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In this article, we aimed to review the literature on the clinics and management of
intraductal papillary mucinous neoplasm (IPMN). Intraductal papillary mucinous
neoplasm of the pancreas is a mucin-producing cystic mass originating from the
pancreatic ductal system. Approximately 25% of the pancreatic neoplasms resected
surgically and 50% of pancreatic cysts detected incidentally are IPMNs. They can be
benign or malignant in character, while malignant transformation of benign forms can be
encountered. It is important to determine IPMNs in the early stages, implementation of
appropriate treatment approaches, and follow-up to provide better prognosis. We
reviewed the studies published in the English medical literature through PubMed and
summarized the clinical features and current approaches to the treatment and follow-up
of the IPMN. Due to the recent advances and widespread implementation of radiological
imaging techniques, the incidental detection rate of IPMNs has increased significantly.
The effective treatment of the disease is possible via the detailed diagnosis of the
disease, determination of the prognostic factors, and a multidisciplinary approach.
Recent literature also emphasized the molecular profile determination approaches for
assessment of prognosis of patients with IPMN. Current knowledge on IPMN, a
clinically important epidemiologic problem, shows that the treatment should be
personalized considering the prognostic features and life expectancy of the patient.
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PANCREATIC PAPILLARY MUCINOUS NEOPLASMS

ntraductal papillary mucinous neoplasm (IPMN)
Iof the pancreas is a mucin-producing cystic mass
originating from the pancreatic ductal system.'? It
was first defined by Ohashi et al® in 1982 following
the detection of four patients with puffiness in the
Vater ampulla, dilated pancreatic ducts, and mucin
secretion. In the following years, lesions with similar
characteristics were reported under different names.
Finally, the World Health Organization (WHO)
classified the mucin-producing cystic masses of the
pancreas into 2 groups: mucinous cystic neoplasm
and IPMN.*® Recent advances and widespread
implementation of radiological imaging techniques,
as well as the identification and classification of the
disease, has led to an increased detection rate and
incidence of IPMNs. They can be benign or malig-
nant in character, while malignant transformation of
benign forms can be encountered. In general,
compared with sporadic pancreatic adenocarcino-
mas, invasive IPMNs have a better prognosis. The
overall survival 5 years after resection is reported to
be 22% for invasive IPMNs and 11% for sporadic
pancreatic adenocarcinomas.®” It is important to
determine IPMNs, which are clinically important
epidemiologic problems, in the early stages, for
implementation of appropriate treatment approach-
es, and follow-up to provide better prognosis.

Epidemiology

It has been reported that the prevalence of the cystic
pancreatic lesions, including IPMNs, were 13 to 20%
among asymptomatic individuals. Approximately
25% of the surgically resected pancreatic neoplasms
and 50% of the incidentally detected pancreatic cysts
are IPMNs.2? The estimated IPMN incidence (2.04/
100,000/y) being higher than that of the pancreatic
cancer incidence (0.8/100,000/y) shows that IPMN
is clinically epidemiologically important."

Etiopathogenesis and Classification

According to WHO, IPMNs are generally defined
histologically as mucin-producing, long, columnar
epithelial cell lesions that cover the dilated pancre-
atic ducts with a papillary structure.” They are
differentiated from the mucinous cystic neoplasms
by the lack of ovarian stromas and a direct exposure
of the pancreatic ductal system.

Intraductal papillary mucinous neoplasms are
divided into three groups according to the pancre-
atic ductal sites they affect; IPMNs originated from
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the main pancreatic duct are called as main duct
IPMN (MD-IPMN), whereas the ones originated
from the ductal branches are called as branch duct
IPMN (BD-IPMN); lastly, the others originating from
both of them are called mixed-IPMN"? (Fig. 1). The
most frequent type is the mixed-IPMN, whereas the
least frequent one is the MD-IPMN type."!

Pathologically, IPMNs may show different de-
grees of dysplasia that may extend to invasive
carcinoma. According to the epithelial dysplasia
grades, IPMNs may be classified as low-grade
dysplasia (adenoma or benign), moderate grade
dysplasia (border), and high-grade dysplasia
(malignant). Malignant IPMNs may either be non-
invasive (in situ) or invasive (papillary adenocarci-
noma). Recently, invasive IPMNs are assessed in 2
sub-types as tubular carcinomas and colloidal
carcinomas.

Other than their locations and pathological
characteristics, IPMNs are divided into 2 groups:
unifocal and multifocal. The intraductal papillary
mucinous neoplasm may be a single cystic mass;
however, approximately 14 to 40% of them are
multifocal. Intraductal papillary mucinous neo-
plasms usually show multifocal characteristics in
the elderly (>68 years of age).">'/>1?

Lately, the minimal involvement of main pancre-
atic duct is proposed to be categorized differently
than extensive involvement of main pancreatic
duct,'* but it has not gained common acceptance
yet.

The classification of the IPMNs according to the
most frequent classification methods are shown in
Table 1.

Clinical Appearance

Most of the patients with IPMN are asymptomatic
for at least 1 year before diagnosis.'>'® When the
disease becomes symptomatic, the most frequent
clinical findings are stomachache, weight loss,
steatorrhea, diarrhea, diabetes, pancreatitis, and
jaundice.>!” Physical examination may reveal a
palpable hard mass in the abdomen.

Diagnosis
The diagnosis of IPMN is difficult since there is no
golden standard method and the amount of the

cystic fluid to be analyzed is limited. The diagnosis
and grading should be implemented with different
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mixed-iPMN

Fig. 1 The schematic presentation of three IPMN types
according to the affected pancreatic ductal region. (A) MD-IPMN.
(B) BD-IPMN. (C) Mixed-IPMN. Main duct IPMN originates from
the main pancreatic duct; BD-IPMN originates from the
pancreatic ductal branches; and mixed-IPMN originates from
both the main pancreatic duct and the ductal branches. Mucin
formation is visualized within the duct. Examples of lesions
according to the dysplasia types are shown in the figures as well.
(a) Adenocarcinoma. (b) Adenoma. (c) Hyperplasia. (m) Mucin.
From the article of Lim et al. (2001), upon written permission of
the author.
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imaging techniques, plus the analysis of the cystic
fluid and cytology.

Endoscopy

In patients with symptoms of obstructive jaundice,
endoscopic retrograde cholangiopancreatography
(ERCP) is used in the early diagnosis."® The
pathognomonic finding, observed in 55% of the
patients with IPMN, is an image of mucin secretion
from the swollen papilla. Magnetic resonance
imaging (MRI) cholangiopancreatography is a good
alternative to ERCP with its noninvasive and
repeatability features. Both methods were shown
to be comparable and show similar diagnostic
accuracy rates in IPMN.

Endoscopic ultrasonography (USG), on the other
hand, is a preferred method in the diagnosis and
classification of IPMN since it enables fine needle
aspiration for cytological examination. It may
provide detailed information on the tumor and its
surroundings. Since the endoscopic USG has a lower
rate of complication than ERCP and provides the
opportunity for cytological examination, molecular
analysis, analysis of the tumor markers and enzyme
levels from the pancreatic fluid obtained by aspira-
tion, it is the most commonly preferred endoscopic
method in the diagnosis of IPMNss.

Radiology

Abdominal computed tomography (CT) is the
widest used modality in the diagnosis of IPMN.
The computed tomography scan reveals the cystic,
septal, multifocal lesions of the pancreas that may
include a solid component as well. The pancreatic
duct may not necessarily be visualized."” However,
a pancreatic duct dilatation due to high amounts of
mucin production may be observed radiologically."’
When parenchymal atrophy accompanies this im-
age, it indicates a ductal obstruction and subsequent
organ failure and dysfunction. Two-dimensional
inclined CT images obtained from the main pancre-
atic duct may demonstrate the potential communi-
cation pathways between the main duct and its
branches.”” The presence of hepatic metastasis in the
CT is in favor of malignant transformation. Care
should be taken to get arterial and venous phase
images with thin slices (2-3 mm) from the whole
pancreas for the CT evaluation of pancreatic masses.

Multislice CT applications and 2-dimensioned
coronal, sagittal and 3-dimensioned vascular recon-
structions may help to diagnose the localization of
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Table 1 The classification of IPMNs according to the most frequent classification methods

According to the affected pancreatic ductal region

According to the level of
epithelial dysplasia

According to the number
of masses

1. Main pancreatic duct involvement (MD-IPMN) 1.
2. Pancreatic ductal branches involvement (BD-IPMN) 2.

3. Involvement of both the main duct and the (mixed-IPMN) 3.

1. Unifocal
(single mass)
2. Multifocal

Low-grade dysplasia
(adenoma or benign)
Moderate-grade dysplasia
(on the border)

High-grade dysplasia
(malignant)

. Noninvasive (in situ)
. Invasive (papillary adenocarcinoma)

— Tubular carcinoma
— Colloidal carcinoma

the lesion with vascular involvement and malig-
nancy indicators with higher accuracy."

Positron emission tomography (PET)-CT is
known to have benefits in the diagnosis, grading,
and treatment of pancreatic adenocarcinomas.”!
However, its role in the diagnosis of the malignan-
cies in cystic pancreatic lesions is controversial, and
more studies are needed to reveal the subject.”

Tumor markers

It has been demonstrated that the increased carci-
noembryonic antigen (CEA) level (>192 ng/mL)
within the cystic fluid is an indicator of mucinous
neoplasm. Although it has been accepted that high
levels of CA 19-9 in the serum (>35 U/mL) may be
an indicator of pancreatic biliary malignancy, it has
been observed that its levels within the cystic fluid
has no effect on the discrimination of mucinous and
nonmucinous tumor types. The amylase level in the
cystic fluid on the other hand, may have benefits in
the discrimination of the pseudocysts, and mucin-
ous or serosal cystic neoplasms: a slight increase in
the amylase level substantially eliminates the
presence of a pseudocyst. In extremely high levels,
it should be evaluated in conjunction with other
indicators for the diagnosis of IPMN.**

Prognosis

Recent findings demonstrate that progression from
low-grade dysplasia toward high-grade dysplasia is
present,z‘l’25 and 30 to 50% of the patients diagnosed
with IPMN had invasive carcinoma.?®?® However,
the rate of this progression is not yet defined. In
many cases, different grades of dysplasia—in other
words, different malignant transformation levels—
may be detected within the different sites of the
same surgical specimen. Malignant transformation
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is usually accompanied by some genetic muta-
tions."**° In a recent meta-analysis, hTERT ex-
pression was demonstrated to be strongly related to
the malignant transformation of IPMN, and al-
though frequently observed in malignant IPMNs,
kRas and MUCS5AC expressions were demonstrated
not to be strongly related to the transformation.>!

The risk of malignancy is higher in patients with
MD-IPMN or mixed-IPMN than the BD-IPMN type
(70 versus 25%, respectively).'>?* Certain radiolog-
ical features of the tumor are valuable for the
determination of the malignancy risk. The presence
of mural nodules, cystic wall thickness, growth of
the surrounding lymph nodes, and cholestasis are
indicators of malignant transformation of the le-
sion.**** But rarely concomitant adenocarcinoma
may be seen with branch duct intraductal papillary
mucinous neoplasms.>®

The 5-year postsurgical survival rate is reported
to be 77 to 100% for benign/preinvasive IPMN and
22 to 65% for malignant/invasive [PMN 243640 1
patients who underwent a pancreatectomy due to
IPMN, the 5-year-survival rate was 89 to 95% for
benign IPMNs, whereas it was 63 to 65% for
malignant IPMNs.*'™* Colloidal carcinomas among
the invasive IPMNs have higher 5-year-survival
rates than tubular carcinomas (57-83% and 24-55%,
respectively).***>

Postsurgical prognosis is claimed to be related to
some pathological indicators. These include tumor
size, lymph node involvement, tumor grade, per-
centage of the invasive junction, and vascular and
perineural involvement.**™!

It is reported that multifocal IPMNs are more
frequently located in the caudal part of the pancreas
with higher serum tumor marker (CA 19-9/CEA)
levels, and higher risk of malignancy.52 The risk of
malignant transformation is reported to be 58.8% for
multifocal IPMN and 49.2% for unilocal IPMN.

1063

$S900E 93l) BIA /0-20-G20Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



DUMLU

IPAN
{Cystsim>lom)

PANCREATIC PAPILLARY MUCINOUS NEOPLASMS

MFI
ar
CT and MRI
calangiopanceatn sraphy
1
| 1
Hizh riskindiators: Suspicions faatmres:
| Increased sobd component within the cyst Cystic sizez 3 an
| Main panasaticduct> 10 mm Thickening in thecysticwal
- Presence of obstroctive jamdice Main panaeaticduct 5-9mm
I Sudden chenge infheduct dizmater accampainad by
istal pancratic amophy
Lymphadenopathy
Snrzical resaction |
Endascapic USG( must inchnds cytalagy,
amylase 1avd and CE antisen, senstic
mutations areaptiomal
|
| 1 1
BD- IPMN Suspicious orpasitive - Musal nodule confinmation
cytalazy -Findinss infavour of MD- IPWVI
1
! ' o
< 3cm z3om ; ;
High-risk indicaios () High-risk indicans (-) a‘f;,?ﬁﬁtﬁiﬁ
‘Suspicions featores () Suspicions featmres -) lymph node rsechion )
I I L
1 1
MR every 2-3 vears af) MRI every 3-4 manths ar o -
fallowupvia CT endoscopic UG Negmtive bl Pasitive barder

Accordines to dvsplsi and ofiar
linic :

| Fepetitim of the surzery

| Adjuvant chemotharaphy

| Fallow~up

Fig. 2 The schematized presentation of approach to patients with IPMN, according to the guidelines of the 2012 International

Consensus on the Diagnosis and Treatment of IPMN.

Treatment Options

The risk of malignancy is higher in symptomatic
patients than in asymptomatic patients, and in MD-
IPMN or mixed-IPMN than in BD-IPMN type."?
Therefore, in patients with symptomatic IPMNs
with MD-IPMN or mixed-IPMN, the tumor should
primarily be surgically removed when possible.
According to the guidelines in the International
Consensus on the Diagnosis and Treatment of
IPMN, which was first established by Tanaka et
al®* in 2006 and updated in 2012, the approach to
patients with IPMN is schematized in Fig. 2. These
guidelines recommend the usage of MRI or CT, and
MRI cholangiopancreatography in patients with
cysts larger than or equal to 1 ¢cm in order to
determine the risk ratios of these cysts. According to
the results of these examinations, patients carrying
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the indicators of a high risk as solid component,
main pancreatic duct width larger than 10 mm, or
the presence of obstructive jaundice should be taken
to surgical resection. For the cysts with suspicious
characteristics like: cystic size bigger than 3 cm,
thickening in the cystic wall, presence of a mural
nodule, main pancreatic duct width of 5 to 9 mm,
sudden change in the diameter of the main duct
accompanied by distal pancreatic atrophy and
lymphadenopathy, endoscopic USG should be per-
formed including cystic fluid aspiration and analy-
sis. Patients with cyst sizes larger than 3 cm, those
who are confirmed to have mural nodules by
endoscopic USG, those who have suspicious or
positive cytology, and those with findings in favor of
MD-IPMN should undergo surgical resection as
well. The surgical resection should include pancre-
atectomy and lymph node resections.
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$S900E 93l) BIA /0-20-G20Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



PANCREATIC PAPILLARY MUCINOUS NEOPLASMS

Patients who are found to have BD-IPMN
radiologically should be monitored every 3 to 6
months when the cyst is larger than 3 cm, and once
every 2 to 3 years when the cyst is smaller than this
size.! Asymptomatic and multifocal BD-TPMNs may
be monitored at intervals determined according to
the size and morphology of the cyst.”> However, it
should be kept in mind that these patients carry the
risk of malignant transformation during the clinical
follow-up period; thus, a lifelong clinical follow-up
should be planned, and a surgical intervention
should certainly be performed in the presence of
any suspicion. In a retrospective study that evalu-
ated BD-IPMN patients who underwent pancrea-
tectomy, no difference was recorded for patients
with solitary and multifocal IPMNs regarding
pathological malignancy rates and they recom-
mended surgical intervention for only the patients
with malignant risk factors among those carrying
the multifocal BD-IPMN type, and a close monitor-
ing for the remaining.”*

Surgical border positivity was shown to be
related to recurrence in all patients with IPMN,
whereas lymph node metastasis was shown to be
related to invasive IPMN.> Therefore, obtaining a
negative border is important for an effective surgical
resection. In pancreatectomy cases that are per-
formed for IPMNs, the definition of positive
resection margin is controversial and this leads to
heterogenous results among studies.

In some studies, normal epithelium or mucinous
hyperplasia without dysplasia in the main duct are
indications of negative surgical margins; adenoma,
borderline neoplasm, or carcinoma are indications
of positive surgical margins®®; while in others, the
classification which consist of negative resection
margin (with normal columnar epithelium or
deluded), mucinous hyperplasia (pancreatic intra-
epithelial neoplasia Pan-IN 1A or Pan 1B), and
positive resection margin (dysplasia Pan-IN 2 or
carcinoma Pan-IN 3) is used.””®

When the degree of dysplasia is considered; some
studies report negative surgical margin if normal
epithelium or IPMN adenoma is present, and
positive if moderate or severe dysplasia is present
(borderline IPMN or carcinoma in situ IPMN).”
Otherwise, if at least IPMN adenoma on the main
duct or at least borderline IPMN on branch ducts is
present, it can be defined as “significant” and
requires additional resection.®

Narrow band imaging and intraoperative pan-
creatoscopy is recommended in particular cases.!
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However, further studies are required on the
subject.

There is limited information on the course and
postoperative treatment approaches to the surgically
resected IPMN. There are studies demonstrating the
development of recurrent lesions in the remaining
pancreas within 3 to 6 years following the opera-
tions of patients for noninvasive IPMN.***® Caponi
et al®* have demonstrated that lymph node negative
patients with invasive IPMN, including well to
moderately differentiated tumor cells, had a longer
postoperative general survival rate. It was also
demonstrated in the study that adjuvant chemo-
therapy including gemcitabine was effective in
extending the survival periods. Similarly, adjuvant
5-fluorouracil with radiotherapy was shown to
increase the survival rate when compared with
surgery alone.”” However, there are also studies
suggesting there is no advantage to adjuvant
chemotherapy in terms of survival.** This difference
may be due to the differences in the prognostic
factors between the series. It seems that in invasive
IPMN patients with good prognosis according to the
tumor grade and lymph node involvement, postop-
erative adjuvant therapy provides benefits.

Since data concerning the malignant progression
pattern of the disease are limited, the aggressive
and preventive approaches in a treatment should
be equilibrated and a multidisciplinary and pa-
tient-specific treatment approach should be imple-
mented with the assessment of all prognostic
factors.” Tt is demonstrated that the comorbidity
and the age of the patient at the time of diagnosis
with IPMN are the factors that affect mortality,
independent from the pancreas cancer.®® Therefore,
close follow-up may be considered for elderly
patients with comorbidity instead of surgery. In
the series of Baiocchi et al,%” including 4943
patients, 61.1% of the patients met the surgical
resection criteria; however, it was performed in
only 17.9%. The remaining 67.2% were followed-
up. Despite this preventive approach, malignancy
was observed in only 2.4% of the patients during a
median duration of 39 months.

Conclusion

Due to the recent advances and widespread imple-
mentation of radiological imaging techniques, the
incidental detection rate of IPMNs has increased
significantly. Approximately 25% of the pancreatic
neoplasms resected surgically and 50% of pancreatic
cysts detected incidentally are IPMNs. They can be
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benign or malignant in character, while malignant
transformation of benign forms can be encountered.
In general, compared with malignant pancreatic
ductal adenocarcinoma, IPMNs have better progno-
sis. The effective treatment of the disease is possible
via the detailed diagnosis of the disease, determi-
nation of the prognostic factors and a multidisci-
plinary approach. The treatment should be
personalized considering the prognostic features
and life expectancy of the patient. A more appro-
priate treatment will be possible soon in the future
by the molecular profile determination approaches
emphasized recently.
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