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Abstract
Introduction Hepatic adenomas (HAs) are a benign and relatively rare type of liver neoplasms. We review the diagnosis,
evaluation, and potential therapeutic management options for patients with HA.
Methods A comprehensive review of the English literature was performed utilizing MEDLINE/PubMed and Web of Science
databases with end of search date the 30th April of 2018. In PubMed, the terms “hepatocellular,” “hepatic,” “liver,” and
“adenoma,” “adenomatosis” were searched in the title and/or abstract.
Results Recent advances in molecular classification of HA have determined distinct subtypes with specific clinical, pathological,
and imaging characteristics. In general, cessation of exogenous hormonal administration or weight loss may lead to HA regres-
sion. Surgical resection, either open or laparoscopic, should be considered in patients with symptoms and risk factors for
hemorrhage or malignant transformation. These risk factors include tumor diameter greater than 5 cm, β-catenin activated
subtype, and/or male gender. The management of acute hemorrhage should primarily aim at achieving hemodynamic stability
via angioembolization followed by elective resection, whereas malignant transformation is treated according to oncologic
resection principles. Although pregnancy is one of the known risk factors for tumor growth and associated complications, the
presence of an HA per se should not be considered a contradiction to pregnancy.
Conclusion Future genomic-based multicenter studies are required to provide a strong basis for formulating an evidence-based
risk-adapted model that guides individualized management strategies for patients with HA.
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Introduction

The widespread use of imaging techniques has led to an in-
creased incidence of detecting benign asymptomatic liver le-
sions, which are generally divided into two major categories:
cystic and solid lesions.1 Benign solid lesions are further
subdivided into regenerative lesions, including hemangiomas,
focal nodular hyperplasia (FNH) and inflammatory
pseudotumors, as well as neoplastic masses encompassing he-
patocellular adenomas and angiomyolipomas.1 According to
autopsy studies, the true prevalence of hepatic adenoma (HA)
may be as high as 30–50% in the general population.2

Although HAs may be less frequently encountered in clinical
practice compared with other lesions, their presence may be
complicated by hemorrhage and/or malignant transformation.3

The two most common approaches to the management of
HA include close surveillance and elective surgical
resection.3,4 In general, symptomatic and large HAs (> 5 cm)
often necessitate surgical excision, while criteria for treating
smaller asymptomatic tumors are somewhat vague.Moreover,
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factors associated with increased hormone receipt, such as
pregnancy, consuming estrogen-containing medications or an-
abolic androgen supplements, may influence treatment
strategy.3 Recently, novel insights into the molecular patho-
genesis of HAs have led to improved stratification of patients
that are at high risk for developing tumor-associated compli-
cations and hence could benefit most from surgical resection.
In this article, we review the diagnosis, evaluation, and poten-
tial therapeutic management options for patients with HA,
with a particular focus on personalized therapeutics.

Methods

A comprehensive review of the English literature was per-
formed utilizing MEDLINE/PubMed and Web of Science da-
tabases with end of search date the 30th April of 2018. In
PubMed, the terms Bhepatocellular,^ Bhepatic,^ Bliver,^ and
Badenoma,^ Badenomatosis^ were searched in the title and/or
abstract. The references of relevant articles were reviewed to
identify additional eligible publications. Articles were assessed
according to the above eligibility criteria. An expert review of
the eligible literature was performed and the most relevant and
informative citations were identified for inclusion.

Definition: Adenoma vs. Adenomatosis

While HA has traditionally been defined as a solitary liver
lesion, the term hepatic adenomatosis was first introduced in
1985 to describe a distinct entity characterized by the presence
of ten or more liver adenomas.5 Other studies have described
the clinical and histologic distinction between these two
entities.6,7 However, recent molecular classification of HA
has suggested that HA is a unified term that encompasses both
solitary and multiple adenomas.8 Of note, the number of iden-
tified adenomas might significantly vary depending on the
diagnostic method, which was utilized including type of im-
aging technique, macroscopic intraoperative observation, and
quality of the pathology of the resected specimen.8

Risk Factors and Pathogenesis

In addition to metabolic and hormonal disturbances, there are
several genetic and environmental factors that are known to
contribute to the development and growth of HAs. The use of
estrogen-containing contraceptive pills is a well-established
predisposing factor among women of reproductive age that
has been described since 1970s.9,10 In the era of modern con-
traceptives with substantially reduced estrogen dosage, there
has been a remarkable decrease in the incidence of HAs.9

Interestingly, the epidemiologic gender differences in HA

incidence has been described more commonly in western stud-
ies compared to eastern investigations, potentially due to a low-
er utilization of oral contraceptives among Asian populations.11

Furthermore, exogenous administration of steroids among pa-
tients with Fanconi or aplastic anemia, hereditary angioedema,
high-performance athletes, and transsexuals has been associat-
ed with an increased risk of HA.12–14 Similarly, increased levels
of endogenous sex hormones among pregnant women and pa-
tients with polycystic ovarian syndrome, or Klinefelter’s syn-
drome have been described as HA risk factors.3,15,16

Overweight and obese patients are known to be at an in-
creased risk for the development of HA as well.17,18 The relation
of obesity and HA might be partially mediated by the IL-6
molecular pathway.19 Considering its increasing prevalence,
obesity is likely to increasingly become a major risk factor for
HA among the general population. Other syndromes such as
glycogen storage diseases type I and III have also been described
as risk factors for HAwith multifocal adenomas reported in up
to 51 and 25% of patients with these diseases, respectively.20,21

The presence of extra- or intrahepatic portosystemic shunts have
also been reported as risk factors for HA.22,23

Molecular Characteristics

Recent genomic studies have led to a better fundamental under-
standing of HA pathogenesis. Several studies using direct se-
quencing, quantitative reverse-transcription polymerase chain re-
action (RT-PCR), and immunohistochemistry have categorized
HAs into four groups with specific phenotypic and clinical char-
acteristics (Table 1).24–28 The first HA subtype is characterized
by inactivated hepatocyte nuclear factor 1α (HNF-1α) with so-
matic mutations of TCF1 in the majority of cases. This subtype
presents the lowest risk for malignant transformation. The HNF-
1α has also been implicated in familial hepatic adenomatosis
associated with maturity onset diabetes of the young type 3
(MODY 3).29 The second subtype is β-catenin-activated HA,
which has been shown to be associated with the highest risk of
malignant transformation. The third and most common sub-
group, inflammatory HA, is characterized by the deregulated
Janus kinase—signal transducer of activation (JAK-STAT) path-
way. This subtype has been associated with high BMI, alcohol
consumption, and disturbances in the glycogen metabolism. The
final subtype is an unclassified HA, a category of exclusion for
HAs in the absence of other aforementioned features.

Recently, the results of a large-scale genomic analysis of 607
HA specimens led to an updated classification that included
eight categories (Table 2).30 This classification was reported
to be a better predictor of HA-associated complication risk.
Distribution of the β-catenin subtype into two new groups ac-
cording to the level of β-catenin activation, as well as introduc-
tion of a novel subtype reflecting the activation of the Sonic
Hedgehog gene were key changes of this new classification.
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Interestingly, the Sonic Hedgehog subtype has been associated
with obesity and higher risk of bleeding.30 More recent geno-
mic analyses have described the role of additional genes such as
NF-κB/RelA, Nrf2, SLC22A1, annexin A2, fibroblast growth
factor receptor 4, chitinase 3-like 1, plasmalemma vesicle-
associated protein, palladin, T-cell differentiation protein like,
and cytoskeletal-associated protein in the development of HA;
in the future, these genes may serve as potential candidates for
targeted therapeutic intervention.31,32 Advances in genomic
studies may help with the identification of molecular aberra-
tions, which play a key role in HA pathogenesis and hence
serve as a basis for targeted therapies. For example, the PPAR
agonist, Fenofibrate, has been demonstrated to result in regres-
sion of multiple inflammatory HAs by disrupting IL-6-induced
inflammation.33

Although genomic analyses have largely been performed in
the resected specimens,27 more recent data have suggested that
molecular characterization may be possible with core biopsies
if adequate sample are available.24,30,34 In cases with only a
few available specimens, the presence of β-catenin mutations
should be the priority due to the implications in subsequent
patient management. While biopsy for molecular profiling
may be useful and informative, further data in this field are
necessary before it can be considered the standard of care.

Diagnosis

Imaging Modalities

Imaging studies play a critical role in distinguishing between
benign lesions such as FNH and lesions with potentially ma-
lignant behavior such as HAs. MRI has a sensitivity and spec-
ificity of 70 and 98%, respectively, and is therefore the mo-
dality of choice for the diagnosis of FNH.34 In addition, the
sensitivity and specificity ofMRI for HAmay be as high as 88
and 100%, respectively. Although HA characteristics on MRI
are highly variable, most adenomas are hyperintense on T1-
weighted images and T2 images. HA typically appear as a
hyperdense signal on T2-weighted series with persistent en-
hancement on delayed phase gadolinium-enhanced T1-
weighted images (Fig. 1).35,36 Compared with conventional
MRI, three-phase hepatobiliary MRI with delayed images
has a specificity of 100% as well as high sensitivity and accu-
racy in the diagnosis of HA and hence is particularly valuable
for HA smaller than 3 cm lesions.37 In addition, MRI may be
able to differentiate among HA molecular subtypes (Table
1).34,38 For example, the HNF-1α inactivated subtype typical-
ly presents with arterial enhancement and intralesional fat that
is diffusely distributed. Inflammatory HA also often present
with arterial enhancement that sustains on portal and delayed
phases and is hyperintense on T2-weighted series. These char-
acteristic imaging findings are attributed to diffuse repartition

of fat and dilatation of sinusoids in HNF-1α inactivated and
inflammatory HA, respectively.39 On the other hand, β-
catenin HA has similar features to hepatocellular carcinoma,
whereas the unclassified subtype has no distinct characteris-
tics on imaging.38 Low signal intensity in the hepatobiliary
phase MRI may also not provide distinct characteristics for
HA sub-categorization.40 The ability of MRI to accurately
differentiate HA subtypes has been questioned due to the lack
of data to provide direct comparisons of MRI with histology
as the gold standard of diagnosis, although a retrospective
study of 47 HA patients revealed a high agreement between
MRI and pathology in diagnosing HA subtype.36,41

Radiological correlations with the recently updated genomic
classification remain to be evaluated in the literature.

In addition toMRI, US and CTscan may provide additional
diagnostic value under certain circumstances.41 Contrast-
enhanced US (CEUS) has particularly been described as an
effective modality in the evaluation of hepatic lesions. In a
recently published series of 324 patients, FNH and HA had
distinct features in terms of homogeneity, echogenicity, arterial
enhancement pattern, presence of a central scar, central artery,
steatosis, necrosis or thrombus, and enhancement in the late
venous phase on CEUS.42 Interestingly, the HNF-1α
inactivated HA subtype has also been reported to present as a

Fig. 1 Hepatic adenomatosis in an asymptomatic 39-year-old female.
Axial postgadolinium MRI demonstrated the hypervascular nature of all
detected lesions with intense enhancement in the arterial phase (a) that
persisted in the delayed phase (b). Images taken from De Kock I et al.
201435
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false-positive finding on 18F-fluorodeoxyglucose (FDG) pos-
itron emission tomography (PET) scan.43 The reason for this
finding may relate to increased cell metabolism, spatial cell
density, or presence of inflammatory cells related to high fat
concentration.43 Future studies are required to better delineate
the role of various imaging modalities in assessing HA.41 The
same imaging modality, ultrasound (US), computed tomogra-
phy (CT), or magnetic resonance imaging (MRI), should be
ideally performed for surveillance of HA in consecutive as-
sessments. Figure 2 describes a case illustrating the value of
MRI examination in the diagnosis and surveillance of HA.34

Biopsy

Although tissue biopsy is the diagnostic gold standard, it
should be performed only when imaging studies are inconclu-
sive and surgical resection is not being considered or not
feasible.3,44 Immunohistochemistry assessment of tissue spec-
imens can significantly enhance the diagnostic accuracy of
distinguishing among different HA molecular subtypes.36,45

Evaluation of surrounding non-tumoral hepatic tissue is also
required to be sampled as well.44,46

Major Complications of HA

Bleeding

Acute hemorrhage is one of the potential complications of HA
that might be associated with tumor rupture and subsequent
hemoperitoneum. Among patients presenting with spontaneous
liver hemorrhage, HA should always be considered in the dif-
ferential diagnosis.47,48 In a systematic review of 1176 patients
with HA, Van Aalten et al. reported an incidence rate of 27.2%
for hemorrhage and 17.5% for rupture and intraperitoneal
bleeding.49 Tumor diameter greater than 3.5 cm, history of hor-
mone usage within the past 6 months, presence of prominent
tumoral arteries, exophytic growth pattern, sub-capsular loca-
tion, and localization in the left lateral section of the liver were
identified as significant risk factors for HA bleeding.50,51 Both
the HNF-1α and inflammatory HA subtypes may have an ele-
vated risk of bleeding compared with the β-catenin subtype.34

Of note, the recently identified Sonic Hedgehog subtype has
also been associated with a substantial risk of bleeding.30

Early diagnosis plays a critical role in the management of a
bleeding HA. Following establishment of hemodynamic sta-
bility, imaging studies with intravenous contrast agents should

Fig. 2 An illustrative case of a HA discovered incidentally in a 42-year-
old female. Axial T2-weighted MRI (a) revealed an ill-defined lesion
with vague hyperintense areas. A signal drop on the periphery of the
lesion seen in axial T1 in-phase (b) and out-of-phase (c) MRI is
attributable to the presence of perilesional steatosis. Following the
administration of contrast agent, axial MRI showed moderate
enhancement in the arterial phase (d) and mildly hypointense in the
delayed phase (e). At that time, US-guided biopsy confirmed the
diagnosis of HA with no molecular characterization. At the 2-year
follow up MRI examination (f), T2-weighted sequence showed HA

growth (short arrow) and vague hyperintense areas (long arrow). After
the administration of contrast agent, moderate heterogeneous
enhancement was seen in the arterial phase (g) that became mildly
hypointense (short arrow) in the delayed phase (h) with mild delayed
enhancement of a vague central scar (long arrow). Based on these
findings, the patient underwent surgical resection of the lesion. The
histo-immunopathology revealed the HA along with multifocal, well-
differentiated HCC. Further genetic analysis demonstrated the presence
ofβ-catenin mutation. Case and images were taken from Khanna M et al.
201534
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be performed to identify the source of bleeding (Fig. 3).52 In
the presence of active bleeding, hemostasis can typically be
achieved with angiographic embolization. Definitive treat-
ment includes surgical resection, ablation, or surveillance.47,48

Since the risk of re-bleeding can be as high as 5–10%, surgical
resection should strongly be considered in patients with pre-
vious history of HA hemorrhage, especially among patients
with tumor diameter greater than 5 cm.53

Malignant Transformation

Malignant transformation is another complication of HAwith
a reported incidence of 4.2%.54 Histologically, hepatocellular
carcinoma (HCC) develops directly within HA as a distinct
nodule, suggestive of malignant transformation of adenoma
cells rather than a synchronous lesion.4 Male gender, tumor
size, and β-catenin subtype are known risk factors for malig-
nancy among patients with HA. Specifically, men with HA
have an eight- to tenfold increased risk of developing HCC
with a 10-year cumulative risk of 60%.55,56 Malignant trans-
formation usually occurs in large HAs and rarely occurs in
tumors smaller than 5 cm.54 Among HA subtypes, the β-
catenin activated subtype presents the highest risk of malig-
nant transformation, with a reported rate as high as 50%.27

Since HCC might arise many years following diagnosis, pa-
tients with HA require lifelong surveillance.57 Patients under-
going androgen replacement therapy, such as individuals with
Fanconi anemia or aplastic anemia, are at increased risk of
malignant transformation as well. In contrast, consumption
of oral contraceptives, underlying liver glycogen storage dis-
ease, and the number of liver adenomas have not been asso-
ciated with risk of malignant transformation.55 HCC in the
setting of HA usually has a better prognosis compared with
non-HA-related HCC, mainly due to earlier detection and
higher feasibility of complete surgical resection.4 Disease
stage and patient characteristics usually dictate the
locoregional as opposed to systematic treatment approach.58

Formulating a Personalized Therapeutic
Approach

Considering its heterogeneous clinical course, the manage-
ment of HA necessitates a multidisciplinary approach with
tailored care addressing particular clinical situations
(Fig. 4).59 The treatment strategy should be formulated ac-
cording to the tumor characteristics such as the size and loca-
tion, underlying liver disease, and patient-related variables
such as the gender and general physical condition.8

Conservative Treatment

All exogenous hormone replacement therapies, including es-
trogens and androgens, should be discontinued upon diagno-
sis of HA.60 In a review of 96 HA patients who were under-
going hormonal therapy, Van Aalten et al. noted that with-
drawal of oral contraceptives resulted in a regression rate of
79%with complete resolution of the tumor in some patients.61

Of note, the presence of multiple adenomas did not preclude a
conservative approach.62 In obese patients, weight loss should
be considered as an initial approach that may result in HA
regression. In fact, bariatric surgery in obese patients has been
shown to lead to tumor regression.63,64 In addition, dietary
modification might also result in regression of HAs associated
with glycogen storage disease type I.65

Conservative management with surveillance has been sug-
gested for asymptomatic tumors smaller than 5 cm that typi-
cally have a benign and uncomplicated clinical course.60, 66 In
the absence of worrisome characteristics, close follow-up with
CT or MRI at 6-month intervals for the first 2 years and an-
nually thereafter is a recommended approach. The reliability
of serum alpha fetoprotein evaluation has not been established
in the follow-up setting.12 Caution needs to be exerted, how-
ever, in cases with large HAs.63,67

While women of reproductive age historically have been
advised against pregnancy, some investigators have suggested
that pregnancy should not be discouraged among women with a

Fig. 3 Bleeding HA in a 39-year-old female. A hyperintense mass with low peripheral signal was shown in axial T1WI in-phase (a) and T2WI with fat
suppression (b). These findings were consistent with intralesional hemorrhage and haemosiderin rim deposits. Images taken from Shao N et al. 201852
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HA smaller than 5 cm. In one study that documented close
follow-up of 12 women with documented HA during a total of
17 pregnancies, 2 pregnancies (one patient) required cesarean
section at 34–36 gestational week because of an assumed high
risk of rupture and one patient underwent radiofrequency abla-
tion in the first trimester.15 The clinical course of the other 14
pregnancies was uneventful with a successful maternal and fetal
outcome that did not require any intervention. The Pregnancy
And Liver adenoma Management (PALM) study is an ongoing
European multicenter prospective study designed to investigate
the clinical course of 50 pregnant patients with small HA (<
5 cm). Although pregnancy may be associated with increased
risk of HA-related complications, the presence of small asymp-
tomatic HA per se is not considered as a contraindication for
pregnancy.Womenwith symptoms, tumor size > 5 cm, or with a
previous history of complicated HA should be considered, how-
ever, for surgical resection prior to planned pregnancy.15,68

Angiographic Embolization

Transarterial embolization (TAE) is considered a first option in
themanagement of hemodynamically stable patients with bleed-
ing HA.3 TAE has also been performed in the elective setting as
an alternative to surgical intervention. In a systematic review of
851 patients with HA, 151 patients (17.7%) underwent TAE
with a reported tumor regression rate of 75%. Complete tumor
disappearance was observed in 10% of patients and surgery was
avoided in 45% of patients.69 The rate of surgery prevention in

49 patients who had elective TAE was as high as 84%. In a
separate study, Zhao et al. proposed TAE as a safe alternative
to surgical resection in the elective management of most HAs.70

Overall complete and partial response rates were 10.6 and
71.7%, respectively, with no TAE-associated mortality.

Ablative techniques such as microwave ablation, percutane-
ous irreversible electroporation, and thermal ablation may also
be considered for patients with underlying medical comorbidi-
ties who are not candidates for surgical resection or in patients
with centrally located tumors.71–73 While current studies have
only involved a limited number of patients, ablative methods
have typically demonstrated efficacy for small HAs (< 5 cm).

Surgical Resection

Surgical resection has traditionally been the preferred thera-
peutic approach for the management of symptomatic and large
(< 5 cm) HAs. Although hepatectomy is considered to be a
safe procedure, major complications and perioperative mortal-
ity can still occur, necessitating appropriate patient
selection.74–76 Recent reports of liver resection for HAs, in-
cluding hemorrhagic cases, have confirmed the safety of the
procedure in high-volume centers with a reported periopera-
tive mortality of approximately 0.5%.77–80 Surgical resection
is generally recommended for patients who are at substantial
risk of developing complications such as those with tumor
size larger than 5 cm, increasing size, β-catenin activated sub-
type, imaging features suspicious for malignancy, concurrent

Fig. 4 A proposed personalized treatment algorithm for HA
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dysplasia and/or inability to rule out HCC, progressively ris-
ing alpha fetoprotein levels, and male patients.26 As the num-
ber of lesions has not been associated with additional risk of
complications, patients with hepatic adenomatosis can follow
the same criteria for surgical resection.26

One controversial issue in the surgical management of HAs
is the timing of resection after cessation of hormonal therapy.
Current guidelines suggest that surgical resection should be
considered in patients who have HA greater than 5 cm and
whose tumor does not regress or progresses during the 6-
month interval following interruption of oral contraceptives.
However, Klompenhouwer et al. reported that 69 of 118 pa-
tients (58.5%) with HA had tumor size regression to 5 cm or
smaller after a median follow-up of 104 weeks (95% CI 80–
128).81 In addition, the time to regression was longer for pa-
tients who initially had larger tumor. Since no complications
were observed during the follow-up period, the authors rec-
ommended increasing the surveillance period for assessment
of regression following discontinuation of contraceptives to
12 months.

Laparoscopic surgical resection is also a feasible option
with comparable efficacy and safety compared with open

resection. In fact, the minimally invasive approach has been
associated with less intraoperative blood loss (93 vs. 196 ml,
p < 0.001), reduced need for transfusion (8 vs. 24 red blood
cells units, p < 0.001), and shorter hospital stay (5 vs. 7 days,
p < 0.001) versus open surgical resection, respectively.82

Liver Transplantation

Liver transplantation (LT) for HA should be restricted to very
select situations.83 The presence of multiple lesions with sus-
picious or proven malignant transformation, not amenable to
surgical resection, is considered the main indication for LT in
patients with HAs. The presence of a portosystemic venous
shunt has also been reported to be another indication for
LT.84,85 In one of the largest reported case series, Chiche et
al. proposed a guideline that included one major criteria (his-
tologic proof of malignant transformation) and five minor
criteria (more than two previous life-threatening hemorrhage,
more than two previous hepatectomies, β-catenin mutated or
inflammatory adenomas, underlying liver disease such as ma-
jor steatosis or vascular abnormalities, and age > 30 years) as a
useful tool to guide LT decision making in patients with
HAs.84 Patients with either one major criteria or at least three
minor criteria were considered candidates for LT.

Conclusion

HAs are benign lesions of the liver with heterogeneous clini-
cal course and potential for developing major complications
such as acute hemorrhage and malignant transformation.
Recent advances in genomic profiling have contributed to a
better understanding of molecular pathogenesis of HA and its
potential association with long-term outcomes. A wide ar-
range of therapeutic options should be considered when man-
aging HA (Table 3). Considering the heterogeneous behavior
of HAs, future studies with a focus on molecular markers
predicting the clinical course of adenomas are required to
formulate risk-stratified management strategies.
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