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Abstract

Intraductal papillary mucinous neoplasms (IPMNs) of the pancreas are neoplasms that are characterized by ductal dilation,
intraductal papillary growth, and thick mucus secretion. This relatively recently defined pathology is evolving in terms of its
etiopathogenesis, clinical features, diagnosis, management, and treatment guidelines. A PubMed database search was performed. All
the relevant abstracts in English language were reviewed and the articles in which cases of IPMN could be identified were further
scrutinized. Information of IPMN was derived, and duplication of information in several articles and those with areas of persisting
uncertainties were excluded. The recent consensus guidelines were examined. The reported incidence of malignancy varies from
57% to 92% in the main duct-IPMN (MD-IPMN) and from 6% to 46% in the branch duct-IPMN (BD-IPMN). The features of
high-risk malignant lesions that raise concern include obstructive jaundice in a patient with a cystic lesion in the pancreatic head,
the findings on radiological imaging of a mass lesion of >30 mm, enhanced solid component, and the main pancreatic duct (MPD)
of size 210 mm; while duct size 5-9 mm and cyst size <3 mm are considered as “worrisome features.” Magnetic resonance imaging
(MRI) and endoscopic ultrasound (EUS) are primary investigations in diagnosing and following up on these patients. The role
of pancreatoscopy and the analysis of aspirated cystic fluid for cytology and DNA analysis is still to be established. In general,
resection is recommended for most MD-IPMN, mixed variant, and symptomatic BD-IPMN. The 5-year survival of patients after
surgical resection for noninvasive IPMN is reported to be at 77-100%, while for those with invasive carcinoma, it is significantly
lower at 27-60%. The follow-up of these patients could vary from 6 months to 1 year and would depend on the risk stratification
for invasive malignancy and the pathology of the resected specimen. The understanding of IPMN has evolved over the years. The
recent guidelines have played a role in this regard.
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Introduction transformation.'*! The first few cases of IPMN were
reported in 1970s and then in 1980s.%1 In 1990s, the
term IPMN was coined and the tumor was established as
a special entity among the pancreatic neoplasms.??? The
incidence of IPMN appears to have risen since the initial
reports, but this may reflect the combined effects of new
— - diagnostic techniques and the progress in recognition of

the pathology, its classification, and the management of

Quick Response Code: | . this disease.l"*®! Although most reports of IPMN were
www.najms.org from Japan,*#"! an increasing number of cases of IPMN
of the pancreas have been reported in recent years from
DOI: around the world.!'*7* TPMN is characterized by cystic
10.4108/1947-2714.157477 dilatation of the main and/or branches of the main
pancreatic duct (MPD).[2%910131¢ The disease originates

Intraductal papillary mucinous neoplasm (IPMN) of
the pancreas is characterized by papillary growths
within the pancreatic ductal system with thick mucin
secretion, and is at risk for undergoing malignant
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from the epithelium of the pancreatic duct and the latest
evidence suggests that if untreated, IPMN will follow the
dysplasia-carcinoma sequence undergoing malignant
transformation.?*3%! The World Health Organization
has classified cystic mucin-producing neoplasms of the
pancreas into two distinct entities: IPMN and mucinous
cystic neoplasms (MCNs).?! IPMN, which in the past
was classified into four categories based on the degree
of epithelial dysplasia (adenoma, borderline, carcinoma
in situ, and invasive carcinoma), is presently classified
as low-grade dysplasia (adenoma), intermediate-grade
dysplasia (borderline), and high-grade dysplasia
(carcinoma in situ).”! It occurs mainly in the sixth and
seventh decades of life, affecting males slightly more
frequently than females.?™ The incidence of IPMN is
reported to be approximately one-thirtieth to that of
typical ductal adenocarcinoma and accounts for 0.5% of
all the pancreatic neoplasms found at autopsy, 7.5% of
the clinically diagnosed pancreatic neoplasms, 16.3-25%
of the surgically resected pancreatic neoplasms, and 50%
of the incidentally detected pancreatic cysts.[>#13192¢2]
Majority of IPMN occurs in the head of the pancreas.>*!’]
Clinically, the diagnosis of IPMN is often delayed
due to its similarity to pancreatitis or cystic tumors
of the pancreas.?*! In addition, the differentiation
of benign and malignant IPMN is often difficult to be
established preoperatively, despite the advances in
imaging studies.*" The prognosis after resection of the
noninvasive neoplasms such as adenoma or noninvasive
carcinoma is favorable.>*131% On the contrary, the
presence of an invasive component may be associated
with poor survival even after surgical resection and in
some cases, despite complete curative resection.*6131%!
This article reviews the pathology, clinical presentation,
classification, investigations, management, outcomes,
and the recent consensus guidelines of this evolving
condition. The literature was reviewed by searching the
PubMed database for articles on IPMN. All the relevant
abstracts in English language were reviewed and the
articles in which cases of IPMN could be identified were
further analyzed. Information on IPMN was derived, and
duplication of information in several articles and those
with areas of persisting uncertainties were excluded.
In addition, two recent guidelines, the International
consensus guidelines and the European consensus
guidelines, were examined.

Etiology and Pathogenesis

There is no clarity regarding the etiology IPMN. There
is, however, no definite genetic or familial tendency
although an association has been described with familial
adenomatous polyposis.#1322651 The genetic changes
attributed to the progression of IPMN adenoma to IPMN
invasive carcinoma have not been entirely established
but are thought to be distinct from those associated with

the development of pancreatic ductal carcinoma.?**!
A leading feature of many IPMN is excessive mucin
production. It has been demonstrated that most IPMN
produce mucin 2 (MUC2) while mucin 1 (MUC1)
is not expressed, except in those cases that showed
an invasive tubular component resembling ductal
carcinoma.®™ A mixed type of IPMN, coexpressing both
MUCI and MUC2, has been reported.*?% Additional
findings observed are the expressions of proliferating
cell nuclear antigen (PCNA), tumor protein p53 (p53),
and vascular endothelial growth factor (VEGEF). This is
particularly seen in those tumors where the malignant
potential increases.>**! GTPase KRas (KRAS) mutation
is considered to be the key event leading to subsequent
genetic alteration in the development of IPMN, including
inactivation of the tumor suppressor cyclin-dependent
kinase inhibitor 2A (p16) and tumor protein p53 (p53)
genes or the gene products. 2422653

Pathology

IPMN is a pancreatic exocrine tumor composed of
intraductal papillary growth of mucin containing
neoplastic cells in the MPD or its major branches.
The main duct-IPMN (MD-IPMN) is characterized by
segmental or diffuse dilation of the MPD of >5 mm
and in the absence of dilation due to another cause
of obstruction. According to the recent consensus
guidelines, a low threshold for MPD dilation (5 mm)
is adopted. This increases the sensitivity for radiologic
diagnosis of MD-IPMN without losing its specificity.?
In the revised guidelines proposed, MPD dilation of
5-9 mm is considered as a “worrisome feature” while
an MPD diameter of 210 mm is one of the “high-risk
stigmata.”” Pancreatic cysts >5 mm in diameter that
communicate with the MPD is considered as the branch
duct-IPMN (BD-IPMN). In such patients, pseudocyst is
considered in the differential diagnosis when there is
a past history of pancreatitis in them. Those with both
MD-IPMN and BD-IPMN features are categorized as
mixed type.l>*

IPMN accounts for less than 10% of all pancreatic
neoplasms. The reported locations of IPMN include
the head (50%), the tail (7%), and the uncinate process
(4%), with the remainder (39%) spread throughout the
pancreas.*13%271 The present international classification
system for IPMN separates noninvasive from invasive
carcinoma. Noninvasive carcinoma is further categorized
on the basis of the degree of dysplasia into low-grade
and moderate dysplasia (their distinction has no
clinical significance) and high-grade dysplasia or
carcinoma in situ.>**?1 Even though the molecular
steps of progression of IPMN to malignancy in the
form of adenoma-carcinoma sequence is not well
established, it is generally believed to occur.[>351328%]
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Presently, most authors agree that their evolution
toward the carcinoma stage is slow and estimated to
be 3-6.4 years.*13263] Malignant IPMN is associated
with lower incidence (22%) of lymph node metastasis
than ductal adenocarcinoma® and are found to be more
favorable. 2413221

Histological Aspect

Histological variant of invasive carcinoma has major
prognostic implications, and is therefore a significant part
during the reporting of IPMN.P IPMN is classified into
four histopathological types based on the cytoarchitectural
features and immunophenotypes. They include intestinal
(18-36%), gastric (49-63%), pancreaticobiliary (7-18%),
and oncocytic (1-8%) types [Figures 1 and 2].71 A
significant portion of MD-IPMN, which are of intestinal
type, show diffuse expression of caudal type homeobox
2 (CDX2) and MUC2.5>% Tt is well established that the
colloid carcinoma variant has a better prognosis than the
tubular carcinoma.?*>* The cell lineage of the “papillary
component” of IPMN has clinicopathologic significance.
The vast majority of BD-IPMN, that is, of the gastric
type is mucin 5SAC (MUC5AC) positive but MUC1
negative.’>> The gastric type is typically of low grade,
with only a small percentage developing into carcinoma
[Figure 1].5%% Although carcinoma may develop in them,
it is usually of tubular type and behaves more like the
conventional pancreatic ductal adenocarcinoma (PDAC).
(2551 On the contrary, the pancreaticobiliary type is not well
characterized and is uncommon [Figure 2].5Itis regarded
by some as a high-grade version of the gastric type.P”!
Invasive carcinoma associated with this type is usually
tubular and aggressive.’'* Oncocytic type is another
variant and is characterized by complex aborising papillae
with delicate cores, oncocytic cells, intraepithelial lumina
formation, and common mucin 6 (MUC6) expression.!
These lesions are uncommon and have limited invasion
capability and tend to be large with obscure intraductal
appearance. With the present advances in endoscopic
ultrasound (EUS)-guided biopsy, it is possible to subtype
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Figure 1: Low-grade (gastrlc IPMN) showing uniform monolayer
of columnar cells with basal nuclei exhibiting no or minimal atypia

these lesions preoperatively, provided the papillae are
sampled in the biopsy.?!

Differential diagnoses of IPMN that should be
histopathologically differentiated include other
mucinous cystic lesions, retention cysts, pancreatic
intraepithelial neoplasm (PanIN), and intraductal
tubulopapillary neoplasm (ITPN).*’ MCN can be
differentiated from IPMN by the presence of ovarian
type of stroma in MCN and by the absence of
communication with the ducts.?*I Cystic mucin-
producing lesions, without either IPMN histological
features or ovarian type of stroma, are termed as
indeterminate mucin-producing neoplasms. Retention
cysts, which result due to obstruction of the pancreatic
duct, are usually unilocular and are lined by normal
or flattened duct epithelium without atypia but are
occasionally described with slight papillary or mucinous
change.®® PanINs, which are premalignant lesions,
are flat micropapillary or papillary lesions but unlike
IPMN, these are not macroscopically visible and hence
are microscopic entities.[®** They typically arise from
the smaller ducts and then involve the larger ducts. The
histological distinction between PanIN and BD-gastric
type of IPMN may not always be possible because of its
peripheral location, similar cytohistological appearance,
and immunohistochemical profile (MUC2 negative and
MUCSAC positive).[®** PanIN is generally less than
0.5 cm while IPMN is over 1 cm.l*® ITPN is a rare
lesion and is characterized by a more solid intraductal
growth without visible mucin secretion and with less
cystic features than IPMN.®! Histologically, ITPN is
characterized by a complex proliferation of tubules
and variable extension of papillary architecture.[® The
neoplastic cells show scanty cytoplasmic mucin and
uniform high-grade dysplasia. Solid areas and necrotic
foci are frequently seen.*®!

Figure 2: High- grade (pancreaticobiliary IPMN) showmg marked
cytological atypia and complex architecture with cribriform groups
and the budding of neoplastic cells into the lumen
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Classification

According to the site and extent of involvement, IPMN is

usually classified into the following three types: MD, BD,

and combined.['?413225311 The morphological pattern of

duct dilatation is dependent on both the tumor location

and the mucus production.***3 The following four

patterns have been recognized:

1. Diffuse MD ectasia,

2. Segmental MD ectasia,

3. Side branch ectasia, and

4. Multifocal cysts with pancreatic duct communication.
Each pattern has its clinical implications, which is
related to significant differences in the prevalence of
cancer and therefore, the extent of resection.

The reported incidence of malignancy could vary from
57% to 92%12613%21 in MD-IPMN and from 6% to 46%
in BD-IPMN.[1325% Surgical specimen of BD-IPMN,
when histologically examined, may reveal some degree
of the MD involvement; this may lead to many BD-IPMN
patients being reported as mixed type.[**!

MD type

MD-IPMN is characterized by diffusely or partially
dilated MPD, filled with excessive mucin. Diffuse MD
ectasia may be due to obstruction by neoplasm growth,
mucus production by a tumor in the head of the gland,
or a neoplasm diffusely involving the pancreatic
duct.z65323 MD-IPMN occurs predominately in the
head of the pancreas and occasionally in the tail.>>3!
Segmental MD ectasia, however, usually involves the
body and the tail of the pancreas. Obstruction of MD
with viscid mucin or mural nodules over several years
may lead to chronic pancreatitis, in which case the
entire pancreas may be fibrotic.®®! The probability
of malignancy increases when the MPD is >1 cm and
shows mural nodules. However, the predictive value
of malignancy is reported to reach 91% in the presence
of the following three factors: Mural nodules, tumor
size 230 mm, and MD size =12 mm.["®! Once the invasive
carcinoma develops from a preexisting IPMN and
involves the MD, it may be difficult to demonstrate the
presence of IPMN in such cases.>*%]

BD type

Side branch ectasia is usually recognized in the head or
the uncinate process, and is known to cause the most
diagnostic uncertainty.”*181 This pattern is often seen
in asymptomatic patients and a precise preoperative
diagnosis is generally recommended before embarking
on a major resection.>*318 The branch type affects one or
more branches of the pancreatic duct, which consequently
show cystic dilatation. These may be filled with solitary
or multiple tumors and/or viscid mucin.>#?21 They

are often confused with pseudocysts, simple cysts,
and serous cystadenoma, as they may appear similar
on imaging.?%% The presence of large mural nodules
increases the likelihood of malignancy.l>#162-271 T arge
IPMN may cause compression of the MPD and the bile
duct, resulting in jaundice. The BD, however, is less often
associated with invasive carcinoma in comparison to
MD_IPMN X [2-4,6,16,23,27]

Combined type

This type of IPMN is a combination of the above two
types.[2462162291 This may be an outcome of an advanced
form of the branch type, in which IPMN has spread to
the MPD or an end result of the MPD type involving
the BD as well. In the combined type, the MPD contains
papillary growth of columnar epithelia of various
degrees of dysplasia that produce excessive mucin.>*1!
Caution, however, is required in classifying a BD-IPMN
as a mixed type merely because the MPD is dilated due
to excessive mucin production by the branch type.?*1!

Clinical Presentation

Patients with IPMN complain of epigastric discomfort
or pain (70-80%), nausea and vomiting (11-21%),
backache (10%), weight loss (20-40%), diabetes, and
jaundice.l'¥252733 The patients in whom invasive
carcinoma coexists with IPMN (40% of patients), a
symptom profile similar to that of PDAC (jaundice,
pain, weight loss, and malaise) may be present.[*#13-293
Weight loss is seen in these patients, which may be
due to reasons related to the stage of the disease. In the
early phase, the hyperproduction of mucin obstructs
normal pancreatic secretion, causing pain related to
meals.B Hence, the patient stops eating to avoid pain.
In the more advanced stage, loss of appetite is related
to neoplastic factors responsible for cachexia. Jaundice
is a consequence of obstruction of the common bile
duct (CBD) by viscid mucin, mural nodules, or direct
compression by the size of IPMN. Persistent occlusion of
the MPD with viscid mucin may result in exocrine and/
or endocrine pancreatic insufficiency, and some may
have persistent hyperamylasemia for many years.?41326%
However, a significant number of patients with inactive
mucin production or involvement of the body/tail of
the pancreas may be asymptomatic. Approximately,
20% of the patients with IPMN present with acute
pancreatitis of mild to moderate severity.?4%2 Some of
them may appear to have idiopathic pancreatitis in view
of the dilated pancreatic duct or chronic pancreatitis.
However, patients with IPMN are older and have no
history of prolonged pancreatopathy.??! Infrequently,
IPMN can fistulate into the adjoining organs including
the stomach, the duodenum, the choledochus, the colon,
and the small intestine.”” The fistula may be related to
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benign IPMN (low-grade dysplasia). This fistula may
occur as a consequence of mechanical penetration as a
result of excessive pressure by the mucin-filled ducts or
due to inflammation or autodigestion by the enzyme-
rich fluids,”! or it could be a result of direct invasion
due to malignancy, as in malignant IPMN (high-grade
dysplasia).l*”!

Diagnosis

Detection of cystic lesion in the pancreas on
ultrasonography performed for abdominal pain may
require further analysis with computed tomography (CT)
scan or magnetic resonance imaging (MRI) to reduce the
number of differential diagnosis.[®”? While in the past, CT
scan was considered as the primary imaging modality
in detecting and evaluating IPMN, of late magnetic
resonance cholangiopancreatography (MRCP) is found
to be more reliable and when available, would be an
initial investigation of choice.*>9101213163060] CT scan,
however, may reveal one or more cystic dilatations in the
pancreas (branch type) or diffuse or segmental dilatation
of the MPD (main duct type) with or without polypoidal
lesion in patients with IPMN [Figure 4]. While duct
dilatation can be appreciated even in noncontrast CT scan,
distending the duodenal lumen with water will facilitate
recognition of the protruding papilla.l>*'%' Deposits of
calcium in mucin may appear as calcification. Significant
ductal dilatation with normal or increased parenchymal
thickness may indicate the presence of malignancy, which
is supported by the presence of papillary proliferations.
The presence of cystic ectasia of collateral ducts, along
with the protruding papilla, makes diagnosis of the diffuse
forms easier.'%!! In segmental forms, the CT image is
nonspecific.l!! However, if a communication of the
cystic mass to pancreatic duct is established, then IPMN

Figure 3: MRI coronal T2 weighted images of BD-IPMN. Multiple
cystic dilations of the side branches with the largest lesion in the
head (curved arrow) and smaller lesions in the body and the tail
(straight arrows)

diagnosis is most likely. The following CT scan signs are
useful in differentiating a benign IPMN from a malignant
IPMN:[%31011 1) the presence or absence of mural nodules,
2) focal size of the lesion: A lesion greater than 30 mm,
with mural nodules that strongly suggest malignancy, 3)
enlargement and metastasis of the lymph nodes, and 4)
MPD dilatation of >10 mm.

However, the ductal system and its communication
with cystic masses are better appreciated on endoscopic
retrograde cholangiopancreatography (ERCP).P*+3¢ The
features that may be well noted include dilatation of the
MPD or its branches, filling defects due to the presence of
either mural nodules or mucin, and communication of the
duct with cystic masses.>*133+% Moreover, the diagnostic
features like the gaping ampulla with extrusion of mucin
(fish-mouth appearance) may be observed.?**! Further
improvement in the ERCP technique, including the
balloon catheter ERCP-compression study (ERCP-CS),
may facilitate better quality pancreatograms by spot film
compression, thereby demonstrating localized stenosis
and ductal communications.® The diagnostic ability
of the balloon catheter ERCP-CS in MD-IPMN and BD-
IPMN is reported to have a sensitivity of 100% and 73%,
specificity of 40% and 86%, and accuracy of 84% and
82%, respectively.>*3+% However, due to its invasive
nature, of late it has been superseded by MRCP as an
initial investigation of choice and is used only in those
patients with uncertain diagnosis.*"

MRCPisreported to be more sensitive than ERCP,>9121360]
the distinct advantage being that it is not operator
dependent and noninvasive. Moreover, due to its high
signal intensity, the dilated ductal system and complex
cystic mass associated with the side-branch IPMN is
better demonstrated [Figure 3]."2 MRCP visualizes the
entire outline of either MD-IPMN or BD-IPMN, which
may not be feasible in ERCP, particularly in the presence

Figure 4: CT scan showing a large cystic lesion in the head of the
pancreas in a patient with MD-IPMN
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of ductal obstruction by mucin or mural nodules.
MRCP is also found to be useful in postoperative
follow-ups. 231360

EUS adds a further dimension in the diagnosis of
IPMN by improving the accuracy of the assessment
of pancreatic parenchyma.®! The features that are
diagnostic of IPMN in EUS include dilatation of the MPD,
hypoechoic thickening of the duct wall, mural nodules or
papillary projections, and pancreatic atrophy.F”*' EUS is
generally considered to be reliable in identifying lesions
that merit resection than in clarifying the exact type of
cystic lesion present.! A recent report has proposed
an EUS scoring system using seven points, which has
been reported to predict malignancy in BD-IPMN more
accurately than the Sendai criteria with 75% sensitivity
and 94% specificity.[**!

Recently, some centers have used peroral pancreatoscopy
in evaluating IPMN.H Assessment of mucin secretion,
and the nature and location of mural nodules and their
biopsy can be established by peroral pancreatoscopy.*' In
MD-IPMN, peroral pancreatoscopy may demonstrate the
fish-egg appearance of papillary neoplasm, granular or
polypoidal mucosa, or rough mucosa while in BD-IPMN,
it may reveal mucin in the MPD.?#! The drawback,
however, is that the expertise is limited to a few centers; it
is operator dependent and it may be impossible to assess
the tumor located at a side branch.””*%l Presently, its role
in evaluating IPMN is not well established and its use
is restricted to those few centers where it may be useful
in differentiating between benign (chronic pancreatitis)
lesion and premalignant lesion in MD-IPMN.[!

In a recent report, fludeoxyglucose (18F)-positron
emission tomography (FDG-PET)/CT scan was
found to be superior to contrast enhanced CT scan in
differentiating between benign and malignant IPMN
with mural nodules.®! With a cutoff value of 2.3-mm-
sized mural nodules, the sensitivity, specificity, positive
predictive value, negative predictive value, and
accuracy were found to be 77.8%, 100%, 100%, 77.8%,
and 87.5%, respectively.l®! However, its role in routine
management of IPMN is still to be established.l®” The
role of the various investigations based on the two recent
guidelines are summarized in Table 1. To summarize,
the initial investigation of choice in evaluating IPMN
should be pancreatic protocol MRI/MRCP (CT only
when MRI is not available) or EUS. ERCP, cystic fluid
analysis, and pancreatoscopy are considered in cases
where there is difficulty in establishing the diagnosis
or in ruling out malignancy.**! The staging of the
invasive carcinoma is by using the conventional staging
protocols of the American Joint Committee on Cancer/
TNM Classification of Malignant Tumors (AJCC/TNM)
and a further substage of the T1 category (those with

invasive carcinoma of <2 cm) is included. These are
subdivided into T1a for those that are <0.5 cm, T1b for
those that are >0.5 cm and <1 cm, and T1c for those
that are 1-2 cm.

Preoperative predictors of malignancy

Despite the advances made in radiological investigations
to facilitate the diagnosis of IPMN, the concern remains
in differentiating a benign IPMN from a malignant lesion.
Several reports that have appeared have described the
preoperative variables common in patients with IPMN
and the abnormal findings on investigations (particularly
radiological), and its correlation with subsequent
histological findings or survival outcomes. 2513242629461

Clinical variables

The clinical variables studied include age (>70 years),
sex of patient, diabetes mellitus, pancreatitis, steatorrhea,
abdominal mass, tumor size, weight loss, serum
carbohydrate antigen (CA) 19-9 level, and serum
carcinoembryonic antigen (CEA) levels.[>#1324-2732]
Salvia et al.®! and Weisenauer et al.*!l have suggested
jaundice and its worsening form, or the new onset
of diabetes mellitus as the preoperative predictors of
malignant IPMN. Cytological findings and CEA levels
in pure pancreatic juice are reported to correlate to the
risk of malignancy. In recent reviews, elevated CEA is
reported to be a marker that distinguishes mucinous
from nonmucinous cysts, but not benign from malignant
cysts.2331 A cutoff value of 2192-200 ng/mL is
approximately 80% accurate for diagnosis of a mucinous
cyst.2®31 An increase in the cutoff value improves
specificity at the expense of the sensitivity.#? In a recent
study, the risk factors of malignancy developing in BD-
IPMN were studied. Seven significant predictors were
noted in univariate analysis of 134 patients and included
the following: Jaundice, tumor occupying the pancreatic
head, MPD size >5 mm, mural nodules >5 mm, serum
CA 19-9 level, positive cytology in pancreatic juice,
and CEA levels in pancreatic juice >30 ng/mL.™ In a
multivariate analysis, a mural nodule size >5 mm and
CEA levels in pancreatic juice of >30 ng/mL were the
independent factors associated with malignancy. The
positive predictive value of a mural nodule size >5 mm
and CEA level in the pancreatic juice >30 ng/mL was
100% with a negative predictive value of 96.3%.1

Radiological investigations

Abnormal radiological findings suggestive of malignant
IPMN include the appearance of mural nodules, abnormal
contrast enhancement of the ductal walls, mural nodules
larger than 3 mm, cyst size greater than 3 cm, and the
dilated MPD. 2413163034481 The MPD 1is reported to be
wider in patients with malignant IPMN, compared to
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Table 1: Comparison of the role of investigations between the International consensus guidelines and the

European experts’ consensus statement

Parameters International Consensus guidelines (2012) European Experts consensus (2013)
Investigations
MRCP/ MRI Is preferred initial method of diagnosing and evaluating Is preferred initial method of diagnosing and

(pancreas protocol)- IPMN as it characterizes the lesion better compared
to CT scan. MRI has superior contrast resolution that
facilitates recognition of mural nodules, septae and duct = including in assessing recurrent disease and during
communication. Preferred modality for recurrent lesion
and follow up as it is non radiating imaging.

Gadolinium
enhanced MRI

CT scan (pancreas

Can be used in diagnosing and assessing IPMN when

evaluating IPMN. Superior to CT scan in diagnosing
and assessing IPMN (cyst size and communication)

follow up. No difference between MRI and CT scan
in staging malignant lesion.

Can be used as primary investigation to diagnose

protocol) MRI and EUS is not available. Limited by failure to and evaluate IPMN when MRI is not available.

detect communication between cyst and duct Communication between duct and cyst may not be
defined. To look for other features

EUS Useful in better characterization of details of [PMN Operator dependent. more accurate in identifying
particularly BD-IPMN with multiplicity and obscure lesions that merit resection than it is in clarifying
communication with ducts. Also most effective in the exact type of cystic lesion present. useful in
delineating malignant characteristics, useful in follow up  follow up as non radiating imaging modality

EUS and FNA and  Useful where facility is available in evaluating Not used routinely. Results should be collaborated

fluid analysis

routinely

ERCP

mucin secretion. Not used routinely

Pancreatoscopy

mural biopsy. Role yet to be established

small BD-IPMN without worrisome features or
when diagnosis is uncertain. Cytology, molecular
analysis and CEA can be estimated. Not used

Role limited to uncertain cases where communication
with duct cannot be established by primary
investigation. Helps to visualize the papilla for
characteristic features of IPMIN and in analyzing the

Limited to centers with available facility. Used in
uncertain cases for inspection of the main duct and

in conjunction with MRI/CT findings

Helpful in differentiating mucinous from
nonmucinous lesion. Not so useful in
differentiating invasive from non invasive lesions.
When fluid aspirated is <1 ml, CEA levels, cytology
and DNA analysis may be carried out

Role limited in the presence of MRCP/EUS and
fluid analysis. May be used in difficult cases
with uncertain diagnosis or when the above
investigations are not available

Can provide diagnostic help in some uncertain
cases- no evidence to suggest as routine
investigation

Role to be established and restricted to few major
centers. Can detect lesion in main duct only. Fluid
analysis and biopsy of mural nodule is possible

benign lesion.**' MPD diameter of >10 mm: is found to be
associated with malignancy with a specificity of 92%.[#4]
Tumors, with the MPD dilatation greater than 10-15 mm,
are reported to be statistically (P < 0.05) of poorer
prognosis than those that cause less dilatation. Several
other findings suggestive of malignancy include large
side branch tumors, papillary bulging, CBD dilatation,
large number of tumors, solid components, calcified
ductal content, invasion to adjacent organs, enlarged
peripancreatic lymph nodes, and presence of liver
lesions that are suggestive of metastasis.[*6131624293234]
Taouli et al. reported the specificity of the association
of malignancy in the presence of solid mass, multifocal
involvement, and intraluminal calcified content to be
96%, 77%, and 77 %, respectively.*! Kawamoto et al.
noted that the size of the tumor in the BD type and
the combined type, and the caliber of the MPD were
significantly larger in patients with invasive carcinoma
when compared with those without invasive carcinoma
(4.7+1.7cmvs2.6 1.4 cm) [P=0.0007] and (9.3 +5.5 mm

vs 4.6 +4.1 mm) [P =0.006]."*4! However, a recent study
analyzing the International consensus guidelines!>®!
using parameters like “worrisome feature” and “high-
risk stigmata,” observed that these parameters carry
unequal weight and are not cumulative in the predication
of risk of malignancy or invasiveness of IPMN.[!

Differential diagnosis

Several lesions of the pancreas could be considered in
the differential diagnosis of IPMN, based on the age
of the patient, clinical presentation, and radiological
findings.>#13162629333541461 The most likely among them
include chronic pancreatitis, mucinous cystadenoma,
serous cystadenoma, simple cysts, and pseudocysts.>*!
Side branch ectasia is usually recognized in the head
and the uncinate process, and is the pattern that causes
most diagnostic uncertainty.>*4'316 This pattern is often
seen in asymptomatic patients and on imaging, may
appear similar to pseudocyst, simple cyst, or serous
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cystadenoma.?#® EUS performed to demonstrate the
presence of mural nodules and analysis of the cyst fluid
for cytology, extracellular mucin, and CEA levels may
help in establishing the diagnosis.®**4? In the presence
of ductal dilatation, calcification, and some degree of
parenchymal atrophy, differentiating IPMN from chronic
pancreatitis becomes important.>*"* Demographic data
(sex and age) and lifestyle habits (alcohol consumption
and smoking) may suggest chronic pancreatitis, while
the presence of jaundice and diabetes is suggestive of
malignancy.?®! IPMN differentiation from MCN could
be challenging.B%*! This is compounded by the fact
that the tumor cells of MCN have the same cytological
features as those of IPMN.[>?>2 However, the features
that would point to a diagnosis of MCN include patients
who are usually asymptomatic and this occurs almost
exclusively in young women; however, patients with
malignant variant may be a few years older. IPMN,
which occurs more commonly in the pancreatic head,
can be single or multifocal and is seen more commonly
in men."® The location of side branch IPMN is mainly in
the uncinate process unlike MCN, which is seen usually
in the body and the tail of the pancreas.?'31°

Workup for cystic lesions of the pancreas

Investigations of pancreatic disorders by imaging studies
have led to increased detection of cystic lesions of the
pancreas. The frequency of pancreatic cyst detection by MRI
(19.9%) is higher than that of CT.>*! However, according
to a recent guideline, when the cysts are <10 mm in size,
the risk of malignancy is low and therefore no further
workup may be needed at that point, although follow-
up is recommended.” However, when the cysts are >10
mm, better characterization of the lesions is required and
this is best achieved by gadolinium-enhanced MRI, with
MRCP or pancreatic protocol CT scan.*'*% The general
consensus suggests that dedicated MRI is the procedure
of choice for evaluating pancreatic cysts, based on its
superior contrast resolution that facilitates recognition of
septa, nodules, and duct communication.>**? Moreover,
patients who require frequent imaging during follow-up
are better served by MRI, as radiation exposure is avoided
and their images are superior.>%*?!

“Worrisome features” on imaging include cyst of
>3 cm, thickened enhanced cyst walls, MPD size of
5-9 mm, nonenhanced mural nodule, abrupt change
in the MPD caliber with distal pancreatic atrophy, and
lymphadenopathy.? The cysts with obvious “high-risk
stigmata” on CT or MRI (i.e., obstructive jaundice in
a patient with a cystic lesion of the pancreatic head,
enhanced solid component, and MPD size 210 mm)
should undergo resection without further testing.” A
smaller cyst with “worrisome features” is evaluated by
EUS to further stratify the risk of a malignant lesion.

Patients with cysts of >3 cm and no “worrisome features”
are considered for EUS to verify the absence of thickened
walls or mural nodules, particularly when the patient is
elderly.”! All the patients with cysts <3 cm in size and
without “worrisome features” undergo surveillance,
according to the risk of malignancy.>®! When the
patients present with symptomatic cystic lesions, they
would require further evaluation and resection to relieve
their symptoms, and to alleviate the concern of higher
risk of malignancy.>*!

Distinction of BD-IPMN from MCN and other pancreatic
cysts are achieved by a combination of the clinical history,
sex, imaging characteristics, cytology, cyst fluid, and
chemical analysis of CEA and amylase.*¢!>16 This would
facilitate not only in characterizing the pancreatic cysts into
mucinous and nonmucinous but possibly their specific
subtypes as well.}#?*¥] The initial preoperative diagnosis
of the cyst type may be established by a combination of
clinical and imaging characteristics. The primary imaging
modality for the diagnosis of BD-IPMN are multidetector
CT (MDCT) and MRCP, which would define the
morphology, location, multiplicity, and communication
with the MPD.[2%1316 The reliable distinguishing features
of BD-IPMN include multiplicity and visualization of a
connection to the MPD, although such a connection is not
always observed.?* In such instances, EUS can be used
for detecting mural nodules and invasion, and is most
effective for delineating the malignant characteristics,
although it has limitation of operator dependency.>*!
While the cyst fluid can be further analyzed for CEA and
amylase levels as well as cytology, it may not be always
possible to distinguish MCN and IPMN. A more recent
study reported the usefulness of molecular analysis for
GNAS complex locus (GNAS) mutations to distinguish
between MCN and BD-IPMN.!

Association with other malignancies

An interesting observation made by some researchers
is the likely association of IPMN with synchronous or
metachronous malignancy in various other organs.3>474
The rate of association of IPMN with malignant
extrapancreatic organs has been reported to range 10-40%.
(2354748 Nonpancreatic malignancy was noted in patients
with benign and malignant IPMN, and included tumors
like colorectal, gastric, and bile duct tumors. These were
seen before surgery 78/92 (80.4%), at surgery 14/92
(14.4%), or after surgery for IPMN 5/92 (5.2%) of the
patients.’! In a multicenter cohort study of 92 patients
with IPMN, extrapancreatic malignancy was found in
23.6% of the patients.?! These included colorectal cancer
[2.26; confidence interval (CI) 95% 1.17-3.96], renal cell
carcinoma (6.0; CI 95% 2.74-11.39), and thyroid cancer
(5.56; C195% 1.80-12.96)." The frequency and the location
of extrapancreatic malignancies differ from one country
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to another.? Gastrointestinal cancer is common in Asia,*’!
while skin, breast, and prostate cancers are frequent
in the United States.*! Increased age, heavy cigarette
smoking, alcohol consumption, and first degree family
history of gastric cancer were seen as the significant risk
factors while first degree family history of colorectal
cancer was a borderline risk factor.®! The relationship
between the types of IPMN and the extrapancreatic
malignancies is controversial.’! While some authors
report that extrapancreatic malignhancies occur in all types
of IPMN, P44 others have related it to the transcription
of MUC2.¥I There are no screening recommendations for
detecting extrapancreatic malignancies at present, butitis
prudent to look for these lesions based on the frequency
of malignancies in the general population of the country
or region.”! Reports have recommended the screening
of colorectal polyps and cancer in the United States.*!

Management

Surgical outcome of IPMN has been widely accepted to be
better than that of ductal adenocarcinoma of the pancreas.
This stems from the fact that IPMN has indolent biological
behavior, including slow growth and late metastasis.
The recommendations of consensus guidelines in the
management of IPMN in general include resection of
most MD-IPMN, mixed variant, and symptomatic BD
variant.[-613262960 This is summarized in Table 2.

Indication for resection of MD-IPMN

MD-IPMN shows invasive proliferation and may
progress rapidly with a poor prognosis.**! The mean
frequency of malignancy in MD-IPMN is 61.6% (range
36-100%) and the mean frequency of invasive IPMN
is 43.3% (range 11-81%).1"¢13263381 Considering these
high incidences of malignant/invasive lesions and the
low 5-year survival rates (31-54%), surgical resection
with lymphadenectomy is strongly recommended
for all surgically fit patients with invasive MD-
IPMN, while patients with benign IPMN may be
observed.[1013263360l Therefore, it is essential to select the
appropriate treatment strategy for IPMN by accurately
differentiating malignant IPMN from benign IPMN.
The patients having MD-IPMN with MPD dilatation of
5-9 mm are considered to have “worrisome features”
and as in the case of BD-IPMN, are recommended for
evaluation without immediate resection;? however,
others would consider resection of all the MD-
IPMN patients with MPD >6 mm in a fit patient.[*"!
Asymptomatic benign MD-IPMN are strictly followed
up without resection./” They generally progress
slowly, occur in elderly patients, and are sometimes
multifocal.??513 To date, there are no consistent
predictive factors for malignancy;?°>*3% however,
some have recommended resection under certain

criteria. These include the presence of symptoms, MD,
or combined type with dilatation of MPD >10 mm,
presence of mural nodules >5 mm in size, cytological
findings of classes 1V and V in the pancreatic juice, and
CEA concentration in pancreatic juice >110 ng/mlL.
While in segmental ectatic type or diffuse type with
focal lesions (mural nodules etc.), it is relatively easy
to decide on the site and extent of resection, those with
diffuse dilatation type without focal lesions need careful
evaluation including ERCP, EUS, and pancreatoscopy
(when available), as some of them may be due to chronic
pancreatitis rather than IPMN. 1313263343601

Indication for resection of BD-IPMN

The mean frequency of malignancy in resected BD-IPMN
is 25.5% (range 6.3-46.5%) and the mean frequency
of cancer is 17.7% (range 1.4-36.7%).0:2¢240 Hence,
although resection of BD-IPMN warrants consideration,
these lesions mostly occur in elderly patients with an
annual malignancy rate of 2-3%.2%%! These factors
support a conservative management with follow-up
in patients who do not have the risk factors predicting
malignancy.>513264360 New high-risk factors proposed
include a rapidly increasing cyst size and high-grade
atypial>®%¢ rather than “positive cytology.”[¢768]
Controversy, however, exists in dealing with patients
who are younger (<65 years) with a cyst size >2 cm and
they may be the candidates for resection owing to the
cumulative risk of malignancy [Table 2].171 BD-IPMN
size >3 cm is a weaker indicator of malignancy than the
presence of mural nodules and positive cytology; thus,
BD-IPMN >3 cm without these signs may be observed
without immediate resection, particularly in the elderly
patients.>* The recommendations of the two recent
guidelines are summarized in Table 2.

Extent of resection

Resection is based on the location and extent of
IPMN. In general, pancreaticoduodenectomy with
lymphadenectomy is indicated for invasive MD-IPMN
of the head, the neck, or the uncinate process, 6131525263
and distal pancreatectomy is indicated for IPMN of the
body and tail of the pancreas. Total pancreatectomy is
carried out in exceptional cases when IPMN diffusely
involves the whole gland or when a proximal IPMN
extends through the body and the tail.[-613152526:3033]
With each partial pancreatectomy, an assessment
of the margin by frozen section is carried out to
allow further resection of positive margin when
either high-grade dysplasia or invasive carcinoma
is reported [Table 2].*31% Total pancreatectomy is
not commonly recommended as it results in obligate
insulin-dependent diabetes, predictable malabsorption
requiring pancreatic enzyme supplements, and
other metabolic complications.*%”! Despite being a
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Table 2: Comparison between the International consensus guidelines and the European experts’ consensus
statement in the management of IPMN

Parameters

International consensus guidelines (2012)

European experts consensus(2013)

Management of BD- IPMN

Management of MD- IPMN

Recommendation for further
resection based on intra-operative
frozen section

Follow up protocol

With MRI /EUS or CT scan

Indication for resection of BD- IPMN
Absolute (patients with high risk stigmata)

Symptomatic patients with symptoms related
to the pancreas(jaundice/diabetes/acute
Ppancreatitis)

Main pancreatic duct diameter 210 mm

Cyst size >3 cms with mural nodules 23 mm
which is enhancing
Rapidly increasing size and high grade atypia
rather than positive cytology
Relative indication
Younger patients(<65 years) with cyst size >2
cms due to the cumulative risk of malignancy
Patients with worrisome features( with main
pancreatic duct diameter 5-9 mm and cyst
size <3 cms ), non enhancing mural nodules,
on further investigation suspicious of
malignancy
All patients with high “risk stigmata” fit for
surgery should undergo resection in view of
the high risk of malignancy
In unfit patient with low risk stigmata ,
resection following further evaluation and
confirmation of malignancy or else regular
follow up
Strongly recommended for IPMN with severe
dysplasia or invasive carcinoma

Recommended for IPMN with exuberant
papillary nodules in the margin

Not recommended in IPMN with mild
dysplasia, normal columnar or mucinous
metaplasia, pancreatic intraepithelial neoplasia

Epithelial denudation of the duct requires
examination of deeper tissues
Non resected- in Patients without “High risk
stigmata”
Follow up at 3 to 6 months to establish
stability
Subsequent follow up based on size of cyst
<1 cm: in 2-3 years
1-2 cms: yearly for 2 years and lengthen if
no change
2-3 cms: EUS in 3 to 6 months , then
lengthen interval alternating with MRI with
EUS as appropriate

>3 cms: strongly consider surgery in young
patients or else surveillance 3 to 6 months

Follow up post resection for IPMN

IPMN-Invasive carcinoma- follow up
according to guidelines for pancreatic cancer

IPMN- with non-invasive lesion: yearly follow
U

Indication for resection of BD- IPMN
Absolute

Symptoms related to the pancreas(jaundice/
diabetes/acute pancreatitis)
Mural nodules

Dilatation of the main pancreatic duct >6 mm
and cyst size >4 cms

Relative indication
Rapidly increasing size (>2 mm/year)

Elevated serum levels of CA 19-9

All patients fit for surgery should undergo
resection in view of the high risk of malignancy

Strongly recommended for IPMN with severe
dysplasia

Recommended for IPMN for moderated
dysplasia

Not recommended in IPMN with mild
dysplasia

Epithelial denudation of the duct requires
examination of deeper tissues

Non- resected -IPMN Without risk factors
Year 1: six monthly

Year 2-5: yearly
Year >5: every 6 months
If increasing in size: every 6 months

Developing risk factors- resect

Follow up post resection for IPMN

IPMN-Invasive carcinoma- follow up
according to guidelines for pancreatic cancer
IPMN- with Non-invasive lesion: yearly
follow up
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possible curative operation for extensive noninvasive
IPMN, it does not universally prevent recurrence for
invasive lesion.””! Thus, total pancreatectomy is not
necessary for the majority of the patients.[23132>26293033]
Following total pancreatectomy for invasive IPMN, the
overall disease recurrence rate is 12-68%.[1-6132426305
The recurrence in the form of disseminated disease
(3.4-44%) is higher than isolated pancreatic remnant
recurrence (0-15%).0-61324-263033 Thus, prophylactic total
pancreatectomy may not solve the problem of high
incidence of disseminated disease recurrence.-61326303]
Based on the present evidence, the patients with IPMN
should receive segmental pancreatectomy as far as
negative ductal margin can be obtained in order to
preserve as much exocrine and endocrine pancreatic
functions as possible.l>*"! Total pancreatectomy is
reserved for patients with resectable but extensive IPMN
involving the whole pancreas.>3132526303

Limited resection or focal nonanatomic resection
includes excision, enucleation, and uncinectomy,
and are considered for BD-IPMN without clinical,
radiological, cytopathological, or serological suspicion
of malignancy.””* However, the concern is that it may
be associated with rare but possible leakage of mucin,
resulting in pseudomyxoma peritonei. In addition, the
risk of developing pancreatic fistulae and recurrence
from potential residual neoplasms exists.”!

Role of laparoscopic resection

The patients with low-grade or high-grade dysplasia
of IPMN may be good candidates for laparoscopic
surgery ">l However, conversion to a standard resection
with lymphadenectomy is carried out if intraoperative
findings raise concern of malignancy or frozen section
pathology reveals high-grade dysplasia or invasive
disease.”>”! A reoperation would be required in
surgically fit patients, in the event the final pathology
reveals invasion or positive margin for high-grade
dysplasia, undetected on frozen section.™

On table assessment of extent of resection

One of the major concerns of a surgeon is to estimate
on table the extent of the disease and thus, the extent
of resection. After resection, the tumor involved ductal
margin for both benign and malignant pathology and
is reported to range 23-52%.1% Diffuse dilatation of
the MPD seen on preoperative imaging can be due to
mucus plugs, tumor obstruction of the MPD, or diffuse
tumor involvement of the pancreatic duct.[?513262931
The various options employed by the surgeon to
determine the extent of disease and facilitate the extent
of resection include intraoperative ultrasonography” 7!
and pancreatoscopy.'**! However, it is intraoperative
frozen section that is often used to decide on the extent

of resection.>®! This is despite the concern that the
diagnosis by frozen section is not always accurate as it
is considered a suboptimal method of analyzing tissue
morphology.” The resection should be extended if the
ductal margin shows malignant invasive disease.['”+*5
The management of the ductal resection margin with
benign and noninvasive diseases such as the various
degrees of atypia or dysplasia is a controversial issue.[**5!]
In general, the presence of lesser grades of dysplasia
(moderate or low-grade) may not require any further
therapy.>*>13#1 On the other hand, if clear high-grade
dysplasia or invasive carcinoma is present at the margin,
further resection is warranted.!>¢13262%1 [f exuberant
papillary nodules are present at the margin, there may
be abundant residual tumor in the pancreas.®! The
recommendations of two recent guidelines regarding
this are summarized in Table 2. While some would
not resect further, others would recommend total
pancreatectomy.[#6132262933431 Such an aggressive
treatment, however, should be balanced against the
long-term postoperative consequences.>%!

Role of mucosal ablation by ethanol injection under
EUS guidance in the management of IPMN

There are reports of EUS guided ablation of pancreatic
cysts/IPMN by ethanol or ethanol followed by
paclitaxel.B*%] The patients suitable for these include
those with cystic lesions that show no communication
with the MPD and IPMN in those who refuse surgery or
are high-risk surgical candidates.’*¥) While significant
success has been reported in patients with CT-defined cyst
resolution (33-79%), concerns remain.’®#! These include
insufficient ethanol infiltration and impossible imaging
surveillance after cyst collapse.®! In addition, recent
studies have shown that PDAC occurs quite frequently as
amalignant transformation of IPMIN in some sites, and not
related to IPMN at others.® More light needs to be thrown
into the applicability of this modality of treatment with
regard to the technique, materials, long term outcome,
and its adequacy. Presently, it is only part of the closely
monitored research protocol.”?

Role of adjuvant therapy in invasive IPMN

In a recent report, the patients with resected invasive
IPMN showed better survival rate when treated
with gemcitabine-based adjuvant chemotherapy.”
Significant disease-free survival benefit was seen in
both node positive and node negative subgroups, with
significant overall survival benefit in patients with node
involvement.” Further studies on the role of adjuvant
therapy should clarify its role in the armamentarium of
management, after resection of invasive IPMN.

Prognosis, recurrence and surveillance
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The overall 5-year survival is reported to be
36-77 % .[-6131618252628 29313343 The 5-year survival of surgical
resection for noninvasive IPMN was reported from 77 %
to 100%. However, the 5-year survival rate following
surgical resection for IPMN with invasive carcinoma
has been reported to range 27-60%.[1-61316182526293343] The
presence of invasive carcinoma, the type of invasive
component (tubular is worse than colloid), lymph node
involvement, the presence of vascular invasion, surgical
margin involvement, and the presence of jaundice are
poor prognostic factors for patients with IPMN after
resection.>132%1 Tt has been reported that the malignant
IPMN acquire aggressive behavior similar to that of
common type pancreatic carcinoma, once it has invaded
the pancreatic parenchyma.?#!

The patients with resected benign IPMN have a risk of
recurrence in the remaining pancreas and if it occurs, can
benefit by further resection. The overall recurrence rate
for IPMN varies from 7% to 43%.[-61316182526293343] There
is a risk of recurrence in both invasive and noninvasive
IPMN, making follow-up mandatory. Good results have
been seen in patients who undergo repeat resection for
isolated recurrence in the pancreatic remnant.>>1343

In arecent systematic review and meta-analysis comparing
the surgical outcome of IPMN with PDAC, IPMN was
significantly more likely to present at an earlier stage
and was less likely to demonstrate nodal involvement,
perineural invasion, and vascular invasion.” The
likelihood of IPMN tumor extending beyond the pancreas
compared to PDAC was 27.6% versus 94.3% (T4 vs T1),
nodal metastasis was 45.4% versus 62.9%, positive margin
was 14.2% versus 28.3%, perineural invasion was 49.2%
versus 76.5%, and vascular invasion was 25.2% versus
45.7% .1 The overall 5-year survival was significantly
better at 34.5% versus 12.4%.!

Follow-up (surveillance)

There is no adequate evidence in the literature to define
the frequency and type of surveillance that is required
to detect recurrences. The decision to follow up an
IPMN is a matter of clinical judgment based on the
patient’s age, family history, symptoms, comorbidities,
perceived pancreatic cancer risk, and the patient’s
preference.>** The follow-up would include history/
physical examination, MRI/MRCP (or pancreatic
CT scan) surveillance, 612141725601 and EUS when the
presence of a mural nodule is suspected.[! If expertise
is available, consideration is given for EUS with
cytopathology,®**! CEA, and molecular analysis.
However, molecular analysis is evolving. Studies show
that the detection of KRAS mutation is likely to support
the diagnosis of mucinous cyst more accurately rather
than malignant cyst.”/?? A recent study indicates that

GNAS mutation may be helpful in distinguishing
a mucinous cyst from an indolent cyst that can be
managed conservatively.

Frequency of surveillance

The frequency of surveillance, as suggested by the
two recent consensus guidelines,** is summarized
in Table 2. The patients with “high-risk stigmata” are
recommended to undergo short interval (3-6 months)
follow-ups with pancreatic protocol MRI/MRCP (or
CT scan) to establish the stability, if prior imaging is
not available.!5!

One study suggests only clinical follow-up with imaging
being considered, if the symptoms appear.’"! A regimen
consisting of yearly follow-up with nonradiating
images like MRI or EUS is most widely used for
surveillance.®?¢%! There is no good long-term data
to indicate whether surveillance can be safely spaced
to every 2 years or even discontinued after long-term
stability. Some would prefer to continue surveillance
at short intervals due to the potential risk of developing
PDAC in patients with IPMN.[>6»38281 [f suyrgically
fit, the patients with high-risk stigmata detected on
surveillance undergo resection.” Shorter interval
surveillance (3-6 months) is considered in those patients
whose IPMN progresses toward these indicators or in
those patients who already have high-risk stigmata. In
addition, it is also considered in those patients, who for
reasons of operative risk or personal preference, have
chosen heightened surveillance over resection.”” The
patients who have undergone partial pancreatectomy
for IPMN undergo yearly follow-up and those who
had resection for invasive IPMN-cancer are followed
up, according to the guidance for pancreatic cancer.* It
has been suggested that pancreaticogastrostomy should
be used after pancreaticoduodenectomy that would
allow easy access to the pancreatic duct and thus, for
disease surveillance with endoscopy and sampling of
the pancreatic juice for cytology.!

Conclusion

Knowledge of the natural history and pathology of IPMN
is still incomplete and our understanding of the disease in
terms of its management is evolving. IPMN constitutes less
than 10% of pancreatic neoplasms, with MD-IPMN being
the commonest. The concern, however, is that if untreated,
some of them may follow the dysplasia-carcinoma
sequence, thereby progressing into invasive carcinoma.
Despite the advances made in radiological investigations,
it may still be difficult at times to differentiate IPMNs
from other benign lesions. The recent guidelines suggest
a lowering of the MPD diameter to >5 mm as a criterion
for characterizing MD-MPN, without losing specificity for
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its radiological diagnosis. IPMN is stratified into “high-
risk stigmata” and “worrisome features” as a guide in
managing these patients, either those with resection of
the lesion or those under surveillance. While the recent
guidelines help in managing patients with IPMN, various
parameters stratifying the risk for malignancy are being
constantly analyzed by the recent reports. In general,
management of MD-PMN in surgically fit patients would
warrant resection. However, in patients with BD-IPMN,
a more conservative approach is practiced. The standard
treatment for invasive IPMN would be pancreatectomy
with lymph node dissection, while limited resection is
appropriate for noninvasive lesions. The role of adjuvant
therapy in invasive IPMN is evolving. The interval of
surveillance, though controversial, would depend on
the risk stratification. The overall 5-year survival of
noninvasive IPMN is good, while in invasive carcinoma
despite surgical resection, it is moderate. While significant
progress has been made in the understanding of this
relatively new pathology, with more quality research
in the future, we would hopefully be close to achieving
our goal in further understanding its pathology and
determining the appropriate management.
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