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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive malignancy and estimated
to become the second leading cause of cancer-related deaths by 2030. Although overall 5-year survival
rates have constantly remained below 10% for the last decades, several key points important for accurate
patient stratification have emerged during recent years. These key points include a highly standardized
gross examination of PDAC resection specimens, using an axial slicing technique and inking of the
circumferential resection margin (CRM), as well as a meticulous microscopic examination, taking into
account the prognostic relevance of factors such as the exact resection status (RO vs. R1 1-mm vs. R1
resection), histopathological tumor grading and the so-called lymph node ratio (LNR). With increasing
use of neoadjuvant therapy in PDAC, tumor regression grading (TRG) for PDAC is currently rising in
relevance in order to stratify and manage pre-operatively treated PDAC patients. As all current TRG
systems for PDAC are unsatisfactory, new standardized international protocols are urgently needed. Several
morphological subtypes of PDAC exist, some of which share the same molecular background with classical
PDAC, while others are characterized by a distinct molecular pathogenesis. While some show a prognosis
similar to classical PDAC, other subtypes stand out due to a better or even worse prognosis than classical
PDAC. Prognostic relevant molecular subtypes of PDAC have been proposed as well, however, limitations
of used cohorts and the lacking correlation of molecular subtypes with histomorphological subtypes
limit the translation of these findings into valuable clinical applications. Lastly, several macroscopic and
microscopic precursor lesions of PDAC have been described in genetically engineered mouse models
(GEMM) and humans in recent times, providing further insight into PDAC carcinogenesis. In addition,
improved diagnosis of PDAC precursors represents a chance to select patients for resection before invasive
PDAC is present.
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Introduction

Neoplasms of the pancreas comprise a broad spectrum
and are generally classified according to their histological
differentiation as epithelial or non-epithelial and according
to their biological behaviour in benign, pre-malignant
or malignant neoplasms. Epithelial neoplasms can be
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either exocrine or endocrine, while the group of exocrine
neoplasms is further classified in ductal and acinar
neoplasms. An overview of pancreatic neoplasms is given in
Tuable 1.

Pancreatic ductal adenocarcinoma (PDAC) is by far the
most common type of pancreatic malignancy, accounting
for about 90% of all pancreas neoplasms (1). Hence,
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Table 1 Overview of pancreatic neoplasms
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Group Entity

Further subdivision

Exocrine neoplasms

Benign Acinar cell cystadenoma
Serous cystadenoma
Pyloric gland adenoma

Pre-malignant Pancreatic intraepithelial neoplasia, high grade
Intraductal papillary mucinous neoplasm
Intraductal tubulopapillary neoplasm
Mucinous cystic neoplasm

Malignant Acinar cell carcinoma
Acinar cell cystadenocarcinoma

Ductal adenocarcinoma

Intraductal papillary mucinous neoplasm with an
associated invasive carcinoma

Intraductal tubulopapillary neoplasm with associated
invasive carcinoma

Mixed acinar/ductal/neuroendocrine carcinoma

Pancreatoblastoma

Serous cystadenocarcinoma

Solid-pseudopapillary neoplasm
Neuroendocrine Pancreatic neuroendocrine microadenoma

neoplasms .
P Neuroendocrine tumor

Neuroendocrine carcinoma (NEC)

EC-cell, serotonin producing NET (carcinoid)
Gastrinoma

Glucagonoma

Insulinoma

Somatostatinoma

VIPoma

With low-grade dysplasia
With high-grade dysplasia
With low-grade dysplasia
With high-grade dysplasia

Adenosquamous carcinoma
Colloid carcinoma

Hepatoid carcinoma
Medullary carcinoma

Signet ring cell carcinoma
Undifferentiated carcinoma

Undifferentiated carcinoma with osteoclast-like giant cells

Nonfunctional pancreatic NET
NET G1

NET G2

NET G3

Small cell NEC

Large cell NEC
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the terms “pancreatic cancer” and “pancreatic ductal
adenocarcinoma” are often used synonymously.

Macroscopy and grossing of PDAC

Most often, PDAC is located in the proximal pancreas, while
an involvement of the pancreatic body or tail is rarer. In
PDAC of the pancreatic head, obstruction of the common
bile duct can lead to painless jaundice. However, PDAC is
rarely diagnosed early. Usually, PDAC is between 2—4 cm
at diagnosis (pT2), or even larger if located in the distal
pancreas, and has already infiltrated surrounding structures
(peripancreatic adipose tissue, duodenum, stomach, portal
vein, etc.). It presents as solid and firm white-yellowish
poorly-defined mass (Figure 14). Regional lymph node
metastases are also commonly present at diagnosis (2). The
grossing of PDAC specimens is of great importance for the
workup of a PDAC case, with the three main aspects being
the extent of the primary tumor, which is relevant for the
T category of the TNM staging, the presence and number
of lymph node metastases and the relationship of the tumor
to the resection margins. A highly standardized slicing and
sampling technique with axial sectioning of the specimen
perpendicular to the longitudinal axis of the descending
duodenum is recommended for pancreaticoduodenectomy
specimens. This enables correlation of macroscopic findings
with CT or MRI imaging, as well as the evaluation of the
circumferential resection margin (CRM) macroscopically
and, subsequently, also on the microscopic slide (3,4).
The CRM consists of the anterior, posterior and medial
pancreatic surface. These three surfaces should be inked
with different colors prior to sectioning, according to a pre-
defined color code, so that the relationship of the tumor
to each surface can be recapitulated on the microscopic
specimens. Although the definition and nomenclature of
the CRM is a subject of controversial debate, it is often
affected by microscopically incomplete (R1) resections and
should therefore always be evaluated (3,5) (Figure 1B). For
distal pancreatectomy specimens, inking of the posterior
and anterior surface and slicing perpendicular to the
longitudinal axis of the pancreas is recommended, in order
to enable evaluation of the CRM. Due to the dispersed
growth of PDAC especially in the tumor periphery, the
“I1-mm rule” has been proposed to determine the R-status at
the CRM: a true RO situation (“R0 wide”) is only reported
if no tumor cells are present within 1 mm of the respective
resection margin. In case of tumor cells within 1 mm of the
margin, but not within the margin itself, the resection is
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defined as (most appropriately) “R1-1 mm” or in alternative
“R0O narrow” or “R0, CRM +”. If tumor cells are present
directly within the margin, the resection is classified as “R1”.
It has been shown in a large meta-analysis that patients
with “RO wide” status show a significantly better survival
than patients with “R1 - 1 mm” and patients with “R1”
status (6). Some studies even suggest a stricter cut-off for
“RO wide”, such as 1.5 or 2 mm (7,8). The standardized
grossing approach also enables retrieval of a higher number
of lymph nodes compared to non-standardized protocols,
a relevant aspect considering the prognostic role of the so-
called lymph node ratio (LNR) (ratio of metastatic to the
total number of retrieved lymph nodes) (9).

Histomorphology of PDAC

Microscopically, PDAC consists of atypical tubular glands
resembling medium-sized or smaller pancreatic ducts.
However, growth patterns are strikingly heterogeneous
among and within tumors. PDAC can include non-
tubular components, such as a clear-cell, cribriform or
gyriform component, which may have an impact on patient
survival (10). The irregular tumor glands of PDAC
are often—mostly in the case of well- and moderately
differentiated PDAC—embedded in a prominent
desmoplastic stroma, which consists of stromal cells,
inflammatory cells and extracellular matrix proteins and
contributes to the aggressive biological behavior of this
neoplasm (Figure 1C) (11). Histopathological grading
of PDAC is an important prognostic factor (12) and is
performed according to defined WHO criteria, including
the presence of tubular structures vs. solid growth, the
presence of mucin, nuclear polymorphism and number of
mitoses (13) (Table 2). The desmoplastic stromal reaction is
less developed to absent in poorly differentiated PDAC.

Immunoprofile of PDAC
Although the diagnosis of PDAC can usually be made based

on conventional histology, immunohistochemistry can be
useful to distinguish PDAC from other primary tumors in
case of metastases. PDAC usually express cytokeratins such
as CK7, CK19, CK18 and sometimes CK20. CEA, CA19-9
and CA125, MUCI, MUC4 and MUCS5AC are usually
positive in PDAC as well. Staining for CEA and MUCI
can also be used to distinguish PDAC tumor glands from
reactive ductular glands, as tumor glands usually show an
apical and cytoplasmic expression, while reactive glands
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Figure 1 Gross morphology and histomorphology of PDAC. (A) Gross morphology of PDAC after axial slicing. PDAC presents as solid ill-
defined white-yellowish mass of the pancreas head (circle). The ventral CRM was inked blue (black arrow), the medial CRM green (white
arrow) and the posterior CRM black (arrowhead). (B) Histomorphology of PDAC. Tumor cells are present within 1 mm of the ventral
CRM, highlighted with green ink, warranting the diagnosis of “R1 1-mm” status. (C) Typical histomorphology of PDAC. Small to medium-
sized irregular glands are embedded in a desmoplastic stroma. (D) Histomorphology of PDAC after neoadjuvant therapy. Tumor cells show
signs of regression, such as vacuolization of the cytoplasm and marked nuclear atypia, although the distinction between regressive changes
and pre-existent tumor cell features is nearly impossible. (B) 100x, H&E; (C) 100x, H&E; (D) 100x, H&E. PDAC, pancreatic ductal

adenocarcinoma; CRM, circumferential resection margin.

Table 2 Grading of PDAC [adapted from (13)]

Criteria G1 G2 G3
Architecture Tubular, middle-sized duct-like Middle and small-sized duct-like Solid areas, budding, single cell
structures, papillary projections structures, cribriform structures infiltration
Cells Cylindrical, retained mucin Cubic, partial loss of mucin Polygonal, pleomorphic, spindle,
loss of mucin production
Nuclei Slightly polymorphous Moderately polymorphous Very polymorphous
Mitoses 1-5/10 HPF 6-10/10 HPF >10/10 HPF

PDAC, pancreatic ductal adenocarcinoma.
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show no or only apical expression of the two markers.

Pathology of neoadjuvant treated PDAC

Although the importance of neoadjuvant treatment
of PDAC is increasing, especially in primarily non-
resectable and borderline-resectable PDAC, little to no
standardization has been established both regarding therapy
regimens and pathological evaluation of specimens. A
multitude of tumor regression grading (TRG) systems have
been proposed in the past and are currently in use in the
assessment of therapeutic success. Most of the TRG systems
are based on the semi-quantitative evaluation of destruction
of viable cancer cells on one hand and the extent of therapy-
induced fibrosis on the other hand. While these criteria are
sufficient for other gastrointestinal cancers, major problems
occur when applying these criteria in PDAC. Even
modern imaging techniques are not reliable in determining
the original tumor size of PDAC prior to therapy (14).
However, without knowledge of the original tumor size, the
percentage of destroyed cancer cells cannot be determined
reliably. After resection, both gross and microscopic
evaluation of the tumor extent is challenging in PDAC,
even in untreated specimens, due to its dispersed growth,
which is even more prominent in pre-operatively treated
PDAC, as regression and therefore tumor-induced fibrosis
may be patchy. Moreover, even therapy-naive PDAC is
characterized by a prominent stromal reaction, making
the extent of therapy-induced fibrosis an unsatisfactory
criterion for TRG. While efforts have been made to
find markers that can help distinguish tumor-associated
desmoplasia and therapy-induced fibrosis, no such markers
have been found so far (15). Other morphological changes
in neoadjuvant PDAC, which are sometimes used in TRG,
include necrosis, inflammation, mucin pools and regressive
changes the tumor cells, such as marked eosinophilia and
vacuolization of the cytoplasm and high-grade nuclear
atypia (Figure 1D). However, all these changes are not only
hard to quantify, but may all be present in therapy-naive
PDAC as well.

The difficulties discussed above illustrate the urgent
need to improve PDAC TRG. Various new aspects have
recently been suggested to be incorporated in PDAC TRG.
These include, for example, focusing on the residual cancer,
e.g., with the implementation of a residual cancer burden score
(taking into account the size and cellularity of the residual
primary and the number and size of residual lymph node
metastases), similar to what has been done in breast cancer,
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or the use of Ki67 immunohistochemistry to determine
the proliferative activity of the residual cancer (16). In the
future, meticulous and highly standardized assessment of
pre-treated PDAC specimens is needed in order to validate
existing and new aspects of PDAC TRG.

Variants of PDAC

A number of morphological variants of PDAC exist. While
most share a similar molecular pathogenesis and therefore
similar biological behaviour and prognosis with “classical”
PDAC, some variants are characterized by a different
molecular background and prognosis. Variants with a
similar molecular pathogenesis include adenosquamous
carcinoma, anaplastic (undifferentiated) carcinoma,
undifferentiated carcinoma with osteoclastic giant cells,
micropapillary carcinoma, signet-ring cell carcinoma and
the large-duct type carcinoma of the pancreas. On the other
hand, colloid carcinoma, medullary carcinoma and hepatoid
adenocarcinoma of the pancreas are variants with a distinct
molecular pathogenesis.

Adenosquamous carcinomas of the pancreas are defined
as carcinomas with a squamous component making up at
least 30% of the tumor mass, while the glandular component
can be minimal (Figure 24,B) (13). Although they share a
similar molecular carcinogenesis, their prognosis is even
worse than the prognosis of classical PDAC (17). Similarly,
anaplastic (undifferentiated) carcinomas of the pancreas
also have a poorer prognosis than classical PDAC (18).
These tumors are characterized by solid or dispersed
growth and the presence of large, strikingly polymorphous
tumor cells, including multinuclear tumor giant cells
(Figure 2C). In immunohistochemistry, the anaplastic cells
often co-express pan-cytokeratin (Pan-CK) and vimentin
and display a loss of e-cadherin (Figure 2D). Anaplastic
pancreatic carcinomas with a rhabdoid differentiation have
been shown to harbour SMARCBI mutations, while being
KRAS wildtype (19). Anaplastic pancreatic carcinomas
are not to be confused with pancreatic undifferentiated
carcinomas with osteoclastic giant cells. These tumors
include histiocytic giant cells, which can be distinguished
from tumor giant cells by positivity for CD68, and seem
to bear a markedly better prognosis with a 5-year survival
rate of 60% (20). Micropapillary carcinomas of the pancreas
resemble those of the breast and consist of densely packed
micropapillary cell clusters within clefts, with a typical
“inside-out” pattern of MUCI staining (positivity of the
stroma-facing cell surface) and cytoplasmic positivity for
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Figure 2 Histomorphologic variants of PDAC. (A) Histomorphology of adenosquamous pancreatic carcinoma, consisting of a glandular
and a solid-squamous tumor component; (B) immunohistochemistry of adenosquamous pancreatic carcinoma. Squamous component stains
positive for p40; (C) histomorphology of anaplastic pancreatic carcinoma displaying perineural invasion by dispersed, highly pleomorphic
tumor cells; (D) immunohistochemistry of anaplastic pancreatic carcinoma with positivity for Vimentin; (E) histomorphology of colloid
(mucinous) pancreatic carcinoma with invasive tumor cells embedded in extensive mucin pools; (F) PAS-positivity of mucin pools in colloid
(mucinous) pancreatic carcinoma. (A) 100x, H&E; (B) 100x, p40; (C) 400x, H&E; (D) 200x, Vimentin; (E) 100x, H&E; (F) 20x, PAS.
PDAC, pancreatic ductal adenocarcinoma.

e-cadherin and galectin-3 (21). Primary signet-ring cell cells, characterized by large cytoplasmic mucin vacuoles,
carcinomas of the pancreas are exceedingly rare, and only pushing the nucleus to the periphery of the cell. The
few case reports have been published (22). For the diagnosis large-duct type variant of PDAC forms large, sometimes
of signet-ring cell carcinoma, many authors require for dilated ducts, can mimic non-invasive cystic tumors of the
50% or more of the tumor mass to consist of signet-ring pancreas and share a similar patient survival with classical
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PDAC (23). Colloid (mucinous) carcinomas of the pancreas
are frequently associated with high-grade intestinal-
type intraductal papillary neoplasms of the pancreas and
are characterized by the presence of extracellular mucin
aggregates (Figure 2E,F). Intestinal-type IPMN and colloid
carcinomas often harbour distinct GNAS mutations and
often additional KRAS mutations (24,25). With a 5-year
survival rate of 50%, these tumors exhibit a markedly better
prognosis than classical PDAC (26). Medullary carcinomas
of the pancreas have a distinct syncytial growth pattern,
show pushing invasion, often include areas of necrosis and
may be associated with microsatellite instability, similar
to colorectal counterparts (27,28). Lastly, the hepatoid
carcinoma of the pancreas is exceedingly rare and is a mimic
of hepatocellular carcinoma concerning its morphology and
immunoprofile (29). Recently, Fign mutations have been
identified in hepatoid carcinomas based on data generated
through transposon-induced carcinogenesis in mice.

Molecular subtyping of PDAC

While the role of the four cancer-related genes KRAS,
TP53, SMAD4 and CDKN2A in PDAC carcinogenesis
has been well known for many years, the development of
sophisticated high-throughput techniques has enabled a
much more detailed molecular characterization of PDAC
in recent years. In 2011, transcriptome analyses of PDAC
tissue samples and human and murine PDAC cell lines
performed by Collisson and colleagues have led to the
proposal of three molecular subtypes of PDAC: (I) the
classical, (Il) the quasi-mesenchymal and (III) the exocrine-
like subtype of PDAC (30). While the classical subtype is
characterized by the expression of epithelial and adhesion-
related genes, the quasi-mesenchymal subtype primarily
expresses mesenchyme-related genes, while the exocrine-
like subtype is defined by the expression of genes linked
to digestive enzymes (30). Interestingly, these subtypes
seem to be relevant for survival, with the best prognosis
being attributed to the classical subtype and the worst to
the quasi-mesenchymal subtype (30). In addition, PDAC
cell lines of the classical subtype seem to be resistant to
gemcitabine therapy, but sensitive to erlotinib, while
PDAC cell lines of the quasi-mesenchymal subtype seem
gemcitabine-sensitive, but erlotinib-resistant (30); however,
studies regarding current therapy regimens, such as
gemcitabine plus nab-paclitaxel or FOLFIRINOX, are yet
missing. Five years after that, Bailey and colleagues were
able to determine four molecular subtypes of PDAC based
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on whole exome sequencing and copy number variation
(CNV) analysis, which partially overlapped with Collisson’s
subtypes (31). Further molecular subtypes proposed in 2015
by Waddell and colleagues focused on genomic stability
vs. instability (32). These subtypes may have implications
for therapy, e.g., the marked genomic instability in the
unstable subtype may suggest sensitivity to DNA-damaging
therapeutics (32). In addition to the molecular subtyping of
PDAC epithelial cells, Moftfitt and colleagues successfully
performed molecular subtyping of PDAC stroma, resulting
in the proposal of a “normal” and an “activated” PDAC
stroma subtype, with the “activated” subtype being linked
to a worse prognosis (33).

While translating these findings into clinical applications
in the context of patient stratification and precision
medicine seems like an urgent next step to take, limitations
should be considered. Although similarities between
subtypes described by different authors exist, subtypes do
not overlap perfectly, which may in part be a result of the
material that was used for the analysis. Due to the distinct
biology and histomorphology of PDAC, contamination
of tumor tissue samples with stromal cells has to be taken
into account. Moreover, validation studies have recently
found evidence that Collisson’s exocrine-like (Bailey’s
ADEX subtype, respectively) may have resulted from
contamination of tumor tissue samples with normal
acinar cells (34). In addition, the correlation between
molecular and histological subtypes is mostly lacking in
the above-mentioned studies, e.g., Bailey’s squamous
molecular subtype does not correspond to a squamous
differentiation on a histomorphological level. Integration of
histomorphological and molecular data has suggested that
there is indeed a prognostic relationship between them (10).
Therefore, the next step should not only be the validation
and optimization of molecular subtypes, but also the
integration of histomorphological subtypes.

Precursors of PDAC

Precursor lesions of PDAC can be divided into microscopic
and macroscopic precursors.

Microscopic precursors include pancreatic intraepithelial
neoplasia (PanIN) and possibly atypical flat lesions (AFL).
PanIN are small (<0.5 cm in diameter) mucinous-papillary
intraepithelial neoplasms with a ductal phenotype and can
be classified as low-grade PanIN or high-grade PanIN
according to the grade of cellular and nuclear atypia (35).
PanIN are commonly found in pancreas resection
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specimens, but increasingly in patients with PDAC (16% in
normal pancreata vs. 82% in pancreata with PDAC) (36).
PanIN have been extensively studied in mouse models,
which have proven that the formation of PanIN can be
induced by the activation of the KRAS oncogene alone (37).
While KRAS mutations are very frequently found in low-
grade PanIN and high-grade PanIN, mutations of CKN2A4
TP53 and SMAD#4 are usually only found in high-grade
PanIN, and at a much lower frequency than in invasive
PDAC (38,39).

On the other hand, AFL are small tubular lesions
consisting of flat to cuboidal epithelia with cytologic atypia,
surrounded by reactive stroma, and have been described in
mouse models and patients with a familial predisposition for
pancreatic cancer (40).

Despite the ductal phenotype of these two microscopic
PDAC precursors, acinar cells have been shown to be cells of
origin for PanIN and AFL (41,42), giving rise to the concept
of acinar-ductal metaplasia (ADM) and a “metaplasia-
dysplasia sequence” in pancreatic carcinogenesis.

Macroscopic precursor lesions of PDAC include intraductal
papillary mucinous neoplasms (IPMN) as well as mucinous
cystic neoplasms (MCN) and intraductal tubulopapillary
neoplasms (ITPN). IPMN are macroscopic (>1.0 cm in
diameter) mucinous papillary intraepithelial neoplasms.
They can be classified as main-duct, branch-duct or
combined-type IPMN according to their site of origin
and as gastric-type, intestinal-type and pancreatobiliary-
type IPMN according to their histomorphology and
immunoprofile (43-45) (Figure 34,B,C,D,E,F). The fourth
histological subtype of IPMN, oncocytic-type IPMN; is
now recognized as a separate entity (intraductal oncocytic
papillary neoplasm, IOPN) due to its unique biological
behavior (46,47). Although IOPN most often display high-
grade dysplasia and/or invasive carcinoma and tend to recur,
their prognosis seems to be excellent after surgery (48).
Main duct-type IPMN are usually intestinal-type IPMN
or, more rarely, pancreatobiliary-type or gastric-type
IPMN or IOPN, while branch-duct type IPMN are most
commonly of gastric-type (26,49). An overview of the
histomorphology and immunophenotypes of IPMN and
IOPN is given in Table 3. Like PanIN, IPMN should be
classified as high-grade or low-grade according to the grade
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of cytological atypia (35). In addition to KRAS mutations,
GNAS mutations in codon 201 are typical for IPMN. While
GNAS mutations may occasionally also be found in PanIN,
they are much more frequent in IPMN and can be found
in up to 2/3 IPMN cases (50). KRAS and GNAS mutations
often occur simultaneously in IPMN, and GNAS mutations
are found significantly more frequently in the intestinal
subtype, whereas the KRAS mutations are significantly more
common in the gastric subtype (51). Mutations of RNF43,
which codes for a protein with intrinsic E3 ubiquitin ligase
activity, also seem to be found in IPMN, although their
clinicopathological significance remains to be elucidated
(51,52). Similar to the situation in PanIN, mutations in
CDKN2A, TP53 and SMAD#4 are predominantly found
in high-grade IPMN or IPMN associated with invasive
carcinoma, respectively.

MCN are large cysts, which can be uni- or multilocular,
often have a thick, sometimes calcified cyst wall and
mostly occur in the distal pancreas of middle-aged women.
Low-grade MCN are characterized by a single layer of
mucinous epithelia with an underlying characteristic
“ovarian-like” stroma, which stains positive for oestrogen
and progesterone receptor in immunohistochemistry
(Figure 3G,H) (53). In high-grade MCN, a more complex
architecture with papillary projections and solid areas can
be observed. On a molecular level, KRAS mutations are
frequently found in low-grade and high-grade MCN (54),
while GNAS mutations are usually absent in MCN (55).
Like IPMN, MCN may harbour mutations in RNF43 (52).
CDKN2A, TP53 and SMAD4 mutations are usually only
found in high-grade MCN or MCN with associated
invasive carcinoma.

Lastly, another rarer macroscopic PDAC precursor
is ITPN. These lesions are connected to the pancreatic
duct system like IPMN, but rarely produce mucin and
therefore usually do not present as cystic lesions (56).
Their architecture is mostly tubular, although papillary
components are often also present. In most cases, ITPN
are high-grade lesions. Unlike IPMN;, I'TPN do not harbor
KRAS or GNAS mutations, while PIK3CA mutations
seem more frequent in I'TPN than in other intraductal
neoplasms (57), underlining the notion that I'TPN and
IPMN are indeed different entities.
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Figure 3 Macroscopic precursor lesions of PDAC. (A) Histomorphology of IPMN gastric type, low grade, displaying intraductal-papillary
epithelial proliferations resembling gastric foveolae; (B) MUCS expression in IPMN gastric type, low grade; (C) histomorphology of IPMN
gastric type, high grade, characterized by a more solid growth and larger, pleomorphic nuclei; (D) histomorphology of IPMN intestinal type,
high grade, with long finger-like papillae resembling villous adenoma of the colon; (E) histomorphology of IPMN pancreatobiliary type,
high grade, consisting of complex arborizing papillae; (F) IPMN pancreatobiliary type, high grade, with associated invasive carcinoma (lower
right); (G) histomorphology of MCN, low grade, of the pancreas, showing columnar mucinous epithelium and characteristic subepithelial
“ovarian-like” stroma with high cellularity; (FH) expression of oestrogen receptor in the “ovarian-like” stroma of MCN. (A) 20x, H&E; (B)
20x, MUCS; (C) 200x, H&E; (D) 100x, H&E; (E) 100x, H&E; (F) 100x, H&E; (G) 200x, H&E; (F) 400x, oestrogen receptor. PDAC,
pancreatic ductal adenocarcinoma; IPMN, intraductal papillary mucinous neoplasms.
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Table 3 Overview of IPMN, IOPN and ITPN
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Intraductal

niraducta Morphology Dysplasia MUGT MUG2 MUCSA  MUGC6 Others

neoplasm

IPMN gastric Predominantly papillary, Low- to high-grade - - + - -
mucinous

IPMN intestinal Predominantly papillary, Low- to high-grade - + + - CDX2+
mucinous

IPMN Predominantly papillary, Low- to high-grade + - + (+) -

pancreatobilliary  mucinous

IOPN Predominantly papillary, Low- to high-grade Focal Focal + (diffuse)  + (diffuse) -
mucinous (goblet cells)

ITPN Predominantly tubular, High-grade + - - + CK7+ CK19+

non-mucinous

+, expression; —, no expression. IPMN, intraductal papillary mucinous neoplasms; IOPN, intraductal oncocytic papillary neoplasms; ITPN,

intraductal tubulopapillary neoplasms.
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