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Abstract Now that more than two decades have passed
since the first reports of intraductal papillary-mucinous
neoplasms (IPMNs), it has become clear that IPMN
consists of a spectrum of neoplasms with both morpho-
logical and immunohistochemical variations. At a meeting
of international experts on pancreatic precursor lesions
held in 2003, it was agreed that a consensus classification
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of IPMN subtypes should be established to enable a more
detailed analysis of the clinicopathological significance of
the variations. Based on our experience and on information
from the literature, we selected representative histological
examples of [IPMNs and defined a consensus nomenclature
and criteria for classifying variants as distinctive IPMN
subtypes including gastric type, intestinal type, pancreato-
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biliary type, and oncocytic type. These definitions can be
used for further analyses of the clinicopathological signif-
icance of the variations of I[PMN.

Keywords Pancreatic tumor - Intraductal papillary-
mucinous neoplasm - Classification - MUC

Introduction

The first cases of intraductal papillary-mucinous neoplasm
(IPMN) were reported in the 1970s and 1980s [17, 23]. In
the 1990s, the term IPMN was coined, and the tumor
was established as a special entity among the pancreatic
neoplasms [25]. It was also found that [PMN is related to
invasive pancreatic adenocarcinoma because one third of
IPMNSs have an associated invasive adenocarcinoma and
some patients with a noninvasive IPMN subsequently
develop either invasive colloid (mucinous noncystic) car-
cinoma or invasive ductal adenocarcinoma [5, 9, 10]. Dur-
ing the more than two decades that have passed since its
first description, a number of reports have been published,
and it has become clear that IPMNs include a spectrum of
neoplasms with both morphological and immunohisto-
chemical variations. These variations include neoplasms
with tall columnar cells arranged in relatively short papillae
without significant atypia, those with villous projections
lined by cells with significant atypia, those with complex
branching papillae containing cells with marked atypia,
and those with oncocytic cells with complex papillae [2, 4,
8, 22, 30]. Several authors have proposed classification
systems for the spectrum of morphologies seen in IPMNs
[4, 8, 22, 30]. One such system divides IPMNs into clear-,
dark-, and compact-cell types according to the density of
the cytoplasm, shapes of the epithelial cells, and expres-
sion patterns of glycoproteins contained in mucin (MUCs),
while another system separates IPMNs into intestinal,
pancreatobiliary, and oncocytic subtypes primarily based
on their architecture and cytology [4, 22, 30].

At a meeting of international experts on pancreatic
precursor lesions held at the Johns Hopkins Hospital
from August 18 to 19, 2003, a basic definition of an IPMN
that is employed in the current study (Table 1) was worked
out, and it was agreed that a consensus classification of
IPMN subtypes should be established to make it easier to
compare studies from different institutions and to improve

Table 1 Definition of intraductal papillary-mucinous neoplasm of
the pancreas [14]

Intraductal papillary mucinous neoplasm is a grossly visible,
noninvasive, mucin-producing, predominantly papillary or rarely
flat epithelial neoplasm arising from the main pancreatic duct or
branch ducts, with varying degrees of duct dilatation. IPMNs
usually produce a lesion greater than 1 cm in diameter and include a
variety of cell types with a spectrum of cytologic and architectural

atypia.
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patient care [14]. The purpose of this report is to establish
consensus criteria for the classification of IPMN subtypes
based on histological features and immunohistochemical
reactivities with antibodies to specific types of mucin
(MUCs).

Materials and methods
Review of slides

Representative slides of candidate subtypes of IPMNs were
selected from the pathology files of Tohoku University
Hospital. They were chosen so as to represent a broad
spectrum of the morphological variations of IPMN, based
on discussions at the Baltimore meeting and including
information from the literature and personal communica-
tions. The slide set consisted of ten cases. Each case con-
sisted of four slides, one stained with hematoxylin and
eosin and one each labeled for MUCI, MUC2, and
MUCSAC. The slides were reviewed by the authors inde-
pendently and subsequently discussed at an international
meeting in Sendai, Japan (July 2004). The goal of this
meeting was to establish an international consensus on the
classification of IPMNs.

Immunohistochemistry

The primary antibodies employed were a monoclonal
antibody to MUCl-core (clone Ma552, Novocastra Lab-
oratories Ltd., Newcastle upon Tyne, UK, 1:100), a mono-
clonal antibody to MUC2 (clone Ccp58, Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA, 1:600), and a
monoclonal antibody to MUCS5AC (clone CLH2, Chemi-
con International Inc., Temecula, CA, USA, 1:1000). Paraf-
fin sections cut at 4 um were dewaxed with xylene and
hydrated with serial immersing in 100, 90, 70, and 50%
ethanol solutions and distilled water. Antigen retrieval was
performed by incubating slides in boiled citric acid buffer
(0.18 mM citric acid, 0.82 mM sodium citrate) for 15 min in
a microwave oven. Indirect immunohistochemical labeling
was performed as follows: The slides were incubated with
PBS containing 0.3% hydrogen peroxide for 30 min to
block the endogenous peroxidase activity. After washing
with PBS, the slides were incubated with the primary
antibody diluted in PBS containing 10% rabbit serum at
4°C overnight. After washing with PBS, the slides were
incubated with the biotinylated rabbit anti-mouse IgG
antibody solution (Nichirei, Tokyo, Japan) for 30 min at
room temperature. The slides were then washed with PBS
and incubated with streptavidin-horseradish peroxidase
solution (Nichirei) for 30 min at room temperature. After
washing with PBS, the slides were incubated with 3, 3'-
diaminobenzidine tetrahydrochloride (DAB) diluted in
PBS containing 0.05% hydrogen peroxide at a final con-
centration in 0.2 mg/ml. The slides were washed with
running tap water and counterstained with hematoxylin.
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Table 2 Consensus nomenclature and criteria for classification of features of four types of intraductal papillary-mucinous neoplasm of the

pancreas
Type Mimicker Criteria Atypia MUC1 MUC2 MUCSAC
Gastric Gastric foveolae  Thick finger-like papillae, eosinophilic > basophilic Mild/ - - +
cytoplasm, basally located nuclei. This type may have low-grade
abundant flat areas
Intestinal Intestinal villous  Villous papillae, basophilic > eosinophilic cytoplasm, = Moderate or - + +
neoplasm enlarged oval and hyperchromatic nuclei with severe/
pseudostratification. This type may show low papillac  high-grade
consisting of cells with amphophilic cytoplasm
Pancreatobiliary Cholangiopapillary Thin branching complex papillae, moderate amphophilic Severe/ + - +
neoplasm cytoplasm, enlarged hyperchromatic nuclei high-grade
Oncocytic Oncocytic Thick branching complex papillae with intracellular and Severe/ + - +
neoplasm intraepithelial lumina, abundant eosinophilic (oncocytic) high-grade
cytoplasm, large round nuclei with prominent nucleoli
Results IPMN subtypes based on morphological features and the

All participants agreed that the IPMN cases provided
covered representative histological variations of IPMN
and that they can be subclassified into four types. In the
following, the consensus criteria for the classification of

Fig. 1 Representative images of the subtypes of intraductal
papillary-mucinous neoplasm of the pancreas. a—d The gastric
type; e—h the intestinal type; i~ the pancreatobiliary type; m—p the

immunohistochemical reactivity for MUCs (Table 2) are
presented.

The gastric-type IPMN consisted of cells resembling
gastric foveolae and usually showed low-grade atypia cor-
responding to a diagnosis of intraductal papillary-mucin-
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oncocytic type. Hematoxylin and eosin staining (a, e, i, m) and
immunohistochemical stainings of MUCI (b, f, j, n), MUC2 (¢, g,
k, 0), and MUCSAC (d, h, 1, p)



ous adenoma (Fig. 1a). They expressed MUCSAC but were
negative for MUCI1 and for MUC2 (Fig. 1b—d). The gas-
tric-type IPMN corresponded to the previously reported
null type or the clear-cell type of IPMN [6, 22, 30]. The
gastric-type IPMN often presented as a small cystic lesion
involving branch ducts of the pancreas. This type of
IPMN sometimes merged with other subtypes of [IPMNs
(Fig. 2c,d).

The intestinal-type IPMN resembled intestinal villous
neoplasms with tall columnar epithelial cells that usually
showed moderate- or severe/high-grade atypia correspond-
ing to borderline or in situ carcinoma (Fig. 1e). It corres-
ponded to the previously reported dark-cell type of IPMN
[22, 30]. The intestinal-type IPMN usually showed large
cystic lesions involving the main duct and several branch
ducts. Occasionally, there were small papillac with goblet-
cell-like appearance with low-grade atypia (Fig. 2a,b). The
neoplastic cells consistently expressed MUC2 and MUC
5AC but were negative for MUCI1 (Fig. 1f-h).

The pancreatobiliary type of IPMN consisted of cells
resembling cholangiopapillary neoplasms and showed
complex, thin, branching papillae with severe/high-grade
atypia corresponding to carcinoma in situ (Fig. 1i). The
lesion was at least focally positive for MUC1 and consis-
tently expressed MUCS5AC but not MUC2 (Fig. 1j-1).

The oncocytic type of IPMN consisted of cells with
abundant, intensely eosinophilic cytoplasm and showed
complex thick papillae with intraepithelial lumina and
severe/high-grade atypia corresponding to carcinoma in
situ (Fig. 1m). The oncocytic type of IPMN corresponded
to the previously reported compact-cell type IPMN [22].
This IPMN subtype expressed MUCSAC consistently and
MUCIT focally but was negative for MUC2 (Fig. 1n—p).

While it was the consensus of the group that the
classification of IPMNs into these well-defined subtypes
will help standardize the reporting of IPMNss, it was rec-
ognized that IPMNs often are composed of a combination

Fig. 2 Variation of the intestinal type mimicking goblet cells
(hematoxylin and eosin) (a) and its immunohistochemical staining
of MUC2 (b). Examples of mixed areas combining the gastric type
and the intestinal type (c¢) and the gastric type and the pancreato-
biliary type (d). Images show immunohistochemical stainings of
MUC2 (¢) and MUC1 (d)
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of more than one cell type. The group therefore proposed
that each IPMN should be subclassified by the dominant
component and that any other s1gn1ﬁcant subtypes present
should be documented. In case of an invasive carcinoma
associated with IPMN, the subtypes of the intraductal
component should be evaluated and noted, especially in
areas associated with the invasive component.

Discussion

The diagnostic term IPMN encompasses a spectrum of
intraductal mucin-producing neoplasms composed of a
variety of cell types showing distinctive architectural and
histochemical features [19, 25]. An international panel of
experts was assembled to establish a nomenclature for
classifying the subtypes of IPMNs. Based on the experi-
ence of the panel, information from the literature, and a
review of a selected series of IPMNs, consensus criteria
for the classification of subtypes of IPMNs were agreed
upon. These definitions should facilitate further analyses
of the clinicopathological significance of the variations
of IPMN.

The panel of experts agreed unanimously that four types
of IPMN can be distinguished among the series of cases
that had been studied. These IPMN types were classified as
gastric, intestinal, pancreatobiliary, or oncocytic type.

According to the currently available data, the gastric-
type IPMN usually presents as relatively small cystic le-
sions in peripheral branch ducts with low-grade atypia,
mostly corresponding to intraductal papillary-mucinous
adenoma, while the other subtypes of IPMN usually pres-
ent as large lesions involving the main duct and connect-
ing branch ducts with marked atypia, mostly corresponding
to intraductal papillary-mucinous neoplasm in the border-
line category or intraductal papillary-mucinous carcinoma
[4, 28]. These latter types of IPMN are often associated
with an invasive adenocarcinoma [10, 18, 28].

We present this subclassification of IPMN to aid in
the comparison of studies from different institutions. One
interpretation of our findings is that the types of IPMN
described here may simply be a manifestation of a spec-
trum in the differentiation and progression of a single
lineage of IPMN and that these morphologies may, in part,
reflect the degree of dysplasia. IPMN may be a progres-
sive neoplastic lesion, in which a small cystic lesion with
low-grade atypia may progress to large multicystic ductal
lesions with severe atypia and complex histological archi-
tecture and, eventually, to invasive cancer. Areas with
gastric-type epithelium can be associated with the other
subtypes, implying that the gastric type might be a com-
mon precursor of the other types [6], although we feel that
such a conclusion is premature. Whether the IPMN types
we defined are truly distinctive lineages or variations of a
single progressive neoplastic lineage should be further
clarified by clinicopathological and molecular studies
based on the definitions provided. One study on 51 pan-
creata with IPMNs that compared the various subtypes of
IPMN and aberrations of tumor suppressor genes, includ-
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ing CDKN2A, TP53, SMAD4, and DUSP6, revealed no
significant association [11]. It is hoped that such studies
will lead to an understanding of the mechanisms by which
IPMNs develop and progress.

Pancreatic intraductal neoplasms consisting mainly of
tubular glands of pyloric-gland type have been reported
and designated as “intraductal tubular adenoma” [7, 15].
We did not include examples with predominantly tubular
growth in the current study. However, because focal tubule
formation is often observed in IPMNS, especially those of
the gastric type or the pancreatobiliary type, the authors
would assume that tubular growth may occur in IPMNs and
that neoplasms with a predominantly tubular pattern may
correspond to intraductal tubular adenoma, pyloric-gland
type. The coexistence of papillac and tubules in both
IPMNSs and intraductal tubular adenoma suggests that they
may be closely related, albeit distinctive, morphological
features.

MUCs are useful markers for evaluating subtypes of
IPMN [13, 20-22, 29, 30]. MUCI is a component of the
membrane-bound type of mucin and is usually detected
in intralobular ductal lumina in the normal pancreas [1].
MUCI is expressed in invasive ductal adenocarcinoma
of the pancreas, often showing extensive positivity [24].
Among the IPMN subtypes, the pancreatobiliary type
usually shows positivity for MUCI, which parallels its
association with invasive ductal adenocarcinoma of the
conventional tubular type [6]. The oncocytic type ex-
presses MUCT focally, and while it has been reported to be
associated with invasive oncocytic carcinoma, its associ-
ation with invasive ductal carcinoma is unknown [2].
MUC?2 consists of secreted mucin usually observed in
intestinal glands and is considered to be a marker of in-
testinal differentiation [12]. The intestinal type of IPMN,
of both villous and goblet-cell features, strongly expresses
MUC2 [6, 13, 21, 22, 24, 30]. The intestinal differentiation
of this subtype of IPMN was supported by the demon-
stration that they also express CDX2, a homeobox gene
involved in intestinal development [6]. MUCS5AC is ex-
pressed by mucous surface cells of the stomach. MUC
S5AC is not detected in the normal pancreas but is con-
sistently detected by immunohistochemistry in all types of
IPMN [13, 30]. It is also known that pancreatic intraepi-
thelial neoplasia (PanIN), precursor lesions associated
with invasive ductal adenocarcinoma, also consistently ex-
press MUCSAC [16, 21]. PanINs are usually negative for
MUC?2 but often express MUCI, especially in high-grade
atypical lesions [5]. The differential diagnosis between
PanIN and IPMN was discussed in detail in a previous
publication [14].

The prognosis of patients with an IPMN has been shown
to depend on the presence or absence of an associated
invasive carcinoma and, if an invasive carcinoma is pres-
ent, on the histological type of the associated invasive car-
cinoma [26]. Invasive carcinomas associated with IPMN

largely consist of two distinct types, invasive carcinoma
mimicking usual invasive ductal adenocarcinoma and in-
vasive colloid (mucinous noncystic) carcinoma [5, 21].
Patients with an IPMN associated with an invasive colloid
(mucinous noncystic) carcinoma usually have a better
prognosis than do those with an associated invasive ductal
adenocarcinoma [3, 5].

The classification proposed is based primarily on
morphological features. The immunolabeling for MUCs
may serve as a confirmatory marker for the classification.
We believe our definitions may contribute to an under-
standing of the biologic behavior of IPMN and to better
clinical management. For example, it would be valuable to
determine whether a particular type of noninvasive IPMN
is associated with a particular type of invasive adenocar-
cinoma. It will be also of interest to clarify the relationship
of the intraductal tubular neoplasm of the pancreas [27]
with the types of IPMN described herein.
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