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also included.
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DEFINITIONS AND INTRODUCTION

Intraductal papillary mucinous neoplasm (IPMN) of the
pancreas is a grossly visible, noninvasive epithelial neo-

plasm of mucin producing cells arising in the main pan-
creatic duct or its branches. Intraductal growth of neo-
plastic cells usually forms papillae in a variable extension,
although it can rarely be completely flat. Involved ducts
are dilated and filled with mucus in variable intensity" .
The mucus produced by the IPMN can protrude through
the duodenal papilla and this sign, so-called “fish-eye
ampulla”, is virtually diagnostic, although it has been ob-
served in only about 25% of cases™. IPMN lacks ovari-
an-type stroma, unlike mucinous cystic neoplasm (MCN)
of the pancreas”. IPMN is defined as a grossly visible
entity, unlike pancreatic intraepithelial neoplasm (PanIN),
which is defined as a microscopic lesion™.

IPMN was previously reported under a variety of
terms (mucinous producing cancer”, ductectatic-type
mucinous cystadenoma and cystadenocarcinoma'’, dif-
fuse villous adenoma!""! and intraductal papillary neo-
plasm of the pancreas”) that referred to some of the
main features of these lesions. Cutrently, use of these
terms is discouraged. Intraepithelial papillary lesions mor-
phologically analogous to IPMNs develop in the biliary
tree, including bile ducts™”, gallbladder“4J and ampullary
region”, and are also reported under a variety of terms.

Most IPMNs are diagnosed between 60 and 70 years
of age. There is a slightly higher prevalence in men than
women"”, TPMNs are mostly located in the pancreatic
head (70%). About 20% are placed in the body-tail and
about 5%-10% show diffuse involvement of the gland.
Most ate solitary lesions but 20%-40% are multifocal™".
IPMNss can reach a large size before diagnosis because of
the slow and indolent growth. However, with the use of
high-resolution imaging techniques, very small incidental
pancreatic cysts, including IPMNS, are increasingly be-
ing identified"®"”. In the Laffan ez a/"” series, radiological
incidental pancreatic cysts were detected with a mean size
of 8.9 mm (range 2-38 mm) in 2.6% of adults without
known pancreatic disease. It has been suggested that
most of them are IPMNs originating from the small
branch ducts but pathological data are missing™. On the
other side, older surgical data, in which IPMN represents
20% of all pancreatic cysts, probably underestimate its
prevalence'”,

IPMNs may exhibit different degrees of dysplasia in
the epithelium but even those with high-grade dysplasia
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Figure 1 Computerized tomography scan demonstrating massive dilata-
tion of the main pancreatic duct and its branches. Obstructed bile duct is
also dilated.

or carcinoma in situ have a very good prognosis after re-
section”™ ™. However, about 40% of IPMNs show inva-
sive pancreatic carcinoma at diagnosis'”. The prognosis
of these patients critically worsens when invasive carci-
noma arises, although in the case of minimal invasion,
the prognosis is not as severe™!. The clinical challenge
is to establish which IPMNs can be managed by clini-
cal and radiological follow-up without requiring surgical
excision and which should be removed because they are
likely to develop invasive cancer. Progress has been made
in the preoperative assessment of the risk of malignancy
of pancreatic cystic lesions. Currently, there is an inter-
national consensus for the preoperative management of
these patients based on clinical and radiological criteria,
published in 2006 (the so called Sendai criteria) and up-
dated in 2012 (the Fufuoka guidelines)w’m. Nevertheless,
the preoperative diagnostic accuracy of pancreatic cystic
neoplasms is still far from optimal**",

MACROSCOPIC PATHOLOGY

IPMN appears as a dilatation of the main duct or as one
or more cysts communicated with the excretory duct sys-
tem. IPMNs are cystic lesions so the observation of any
solid nodule should be suspected of associated invasive
carcinoma. Howevert, it should be noted that the invasive
carcinoma, especially if small, may be overlooked macro-
scopically.

DEFINING SIZE OF IPMN

IPMN is defined as a grossly visible lesion and, mostly
based on radiological criteria, it is typically considered
to be 1 cm or more in size!"” (Figure 1). More recently,
the Fukuoka guidelines have proposed to reduce the
minimum size for radiological diagnosis of IPMN to 5
mm, which increases diagnostic sensitivity without los-
ing specificity. According to this consensus, pancreatic
cysts of > 5 mm in diameter that communicate with the
main pancreatic duct, especially if there is no pancreatitis,
and/or diffuse dilation of the main pancreatic duct of >
5 mm without other causes of obstruction ate sufficient
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Combined type

Figure 2 Scheme of macroscopic classification of intraductal papillary
mucinous neoplasm.

radiological criteria for IPMN!",

Main duct, branch duct and mixed or combined types
According to their main location, IPMNs are classified
into main duct (MD) type (16% to 36%), branch duct
(BD) type (40% to 65%) and mixed or combined type
(15% to 23%)?"#%) (Figure 2). This classification re-
tlects biological differences with important prognostic
implications™, Most MD type and combined type
IPMNSs exhibit malignancy (ze., high-grade dysplasia or
carcinoma), with about 45% having an associated invasive
1152231 In contrast, most BD type show low-
grade dysplasia and only about 15% are associated with
invasive carcinoma”, The natural history of BD type
under 30 mm in size and without mural nodules is partic-
ularly favorable™, Currently, this macroscopic classifica-
tion has a substantial practical impact on the preoperative
clinical management based on imaging findings'™"".

MD type (Figure 3A) is essentially located in the main
pancreatic duct"™"™. At external examination, the pancre-
as may be thickened in the affected area. After opening,
this type typically shows dilatation of the main duct with
irregular outline and the lumen is filled by mucus and
villous or papillary projections. The rest of the pancreas
often shows the appearance of obstructive chronic pan-
creatitis due to pancreatic duct obstruction”. Most of
the MD type are located in the pancreatic head but one
third of them are in the body and tail, and almost 5% in
the entire main pancreatic conduct (diffuse MD type)m].
Eventually, some cases of MD type are multifocal. How-
ever, a particular lesion may be macroscopically from a
focal type but microscopically exhibit multifocal or dif-
fuse extension throughout the duct.

BD type (Figure 3B) is located predominantly in
secondary branches of the pancreatic ductal system!™'?,
Typically, the affected duct has the appearance of a
mucus-filled cyst. As there is no main pancreatic duct

carcinoma
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obstruction, the remaining pancreas may have normal ap-
pearancem’m. Most of the IPMN of BD type occurs in
the pancreatic head and very commonly in the uncinate
process. About 25%-40% are multifocal®*.

The mixed or combined type of IPMN (Figure 3C)
primarily affects both the main pancreatic duct and sec-
ondary branches™". Hypothetically, combined type of
IPMN might result from the progression of MD or BD
types or it could be a distinct disease. Clinical and biologi-
cal characteristics are similar to those of the MD type,
so it is thought that combined IPMN is most likely an

extension of the MD type to the branch ducts™,

Fistula formation and other additional macroscopic
features of IPMNs

Uncommonly, the neoplastic papillae extends out of the
ampulla and onto the surface of the periampullar duode-
num or into the distal common bile duct”.

Also infrequently, IPMN can develop a fistula to
neighboring organs, among them the duodenum, stom-
ach, choledochus, colon and small intestine. The fistula
may be related to benign IPMNs (ze., low or moderate
degree of dysplasia), malignant IPMNs (Z.e., high-grade
dysplasia) or invasive carcinoma associated with IPMN
(often a colloid carcinoma)™. Two scenatios can be ob-
served in the pathogenesis of these fistulas: (1) mechani-
cal penetration due to excessive pressure in the mucin
filled ducts, in addition to inflammatory stimulation or
autodigestion of enzyme rich fluids; and (2) direct inva-
sion, Ze., with presence of invasion of the tissue around
the fistula”. Mechanical penetration can occur regard-
less of the presence of malignant cells at the surface of
the fistula (without direct tissue invasion by carcinoma).
In conclusion, the presence of fistulas in IPMN does not
necessarily mean malignancy and should not be confused
with invasive carcinoma.

In rare cases, IPMN has been described as causing
pseudomyxonma pm'foﬂezm, for instance by associated acute pan-
creatitis with fistula formation to the abdominal cavity”" or
after intraoperative manipulation of the pancreas’”

Extensive pancreatic calcification has rarely been de-
scribed in patients with IPMN. This obstructive calcifying
pancreatitis, presumed to be caused by the IPMN, may
lead to preoperative diagnostic confusion and delay in the
diagnosis of the papillary neoplasia[38’39].

MICROSCOPIC PATHOLOGY

Histologically, IPMN is a heterogeneous group of lesions
with different degrees of dysplasia and different cellular
phenotypes. The underlying stroma shows a conventional
fibrous tissue, which by definition can not be of ovarian
type, as seen in MCN",

Grades of dysplasia

Based on the degree of cytological atypia and abnormal
crowding of the epithelium, IPMN is classified into three
categories: IPMN with low-grade dysplasia, IPMN with
intermediate-grade dysplasia and IPMN with high-grade
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Figure 4 Different degrees of dysplasia. A: Low-grade (gastric IPMN). See transition with non dysplastic normal duct epithelium (right side); B: Intermediate-grade
(intestinal IPMN); C: High-grade (pancreatobiliary IPMN). IPMN: Intraductal papillary mucinous neoplasm.

dysplasia (Figure 4). This nomenclature, currently adopt-
ed by the WHO system, replaces the terms of adenoma
(low grade), borderline (intermediate grade) and carci-
noma i situ (high grade dysplasia)"”. Low-grade dyspla-
sia is characterized by a uniform monolayer of columnar
cells with basal nuclei showing no or minimal atypia.
In the intermediate-grade of dysplasia, nuclear atypia is
higher, with nuclear pleomorphism, nuclear enlargement
and pseudostratification. In high-grade dysplasia, there is
marked cytological atypia and complex architecture with
cribriform groups and budding of neoplastic cells into
the lumen™". Tt is common to observe different grades
of dysplasia within a given lesion, which suggests the
development of dysplasia from a lower to a higher grade.
The distinction of dysplasia grade is important, with as-
sociated invasive carcinoma commonly immersed in ateas
of high-grade dysplasial40’4l]. In each individual case, the
lesion should be classified according to the highest grade
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of dysplasia observed'".

Mucins and microscopic IPMN phenotypes
On the basis of the cytoarchitectural features and im-
munophenotype, IPMNs are classified into four histo-
pathological types: gastric, intestinal, pancreatobiliary and
oncocytic IPMNs!", accounting for 49%-63%, 18%-36%,
7%-18% and 1%-8% of total cases in two large seties™*
(Table 1). This classification is not only descriptive but
also indicative of different pathways of differentiation
and progression to invasive carcinoma™*™*. The above
nomenclature prevails over other terms proposed for
these lesions™. The so called villous dark cell, papillary
clear cell and compact cell types respectively correspond
to intestinal, gastric and oncocytic cell types[49’50], whereas
null cell type corresponds to gastric cell type
Core proteins for mucins (MUCs) can be detected by
immunohistochemistry. The mucin expression profile by

151]
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Figure 5 Gastric intraductal papillary mucinous neoplasm. A: The neoplasm involves branch ducts with a multicystic appearance; B: Columnar cells with basal
nucleus and apical mucin. Notice the scattered goblet cells (arrows); C: Immunohistochemical MUC5AC expression (colored brown by diaminobenzidine); D: MUC2

highlighting the goblet cells. MUC: Mucin.

Table 1 Mucin immunoprofile in intraductal papillary

mucinous neoplasm

Morphological type MUC1 Mucz MUC5AC MUC6
Gastric - = T +
Intestinal - + + + weak
Pancreatobiliary + - + +
Oncocytic + = = +

'Scattered positive goblet cells can be present. MUC: Mucin.

the IPMN cells is a major contributor to their phenotypic
classification. Mucins are high molecular weight glycopro-
teins produced by different types of epithelial cells. Some
mucins are normally located in the cell membrane, like
MUCI1 (also called mammary-type mucin or pan-epithelial
membrane mucin), whereas others are normally secretory
products, including MUC2 (intestinal type gel forming
mucin), MUC5AC (gastric surface mucous epithelial mu-
cin) and MUCG (gastric pyloric glandular mucin)®>*,

In normal pancreatic tissue, there is MUC1 expres-
sion (limited to centroacinar cells, intercalated and intra-
lobular ducts and focally in the intetlobular ducts) and
sometimes there is expression of MUCG6 (limited to the
acini) but MUC2 and MUC5AC are not expressed””. In
pancreatic neoplasms, MUC1 is considered a marker of
aggressiveness, being expressed in some IPMNs, higher-
grade cases of PanIN and in conventional (i.e., tubular)
ductal adenocarcinoma. On the contrary, MUC2 is con-
sidered a marker of a more indolent phenotype, being
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expressed in some IPMNs and in colloid carcinoma'”.,

Gastric type IPMN is frequently observed in BD type.
The great majority of gastric IPMNs exhibit only low-
grade dysplasia and association with invasive carcinoma
is uncommon. It has been observed that, when develop-
ing, invasive carcinomas are conventional type with more
aggressive characteristics and with a poorer prognosis
than those arising from intestinal or pancreatobiliary
IPMNs™'%, Because the gastric type IPMNs associated
with these invasive carcinomas is usually benign (7.e., with
only low or intermediate grade of dysplasia), it has been
questioned whether in these cases the gastric type IPMN
represents the invasive carcinoma or whether it is just its
background or coexisting benign TPMN™. Gastric type
IPMN consists of columnar cells with basal nuclei and
abundant apical cytoplasmic mucin, resembling the fo-
veolar gastric epithelium (it is also called gastric foveolar
type IPMN). These lesions are often mainly flat or with
low papillary pattern, consisting in thick finger-like papil-
lae”. Immunoprofile consists of diffuse expression of
MUCS5AC and MUCG6 without expression of MUC1 and
MUC2, although scattered MUC2 positive goblet cells
can be present into the lesion"****** Gastric mucins
may show a distribution which mimics mucins found in
the gastric mucosa, namely, increased expression of MU-
C5AC in the supertficial or papillary areas, simultaneously
of MUCG located in the basal areas”™ (Figure 5).

Intestinal type IPMNs mimics villous adenomas of
the colon. They form clongated papillac of columnar
cells with enlarged cigar-like nuclei”. Diffuse expression
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Figure 6 Intestinal intraductal papillary mucinous neoplasm. A: Main duct distended by long papillae; B: Projections of columnar cells with pseudostratified nu-

clei; C: Immunohistochemical MUC2 expression. MUC: Mucin.

of MUC2 and MUC5AC, weak or negative expression
of MUCG and negativity for MUC1 is the mucin immu-
noprofile of this type"**. Tn addition, intestinal IPMN
exhibits diffuse expression for CDX2, a transcriptional
factor related to intestinal differentiation that, like MUC2,
has tumor suppressor activity” . The intestinal type IPMN
frequently exhibits an intermediate or high-grade of dys-
plasia. It occurs more frequently in the main duct and,
when associated with invasive carcinoma, this is often a
colloid adenocarcinoma'™". In the absence of invasive
catcinoma, intestinal IPMN seems to have a greater po-
tential for long-term recurrence than non-invasive IPMN
of other types. Recurrence in the remnant pancreas may
be due to multifocality not recognized at the time of sur-
gery or to metachronous development™ (Figure 6).
Pancreatobiliary type IPMNs usually show high-grade
dysplasia and is likely to have a strong predisposition to
develop invasive carcinoma™. Associated invasive carci-
nomas usually are of conventional typem’m. Pancreato-
biliary type IPMN consists of more cuboidal cells with
rounded nuclei, often with prominent nucleoli. The neo-
plastic cells are organized into thin complex and branch-
ing papillac with bridging and cribiform patterns”. The
neoplastic cells express MUCT and MUC5AC, sometimes
MUCG, and are negative for MUC2* (Figure 7).
Oncocytic type IPMNs (also known as intraductal
oncocytic papillary neoplasm) are characterized by neo-
plastic cells with abundant granular eosinophilic cyto-
plasm (due to the presence of numerous mitochondria)
and also intracellular mucin'”. Most of them have high-
grade dysplasia, with complex thick papillac and crib-
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riform structures. The neoplastic cells express MUC1
and MUCG6. Expression of MUCS5AC is controversial,
being constantly present according to some authors but
limited to scattered goblet cells according to others. The
scattered goblet cells also express MUC2"*** Tnvasive
carcinoma associated with oncocytic type IPMN often
conserves the oncocytic features”™. An association be-
tween the oncocytic type IPMN and minimally invasive
carcinoma has been observed"”.

Different pathways in IPMNs

In some cases, different phenotypes can be observed in
the same lesion. Each lesion should be classified accord-
ing to the predominant phenotype, although all the pres-
ent phenotypes should be recorded”. The most common
coexistences are gastric with intestinal or gastric with
pancreatobiliary typem]. On the contrary, it is very rare to
observe intestinal and pancreatobiliary types together'"”.
Oncocytic type has been observed to be associated with
gastric and pancreatobiliary types™. It has been sug-
gested that the gastric phenotype corresponds to less
aggressive uncommitted cells with the capacity to evolve
to intestinal phenotype (intestinal pathway) or pancrea-
tobiliary/oncocytic phenotypes (pyloropancreatic path-
way) becoming more aggressive' """, Gastric foveolar
epithelium-like cells (also called null cell type cells) similar
to cells of the gastric papillary areas of IPMNs can usu-
ally be observed lining the nonpapillary cystic areas of
different IPMNs"". Pancreatic duct glands are blind-
ending outpouches of major ducts with a possible role in
epithelial renewal and repair. Epithelium of these glands
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Figure 7 Pancreatobiliary intraductal papillary mucinous neoplasm. A: Intraductal papillary mucinous neoplasm with associated conventional duct carcinoma
(upper side); B: Small thin papillae with cuboidal neoplastic epithelium; C: Immunohistochemical MUC1 expression. MUC: Mucin.

is a specialized compartment with production of gastric
type mucin (MUCG6+) in its normal state. When chroni-
cally injured, it becomes hyperplastic and it acquires de
novo expression of MUC5AC. It has been speculated
that these pancreatic duct glands are a source of gastric
mucinous metaplasia and could be the origin of PanIN™
and IPMN5s", in addition to its possible role in regenera-
tion and protection of the major ducts.

Intraoperative microscopic assessment of pancreatic
margin

Frozen study of pancreatic cut surface during resection
of IPMN is accurate to evaluate the completeness of
resection. The accuracy of frozen study averages 95%"”.
If invasive carcinoma or high-grade dysplasia is seen in
the pancreatic margin, this should be extended. Further
resection in cases with lesser degrees of dysplasia in the
margin is controversial'” but may be considered in some
cases, depending on the patient’s age and the macroscop-
ic type IPMN among other factors™*". Recurrences after
resection of non-invasive IPMN with free margin may
occur and can be attributed to multifocality®”.

The distinction between IPMN and PanIN may be
almost impossible in some cases, although this distinction
is not considered crucial in assessing the margin, with
the distinction of the degree of dysplasia being most
relevant”. Those wishing to obtain a pancreatic margin
without any degree of dysplasia should be aware that in-
traoperative differential diagnosis of low-grade dysplasia
s non dysplastic epithelium with reactive changes can be
impossible to achieve. This should be considered to avoid
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unnecessaty or useless resections. The presence of mu-
cus or duct dilatation at the cut surface does not indicate
any additional necessity for resection. De-epithelization
of the pancreatic duct margin has been observed to be
a prognostic factor for recurrence by some authors and
thus they have proposed to do additional resection in
cases of eroded epithelium®,

IPMN AND INVASIVE CARCINOMA

Adenocarcinoma derived from vs concomitant with
IPMN

About 40% of IPMNs are associated with invasive
pancreatic carcinoma, although the reported risks of
malignancy are quite population-dependent and vary
considerably (with range between 1.4% and 80.8%)""*.
Invasive carcinoma can be uni- or multifocal and oc-
curs most often in MD and combined type than in BD
type“s‘zzl. In patients with IPMN, the distinction must be
made between adenocarcinoma derived from IPMN and
adenocarcinoma concomitant with IPMN“?. The first
evidently develops from IPMN, while the latter occurs
in the pancreas with IPMN but in another location of
the organ, therefore without an obvious topological
relationship and in the absence of histological transition
between the two lesions. Sometimes, the possible
relationship between IPMN and invasive carcinoma
remains undetermined. In a large series of patients with
IPMNs and associated adenocarcinoma, 66%, 17% and
16% corresponded to adenocarcinoma derived from
IPMN, concomitant with IPMN, and undetermined, re-
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Figure 8 Colloid carcinoma. A: Invasive neoplastic cells floating in pools of mucin (upper side) and associated with intraductal papillary mucinous neoplasm (lower
side); B: Immunohistochemical MUC2 expression; C: CDX2 nuclear immunoexpression. MUC: Mucin.

spectively®. Among the general population with TPMN,
the risk of developing invasive pancreatic carcinoma sep-
arately from IPMN was estimated to be 2.8% in a recent
cohort analysis”™

Principal histological types of invasive carcinoma
related to IPMN

Most invasive carcinomas related to IPMNs are col-
loid (mucinous noncystic) carcinomas and conventional
(tubular) carcinomas. Mixed colloid-tubular carcinomas
or adenocarcinomas with focal colloid features also oc-
cur! P29 Colloid carcinoma of the pancreas is very
commonly associated with IPMN"". In fact, some au-
thors argue that it virtually never exists without an associ-
ated IPMN (whose detection would depend on the extent
of the tumor sarnpling)[()sl. Most IPMNs related to col-
loid carcinoma are intestinal type™. Like intestinal type
of IPMN, colloid carcinoma shows diffuse expression of
CDX2 and MUC2 (., features of intestinal differentia-
tion)" (Figure 8). Prognosis of colloid carcinoma is con-
sidered better than conventional ductal carcinoma' .
Conventional invasive adenocarcinoma related to IPMN
is most often associated with pancreatobiliary type IPMN
(Figure 7A). Both share the more aggressive immunohis-
tochemical profile consisting of MUCT expression and
lack of MUC2 and CDX2 expressionm’su.

Prognosis aspects linked to the existence of invasive
carcinoma in IPMN

In general, the prognosis of patients with invasive car-
cinoma associated with IPMN is better than that of
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patients with ordinary pancreatic adenocatcinoma (ie.,
patients without IPMN), but when matched by disease
stage, no prognostic differences appear to exist between
the groups, except at an early stage. Best overall prog-
nosis of these patients may lie in their greater frequency
of eatly stage cases and a higher prevalence of colloid
PSS A Tower frequency of other adverse
histological features (i.e., vascular invasion, perineural in-
vasion, involvement of surgical margins and poor tumor
differentiation) contribute to better prognosis of IPMN-
associated invasive carcinomas

carcinomas

Some authors have observed that invasive carcinoma
has a better prognosis if depth invasion is limited®**""™,
This so called minimally invasive carcinoma has been de-
fined as tumor with slight invasion beyond the pancreatic
all®™ or as carcinoma with infiltration depth
up to 5 mm">"™. Fukuoka guidelines recommend avoid-
ing use of the term “minimally invasive” because of its
variable definition. Instead, it is proposed to substage the
category T1 into T1la if carcinoma infiltrates up to 0.5
cm, T1b if > 0.5 cm up to 1 cm, and T1c if infiltrates be-
tween 1 and 2 em"”. Minimal invasion is more frequently
observed in intestinal and oncocytic types of IPMNs
than in gastric and pancreatobiliary typele3’721. Frequently,
minimally invasive carcinoma related to IPMN is colloid

type”

duct w

Some patients with resected IPMN without associated
invasive carcinoma subsequently develop local invasive
carcinoma or metastatic lesions. Multifocal disease with
synchronous or metachronous development of tumor in
the remnant unresected pancreas may explain the origin
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Figure 9 Pseudoinvasion. Mucin spillage dissecting into the pancreatic
stroma without neoplastic cells.

of some of these recurrences™. In other cases, it is pos-
sible that a preexisting small focus of invasive carcinoma
passed unnoticed in the pathological study. Because of
its critical prognostic significance, a major objective for
the pathologist is to rule out the presence of invasion.
Initial sampling of the surgical specimen should include
all nodular areas because of its higher suspicion of malig-
nancy. As invasive carcinoma may be overlooked by gross
examination (especially if it is of small size), the tumor
must be extensively sampled or, much better, submitted
in its entirety for microscopic study. Measuring the size
of invasive carcinoma irrespective of the size of IPMN
is required for appropriate staging, If multiple invasive
foci exist, they must be measured separately, highlighting
the size of the largest focus.

Invasion vs pseudoinvasion

There is usually little difficulty in recognizing invasive
carcinoma associated with IPMN when tumor cells are
observed penetrating the tissue with a classic infiltrative
growth pattern. However, like in other mucin-secreting
tumors, IPMNs can exhibit tumor growth by duct ex-
pansion (expansive growth) as well as mucous rupture
or mucin spillage into the stroma, whose interpretation
is controversial ™", Takes of mucin in the stroma may
correspond to colloid carcinoma but also may be due
to rupture of a mucus filled duct, presumably by the
high intraluminal pressure produced by the mucus itself.
IPMN desquamated cells could be transported to the
stroma by the extruded mucin, completely simulating
colloid carcinoma. Acellular mucin extruded into stroma
is not considered invasive cancer (Figure 9). In contrast,
mucin spillage containing neoplastic cells is better con-
sidered invasive carcinoma'”. On another issue, IPMNs
should not be confused with the rarest pancreatic adeno-
carcinomas with cystic papillary pattern, consisting of
large caliber malignant glands with intraluminal papillary
structures and pools of intraluminal mucin that mimic
noninvasive cystic neoplasms. Elastin stains are very help-
ful for distinction: unlike normal pancreatic ducts and
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ducts with IPMN that typically are surrounded by a layer

of elastin fibers, there are no elastin fibers around these

large invasive malignant glands'™

DIFFERENTIAL DIAGNOSIS

Other cystic and/or papillary lesions

A major preoperative (e, mainly clinical and radiologi-
cal) differential diagnosis of IPMNs includes neoplastic
and non-neoplastic pancreatic cysts: serous cytadenoma
(in particular the oligocystic or macrocystic variant)””
MCN:s, solid pseudopapillary neoplasmm, retention
cyst! pseudocyst and other less common or clinically
relevant entities”. In addition, usually solid pancreatic
lesions that occasionally are dominated by a cystic, papil-
lary or papillocystic pattern must be considered in this
differential diagnosis: acinar cell carcinoma'”, pancreatic
endocrine tumors”™ and pancreatic duct adenocarci-
noma'¥. In surgical specimens, histological findings usu-
ally allow solving the above cited differential diagnosis,
sometimes with the assistance of immunohistochemistry.
In preoperative management, cyst fluid or pancreatic
juice cytology can increase clinical and radiological ac-
curacy diagnoses in pancreatic cysts regarding the distinc-
tion between mucinous and non mucinous lineage and
malignancy identification. Mucinous cyst cytology cannot
accurately discriminate between IPMN and MCN and,
although cytology shows high specificity for detecting
malignancy, sensitivity is low'™. Sensitivity for malignancy
detection increases if cases with cytological diagnosis of
high grade atypia are included, but this reduces the speci-
ficity™™*". Carcinoembryonic antigen (CEA) pancreatic
cyst fluid level may contribute to distinction between
mucinous (high CEA levels) and non mucinous (low
or no CEA levels), but does not differentiate between
benign and malignant. Some authors warn about IPMN
dissemination after puncture because of the potential risk
of leakage of cyst content. Currently, Fukouka guidelines
consider cytological study of mucinous-like cystic lesions
in general limited to research, except in centers with ex-
pertise in endoscopic ultrasound - fine needle aspiration
(EUS-FNA) and cytological interpretation where cytolog-
ical analysis is recommended for the evaluation of small
BD-IPMNs without worrisome features'®. EUS-FNA
with cyst fluid CEA determination may also be required
for the differentiation between BD-IPMN and oligocystic
serous cystic neoplasmm’m.

MCN and other mucinous cysts

Focusing on the mucinous category, accurate distinction
is not always possible between various mucinous cystic
lesions. In a large series of resected mucin-producing
neoplasms of the pancreas, 6% of mucinous cystic le-
sions were undetermined””. BD type of IPMN, especially
when largely flat, can be confused with MCN if the topo-
logical branch ducts relationship is not clear. In addition,
although MCN lacks a connection to the duct system, it
rarely can fistulize into the ducts and very rarely exhibits
intracystic papillary-like growth that may be confused
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Figure 10 Mucinous cystic neoplasm. A: An example with papillary projections and surrounded by a thick collagenized band; B: Demonstration of ovarian-type

stroma, at least focally, leads to diagnosis.

with papillary structures of MD-TPMN™ (Figure 10A).
Opvarian-type stroma in MCN facilitates this differential
diagnosis and accentuates the clinical distinction of MCN
s TPMN" (Figure 10B). MCN occurs in patients usually
younger than BD type of IPMN (44.5 years ss 66 years in
a large series™) and it is almost always a single lesion lo-
cated in the pancreatic body/tail in women, whereas this
type of IPMN occurs more commonly in the pancreatic
head, can be single or multifocal, and occurs slightly
more often in men”?, Cystic mucin-producing pancreatic
neoplasms without either IPMN histological features or
ovarian-type stroma are better termed indeterminate mu-
cin-producing neoplasms'”. If such indeterminate cystic
lesions exhibit simple mucinous epithelium without cyto-
logical atypia, they still are considered neoplasms by some
authors™. Alternatively, they are termed non neoplastic
(or non dysplastic) cystic mucinous lesions by others™
although it is unclear whether they could represent the
earliest manifestation of mucinous neoplasms. Retention
cysts should also be considered. They happen because of
pancreatic duct obstruction. They usually are unilocular
and lined by normal or flattened ductal epithelium with-
out atypia, but sometimes they are described with slight
papillary or mucinous change!”. Therefore, there are no
specific limits for the distinction between retention cyst,
non neoplastic mucinous cyst and some neoplastic muci-
nous cysts.

PanIN

PanIN is the other main premalignant lesion of the
pancreas besides IPMN. Lesions of PanIN can be flat,
micropapillary or papillary, but unlike IPMN which is
macroscopically visible, PanIN is defined as a micro-
scopic entity”. Although PanIN lesions typically arise in
the smaller ducts, it may involve large ducts. In addition,
IPMN often extends from larger ducts to smaller pancre-
atic ducts'”’, The histological distinction between IPMN
and PanIN is not always possible. The main issue con-
cerns BD gastric type of IPMN because of its peripheral
location and more similar cytohistological appearance and
immunohistochemical profile (MUC2 negative and MU-
C5AC positive)[43’61]. It has generally been assumed that

Raishidenge ~ WJGO | www.wjgnet.com

PanIN measures less than 0.5 cm and IPMN over 1 cm. It
has been suggested to use a descriptive diagnosis, such as
intraductal proliferative lesion of undetermined type, for
an especially gray area of 0.5-1 cm featureless diameter™®”

Intraductal tubulopapillary neoplasm

Intraductal tubulopapillary neoplasm (ITPN) is a rare
lesion characterized by a more solid intraductal growth
without visible mucin secretions and with less cystic as-
pect than IPMN. Histologically, ITPN is characterized by
a complex proliferation of tubules and variable extension
of papillary architecture. Neoplastic cells show scant cy-
toplasmic mucin and uniform high grade dysplasia. Solid
areas and necrotic foci are frequently seen. Associated inva-
sive carcinoma is frequently scarce and obsetved in about
40% of cases™™. TTPN is considered within the spectrum
of IPMNs by some authors, although it is regarded as a
separate entity by the current WHO system'"*,
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