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Abstract

Intraductal papillary mucinous neoplasms of pancreas are relatively common, 
often arise from the pancreatic head, and comprise more than one third of resected 
pancreatic cysts. In these lesions, the risk of dysplasia or carcinoma varies according 
to the site of ductal involvement or histologic subtypes. For instance, there is a higher 
risk of malignancy associated with main rather than branch duct IPMNs and/or with 
pancreaticobiliary rather than gastric subtype. Other factors altering this risk include 
cyst size and associated solid mural component. Although in general surgical excision 
is advocated for all MD-IPMNs when possible, a specific protocol is to follow for 
management of BD-IPMNs. Additional to specifics on the aforementioned, the present 
study reviews clinic-pathologic classification schema and provides recently updated 
guidelines on surveillance and clinical management of IPMNs. Certain molecular 
features and mutations such as P53 aberration have been linked to the presence of 
malignancy in IPMNs. Cellular/molecular techniques, newly proposed to increase the 
yield of diagnosis and/or potential measures of prognosis are also reported in the 
following review. 

AbbreviAtions
IPMN (Intraductal papillary mucinous neoplasm); MD-

IPMN (Main duct IPMN); BD-IPMN (Branch duct IPMN); SCAs 
(Serous cystadenomas); MRI (Magnetic resonance imaging); CT 
(Computed tomography); EUS (Endoscopic ultrasound); CEA 
(Carcinoembryonic antigen) 

introduction 
Since initial reports in the 1980s, the classification and 

management of intraductal papillary mucinous neoplasm 
(IPMN) has evolved dramatically. Historically, these cystic 
neoplasms were grouped together with other mucinous 
cysts (cystadenomas/cystadenocarcinomas) until they were 
recognized as a distinct entity and a major precursor to 
pancreatic ductal adenocarcinoma. IPMNs are tumors composed 
of papillary proliferations of mucin-producing epithelium that 
cause excessive mucus production and cystic dilatation of the 
pancreatic ducts. Recent epidemiologic studies have suggested 
a growing incidence in IPMN. Increased recognition and 
attention to these lesions has led to development and revision of 
international consensus guidelines on diagnostic approach and 
management. This article will review the definition, classification 
and management of IPMNs, with a focus on preoperative 
diagnosis and management, particularly involving diagnostic 
imaging and cyst fluid analysis. 

clAssificAtion 
Pancreatic cysts are broadly divided into inflammatory type 

and neoplastic type. Inflammatory cysts, or pseudocysts, are 
not true cysts and lack an epithelial lining. They are one of the 
potential sequela of pancreatitis and do not harbor malignant 
potential. Neoplastic pancreatic cysts are further classified by 
their ability to produce mucinous fluid. Non-mucinous pancreatic 
cysts primarily include serous cyst adenomas (SCAs) as well as 
cystic variants of solid lesions such as solid pseudopapillary 
tumors and pancreatic neuroendocrine tumors. 

Mucinous pancreatic cysts are precursor lesions to invasive 
pancreatic cancer and comprise of mucinous cystic neoplasm 
(MCN) and IPMN. In IPMN, the normal excretory pancreatic duct 
epithelium is replaced by neoplastic, mucin-producing cells that 
eventually cause locular cyst formation and pancreatic ductal 
dilation. The excretion of mucin through the main pancreatic 
duct and ampulla can cause the ampulla to have a “fish-mouth” 
appearance when visualized endoscopically (Figure 1). 

Anatomically, IPMNs are classified into three types: main 
duct IPMN (MD-IPMN), branch duct IPMN (BD-IPMN) and mixed 
type IPMN. MD-IPMN is defined as dilation of the MPD of >5 
mm without evidence of another dominant cyst or other cause 
of obstruction. The 5 mm threshold has been reduced from the 
2006 guidelines which used a cut-off 10 mm. MPD dilation of 
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5-9 mm is now considered a “worrisome feature”, while an MPD 
diameter of over10 mm is considered “high-risk stigmata”. In 
contrast, branch-duct IPMN (BD-IPMN) are cysts >5mm that 
arise from the side branches of the pancreatic ductal system 
and communicate with a minimally dilated/normal pancreatic 
duct. A mixed type IPMN has features of both main and branch 
duct types. The impact of anatomic subtype on natural history is 
described below. 

IPMNs arise from four different types of epithelium (Figure 
2), each associated with distinct clinical features and patterns of 
progression [1,2]. Intestinal type IPMN is the most common type 
of IPMN and is highly associated with MD-IPMN. Histologically, 
they resemble intestinal goblet cells and are notable for thick 
papillary buds which can form a large protruding intraluminal 
mass in a dilated duct. Gastric type IPMNs are more often 
associated with BD-IPMN and resemble mucus-secreting 
epithelium of the gastric mucosa. Pancreaticobiliary type IPMNs 
are proliferative bile/pancreatic duct epithelium. Finally, the rare 
oncocytic type IPMN has a distinctive eosinophilic cytoplasm with 
a highly complex architecture consisting of thick papillary buds 
and solid areas. The histologic subtype of IPMN is rarely available 
preoperatively, but may impact preoperative management. 
Gastric and intestinal types may have less malignant potential 
than that of the pancreatobiliary type as suggested by their post-
operative 5-year survival rates of 94%, 89%, 52%, respectively 
[3,4]. 

ePidemiology 
The true prevalence of IPMN is unknown. Most patients are 

asymptomatic at the time of diagnosis and the cysts are usually 
discovered as an incidental finding on imaging. Increased 
awareness and increased use of cross sectional imaging may 
partially explain the recent rise in prevalence of these lesions 
[5]. The detection rate of pancreatic cysts by conventional MRI 
has been estimated to be as high as 13.5% in asymptomatic 
populations [6]. It is estimated that IPMNs represent about 20%-
50% of all pancreatic cystic neoplasms and account for 38% of 
resected pancreatic cysts [7,8]. The average age of diagnosis 
peaks at 60-70 years old, with a slightly higher prevalence in men 
[9]. 

Most lesions are isolated to the head of the pancreas. About 

20%-30% of cases are multifocal with 5%-10% cases involving 
the pancreas diffusely [10]. Symptomatic patients can exhibit 
jaundice, abdominal pain, weight loss and even necrotizing 
pancreatitis or sepsis in rare cases. A multi-center case control 
study of 390 patients with IPMN found that diabetes (especially 
with insulin use), chronic pancreatitis, and a family history 
of pancreatic duct adenocarcinoma were all independent 
risk factors for IPMN [11]. These lesions can give rise to both 
pancreatic and extra-pancreatic malignancies, thus underscoring 
the importance of early recognition, treatment and surveillance 
[12]. 

nAturAl History 
Our understanding of the natural history of IPMN is evolving. 

Like many other cancers of the gastrointestinal tract, IPMN is 
thought to progress from adenoma (low grade), to intermediate 
or high grade dysplasia to carcinoma with or without invasion 
[13]. 

Malignant potential in IPMN is stratified by anatomic subtype. 
The frequency of malignancy in MD-IPMN is estimated to be 
62% (range, 36-100%) [14-16]. There is little prospective data 
on the natural history of these lesions. A small study comparing 
surgery to expectant management of MD-IPMN suggests that an 
MPD<15mm with negative cytology and no mural nodules can be 
monitored conservatively for at least 2 years [17]. Another study 
suggested that asymptomatic MD-IPMNs with a MPD<8mm have 
a lower prevalence of malignancy on resection than those with 
a more severely dilated duct [15]. Larger, long-term prospective 

figure 1 Mucin excretion from the main pancreatic duct giving the 
ampulla a “fish- mouth” appearance on endoscopic examination.

A) B)

C) D)

figure 2 (A-D) Epithelial subtypes of IPMN: (A) Gastric; (B) Intestinal; 
(C) Pancreaticobiliary; (D) Oncocytic. Note the bland foveolar 
epithelium of the gastric type and the dysplastic goblet cells seen in the 
intestinal type with high grade dysplasia. The pancreaticobiliary IPMN 
has arborizing papillae lined by pancreatic/biliary type epithelium. 
The oncocytic type has a complex architecture, demonstrated here as 
predominantly solid with highly atypical cells containing abundant 
eosinophilic cytoplasm.
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trials are still needed to estimate the risk of malignancy and help 
guide decisions for surgical intervention. 

BD-IPMNs have a much lower incidence of malignancy (15-
25%), and have an estimated 2-3% yearly risk of malignant 
transformation [18,19]. Cyst size greater than 3cm, presence of 
mural nodules or main pancreatic duct dilation>6mm have all 
been associated with greater risks for malignancy [16]. A recent 
analysis has suggested high malignant potential in cysts growing 
more than 2mm/year, and those with atypical epithelial cells on 
cytological analysis [20-23]. Obesity has also been associated 
with an increased frequency of malignant transformation in BD-
IPMN [24]. 

PreoPerAtive diAgnosis 
Pancreatic cysts are often discovered incidentally on CT 

or MRI. As mucinous cysts (including IPMN) have malignant 
potential and non-mucinous cysts do not, the initial challenge 
involves making this distinction. While serous cystadenomas 
are often microcystic and with central scar, mucinous cysts 
have thick epithelial walls that show isodense or hypodense 
enhancement on venous phase. Mucinous cystic neoplasms are 
most often solitary cysts located in the pancreatic body and 
tail and show no connection to the pancreatic duct and can 
have minor calcifications. On the other hand, IPMNs are found 
throughout the pancreas and by definition communicate with the 
pancreatic duct. Although MRI has a small benefit in describing 
these morphological features in smaller cysts, both CT and MRI 
have been shown to be similarly accurate in differentiating 
pancreatic masses as benign or malignant [25, 26]. MD-IPMNs 
are more accurately diagnosed preoperatively than BD-IPMNs, 
however CT imaging can often identify side-branching pancreatic 
duct cysts seen in BD-IPMN and mixed type (Figure 3) [27]. In 
practice, many small pancreatic cysts are assumed to be BD-
IPMNs based clinical factors. 

Endoscopic ultrasound (EUS) provides imaging that is 
complementary to CT and MRI. It is particularly useful in accurately 
assessing pancreatic ductal dilation (Figure 4) and in identifying 
high-risk stigmata for malignancy in IPMN such as internal 
septations, mural nodules, solid masses, vascular invasion and 
lymph node metastasis [28]. EUS can be also be used to sample 
cyst fluid or high-risk stigmata via fine-needle aspiration (FNA). 
Cyst fluid contains cells shed from the epithelium and protein/
DNA/RNA biomarkers that may potentially help classify cysts as 
mucinous. Although imperfect, EUS with or without FNA has been 
found superior to CT or MRI in accurately describing neoplastic 
cysts [29]. Head to head trials have shown a trend towards 
increased sensitivity for EUS-FNA compared to CT-guided biopsy, 
with a much lower risk of peritoneal seeding as compared with 
percutaneous methodologies [30,31]. The current international 
guidelines recommend EUS in the evaluation of suspected IPMN 
with any worrisome clinical or radiographic features. 

Hybrid PET/CT with F-FDG has shown promise in diagnosing 
malignancy and tumor invasion in IPMN [32-33]. However, 
studies on the sensitivity and specificity of PET-CT remain 
controversial and vary widely.[34] Given the costs and uncertain 
benefit over CT/MRI/EUS, there is currently not enough data to 
support using PET/CT in the evaluation of IPMN. 

cyst flud AnAlysis 
Imaging alone is often inadequate to accurately diagnose 

pancreatic cystic lesions. Fine needle aspiration with analysis 
of cyst fluid is becoming an increasingly used method of 
characterizing cystic lesions. While the current international 
guidelines still consider cyst fluid analysis investigational, they 
recommend it for small BD-IPMN at centers with expertise in 
EUS-FNA and cytological evaluation. Many centers now have 
such expertise. 

Protein tumor markers 

Pancreatic cyst fluid contains glycoproteins including cancer 
antigen (CA) 19-9 and carcinoembryonic antigen (CEA). CEA is 
the most often used marker. High CEA levels (>192ng/ml) are 
associated with mucinous cysts (including IPMN), with lower 
levels (<5 ng/ml) found in non-mucinous cysts (sensitivity 50%, 
specificity 95%) [35, 36]. CEA cannot differentiate IPMN from 
MCN, or accurately identify malignancy [37]. 

cytology 

Cyst fluid cytology has a limited role in the diagnosis of IPMN. 
It can differentiate between mucinous and non-mucinous cysts by 
identifying columnar epithelium or extracelluar mucin. The fluid 

figure 3 CT image of a mixed type IPMN characterized by main 
pancreatic ductal dilatation and several side-branching pancreatic 
cysts.

figure 4 Endoscopic ultrasound image of the common bile duct (CBD) 
and dilated main pancreatic duct (PD), representative of MD-IPMN.
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often is viscous. Although the specificity of identifying lesions as 
mucinous is high, the sensitivity of cytology is only 50%. The low 
sensitivity is often attributed to insufficient sample volume, scant 
cellularity in cyst fluid, and contamination from gastrointestinal 
wall cells. Accurate grading of these lesions on cytology can be 
difficult and the rate of under-diagnosis is high [38-40]. The 
detection of high-grade atypical epithelial cells (AEC) may prove 
more accurate than standard cytology in diagnosing pancreatic 
cysts. AECs have been found to correspond with histologically 
confirmed high-grade dysplasia and invasive carcinoma in 
mucinous pancreatic cysts [22,23]. In IPMN, cells showing an 
increased nuclear to cytoplasm ratio, abnormal chromatin pattern 
and background necrosis correspond with the risk of malignancy 
[21]. Identifying and using AECs as a predictor of malignancy 
in mucinous cysts is estimated to improve the sensitivity and 
specificity of diagnosis to 72% and 85%, respectively [22]. 

dnA biomarkers 

Point mutations in the K-ras oncogene are found in over 
70% of pancreatic adenocarcinomas and roughly 50% of 
mucin-producing tumors [41, 42]. This has led to its study in 
the evaluation of pancreatic cysts. In 2009, Khalid et. al showed 
that K-ras point mutations have a high specificity (96%), but 
low sensitivity(45%) for mucinous differentiation [43]. A long-
term follow-up study showed similar results [44]. Combining 
K-ras and CEA testing increased the sensitivity for mucinous 
cysts without compromising specificity. Early K-ras mutation 
followed by allelic loss of heterozygosity has also been shown 
to predict malignancy (sensitivity, 91%; specificity, 93%). Other 
studies, however, do not support an additive role for DNA testing 
beyond cytology and imaging, in diagnosing malignant pancreatic 
cysts [45]. Specific to IPMN, K-ras mutations from fluid samples 
obtained via EUS-FNA have been correlated with advanced cystic 
pancreatic neoplasia [46,47]. As these mutations are less often 
seen in low-grade dysplasia, there is a possible role in K-ras 
analysis in the surveillance of un-resected IPMN. 

Larger genomic sequencing of IPMNs has identified 
recurrent mutations at codon 201 of GNAS in nearly 65% of 
IPMNs, particularly the intestinal type [48,49]. This specific 
mutations leads to upregulation of intracellular cyclic adenine 
monophosphate (cAMP), which results in upregulated expression 
of mucin producing genes MUC2 and MUC5AC in pancreatic ductal 
epithelium [50,51]. In one study, K-ras and/or GNAS mutations 
were identified in 96% of IPMNs and advanced carcinomas arising 
from IPMNs. GNAS mutations have not been seen in other types 
of cystic neoplasms of the pancreas or invasive adenocarcinomas 
not associated with IPMNs [48,51]. Other DNA markers such at 
TP53 and BRAF show promise in identifying IPMNs with high-
grade dysplasia or malignancy [52, 53]. 

micro-rnA biomarkers

MicroRNAs (miRNA) are small noncoding RNA segments that 
can regulate gene expression via promotion or inhibition. They 
are involved with many normal cellular functions that range 
from proliferation to differentiation to apoptosis, and thus have 
been implicated in the development of malignancy, including 
pancreatic cancer [54-56]. miRNA profiling of surgical specimens 
has been able to differentiate benign serous cyst adenomas from 

pancreatic cystic neoplasms and pancreatic duct cancer [57]. 
Aberrant expression of miRNA segments have already been 
observed and correlated in pancreatic cancer arising from IPMN 
[58]. 

Recent literature has correlated miRNA sequences with 
varying degrees of dysplasia and invasive adenocarcinoma in 
IPMN [54-60]. Interestingly, these studies have few up-regulated 
miRNAs sequences in common, emphasizing that the role of 
miRNA in all malignancy is still evolving. 

mAnAgement 

Given the high risk of malignancy, current guidelines 
recommend resection for all surgically fit patients with MD-
IPMN. Main pancreatic duct dilation of 5-9 mm is considered 
a “worrisome feature” and while there is no recommendation 
for immediate resection, no established surveillance protocols 
have been established for this sub-group of IPMN [61]. Surgical 
resection of BD-IPMN is indicated in those with high-risk 
stigmata (ie obstructive jaundice, enhanced solid component, 
main pancreatic duct >10mm, rapidly growing cyst size and the 
presence of high grade atypia). Patients with worrisome features 
such as acute pancreatitis, cyst size>3cm, thickened enhanced 
cyst walls, MPD 5-9mm, mural nodules, or an abrupt change in the 
MPD caliber with distal pancreatic atrophy and lymphadenopathy 
should be referred for EUS with FNA to confirm the presence of 
mural nodules, main duct involvement, or suspicious cytology. If 
any of these are present, resection is warranted. 

Because most BD-IPMNs are diagnosed in the elderly and 
the annual malignancy rate is estimated at 2-3%, new consensus 
guidelines have advised that lesions without worrisome features 
can undergo routine surveillance based on cyst size. Patients 
with cysts <1cm should receive CT/MRI surveillance imaging 
every 2-3years. Those with cysts measuring 1-2cm should have 
a CT/MRI every year. If no change is found after 2 years, patients 
can extend their surveillance intervals to every 2 years. Finally, 
cysts between 2-3cm should have a EUS every 3-6 months, and 
cysts>3cm should be surveyed by alternating MRI and EUS 
every 3-6months (see Figure 5) [61]. A scoring system has 
been proposed based on a multivariate analysis of 5 identified 
predictors of malignancy (age>60, history of pancreatitis, 
presence of mural nodules and main pancreatic duct diameter 
>6mm, elevated CA 19-9); however this system is estimated to 
have a specificity of 90% and a sensitivity rate of only 50% [62]. 

Some investigators have called for a more aggressive surgical 
approach in patients under 65 years old due to a cumulative 
risk of malignancy, especially with recent literature suggesting 
invasive carcinoma derived from BD-IPMN is more aggressive 
than that derived from MD-IPMN [63, 64]. Patients with IPMN 
of all types often require a multi-disciplinary approach, with 
decisions for resection individualized based each patient’s 
specific circumstances. 

Following complete resection with negative margins, patients 
should continue surveillance imaging for recurrent IPMN or 
development of pancreatic ductal adenocarcinoma. Although the 
recurrence of IPMN varies across studies, one recent analysis 
observed new IPMN in 62% of patients within 10 years, with 
18% of those lesions meeting criteria for surgical resection. 
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There is no evidence-based data to suggest proper surveillance 
intervals following surgical resection. The prognosis of patients 
with resection of non-invasive IPMN is excellent, with 5-year 
survival estimated at 95% [66]. For patients with invasive 
disease, the survival rate depends on tumor staging and size. 
Patients staged at T1N0 have a 5-year survival rate of roughly 
40%.] In nodal positive disease, the 5-year survival rate after 
oncological resection drops to20% [66,67]. 

future diAgnostics 
Current diagnostic modalities are limited and advanced 

imaging techniques and selective biomarkers will enhance the 
ability to detect and treat these lesions. High-resolution optical 
imaging including confocal endomicroscopy (CEM) and optical 
coherence tomography (OCT) has been used to define the cellular 
appearance of cystic epithelium and cyst wall morphology. Iftimia 
et al. reported using OCT to identify mucinous cysts with high 
levels of accuracy (96–100%) based on the epithelial thickness of 
malignant cysts, the high scattering of the mucinous fluid and the 
large amount of homogenous high-scattering tissue between the 
microcysts [68]. In a separate pilot study using CEM alongside 
EUS-FNA, researchers were able to visualize villous epithelium 
of histologically confirmed pancreatic cystic neoplasms [68-69]. 

Cyst fluid interleukin-1B (IL-1B) concentrations have been 
shown to help discriminate between low and high risk IPMNs, and 
according to a small study were highly predictive of malignancy 
after adjusting for main pancreatic duct involvement and cyst 
size [70]. The monoclonal antibodies, like Das-1, which react to 
normal colonic epithelium, have shown to specifically react to 

high risk and malignant IPMNs [71]. Future, large-scale studies 
may support a clinical role for these investigational imaging and 
diagnostic studies. 

conclusion 
IPMNs are an important subclass of mucinous pancreatic 

cysts with a wide malignant potential. The risk of malignancy 
varies according to anatomic type: main or branch duct. 
Preoperative diagnosis remains challenging, and often involves 
a combination of cross sectional imaging and EUS. EUS-FNA 
provides cyst fluid with cytology and tumor makers which can 
help to differentiate mucinous and malignant cysts. Recently 
updated international guidelines provide recommendations 
for surgery and surveillance for the different types of IPMN. 
Clinical management is individualized and patients benefit from 
a multidisciplinary approach to their care. New imaging methods 
and cyst fluid analysis, together with refinement of existing 
technologies, may someday allow for more accurate preoperative 
diagnosis and prognostication in patients with IPMN. 
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