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Methods: Dutch male patients with available histological slides with a (differential) di-
agnosis of HCA between 2000 and 2017 were identified through the Dutch Pathology
Registry (PALGA). Histopathology and immunohistochemistry according to international
guidelines were revised by two expert hepatopathologists. Next generation sequencing
(NGS) was performed to confirm hepatocellular carcinoma (HCC) and/or subtype HCA.
Final pathological diagnosis was correlated with recurrence, metastasis and death.
Results: A total of 66 patients from 26 centres fulfilling the inclusion criteria with a
mean (+SD) age of 45.0 + 21.6 years were included. The diagnosis was changed after
expert revision and NGS in 33 of the 66 patients (50%). After a median follow-up
of 9.6 years, tumour-related mortality of patients with accessible clinical data was
1/18 (5.6%) in HCA, 5/14 (35.7%) in uncertain HCA/HCC and 4/9 (44.4%) in the HCC
groups (P = .031). Four B-catenin mutated HCA were identified using NGS, which
were not yet identified by immunohistochemistry and expert revision.

Conclusions: Expert revision with relevant immunohistochemistry may help the chal-
lenging but prognostically relevant distinction between HCA and well-differentiated

HCC in male patients. NGS may be more important to subtype HCA than indicated in

present guidelines.

KEYWORDS

1 | INTRODUCTION

Hepatocellular adenoma (HCA) is a benign liver tumour, occurring
predominantly in females, but sporadically in males. The incidence
of HCA in females who use oral contraceptives is estimated at 3-4
per 100 000 females.! Ten percent of all HCAs occur in men.?* Over
the past decades, however, the incidence of HCA in males appears to
be rising mainly because of an increase in HCA-related risk factors,
such as the use of anabolic steroids, and the prevalence of obesity
and metabolic syndrome.” !

HCA in general features different pathomolecular subtypes:
inflammatory adenoma (I-HCA, 30% of all HCA), HNF-1a (hepato-
cyte nuclear factor-1 alpha) inactivated adenoma (H-HCA, 34%),
B-catenin activated adenoma with CTNNB1 exon 3 mutation
(B®CHCA, 8%), B-catenin activated adenoma with CTNNB1 exon
7/8 mutation (BS”®HCA, 4%), B-catenin activated inflammatory
adenoma with CTNNB1 exon 3 mutation (BS®IHCA, 8%), B-catenin
activated inflammatory adenoma with CTNNB1 exon 7/8 mutation
(B¥”8IHCA, 5%) and sonic hedgehog adenoma (sh-HCA, 4%).1?
When no known mutation is found, an HCA is termed unclassified
(U-HCA, <7% of all HCA).}34

The overall reported risk of malignant transformation of
HCA is estimated at 4.2%.'°> Malignant transformation generally
occurs in B3(I)HCA, with an odds ratio of 9.3 in the total, pre-
dominantly female, population.'?'® Cases of malignant transfor-
mation of B®”(1)HCA have also been reported.'® There appears
to be an overrepresentation of the B®3()HCA subtype among

men.'? In males, up to 47% of HCA are described as having

high-throughput nucleotide sequencing, immunohistochemistry, liver cell adenoma, male

Lay summary

In the tissue of 66 Dutch male patients with potential
HCA, we demonstrated that a histopathological diagnosis
of HCA in male patients is difficult. Expert pathology revi-
sion, additional stainings and NGS are very helpful. NGS
may be more important than indicated in current guide-

lines, especially to identify B-catenin activated HCA.

Key points

e HCA in men without malignant features and favourable
clinical outcomes may exist.

e Expert revision according to international guidelines
aids adequate diagnosis.

e Next generation sequencing improves identification of

high risk (B-catenin activated) subtypes.

undergone malignant transformation into hepatocellular carci-
noma (HCC).1317:18

According to European (European Association for the Study of
the Liver, EASL) guidelines, HCA in men calls for different manage-
ment as compared to HCA in females. In females with HCA, treat-
ment including resection is only advocated in case of B(I)JHCA and

in HCA >5 cm that do not adequately regress after cessation of oral
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contraceptives.3'12 In males with HCA, however, resection is advised
irrespective of molecular subtype or tumour size. Although this rec-
ommendation is based on a limited number of patients and the pre-
cise definition of malignant transformation remains debatable,’*?°
the recommendation to always resect HCA in males is generally
accepted based on the high risk of and challenging differentiation
with HCC.3%18 The aim of the current study is to provide a nation-
wide overview of diagnosis and management of HCA in men in the
Netherlands, correlating histopathological, immunohistochemical
and molecular findings with the clinical course of the disease, thus

providing one of the largest series of HCA in men to date.

2 | METHODS
2.1 | Study design

A nationwide observational cohort study was performed by searching
the nationwide network and registry of histopathology and cytopathol-
ogy in the Netherlands (PALGA: Dutch Pathology Registry) for pathol-
ogy reports between 2000 and 2017.2 Dutch search terms were ‘liver’
or ‘hepatocellular’ combined with ‘adenoma’ or ‘carcinoma’. All male
patients were included in whom a (differential) diagnosis of HCA was
suspected on pathology (biopsy or resection specimens) at some point
in the work-up and as such retrievable in the PALGA registry. Patients
were excluded if no histological slides could be obtained for revision.

This study adheres to the ethical guidelines of the 1975
Declaration of Helsinki. The need for ethical approval was waived
by the medical ethics committee of the Erasmus Medical Center
(MEC-2017-405). The medical ethics committee of the Amsterdam
University Medical Center (Amsterdam UMC) waived the need for a
second assessment. Written informed consent was not required as
clinical data were acquired anonymously from treating physicians.
STROBE-guidelines were adhered to.

2.2 | Pathological classification

The diagnosis made in the primary centre was classified as HCA, un-
certain HCA/HCC or preferential HCC. The term preferential HCC
was used to underline that although these tumours were eventually
diagnosed as HCC, the diagnosis of these patients was not straight-
forward and HCA was suspected at some point in the work-up.
Histological slides (hematoxylin and eosin [H&E]) and additional
immunohistochemistry (if available) from biopsies and resection
specimens were requested from the primary centre in which the
patient was originally diagnosed. If available, resection specimens
were used over biopsies to ensure the appropriate amount of tis-
sue for additional stainings and next generation sequencing (NGS).
Subsequently, additional stainings aiming to distinguish HCA and
HCC and/or subclassify HCA, if not primarily performed, were per-
formed (i.e., Gomorri, glutamine synthetase (GS), glypican-3, heat

shock protein-70 (HSP70), B-catenin, liver fatty acid binding protein,

C-reactive protein and serum amyloid A).327:28 Histology slides were
revised in tandem by two expert liver pathologists (JV and MD), who
were blinded for the diagnosis in the primary centre and clinical out-

comes. Technical details are described in Supplementary Table 1.

2.3 | Next generation sequencing

If enough material was available, NGS was performed. For NGS,
a liver-oriented gene panel was constructed using lon AmpliSeq
Designer version 7.06 (Thermo Fisher Scientific, Waltham, MA,
USA), targeting genes were selected based on their suggested rel-
evance in HCA and development to HCC in previous studies.}>%7-33
Template preparation was facilitated by the lon Chef™ system and
library preparation was performed manually according to instruc-
tions by the manufacturer (Thermo Fisher Scientific, Waltham, MA,
USA). Sequencing was performed using the lon GeneStudio™ S5
system (Thermo Fisher Scientific, Waltham, MA, USA), with an lon
530 Chip (Thermo Fisher Scientific, Waltham, MA, USA). The target
sequencing depth was 1500 reads. If the library concentration was
below 100 ng/pL, the DNA was considered low quality. A mutation
was considered significant if it was present in more than 5% of the
reads and was not present in the reference genome hg19/GRCh37
(Genome Reference Consortium, February 2009).3433 Analyses of
relevant DNA variants were performed using SEQNEXT version
4.2.1 (JSI medical systems GmbH, Ettenheim, Germany).

2.4 | Final diagnosis and subtype classification

Based on expert revision of morphology, additional immunohistochem-
istry and (eventually) NGS, final diagnoses were formulated. Tumours
were classified as HCA, uncertain HCA/HCC or HCC. According to the
WHO classification, tumours were classified as HCC if features were
present such as small cell change, nuclear atypia, pseudoglandular for-
mation and/or loss of reticulin fibres.3¢ Moreover, if performed, two
out of three positive stainings for GS, HSP70 and/or positive glypican-
3 (GPC3) were considered to be diagnostic for HCC.2237-3% On the
molecular level, human telomerase reverse transcription (hTERT) pro-
motor mutation supported malignant transformation towards HCC,
being a late genetic event in the mutational process of malignant trans-
formation of HCA.?8304041 The diagnosis of HCA was reserved for
hepatocellular tumours without any features indicative of malignancy.

Hepatocellular tumours were classified as uncertain HCA/HCC if
they had increased cytonuclear atypia, small cell changes, increase in
thickness of the liver cell plates (‘reticulin loss’) and/or pseudoglandular
formation not sufficiently convincing for the diagnosis of HCC, yet too
atypical to be classified as HCA, without expression of two out of three
diagnostic HCC markers (GS, HSP70, GPC3) and without hTERT mu-
tations. Uniform terminology and definitions of tumours in which the
diagnosis is inconclusive remain an important topic of debate.”? In
the current study, if a focus or foci of unequivocal HCC within a tumour

were seen that fulfilled the HCC criteria, these lesions were classified
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in toto as HCC, because surrounding lesional tissue could not be classi-
fied reliably into either (atypical) HCA or well-differentiated HCC.
Diagnostic methods to confirm sh-HCA were unavailable.
Classification of the other HCA subtypes (I-HCA, H-HCA, B®HCA,
BS78HCA, B®®IHCA, B®78IHCA, U-HCA) was based on the World

Health Organization criteria and EASL—guideIines.3’42

2.5 | Phenotype data

Clinical data were requested from the treating physicians and were
stored anonymously. The following data were collected: age at di-
agnosis, body mass index (BMI), (history of) sex hormone usage, un-
derlying liver disease, initial size of the tumour on imaging (largest
diameter according to the revised RECIST guidelines 1.1), presence
of solitary or multiple tumours and date of diagnosis.*® Primary out-
comes were liver-only tumour recurrence, distant metastasis and
death. If these outcomes occurred, available data on the timing of
recurrence, metastasis and death were recorded.

2.6 | Statistical analyses

Statistical analyses were performed with IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp., Armonk, NY, USA). Visual rep-
resentation of the data was designed using GraphPad Prism version
8.0.2 for Windows (GraphPad Software, San Diego, CA, USA).

Baseline characteristics and outcomes were reported according
to the revised pathology diagnosis (HCA, uncertain HCA/HCC or
HCC). Dichotomous variables (i.e., presence of hormone use and
underlying liver disease, or occurrence of recurrence, metastasis,
and death) were reported as numerators and denominators, and
percentages were calculated. Normality of continuous data (i.e., age
at diagnosis, BMI, tumour size and follow-up time) was assessed by
histograms, Q-Q plots and a Kolmogorov-Smirnov test. These data
were reported as medians with their interquartile range (IQR), or
means with their standard deviation (SD), as appropriate.

Dichotomous variables were compared across the three revised diag-
nosis groups using a Fisher-Freeman-Halton exact test for dichotomous
variables. Normally distributed continuous data were compared across
the three groups using a one-way ANOVA for continuous variables. For
the primary analyses, P-values <.05 were considered statistically signifi-
cant. If a statistically significant difference was found, post-hoc pairwise
comparisons were performed with Bonferroni correction.

Analyses of the primary outcomes (liver-only tumour recurrence, dis-
tant metastases and death) were treated as dichotomous variables. As
this was a descriptive study and this method of analysis adequately re-
flected the presence of patients who reached the primary outcome with
an unclear time to event, this was considered more appropriate than a sur-
vival analysis (added as a supplementary analysis). Follow-up times were
calculated as the date of diagnosis until date of last hospital visit or death.
If available, data on timing of recurrence and metastases in relation to the

date of surgery or date of diagnosis was reported separately.
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3 | RESULTS

3.1 | Patient selection and baseline clinical
characteristics

The search yielded a total of 5971 patients, identifying 104 male pa-
tients with a (differential) diagnosis of HCA. Several centres did not
supply material or data, resulting in a total of 66 inclusions from 26
centres (Figure 1). Of the 32 patients of whom resection specimens
were available, nine eventually underwent liver transplantation and
thirteen had undergone biopsy prior to resection. In 34 patients,
only biopsies of the tumour were available.

Clinical data were available for 41/66 patients (62%) from 12
centres (Table 1, baseline characteristics). Mean age at diagnosis was
45.0 + 21.6 years, mean BMI 25.8 + 5.6 kg/m? and mean tumour
size was 6.1 + 3.9 cm. In 18/41 (44%) patients, any type of underly-
ing liver disease coexisted. The underlying liver diseases across all
groups were diverse as shown in Supplementary Table 4. Only two
patients had a history of hormone use. Solitary tumours were found
in 19/41 (46%) patients.

3.2 | Primary diagnosis and revised diagnosis

In the primary centre, the initial diagnoses were 22 HCA (33%), 34
uncertain HCA/HCC (52%) and 10 preferential HCC (15%). In total,
33/66 (50%) of the diagnoses made in the primary centre were re-
vised to any extent after expert revision with aid of additional immu-
nohistochemistry and NGS. In 3/22 lesions (14%) defined as HCA in
the primary centre, the diagnosis of HCC was established after expert
revision. Six HCA patients (27%) were reclassified as uncertain HCA/
HCC. Five of the ten patients with a preferential HCC diagnosis (50%)
were classified as uncertain HCA/HCC. Nineteen of the 34 (56%) un-
certain lesions could be definitively classified as either HCA (n = 7) or
HCC (n = 12). To summarise, tumours were reclassified as follows: 20
HCA (30%), 26 uncertain HCA/HCC (39%) and 20 HCC (30%). These
changes of diagnosis are depicted in Figure 2.

Expert revision and immunohistochemistry contributed sig-
nificantly to these changes in diagnosis. An overview of immu-
nohistochemistry performed in the primary centres is shown in
Supplementary Figure 1. In only 8/66 (12%) of patients, all markers
considered diagnostic for HCC (GS, GPC3 and HSP70) were indeed
all performed. After expert revision, in 55/66 (83%) patients GS,
GPC3 and HSP70 stainings could be completed in the study.

In most patients with uncertain HCA/HCC, all stainings were
performed after expert revision (19/26, 73%). These stainings were
generally all negative in this group; only four cases had diffuse het-
erogeneous GS-staining with a negative HSP70 and GPC3.

Additional NGS was performed on materials of 32/66 patients
(48%) and contributed to the final classification in one patient. This
patient had a tumour that was classified as uncertain HCA/HCC
based on morphology, yet a hTERT mutation was found which re-

sulted in a reclassification to HCC as final diagnosis. Although the
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> Patients excluded (n=5867)

Patients excluded (n=38), with reasons

- Did not supply material (n=13)
- Discordance with clinical information (n=10)
- No material available (n=9)

=
2
=
8
= Patients identified through the PALGA search (n=5971)
S
]
2
oo
£
§ Patients screened (n=5971)
S
)
Z
IS HCA in a male patient (n=104)
el
w
v
-
°
=) Patients included (n=66)
Q
=

- Cytology (n=6)

Molecular analysis in 32/66; clinical data of 41/66; both in 24/66

Biopsies (n=34)

Resection specimens (n=32)

Molecular analysis in 9/34
Clinical data of 15/34
Both in 4/34

Molecular analysis in 23/32
Clinical data of 26/32
Both in 20/32

FIGURE 1 Flowchart of the inclusion of patients and availability of data

diagnosis of the other 31 patients did not change after NGS, it did aid
in subclassification of HCA which will be discussed below.

3.3 | Hepatocellular adenoma: Subtypes and next
generation sequencing

After immunohistochemistry and NGS, the 20 HCA were catego-
rised into H-HCA (n = 4), I-HCA (n = 3), B**IHCA (n = 3), B*®IHCA
(n = 4) and U-HCA (n = 6) (Figure 3 and Supplementary Table 2).
Three patients had not enough tissue to complete all stainings and
NGS: two were classified as U-HCA and the third was suspected to
be H-HCA solely based on morphology. Five patients were classified
as H-HCA (n = 1), I-HCA (n = 2) and U-HCA (n = 2) on immunohisto-
chemistry without NGS.

In 12 HCA patients with a sufficient amount of tissue, NGS com-
plemented immunohistochemistry. In five of these patients, the

suspected subtypes were in line with the findings on NGS. These

were H-HCA (n = 2), I-HCA (n = 1) and U-HCA (n = 2). NGS yielded
additional value in 7/12 HCA. In 3 patients, the type (exon) of an im-
munohistochemically suspected CTNNB1 mutation was determined.
In 4 patients with suspected I-HCA, additional CTNNB1 mutations
were found; 2 in exon 3 and 2 in exon 8. However, in 2 cases, immu-
nohistochemically suspected inflammatory mutations could not be
identified. Notably, all B-catenin activated HCA were accompanied
by an inflammatory component and no B®’(I)HCA was identified.

3.4 | Uncertain HCA/HCC: Next
generation sequencing

Some of the 26 uncertain HCA/HCC showed characteristics on im-
munohistochemistry or NGS attributable to certain HCA subtypes.
One uncertain HCA/HCC showed features resembling a BIHCA on
immunohistochemistry, including a positive GS staining, with NGS
indeed showing CTNNB1 exon 7 and IL6ST (interleukin 6 signal
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TABLE 1 Baseline characteristics of patients with a final diagnosis of HCA, uncertain HCA/HCC and HCC

Total (n = 66) HCA (n = 20) Uncertain (n = 26) HCC (n = 20)
Value N Value n Value n Value n P value
Age in years (mean, 45.0(21.6) 40 37.4(18.0) 17 43.7 (23.0) 14 61.4(18.3) 9 .021
SD)
BMl in kg/m2 25.8 (5.6) 32 24.5 (4.8) 14 25.8 (6.7) 12 28.9 (4.1) 6 .289
(mean, SD)
Tumour size in cm 6.1(3.9) 39 6.3(3.9) 18 6.6 (4.6) 13 4.7 (2.7) 8 524
(mean, SD)
Hormone use (n, %) 2(4.9) 41 1(5.6) 18 0 (0) 14 1(11) 9 693
Underlying liver 18 (44) 41 6(33) 18 10 (71) 14 2(22) 9 .035
disease (n, %)
Solitary tumours 19 (46) 41 9 (50) 18 5(36) 14 5(56) 9 .666
(n, %)

Values in bold indicate statistically significant results (P < .05).
Abbreviations: HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; Uncertain, uncertain HCA/HCC.

FIGURE 2 Diagnosis in the primary
centre, compared to the revised diagnosis
Preferential HCC
n=10
HCC Biopsies: 12
n=20 Resection specimens: 8
HCA
n=22
HCA Biopsies: 7
n=20 Resection specimens: 13
Uncertain
HCA/HCC
n=34
Uncertain
HCA/HCC Biopsies: 15
n=26 Resection specimens: 11
Diagnosis primary centre Diagnosis after expert revision

transducer) mutations. Another showed features of B-HCA on im- HNF1A (hepatocyte nuclear factor 1 homeobox A, n = 2), CTNNB1
munohistochemistry, with positive GS- and B-catenin stainings, with exon 7 (n = 1), MTOR (mammalian target of rapamycin) and IL6ST
NGS showing only an IL6ST mutation. In addition, mutations were (n = 1) and CDKN2A (cyclin-dependent kinase inhibitor 2A, n = 1).
identified by NGS in the following genes (Supplementary Table 3): The patient with the CTNNB1 exon 7 mutation identified on NGS
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HNF1A N270D (VUS)
HNFIA R272C + LOH

No known mutations 2x

~

U-HCA (n = 6)

Bex8IHCA (n = 4)
Bex3IHCA
(n=3)

CTNNBI N387K

CTNNB1 N387K + IL6ST deletion till c. 580

CTNNB1 N387K + IL6ST deletion till c.567

CTNNB1 N387K + JAK1 V651M (VUS) + IL6ST F191_N193delFVN

CTNNB1 H36P

FIGURE 3 Subtypes of the 20 patients
with HCA. The pie chart shows found
subtypes and their occurrence. Around
the pie chart, the results of NGS of 12
patients are shown. Abbreviations: LOH,
loss of heterozygosity; VUS, variant of
uncertain significance identified

—— IL6ST deletion till c. 567

CTNNB1 SA5P + IL6ST deletion till c. 576
CTNNB1 deletion exon 3 startsite c. 77 + JAK1 S729C

TABLE 2 Treatment and outcomes of patients with a final diagnosis of HCA, uncertain HCA/HCC and HCC

Total (n = 66) HCA (n = 20) Uncertain (n = 26) HCC (n = 20)
Value n Value n Value N Value n P value
Follow-up in months (mean, 53 (47) 41 45 (36) 18 50 (50) 14 71 (61) 9 416
SD)
Treatment with curative 34 (83) 41 15 (83) 18 11 (79) 14 8(89) 9 1.000
intent (n, %)
Recurrence or metastasis 6(15) 41 0(0) 18 3(21) 14 3(33) 9 .023
(n, %)
All-cause mortality (n, %) 10 (24) 41 1(5.6) 18 5(36) 14 4(44) 9 .031

Values in bold indicate statistically significant results (P < .05).

Abbreviations: HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; Uncertain, uncertain HCA/HCC.

had negative GS- and B-catenin stainings. Mutations in CTNNB1
exon 7 were exclusively found in the uncertain HCA/HCC group.

3.5 | Hepatocellular carcinoma: Next
generation sequencing

In 4 of 9 HCCs undergoing NGS, hTERT promotor mutations were found. In
3 patients, the diagnosis of HCC was already definitive, based on morpho-
logical criteria and relevant stainings without additional NGS. In 1 patient,
finding the hTERT mutation was decisive. Two patients had additional muta-
tions accompanying the hTERT mutation; in CTNNB1 exon 3 and ALB (albu-
min) respectively. One other patient showed a mutation in CTNNB1 exon
3 without hTERT mutation. Both HCC patients with proven CTNNB1 exon
3 mutations showed GS-positivity, and one also had a positive B-catenin

staining. All results of NGS are shown in Supplementary Table 3.
3.6 | Baseline characteristics, treatment and clinical
outcomes across the revised diagnosis groups

Across the three revised diagnosis groups, no differences were

seen in BMI, tumour size, hormone use or the number of tumours

(solitary vs multiple). A difference in age (P = .021) was seen across
the three groups, mostly because of the older age of patients
with HCC (61.4 + 18.3 years) as compared to patients with HCA
(37.4 + 18.0 years, Supplementary Table 5 and Supplementary
Figure 2). Across the 3 groups, a difference was also seen in the
presence of underlying liver disease (P =.033). Uncertain HCA/HCC
appeared to show an overrepresentation of underlying liver disease
(10/41 patients, 71%), as compared to HCA (6/18, 33%) and HCC
(2/9, 22%, Supplementary Tables 4 and 5). In the uncertain HCA/
HCC group, both HCA risk factors (glycogen storage disease [GSD]
type 1) as well as known HCC risk factors (hepatitis-based cirrhosis)
were observed. Viral hepatitis was not observed in the HCA group,
and alcoholic liver disease was not seen in any patients.

Clinical outcomes of patients across the 3 revised diagnosis
groups are shown in Table 2. Patients (n = 41) underwent the fol-
lowing treatments: surgical resection (total n = 17, HCA n = 9), liver
transplantation (total n = 9, HCA n = 4), radiofrequency ablation
(total n = 3, HCA n = 0), transarterial (chemo-)embolization (total
n =2, HCA n = 1), a combination of surgical treatment and other
type of treatment (total n = 3, HCA n = 1) or no treatment (total
n =7, HCA n = 3). Almost all (8/9) patients undergoing liver trans-
plantation had underlying liver disease. In Supplementary Table 4,

the occurrence of liver transplantation is shown according to the
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type of underlying liver disease and final diagnosis group. No metas-
tasis or death was observed in the HCA patients who did not receive
treatment. Details are described in Table 3.

After a median follow-up of 117 (IQR; 55-173), 99.5 (IQR; 40.5-
158) and 145 (IQR; 77.5-179.5) months, recurrence or metastasis oc-
curred in 0/18 (0%), 3/14 (21%) and 3/9 (33%) of the patients with a
revised diagnosis of HCA, uncertain HCA/HCC and HCC respectively
(P =.023). Death differed across the three groups (P =.031) and was
observed in 1/18 (5.6%), 5/14 (36%) and 4/9 (44%) of patients with
HCA, uncertain HCA/HCC and HCC respectively (Supplementary
Table 5 shows post-hoc analyses). The cause of death of the patient

who died in the HCA group was a complication related to his liver
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transplantation. Supplementary Figure 3 shows survival analyses
within the diagnosis groups. Details on all patients with recurrence

or metastasis and patients who died are shown in Table 3.

4 | DISCUSSION

The occurrence of HCA in men is extremely rare. In this study, tissue
of 66 male cases were studied and 20 patients with a final diagnosis
of HCA were identified in a course of 18 years in the Netherlands.
Thus, this is the largest cohort of HCA focused on male patients cor-

relating pathological findings with the clinical course to date. Fifty

TABLE 3 Description of 14 patients with recurrence, metastasis or death in clinical follow-up, according to final diagnosis

Age Underlying liver Death (time
Nr (y) S/M Size (mm)  disease Treatment Recurrence or metastasis after diagnosis)
HCA
1 38 M 38 Peliosis hepatis LTx No Because of LTx
(1.5y)
Uncertain HCA/HCC
1 63 M 37 No TAE R: time unknown Cause unknown
(4y)
M: time unknown, to lymph
nodes
2 70 S 65 No No N/A Because of HCC
(unknown)
3 45 S 22 Cirrhosis, No N/A Because of
hepatitis C sepsis (2.5y)
4 62 S 34 No No N/A Because of heart
attack (2 wk)
5 26 S 20 Cirrhosis, RFA No Cause unknown
hepatitis B (Ty)
[¢) 72 M 50 Hepatitis B RFA and open resection R: 6 mo after surgery No
MT: 5.5 y after surgery, to
thoracic wall
7 70 S 120 NASH Sorafenib and open MT: 2 y after surgery, to lung No
resection
HCC
1 69 M 20 Cirrhosis, RFA R: 10 mo after diagnosis Because of HCC
hepatitis C (3.5y)
2 62 M NA No LTx No Because of HCC
(unknown)
3 76 S 59 No Open resection No Cause unknown
(>5vy)
4 79 S 85 No Open resection No Cause unknown
(unknown)
5 35 M 70 No Laparoscopic resection R: 5y after surgery, treated No
and TAE by LTx
MT: 10y after surgery, to
peritoneum
6 69 S 51 No Open resection R: 8 y after surgery No

Abbreviations: HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; LTx, liver transplantation; M, multiple; MT, metastasis; N/A, not
applicable; NASH, non-alcohol steatohepatitis; R, recurrence; RFA, radiofrequency ablation; S, solitary; S/M, solitary or multiple tumours; TAE,

transarterial embolization; wk, weeks; y, years.
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percent of the initial diagnoses were revised to any extent, which
reflects the difficulty in the differentiation between HCA and well-
differentiated HCC. In 1 patient, NGS identified a hTERT mutation
in a tumour classified as unknown HCA/HCC on morphological and
immunohistochemical grounds, thereafter revised to HCC. All other
changes in diagnosis were attributable to expert revision, including
additional immunohistochemistry, with an increase in percentage of
patients with complete stainings from 12% (primary centre) to 83%
(after expert revision). Even after expert revision and with additional
relevant stainings and/or NGS, in 39% (26/66) of the patients, HCC
could not be distinguished from HCA with certainty.

Current EASL-guidelines consider HCA in male patients high-risk
for malignancy, and therefore advocate resection.® In the current
study, the group with final diagnosis of HCA showed no tumour-
related mortality and no tumour recurrence. The low recurrence and
mortality rates in male HCA patients suggest that with adequate
classification, a low-risk subgroup in men may exist. However, con-
sidering the small cohort size of this study and the risk of sampling
error at biopsy, it is not safe to assume that HCA in male patients can
be treated conservatively.

Considering the higher age in the HCC and uncertain HCA/HCC
group, one could argue that the malignant potential of HCA is under-
estimated because the process of malignant transformation takes
many years, far beyond the follow-up time of this (and any other)
study. However, HCC associated with other HCC risk factors may
also take years to develop. Thus, this also suggests that in older male
patients the preferred diagnosis of HCC should be considered.**
This is further supported by the finding that viral hepatitis was only
seen in the uncertain HCA/HCC and HCC groups. An unequivocal
HCA diagnosis in patients with underlying liver disease, remarkably
seen in 6 patients in the current study, has previously been de-
scribed.*> Despite the presence of underlying liver disease, recur-
rence and mortality rates remained low in this group. It is possible
that the presence of underlying liver disease guided the choice for
liver transplantation rather than oncological curative resection, and
thus may have prevented recurrences in susceptible livers. The only
death in the HCA group was caused by complications related to a
liver transplantation. Moreover, underlying liver disease may include
known HCA risk factors.

In the present cohort, NGS showed additional value mainly in the
identification of CTNNB1 mutations encoding B-catenin. In 4 HCA
patients and one uncertain HCA/HCC patient in whom immunohis-
tochemistry (GS and B-catenin) was negative, NGS identified addi-
tional CTNNB1 mutations. These were two exon 3 and two exon 8
CTNNB1 mutations in the HCA patients, and an exon 7 CTNNB1 mu-
tation in the uncertain HCA/HCC patient. The identification of a B-
catenin mutation has important prognostic value, indicating a higher
risk of malignant transformation. In female patients, HCA subtyping
has a major impact on treatment decisions.

This study has several strengths. First, the PALGA regis-
try has provided us with means to identify all patients across the

Netherlands, resulting in a representative population of Dutch males

diagnosed with HCA over the last 2 decades. Second, focusing on
this specific group enabled a detailed data accumulation of this ex-
tremely rare entity, culminating in (one of) the largest series focus-
ing on male HCA patients.?*>74¢ Finally, the used combination of
expert revision, including relevant immunohistochemistry, and NGS
provided a successful strategy to correctly classify hepatocellular
tumours in men.

A limitation of this study is that it was not possible to detect
sonic hedgehog HCA. Staining of prostaglandin D2 synthase
(PTGDS) and argininosuccinate synthetase 1 (ASS1) were not
performed.}?*”%° Moreover, the INHBE/GLI1 (inhibin B E/glioma-
associated oncogene 1) fusion gene, characterised by focal dele-
tions that fuse the promoter of INHBE with GLI1 which activates
the sonic hedgehog pathway, is undetectable by NGS, as NGS is
unable to detect large deletions. Although NGS was helpful in
the identification of additional B-catenin mutations, we can also
not exclude that NGS might have missed other large deletions,
including those of the CTNNB1 gene. Other imperfections were
introduced by the design, retrospectively including patients in 26
centres across a period of 20 years: not all clinical data were re-
trievable, and available tissue of biopsies was limited in amount,
so there was not always enough tissue left to perform full assess-
ment, especially NGS.

In conclusion, expert revision together with immunohistochem-
istry according to guidelines was shown to help in the adequate
differentiation and subtyping of HCA and HCC in male patients.
NGS may be more important than indicated in current guidelines,
especially to identify B-catenin mutated HCA, both exon 3 and exon
7/8, that may be missed otherwise. Although resection of all HCA
in male patients remains advisable, after expert revision and NGS,
HCA without signs of malignancy may exist in men with more favor-
able outcomes than uncertain HCA/HCC and HCC. To enable future
research in this extremely rare group of patients, international col-

laboration is essential.
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