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Abstract

Hepatoid tumors (HTs) represent a rare group of neoplasms that are histologically similar to hepatocellular carcinoma but
arise outside the liver. The current World Health Organization classification recognizes the hepatoid morphology of pancreatic
tumors only as a possible variant of pancreatic ductal adenocarcinoma (PDAC). Here, we describe two cases of “pure” HT
of the pancreas showing common features and characterized by indolent biological behavior. These tumors were roundish
nodules with pushing borders, hyaline globules, and pure hepatoid histology; they were diffusely positive for f-catenin and
LEF1 on immunohistochemistry. At next-generation sequencing, both neoplasms harbored only one pathogenic somatic
mutation that affected the CTNNBI gene at exon 3 and showed a loss of heterozygosity on chromosomes 18 and 21. By inte-
grating macroscopic and microscopic features, along with their molecular profiles, we advocate that such tumors represent
a distinct entity from PDAC and should be considered a new variant of solid pseudopapillary neoplasms. The recognition
of this new neoplastic category may have immediate implications not only for tumor taxonomy but also for clinical practice.
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Introduction

Tumors with hepatoid differentiation represent a rare group
Paola Mattiolo and Andrea Mafficini contributed equally to this of cancers that are histologically similar to hepatocellular
work carcinoma but arise outside the liver [1-4]. This tumor type
usually shows a solid or solid-trabecular architecture and is
composed of polyhedral cells with large and eosinophilic
cytoplasm, central nuclei, and evident nucleoli [1-5]. The
biological behavior of hepatoid tumors (HTs) is still not well
understood mainly because of their rarity; however, most
reports indicate aggressive behavior with early metastasis
2 ARC-Net Research Center for Applied Research On Cancer, [1-3].
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Although morphology is the only acknowledged crite-
rion for diagnosis, positivity for some immunohistochemical
markers such as hepatocyte paraffin-1 (Hep Par-1), CD10,
alpha-fetoprotein, and arginase-1 may be helpful in support-
ing the identification of hepatoid differentiation [1, 6-8].

A recent study investigating with next-generation
sequencing the genomic profile of HT from different organs
did not reveal any common molecular hallmarks to explain
the peculiar hepatoid morphology and concluded that the
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tissue of origin is the most important factor influencing their
molecular landscape [5]. Therefore, the tissue of origin and
genomic profile may be important in influencing tumor mor-
phology and the expression of hepatocyte markers.

Regarding pancreatic HT, the current World Health
Organization (WHO) classification officially recognizes
hepatoid morphology as a possible variant of pancreatic
ductal adenocarcinoma (PDAC), named hepatoid carcinoma
[1, 9-13]. Regarding other pancreatic tumors, neuroendo-
crine neoplasms can also show variable degrees of hepatoid
differentiation [14—16], whereas intraductal oncocytic papil-
lary neoplasms are typically positive for the hepatoid marker
Hep Par-1 [17, 18].

Here, we describe two cases of pure HT of the pancreas
showing the same morphological, immunohistochemical,
and molecular profiles and characterized by indolent bio-
logical behavior. These tumors cannot be considered either
PDAC or a neuroendocrine variant, thus representing a new
potential entity among pancreatic tumors.

Materials and methods

Two cases of “pure” HT of the pancreas, showing 100%
hepatoid morphology, have been identified in the pathol-
ogy archives of the University and Hospital Trust of Verona
(ARC-Net Biobank). All clinicopathological parameters
were recorded, including the clinical history updated at the
time of the last follow-up.

Immunohistochemistry (IHC)

The cases were investigated using IHC at the time of diag-
nosis. However, in this study, IHC was repeated with the
addition of other markers. IHC was performed as previously
described [19], according to the manufacturer’s instructions,
and evaluated blindly by two pancreatic pathologists (C.L.
and A.S.).

Globally considered, the following antibodies were used:
alpha-fetoprotein (polyclonal/rabbit, dilution: 1:300, source:
Dako/Germany), androgen receptor (AR411, 1:20, Dako),
arginase-1 (clone: SP156, 1:100, Cell Marque/USA), CD10
(56C6, 1:50, Novocastra/UK), BAP1 (C-4, 1:100, Santa
Cruz Biotechnology/Germany), CD56 (BC56C04, 1:150,
Biocare/USA), CD117 (EP10, pre-diluted, Leica/Italy),
CD200 (goat, 1:200, RD Systems/USA), cytokeratin 7
(RN7, 1:100, Novocastra), cytokeratin 8/18/19 (5D3, pre-
diluted, Leica), cytokeratin 20 (PW31, 1:100, Novocastra),
cytokeratin AE1/AE3 (AE1-AE3, pre-diluted, Novocas-
tra), p-catenin (15B8, 1:400, Sigma Aldrich/USA), BCL10
(331.3, 1:1000, Santa Cruz Biotechnology), chromogranin-
A (DAK-A3, 1:2500, Dako), E-cadherin (NCH-38, 1:20,
Dako), Hep Par-1 (OCHI1ES5, 1:50, Dako), KDM6A (D3Ql11,
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1:200, Cell Signalling Technology/The Netherlands), LEF-1
(EPR2023Y, 1:200, Novus-Abcam/UK), MUC1 (MA695,
pre-diluted, Leica), MUC2 (CCPS58, pre-diluted, Novo-
castra), MUC5AC (CLH2, 1:50, Dako), MUC6 (CLHS5,
1:100, Abnova/Taiwan), progesterone receptor (PgR636,
1:150, Dako), SMAD4 (B-8, 1:1000, Santa Cruz Biotech-
nology), synaptophysin (27G12, pre-diluted, Novocastra),
trypsin (rabbit, 1:500, Tema/Italy), and vimentin (V9, 1:50,
Novocastra).

Massive parallel sequencing (next-generation
sequencing, NGS)

DNA extracted from formalin-fixed paraffin-embedded tis-
sues was subjected to NGS using the SureSelectXT HS CD
Glasgow Cancer Core assay (www.agilent.com), hereafter
referred to as CORE, as previously described [20, 21]. The
panel spans 1.85 megabases of the genome and interrogates
174 genes for somatic mutations, copy number alterations,
and structural rearrangements; the details of the targeted
genes are reported in Supplementary Table 1. Sequencing
libraries were prepared by targeted capture using the Sure-
Select kit (Agilent Technologies) with RNA baits target-
ing a bespoke set of selected genomic features. Sequencing
was performed on a NextSeq 500 (Illumina) loaded with
two captured library pools using a high-output flow cell and
2 X 75 bp paired-end sequencing.

CORE panel analysis started with demultiplexing was
performed with FASTQ Generation v1.0.0 on the BaseS-
pace Sequence Hub (https://basespace.illumina.com, last
access 03/23/2021). Forward and reverse reads from each
demultiplexed sample were aligned to the human reference
genome (version hg38/GRCh38) using BWA and saved in
the BAM file format.

Single-nucleotide variants were identified using Shear-
water [22]. Small (<200 bp) insertions and deletions were
called using Pindel [23]. Small nucleotide variants were
further annotated using a custom pipeline based on vcflib
(https://github.com/ekg/vcflib; last access 11/30/2020),
SnpSift [24], Variant Effect Predictor software [25], and the
NCBI RefSeq transcripts database (https://www.ncbi.nlm.
nih.gov/refseq/; last access 11/30/2020). All candidate muta-
tions were manually reviewed using Integrative Genom-
ics Viewer (IGV) version 2.9 [26] to exclude sequencing
artifacts.

Tumor mutational burden and microsatellite instabil-
ity were derived from sequencing analysis and computed
according to the method described by Papke et al. [27].
Copy number alterations of targeted genes were detected
using geneCN software, developed at Wolfson Wohl Can-
cer Research Centre (https://github.com/wwcrc/geneCN; last
access 10/31/2020). Structural rearrangements were detected
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using BRASS software [28] and visually reviewed using
IGV, version 2.9, to exclude sequencing artifacts.

Variant classification

Variants were classified according to the five-tier classifi-
cation system recommended by the joint consensus of the
American College of Medical Genetics and Genomics and
the Association for Molecular Pathology (ACMG/AMP)
[29]. Variants were thus classified as benign (class 1), likely
benign (class 2), variants of uncertain significance (VUS—
class 3), likely pathogenic (class 4), and pathogenic (class 5).

Results
Clinicopathological and histological features

Both patients were male; the first patient was 53 years old
and the second was 56 years old at the time of diagnosis.
Both tumors were roundish with pushing borders and yel-
low-brownish at grossing (Fig. 1), involving the pancreatic
head in the first patient and the pancreatic tail in the second.
The main axis of the tumor at the pancreatic head was 5 cm,
whereas that of the tumor at the tail was 3.7 cm. In both
cases, the clinical presentation was undefined abdominal
pain, and no liver lesions were detected on imaging.

On histological assessment (Fig. 2), both neoplasms
showed the presence of a tumor capsule, and the margins
did not show any infiltrative growth toward the pancreatic
parenchyma. The neoplasms were composed of large cells
with eosinophilic cytoplasm, central nuclei, and prominent
nucleoli. The architecture was solid and solid-trabecular.
Thus, both tumors had a typical “hepatoid” appearance. The
neoplasms also displayed “steatohepatitis-like” areas (more
pronounced in patient number 2) and foamy-macrophage
aggregates, and had focally reached hyaline globules. Vas-
cular and perineural infiltrations were lacking. No nodal
metastases were observed in either case. By applying the

Fig. 1 Macroscopic image

of case #2. Tumor mass was
located in the pancreatic tail and
appeared as a round yellow-
brownish nodule, with pushing
borders. Also case #1 had the
same features, but arose in the
pancreatic head

current TNM staging system, the first neoplasm was staged
as pT3NOMO and the second as pT2NOMO.

Both patients underwent surgical resection for suspected
neuroendocrine tumors. The first patient, who underwent
pancreaticoduodenectomy in 2009, did not report any
relapse during follow-up: after 12 years and 4 months, the
patient was alive and still completely free of disease. The
second patient underwent distal pancreatectomy in 2021,
and was free of disease after 10 months.

Immunohistochemical profile

Both tumors displayed the same THC profiles. The tumor
cells were positive for arginase-1, CD10 (with canalicu-
lar enhancement), CD56, cytokeratin 8/18/19, Hep Par-1,
B-catenin, LEF1, and androgen receptor (weak positivity).
At the same time, they were negative for the neuroendocrine
markers chromogranin-A and synaptophysin; for different
types of cytokeratin such as cytokeratin 7, cytokeratin 20,
and cytokeratin AE1/AE3; for the acinar markers BCL10
and trypsin; for some solid pseudopapillary markers such
as CD200, progesterone receptor, and vimentin; for the fol-
lowing mucins: MUC1, MUC2, MUCSAC, and MUC6; and
for alpha-fetoprotein, SMAD4, and CD117. Both neoplasms
showed a loss of E-cadherin and conserved expression of
KDM6A; BAPI1 showed a heterogeneous staining pattern
in the first tumor and conserved expression in the second
neoplasm.

Molecular profile

Case number 1 was sequenced to a median coverage depth of
123 x and the tumor cellularity was 90%. Case number 2 had
a median coverage depth of 139 X, while the tumor cellular-
ity was 75%. In NGS, both cases harbored only one patho-
genic somatic mutation affecting exon 3 of the CTNNBI
gene. The mutation in the first case was c.102_113del, result-
ing in an in-frame deletion (p.I135_G38del, VAF =50%), and
the mutation in the second case was c.109 T > G, resulting
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Fig. 2 Highly illustrative micro-
scopic images of the described
cases: A low-magnification
image showing tumor pushing
borders and the thickened tumor
capsule (hematoxylin—eosin,

4 x original magnification;
tumor capsule is indicated with
a black asterisk); B both tumors
show the focal presence of
hyaline globules (hematoxylin—
eosin, 20 X original magnifi-
cation); C some areas with
“steatohepatitis-like” appear-
ance are also present (hema-
toxylin—eosin, 10X original
magnification); D foci of foamy
macrophages are encountered
(black arrow; hematoxylin—
eosin, 10 X original magnifica-
tion); E, F beta-catenin nuclear
positivity in both cases (E 20 %,
F 10 x original magnification;

in F, the normal pancreatic
parenchyma with normal
membranous staining pattern is
indicated with a black asterisk);
G Hep Par-1 demonstrated

a strong and diffuse staining
pattern (10 X original magnifica-
tion); H CD10 demonstrated a
strong staining pattern, with a
typical canalicular enhancement
(10x original magnification)

in a missense substitution (p.S37A, VAF=37%). Both cases
were microsatellite-stable; the first case presented a tumor
mutational burden of 4.86 mut/Mb, and the second case pre-
sented that of 9.19 mut/Mb. Additional VUS were detected
for each case (Supplementary Table 2).

Copy number variation analysis revealed loss of heterozy-
gosity (LOH) on chromosomes 18 and 21 in both cases, gain
of heterozygosity on chromosome 20 in patient 1, and LOH
on chromosome 1 (region of 1p36.33-p12) in patient 2 (Sup-
plementary Table 2).

Discussion

In this manuscript, two pancreatic neoplasms with common
macroscopic, histopathological, and molecular features are
reported. An integrated histological and molecular approach
has allowed the identification of a new potential entity
among pancreatic tumors.

@ Springer

Currently, the WHO classification officially recognizes
hepatoid morphology as a possible PDAC variant [1]. Nota-
bly, such variants are also associated with aggressive bio-
logical behavior, with a high rate of vascular invasion and
early metastasis. Intriguingly, the present report documents
the potential existence of a new entity among pancreatic
neoplasms with hepatoid morphology. The two reported
cases showed distinct features at different levels of analysis.

Macroscopically, the tumors were yellow-brownish nod-
ules with well-demarcated and pushing borders that were
limited to the surrounding pancreatic parenchyma by a dis-
tinct capsule. Conversely, the only HT entity with an already
WHO-recognized presence, which is considered a PDAC
variant, is usually whitish with infiltrative margins. Some of
the reported HTs in the biliopancreatic region have shown
a roundish appearance, but they have also shown infiltrative
margins or growth [5, 10, 14], which was not present in
the cases described here. The tumor capsule is a potentially
important histological parameter in pancreatic neoplasms,
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such as solid pseudopapillary neoplasms (SPNs) and well-
differentiated pancreatic neuroendocrine tumors [30, 31],
and the lack of capsule infiltration by neoplastic cells is in
line with indolent biological behavior. In a recent investi-
gation by Lee et al. on 375 surgically resected SPNs, the
authors considered lymphovascular invasion, perineural
invasion, synchronous or metachronous metastasis, and adja-
cent organ invasion as malignant histopathological features
[32]. Of note, both tumors in this study lacked the afore-
mentioned microscopic features. This may further confirm
their indolent nature, which is extremely different from that
of PDAC.

Histologically, both tumors were hypercellular and were
composed of large eosinophilic elements with a typical
hepatoid appearance, resembling a true hepatocellular car-
cinoma. In contrast to the classical presentation of PDAC,
vascular invasion, perineural infiltration, and nodal metas-
tases were lacking, supporting a low malignant potential.
Interestingly, both tumors were focally rich in hyaline glob-
ules, which are microscopic features already described in
pancreatic SPNs and, less frequently, in well-differentiated
neuroendocrine tumors [33, 34]. Notably, the focal presence
of aggregates of foamy macrophages is also described as a
common histological finding encountered in SPN [34].

From an immunohistochemical point of view, the two
reported neoplasms expressed the hepatoid markers argi-
nase-1, CD10, and Hep Par-1, and were also positive for
some markers typically expressed in tumor types other than
PDAC, such as B-catenin and LEF-1, classically positive and
very specific for SPN [35, 36], and CD56, usually positive
in neuroendocrine tumors, although without a high speci-
ficity. This IHC expression pattern further corroborates the
fact that the reported cases represent a distinct entity from
PDAC. Of note, both neoplasms were negative for the classic
neuroendocrine markers chromogranin-A and synaptophy-
sin; for different types of cytokeratin, such as cytokeratin
7, cytokeratin 20, and cytokeratin AE1/AE3; for the acinar
markers BCL10 and trypsin; and for some solid pseudopap-
illary markers such as CD200, progesterone receptor, and
vimentin. The lack of expression of these markers further
highlights the peculiarity of the two described tumors, sup-
porting their classification as distinct entities among pan-
creatic tumors. Interestingly, at the IHC level and based on
CD10, B-catenin, and LEF-1 positivity, the tumor entity
closest to the reported tumors was pancreatic SPN.

Along this line, the molecular profile is even more
significant. Notably, the integration of histomorphology
and THC with genomic characterization seemed to rep-
resent a decisive step in understanding the real nature of
the reported neoplasms. Both tumors displayed only one
pathogenic somatic mutation, which was CTNNBI muta-
tion. This type of molecular alteration definitively supports
the distinction from PDAC. Furthermore, it suggests that

both neoplasms could be considered within the SPN-spec-
trum. The molecular hallmark of SPN is point mutations in
exon 3 of CTNNBI [34, 37]. Notably, in the reported cases,
the mutations involved the same exon of CTNNBI. Muta-
tions affecting the same gene and the nuclear -catenin
staining pattern may be detected in other types of pan-
creatic neoplasms, but are more rarely observed, being
present in < 10% of acinar cell carcinomas and in< 1%
of neuroendocrine tumors [1, 38—40]. Of note, the pres-
ence of only one pathogenic mutation in the reported cases
further corroborates the likelihood of their “SPN-nature,”
because SPNs harbor very few mutations compared with
other solid pancreatic malignancies [41]. Another interest-
ing finding was copy number variation analysis. Indeed,
both tumors harbored LOH on chromosomes 18 and 21,
and LOH on chromosome 21 is another molecular altera-
tion previously described in SPNs [42].

In conclusion, through the report of two parallel cases,
we describe the emergence of a potential new tumor entity
among pancreatic neoplasms. The integration of macro-
scopic and microscopic data, along with their molecular
profiles, indicates that pancreatic tumors with a “hepatoid”
morphology can also exist outside the PDAC spectrum,
in contrast to the current WHO classification. Moreover,
based on our integrative analysis, we advocate that pan-
creatic roundish tumors without nodal metastasis and with
hyaline globules, hepatoid morphology, B-catenin and
LEF1 positivity on IHC, CTNNBI mutation on exon 3, and
LOH on chromosome 21 on NGS should be considered as a
new variant of pancreatic SPN. The recognition of this new
neoplastic category may have immediate implications not
only for tumor classification but also for clinical practice.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00428-022-03317-4.
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