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ABSTRACT

Pancreatic intraductal papillary mucinous neoplasms
(IPMNs) rank among the most common cystic tumors of
the pancreas. For a long time they were misdiagnosed as
mucinous cystadenocarcinoma, ductal adenocarcinoma in
situ, or chronic pancreatitis. Only in recent years have
IPMNs been fully recognized as clinical and pathological
entities, although their origin and molecular pathogenesis
remain poorly understood. IPMNs are precursors of inva-
sive carcinomas. When resected in a preinvasive state pa-
tient prognosis is excellent, and even when they are already
invasive, patient prognosis is more favorable than with
ductal adenocarcinomas. Subdivision into macroscopic

and microscopic subtypes facilitates further patient risk
stratification and directly impacts treatment. There are
main duct and branch duct IPMNs, with the main duct
type including the intestinal, pancreatobiliary, and onco-
cytic types and the branch duct type solely harboring the
gastric type. Whereas main duct IPMNs have a high risk
for malignant progression, demanding their resection,
branch duct IPMNs have a much lower risk for harboring
malignancy. Patients with small branch duct/gastric-type
IPMNs (<2 cm) without symptoms or mural nodules can
be managed by periodic surveillance. The Oncologist 2010;
15:1294-1309

INTRODUCTION

Pancreatic intraductal papillary mucinous neoplasms
(IPMNs) have been increasingly recognized in clinical
practice. IPMNs belong to the heterogeneous cystic lesions

of the pancreas. Cystic lesions of the pancreas can be either
inflammatory or proliferative in nature. Pseudocysts make
up the majority of all cystic lesions of the pancreas, the re-
mainder comprising cystic tumors and true cysts; the latter
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Table 1. Characteristics of the main cystic lesions of the pancreas
SCN SPN MCN IPMN Pseudocyst

Age, yrs 70 30 40-50 60-70 30-50

Female 90% 90% >95% 30%—-40% 20%-30%

Localization Predominantly tail of the Everywhere within Predominantly corpus Predominantly head ~ Everywhere within the
pancreas the pancreas and tail of the pancreas of the pancreas pancreas

Imaging Microcystic, honeycomb-like Mixed solid—cystic  Macrocystic lesion with  Diffuse or segmental Macrocystic lesion without
lesion with central scar and lesion septation and enlargement of the septation, signs of chronic
calcification calcification of the wall ~ pancreatic duct pancreatitis

Capsule Yes No Yes No Yes

Calcification Yes, central No Rare No Yes

Communication to  No No No Yes Yes

pancreatic duct

Main pancreatic Regular Regular Regular Enlarged Irregular

duct

Mucin in cyst No No Yes Yes No

CEA in cyst Low Low High High Low

Amylase in cyst Low Low Low High High

Cytology Glycogen-rich cells Mucinous cells Mucinous cells Inflammatory cells

Abbreviations: CEA, carcinoembryonic antigen; IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous cystic

neoplasia; SCN, serous cystic neoplasia; SPN, solid pseudopapillary neoplasia.

are very rare. Pancreatic cystic tumors fall into one of three
major groups: serous tumors (including serous cystade-
noma and cystadenocarcinoma), mucinous tumors (includ-
ing mucinous cystic neoplasia and intraductal papillary
mucinous neoplasia), and solid pseudopapillary tumors [1].
They appear different in clinical and radiologic character-
istics (Table 1). The increasing frequency of identified
asymptomatic cystic tumors of the pancreas has resulted in
a dramatic increase in the diagnosis of IPMNss at specialized
centers. Consequently, knowledge of the clinicopathologic
characteristics and natural history of specific subtypes of
IPMN has become critical.

The first cases of IPMNs were described in the 1970s
and 1980s and reported under various names [2, 3]. In the
1990s, the term IPMN was coined, and these tumors were
established as a specific entity among pancreatic neoplasms
in the 2000 World Health Organization classification [4]. In
centers of pancreas surgery, they account nowadays for ap-
proximately 25% of cases of resected pancreatic neoplasms
[5]. IPMN is an intraductal tumor whose papillary epithelial
proliferation and mucin production leads to cystic dilatation
of the involved ducts. IPMNss are therefore included among
the cystic tumors of the pancreas [6]. [IPMNs are precursors
of invasive carcinomas and therefore provide models of
neoplastic progression from a benign intraductal tumor
through increasing grades of dysplasia to invasive adeno-
carcinoma. In addition, they are distinguished according to
their site of origin into main duct and branch duct types and
according to their histological appearance into intestinal,
pancreatobiliary, oncocytic, and gastric types (Fig. 1).
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Figure 1. Types and biology of IPMN.
Abbreviations: BD-IPMN, branch duct IPMN; IPMN, in-
traductal papillary mucinous neoplasm; MD-IPMN, main duct

IPMN.

The clinical diagnosis of IPMN may be difficult, espe-

cially if the lesion is small. The indication for surgery and
the postoperative prognosis depend on the stage of the dis-
ease and the IPMN subtype.

The objectives of this review are to summarize the cur-
rent data on the epidemiology, pathology, molecular biol-
ogy, clinical management, and outcome for patients with
pancreatic IPMNSs.

INCIDENCE AND PATHOLOGY

Since 2000, the number of case reports of IPMN has been
significantly increasing. This increase, however, is not a
true reflection of an alteration in IPMN incidence but is
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Table 2. Subtype classification and characterization of IPMN
Type of invasive

Type MUC expression Prognosis  Frequency carcinoma (% of cases)
Intestinal, MUC2*" MUC1~ MUCS5AC"  Favorable Most common MD-IPMN  Colloid carcinoma
MD-IPMN (30-50)
Pancreatobiliary, MUC1" MUC2~ MUC5ACH Poor Rare MD-IPMN Ductal adenocarcinoma
MD-IPMN (>50)
Gastric, MUC1 MUC2 MUC5AC* Favorable Most common IPMN Ductal adenocarcinoma
BD-IPMN (10-30)
Oncocytic, MUC1*" MUC2™ MUC5AC*  Poor Rare MD-IPMN Oncocytic
MD-IPMN adenocarcinoma (?)
Abbreviations: BD-IPMN, branch duct IPMN; IPMN, intraductal papillary mucinous neoplasm; MD-IPMN, main duct
IPMN; MUC, Mucin.

mostly a result of improved IPMN diagnosis. One expla-
nation for this is that the distinction between IPMNs
and mucinous cystic neoplasms (MCNs) had not been
clarified until 1999; therefore, many IPMNs had been
misdiagnosed as MCNs [7]. Another reason is the im-
provement in modern imaging technology that enables a
more precise identification of cystic lesions, even if they
are small and asymptomatic.

Currently, IPMNs account for 1%-3% of all exocrine
pancreatic neoplasms and for 20%—50% of all cystic neo-
plasms of the pancreas [5, 8, 9]. The exact incidence of
IPMN, however, is not known because many of them are
small and asymptomatic. Imaging studies revealed that
asymptomatic cysts of the pancreas that presumably con-
tain predominantly small IPMNs were found in 2.8% of
2,832 consecutive computed tomography (CT) scans per-
formed in one facility at a single institution, and this figure
rose to 8.7% in individuals aged >80 years [10].

There are no well-established etiological factors. In one
series, most IPMN patients were cigarette smokers [11].
IPMNs have been reported in patients with Peutz-Jeghers
syndrome and in patients with familial adenomatous polyp-
osis [12, 13]. Some studies have suggested that IPMNs may
be particularly common among the neoplasms arising in pa-
tients with a history of familial pancreatic carcinoma (FPC)
[14, 15].

IPMN is defined as a grossly visible (>1.0 cm) intra-
ductal epithelial neoplasm composed of mucin-producing
columnar cells showing papillary proliferation, cyst forma-
tion, and variable degrees of cellular atypia, even within an
individual neoplasm [16, 17]. Noninvasive IPMN is graded
according to the most atypical area as IPMN with low-grade
dysplasia (adenoma), IPMN with moderate dysplasia (bor-
derline), and IPMN with high-grade dysplasia (carcinoma
in situ) (Fig. 1). If an invasive component is present, which
occurs in 30%—-50% of IPMN cases, the tumor is called an

IPMN with an associated invasive carcinoma [5, 18-20].
Progression from adenoma to carcinoma is estimated to oc-
cur within about 5-6 years [19, 20]. Therefore, IPMN pro-
vides a model of neoplastic progression from a benign
intraductal neoplasm to an invasive carcinoma of the pan-
creas through increasing grades of dysplasia (Fig. 1).

Early reports have suggested that IPMN is comprised of
a group of heterogeneous neoplasms [21, 22]. A further ar-
gument for the heterogeneity of IPMN was the detection of
IPMN not only in the main duct but also in the branch ducts.
Finally, it was recognized that IPMNs differ in their histo-
logical and cytological features and in their mucin profiles
[23-28]. Currently, four subtypes of IPMN have been char-
acterized (Fig. 1, Table 1)—intestinal, pancreatobiliary, on-
cocytic, and gastric types [25]. The first three types
originate from the main duct, whereas the last type, the gas-
tric type, typically occurs in the secondary ducts, the branch
ducts.

Of the main duct (MD)-IPMNs, the intestinal type is
most common (Table 2). It usually occurs in the pancreatic
head but may also involve the entire main duct, including
the ampulla of Vater [29]. It shows a villous growth pattern
similar to that of villous adenoma in the colon (Fig. 2A). It
expresses Mucin-2 (MUC2), MUCS, and caudal type ho-
meobox 2 (CDX2), but not MUCI1 (Fig. 2B). For invasive
intestinal IPMN, the invasive component corresponds to
mucinous (colloid) carcinoma and is characterized by ex-
tensive stromal pools of extraluminal mucin, containing
single cells or strands of neoplastic glandular epithelium or
even a small component of signet ring cells [24, 26, 30]. Pa-
tients with these colloid carcinomas have a higher 5-year
survival rate than those with ductal (tubular) adenocarcino-
mas (57% versus 37%) [31].

The pancreatobiliary type also predominantly occurs
in the main duct of the pancreas head, but it is much rarer
than intestinal-type IPMN (Table 2). It shows complex
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Figure 2. Histopathological subtypes of intraductal papillary mucinous neoplasm (IPMN) of the pancreas and their typical mucin
patterns. (A, B): IPMN of the intestinal type positive for MUC2. (C, D): IPMN of the pancreatobiliary type positive for MUC1.
(E, F): IPMN of the oncocytic type showing positivity for MUCS. (G, H): IPMN of the gastric type, positive for MUCS.
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arborizing papillae and only expresses MUCI and
MUCS (Fig. 2C, 2D). When it becomes invasive, the in-
vasive component usually corresponds to a conventional
ductal (tubular) adenocarcinoma (Fig. 1).

The oncocytic type, also known as intraductal onco-
cytic papillary neoplasm, often forms large tissue nod-
ules in the main pancreatic duct, with only little mucin
production [32]. It shows the same complex papillae as
the pancreatobiliary type, but the lining cells reveal
strong eosinophilic cytoplasm (Fig. 2E). In addition,
there are often numerous goblet cells. The tumor cells fo-
cally and inconsistently express MUC1, MUC2, and
MUCSAC (Fig. 2F).

The gastric type corresponds to branch duct (BD)-
IPMN. It is probably the most frequent IPMN and is usually
found in the periphery of the pancreatic parenchyma, most
often in the uncinate process, where it presents as a multi-
cystic lesion with cysts <3 cm [33]. Histologically, it ex-
hibits papillary projections lined by epithelial cells
resembling gastric foveolar cells and shows pyloric gland-
like structures at the base of the papillae (Fig. 2G). These
cells consistently express MUC5AC and MUCG (Fig. 2H),
whereas they are negative or only focally positive for
MUCI and/or MUC2.

When IPMN becomes invasive, two distinct types of in-
vasive carcinoma commonly occur in association with
IPMN—the tubular type and the colloid (mucinous noncys-
tic) type [24] (Fig. 1). The tubular type typically arises from
pancreatobiliary-type IPMN and resembles standard pan-
creatic adenocarcinoma. The colloid type typically arises
from intestinal-type IPMN and is characterized by exten-
sive stromal pools of extraluminal mucin [24]. Distinguish-
ing these two types of IPMN has prognostic relevance
because patients with colloid carcinomas have a higher
5-year survival rate than those with tubular carcinomas
(57% versus 37%) [31].

ORIGIN AND BI1oLOGY OF IPMN
IPMNss originate from stem cells that are located in the
epithelium of the large and small pancreatic ducts and are
able to give rise to tumors with different phenotypes. The
most predominant subtype is the intestinal type that
shows complete intestinal differentiation, producing lots
of MUC2" intestinal mucin and expressing the intestinal
transcription factor CDX2. Additionally, the invasive
component corresponds to a colloid carcinoma, a slowly
growing adenocarcinoma that is much less aggressive
than an ordinary pancreatic ductal adenocarcinoma
(PDAC) [30, 31].

The pancreatobiliary type shows the phenotype of large
pancreatic and biliary duct cells. It produces less mucus

Biology, Diagnosis, and Treatment of IPMN

than the intestinal type and expresses MUCI in addition to
MUCSAC. If invasive, it resembles, also prognostically,
PDAC [24].

The oncocytic type has a phenotype that does not
match any of the cells in the gastroenteropancreatic epi-
thelial system. It usually presents with severe cellular
atypia and is diagnosed as carcinoma. Some of these tu-
mors have an invasive component or even distant metas-
tases [34]. Because the follow-up of this patient group is
very short, no relevant data have been available yet on
their survival and outcome.

The gastric type phenotypically resembles gastric antral
mucosa, the foveolar cells of which also express MUC5SAC
and MUCS6 as mucin markers. Although it seems to be less
aggressive, that is, less invasive, than the other IPMN sub-
types [28, 29, 35, 36], it may also show severe cellular
atypia and invasion (in up to 27% cases) [36]. Interestingly,
gastric-type IPMN usually occurs in association with le-
sions of pancreatic intraepithelial neoplasia (PanIN)-1 (also
positively staining for MUCS5AC), from which they are dis-
tinguished only by size and cystic dilatation. In addition,
there may also be some foci of lobular fibrosis containing
PanIN-1B lesions. Similar, if not identical, changes have
been described in the pancreata from otherwise healthy sub-
jects [37] and in the pancreata removed from patients with a
strong history of FPC [38, 39]. These observations raise the
question of whether gastric-type IPMNs are components or
facets (i.e., large PanIN-1 lesions) of diffuse PanIN-1 dis-
ease rather than individual disorders. Given the obviously
common occurrence of low-grade PanIN lesions and the as-
sociated gastric-type IPMN in the pancreata of patients with
FPC, it is conceivable that these pancreatic changes (‘“Pa-
nIN disease™) could predispose to the development of
PDAC.

MOLECULAR BIOLOGY OF IPMN

Despite the fact that IPMNs are the second most common
neoplasms of the exocrine pancreas, their molecular biol-
ogy is relatively less investigated than that of PDAC. How-
ever, in recent years, a number of studies have identified
molecular events that may play a role in the development of
IPMN. Together with investigations on global genomic
analysis, molecular genetic changes have been defined for
IPMN that are distinct from those of PDAC [40]. However,
detailed analyses of the molecular profiles of the four IPMN
subgroups are missing.

Oncogenes

Analyses of oncogenes in IPMN have mainly been fo-
cused on KRAS. KRAS is a GTP-binding protein that me-
diates the early signal transduction from growth factor
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receptors to the mitogen-activated protein kinase
(MAPK) pathway. Mutations in KRAS typically lead to
KRAS activation and, therefore, trigger constitutive acti-
vation of MAPK signaling. It was shown, in studies on
colon cancer, that KRAS activation leads to a desensiti-
zation of cancer cells to growth factor withdrawal and,
therefore, leads to the cancer hallmark of “self-suffi-
ciency in growth signals.” Thus, KRAS mutations impair
the efficacy of therapies affecting growth factor recep-
tors [41,42]. Whereas mutations in codons 12, 13, and 61
of KRAS are observed in nearly 100% of PDAC cases, the
frequency of KRAS mutations in IPMN is somewhere in
the range of 31%—-86%. Recent studies indicated that the
mutation rate might be around 50%, which is in line with
that of other solid cancers [43]. The variability is most
likely a result of the improvement in the definition and
subclassification of IPMN. Further analysis is therefore
needed to determine the KRAS mutation rate in different
subtypes of IPMNs.

Tumor Suppressor Genes

The investigation of tumor suppressor genes in IPMN is
still at an early stage. It has been reported that CDKN2a is
nearly as often aberrantly expressed in IPMN as in PDAC
[44]. However, this seems not to be the case for p53 and
SMADA4. In IPMN, in contrast to PDAC, only a minor frac-
tion of tumors display aberrant expression of these genes
[44]. Interestingly, in a subset of patients with Peutz-Jegh-
ers syndrome harboring mutations of STK//, which are
known to be prone to pancreatic cancer, [IPMNs have been
identified, indicating that STK/] mutations might contrib-
ute to sporadic IPMNs [12, 13].

Epigenetic Changes

Hypermethylation

Several studies have been performed to identify epigeneti-
cally silenced genes in IPMN [45, 46]. Those studies have
also tried to delineate crucial changes among different
forms of IPMN, and it has been shown that the rate of ana-
lyzed methylation events is far lower in [IPMNs that are not
associated with PDAC [45]. Interestingly, CDKN2a is hy-
permethylated in [IPMN at a similar rate as in PDAC [47].
Because other genes have been found to be hypermethyl-
ated in IPMN at various rates (cyclin D2 in approximately
50%, SOCS in 6%), it is noteworthy that the methylation of
certain genes may correlate with clinical stage of IPMN, as
shown in the case of TFPI-2. This gene is more frequently
hypermethylated in high-grade IPMNs than in low-grade
IPMN (85% versus 17%, respectively; p = .0002) [48].
Methylation analysis has also been used for further subclas-
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sification of these tumors. However, despite the use of
seven different methylation markers, it was impossible to
correlate the findings with different histological subtypes of
IPMN [46].

Gene Expression

Recently, it was shown that IPMNs differ in their gene
expression profiles from other types of pancreatic tu-
mors, but that they share many gene expression alter-
ations with serous cystic neoplasms [49]. In cystic
tumors with ULK2 overexpression, a kinase associated
with the mammalian target of rapamycin (mTOR) signal-
ing pathway was shown to be upregulated, which
might lead to the repression of autophagy during the de-
velopment of those tumors [50]. Recently, two micro
(mi)RNAs, miR-155 and miR-21, were reported to be
overexpressed in [IPMNs, compared with their expression
in normal ducts, indicating crucial changes in IPMNs [51].
Moreover, miR-155 is able to bind to the mRNA of the ra-
pamycin-insensitive companion of mTOR (RICTOR), an-
other member of the mTOR signaling pathway, indicating
that alterations in this pathway might be essential for the de-
velopment of IPMN.

These differences might explain the fate of cells devel-
oping into IPMNs but there are many expression changes in
IPMN that they share with PDACs. Both demonstrate over-
expression of sonic hedgehog, a member of the hedgehog
signaling pathway, compared with normal pancreatic tis-
sue, which was usable do differentiate IPMN's from pancre-
atitis in an assay based on pancreatic juice [52]. Analysis of
the hedgehog pathway in IPMN tissue and xenografts
showed that activation of hedgehog is an important step
during the development of IPMN [53, 54].

Animal Models

The use of genetically engineered mice has revived the field
of cancer research. Recently, two different models that in-
duce cystic neoplasms comparable with those in humans
have been established. Both models use the activation of
KRAS, emphasizing the importance of mutations in this
gene in the development of pancreatic carcinomas. In one
model, cystic neoplasms in the pancreas were induced by
activating transforming growth factor o, and the other was
generated by inactivating SMAD4, demonstrating that
there may be different molecular pathways that result in the
development of cystic neoplasms in the pancreas, including
IPMNs [55, 56].

PROGNOSIS OF PATIENTS WITH IPMN
Based on the results of an analysis of the California Can-
cer Registry (U.S.) during the years 2000-2007, malig-
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Table 3. Histopathology, frequency, 5-year-survival rate, and recurrence of IPMN after surgical resection: Review of
the literature

n IPMN-adenoma IPMN-borderline IPMN CIS IPMN Ca
BD-IPMN
Rodriguez et al. (2007) [71] 145 46% 32% 11% 11%
5-yr survival 95%  100% 100% 100% 63%
Jang et al. (2008) [72] 138 34% 47% 7% 12%
5-yr survival 81%  94% 81% 80% 64%
MD-IPMN
Salvia et al. (2004) [19] 140 12% 28% 18% 42%
5-yr survival 100% 100% 100% 60%
IPMN, all types
Partelli et al. (2010) [70] 104 100%
Recurrence/5-yr survival 47%160%
Sohn et al. (2004) [20] 136 17% 28% 55% 38%
5-yr survival 80% 72% 79% 43%
Wada et al. (2005) [67] 100 75% 25%
Recurrence/5-yr survival 1%/100% 48%/46%
Schnelldorfer et al. (2008) [69] 208 42% 18% 9% 30%
Recurrence/5-yr survival 9%/96% 0%/90% 16%/94% 58%1/31%
Nagai et al. (2008) [60] 72 25% 14% 19% 42%
5-yr survival 100% (all noninvasive) 58%
Chari et al. (2002) [66] 113 29% 20% 16% 35%
Recurrence/5-yr survival 8%/88% 65%/36%
Abbreviations: CIS, carcinoma in situ; Ca, invasive carcinoma.

nant IPMN has a more favorable prognosis than other
pancreatic malignancies, such as PDAC, or neuroendo-
crine tumors [57]. IPMNs are subdivided as MD-IPMN
(20%), BD-IPMN (40%), and mixed-type IPMN (40%)
by imaging [58]. MD-IPMNs and BD-IPMNs display
different biological behaviors. Mixed-type IPMNs be-
long to MD-IPMN:ss in terms of their biological behavior.
Whereas malignant tumor is found in 57%-92% of MD-
IPMN cases, in BD-IPMN a much lower malignancy rate
of 6%—-46% is observed [59]. MD-IPMNs therefore have
a worse prognosis than BD-IPMNs in most clinical series
[60]. Only one large retrospective study with 136 re-
sected IPMN samples from Johns Hopkins Hospital
showed no prognostic relevance among different sub-
types [20]. The strongest adverse predictor of survival in
IPMN is the presence of invasive carcinoma [61-65].
Several other factors have been associated with the
prognosis of IPMN patients. The prognosis for patients
with IPMN without an invasive component is much bet-
ter than that of PDAC patients. It has been reported that
the prognosis for patients with resected noninvasive

IPMNSs is much better than that of patients with invasive
IPMNSs, as shown by the 5-year survival rates of 80%—
100% and 40%—60%, respectively [20, 31, 66, 67] (Ta-
ble 3). This outcome is distinctly favorable compared
with that of PDAC patients, which shows a 5-year sur-
vival rate of 10%—-25% according to previous reports.
The reason for the prognostic advantage in invasive
IPMN seems to be that the diagnosis and therapy occur at
an earlier stage. Only the prognosis of advanced forms of
invasive IPMN is as poor as that of PDAC [31, 68].
Poultsides et al. [31] reported that the favorable biologic
behavior of IPMN carcinoma compared with that of
PDAC is based on its lower rates of advanced T stage,
lymph node metastasis, high tumor grade, positive resec-
tion margin, perineural invasion, and vascular invasion.
There have also been reports of recurrences in a small
percentage of cases of noninvasive IPMN [66, 69].
Partelli et al. [70] demonstrated that the lymph node ratio
is a strong predictor of survival after resection of
IPMN.
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Table 4. Clinical signs and symptoms of intraductal papillary mucinous neoplasm
Symptoms
No Weight Nausea/ Diabetes

Patients symptoms Pain Jaundice loss vomiting Pancreatitis mellitus
Study n % % % % % % %
Nagai et al. (2008) [60] 72 43 35 8 22 - 13 29
Salvia et al. (2004) [19] 136 52 17 29 14 13 -
Niedergethmann et al. (2008) [61] 97 43 30 32 - - 38
Schmidt et al. (2007) [98] 150 7 79 12 32 38 43 19
Wang et al. (2005) [114] 57 22 56 18 32 16 32 39
Wada et al. (2005) [67] 100 8 78 16 30 36 16

Clinical Definition of MD-IPMN and BD-IPMN

* MD-IPMN: cystic tumor and dilatation of the main
pancreatic duct.

* BD-IPMN: cystic tumor within the side braches of the
main pancreatic duct with communication to the main
duct; <6-mm diameter of the main pancreatic duct.

e Mixed-duct IPMN: involvement of both main duct and
side branches.

CLINICAL MANAGEMENT: DIAGNOSIS
AND THERAPY

Clinical Presentation of Patients with IPMN

Even if there are no typical clinical signs of IPMN, the
medical history of a patient plays an important role in the
diagnosis of IPMN. Approximately 80% of IPMN pa-
tients have only nonspecific clinical signs such as mal-
aise, nausea and vomiting, abdominal or back pain, and
weight loss (Table 4). Some patients have pancreatitis-
like symptoms. They suffer from episodes of abdominal
or back pain and slowly develop exocrine and endocrine
pancreatic insufficiency. This phenomenon is related to
obstruction of the main pancreatic duct by mucin [73]. In
contrast to chronic pancreatitis (CP), patients with [IPMN
are more often female, older, and less likely to have a his-
tory of alcohol intake [73]. The risk for malignancy in
IPMN seems to be higher in symptomatic patients than in
others [9]. A history of pancreatitis can cause misdiag-
nosis of IPMN as CP.

Imaging of IPMN

The aim of imaging is to detect IPMN, to exclude other cys-
tic tumors of the pancreas, to distinguish between MD-
IPMN and BD-IPMN, to evaluate the risk for malignancy,
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and to predict resectability. Transabdominal ultrasonogra-
phy (US) serves as a basic imaging examination. In experi-
enced hands, it is possible to predict resectability with high
accuracy using US [74]. Using contrast-enhanced transab-
dominal US, further characterization of IPMN is feasible,
but this is not yet prevalent [75, 76].

Endoscopic ultrasonography (EUS) is a useful diagnos-
tic method, especially in small cystic tumors. It has high
resolution to demonstrate mural nodules or irregularities of
the pancreatic duct and enables fine-needle aspiration
(FNA) of cystic fluid for cytology analysis (tumor or atyp-
ical cells) and laboratory tests (amylase, carcinoembryonic
antigen [CEA] level). The accuracy of discrimination be-
tween benign and malignant IPMN using EUS varies from
40% to >90% [77-81].

IPMN also can be visualized by endoscopic retrograde
cholangiopancreatography (ERCP) [6]. The appearance of a
mucin extrusion from a widely patent ampulla is pathognomic
of IPMN. Injecting contrast material in the main pancreatic
duct will enhance the characteristic phenotypes of mucinous
filling defects, ductal dilatation, and cystic dilatation of side
branches. However, ERCP has been mostly replaced by mag-
netic resonance cholangiopancreatography (MRCP) because
it is much less invasive than ERCP [82].

Both CT and magnetic resonance imaging (MRI) with
MRCEP are useful for the diagnosis and characterization of
IPMN [83, 84] (see examples in Fig. 3). Both modalities pro-
vide an accurate assessment of a tumor and its relationship
with surrounding organs and vessels [83, 85]. Moreover, mu-
ral nodules as a sign of possible malignancy can be recognized
by both modalities [84, 86]. Evaluation of communication be-
tween the dilated branch ducts and the main pancreatic duct is
important for distinguishing IPMNs from other cystic lesions,
particularly MCNs, which rarely communicate with the main
pancreatic duct. In an analysis of 30 resected IPMNs, MRCP
was superior to CT in detecting a ductal connection, estimating
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‘ Suspicion of cystic tumor of the pancreas ‘

Medical history

/‘ Clinical examination ‘\

- transabdominal ultrasonography
- dependent on local preferences
and possibilities:
- MRI and MRCP
- contrast enhanced multislice CT

i I(EEUSCP) } cytology and CEA

Figure 3. Diagnostic algorithm in suspicious IPMN.

main duct involvement, and identifying small branch duct
cysts [87]. Preliminary investigation suggests that '®F-fluoro-
deoxyglucose positron emission tomography may be useful
for malignancy detection in IPMN [88].

In summary, MRI with MRCP might be the primary
options for optimal management of IPMN patients
[82]. A diagnostic algorithm is shown in Figure 3.

Cytology and Laboratory Markers

Theoretically, the cytology of cysts obtained by EUS FNA
could be an ideal tool for surgical decision making, because it
may detect malignant cells even in small cysts. However,
50%—-60% of these samples are either nondiagnostic or acel-
lular, and the discrimination between serous and mucinous le-
sions is unreliable, evidenced by the fact that 67% of negative
and 92% of nondiagnostic specimens have been associated
with malignant or premalignant pathology [89, 90].

Different studies have investigated the role of tumor
markers in the cyst fluid of IPMN. Maire et al. [91] showed,
in 41 patients with IPMN, that a CEA level >200 ng/ml has
a sensitivity, specificity, positive predictive value, and nega-
tive predictive value for the diagnosis of malignant IPMN of
90%, 71%, 50%, and 96%, respectively. However, another
study showed that neither CEA nor cancer antigen 19-9 were
useful to distinguish malignant IPMN from benign IPMN
(n = 75) [92]. In summary, the role of tumor markers is still
not clear, but if any, CEA seems to be the first choice.

The identification of atypical cells by cytology in combi-
nation with a high CEA level in the cyst fluid (>>2,500 ng/ml)
was found to be more sensitive than the detection of malignant
cells alone [93]. Atypical cells were found by cytology in five
of the six malignant BD-IPMN patients whose cytologic ex-
amination revealed no malignant cells, suggesting that the ab-
sence of atypical or malignant cells does not exclude the
possibility of malignant or invasive IPMN [89]. Therefore, the

- WBC, RBC, CRP

- Blood glucose, oGTT

- Lipase / Amylase in serum
- CA19-9, CEAin serum

decision to proceed with nonoperative management should
not be solely based on negative cytologic features [89, 94].

The application and benefit of FNA remains controver-
sial. In the international consensus statement, cytology was
discussed but not included in the algorithm for the manage-
ment of BD-IPMN [59].

Prediction of Malignancy in IPMN

International guidelines have defined clinical symptoms,
IPMN size >3 cm, and mural nodules as important criteria for
malignancy [59]. A review of studies on BD-IPMN suggests
that the prevalence of invasive cancer may be as high as 30%
in symptomatic cases and as low as 0%—5% in patients with
asymptomatic BD-IPMN [95]. BD-IPMN >3 cm should be
resected. The treatment for asymptomatic, radiologically un-
suspicious lesions =3 cm is, however, debatable. The cutoff
point of a diameter of 3 cm has been widely accepted for the
prediction of malignancy in BD-IPMN [59, 96]. However,
there is a 10%—25% malignancy risk in BD-IPMN of 2-3 cm
according to a multi-institutional study from South Korea on
138 BD-IPMN cases, wherein the risk for malignancy in BD-
IPMN of 2-3 cm was 25% [72]. In tumors with a diameter <2
cm, malignancy is rare in the absence of additional typical ra-
diographic findings. In an attempt to stratify the indication for
surgery in BD-IPMN by age and quality of life, Weinberg and
coworkers conducted a Markov-based clinical nomogram for
BD-IPMN of the pancreatic head [97]. They revealed that, for
patients merely focusing on longest survival, regardless of
quality of life, all BD-IPMNs >2 cm should be surgically re-
moved. For patients aged 65-75 years with a main focus of
optimizing both quantity and quality of life, either surveillance
or “do nothing” was appropriate for lesions with a diameter
<3 cm. Based on quality of life alone, in patients aged >85
years, no resection should be performed for lesions <3 cm
[97].
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Figure 4. Therapeutic algorithm for IPMN.
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Abbreviations: BD-IPMN, branch duct IPMN; CT, computed tomography; EUS, endoscopic ultrasound; IPMN, intraductal
papillary mucinous neoplasm; MD-IPMN, main duct IPMN; MRCP, magnetic resonance cholangiopancreatography; MRI, mag-

netic resonance imaging.

Malignancy in BD-IPMNs =3 cm is mostly associated
with older age, male gender, presence of symptoms (e.g.,
jaundice, weight loss, and pain), and presence of con-
cerning radiographic features (solid component, main
pancreatic and/or common bile duct dilation, and lymph-
adenopathy) [9]. Nagai et al. [60] demonstrated that four of 57
patients with BD-IPMNs <30 mm without mural nodules har-
bored malignancy. Moreover, two of these malignancy cases
were asymptomatic IPMNs [60]. Another study showed that,
in BD-IPMN patients, the size of a cystic lesion was not pre-
dictive of invasiveness or malignancy [98]. Interestingly, they
found three invasive cancers among 11 asymptomatic cases,
including one with a lesion <10 mm.

In contrast, in 2007, Tanno et al. [99] published a series
of 82 BD-IPMN cases with a median follow-up of
61 months. IPMNs without mural nodules were unchanged
during the follow-up, and none of the resected cases with-
out mural nodules was invasive, as shown by histology. Of
five cases with newly developed mural nodules, three ade-
nomas and one carcinoma in situ were found.

In summary, there is no clear evidence indicating a
recommended procedure in cases of asymptomatic BD-
IPMN without mural nodules and with a size of 20-30
mm. The indications for resection of BD-IPMN remain
controversial because preoperative identification of ma-
lignancy is often difficult. Until proven by further clear
evidence, patients with BD-IPMN of 20-30 mm in size
have to be treated individually. Many of them might be
good candidates for resection to achieve excellent sur-
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vival before the neoplasm progresses to an invasive tu-
mor. Age and surgery risk as well as expected quality of
life and lifetime should be taken into consideration.

Criteria for Malignant IPMN

* Main duct involvement (MD-IPMN and mixed-type
IPMN).

* Male gender.

e Tumor size >2 cm (3 cm).

* Solid changes within IPMN, “mural nodules.”

¢ Clinical symptoms.

* Positive cytology (ERCP, EUS), CEA in cyst fluid.

Therapy of IPMN

Indication for Surgery and Surgical Procedures
While MD-IPMNs generally should be resected in patients
in appropriate clinical condition that allows major pancre-
atic resection, there is still controversy for BD-IPMN. The
accepted indications for surgical resection of BD-IPMN are
as follows: size >3 cm, symptoms, and suspicious radio-
logical findings such as mural nodules, a solid component,
main pancreatic duct dilation, common bile duct dilation,
and lymphadenopathy. A therapeutic algorithm is shown in
Figure 4.

The most common surgical procedures performed for
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Figure 5. Clinical examples of IPMN. (A-C): BD-IPMN. (A): MRCP; (B): Intraoperative situs after enucleation; (C): Surgical
specimen with BD-IPMN. (D-F): MD-IPMN. (D): CT with cystic head tumor and enlarged main pancreatic duct; (E): Mucin
extrusion from a widely patent ampulla of Vater; (F): Surgical specimen with MD-IPMN.

Abbreviations: BD-IPMN, branch duct IPMN; CT, computed tomography; IPMN, intraductal papillary mucinous neoplasm;
MD-IPMN, main duct IPMN; MRCP, magnetic resonance cholangiopancreatography.

IPMN are pancreaticoduodenectomies (70%) and distal
pancreatectomies (25%), because IPMNs are predomi-
nantly located in the head of the pancreas [19, 62]. Other
surgical procedures include total pancreatectomies, seg-
mental resections, enucleations, and duodenum-preserving
resections [100, 101]. Clinical examples are shown in
Figure 5.

Although some surgeons advocate total pancreatectomy
because of potentially multicentric disease [102], it is gen-
erally accepted to not recommend total pancreatectomy.
The postoperative problem of complete endocrine and exo-
crine pancreatic insufficiency is not the only reason. It has
been reported that, for malignant IPMN, the recurrence rate
(locoregional or metastatic) is similar after total or partial
pancreatectomy [66]. Nevertheless, surgeons must try to
achieve negative surgical margins (RO resection). There-
fore, frozen section examination is recommended, and
when a surgical margin is positive, an additional subseg-
ment (2-cm wide slice) should be resected until a negative
margin is confirmed by dysplasia grade [103, 104].

Surveillance of Nonresected Lesions

The evidence for a positive effect on survival of surveil-
lance is weak because of the lack of prospective random-
ized data. Whereas MD-IPMN represents a general
indication for surgery, the clinical, morphological, and ra-
diological findings are crucial for decision making in BD-

IPMN cases. However, even if the risk for malignancy is
low, especially for BD-IPMN, it should be considered that
IPMN patients, in general, are at a higher risk for the devel-
opment of PDAC than healthy individuals. A group from
Japan showed that 8% (5 of 60) of patients with BD-IPMN
developed PDAC distinct from IPMN during follow-up
[105]. The 5-year rate of development of ductal carcinoma
was 6.9% (95% confidence interval [CI], 0.4%—13.4%) and
the incidence of ductal carcinoma was 1.1% (95% CI,
0.1%-2.2%) per year. Moreover, it was demonstrated by
Yoon et al. [106] that patients with IPMN have a prevalence
of extrapancreatic malignancies of up to 34%. Therefore,
surveillance of patients with nonresected lesions seems to
be important for early diagnosis of pancreatic and extrapan-
creatic malignancies.

Ideally, the imaging modality at baseline and fol-
low-up should provide adequate information regarding
the size of the lesion, its communication with the main
duct, the size of the main duct, and the presence of mural
nodules. These criteria can be sufficiently assessed using
noninvasive imaging methods, such as CT or MRI with
MRCP, or using more invasive examinations, such as
EUS. Because of the progress in imaging technology,
MRI/MRCP or CT has largely replaced ERCP [107].
Cysts and mural nodules can be sampled via EUS FNA.
As reported by a group from Baltimore [108], the pres-
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ence of an elevated CEA level is extremely suspicious
for malignancy.

As long as there are no data available from prospective,
randomized trials, yearly follow-up is recommended for le-
sions with a diameter <10 mm. For lesions of 10-20 mm, a
6- to 12-monthly follow-up is recommended. A 3- to
6-monthly follow-up is recommended for lesions of 20-30
mm [59]. Appearance of symptoms, presence of intramural
nodules, cyst size >30 mm, and >6-mm dilation of the
main pancreatic duct are, however, indications for surgery.
The follow-up interval might be extended after 2 years of a
steady state [59].

Adjuvant Therapy

There is no further evidence on adjuvant treatment for
IPMN. Therefore, the role of adjuvant therapy in the man-
agement of IPMN remains unclear [109].

Follow-Up

Follow-Up After Resection

The evidence concerning follow-up after resection for
IPMN is poor because there are no studies with an evidence
level of 1, 2, or 3. A convincing statement for a follow-up
program is confounded because most of the studies do not
distinguish between MD-IPMN and BD-IPMN, or between
invasive and noninvasive IPMN. There are some studies
with an evidence level of 4 and a consensus article giving
information regarding recurrence and follow-up [36, 59,
61,66, 110, 111]. A cooperative series from the Massachu-
setts General Hospital and the University of Verona showed
a 100% disease-free survival rate for both noninvasive MD-
IPMN and BD-IPMN. The 5-year survival rates for inva-
sive IPMN were 50% and 60% for the MD-IPMN and BD-
IPMN types, respectively [111]. A Mayo Clinic series
followed 113 patients for a mean duration of 3 years after
resection. For the 40 invasive tumors, recurrence occurred
in 65%, usually within 3 years, mostly observed as metas-
tases. For the 60 cases of noninvasive IPMN, recurrence oc-
curred in 8% [66]. For invasive IPMN, a recurrence rate of
50% was reported by Sho et al. [110], whereas a series from
Terris et al. [36] reported a 26% recurrence rate, mainly at
the pancreatic remnant. A combined series from Dresden
and Mannheim (both Germany) with 68 invasive and 29
noninvasive resected IPMNs over a 10-year follow-up pe-
riod revealed recurrence rates of 28% and 13% for invasive
and noninvasive IPMNs, respectively [61]. Carcinoma in
situ was included in the noninvasive IPMN group and was
the main cause for local recurrence. Two of 19 patients with
local recurrence of an invasive IPMN underwent resection
again, whereas the others did not undergo resection because
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of distant metastases or reduced general condition. All pa-
tients with recurrence from invasive IPMN died as a result
of their tumor burden within the 10-year follow-up period.
In contrast, none of the patients with noninvasive IPMN
died from the tumor [61]. In summary, recurrence occurs in
25%—60% of resected invasive BD-IPMN and MD-IPMN
cases, whereas recurrence of noninvasive IPMN after re-
section is rare.

For resected noninvasive IPMN, therefore, a yearly
follow-up with abdominal MRI/MRCP or CT seems appro-
priate. For resected invasive IPMN, re-evaluation is recom-
mended every 6 months [59]. However, the benefit and
effectiveness of this procedure have not been proven by ev-
idence.

Surgery After Recurrence Following Resection

Jor IPMN

After resection of invasive IPMN, recurrence occurs in
40%—65% of patients, and lymph node involvement, vas-
cular invasion, surgical margin involvement, and the pres-
ence of jaundice are adverse prognostic factors [67, 112].
Several reports have demonstrated that, in terms of resect-
ability, surgery is the only therapeutic option for recur-
rence, even for noninvasive IPMN [61, 66, 113]. Chari et al.
[66] have described invasive cancer as recurrence follow-
ing initially noninvasive IPMN, suggesting that recurrence
in noninvasive IPMN might occur as a result of the presence
of dysplastic tissue at the resection margin. It might also oc-
cur because of undetected multifocal disease or metachro-
nous lesions developing in the remnant pancreas.
Recurrence may become evident at a later time after surgery
because IPMN is a slow-growing tumor [61]. In the
Dresden and Mannheim series, none of the patients with
noninvasive IPMN died from this disease. Four of 29 pa-
tients with noninvasive IPMN, however, had a recurrence,
and two underwent a subsequent resection. Consequently,
we suggest a lifetime follow-up program, because other-
wise the recurrence rate might be underestimated. In pa-
tients with a good general condition, resection of recurrent
disease is recommended.

CONCLUSION

IPMNs are a heterogeneous group of pancreatic cystic tu-
mors that are increasingly diagnosed. Decisions concern-
ing treatment should be individualized according to
guidelines. In the future, a better understanding of the
natural history of IPMN and its subtypes is necessary to
refine the existing guidelines. This is especially true re-
garding the management of patients with BD-IPMN, to
individualize treatment, to avoid unnecessary surgery,
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and to circumvent the development of PC during surveil-
lance of the diagnosed patient.
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