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Atypical hepatocellular adenoma-like neoplasms with p-catenin
activation show cytogenetic alterations similar to well-
differentiated hepatocellular carcinomass*

Kimberley J. Evason, MD, PhD?, James P. Grenert, MD, PhD#?, Linda D. Ferrell, MD#, and
Sanjay Kakar, MD&P

aDepartment of Pathology and Liver Center, University of California, San Francisco, CA 94143,
USA

bV/A Medical Center, San Francisco, CA 94121, USA

Summary

The distinction of hepatocellular adenoma from well-differentiated hepatocellular carcinoma
(HCC) arising in noncirrhotic liver can be challenging, particularly when tumors histologically
resembling hepatocellular adenoma occur in unusual clinical settings such as in a man or an older
woman or show focal atypical morphologic features. In this study, we examine the morphologic,
immunohistochemical, and cytogenetic features of hepatocellular adenoma-like neoplasms
occurring in men, women 50 years or older or younger than 15 years, and/or those with focal
atypia (small cell change, pseudogland formation, and/or nuclear atypia), designated atypical
hepatocellular neoplasms, where the distinction of hepatocellular adenoma versus HCC could not
be clearly established. Immunohistochemistry was performed for p-catenin, glutamine synthetase,
and serum amyloid A in 31 hepatocellular adenomas, 20 well-differentiated HCCs, and 40 atypical
hepatocellular neoplasms. Chromosomal gains/losses had previously been determined in 37 cases
using comparative genomic hybridization or fluorescence in situ hybridization. p-Catenin
activation was observed in 35% of atypical hepatocellular neoplasms compared with 10% of
typical hepatocellular adenomas (P < .05) and 55% of well-differentiated HCCs (P=.14).
Cytogenetic changes typically observed in HCC were present in all atypical hepatocellular
neoplasms with p-catenin activation. p-Catenin activation in atypical hepatocellular neoplasms
was also associated with atypical morphologic features. Follow-up data were limited, but adverse
outcome was observed in 2 atypical hepatocellular neoplasms with B-catenin activation (1
recurrence, 1 metastasis); transition to areas of HCC was observed in 1 case. The similarity in
morphologic and cytogenetic features of B-catenin—activated hepatocellular adenoma-like tumors
and HCC suggests that the former tumors represent an extremely well-differentiated variant of
HCC. Published by Elsevier Inc.
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1. Introduction

Hepatocellular carcinoma (HCC) is a malignant liver tumor with a substantial risk of
recurrence, metastasis, and death, representing the third leading cause of cancer-related
mortality worldwide [1,2]. In contrast, hepatocellular adenomas (HCAS) are benign liver
tumors that are generally treated with simple resection because of the risk of rupture and
associated HCC, but conservative management, such as observation, may be considered for
small HCAs [3,4]. It can be challenging to distinguish well-differentiated HCC (WD-HCC)
arising in a noncirrhotic liver from HCA, especially when limited tissue from needle
biopsies is available. Typical histologic findings of HCC such as macrotrabecular or
pseudoglandular architecture, small cell change, mitotic activity, vascular invasion, and
fragmentation or loss of reticulin network may not be present in WD-HCC, whereas focal
cytologic and/or architectural atypia can be seen in HCA. Because HCA usually occurs in
young women, the diagnostic difficulties can be compounded when tumors histologically
resembling HCA occur in unusual clinical settings, such as in a man or an older woman.

Cytogenetic studies have shown characteristic chromosomal abnormalities in HCC, such as
gains at chromosomal regions 8q, 1q, 20q, 7q, Xq, 5p, and 17q, and/or losses at 16q, 17p,
4q, 8p, 1p, 13q, and 16p, whereas HCA only rarely shows chromosomal abnormalities [5—
12]. A subset of HCA-like tumors that occur in men or older women shows cytogenetic
changes typical of HCC. It has been suggested that these tumors may represent extremely
well-differentiated forms of HCC [12].

HCAs are classified into 4 categories based on molecular and/or immunohistochemical
features originally defined by Bioulac-Sage et al [13] and currently recognized by the World
Health Organization: hepatocyte nuclear factor 1a (HNF1a) inactivated, p-catenin
activated, inflammatory, and unclassified [13-15]. HNFla-inactivated HCAs are
characterized by HNF1a mutation and immunohistochemical loss of fatty acid—binding
protein. These tumors show prominent steatosis, lack cytologically atypical features, occur
in women, and have a low risk of HCC [13,14]. Inflammatory HCAs (IHCAS) are
characterized by immunohistochemical expression of serum amyloid A (SAA) protein and
can show mutations in genes encoding components of the interleukin-6 signaling pathway
[13,14,16]. These tumors demonstrate inflammation, telangiectasia (dilated sinusoids), and
ductular reaction. p-Catenin-activated HCAs are characterized by p-catenin mutation
accompanied by immunohistochemical expression of p-catenin in the nuclei and/or diffuse
expression of glutamine synthetase (GS) in the cytoplasm [13,14]. These tumors often occur
in males, show cytologically atypical features, and are often associated with HCC at
diagnosis or follow-up.

We have earlier described the high risk for HCC in HCA-like tumors that occur in men,
older women, or those with atypical cytologic characteristics [12]. These tumors were
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designated as atypical hepatocellular neoplasms (AHNSs) and show early cytogenetic
changes of HCC, such as gains of chromosomes 1 and 8. AHNs described in our previous
study and B-catenin—activated HCAs share a variety of features including frequent
occurrence in males, atypical cytologic features, and association with HCC at diagnosis or
on follow-up. In this study, we examined the morphologic, immunohistochemical, and
cytogenetic features of HCA-like neoplasms with atypical features (designated AHNSs,
where the distinction of HCA versus HCC could not be clearly established). These findings
were compared with typical HCA and WD-HCC.

2. Materials and methods

2.1. Case selection

Cases were selected from the pathology files of the University of California, San Francisco,
and included 31 HCAs (19 core needle biopsies and 12 resections), 20 WD-HCCs (10 core
needle biopsies and 10 resections), and 40 AHNSs (23 core needle biopsies and 17
resections). Two HCA biopsies were from separate lesions in the same patient; otherwise,
none of the cases were from the same patient. There was no significant fibrosis or history of
chronic liver diseases such as viral hepatitis, autoimmune hepatitis, or biliary disease in any
HCA, AHN, or HCC. Slides were reviewed to confirm the diagnosis in each case.
Clinicopathologic information including age and sex were obtained from the pathology
report. The designation of AHN was applied in 2 situations:

1. Atypical age/sex: tumors that resembled HCA morphologically but occurred in
men (any age) or women 50 years or older or younger than 15 years.

2. Atypical morphology: tumors that resembled HCA morphologically but had
focal cytologic or architectural atypia, involving less than 5% of the tumor,
which comprised small cell change, pseudogland formation, and/or nuclear
atypia.

The study was approved by the institutional review board of the University of California,
San Francisco.

2.2. Morphologic and immunohistochemical evaluation

Hematoxylin and eosin (H&E) and reticulin stains performed on formalin-fixed, paraffin-
embedded tissue sections were reviewed for each case. For immunohistochemical staining,
formalin-fixed, paraffin-embedded tissue sections on Superfrost Plus slides were heated at
65°C to 70°C for 60 minutes, deparaffinized and hydrated to distilled water, and placed in
citrate buffer (pH 6.0) in a Pascal pressure cooker (Dako, Carpinteria, CA, USA), according
to the manufacturer's instructions. Slides were washed in running distilled water and then
incubated with blocking solution (3% hydrogen peroxide, 0.05% Tween-20, 0.1% sodium
azide in calcium-magnesium—free phosphate-buffered saline [PBS]) for 10 minutes. After 2
washes in deionized water, slides were held in 0.05% Tween-20 in PBS until they were
loaded on the immunostainer (Dako). Slides were incubated in the following monoclonal
primary antibodies for 30 minutes at room temperature: f-catenin (clone 14 used at 1:200
dilution; BD Biosciences, San Jose, CA), serum amyloid A (SAA; clone mcl used at 1:50
dilution; Dako), GS (clone Mab302 used at 1:250 dilution; Chemicon/Millipore, Billerica,
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MA). After washing with 0.2% Tween-20 in PBS, slides were incubated with the
ENVISION+ system (Dako) for 15 minutes (B-catenin and GS) or 30 minutes (SAA). The
slides were washed again with 0.2% Tween-20 in PBS, incubated for 10 minutes at room
temperature in diaminobenzidine (DAB+) liquid (Dako), and washed in water. Slides were
counterstained with hematoxylin for 10 seconds, washed in tap water, incubated in PBS for
30 seconds, washed in tap water, dehydrated in graded ethanols, cleared in xylene, and
coverslipped.

H&E-stained sections were evaluated for inflammation (small lymphocytes in sinusoids or
in stroma surrounding vessels), telangiectasia (sinusoidal dilatation), and atypia (small cell
change, pseudogland formation, and/or nuclear atypia). SAA staining was scored as positive
(diffuse moderate to strong cytoplasmic staining) or negative. p-catenin staining was scored
as positive (any nuclear staining) or negative (cytoplasmic and/or membrane staining). GS
staining was scored as diffuse positive (moderate to strong cytoplasmic staining in >50% of
tumor cells) or negative (perivascular staining, patchy parenchymal or absent/weak staining).
The diffuse positive cases were further subdivided into diffuse complete (>90% tumor cells
positive) and intermediate (50%-90% tumor cells positive). Cases with any nuclear p-
catenin staining or diffuse positive GS staining were considered B-catenin activated [13].

2.3. Chromosomal abnormalities

Comparative genomic hybridization (CGH) and/or fluorescence in situ hybridization (FISH)
analysis had been performed previously on a subset of these tumors, as described [12,17].
Tumors were considered to have chromosomal abnormalities if chromosomal changes
typical of HCC were present [5-11]. These included gains at 8q, 1q, 7q, or 20qg and losses at
164, 4q, 8p, 13q, or 17p on CGH or gains of chromosomes 1, 8, and/or c-myc by FISH.

2.4. Statistics

3. Results

The differences in morphologic characteristics, immunohistochemical profiles, and
chromosomal abnormalities were compared using the XZ test. A Pvalue of less than .05 was
considered significant.

3.1. Morphologic evaluation

Of the 40 AHN cases, atypical morphologic features were seen in 28 cases (70%) (Table 1;
Figs. 1-4). The atypical features included small cell change (23 cases), pseudoacinar
architecture (2 cases), and nuclear atypia (8 cases). The other AHN cases did not show
atypical morphologic features but were classified as AHN because of male sex (n = 4) and/or
age 50 years or greater (n = 9; 1 man, 8 women). By definition, all HCAs occurred in
women and did not show atypical morphologic features (Fig. 5). There was no loss or
fragmentation of the reticulin network in any HCA or AHN. There was no significant
difference in biopsies versus resection among the 3 groups (P = .74).
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3.2. SAA immunohistochemistry

SAA positivity was observed in 18 (62%) of 29 HCAs and 20 (56%) of 36 AHNs (Table 1).
These tumors often exhibited telangiectasia (dilated sinusoids), inflammation, and/or
ductular reaction and were classified as IHCAs (typical IHCA for HCA and atypical IHCA
for AHN) (Table 2; Figs. 4 and 6). SAA reactivity was seen in 4 (21%) of 19 HCCs (Table
3).

Atypical morphologic features were seen in 11 (55%) of 20 atypical IHCAs and included
small cell change (9 cases), pseudoacinar architecture (2 cases), and nuclear atypia (3 cases)
(Table 2; Fig. 4). Eight (47%) of 17 atypical IHCAs occurred in men. All typical IHCAs
occurred in women and did not show atypical morphologic features.

3.3. B-Catenin and GS immunohistochemistry

Fourteen (35%) of 40 AHNSs showed p-catenin activation, defined by nuclear p-catenin
staining and/or diffuse positive GS staining (Table 1; Figs. 1-4). This was similar to the
findings in HCC, where 11 (55%) of 20 cases showed B-catenin activation (P = .14; Table 3),
but significantly higher than what was seen in HCA, where pB-catenin activation was seen in
3 (10%) of 30 cases (P <.05; Table 1). All cases with nuclear -catenin staining showed
diffuse GS staining. In 5 cases of AHN, 5 cases of HCC, and 3 cases of HA, there was no
nuclear B-catenin staining, but cases were scored as abnormal because of diffuse positive GS
staining. Most cases with diffuse positive GS staining showed a diffuse complete positive
pattern, with GS staining in more than 90% of tumor cells. In 2 HAs (both SAA positive)
and 4 AHNs (3 SAA positive and 1 SAA negative), GS showed a diffuse intermediate
positive staining with staining in 50% to 90% of tumor cells (Figs. 2, 4, and 5). None of
these 6 tumors showed nuclear p-catenin positivity. Among AHNs with diffuse intermediate
positive GS staining, 75% (3/4) showed atypical morphologic features and 100% (2/2)
showed chromosomal abnormalities (P= .82 and P= .21 compared with AHNSs with diffuse
complete positive GS staining).

Among AHNs, 13 (93%) of 14 tumors with B-catenin activation showed atypical
morphologic features compared with 15 (58%) of 26 AHNSs without B-catenin activation (P
< .05; Table 4). There was no significant difference in age, sex, the presence of
inflammation, and the presence of telangiectasia between tumors with or without p-catenin
activation.

Among AHNSs, tumors categorized as atypical IHCA (SAA positive) were significantly less
likely (11/20; 55%) to show atypical morphologic features compared with SAA-negative
AHNSs (15/16; 94%) (P <.05; Table 2).

3.4. Chromosomal abnormalities and clinical follow-up

None of the 9 HCAs for which CGH or FISH data were available showed chromosomal
abnormalities typical of HCC (Table 1). Chromosomal abnormalities typically seen in HCC
were observed in 10 (59%) AHNs and 6 (55%) HCCs (Table 3). The abnormalities in AHNs
were gains of chromosome 1 only (2 cases), chromosome 7 only (1 case), c-myconly (1
case), chromosomes 1 and 8 (2 cases), and chromosomes 1, 7, and 8 (4 cases). These
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chromosomal abnormalities were significantly more common in AHNs compared with
HCAs (10/17 versus 0/9, P< .005). In WD-HCCs, these chromosomal abnormalities were
seen in 6 (55%) of 11 cases, which was similar to AHNs (£ =.82). Of AHNs with
chromosomal abnormalities, 8 (80%) of 10 had p-catenin activation and 7 (78%) of 9 had
SAA reactivity. Of AHNs without chromosomal abnormalities, none (0/7) had B-catenin
activation and 3 (60%) of 5 had SAA reactivity. Of HCCs with chromosomal abnormalities,
4 (67%) of 6 had p-catenin activation and none (0/6) had SAA reactivity. Of HCCs without
chromosomal abnormalities, 3 (60%) of 5 had p-catenin activation and 1 (20%) of 5 had
SAA reactivity.

Among AHNSs, chromosomal abnormalities were significantly more common in tumors with
[B-catenin activation (8/8 cases; 100%) than in tumors without B-catenin activation (2/9
cases; 22%) (P < .005).

Adverse outcomes were observed in 2 B-catenin—activated AHNSs (1 recurrence and 1
metastasis), 1 of which was also SAA positive. Transition to areas of HCC was observed in
another tumor with B-catenin activation. Adverse outcome (recurrence) was observed in 1
AHN (SAA positive) without B-catenin activation.

Chromosomal abnormalities were seen in AHNs with focal atypical morphologic changes as
well as AHNs classified based on age/sex (Table 5). AHNs with focal atypical morphologic
changes had less steatosis, often lacked features of IHCA, and were more likely to show -
catenin activation.

4. Discussion

The field of HCA has dramatically changed in the last few years with the new classification
proposed by Bioulac-Sage et al [13] and Zucman-Rossi et al [14] based on molecular and
immunohistochemical features. The classification was updated by the World Health
Organization, and 4 categories are now recognized: HNFla inactivated, p-catenin activated,
inflammatory, and unclassified [15]. Our study focused on p-catenin activated and IHCAs
with emphasis on correlation of these subtypes with age, sex, cytologic abnormalities,
association with HCC, and cytogenetic changes.

The B-catenin pathway is often aberrantly activated in HCC, usually due to stabilizing
somatic mutations in the B-catenin gene [18,19]. HCCs with activating -catenin mutation
show nuclear accumulation of B-catenin and upregulation of target genes including GLUL
(coding GS) and GPR49[20,21]. In our study, HCA-like neoplasms that occurred in men
(any age) and women 50 years or older, as well as tumors with focal cytologic abnormalities
insufficient for an unequivocal diagnosis of HCC, were classified as AHNs. B-catenin
activation was observed in 35% of AHNs compared with 10% of typical HCAs and 55% of
WD-HCCs.

The French studies that proposed the immunohistochemical HCA classification reported (-
catenin activation in 13% to 19% of HCAs [13,14]. Their results showed a significant
correlation of B-catenin activation with male sex, cytologic abnormalities, pseudoglandular
architecture, and association with HCC. Apart from the current study and these French

Hum Pathol. Author manuscript; available in PMC 2017 February 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Evason et al.

Page 7

studies, there are limited data in the literature regarding B-catenin activation in HCA or
HCA-like neoplasms with atypical features. In one study, p-catenin mutation was observed
in 3 (30%) HCAs, 2 of which occurred in males [22]. Another study showed that 3 (11%)
HCAs with atypical features or coexistent HCC were p-catenin activated [23]. In another
series reported by Torbenson et al [24], p-catenin nuclear staining was observed in 7 of 15
cases of HCA in premenopausal women. However, 2 cases showed rare positivity, and none
of the cases showed mutations in exon 3 of the B-catenin gene. The reason for the
discrepancy between the results of Torbenson et al and more recent studies (including the
current study and the French studies) is not clear. Factors such as fixation and antigen
retrieval may play a role, but because GS data are not available in the study of Torbenson et
al, it cannot be directly compared with our or the French study results for which virtually all
cases of B-catenin activation were associated with diffuse GS expression.

We have earlier shown that cytogenetic changes typical of HCC are seen in AHN but not in
typical HCA [12]. The relationship of cytogenetic changes with B-catenin activation in HCA
or AHN has not been previously examined. Our study showed that cytogenetic changes
typically observed in HCC were present in all AHNs with p-catenin activation. AHNs with
[B-catenin activation were associated with male sex, cytologic atypia, and association with
HCC at presentation or follow-up, similar to the findings in the French studies [13,14]. The
frequent association of B-catenin activation with HCC, both at morphologic and at
cytogenetic levels, strongly raises the possibility that these tumors represent an extremely
well-differentiated variant of HCC. Although the follow-up in our study was limited, the
presence of recurrence or metastasis in 2 AHNs with p-catenin activation further lends
credence to this possibility. Given the frequent presence of cytologic atypia, association with
HCC, and cytogenetic changes similar to HCC, these tumors should not be diagnosed as
HCA based on liver biopsy alone. The term AHN can be used with a recommendation for
tumor resection. Even in the original French study, most p-catenin-activated tumors had
been diagnosed as borderline between HCA and HCC, but were considered as HCA for the
purpose of the study [14].

All cases with nuclear p-catenin staining showed diffuse GS staining, confirming the
association between p-catenin pathway activation and GS immunoreactivity that has been
previously reported [20]. In 10% of HCAs and 13% of AHNSs, diffuse GS staining was
present, but there was no nuclear staining with p-catenin. Because more than half of the
cases were biopsies, it is possible that some cases with diffuse GS staining and no nuclear
staining with B-catenin may have revealed nuclear p-catenin in an unsampled area of the
lesion. Other possibilities include low level of nuclear p-catenin that is not demonstrable by
immunohistochemistry or mutations in other components of the Wnt signaling pathway.
This phenomenon has been reported in 15% of p-catenin—activated HCAs, in which p-
catenin mutation was not accompanied by nuclear p-catenin staining, but diffuse GS staining
was present [13]. In most cases of p-catenin—activated tumors, GS positivity involves
virtually all the tumor cells. In the French study, GS staining was not diffuse in some f-
catenin—activated tumors but showed a heterogeneous pattern of staining with positivity in
more than 50% of cells. The number of cases with heterogeneous and homogeneous patterns
was not mentioned [13]. In our study, this pattern of GS staining was categorized as diffuse
intermediate and was observed in 2 typical HCAs and 4 AHNs. The biological significance
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of the heterogeneous versus the diffuse GS pattern is not clearly understood. There was no
significant difference in terms of atypical morphologic features and chromosomal
abnormalities in tumors with diffuse complete or diffuse intermediate GS staining. However,
none of the cases with intermediate GS staining showed nuclear B-catenin. We did not
perform B-catenin mutation analysis in our study, which can be helpful to understand the
discrepancy between expression of p-catenin and GS on immunohistochemistry, as well as
in explaining the heterogeneous pattern of GS staining. None of our cases showed
anastomosing areas of “map-like” GS staining characteristic of focal nodular hyperplasia
[25].

In our series, 62%o0f typical HCAs and 56% of AHNSs were classified as typical and atypical
IHCA, respectively, based on SAA expression. All 3 typical HCAs with B-catenin activation
were IHCAs and were characterized by diffuse GS expression without nuclear p-catenin.
None of these showed chromosomal abnormalities typical of HCC. On the other hand, 35%
of atypical IHCAs showed B-catenin activation and 70% showed cytogenetic changes typical
of HCC. Hence, IHCAs occurring in atypical clinical settings (women =50 years old and
men) or showing atypical morphologic features can show B-catenin activation and/or
chromosomal abnormalities, and a subset of these tumors probably represent WD-HCC.

A limitation of the study is that more than half of the cases were biopsies, and it can be
argued that some HCAs and/or AHNs may have showed features of HCC on resection.
However, there was no difference in biopsy versus resection in each of the 3 groups, and the
overall results were similar when resection specimens alone were considered (details not
shown). Another limitation is that follow-up data were not available for most cases.
Nonetheless, the presence of atypical morphologic features, HCC-like chromosomal
abnormalities, and association with HCC at presentation or follow-up in B-catenin—activated
adenoma-like neoplasms suggests that these tumors represent extremely WD-HCC. A small
proportion of IHCAs also show B-catenin activation. Regardless of the terminology used to
categorize such tumors, their distinct clinical, morphologic, immunohistochemical,
cytogenetic, and prognostic features warrant categorization separately from other subtypes
of HCA without B-catenin abnormalities, which may have a lower or no significant risk of
malignant behavior based on currently available data.
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Fig. 1.

A,gj AHN in a 27-year-old woman with focal pseudoacinar architecture (arrowhead) and small
cell change featuring small-sized cells with high cell density and nuclei that are nearly
touching each other (arrows) (H&E, x200). Immunohistochemistry shows nuclear staining
with B-catenin (B: x200) and a diffuse complete pattern of staining with GS (C: 100x).
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Fig. 2.

A, AHN in a 72-year-old woman with no morphologic atypia in most of the tumor (H&E,
x200). B, Focal areas show small cell change and cytologic atypia (x200). C,
Immunohistochemistry for GS shows a diffuse intermediate pattern of staining (x200).
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Fig. 3.
A, AHN in a 57-year-old woman with no morphologic atypia (H&E, x400). B,
Immunohistochemistry for GS shows a diffuse complete pattern of staining (x200).
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Fig. 4.

A,gj Atypical IHCA in a 55-year-old woman showing fibrous areas with thick-walled
arterioles and prominent inflammation (H&E, x100). B, Focal areas show small cell change
and thick cell plates (arrow) (H&E, x200). C, Immunohistochemistry for SAA protein is
strongly positive (x200). D, GS shows a diffuse intermediate pattern of staining (x100).
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Fig. 5.
A, HCA in a 43-year-old woman with no morphologic atypia (H&E, x200). B,
Immunohistochemistry for GS shows a diffuse intermediate pattern of staining (x200).
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Fig. 6.

IHCA with no morphologic atypia (A: H&E, x100) and strong staining for SAA protein (B:
x100). C, Immunohistochemistry for GS shows a diffuse complete pattern of staining
(x200).
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Morphologic, immunohistochemical, and cytogenetic features of HCAs and AHNs

abnormalities

HCA, AHN, P

% (n) % (n)
Age 250y 0 (0/28) 40 (14/35)  goo15*
Male sex 0 (0/28) 29 (10/35)  go20*
Steatosis 45 (14/31) 55(22/40) 41
Inflammation 48 (15/31)  35(14/40) .26
Telangiectasia 45 (14/31) 33 (13/40) .28
Ductular reaction 16 (5/31) 8 (3/40) .25
Atypical morphologic 0 (0/31) 70 (28/40) < o001

features

B-Catenin activated 10(3/30)  35(14/40) (167
SAA positive 62 (18/29) 56 (20/36) .60
Chromosomal 0 (0/9) 59 (10/17)  go34™*

Table 1

Page 17

NOTE. Age, sex, and atypical morphologic features are part of the definition of AHNSs, so it is expected that these P values would be significant.

*
P< .05 was considered statistically significant.
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Table 2
Morphologic, immunohistochemical, and cytogenetic features of typical and atypical IHCAs, other HCAs, and
other AHNs
Typical IHCA  Other HCA P Atypical IHCA  Other AHN P
(SAA%), % (n)  (SAA-), % () (SAA),% (n)  (SAA-), % (n)
Age >50 y 0(0/18) 0 (0/9) NA 47 (8/17) 20 (3/15) A1
Male sex 0 (0/18) 0 (0/9) NA 47 (8/17) 13 (2/15) o0a*
Steatosis 39 (7/18) 55 (6/11) 41 60 (12/20) 50 (8/16) 55
Inflammation 56 (10/18) 45 (5/11) 60 50 (10/20) 19 (3/16) .05
Telangiectasia 61 (11/18) 27 (3/11) 077 50 (10/20) 13 (2/16) 02*
Ductular reaction 22 (4/18) 9 (1/11) .36 10 (2/20) 0 (0/16) 19
Atypical morphologic features 0 (0/18) 0 (0/11) NA 55 (11/20) 94 (15/16) ox
B-Catenin activation 17 (3/18) 0 (0/11) 15 35 (7/20) 38 (6/16) .88
Chromosomal abnormalities 0 (0/5) 0 (0/3) NA 70 (7/10) 43 (3/7) .26

Abbreviation: NA, not applicable.

*

P< .05 was considered statistically significant.
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Morphologic, immunohistochemical, and cytogenetic features of AHNs and WD-HCCs

Table 3

AHN, WD-HCC, P
% (n) % (n)
Age 250y 40 (14/35) 71 (10/14) 047%
Male sex 29 (10/35) 50 (7/14) 15
Atypical morphologic 70 (28/40) 100 (20/20)  gpE2*
features
B-Catenin activated 35 (14/40) 55 (11/20) 14
SAA positive 56 (20/36) 21 (4/19) 014%
Chromosomal abnormalities 59 (10/17) 55 (6/11) .82
typical of HCC

*

P< .05 was considered statistically significant.
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Table 5

Comparison of morphologic, immunohistochemical, and cytogenetic features of 2 groups of AHNs defined by
morphology and by age/sex

AHN AHN P

(morphology), (age/sex),

% (n) % (n)
Male sex 26 (6/23) 33(4/12) .65
Steatosis 43 (12/28) 83 (10/12) go*
Inflammation 25 (7/28) 58 (7/12) 04*
Telangiectasia 25 (7/28) 50 (6/12) 12
Ductular reaction 0 (0/28) 25(3/12)  oos™
B-Catenin activation 45 (13/28) 8(1/12) 0¥
SAA positive 42 (11/26) 90 (9/10) g1 *
Chromosomal abnormalities 67 (8/12) 40 (2/5) 31

*
P< .05 was considered statistically significant.
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