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Abstract

Intraductal papillary mucinous neoplasms (IPMN) of the pancreas are premalignant mucin-producing epithelial tumors that
arise from the pancreatic ductal system. These cystic tumors represent 15-30% of cystic lesions of the pancreas [Basturk
et al. in Am J Surg Pathol 39(12):1730-1741, 1; Ferrone et al. in Arch Surg (Chicago, Ill: 1960) 144(5):448-454, 2, Kosmahl
et al. in Virchows Arch Int J Pathol 445(2):168-178, 3; Spinelli et al. in Ann Surg. 239(5):651-657, 4]. It is believed that
IPMN can progress from low-grade dysplasia to high-grade dysplasia to invasive cancer, and this pathway of progression
accounts for 20-30% of pancreatic cancer [Adsay et al. in Am J Surg Pathol 28(7):839-848, 5; Tanaka et al. in J Gastro-
enterol 40(7):669-675, 6; Wu et al. in Sci Transl Med 3(92):92ra66, 7]. Furthermore, it is also widely believed that IPMN
represent a field defect of the pancreas in which the entire ductal system is at risk of developing invasive carcinoma, not
only in the area of radiographically detectable IPMN, and thus the remaining gland should undergo surveillance after partial
pancreatectomy [Salvia et al. in Ann Surg 239(5):678-685, 8; Izawa et al. in Cancer 92(7):1807-1817, 9; Yamaguchi and
Tanaka in Jpn J Clin Oncol 41(7):836-840, 10]. Increasingly, surgeons are faced with the dilemma between recommending
highly complex resections—that have significant morbidity and mortality—in patients who may have low-risk IPMN (low-
grade dysplasia), or alternatively, recommending observation for those who could possibly be harboring a radiographically
occult malignancy. Given the complexity of the management decisions for patients with IPMN, the purpose of this paper is
to review the current literature and to provide a summary of how accurate we are currently with the identification of high-
grade dysplasia or progression to carcinoma in patients who present with IPMN.
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Introduction population who may benefit from a preventative resection

[11]. However, the challenge still remains in describing its

Intraductal papillary mucinous neoplasms (IPMN) of the
pancreas are premalignant mucin-producing epithelial
tumors arising from the pancreatic ducts. These cystic
tumors represent 15-30% of cystic lesions of the pancreas
[1-4]. It is believed that IPMN can progress from low-grade
dysplasia (LGD) to high-grade dysplasia (HGD) and eventu-
ally to invasive carcinoma [5, 6]. This pathway of progres-
sion is presumed to account for 20-30% of pancreatic can-
cer. IPMN represent an opportunity to identify a high-risk
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natural history, as it is unknown how long, how frequent,
or in which site of the pancreas progression to cancer will
occur.

Because of the increasing use of high-quality cross-sec-
tional imaging, a greater number of patients are being iden-
tified with small, incidentally discovered pancreatic cysts.
Depending on the age of the population, between 2 and 15%
of patients will have a cystic tumor of the pancreas identified
on cross-sectional imaging, and many of these lesions will
represent IPMN [12-18]. Radiographically, IPMN can be
identified as main duct (MD), branch duct (BD) or mixed
type (MT) depending on the presence or absence of main
pancreatic duct dilatation. Branch duct IPMN is a more
common lesion than MD- or MT-IPMN [17]. The risk of
these lesions varies depending on whether or not the MD
is dilated and ranges between 20 and 60%, with the risk
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higher for lesions involving the main pancreatic duct [19].
Although routine resection is generally recommended for
patients with MD-IPMN, this recommendation will result
in approximately 40% of patients undergoing resection for
LGD. Branch duct lesions have been reported to be even less
likely to harbor HGD or invasive cancer, with only 20% of
resected patients having these high-risk lesions. Therefore,
80% of patients resected for BD-IPMN undergo resection
for low-risk disease. Furthermore, it is generally accepted
that IPMN represent a field defect of the pancreas, where
the entire ductal system is at risk for developing invasive
carcinoma, not only in the radiographically identifiable area
[8=10]. Therefore, it is unknown how much risk reduction
occurs with partial pancreatectomy for a dominant branch
duct lesion. The inability to predict with a high degree of
certainty in the presence of high-risk disease makes clini-
cal decision making difficult. Surgeons are faced with the
dilemma between recommending highly complex resec-
tions—that have significant morbidity and mortality—in
patients who may have low-risk disease, or alternatively,
recommending observation for a patient that could be har-
boring a radiographically occult malignancy.

Clinical predictors for high-grade dysplasia
or carcinoma in patients with IPMN

There are several consensus guidelines that have been
published with recommendations for the management of
patients with IPMN [19-23]. The fact that there are mul-
tiple conflicting guidelines reflects the current challenge in
predicting high-risk disease (HGD or carcinoma) in patients
with IPMN. A common feature in all the current guidelines
is the use of clinical features such as a history of pancreati-
tis, abdominal pain, or jaundice; and radiographic features
such as main pancreatic duct diameter, cyst diameter, and

Table 1 Clinical parameters used to recommend resection of IPMN

the presence of a mural nodule. These data can be obtained
with patient history and radiographic studies as outlined in
Table 1. The consensus statement that recommends resec-
tion for the broadest range of indications is the European
Experts Consensus statement (EURO), which recommends
resection for patients who are symptomatic, or have cysts
that are >4 cm in diameter, have the presence of mural nod-
ules, or have main duct dilation > 6 mm [20]. The most con-
servative guidelines are from American Gastroenterological
Association (AGA) which recommends EUS with FNA to
be performed if the lesion has two of the following features:
cyst size >3 cm, dilated main duct, or presence of mural
nodule. The AGA guidelines recommend resection only
for those with positive cytology on EUS fine needle aspira-
tion [22]. A comparison of these guidelines was performed
by Lekkerkerker, and as would be expected, overtreatment
was more common in the EURO guidelines, with 43% of
resected specimens having less than HGD or carcinoma [24].
If the AGA guidelines had been followed, 29% of patients
would have had low-risk disease, but 13% of patients with
malignancy would have been missed [24]. These findings
highlight the dilemma noted above regarding treatment rec-
ommendations. Overtreatment has been one of the great-
est concerns for patients with BD-IPMN, as the majority of
resected patients have been reported to have low-risk dis-
ease. Given this recognition, the International Association
of Pancreatology (IAP) revised their consensus guidelines in
2017, and recommended a more selective approach to resec-
tion for BD-IPMN [25]. Updated EURO guidelines in 2018
also reflected a more conservative approach by recommend-
ing relative indications for surgery for IPMN with main duct
dilatation between 5 and 9.9 mm, cyst diameter > 40 mm, or
enhancing nodule > 5 mm in size [21].

The above noted consensus guidelines make recom-
mendations based on general risk, however, individual
risk based on specific clinical and radiographic findings

International Association of Pancreatology
Guidelines, 2012 (revised 2017) [19, 25]

European Experts Consensus State-
ment, 2013 (revised, 2018) [20, 21]

American Gastroenterological
Association Guidelines, 2015
[22]

Age -
Obstructive jaundice Presence
Abdominal pain/history Not definitive
of pancreatitis
Main duct size >10 mm
Mural nodule Enhancement
Cyst size Not definitive
Cytology Suspicious or positive

Serum CA19-9 -

Presence
Presence

>10 mm
Enhancement, > 5 mm
Not definitive

Positive

Not definitive

Dilated®
Presence®
>3 cm?
Positive

(=) Parameter not included in guidelines

*EUS-FNA recommended that if at least two high-risk features are identified, only the one with positive cytology is resection recommended
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are not possible within the framework of these guidelines.
Because of this limitation, several groups including our
own have developed nomograms that calculate an individ-
ual’s risk of having HGD or invasive carcinoma. Table 2
presents the nomograms presented by three separate
groups [26-28]. Many of the same variables were evalu-
ated, but the predictors used to create the nomogram differ
greatly. Only cyst size and the presence of a mural nod-
ule were significant predictors of high-risk disease in all
three models. Symptoms, which are part of the IAP guide-
lines, were only evaluated in the study by the Pancreatic
Surgery Consortium (PSC) which included patients from
four institutions: Memorial Sloan Kettering, John Hopkins
Hospital, Massachusetts General Hospital, and University
of Verona [28, 29]. In the PSC nomogram, it is important
to note that jaundice was not included, as every patient but
one who presented with jaundice had invasive carcinoma
and thus this symptom was separated as one that should
prompt resection regardless of other predictors [28]. The
PSC nomogram appeared to have the best accuracy with
the concordance index (c index) of 0.81. Therefore at this
time, this model should be considered more accurate than
the nomograms by Jang (AUC 0.737) and Shimizu (AUC
0.72). Jang et al. had the largest study group (N=1914;
of which 652 patients were included in the model devel-
opment and remaining patients in validation groups) and
evaluated the risk of malignancy for BD-IPMN only. They
included serum carbohydrate antigen (CA) 19-9 levels in
their algorithm. Serum tumor markers such as CA 19-9
and carcinoembryonic antigen (CEA) are elevated in 85%
and 60% of patients with pancreatic cancer, respectively,

however, the presence of an elevated CA19-9 in the setting
of HGD is less reliable [30-32].

The nomogram published by Pancreatic Surgery Con-
sortium may also be more applicable to surgeons, as the
predictors are easily identifiable and can be applied not
only to calculate probability of invasive carcinoma, but it
also included those with HGD [28]. Most clinicians believe
that resection of IPMN with HGD is the optimal setting as
an invasive—and likely incurable—pancreatic cancer has
not yet developed. Within the dataset from which the PSC
nomogram was developed, 71% had HGD in the MD/MT-
IPMN group and 29% for BD-IPMN [28]. These patients
represent our greatest opportunity for prevention, and the
development of tools to better identify HGD before invasion
occurs will allow us to more appropriately select patients for
operative resection. Prospective studies are needed to further
validate the accuracy of these nomograms in the clinical
setting, however, a risk calculator offers a more personal-
ized management option for surgeons and their patients and
should be employed in clinical practice.

Radiographic predictors of high-risk IPMN

High-quality cross-sectional imaging and evaluation by an
experienced radiologist and surgeon are vital to the diagno-
sis and assessment of patients with IPMN. Multi-detector
computed tomography (MdCT) is the most common method
for evaluating a pancreatic cyst. This technique allows thin
section scanning of the pancreas to provide excellent visu-
alization of septa, mural nodules, calcifications and the

Table 2 Summary of predictors

. . Shimizu [26] Jang [27] Pancreatic Surgery Consortium [28]
in the nomograms calculating
the risk of high-risk lesions in All types BD BD MD and mixed
IPMN
N (in model) 466 652 402 318
Predictors Malignancy Malignancy HGD/malignancy
Age - + + -
Gender - - + -
Symptoms - NE + +
Prior malignancy NE NE - -
Weight loss NE NE - +
Mural nodules + + + +
Size of main duct + + + -
Cyst size + + + +
Serum CEA - + - -
Serum CA19-9 - + +* +*
Validation External External External
AUC/c index® 0.72 0.737 0.81

+ significant, — non-significant, NE not evaluated

*Found to be a significant predictor but not included in Nomogram due to significant missing data

“Reported from validation dataset
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surrounding pancreatic parenchyma. The current guidelines
noted above rely on radiographic features identified by this
imaging such as main duct diameter, presence of a mural
nodule and/or cyst diameter to assess risk for malignancy.
The White Paper released by American College of Radi-
ology in 2017 recommends the use of MdCT for evaluat-
ing pancreatic cysts using contrast-enhanced sequences or
what is commonly known as a “pancreas protocol” [33].
This paper also recommended that specific nomenclature
should be employed to describe the imaging with use of
the terms “worrisome features” or “high-risk stigmata” as
per the IAP guidelines [19, 33]. Worrisome features include
the following findings: cysts >3 cm, thickened/enhancing
cyst wall, nonenhancing mural nodule and main pancreatic
duct dilatation between 5 and 9 mm. High-risk stigmata
include: obstructive jaundice in patients with cystic lesions
in the head of the pancreas, enhancing mural nodule > to
5 mm, and main pancreatic duct diameter > 10 mm [19].
Single-institution studies suggest MdCT and/or MRI can
discriminate between mucinous or non-mucinous cysts with
an accuracy of 82-85% and MdCT can correctly predict the
malignant behavior of pancreatic cystic lesions in 56-82%
of cases [16, 34-36].

Contrast-enhanced MRI has not been shown to be clearly
superior to pancreas protocol MdCT for detecting worrisome
features, high-risk stigmata, or malignancy [37-40]. When
comparisons have been made between the imaging modali-
ties with respect to the identification of important risk fea-
tures, the results have been similar. In a study by Kang, the
AUC was 0.82 for both modalities with good inter-modality
agreement K=0.75 [41]. However, MRI had higher sensitiv-
ity than MdCT in showing ductal communication of small
cystic pancreatic lesions (100% vs 85.7%) [40]. In addition,
MRI may have the ability to accurately assess the commu-
nication between the cyst and MPD and be comparable to
endoscopic ultrasound with respect to this finding (EUS)
[42]. Several advantages of MRI do exist. First, MRI does
not utilize radiation, and thus in patients requiring long-term
surveillance, one might consider MRI a safer approach. Sec-
ond, MRI imaging for pancreatic cysts does not require con-
trast, as non-contrast MRI has been shown to be comparable
in detecting dysplastic changes [43, 44]. Therefore, surveil-
lance with non-contrast MRI is reasonable, especially for
patients with renal dysfunction.

Endoscopic ultrasound (EUS) is generally recommended
to assist in the initial evaluation after cross-sectional imag-
ing has been performed, particularly when a worrisome
feature is noted and/or the cyst is>2 cm [19]. EUS is an
excellent imaging technique and has been reported to be
comparable to enhanced MRI and enhanced MdCT [45].
Choi et al. compared all three modalities in diagnostic per-
formance in predicting HGD or invasive carcinoma in [PMN
based on IAP guidelines [45]. In this study, a total of 76
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patients underwent testing with all three modalities and then
underwent subsequent resection for IPMN. No significant
differences were found between the three modalities in accu-
rately identifying HGD and invasive IPMN using contrast-
enhanced CT (AUC 0.792, 0.830), contrast-enhanced MRI
(AUC 0.742, 0.776) and EUS (AUC 0.733) [45].

An advantage of EUS may be in the assessment of mural
nodules in patients with BD-IPMN. Several studies have
shown that mural nodules are missed in up to 28% of CT
and MRI tests when compared to EUS in patients present-
ing with BD-IPMN [46]. EUS not only provides detailed
images of the cyst wall, internal cyst architecture, and can
identify mural nodules, but this approach also provides the
ability to sample cyst fluid, and biopsy the nodule and the
cyst wall. Analysis of cyst fluid can aid in diagnosis and
potentially provide prognostic information. These potential
benefits, however, must be balanced by the fact that it is an
invasive procedure that is highly operator dependent. Only a
fair agreement (K =0.24) has been reported between experi-
enced endosonographers in evaluating malignancy in cystic
lesions [47].

Quantitative imaging to predict malignancy

Given the widespread use of high-quality MdCT, recent
studies have evaluated advanced computer-based quantita-
tive image analysis to extract additional information to iden-
tify features which may be predictive of high-risk IPMN.
The field of radiomics, as it is called, has been used for the
diagnosis of prostate cancer, breast carcinoma, non-small
cell lung cancer and even pancreas cancer [48-51]. Tumor
signal intensity, shape characterization, texture heteroge-
neity patterns, and the relationship of the tumor with sur-
rounding tissues are some of the image-based features that
have been evaluated as a means to predict tumor biology
[52]. Preliminary studies have evaluated its use in predicting
HGD in IPMN [51-54]. Hanania et al. evaluated 53 cases
of IPMN and identified 14 imaging features (biomarkers) to
differentiate between low-grade and high-grade dysplasia
in IPMN. Using the top 10 of the 14 biomarkers, an AUC
of 0.96 was achieved with sensitivity of 97% and specific-
ity of 88% [53]. Permuth et al. also used radiomics with 14
radiologic biomarkers in 38 cases to differentiate malignant
from benign IPMN, however, integrated 5-miRNA data and
achieved AUC of 0.92 with sensitivity of 83% and specificity
of 89% [52]. The largest study published so far was pub-
lished by our group, and evaluated 103 cases with BD-IPMN
and achieved AUC of 0.77 [51]. However, when clinical
factors such as age, cyst size, reported presence of mural
nodule, symptoms and gender were included, the accuracy
improved to AUC of 0.79 with positive predictive value of
95% and negative predictive value of 79% [54]. Although in
its infancy, integration of radiomics and clinical information
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may be able to provide a distinctly improved preoperative
model to discriminate between low-risk and high-risk IPMN.

Use of histologic and cyst fluid biomarkers
as predictors for high-risk IPMN

To predict the natural course of [IPMN, we need to have an
understanding of the disease biology and pathogenesis. His-
topathologically, IPMN can be classified as gastric, intesti-
nal, pancreatobiliary, and oncocytic sub-types as outlined in
Table 3 [55-57]. The two most common histologic sub-types
are gastric and intestinal types. Gastric sub-types are seen
in 60-70% of IPMN, of which most are BD-IPMN (>95%)
[58]. These lesions are typically low grade and are presumed
to have a low rate of progression. However, approximately
5% of these lesions can be immediately associated with inva-
sive tubular carcinoma which is histologically indistinguish-
able from conventional PDAC, and thus have poor prog-
nosis [55]. Intestinal sub-type IPMN are seen in 30-40%
of patients, most are MD-IPMNs and typically show HGD.
Histologic progression of intestinal sub-type IPMN is phe-
notypically presumed to be to invasive colloid carcinoma,
and both intestinal sub-type IPMN and colloid carcinoma
have been found to be associated with mutations in GNAS
[59]. Reports on the survival outcome for patients with inva-
sive colloid IPMN demonstrate a significantly improved sur-
vival when compared to those with invasive tubular IPMN
[60]. Pancreatobiliary sub-type IPMN is not as common, and
may be identified in either BD-IPMN or MD-IPMN. These
lesions are typically associated with HGD, and progress
to tubular-type adenocarcinoma. Invasive tubular IPMN
behaves similarly to conventional PDAC and confer a poor
prognosis [61]. Oncocytic sub-type is the least common,
typically has HGD and is generally presumed to have a better

prognosis than other IPMN sub-types of similar grade [55].
Recent studies have not found KRAS or GNAS mutations in
oncocytic sub-type lesions and thus some consider these as a
distinct pathologic entity separate from IPMN [62].

Multiple investigators have looked at the cyst fluid as
a potential source of markers for HGD or invasive cancer.
Given the complexity and differences in mucin expression,
some have assessed mucin expression as a means to identify
high-risk disease. Overexpression of MUC1 has been associ-
ated with invasive carcinoma, and is expressed in pancreato-
biliary and oncocytic sub-types [55, 56]. MUC4 expression
has also been reported as associated with degree of dysplasia
[63]. MUC?2 expression is typically the opposite of MUCI,
and is generally not seen in invasive carcinoma. MUC2 and
MUCSA are often expressed in intestinal and gastric sub-
type IPMN, which generally are found to have LGD.

Other approaches to stratify patient risk through pancre-
atic cyst fluid analysis have included the multicenter Pan-
creatic Cyst DNA analysis (PANDA) study that evaluated
cyst fluid from 113 patients and concluded that mutations in
KRAS were able to identify mucinous cysts, however, they
were not different between low-risk and high-risk lesions
[64]. GNAS mutations were also found to be associated with
IPMN, and helpful in its identification, but again unable to
differentiate the degree of dysplasia [7, 59, 65]. The mono-
clonal antibody Das-1, which reacts to normal intestinal epi-
thelium, has also been evaluated by performing ELISA on
cystic fluid from 38 patients with IPMN. This study found
that Das-1 differentiated high-risk lesions from LGD with
sensitivity of 85% and specificity of 95% [66]. These initial
encouraging results are currently being evaluated in larger
prospective studies. The International IPMN Cyst Fluid Col-
laborative evaluated different proteins, cytokines, mucins,
DNA and miRNA targets using a single-platform PCR
based assay and published a model that can discriminate

Table 3 Summary of
histopathological sub-type

Histologic sub-type

characteristics of IPMN Gastric Intestinal Pancreatobiliary Oncocytic
Frequency (%) 60-70 3040 <10 <5
Morphologic sub-type BD>MD MD>BD MD or BD MD or BD
Atypia Low grade High grade High grade High grade
Progression Indolent Indolent Rapid Rapid
Type of carcinoma Tubular Colloid Tubular Oncocytic
5, 10 years survival rate 0.937,0.937 0.886, 0.685 0.520 0.839, 0.734
KRAS (%) 53-87 40-46 45-60 +
GNAS (%) 39-65 48-83 30 +
MUC1 - - + +
MuUC2 - + - +
MUCS5AC + + + +
MUC6 + - + +

References: [55-57, 59]
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high- from low-risk lesions up to an AUC of 0.86 [67]. Our
group has focused on the relationship between inflammation
and IPMN progression, and has sought to define a panel
of inflammatory markers that can be measured in the cyst
fluid and are predictive of high-risk lesions [68]. Incorpora-
tion of these inflammatory cyst markers into our previously
published nomogram resulted in a model up to an AUC of
0.84 [68]. Currently, a prospective trial is being conducted
to further validate these markers.

As EUS-FNA is highly operator dependent, the reliability
of cystic fluid and tissue may be variable. However, Bournet
et al. found that DNA extraction can be performed success-
fully with minimal amount using a micro-kit [69]. Even so,
EUS is an invasive procedure and serial sampling may not
feasible and would be costly. New technologies are currently
being evaluated that will use serum samples to quantify cir-
culating cell-free DNA and biomarkers such as KRAS and
GNAS. Changes in these serum levels may provide addi-
tional ability to detect progression prior to the development
of an invasive lesion [68, 70].

Conclusion

Management recommendations for patients with IPMN have
changed tremendously over the last 2 decades, as our under-
standing of the natural history of this disease has improved.
This evolution has occurred because many studies have iden-
tified possible clinical, radiographic and biologic predictors
that may accurately identify IPMN with high-grade dys-
plasia and invasive carcinoma. With emerging technology,
our ability to individualize treatment is improving, as we
are better able to combine clinical factors with quantitative
image analysis and molecular markers from the cyst fluid
and even serum. Through the combination of clinical and
imaging features with promising cyst fluid markers, models
are being developed with significant accuracy. Improving
our ability to identify those at highest risk for developing
cancer will allow for more appropriate selection of patients
for operation. Because of the relative rarity of this disease,
the international community will need to continue to col-
laborate to successfully form a prevention strategy to reduce
incidence of pancreatic cancer arising from IPMN.
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