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Molecular classification of hepatocellular adenoma:
A single-center experience
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Backgrounds/Aims: Hepatocellular adenoma (HCA) is a rare benign tumor that has a risk of malignant transformation
into hepatocellular carcinoma (HCC) and bleeding. The aim of this study was to analyze the characteristics of HCA
by performing molecular classification. Methods: We retrospectively collected data from nine patients who were diag-
nosed with HCA from 1995 to 2016. The patients underwent liver surgery due to the existence of clinical symptoms.
Immunohistochemical (IHC) staining was performed to classify the subgroups of HCA. Results: Four patients with both
B-catenin and inflammation were classified as B-IHCA. Two patients were defined as B-HCA. Two patients were classi-
fied as HHCA. Only one patient was defined as IHCA. None of the patients had unclassified HCA. Seven of nine
patients had a malignant transformation. By comparing the characteristics of HCA between two groups, we found the
mean tumor size in the malignant transformation group was greater than the non-malignant transformation group.
Conclusions: Taken together, the mean tumor size and activation of catenin 1 mutation status might be the risk factors
for the malignant transformation of HCA into HCC. Moreover, IHCA without the catenin 1 mutation could also have

a possibility of malignant transformation into HCC. (Ann Hepatobiliary Pancreat Surg 2019;23:109-114)
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INTRODUCTION

Hepatocellular adenoma (HCA) is a rare benign tumor
that occurs frequently in women of reproductive age with
a history of oral contraceptives (OCs) use.' As a result
of cultural differences, OCs are more commonly used in
Western countries, leading to a higher incidence of HCA
compared with that in Eastern countries.”™ However, ex-
posure to androgens or underlying metabolic syndrome in-
cluding glycogen storage disease (GSD) type la and
Fanconi anemia, which can also affect men, promotes
HCA occurrence.”” Although benign, HCA can be com-
plicated by rupture and hemorrhage and require surgical
intervention.® Hepatocellular carcinoma (HCC) may arise
from HCA, which is known as malignant transformation.

Malignant transformation is a rare event, with a reported

incidence of 4.7-10.6% in patients with HCA.”"”
Recent classification divides HCA into five categories:
HHCA, B-HCA, THCA, ShHCA and unclassified HCA.
HCA with inactivate biallelic mutations of hepatocyte nu-
clear factor lo. (HNF1A) are defined as HHCA."""” HCA
with mutations of B-catenin (CTNNB1) are referred to as
B-HCA. Inflammatory HCA results from mutations that
activate the IL-6/JAK/STAT pathway.'® HCA with acti-
vated sonic hedgehog pathway is called ShHCA. The re-
mainder that lacks the above characteristics is defined as
unclassified HCA." B-HCA has two subtypes, according
to their mutation loci. Mutations in exon 3 and exon 7/8
are responsible for b*’HCA and b HCA, respectively.
b* HCA has a high risk of malignant transformation into
HCC. However, b>"*HCA has no correlation with malig-
nant transformation. Half of b HCA and b""*HCA pres-
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ents with inflammation, which can be classified as bex3IHCA
and b™*IHCA, respectively.'™'® We reviewed a series of
nine patients who underwent liver surgery in our depart-
ment due to the existence of clinical symptoms. The pres-
ent study was designed to analyze the characteristics of

HCA by performing molecular classification.

MATERIALS AND METHODS

Patient characteristics

We collected data from nine patients diagnosed with
HCA by pathological examination in our department.
Patients underwent liver resection between 1995 and 2016
due to the existence of clinical symptoms. We collected
clinical data including age, sex, preoperative tests (creatine,
albumin, total bilirubin, aspartate aminotransferase, ala-
nine aminotransferase, a-fetoprotein, prothrombin time,
international normalized ratio, and indocyanine green re-
tention after 15 min), presence of hepatitis and GSD,
mean tumor size, tumor number and recurrence, and dis-
ease-free and overall survival. This study was approved
by the Institutional Review Board (IRB) of our institution
(IRB number AJIRB-BMR-KSP-18-201).

Preoperative computed tomography and/or magnetic
resonance imaging were performed to evaluate tumor num-
ber, size and location, and intraoperative ultrasonography
was performed to double check the tumor characteristics
more precisely. The surgical specimens were reviewed by
pathological specialists. Diagnosis of HCA was confirmed
according to typical tumor histological features. Malignant
transformation of HCA into HCC was characterized by fo-
ci of HCC surrounded by background HCA cells.
Immunohistochemistry was performed on the formal-
in-fixed, paraffin-embedded blocks to classify the catego-
ries of HCA, according to the 2010 World Health

S 19
Organization guidelines.

Immunohistochemical (IHC) staining

The following markers were used: [B-catenin (1:100,
mouse monoclone 14; BD Biosciences, Franklin Lakes,
NJ, USA); glutamine synthetase (GS) (1:300, mouse mon-
oclone 6; BD Biosciences); liver fatty acid-binding protein
(LFABP) (1:1000, mouse monoclone L2B10; Abcam,
Cambridge, UK); serum amyloid-A (SAA) (prediluted,

mouse monoclone mcl; Dako, Glostrup, Denmark); and

C-reactive protein (CRP) (1:1000, rabbit polyclonal;
Abcam). Heat-mediated antigen retrieval with citrate buf-
fer (pH 6) before commencing IHC staining protocol was
performed. Samples were incubated with primary antibody
for 30 min at room temperature. In -catenin activated
mutation, nuclear staining of B-catenin or overexpression
of GS was interpreted as positive. LFABP was considered
positive when HCA and non-tumor hepatocytes expressed
protein simultaneously. SAA was interpreted as positive
if >10% of adenomas were stained. CRP was used to
complement SAA in diagnosis of IHCA.

In order to find out the correlation with malignant
transformation, the patients were divided into malignant
transformation and non-malignant transformation groups.
Results of preoperative clinical test, follow-up data and

history of exposure to exogenous steroids were recorded.

Statistical analysis

For continuous variables, data were synopsized as mean
(£standard deviation), and for categorical variables, data
were processed by frequency and percentage. Statistical
analysis was done using SPSS for Windows version 20.0
(SPSS, Chicago, IL, USA).

Table 1. Characteristics of 9 patients with hepatocellular ad-
enoma

Characteristics Number Mean range
(%) (+SD) &

Age (years) 43.4£16.8 20-74

Sex
Male 7 (77.8)
Female 2 (22.2)
Hepatitis 0 (0)
Anabolic steroids 0 (0)
Oral contraceptives 0 (0)
Glycogen storage disease 1 (11.1)
Malignant transformation 7 (77.8)
HCA size (cm) 9.8+4.1 4.7-14.5
The number of HCA
Solitary HCA 8 (88.9)
Multiple HCA 1 (11.1)
Recurrence 2 (22.2)
Recurrence after surgery (mo) 90.5£55.9 52-131

7234545  9-172
91.4+69.8  9-189

Disease free survival (mo)
Overall survival (mo)

Data is shown as number (%) or mean+SD
HCA, hepatocellular adenoma



RESULTS

Clinical data

The characteristics of nine patients are summarized in
Table 1. Patients’ age ranged from 20 to 74 years; two
of them were aged >50 years, a 57-year-old man and a
74-year-old woman. None of them had hepatitis B or C
virus infection. Malignant transformation occurred in six
male and one female patients. Two female patients had
no history of OCs administration. One male patient was
diagnosed with GSD before liver surgery. The mean size
of HCA was 9.8 cm (range 4.7-14.5 cm). Eight patients
had solitary HCA and one patient had two HCAs.
Recurrence occurred in two patients at 52 and 131 months
after liver surgery, respectively. The mean disease-free
survival of all patients was 72.3 months (range 9-172
months) and overall survival was 91.4 months (range
9-189 months).

To evaluate the differences and features of malignant

transformation of HCA into HCC, nine patients were div-
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ided into malignant transformation and non-malignant
transformation groups (Table 2). The mean age was 48.3
y in malignant transformation group, and 26.5 y in
non-malignant transformation group. The mean size of
HCA was 11.2 cm in malignant group and 4.9 cm in
non-malignant group, respectively. Male to female ratio
was 6:1 in the malignant transformation group. GSD was
found in one patient in the malignant transformation
group. Malignant transformation developed in six patients
with solitary HCA and one patient with two HCAs.
Recurrence was found in one patient in the malignant
transformation group at 52 months and in one patient in
the non-malignant transformation group at 131 months af-

ter liver surgery.

Pathological data

IHC staining was performed using antibodies with
B-catenin, SAA, CRP, GS, LFABP and to classify the cat-
egories of HCA (Fig. 1). All nine patients were negative

for B-catenin antibody staining. Further, to exam the cat-

Table 2. Characteristics of malignant transformation group and non-malignant transformation group

Characteristics

Malignant (n=7)

Non-malignant (n=2)

Age (years), meantSD
Sex
Male, n (%)
Female, n (%)
Preoperative tests
Creatine (mg/dl), mean+SD
Albumin (g/dl), mean+SD
Total bilirubin (mg/dl), mean+SD
AST (U/L), mean+SD
ALT (U/L), meantSD
AFP (ng/mL), mean+SD
PT (sec), mean+SD
INR, mean+SD
ICG R15 (%), mean+SD
Glycogen storage disease
Mean HCA size (cm), mean+SD
The number of HCA
Solitary HCA
Multiple HCA
Recurrence
Recurrence after surgery (mo)
Disease free survival (mo), mean+SD
Overall survival (mo), mean+SD

48.3+15.5 26.549.2
6 (85.7) 1 (50)
1 (14.3) 1 (50
0.840.2 0.8
3.541.0 47402
0.8+0.4 1.341.1
144.2+153.0 25.5412.0
87.8+83.1 49.0+36.8
24416 1.540.1
11.5£1.0 12.640.6
1.0+0.1 1.140.1
6.743.8 7.043.7
1 (14.3) 0 (0)
11.243.5 4.940.2
6 (85.7) 2 (100)
1 (14.3) 0 (0)

1 (14.3) 1 (50)
52 131
59.9+55.4 116.0£21.2
79.4+73.4 133.5446.0

Data is shown as number (%) or meantSD

ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; PT, prothrombin time; INR, interna-
tional normalized ratio; ICG R15, indocyanine green retention rate at 15 min
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Fig. 1. The results of immuno-
histochemical staining. (A) Serum
amyloid-A (100x): HCA shows

Table 3. Result of immunohistochemical staining

diffuse expression compared with
non-tumor liver tissue. (B) C-
reactive protein (100x): strong
overexpression is observed in
HCA compared with non-tumor
liver tissue. (C) Glutamine
synthetase (100x): HCA shows
diffuse overexpression in contrast
to the non-tumor liver tissue.
(D) Liver fatty acid-binding
protein (LFABP) (100x): loss
of LFABP expression in HCA
is shown compared with non-
tumor liver tissue.

Patients Glutamine B-catenin C—reactive Serqm L.iver-.spe.ciﬁc fatty
synthetase protein amyloid-A acid binding protein

A + - + + +

B + - + + +

C + - + + +

D + - - - +

E - - + + +

F + - + + +

G + - - - +

H - - + + -

I - - + + -

enin B1 mutation, we used GS staining for the diagnosis. DISCUSSION

Results of staining are displayed in Table 3. Four patients
with both B-catenin and inflammation were classified as
B-IHCA. Two patients were defined as B-HCA. Two pa-
tients were classified as HHCA. Only one patient was de-
fined as THCA. None of the patients had unclassified
HCA. From the perspective of malignant transformation,
[-catenin activated mutation was detected in six of seven
patients, one patient with underlying GSD was classified

as IHCA, that had a malignant transformation into HCC.

HCA is a rare benign tumor and malignant trans-
formation into HCC is even rarer. The first reported case
of malignant transformation of HCA into HCC was in a
21-year old woman with a history of using OCs for two
years.20 From a systematic review of the past 40 years,
malignant transformation of HCA into HCC occurred only
in 68 of 1635 HCA (4.2%).”' In recent studies, six of 128,
ten of 122, five of 124, and 23 of 218 patients underwent

malignant transformation of HCA into HCC, with an in-



cidence of 4.7-10.6%. In our study, malignant trans-
formation occurred in seven of nine patients. Notably, in
contrast to the high percentage of malignant trans-
formation in HCA, the actual number of malignant trans-
formations was similar to that in the previous large cohort
study. It can be interpreted as the low incidence of HCA
in women from Eastern countries, whom accounting for
approximately 90% of the proportion of HCA. Because
of the differences in culture and healthcare systems, OCs
use is lower in Eastern countries, leading to a high fre-
quency of HCA in Western compared with Eastern
countries.

Based on previous studies, male sex, large tumor size,
exposure to steroids, underlying metabolic syndrome and
activated B-catenin mutation are risk factors for malignant
transformation of HCA into HCC.” Before 2000, several
studies addressed malignant transformation of HCA in
women. However, the incidence of malignant trans-
formation in men has increased and exceeded that of
women since 2000. The relative risk of malignant trans-
formation in men was ten times higher than in women.
An equivalent result was obtained in our study: one male
patient underwent malignant transformation in 1995, and
the remaining six male patients developed malignant
transformation after 2000. Six of seven male patients pre-
sented with malignant transformation. Although it was not
significant because of the small number of patients, we
considered male sex to be a risk factor for malignant
transformation of HCA into HCC.

There have been a few studies on the correlation be-
tween tumor size of HCA and the risk of malignant
transformation. In a systematic review of HCA including
68 patients with malignant transformation into HCC, only
three patients (4.4%) had a tumor size <5 em.” In our
series, although there is no statistical basis due to the
small number of cases, we found that the mean tumor size
was 11.2cm in the malignant transformation group, greater
than non-malignant transformation group.

Metabolic syndrome was considered to be a new risk
factor for malignant transformation. Underlying GSD is a
known strong risk factor for development of HCA; how-
ever, malignant transformation was not observed during
follow-up.” There are a few reports of malignant trans-
formation of HCA into HCC in patients with GSD.***
In a study of 25 HCAs from 15 patients with GSD, HCAs
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were classified as B-HCA, IHCA and unclassified HCA
by IHC staining, and no HNF1A inactivation was found.”’
In the present study, one patient with underlying GSD de-
veloped malignant transformation, and the HCA was clas-
sified as IHCA by IHC staining.

Catenin 1 mutation is considered to be one of the
main risk factors for malignant transformation of HCA in-
to HCC.”® Because of the low sensitivity of P-catenin
staining in detecting mutation of catenin 1, GS staining
was used to assist the diagnosis. Among seven patients
in the malignant transformation group, six were associated
with mutation of B-catenin, including four with B-IHCA
and two with B-HCA. Surprisingly, in respect of detecting
catenin B1 mutation, all six HCAs were negative for
B-catenin staining but positive for GS staining. We con-
sider that GS staining appeared to be more sensitive than
B-catenin staining in detecting catenin 1 mutation.

IHCA accounts for 35% of all HCA. Half of the
b™HCA and b™"*HCA present with the inflammatory
phenotype simultaneously, and the subgroups of THCA
can be defined as b™ THCA and b""*IHCA, respectively.
Malignant transformation has not been found in the sub-
group of IHCA that is negative for catenin 1 mutation.
However, we found that the patient E in Table 3 was clas-
sified as THCA with absence of catenin 1 mutation
(negative for B-catenin and GS IHC staining), that had a
malignant transformation. We consider that there is an un-
known pathway regulating malignant transformation in
IHCA.

Our study revealed that the mean tumor size and activa-
tion of catenin 1 mutation status might be the risk factors
for the malignant transformation of HCA into HCC.
Interestingly, a single patient with underlying GSD was
classified as THCA, that had a malignant transformation
to HCC. Our results support further studies of the correla-
tion between IHCA and HCC.
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