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Abstract
Recently, the termmixed neuroendocrine non-neuroendocrine neoplasms (MiNEN) has been proposed as an umbrella definition
covering different possible combinations of mixed neuroendocrine-exocrine neoplasms. Among these, the adenoma plus neu-
roendocrine tumor (NET) combination is among the rarest and not formally recognized by the 2019WHO Classification. In this
setting, the debate between either collision tumors or truemixed neoplasms is still unsolved. In this report, a pancreatic intraductal
papillary mucinous neoplasm (IPMN) plus a NET is described, and the molecular investigations showed the presence in both
populations of the same KRAS, GNAS, and CDKN2A mutations and the amplification of the CCND1 gene. These data prove
clonality and support a common origin of both components, therefore confirming the true mixed nature. For this reason, mixed
neuroendocrine-exocrine neoplasms, in which the exocrine component is represented by a glandular precursor lesion (adenoma/
IPMN) only, should be included into the MiNEN family.

Keywords Pancreatic neuroendocrine tumor . Intraductal papillary mucinous neoplasm . Mixed neuroendocrine
non-neuroendocrine neoplasms . KRAS andGNASmutation . CDKN2Amutation . Cyclin D1 amplification

Introduction

The classification of mixed neuroendocrine-exocrine neo-
plasms changed recently: the 2019 WHO Classification of
Digestive System Tumors [1] extends the concept of mixed
neuroendocrine non-neuroendocrine neoplasms (MiNEN) to
all gastro-entero-pancreatic sites. The most common combi-
nations include high-grade malignant components, which cor-
respond to the old term mixed adenoneuroendocrine carcino-
ma (MANEC) of the 2010 WHO Classification of Tumors of
the Digestive System [2].

However, there are also “low-grade” combinations, i.e.,
well-differentiated neuroendocrine tumor plus adenoma. This
later combination is very rare, and a limited number of cases
have been described in the GI tract [3]. In the pancreas, small
case series reported neuroendocrine tumor/microadenoma with
intraductal papillary mucinous neoplasms [4].

While for the high-grade combination, the origin of both
components from a common precursor has been proven using
molecular techniques [5]; it is still unclear whether the rarer
low-grade counterpart represents either collision tumors or
true clonal mixed neoplasm.

Case report

A 56-year-old man underwent pancreatoduodenectomy for a
30 mm intraductal papillary mucinous neoplasm (IPMN) of
the pancreatic head, intestinal type, with high-grade dysplasia
[1], of the branch ducts with extension to the main duct.
Within the IPMN, a morphologically defined second compo-
nent of a neuroendocrine tumor (NET) is recognized amidst
the mucinous papillae (Fig. 1). This NET was 7 mm in diam-
eter with a Ki-67 proliferative index up to 8–10% (G2).
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The neuroendocrine nature was confirmed by wide-
spread positivity to synaptophysin and chromogranin A,
while the mucinous cells stained completely negative for
these markers.

SSTR2A stained the membrane of 100% of NET cells.
DAXX and ATRX nuclear staining was preserved.
Glucagon, insulin, serotonin, and somatostatin resulted
completely negative. Menin nuclear expression was retained
in both populations; p16 nuclear staining instead was
completely negative in both components.

Cyclin D1 stained intensely the nuclei of both components;
the IPMN’s positivity was stronger in the mucinous cells near
the NET.

FISH analysis was performed to evaluate CCND1 gene
copy number status and confirm amplification: high-level

CCND1 gene amplification (> 10, clusters) is observed in both
the IPMN and NET components (Fig. 2).

The molecular analysis carried out on the IPMN compo-
nent showed the presence of KRAS mutation p.Gly12Asp
(c.35G > A), GNAS mutation p.Arg201His (c.602G > A),
CDKN2A mutation p.Thy44ter (c.131_132insA), and
CCND1 amplification (copy number 28). The samemolecular
alterations are identified in the neuroendocrine component
(Fig. 3), isolated by laser capture microdissection at the
Institute für Pathologie of Bern, Switzerland, before DNA
extraction.

Lymph nodes retrieved from the specimen were free of
tumor (0/28). The post-operative course of the patient was
uneventful. Currently, at 27 months of regular follow-up, he
is healthy and disease-free.

Fig. 1 Panoramic view of a section (a) showing a pancreatic intraductal
papillary mucinous neoplasm (IPMN) of the peripheral ducts. At the
bottom, a solid area is visible inside a dilated duct and amidst with the
fronds of mucinous cells. At higher magnification (b, c). a double
population is observed, mucinous-type at the external surface, and

neuroendocrine-type in the deeper part of the neoplasm. The
neu roendoc r in e componen t was in t en se ly pos i t i ve fo r
immunohistochemical staining for synaptophysin (d) and SSTR2A (e).
P16 resulted completely negative in both mucinous and neuroendocrine
population (f)
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Material and methods

Serial 5-mm thick paraffin sections were collected on charged
slides and processed using an automated immunostainer
(BenchMark ULTRA; Ventana Medical System, Tucson,
AZ). Antibodies against the following antigens were used:
ATRX (polyclonal, Sigma Aldrich), chromogranin A (cl.
LK2H10, Ventana), cyclin D1 (cl. SP4-R, Ventana), DAXX
(polyclonal, Sigma Aldrich), glucagon (polyclonal, Ventana),
insulin (polyclonal, Ventana), Ki67 (cl. 30–9, Ventana),
Menin (polyclonal, Epitomics), p16 (cl. E6H4, Ventana), se-
rotonin (polyclonal, Novocastra), somatostatin (polyclonal,
Ventana), SSTR2A (cl. RM- UMB1, Epitomics), and
synaptophysin (cl. SP11, Ventana) on whole sections.

Laser capture microdissection of cells for molecular
analyses (Institute für Pathologie, Bern)

Five 7-μm-thick sections were cut on Leica PEN-Membrane
2.0-μm slides (Leica Microsystems GmbH, Germany) and
stained in 1% Cresyl violet acetate solution for laser capture
microdissection (LCM) using a Zeiss PALM MicroBeam 4.2
laser microdissection system (Carl Zeiss Microscopy GmbH).
Cells, of a total surface of 3 × 106 uM2, were dissected and
catapulted directly into a Zeiss Adhesive Cap 500 opaque tube
(Carl Zeiss Microscopy GmbH) and were lysed in 20 μl of

ATL lysis buffer, containing proteinase k, overnight at 56 °C.
Genomic DNA was then extracted using the QIAamp DNA
micro kit (Qiagen, Milan, Italy) according to the manufac-
turer’s instructions.

DNA extraction and sequencing methods

Targeted NGS was performed for molecular characterization
of the two tumor components using the Oncomine
Comprehensive DNA Assay v.3M (OCAv3, Thermo Fisher
Scientific), according to manufacturer’s protocols: genomic
DNA from FFPE tumor tissue sections was isolated by auto-
mated extraction using the Maxwell® RSC instrument
(Promega Italia S.r.l., Milano, Italy) following the manufac-
turer’s protocols. Quantity of isolated DNA was assessed by
Qubit 3.0 fluorometer (Thermo Fisher Scientific); sequencing
was carried on S5 Ion Torrent (Thermo Fisher), and data anal-
ysis was performed by Ion Reporter™ Server hosting infor-
matic tools (Ion Reporter™ Software v5.12) for variant anal-
ysis, filtering, and annotations.

FISH method

CCND1 gene copy-number (CN) status was assessed by fluo-
rescence in situ hybridization (FISH) on formalin-fixed,
paraffin-embedded tissue 4-μm tumor tissue sections using a

Fig. 2 Cyclin D1 nuclear expression was documented in both
neuroendocrine cells (a) and mucinous cells of the intraductal papillary
mucinous neoplasm (IPMN) (b). Likewise, CCND1 gene high

amplification was found in both the neuroendocrine component (c) and
the exocrine/IPMN component (d)
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dual-color FISH probe set (CCND1/CEN 11 Dual Color
Probe, Cytocell, UK), following manufacturer’s protocols.
Slides were analyzed using Nikon 90i fluorescence micro-
scope (Nikon Instruments SPA, Italy), and images were cap-
tured by Genikon software (Nikon). CCND1 CN per nucleus
was counted in at least 100 tumor cells; high-level gene am-
plification was defined as more than 10 copies per nucleus or
high copy clusters in > 50% of the cells; low-level amplifica-
tion was defined as 6–10 copies in > 50% of cells; and 1–5
copies defined non-amplification.

Discussion

The 2017 WHO Classification of Tumors of Endocrine
Organs [6], referring to the pancreas, introduced the term
MiNEN. This term embraces a greater number of combina-
tions of tumors than the previous MANEC, restricted to “ad-
enocarcinoma” and “neuroendocrine carcinoma,” of the 2010
WHO Classification [2]. Among them, the combination of
well-differentiated neuroendocrine tumor and adenoma is
one of the rarest.

In 2018 La Rosa et al. published [3] a series of such gastro-
intestinal tumors and proposed the term mixed adenoma well-
differentiated tumor (MANET) to define them.

Here, we report a patient with a mixed tumor composed of
a pancreatic IPMN and NET G2.

Various associations between IPMN and neuroendocrine
tumor have been described in the literature. However, as

recently highlighted [4], there is no clear separation between
coexistence of incidental pancreatic microadenoma/small
NET with exocrine tumor and true mixed IPMN-
neuroendocrine tumor; the existence of the latter has not been
proven molecularly.

In most of the cases described, IPMN and NET were topo-
graphically separated lesions that merely coexist in the same
pancreas, and they probably represent two separate tumors [4].
To the best of our knowledge, only 3 cases of a truly mixed
IPMN plus NET have been reported [7–9] (case number 5
described by Marrache [7]). In two of them, the neuroendo-
crine component was less than 5 mm in size.

La Rosa in his study on the MANET of the GI tract [3]
hypothesized a common origin for both the neuroendocrine and
non-neuroendocrine components, because of an intimate connec-
tion between the two populations observed on morphological
ground. However, a common origin could not be proven molec-
ularly, since both components were negative for the studied mu-
tations (KRAS, BRAF, PIK3CA, and microsatellite instability).

Such an intricate morphological connection is rare between
IPMN and NET, leaving the question of collision tumor ver-
sus true mixed tumors unanswered.

In the present case, we were able to prove clonality based on
shared molecular abnormalities in both IPMN and NET. The
predominant population was represented by the IPMN or the
exocrine component. In fact, both populations shared two mo-
lecular alterations (KRAS and GNAS mutations) that are com-
mon in IPMNs, especially with intestinal phenotype and thought
to be the earliest driver gene alterations of these neoplasms [1],

Fig. 3 CDKN2A, GNAS, and KRAS gene alterations were found in both
the intraductal papillary mucinous neoplasm (IPMN) component (first
row) and the neuroendocrine component (second row). Next-generation
sequencing data, visualized with the integrative genomic viewer (IGV)

software, revealed identical genetic alteration in the two populations
(forward and reverse reads are shown in red and blue, respectively),
with different allelic frequencies
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suggesting that the NET originated from IPMN. Conversely,
these mutations are usually not detected in pancreatic NET [10].

Loss of p16 expression, through CDKN2A gene mutation,
9p21 deletion or promoter hypermethylation, has been de-
scribed in IPMNs, and this event typically occurs after
KRASmutation and is more prevalent in high-grade dysplasia
and with intestinal phenotype [11].

Alterations of the CDKN2A gene have also been described in
PanNETs [1, 10]; however, when present they are associatedwith
larger size, high grade, stage and the presence of distant metasta-
ses [12]. In the current case, the NET component was 7mmonly,
and it seems more likely that the mutation of CDKN2A has been
developed originally in the exocrine component.

In addition, our in situ analysis proved CCND1 gene am-
plification and immunohistochemical overexpression of its
product, cyclin D1, in both cellular components.

While not expressed by normal pancreatic islets, immunohis-
tochemical stain of cyclin D1 has been documented in pancreatic
NETs without any amplification or rearrangement of its gene
locus been detected [13], while the corresponding chromosomal
region (11q13) is commonly deleted in pancreatic NETs [10].

For the exocrine counterpart, cyclin D1 immunohistochemi-
cal stain has been well-documented in pancreatic ductal adeno-
carcinoma (PDAC) and its putative precursor lesions, both pan-
creatic intraepithelial neoplasia (PanIN) and IPMNs [14].
Moreover, CCND1 amplification was found both in PDAC
and IPMNs, intestinal subtype, with high-grade dysplasia [15].

In the 2019 WHO Classification [1], MANET was not
recognized as an entity, since mixed NET and adenoma were
not included in the MiNEN category, perhaps do to the lack of
prove of clonality. The case presented here demonstrated that
clonal mixed NET-adenoma/IPMN does really exist, and in
the future, this combination should be included at the lower
end of the MiNEN family.
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