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CASE REPORT

Hepatoid carcinoma of the pancreas with lymphoid stroma: first
description of the clinical, morphological, immunohistochemical,
and molecular characteristics of an unusual pancreatic carcinoma
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Abstract We report a case of tumour in the head of the pan-
creas observed in a 57-year-old man with a history of wors-
ening jaundice and elevated alpha-fetoprotein (AFP) serum
level, who underwent Whipple pancreatoduodenectomy. His-
tologically, the tumour was predominantly composed of solid
sheets of large eosinophilic cells with a prominent lymphoid
infiltration without association neither with DNA microsatel-
lite instability nor Epstein-Barr virus infection. The tumour
was diffusely and strongly positive for hepatocyte paraffin-1
(Hep Par-1) and glypican-3 leading to the diagnosis of
hepatoid carcinoma. Strong cytoplasmic staining for AFP
was focally observed. Moreover, tumour cells showed count-
less cytoplasmic eosinophilic globules immunoreactive
for the stress protein p62. A primary hepatocellular carci-
noma of the liver was ruled out by careful clinical analy-
sis. Hepatoid carcinoma is an extremely rare pancreatic
neoplasm, and here, we describe the first case of such
variant associated with lymphoid stroma. The characteris-
tic histologic features and the immunophenotypic profile
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help in distinguishing this carcinoma from other pancre-
atic tumours, notably from medullary carcinoma.
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Introduction

Hepatoid carcinoma (HC) is a primary extrahepatic carcinoma
of non-germ cell origin showing, at least focally, cytological
and/or architectural features of hepatocellular carcinoma.
More frequently reported in the stomach [1], it has also been
described in many other sites (e.g. ovary and gallbladder).
Those occurring in the pancreas are extremely rare and repre-
sent a heterogeneous group of tumours. The first case of pan-
creatic hepatoid carcinoma (PHC) was reported in 1987 by
Hruban et al [2]. Since then, 22 additional cases have been
reported in the medical literature [3—23]. The definition of
“hepatoid” differentiation is usually based on both the mor-
phological and immunohistochemical evidence of hepatocel-
lular lineage: large polygonal cells with abundant eosinophilic
cytoplasm, often with periodic acid-Schiff (PAS) positive, re-
sistant to diastase digestion (dPAS), intracytoplasmic globules
and bile production, coupled with immunoreactivity for hepa-
tocellular markers, such as alpha-fetoprotein (AFP), hepato-
cyte paraffin-1 (Hep Par-1), polyclonal carcinoembryonic an-
tigen (pCEA), and CD10, the latter two with a typical cana-
licular pattern. Few data on the prognosis of these carcinomas
are available and even less is known about their molecular
features.

In this paper, we present a case of HC of the pancreas with
an unusual, never previously described, morphology: a prom-
inent lymphoid infiltration of the tumour stroma, without
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association with neither DNA microsatellite instability (MSI)
nor Epstein-Barr virus (EBV) infection.

Clinical history

A 57-year-old man presented to the Surgery Department of the
San Matteo University Hospital of Pavia (Italy) with a recent
history of worsening jaundice without other symptoms. His
past medical history was only significant for essential hyper-
tension. He denied any underlying liver or pancreatic disease.
Physical examination was unremarkable, except for jaundice.
An abdominal computed tomography (CT) scan showed a
round low-density mass in the head of the pancreas with an
axial diameter of approximately 20-25 mm, impinging the
intra-pancreatic common bile duct with a dilation of intra
and extrahepatic biliary tract upstream; no narrowing of the
main pancreatic duct was found. No invasion of the main
vascular walls, in particular no connections with the superior
mesenteric vessels or the celiac axis, no significant lymphade-
nopathies or hepatic focal lesions were detected.

Laboratory tests showed substantially normal serum levels
of CEA (5.3 ng/mL; normal <5.0 ng/mL) and carbohydrate
antigen 19-9 (CA19-9) (15.4 U/mL; normal <37.0 U/mL), but
an elevated serum level of AFP (147.8 TU/mL; normal <12 TU/
mL). Hepatitis B and C serology was negative. Blood cell
counts, blood coagulation tests, serum amylase and lipase,
and liver function tests were normal, except for blood bilirubin
that was 9 mg/dl (direct bilirubin 6.4 mg/dl). As clinical eval-
uation and imaging did not show abnormal findings in the
liver, the possibility of a primary hepatocellular carcinoma
of the liver was excluded in this patient.

Twenty days later, the patient underwent conventional
Whipple pancreatoduodenectomy. At a post-operative check,
serum AFP was significantly decreased (24 IU/mL). As an
early complication, he developed a low flow pancreatic fistula
(with a maximum value of amylase in the peri-anastomotic
drainage of 11,713 mU/mL on the 7th post-operative day),
which spontaneously healed in a few days. In the 10th post-
operative day, the patient was discharged.

Materials and methods

The surgical specimen was fixed in buffered formalin
(formaldehyde 4 % w/v and acetate buffer 0.05 M) and,
after macroscopic examination, cut specimens were rou-
tinely processed to paraffin. Histological sections were
stained with haematoxylin-eosin (H and E), alcian-blue/
periodic acid-Schiff (AB-PAS), periodic acid-Schiff
(PAS), and PAS resistant to diastase digestion (dPAS)
stains for the morphological evaluations.
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Immunohistochemistry

A comprehensive panel of immunohistochemical stains was
performed employing the antibodies listed in Table 1 and
using a polymer-based method (Envision, DAKO) and diami-
nobenzidine as the chromogen. Negative and positive controls
were performed for each immunohistochemical stain.

DNA isolation and KRAS mutation analysis

DNA was extracted using QuickGene DNA tissue kit S (DT-S;
KURABO) on the FUJIFILM QuickGene-810 extraction plat-
form (Fuyjifilm) according to the manufacturer’s instructions.

Genetic analysis of the KRAS gene was performed by PCR
amplification of exons 2, 3 and 4 followed by direct sequenc-
ing of the PCR products. The PCR products were purified by
QIAquick Gel Extraction kit (QIAGEN) and subjected to bi-
directional dye-terminator sequencing (BigDye Terminator
Version 1.1 Cycle Sequencing Kit) with the same primers used
for the amplification. Sequencing fragments were detected by
capillary electrophoresis using the automatic sequencer AB
3130 Genetic Analyzer (Life Technologies).

MSI analysis

MSI analysis was carried out using a pentaplex panel of
monomorphic mononucleotide repeats (BAT25, BAT26,
NR-21, NR-22 and NR-24) as previously reported [24].

EBYV detection

In order to detect latent EBV infection, non-isotopic in situ
hybridization was performed on formalin-fixed paraffin-
embedded tissue sections according to standardized proto-
cols with fluorescein-labelled EBER (Epstein-Barr
encoded small RNAs, EBER-1 and EBER-2) peptidic nu-
clear acid probe (DAKO). Negative and positive controls
were performed as well.

Results
Gross pathology

The gross specimen consisted of an 8§x6.5x3-cm pancreatic
head, with attached segment of gastric antrum-duodenum,
common bile duct, cystic duct and gallbladder. On sectioning
of the pancreas, a solid, lobulated, firm, grey-tan mass mea-
suring 3.5%x3 %3 cm was identified (Fig. 1a). The tumour had
well-delineated borders and appeared to focally infiltrate the
duodenal wall. The tumour was entirely blocked in. Thirty
lymph nodes were found in the peri-pancreatic and peri-
common bile duct adipose tissue.
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Table 1  Antibodies and antisera used and their expression in tumour cells
Antibody Dilution M/P (clone) Source Expression in tumour cells
Hepatocellular markers
Hep Par-1 1/50 M (OCH 1E5) DAKO Corporation, Carpinteria, CA, USA +
Glypican-3 1/100 M (1G12) BioMosaics, Burlington, VT, USA +
pCEA 1/50 P DAKO Corporation, Carpinteria, CA, USA +
CD10 1/20 M (56C6) Novocastra, Newcastle, UK
AFP 1/500 P DAKO Corporation, Carpinteria, CA, USA +
Acinar cell markers
BCL10 1/200 M (331,3) Santa Cruz Biotechnology, INC. -
Trypsin 1/5000 M (Mab 1482) Chemicon, Temecula, CA, USA -
Neuroendocrine markers
Chromogranin A 1/5000 M (DAK-A3) DAKO Corporation, Carpinteria, CA, USA -
Synaptophysin 1/100 M (snp88) BioGenex laboratories, San Ramon, CA, USA
CD56 1/100 M (123C3) Zymed Laboratories, South San Francisco, CA, USA  —
Mismatch repair enzymes
hMLHI1 1/10 M (G168-15) Pharmigen San Diego, CA, USA +
hMSH2 1/100 M (FE-11) Oncogene, Cambridge, MA, USA +
hPMS2 1/100 M (Al16.4) BD Biosciences, San Jose, CA, USA +
hMSH6 1/200 M (44/MSH6) BD Transduction Laboratories, Lexington, KY +
EBYV antigen
LPM-1 1/200 M (CS 1-4) DAKO Corporation, Carpinteria, CA, USA -
Lymphocyte markers (for lymphoid stroma)
CD3 1/50 M (PS1) Novocastra, Newcastle, UK -
CD8 1/40 M (C8/144B) DAKO Corporation, Carpinteria, CA, USA -
CD20 1/300 M (CYL26) DAKO Corporation, Carpinteria, CA, USA -
Other autobodies tested
p62 1/100 P PROGEN Biotechnick, Heidelberg, Germany +
Cytokeratins 8 and 18  prediluited M (CAM 5.2) BD Biosciences, San Jose, CA, USA +
Cytokeratin 19 1/100 M (A53-B/A2) Santa Cruz Biotechnology, INC. +
Cytokeratin 7 1/100 M (OV-TL12730)  DAKO Corporation, Carpinteria, CA, USA + (Focal)
Cytokeratin 20 1/100 M (KS 20.8) DAKO Corporation, Carpinteria, CA, USA -
EMA 1/200 M (VU4HS) Santa Cruz Biotechnology, INC. +
Beta-catenin 1/200 M (14) BD Biosciences, San Jose, CA, USA Membranous
CDI117 1/250 P DAKO Corporation, Carpinteria, CA, USA -

M monoclonal, P polyclonal

Microscopic findings

H and E stained sections showed a tumour predominantly com-
posed of solid sheets and islands of large eosinophilic cells
(Fig. 1b). A pseudoglandular growth pattern was focally ob-
served. We could identify varying degrees of cellular differen-
tiation, ranging from hepatocyte-like large cells with abundant,
eosinophilic or clear cytoplasm (sometimes with a
microvesicular appearance), distinct cytoplasmic borders, cen-
tral round vesicular nuclei and variably prominent nucleoli, to
less differentiated and haphazardly arranged pleomorphic cells.

Although stromal desmoplasia was focally detected, the
tumour stroma was mainly composed of a dense population

of non-neoplastic lymphocytes (Fig. 1c). In particular, the
lymphoid infiltrate was diffusely represented both inside the
tumour and at its periphery, though with no evidence of lym-
phocyte infiltration inside individual epithelial neoplastic
nests. A few lymphoid follicles, often with germinal centres,
were also seen within the dense lymphoid infiltrate (Fig. 1d).

Well-circumscribed eosinophilic globules of variable size,
only focally positive for dPAS staining, were frequently found
in the cytoplasm of tumour cells (Fig. 3a); a yellowish brown
pigment consistent with bile was sometimes identified within
the pseudoglandular lumina, although no ectopic normal liver
tissue was present. The neoplastic cells exhibited more than
10 mitoses per 10 high power fields and patchy areas of
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Fig. 1 Macroscopic and
histologic features of PHC with
lymphoid stroma. a Gross
photograph of a cut section of the
pancreas showing a solid tan
mass. b The tumour cells contain
abundant eosinophilic cytoplasm
and exhibit a trabecular and
pseudoglandular growth pattern.
A bile plug may be identified
within a pseudoglandular lumen.
¢, d Heavy lymphoid infiltration
of the tumour stroma (low power
image in ¢), including a lymphoid
follicle with germinal centre
(shown in d)

necrosis. Peri-neural and angio-lymphatic vessel invasion
were identified. Tumour cells displayed a tongue-like invasion
into the surrounding pancreatic lobules, infiltrated the duode-
nal muscular wall and extended into the peri-pancreatic soft
tissues. Two lymph node metastases were also detected. Ac-
cording to the 7th edition of AJCC TNM staging system,
tumour stage was IIB (pT3pN1MO). Surgical margins were
negative.

Immunohistochemical findings

Hep Par-1 and glypican-3 antibodies showed diffuse cytoplas-
mic positivity in most tumour cells (Fig. 2a, b). Strong cyto-
plasmic staining for AFP was focally observed (Fig. 2¢). Low
molecular weight cytokeratins (cytokeratins 8 and 18),
cytokeratin 19 (Fig. 2d), epithelial membrane antigen
(EMA), were diffusely expressed, whereas cytokeratin 7 im-
munoreactivity was only focally present. Pseudoglandular
structures were immunoreactive for pCEA. No immunoreac-
tivity for acinar cell carcinoma markers (trypsin and B cell
lymphoma/leukemia (Bcl)10), neuroendocrine markers
(chromogranin A, synaptophysin, CD56), cytokeratin 20,
CD10 and CD117 was observed; nuclear expression of beta-
catenin was not observed as well. These immunohistochemi-
cal results support the hepatocellular differentiation of the tu-
mour. As there was neither evidence of other differentiated
(non-hepatoid) components nor clinicoradiologic evidence
of a primary liver lesion, the histologic and immunohisto-
chemical profile was diagnostic for a pure form of primary
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PHC. Non-neoplastic liver ectopic tissue within the pancreas
from whom the carcinoma may have developed was carefully
searched but not identified.

Cytoplasmic eosinophilic globules were immunoreactive
for the stress protein p62 (Fig. 3b) and unreactive for
cytokeratin 8 and 18, thus recalling the intracellular hyaline
bodies present in the tumour cells of some primary hepatocel-
lular carcinomas [25].

Immunophenotyping of tumour infiltrating lymphocytes
showed a predominance of CD3-positive T cells, most of them
CD8 positive, admixed among fewer CD20-positive B cells,
which focally formed lymphoid follicles. No reactivity for the
EBV antigen LMP-1 (latent membrane protein-1) was present.
Mismatch repair proteins (MLH1, PMS2, MSH2, MSH6)
were normally expressed in most tumour cells.

Molecular findings

No mutations in the analyzed exons of KRAS oncogene or
MSI were identified. EBV in situ hybridization was negative
in both tumour cells and lymphoid stroma.

Clinical follow-up and management

After surgery, the patient received chemotherapy with
gemcitabine 1000 mg/mq (6 cycles). The patient underwent
imaging follow-up with CT scan and abdominal RMN
1 month after the last chemotherapy cycle with no evidence
of recurrence. The patient is currently alive and recurrence-
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Fig. 2 Immunohistochemical (o @ 00
Tk
features (a—d). Tumour cells
displayed immunoreactivity for
markers of hepatocellular
differentiation, such as Hep Par 1
(a), glypican 3 (b) and AFP (c),
and for cytokeratin 19 (d)

free 18 months after resection. The last serum AFP level
(1 month after the 6th chemotherapy cycle) was normal
(8.76 TU/mL).

Discussion

After the first case reported by Hruban et al. [2], additional 22
PHCs have been reported in the medical literature [3—23].
Herein, we describe the 24th case diagnosed based on mor-
phology and immunoreactivity for hepatocellular markers,
such as Hep Par-1, AFP, and glypican-3. Furthermore, to the
best of our knowledge, immunoreactivity for stress protein
p62, a major constituent of intracellular hyaline bodies ob-
served in a few hepatocellular carcinomas [25], had never
been previously reported in any PHC. Notably, a primary

Fig. 3 Intracellular hyaline
bodies in PHC (a, b). Tumour
cells showed countless
cytoplasmic round to oval
eosinophilic globules (a). They
are immunoreactive for p62 (b),
thus recalling the intracellular
hyaline bodies described in
hepatocellular carcinoma

hepatocellular carcinoma of the liver (metastatic to the pan-
creas) was ruled out, as clinical work-up failed to reveal any
tumour in the liver. A clinicopathologic summary of the re-
ported PHCs, including our case, is provided in Table 2.

A striking and new feature of our tumour was the massive
lymphocytic infiltration, mainly composed of CD3+ CD8+ T
lymphocytes. The lymphocytic infiltrate was diffusely present
both in the intratumoural stroma and at the edge of the neo-
plastic growth. Because of this peculiar feature, medullary
carcinoma of the pancreas was considered among the possible
differential diagnoses. Medullary carcinoma of the pancreas is
characterized by poor structural differentiation, well-defined
borders, a syncitial growth pattern and at least focal necrosis.
It generally shows several intratumoural T lymphocytes and
harbours wild-type KRAS gene and microsatellite instability
[26]. Although our case showed abundant lymphoplasmacytic
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infiltrates, akin to medullary carcinoma, it exhibited both his-
tological and cytochemical features of hepatocellular differen-
tiation. Thus, we bona fide classified it as a HC with lymphoid
stroma. It is worth noting that lymphoplasmacytic infiltration
has been observed in hepatoid carcinomas of other organs,
such as the lung [27] and kidney [28], and in primary hepato-
cellular carcinoma as well [29].

Worth of note, the patient did not receive any pre-operative
treatment, ruling out the possibility that the intratumoural lym-
phoid infiltrate could be due to secondary changes after chemo-
therapy. The possibility that the lymphoid tissue was a part of the
peri-pancreatic lymph nodes was reasonably ruled out as (1) the
mass was largely located in the centre of the pancreatic paren-
chyma (Fig. 1a), (2) the carcinoma with accompanying lym-
phoid stroma was also found in infiltrated duodenal muscular
wall and (3) no overt lymph node structures could be identified.

Our case had wild-type KRAS gene, as it is often observed
in medullary carcinoma of the pancreas [26] conversely to
ductal adenocarcinoma of the pancreas, which frequently har-
bours KRAS mutations [30]. Notably, this is the first reported
case of PHC in which a molecular analysis has been performed.
Moreover, we could find no evidence of EBV infection using
both LMP-1 immunohistochemistry and EBER in situ hybridi-
zation, which is known to be a highly sensitive and specific
method to detect EBV [31]. To date, only a few cases of
lymphoepithelioma-like carcinoma arising from the pancreas
and hepatobiliary system have been reported [29, 32—35], most
of them being EB V-positive biliary cholangiocarcinomas. In the
literature, EBV RNA was identified in only two carcinomas of
the pancreas, both without hepatocellular differentiation [26, 32].

The general, prognosis of PHC is difficult to establish due
to its rarity. In general, HCs of the gastrointestinal tract carry a
poor prognosis, likely due to an advanced stage at diagnosis.
Nine out of 23 cases of PHC previously reported in the liter-
ature showed distant metastases at diagnosis and 11 died of
disease. Interestingly, a few patients, as our, had a more indo-
lent behaviour. Kelly et al [19] suggested that pure PHC might
have a more favourable prognosis than mixed tumours (with
ductal, acinar or neuroendocrine components). It has also been
suggested that pancreatic ductal adenocarcinomas character-
ized by a CD8-positive T cell infiltration display a better clin-
ical behaviour [36]. In hepatocellular carcinoma, a marked
lymphocytic infiltration appears to be a favourable prognostic
factor [37] seemingly owing to an antitumour effect mediated
by T lymphocytes [38]. We may argue that the prominent
lymphocytic infiltration in our case could at least partially
account for the absence of tumour recurrence. In our case,
there was no evidence of infiltration by lymphocytes inside
the epithelial neoplastic nests, as usually seen in EBV-positive
or medullary carcinomas. This pattern of lymphocytic infiltra-
tion is elsewhere defined as “intratumoural” rather than
“intraepithelial” [39]; its meaning and its impact on prognosis
remain unclear.

@ Springer

In conclusion, we described here the first case of PHC with
lymphoid stroma, increasing our knowledge about pancreatic
hepatoid carcinomas. The prominent hepatocellular differen-
tiation helps in distinguishing this peculiar type of carcinoma
from other pancreatic tumours, notably the medullary carcino-
ma of the pancreas.
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