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Abstract
The molecular classification of hepatocellular adenomas highlights a distinctive genotype-phenotype correlation. Malignant
transformation is an exceptionally rare complication of hepatocyte nuclear factor 1α (HNF1A)-inactivated hepatocellular
adenomas. This subtype is characterized by loss of liver fatty acid binding protein immunoexpression. In this study, we
characterized the histopathologic spectrum of 13 liver fatty acid binding protein-deficient hepatocellular adenoma cases
showing malignant transformation from multiple centers. Clinicopathologic characteristics of these patients were evaluated.
Stains for reticulin, liver fatty acid binding protein, beta-catenin and glutamine synthetase were applied to these lesions.
Moreover, the findings were compared to patients with β-catenin mutated hepatocellular adenoma. Liver fatty acid binding
protein-deficient hepatocellular adenomas with borderline features/carcinoma were seen predominantly in females (77%)
with an average age of 46 ± 18 years and multiple lesions (77%; five patients with adenomatosis). Meanwhile, β-catenin
mutated hepatocellular adenoma patients with malignant transformation were predominantly male (67%, p= 0.018) with
single lesion (86%, p= 0.0009). The largest liver fatty acid binding protein-deficient hepatocellular adenoma nodule in each
patient ranged from 4 to 15.5 cm. Loss of liver fatty acid binding protein by immunohistochemistry was noted in all
adenoma and borderline/carcinoma components. Features of malignant transformation were pseudoglandular architecture
(85%), cytologic atypia (85%), architectural atypia (100%) and lack of steatosis (100%). Other findings included myxoid
change (39%), peliosis (46%) and sinusoidal dilatation (46%). Molecular studies confirmed somatic inactivation of HNF1A
in 3 cases and absence of TERT promotor and exon 3 CTNNB1 mutations in five cases. To summarize, liver fatty acid
binding protein-deficient hepatocellular adenoma with malignant transformation is most frequently seen in female patients
with multiple lesions. Most of these lesions demonstrate pseudoglandular architecture, cytologic and architectural
atypia, with lack of steatosis. The natural history of these lesions is relatively benign with the exception of disease recurrence
in 1 patient.
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Introduction

Hepatocellular adenomas are uncommon benign hepatic
lesions classically seen in young women taking oral con-
traceptives. The molecular and pathological classification
of hepatocellular adenomas has demonstrated a distinctive
genotype-phenotype correlation [1]. This classification is
clinically significant as each subtype is associated with
certain risk factors and complications, such as bleeding
and malignant transformation [2]. Malignant transforma-
tion of hepatocellular adenomas is most frequently iden-
tified in males, patients taking anabolic steroids, lesions
greater than 5 cm and hepatocellular adenomas with
β-catenin mutation secondary to activating mutations
involving the exon 3 of cadherin associated protein β1
(CTNNB1) gene [2, 3].

Hepatocyte nuclear factor 1α (HNF1A)-inactivated
hepatocellular adenoma is molecularly defined by inacti-
vating mutations of HNF1A (or TCF1) gene [2, 4]. This
subtype comprises 35–40% of all hepatocellular adenomas
and the mutations are predominantly somatic in origin [4].
Meanwhile, the less frequent germline mutations are
associated with hepatic adenomatosis (greater than 10
lesions in the liver) and maturity-onset diabetes of the
young type 3 [5]. Although HNF1A-inactivated hepato-
cellular adenoma is not usually associated with malignant
transformation, rare cases have been previously reported
[6–9]. Liver fatty acid binding protein is a downstream
target of HNF1A, and loss of liver fatty acid binding
protein by immunohistochemistry is routinely used to
identify HNF1A-inactivated hepatocellular adenomas
[2, 4]. In this series, we use the term liver fatty acid
binding protein-deficient hepatocellular adenoma due to
the lack of molecular confirmation of HNF1A inactivation
in most cases. We aimed to evaluate the histopathologic
spectrum of liver fatty acid binding protein-deficient
hepatocellular adenomas showing features of malignant
transformation.

Materials and methods

Cases of liver fatty acid binding protein-deficient hepato-
cellular adenoma with histologic features of malignant
transformation, including those with features of borderline
lesions and hepatocellular carcinoma, were identified from
multiple institutions in the United States and Europe. These
cases were selected on the basis of loss of liver fatty acid
binding protein immunoexpression. Limited demographic
information (sex and age) and clinical history (past medical
history, family history, presenting symptoms and the type of
management) was obtained, as most cases were consultation

cases sent to the pathology department. The number and
size of hepatocellular adenomas provided by participating
institutions were based on the imaging studies and/or
pathologic examinations.

The original diagnosis was rendered by the contributing
pathologist from each institution. Histologic slides for these
cases were evaluated by each contributing pathologist. Key
representative section(s) for each case was reviewed by two
liver pathologists (J.P. and S.N.T.). Routine hematoxylin
and eosin (H&E)-stained slides of formalin fixed tissues
were assessed for the following features: the predominant
type of steatosis (macrovesicular or microvesicular), fea-
tures of malignant transformation, myxoid change, peliosis,
and sinusoidal dilatation. These histologic findings were
considered focal when they occupied <50% of each lesion
and diffuse if 50% or greater involvement was identified.

Histologic characteristics of malignant transformation
included pseudoglandular architecture/rosette formation,
cytologic, and architectural atypia. Cytologic atypia was
characterized by small cell change in which hepatocytes
demonstrating increased nuclear to cytoplasmic ratio, mild
nuclear pleomorphism, hyperchromatic nuclei, and cyto-
plasmic basophilia [10]. Findings of architectural atypia
included thickened hepatocyte plates (three hepatocytes or
more) and/or nodule-within-nodule appearance. In cases
demonstrating overt malignant features, hepatocellular car-
cinoma differentiation was graded using Edmondson and
Steiner system based on the nuclear features [11].

Special stain and immunohistochemical studies, per-
formed at original institutions, included reticulin stain, liver
fatty acid binding protein, beta-catenin, and glutamine
synthetase. A subset of cases was also evaluated with CD34
and glypican-3 immunostains. The immunohistochemical
panel for hepatocellular adenoma evaluation at the primary
authors’ institution (New York) included liver fatty acid
binding protein (2G4, Abcam, 1:1000 dilution), beta catenin
(Agilent, ready-to-use), glutamine synthetase (BD trans-
duction laboratory, 1:100 dilution), and CD34 (EP373Y,
Abcam, 1:100 dilution) immunostains. Molecular testing
results were shown when available.

Patients with malignant transformation of β-catenin
mutated hepatocellular adenoma diagnosed at the primary
authors’ institutions (New York) from 2000–17 were
selected as control group. In addition, review of the litera-
ture (2006–18) was performed to identify additional cases
of β-catenin mutated hepatocellular adenoma with malig-
nant transformation. Only case series and reports with
detailed demographic and pathologic information were
included in the control group. The demographic and
pathologic information was collected for comparison.
Categorical and continuous data was analyzed using Fish-
er’s exact test and t-test, respectively.
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Results

Patient demographics

After review of the key sections (H&E, special, and
immunohistochemical stains), 13 cases of liver fatty acid
binding protein-deficient hepatocellular adenoma with fea-
tures of malignant transformation were included in the
study. The patient cohort was comprised of ten females
(77%) and three males (23%) ranging from 18 to 75 years
old (average age of 46 ± 18 years). Pertinent past medical
history included diabetes (one patient with maturity-onset
diabetes of the young type 3 and one patient with type 2
diabetes mellitus) and Budd–Chiari syndrome (two
patients). In addition, one of the patients had a deceased
daughter who was diagnosed with hepatocellular adenoma.
Of available information, abdominal pain (44%) and
abnormal liver function tests (44%) were the predominant
presenting symptoms. All patients presented with hepatic
lesion(s) without any evidence of metastatic disease. The
majority of patients underwent partial hepatectomy (77%),
while three patients (23%) underwent orthotopic liver
transplantation (OLT). The clinical information was sum-
marized in Table 1.

Pathologic features

Ten patients (77%) had multiple lesions; hepatic adeno-
matosis (ten lesions or more) was noted in five of these
patients (39%). The average size of the largest nodule for
each patient was 8.9 ± 3.5 cm (range: 4–15.5 cm). Micro-
scopically, the hepatocellular adenomas were characterized

by well-differentiated hepatocellular lesions showing mildly
thickened hepatocyte plates and unpaired arterioles. Most
hepatocellular adenomas (Figs. 1a and 2a) demonstrated
focal predominantly macrovesicular steatosis (85%), while
two lesions (15%) showed a near complete lack of steatosis.
Table 2 summarized the histopathologic characteristics of
these cases.

Features of malignant transformation (Figs. 1b–h and 2b)
such as pseudoglandular architecture (85%) and cytologic
atypia (85%) were noted in most lesions, while architectural
atypia was consistently noted in all cases (100%). These
features were identified in the largest nodule of patients with
multiple hepatocellular adenomas. In cases with overt fea-
tures of malignant transformation, the neoplastic cells
showed nuclear features consistent with well-differentiated
hepatocellular carcinoma (100%). In addition, foci of bor-
derline lesion or hepatocellular carcinoma consistently
demonstrated lack of or minimal steatosis (100%). Myxoid
change was noted in five cases (39%), mostly showing focal
distribution. Focal peliosis and sinusoidal dilatation were
identified in six lesions (46%).

Reticulin stain was performed in eleven cases; reticulin
staining was decreased in the malignant transformation
areas of all cases (100%) (Fig. 2c, d) and was intact in the
background hepatocellular adenomas. The diagnosis of
liver fatty acid binding protein-deficient hepatocellular
adenoma was established on the basis of negative liver
fatty acid binding protein immunoexpression in the ade-
noma component. Loss of liver fatty acid binding protein
expression by immunohistochemistry was noted in both
adenoma and borderline/carcinoma components of all
cases (100%) (Fig. 2e, f). CD34 immunostain was

Table 1 Clinical information of patients with liver fatty acid binding protein-deficient hepatocellular adenoma showing features of malignant
transformation

Patient Sex Age (years) Past or family medical history Presenting symptoms Type of surgery

1 F 57 Abnormal LFT Partial resection

2 F 52 Possible OWR syndrome Abnormal LFT Partial resection

3 M 34 – Abdominal pain Partial resection

4 M 27 Tetralogy of Fallot Abnormal LFT OLT

5 F 53 – Unknown Partial resection

6 [27] F 55 Budd-Chiari syndrome Unknown OLT

7 [27] M 23 Budd-Chiari syndrome Unknown OLT

8 [6] F 23 MODY type 3 Abdominal pain Partial resection

9 [8] F 60 Type 2 diabetes mellitus; Deceased daughter with HCA Abdominal pain Partial resection

10 F 55 – Elevated LFT Partial resection

11 F 18 – Abdominal pain Partial resection

12 F 75 – Slightly elevated AFP Partial resection

13 F 64 – Unknown Partial resection

F female, M male, OWR Osler–Weber–Rendu, MODY maturity onset of diabetes of the young, HCA hepatocellular adenoma, LFT liver function
tests, AFP alpha fetoprotein, OLT orthotopic liver transplantation

Malignant transformation of liver fatty acid binding protein-deficient hepatocellular adenomas:. . . 667



Fig. 1 a Liver fatty acid binding protein-deficient hepatocellular ade-
noma is characterized by a well-differentiated hepatocellular neoplasm
with scattered macrovesicular steatosis and unpaired arterioles (patient
3, H&E, 10×), b low-power-view of interface area between hepato-
cellular adenoma component on the left (abundant steatosis) and
hepatocellular carcinoma on the right (less steatosis with thickened
hepatocyte plates) (patient 1, H&E, 4×). Features of malignant trans-
formation include c prominent pseudoglandular architecture (arrows)

and small cell change (patient 7, H&E, 10×) with d architectural
atypia in a form of thickened trabeculae (patient 6, H&E, 10×);
e nuclear pleomorphism is also identified in the hepatocellular carci-
noma component (patient 6, H&E, 40×). Other histologic findings
noted are f myxoid change (patient 5, H&E, 10×), g sinusoidal dila-
tation or telangiectasia (patient 9, H&E, 10×) and h peliosis as seen on
the upper left side (patient 5, H&E, 10×)
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performed in nine cases, and eight of these cases (89%)
showed diffuse increased staining in the borderline/car-
cinoma areas (Fig. 3a). Meanwhile, minimally increased
CD34 staining pattern was identified in the adenoma
components (Fig. 3b). The glutamine synthetase immu-
nostain showed heterogenous distribution ranging from
negative (39%), focal (39%), and diffuse expression
(23%) in the areas of malignant transformation; the focal
and diffuse glutamine synthetase staining demonstrated
heterogeneous (weak to moderate) strength of expression

(Fig. 3c). Nuclear beta-catenin expression was absent
in both adenoma and borderline/carcinoma components
of all cases (100%). Glypican-3 immunohistochemical
stain was only positive in one of six hepatocellular car-
cinomas (17%).

Molecular findings

Five cases were submitted for molecular testing. Somatic
inactivating HNF1A mutation was confirmed by Sanger

Fig. 2 Hepatic lesion of patient 1 demonstrates areas consistent with
a hepatocellular adenoma (H&E, 10×) and b well-differentiated
hepatocellular carcinoma; note absence of steatosis in the malignant
component (H&E, 10×). c Preserved reticulin framework despite
macrovesicular steatosis is noted in the hepatocellular adenoma com-
ponent (reticulin, 10×), meanwhile d disrupted reticulin framework
with associated thickened trabeculae is seen in the area of

hepatocellular carcinoma (reticulin, 10×). Liver fatty acid binding
protein is not expressed in the e hepatocellular adenoma (liver fatty
acid binding protein, 10×) and f hepatocellular carcinoma component
(liver fatty acid binding protein, 10×). Inset e highlights normal
expression of liver fatty acid binding protein in the adjacent non-
neoplastic liver tissue (liver fatty acid binding protein, 10×)

Malignant transformation of liver fatty acid binding protein-deficient hepatocellular adenomas:. . . 669
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sequencing on cases 2, 3, and 4 with no evidence of
molecular features of hepatocellular adenoma of inflam-
matory subtype, TERT promotor and CTNNB1 mutations. In
case 8, TERT promoter and exon 3 of CTNNB1 gene
mutations were not detected by Sanger sequencing. Mean-
while, targeted next generation sequencing of case 13
showed mutation of GNAS exon 8: c.602G>A; p.R201H.
with no evidence of TERT promoter or CTNNB1 mutations.
GNAS mutation was noted in both hepatocellular adenoma
and hepatocellular carcinoma components. HNF1A was not
molecularly tested, as the gene was not part of the limited
sequencing panel.

Follow-up information

Follow-up information was available in five patients.
Patient 9 developed multiple recurrences 3 years after
initial presentation. Patient 2 developed lung adenocarci-
noma with brain and bone metastases 16 years after partial

hepatic resection. Meanwhile, patients 3, 4, and 12 were
alive with no recurrence at the time of last follow-up (5-year
follow up interval for patients 3 and 4; 4-year follow up
interval for patient 12).

Patients with malignant transformation of β-catenin
mutated hepatocellular adenoma

Four patients were diagnosed with β-catenin mutated
hepatocellular adenoma showing features of malignant
transformation at primary authors’ institution (New York);
they were predominantly male (75% male and 25% female)
with an average age of 50 ± 9 years at the time of diagnosis
(range: 34–56 years). Two of the patients (50%) took
androgen/anabolic steroids in the past. Most patients had
single lesions (75%), while one patient had two hepato-
cellular adenomas. The size of the largest lesion of each
patient ranged from 4.5 to 16 cm. Three of these patients
(75%) showed overlap β-catenin mutated hepatocellular

Fig. 3 Diffuse increase of CD34 immunoexpression is noted in a the
hepatocellular carcinoma component (patient 6, CD34, 10×), while
mildly increased staining pattern is observed in b the hepatocellular

adenoma component (patient 6, CD34, 10×). c Diffuse, moderate and
heterogeneous glutamine synthetase staining is noted in the hepato-
cellular carcinoma component of patient 6 (glutamine synthetase, 10×)

Table 3 Comparison between patients with liver fatty acid binding protein-deficient hepatocellular adenoma and β-catenin mutated hepatocellular
adenoma showing malignant transformation

Characteristics LFABP-deficient hepatocellular adenomas β-catenin mutated hepatocellular adenomasa [12–22] P value

Number of patients 13 30

Number of female 10 (77%) 10 (33%) 0.018

Mean age (range; years) 46 (18–75) 44 (20–66) 0.52

Risk factors BCS, MODY type 3, DM Androgen/steroid, OCP,
GSD type 1

Multiple adenomas 10 (77%) 3 (16%) 0.0009

Lesion size (range; cm) 4–15.5 2–34 0.15

HCC grade Well-differentiated (100%) Well-differentiated (67%), moderately-
differentiated (27%), poorly differentiated (6%)

Others 5 cases with adenomatosis
background (39%)

4 cases from primary authors institution;
26 cases from the literature

HCC hepatocellular carcinoma, LFABP liver fatty acid binding protein, BCS Budd–Chiari syndrome, MODY maturity-onset diabetes of the young,
DM diabetes mellitus, OCP oral contraceptive pills, GSD glycogen storage disease
aβ-catenin mutated hepatocellular adenoma cases included 4 cases from primary authors’ institution and 26 cases from the literature [12–22] (see
Supplementary Table 1 for details)

Malignant transformation of liver fatty acid binding protein-deficient hepatocellular adenomas:. . . 671



adenoma with inflammatory subtype. All hepatocellular
carcinomas were well-differentiated. Two of these patients
had follow-up information (1 year and 9 years) with no
evidence of recurrent disease.

Twenty-six additional β-catenin mutated hepatocellular
adenoma patients with malignant transformation previously
reported in the literature were included in the analysis [12–
22]. These patients were mostly male (65% male and 35%
female) with an average age of 42 ± 14 years at the time of
diagnosis (range: 20–66 years). Associated risk factors
included contraceptive pills (four patients) and glycogen
storage disease type 1 (two patients). Thirteen of 15 cases
with available information (87%) showed solitary lesions.
The size of the lesion ranged from 2 to 34 cm. Most
hepatocellular carcinomas demonstrated well differentiation
(55%), whereas 36% and 9% of the cases showed moderate
and poor differentiation, respectively. The complete clinical
and pathological data of the control group was summarized
in Supplementary Table 1.

Table 3 highlighted the key differences between liver fatty
acid binding protein-deficient hepatocellular adenomas (n=
13) and β-catenin mutated hepatocellular adenomas (n= 30)
with malignant transformation.

Discussion

The current molecular classification divides hepatocellular
adenomas into six major subgroups with specific clinical and
pathological features: HNF1A-inactivated hepatocellular ade-
noma, inflammatory hepatocellular adenoma, β-catenin
mutated hepatocellular adenoma (exon 3 or exon 7/8), over-
lap of inflammatory and β-catenin mutated hepatocellular
adenoma, hepatocellular adenoma with sonic hedgehog acti-
vation identified by immunohistochemical expression of
argininosuccinate synthase 1 (ASS1), and a very small group
of unclassified hepatocellular adenomas [2, 23]. In clinical
practice, molecular subtyping of hepatocellular adenomas is
important for prognostication and aiding in treatment deci-
sions. The Clinical Practice Guidelines by the European
Association for the Study of the Liver recommends resection
treatment for hepatocellular adenomas greater than 5 cm or
increasing in size, β-catenin mutated hepatocellular adenoma
and hepatocellular adenomas in men irrespective of
size; whereas HNF1A-inactivated hepatocellular adenomas
(<5 cm), inflammatory hepatocellular adenoma, and hepato-
cellular adenomas with negative beta-catenin mutations can
be managed conservatively [24].

Herein, we reported the largest series of liver fatty acid
binding protein-deficient hepatocellular adenoma with fea-
tures of malignant transformation. We used the term liver
fatty acid binding protein-deficient hepatocellular adenoma,
as most of our cases did not have molecular confirmation of

HNF1A inactivating mutations. In contrast to β-catenin
mutated hepatocellular adenoma, malignant transformation
is not frequently identified in liver fatty acid binding
protein-deficient hepatocellular adenoma. Our study high-
lights the histopathologic spectrum of this rare but impor-
tant complication of liver fatty acid binding protein-
deficient hepatocellular adenomas. The authors recognize
the challenging nature of determining the presence of
malignant transformation in hepatocellular adenomas. The
histologic assessment is often subjective and the diagnostic
criteria are not well established. The evaluation is particu-
larly difficult in the so-called borderline lesions. Different
terms have been proposed to designate hepatocellular ade-
nomas with features that are suggestive but not diagnostic
for hepatocellular carcinoma, including atypical hepatocel-
lular neoplasms, hepatocellular neoplasm of uncertain
malignant potential, and well-differentiated hepatocellular
neoplasm with atypical or borderline features [25, 26].

Our study includes cases sent by the originating patholo-
gists for consultative second opinions and four cases pre-
viously reported as either single case reports or part of a case
series [6, 8, 27]. Upon review of the key histologic sections,
the primary authors considered all of these lesions represent
borderline lesion or hepatocellular carcinoma arising in liver
fatty acid binding protein-deficient hepatocellular adenomas
primarily on the basis of architectural and cytologic atypia.
The natural history of these lesions, however, is not aggres-
sive and corresponds well to the low-grade histology.
At the time of diagnosis, none of the patients presented with
metastatic disease and only one patient (8%) had disease
recurrence during the follow-up period. Whereas, Bioulac-
Sage et al. [22] reported recurrence and death in 33% and
50% of β-catenin mutated hepatocellular adenoma patients
with malignant transformation (n= 6), respectively.

Predisposing factors of malignant transformation in liver
fatty acid binding protein-deficient hepatocellular adenoma
are not well-established because of the low number of cases.
In contrast to β-catenin mutated hepatocellular adenoma
patients, liver fatty acid binding protein-deficient hepato-
cellular adenoma patients with malignant transformation
were predominantly female (p= 0.018) with multiple ade-
nomas (p= 0.0009). Of these patients, a subset of them
(39%) showed a background of hepatic adenomatosis. Other
underlying disorders seen in our patient cohort included
Budd–Chiari syndrome, possible Osler–Weber–Rendu
syndrome, maturity-onset diabetes of the young type 3, and
type 2 diabetes mellitus. Patient 8 was confirmed to have
maturity-onset diabetes of the young type 3 due to germline
mutations of HNF1A. The genetic testing was not per-
formed in other patients at the time of writing. Various
hepatic lesions including different subtypes of hepatocel-
lular adenoma (HNF1A-inactivated hepatocellular adenoma,
β-catenin mutated hepatocellular adenoma, and
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inflammatory hepatocellular adenoma) have been reported
in patients with vascular liver disease [7, 27]. In addition,
hepatocellular carcinoma has been associated with
Budd–Chiari syndrome, particularly in patients with
obstruction of the hepatic portion of the inferior vena cava
[28]. Although the pathogenesis is unclear, it is believed
that hepatic venous obstruction would lead to hepatic injury,
fibrosis, and cirrhosis which contribute to carcinogenesis in
patients with Budd–Chiari syndrome [29]. In addition to the
previous case reported by Stueck et al. [6] (included in the
current study), Willson et al. [9] reported malignant trans-
formation of HNF1A-inactivated hepatocellular adenoma in
a family member of maturity-onset diabetes of the young
type 3. This familial form of diabetes is inherited in auto-
somal dominant fashion, secondary to germline mutations
of HNF1A, and often associated with hepatic adenomatosis
[5, 9]. Patient 9 was reported to have type 2 diabetes mel-
litus. Recently, type 2 diabetes mellitus is considered as a
“new” risk factor for malignant transformation of hepato-
cellular adenoma along with high alcohol intake and fibrosis
in non-tumoral liver [2]. However, the possibility of this
patient having maturity-onset diabetes of the young type 3
cannot be completely excluded, as this entity is often mis-
diagnosed as type 2 diabetes mellitus [30] and her daughter
also had a history of developing hepatocellular adenomas
(unknown subtype).

Histologically, the adenoma component of most lesions
in our study demonstrated a proliferation of normal-to-
slightly thickened hepatocyte plates with unpaired arterioles
and decrease of steatosis in all cases. Distinguishing the
hepatocellular adenoma from the hepatocellular carcinoma
component can be challenging in such cases, and the
diagnosis should not be based on the absence or presence of
steatosis. In general, when hepatocellular carcinoma diag-
nosis has been established, the differentiation between the
adenoma and carcinoma portions becomes arbitrary.

The morphologic criteria of borderline lesion/hepatocel-
lular carcinoma used in the study are well-established,
which include pseudoglandular architecture, cytologic, and
architectural atypia [10, 31]. Pseudoglands are reportedly
seen in high grade dysplastic nodules, β-catenin mutated
hepatocellular adenoma (occasionally), and hepatocellular
carcinoma [10, 32]. Therefore, focal pseudoglandular for-
mation in the absence of cytologic and architectural atypia
should not be interpreted as malignant transformation,
particularly in β-catenin mutated hepatocellular adenoma.
Cytologic atypia noted in our cases is characterized by
small cell change with no significant nuclear pleomorphism.
In the setting of prior bleeding, nuclear atypia should be
interpreted with caution [32]. In our study, architectural
atypia is the most consistent histologic finding to support
the diagnosis of borderline lesion/carcinoma arising in
hepatocellular adenomas. The presence of nodule-within-

nodule appearance and thickened hepatocyte plates on H&E
stains are helpful in confirming the diagnosis.

The absence of or minimal steatosis observed in all
borderline/carcinoma components (100%) is an important
histologic feature to alert the pathologist to the possibility of
malignant transformation in liver fatty acid binding protein-
deficient hepatocellular adenoma. Moreover, the diagnosis
of this subtype of hepatocellular adenoma could easily be
missed in a biopsy or resection specimen of hepatic lesion
without significant steatosis. This underlines the importance
of including liver fatty acid binding protein in the immu-
nohistochemical work up of well-differentiated hepatocel-
lular lesions despite lack of steatosis, even though it is
known that lack liver fatty acid binding protein could exist
in hepatocellular carcinoma [33].

Other histologic features in the hepatocellular carcinoma
portions of these lesions include myxoid change (39%),
peliosis (46%), and sinusoidal dilatation (46%). These
changes can be observed in both hepatocellular adenoma
and carcinoma components. Salaria et al. [34] reported a
series of primary hepatic tumors showing myxoid change
including both hepatocellular adenomas and hepatocellular
carcinomas. Interestingly, these lesions also demonstrated
loss of liver fatty acid binding protein expression. Although
myxoid change does not necessarily imply malignant
transformation, it might be a histologic signature of liver
fatty acid binding protein-deficient hepatic tumors. Fuji-
moto et al. [35] reported that peliotic change can be seen in
up to 39% of hepatocellular carcinomas. However, this
histologic finding does not have any clinical significance
other than altering ultrasonographic findings of hepatocel-
lular carcinoma. It is also important to recognize that
sinusoidal dilatation/telangiectasia is often identified in
inflammatory hepatocellular adenoma [2, 5].

In our opinion, H&E and reticulin stains are the most
reliable diagnostic tools to distinguish a well-differentiated
hepatocellular carcinoma from hepatocellular adenoma.
Loss or fragmentation of reticulin framework in the less
fatty areas of the tumors is exclusively seen in hepatocel-
lular carcinoma and not in other types of hepatocellular
lesions [36–38]. Diffuse CD34 immunohistochemical
staining pattern is also helpful to support the diagnosis of
hepatocellular carcinoma. However, a similar staining pat-
tern can be seen in β-catenin mutated hepatocellular ade-
noma (exon 3S45 and exon 7/8) [39, 40]; thus, correlation
with morphologic findings is important. Swanson et al. [41]
reported that the combination of intact reticulin with either
glypican-3 or glutamine synthetase negativity shows a
sensitivity and specificity of 92% and 95%, respectively, to
distinguish hepatocellular adenoma from hepatocellular
carcinoma using tissue microarray. These stains, however,
are not always helpful when used individually. Moreover,
glypican-3 is more sensitive in poorly-differentiated
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hepatocellular carcinomas [42]. Therefore, its utility in the
work-up of well-differentiated hepatocellular lesions is
limited. In our study, the immunoreactivity of glypican-3 is
identified only in one of six (17%) well-differentiated
hepatocellular carcinomas.

The combined use of glutamine synthetase and heat-
shock protein 70 has also been studied to distinguish typical
hepatocellular adenoma from atypical hepatocellular neo-
plasms and well-differentiated hepatocellular carcinoma
[43]. Positive staining of one of the markers is noted more
frequently in hepatocellular carcinoma and atypical cases
compared to typical hepatocellular adenomas. Diffuse glu-
tamine synthetase immunoexpression is a surrogate marker
of beta-catenin activation in exon 3 (non S45) [2, 22], and
more recently the staining pattern has been described in
more details taking into account the level of beta-catenin
pathway activation [44]. A comprehensive description of
different glutamine synthetase staining pattern according to
beta-catenin mutation types corresponding to different levels
of beta-catenin activation is currently in progress [45, 46].

Molecular confirmation of HNF1A inactivation is only
available in three cases, while five cases demonstrate absence
of TERT promoter and CTNNB1 gene (exon 3) mutations.
Although the pathogenesis remains to be elucidated, HNF1A
mutations might play a role in the carcinogenesis via a dif-
ferent mechanism and pathway than CTNNB1 mutations
[8, 33]. Hechtman et al. [8] reported HNF1A mutations in
hepatocellular carcinoma are associated with negative viral
hepatitis status, mutually exclusive with CTNNB1 hotspot
mutations and more commonly noted in female patients
without cirrhosis. Case 13 demonstrated GNAS exon 8
mutation in both hepatocellular adenoma and hepatocellular
carcinoma components. HNF1A inactivation was unfortu-
nately not confirmed molecularly in this case (diagnosis was
rendered on the basis of loss liver fatty acid binding protein
staining in both adenoma and carcinoma components). GNAS
mutations have previously been described in inflammatory
hepatocellular adenoma and hepatocellular carcinoma, with a
proposed tumorigenesis via activation of inflammatory path-
ways by STAT3 activation [46]. The role of GNAS mutations
in HNF1A-inactivated hepatocellular adenoma has not been
described.

The limitations of our study include the referral bias and
incomplete follow-up information. The retrospective nature
and limited molecular testing also limit the overall inter-
pretation. Future opportunities include studies with a longer
follow-up time and comprehensive molecular testing.

In summary, we described the largest series of liver fatty
acid binding protein-deficient hepatocellular adenoma with
malignant transformation. Clinicians and pathologists should
be aware of this rare phenomenon. Malignant transformation
in this particular subtype arises predominantly in female
patients with multiple hepatic lesions. All foci of malignant

transformation demonstrate features of borderline lesion/
well-differentiated hepatocellular carcinoma which is often
challenging to distinguish from the hepatocellular adenoma
component. Architectural and cytological atypia on H&E and
reticulin stains are the most reliable features in rendering the
diagnosis. Lack of steatosis is also a helpful feature to raise
the possibility of malignant transformation. Other histologic
features in both hepatocellular adenoma and borderline/car-
cinoma portions include myxoid change, peliosis, and sinu-
soidal dilatation.
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