23 c¢m in diameter (bidirectional arrows). B CT, coro-
nal section. € Intraoperative view of the hemangioma pushing the
right portal vein anteriorly. D Enucleation seemed not to be pos-
sible (the right hepatic vein was close and in some parts within the
hemangioma); therefore, an extended right hepatectomy was per-

DOI: 10.1159/000509145

formed after portal vein embolization. The picture shows the sur-
gical specimen with normal hepatic parenchyma and hemangio-
ma. E Surgical specimen with a view to the right hepatic vein.
F Situs after extended right hepatic resection (segments IV-VIII).
The hypertrophied segments II and IIT are shown. There is a small
hepatic hemangioma in segment III.
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Fig. 2. HE-stained sections show the classic morphology of a cav-
ernous hemangioma with widely dilated vascular channels
(1) lined by flattened inconspicuous endothelial cells and fibrous
walls (2) and focal organized thrombi (inset).

contraceptives or hormone substitution in hemangioma
patients [2].

Even though most hemangiomas are asymptomatic,
large lesions may cause pressure on adjacent structures,
including compression of the vena cava, portal vein, and
the bile duct, leading to abdominal pain, discomfort, full-
ness in the right upper quadrant, nausea, and early satiety
[20]. Rare symptoms are fever, jaundice, dyspnea, high-
output cardiac failure, and hemobilia [21, 22]. Spontane-
ous bleeding of HH is uncommon [23]. Donati et al. [23]
found only 46 cases with spontaneous bleeding in a lit-
erature review between 1898 and 2010. Low-grade fever,
weight loss, abdominal pain, anemia, thrombocytosis,
and increased fibrinogen level can be caused by inflam-
mation due to partial thrombosis of the hemangioma.
The Kasabach-Merritt syndrome represents a rare com-
plication of giant HH [24]. This coagulopathy, which
consists of intravascular coagulation, clotting, and fibri-
nolysis within the hemangioma, may progress to second-
ary increased systemic fibrinolysis and thrombocytope-
nia. The Kasabach-Merritt syndrome has an incidence
ranging from 0.3% in all hemangiomas up to 26% in hem-
angiomas >15 cm [20, 25]. It is life-threatening but re-
versible after removal of the hemangioma.

Usually, liver tests including alkaline phosphatase and
y-GT are normal in patients with hemangioma. If pa-
tients present with an active cholestasis, it is due to the
pressure on the bile duct system caused by the hemangi-
oma.

Management

Small, asymptomatic hemangiomas do not need treat-
ment or follow-up. In HHs >5 cm, follow-up at 6-12
months has been suggested to assess the growth rate [26].

Benign Liver Tumors

There is no need to make a change in specific lifestyle
measures for patients with asymptomatic hemangiomas,
and there is no evidence that the use of oral contraceptives
or pregnancy has a negative impact on patients with HHs.
Regardless of the size, treatment should be restricted only
to symptomatic patients with pressure to adjacent organs
or complications such as the Kasabach-Merritt syndrome
and rupture with intraabdominal bleeding. Inability to
exclude malignancy is also an indication for resection.
However, abdominal pain in hemangioma patients
should be carefully analyzed. Other possible causes should
be ruled out before definitive treatment is decided upon.

Surgery

Surgery remains the most common treatment for
symptomatic HHs (Fig. 1). In general, the surgical arma-
mentarium consists of liver resection - including hyper-
trophy concepts like preoperative portal vein emboliza-
tion, enucleation, hepatic artery ligation, and liver trans-
plantation [27-32]. The choice of the procedure depends
on HH size, number, and location, the surgeon’s experi-
ence, and the institutional resources. Several studies com-
paring enucleation with resection showed that enucle-
ation is associated with lower morbidity, shorter opera-
tion time, less blood loss, and fewer complications [28,
29]. Furthermore, enucleation can preserve more hepatic
parenchyma [28]. However, a single-center study in 86
patients with hemangiomas >10 cm showed no difference
between enucleation and resection regarding operation
time, blood loss, complications, and hospital stay [33].

The enucleation of centrally located hemangiomas re-
quires a significantly longer vascular inflow occlusion
and operating time, and more blood transfusions than
enucleation of peripherally located hemangiomas [31].

Recently, laparoscopic liver resection has gained wide-
spread acceptance and is considered to be a safe approach
for the management of benign liver lesions. A propensity
score matching analysis between laparoscopic and open
HH surgery showed that the laparoscopic approach was
associated with less blood loss, shorter postoperative hos-
pital stay, and lower complication rates than the open ap-
proach [34]. However, short-term “quality of life” out-
comes did not differ between the different treatment
groups [34].

On rare occasions, even liver transplantations as an
extreme surgical approach have been performed in pa-
tients suffering from HHs [35]. Published studies are
mainly limited to small case series. However, Sundar Ala-
gusundaramoorthy et al. [30] analyzed the results of liver
transplantations for benign solid tumors of the United
Network of Organ Sharing. Of 87,280 transplantations,
25 have been performed for HH, and their overall sur-
vival rates were 87.8, 81.5, and 74.8% at 1-, 3-, and 5-year
follow-ups, respectively. Due to the significant postop-
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erative morbidity and shortage of donor livers, the indica-
tion for such an aggressive therapy has yet to be defined.
So far, liver transplantation should be reserved for unre-
sectable giant HHs causing severe symptoms, failure of
previous interventions, or life-threatening complications
such as the Kasabach-Merritt syndrome [32].

Nonsurgical Management

Since surgical treatment can be associated with mas-
sive intraoperative blood loss, long operating and hospi-
talization times and perioperative complications, such as
bile leakage for example, nonsurgical treatment options
should be considered. However, no consensus exists
among surgeons and interventional radiologists. Trans-
catheter arterial embolization (TAE) has been performed
to control acute hemorrhage or to shrink HHs prior to
surgery, which was confirmed in case reports [36, 37].
Substances used for TAE are, for example, metallic coils,
polyvinyl alcohol, Gelfoam particles, and liquid agents
such as N-butyl-2-cyanoacrylate and bleomycin-lipiodol
[36-38]. A recent study including 23 patients and 29 HHs
treated with TAE using bleomycin-lipiodol showed a 50%
reduction in the hemangioma volume in 17 of 23 patients
[39].

Available studies are limited due to retrospective de-
sign and small interventional sample sizes, thus prospec-
tive studies and longer clinical follow-ups are necessary
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Fig. 3. A 30-year-old male patient with a focal nodu-
lar hyperplasia in liver segment IV. A CT, coronal
section, showing focal nodular hyperplasia 7 cm in
diameter (bidirectional arrows). B CT, axial section.
C The depicted operative specimen indicates atypical
liver resection of segment IV with a central scar on
the cut surface.

to determine the exact role of TAE in the treatment arma-
mentarium of HHs.

Radiofrequency ablation (RFA) has been reported as
an alternative treatment of hemangiomas [40-42]. RFA
can be used percutaneously, laparoscopically, or during
open surgery. RFA is usually performed under ultra-
sound (US) guidance, but CT guidance for percutaneous
RFA is also suitable for hemangiomas located deeply in
liver parenchyma [40]. Laparoscopic RFA with US guid-
ance is preferred for subcapsular HHs [41]. Compared
with open resection, laparoscopic RFA is associated with
shorter operative time, less pain, and shorter hospital stay
[42].

Focal Nodular Hyperplasia

FNH is the second most common benign liver tumor
(Fig. 3). Its incidence is between 0.3 and 3% [13], and it is
mostly found at 30-40 years of age [43]. The role of hor-
mones in FNH development is supported by its high fe-
male predominance (female:male ratio of 9:1) and high
prevalence amongst women taking oral contraceptives
[44]. Recently, estrogen receptor expression was found in
12 of 13 FNH tissue samples [45]. The grossly well-de-
marcated lesion does not show a capsule, and on cut sec-
tion, lobulated, firm parenchyma with slightly lighter col-
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Fig. 4. Focal nodular hyperplasia shows characteristic nodular
cirrhosis-like architecture with ductular reaction in fibrous septa
(1) and thick-walled abnormal arteries (2). Reticulin with Gomori
silver staining demonstrated a retained normal reticulin frame-
work (inset).

or than the surrounding liver presents. Eye catching and
very characteristic is the presence of one or more stellate
scars (Fig. 3). The liver parenchyma, by definition, is non-
cirrhotic. Histologically, FNH looks like a focal cirrhosis
because of fibrous bands encompassing groups of benign
hepatocytes, which could be a potential pitfall in needle
biopsy (Fig. 4). True portal tracts are absent. Bile ducts are
replaced by ductular proliferation along the fibrous septa,
and, characteristically, there are arteries with medial hy-
pertrophy und intimal fibrosis, so-called dysplastic arter-
ies. FNH occurs solitary in 80-95% and is usually <5 cm
in diameter. In up to 20%, multiple FNH occur, some-
times in association with hemangioma or HCA [46].
FNH is considered as a hyperplastic, regenerative re-
sponse to arterial hyperperfusion and shunting with
characteristic anomalous arteries found in the center of
the nodules [47]. FNH might also be associated with vas-
cular disorders of the liver, as Gincul et al. [48] found
FNH nodules in 13.7% of patients with hereditary hemor-
rhagic telangiectasia, and Cazals-Hatem et al. [49] identi-
fied them in 9 of 17 explanted livers with Budd-Chiari
syndrome. Moreover, congenital absence of portal flow
or portal vein thrombosis with subsequent hepatic arteri-
alization is associated with the development of FNH [50,
51].

There is no evidence for malignant transformation of
FNH [52]. The majority of patients with FNH is asymp-
tomatic. Only a few patients with large FNH show symp-
toms, such as abdominal pain or discomfort, due to pres-
sure effects on adjacent organs [53]. Rupture, necrosis, or
bleeding is exceptional [54]. As there is most often no

Benign Liver Tumors

change in blood parameters, laboratory tests are not help-
tul for making the diagnosis of FNH. The natural course
of FNH is uneventful, with very few complications and
changes over time. However, enlargement of FNHs dur-
ing oral contraceptive medication and pregnancy have
been reported [55]. Therefore, asymptomatic patients
should be managed conservatively if the diagnosis is firm-
ly established [56]. Follow-up controls at 6 months are
sufficient to prove the stability of the lesion and its benign
nature, and no long-term follow-up is routinely required
afterwards. Surgery should strictly be considered for pa-
tients with symptomatic or highly suspicious lesions,
where malignancy cannot be ruled out with modern im-
aging or even biopsy. In some symptomatic patients with
large FNH, where a risky resection would be needed, TAE
has been successful [10, 57]. Experience with TAE shows
that it could be an attractive treatment option to decrease
the size of the lesions and, therefore, symptom relief [58,
59]. Furthermore, RFA has been described as an effective
treatment for symptomatic FNH [60].

As numerous reports regarding FNH during pregnan-
cy have been published, the association with endogenous
and/or exogenous estrogens is very likely. Small lesions
seem not to be a significant risk for a successful pregnan-
cy, although observation is strongly recommended [56].

Hepatocellular Adenoma

HCA is a benign hepatic tumor which occurs predom-
inantly in young and middle-aged women who take oral
contraceptives or other steroid medications (Fig. 5) [61].
The annual incidence is 3-4 per 100,000 in women who
have used oral contraceptives over a sustained period
[62].

Baum et al. [63] first described the association between
oral contraceptives and HCA occurrence in 1973. In the
1960s, benign liver tumors were in general relatively rare
until the introduction of oral contraceptives [64]. Be-
tween 1918 and 1954, only 2 HCA cases were found in
48,900 autopsies performed in the Los Angeles General
Hospital [65]. Estrogens seem to be a predominant factor
for the development of HCA. The positive correlation be-
tween oral contraceptives and HCA incidence is dose de-
pendent, as spontaneous regression of HCAs after estro-
gen withdrawal has been observed [66]. Androgen intake
is also associated with the development of HCA [67]. Fur-
thermore, the influence of obesity on the development of
HCA is suggested [68], as recently a higher incidence of
HCAs in patients suffering from nonalcoholic steatohep-
atitis has been reported [1].

HCA development is associated with several genetic
syndromes, including glycogen storage diseases, particu-
larly with type Ia glycogenesis, in which more than half of
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Fig. 5. A 32-year-old female patient with hepatic adenoma. A The tumor is 10 cm in diameter (bidirectional ar-
rows) in segments VI and VII, coronal section. B CT, axial section. C, D Surgical specimen of an atypical liver
resection of segments VI and VII (C) and of normal hepatic parenchyma and hepatic hemangioma visible on the

cut surface (D).

patients have multiple tumors [69]. Hepatic vascular ab-
normalities, including portal deprivation or both intra-
and extrahepatic portosystemic venous shunts, are in-
volved in the development of HCAs [1].

HCA is a heterogeneous entity that includes several tu-
mor subtypes, which are associated with the risk of various
complications (Table 3). First HCA was divided into 4
subtypes according to genomic analysis: inflammatory
HCA (I-HCA), hepatocyte nuclear factor (HNF) 1A-mu-
tated HCA (H-HCA), B-catenin-activated HCA (p-HCA),
and unclassified HCA [70]. Later, Nault et al. [71] de-
scribed 6 molecular subtypes of HCA (Table 3). The
B-HCA group was additionally subdivided into 2 sub-
groups, exon 3 [-catenin-mutated and exons 7-8
B-catenin-mutated HCA [71]. The different HCA sub-
types carry specific types of risks (Table 3). For the sonic
hedgehog HCA, Nault et al. [71] found a higher risk for
symptomatic bleeding. Independent of size, in males,
HCAs bear an increased risk of malignant transformation.

Histologically, HCAs arise in noncirrhotic liver and
appear as circumscribed nonencapsulated lesions. The

298 Visc Med 2020;36:292-303
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yellow to brown color and soft to dense texture depends
on the degree of hemorrhage and cystic changes. Micro-
scopic appearance differs depending on the subtype, but
the lack of portal tracts and isolated naked arteries is com-
mon in all subtypes (Fig. 6). To specity a certain subtype,
there are several characteristics in combination with im-
munohistochemistry and molecular features. Diffuse ste-
atosis is commonly seen in HNFla-inactivated HCA. A
marked, predominantly lymphocytic inflammation re-
sembling portal tracts at low magnification is the main
feature of the inflammatory subtype. It is associated with
alcohol consumption and/or an increased BMI and has
an increased risk of hemorrhage. p-Catenin-activated
HCAs do not show any special morphological features.
Nuclear -catenin expression and diffuse glutamine syn-
thetase reactivity as a surrogate marker of B-catenin acti-
vation are their hallmarks. f-Catenin HCA is more likely
to show cytological atypia. A small subset of adenomas
remains unclassified even after immunostaining. Key dif-
ferentiating features of HCA and HCC are a preserved
reticulin framework and absence of mitosis in HCA.

Oldhafer/Habbel/Horling/Makridis/
Wagner



Fig. 6. Hepatocellular adenoma with fatty changes limited to the lesion (1) but absent in normal liver (2). Hem-
orrhage is a common feature (3). Insets: Higher magnification (left inset) does not show portal tracts but so-called
naked arteries (*) and, in comparison to hepatocellular carcinoma, no nuclear atypia or mitotic activity. Reticu-
lin (middle inset) with Gomori silver staining demonstrates a preserved reticulin framework somewhat slightly
reduced in the lesion versus the normal liver. In this case, f-catenin staining (right inset) was negative with only
membranous and no nuclear reactivity. Brown, cell membrane; blue, nucleus.

Table 3. Molecular classification of hepatocellular adenoma with information about frequency, risk factors, epidemiology, and
symptoms/complications

Classes Classes Frequency, Risk factors Epidemiology Symptoms/
2007 [58] 2017 [52] % complications
HNF1A HNF1A 40-50 Oral contraception Female,
inactivated inactivated liver adenomatosis
B-Catenin p-Catenin exons 7/8 3 Oral contraception, Young age,
activated high alcohol consumption, solitary tumor
obesity
B-Catenin exon 3 7 Androgen, Male, young age, Malignant
liver vascular disease solitary tumor transformation
Inflammatory Inflammatory (mixed forms 30-35 Oral contraception Older age, Elevated GGT and
with B-catenin subtypes) inflammatory syndrome ALP
Unclassified Sonic hedgehog 4 Oral contraception, obesity - Bleeding
Unclassified 7 - _
HNF1A, hepatocyte nuclear factor la.
Benign Liver Tumors Visc Med 2020;36:292-303 299
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The majority of patients with HCA are asymptomatic
and diagnosed incidentally during liver ultrasound ex-
aminations. In symptomatic patients, the most common
symptom is abdominal pain. The main complication of
HCA is hemorrhage; it occurs in approximately 25% of
patients [72]. In large tumors (>5 cm in diameter), visu-
alization of arteries within the HCA, location in the left
lateral liver, and exophytic growth are risk factors for
hemorrhage [72, 73].

The overall risk of malignant transformation in HCA
is reported to be 5-6%, but it is probably lower, as it is
difficult to distinguish between HCA and well-differenti-
ated hepatocellular carcinoma (HCC) in imaging and
even histopathologically. HCA may transform into HCC
(adenoma-carcinoma sequence), but the natural history
of this progression is not well defined and understood
(74, 75].

The risk of malignant transformation can vary from
virtually 0 to almost 50%, depending on patient-related
factors, tumor size, and pathology classification, which
makes the relevance of its overall estimation question-
able. Risk factors for malignant transformation include
sex, androgen use, p-catenin HCA subtype, and tumor
diameter >5 cm. A substantial number of I-HCAs can
also contain pB-catenin mutations and are at risk of malig-
nant progression.

Up to one third of patients diagnosed with HCA have
multiple lesions. Multiple HCAs (>3 lesions) of various
sizes are termed liver adenomatosis [76]. In patients with
adenomatosis, the risk of complications is not higher than
in patients with a solitary HCA; therefore, adenomatosis
patients do not have to be treated differently.

Management

Imaging for differential diagnosis between HCC and
HCA can be challenging. In rare cases, HCCs have been
misinterpreted as HCAs. Modern CT and MRI enhanced
by gadobenate dimeglumine or gadoxetate disodium are
very effective in differentiating HCA from FNH or other
lesions, and also in identifying the HCA subtypes, if in-
terpreted by a radiologist experienced in hepatobiliary le-
sions (Table 2) [11, 77]. If not, a biopsy of the lesion can
be indicated to define the subtype according to their spe-
cific genetic and molecular markers. However, biopsy can
be risky due to the vascular nature of HH and should,
therefore, be reserved for cases in which the histology will
have an impact on treatment decision [15].

In male patients, HCAs should be resected regardless
of the size due to the high risk of developing malignancy.
In female patients with HCAs <5 cm, cessation of hor-
monal therapy with MRI surveillance is recommended as
initial management. In small HCAs that cannot be char-
acterized by MRI, percutaneous biopsy has been advo-
cated by some groups. For female patients with persistent
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HCAs >5 cm after cessation of hormonal therapy, surgi-
cal management is indicated. The risk of vascular inva-
sion or lymph node involvement is reduced in HCA pa-
tients; therefore, a wide resection margin or regional
lymphadenectomy does not seem necessary. Thus, if re-
section of HCA is indicated, a laparoscopic approach
should be preferred, because it seems to be superior to
open surgery in terms of quality of life after surgery and
operative outcomes [78].

In patients with multiple HCAs, only tumors >5 cm in
diameter should be resected. For smaller lesions in female
patients, pathological confirmation is not mandatory,
and regular follow-up is recommended. Indeed, follow-
up data of HCAs <5 cm show that most remain stable in
size, and sometimes even decrease or disappear at all.

To manage bleeding HCAs, TAE is widely used in or-
der to prevent recurrence and occasionally even to reduce
tumor size. However, preoperative TAE can be an option
to reduce intraoperative blood loss [79]. Although pa-
tients with a ruptured HCA may display severe abdomi-
nal pain and have free intraperitoneal hemorrhage, he-
modynamic stability is common in the majority of these
patients making a conservative approach possible. After
bleeding, in the absence of tumor or in the presence of
minimal residual tumor tissue on MRI, a conservative
nonoperative approach with MRI surveillance might be
considered. However, when HCA tissue is left in a large-
sized HCA, surgical resection should be performed. The
efficacy of TAE on tumor regression in hemorrhage le-
sions has led some groups to consider using TAE elec-
tively in nonbleeding HCAs [80]. Liver transplantation
might only be considered in very few situations, including
multiple unresectable lesions in men, a large HCA associ-
ated with intrahepatic venous shunt, and in patients with
glycogen storage disorders unresponsive to medical treat-
ment [81].

Conclusion

Benign liver tumors are often diagnosed randomly.
HHs are the most frequent lesions. The majority of be-
nign liver tumors does not need any kind of treatment,
and even follow-up is only necessary in some patients. In
asymptomatic HH and FNH regardless of their size, no
intervention is required. Patients with symptomatic HH
and FNH and an impaired quality of life can be referred
for surgery or nonsurgical therapeutic modalities, such as
radiofrequency or TAE. The situation for patients with
HCA is different, as severe bleeding and malignant trans-
formation are associated risk factors. HCA can be stimu-
lated by metabolic or hormonal abnormalities. Therefore,
oral contraceptives and anabolic steroids should be avoid-
ed after being diagnosed with HCA. Six subtypes of HCA
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are identified on the basis of genomic analysis. They dis-
play different risk profiles. Therefore, a precise diagnosis
including the identification of the subtype is helpful for
treatment decisions. This can be obtained by modern
MRI technology in most cases. Biopsies are seldom neces-
sary. In male patients, HCA should be resected regardless
of the size. In women with HCA <5 cm, cessation of hor-
monal therapy is recommended with MRI surveillance.
In women with HCA >5 cm after cessation of hormonal
therapy, surgical management is recommended. Preg-
nancy is not generally contraindicated for patients with
HCA <5 cm. Since the majority of patients with operated
benign liver tumors are suffering from tumors of larger
size and of difficult locations, diagnosis and surgery
should be performed in experienced hepatobiliary cen-
ters.
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