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Cystic neoplasms of the pancreas are found with increasing 
prevalence, especially in elderly asymptomatic individuals. 
Although the overall risk of malignancy is very low, the pres-
ence of these pancreatic cysts is associated with a large 
degree of anxiety and further medical investigation due to 
concerns about malignancy. This review discusses the differ-
ent cystic neoplasms of the pancreas and reports diagnostic 
strategies based on clinical features and imaging data. Surgi-
cal and nonsurgical management of the most common cys-
tic neoplasms, based on the recently revised Sendai guide-
lines, is also discussed, with special reference to intraductal 
papillary mucinous neoplasm (IPMN; particularly the branch 
duct variant), which is the lesion most frequently identified 
incidentally. IPMN pathology, its risk for development into 
pancreatic ductal adenocarcinoma, the pros and cons of 
current guidelines for management, and the potential role 
of endoscopic ultrasound in determining cancer risk are 
discussed. Finally, surgical treatment, strategies for surveil-
lance of pancreatic cysts, and possible future directions are 
discussed. (Gut Liver 2015;9:571-589)
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PREVALENCE

Cystic neoplasms of the pancreas (CNP) were once considered 
extremely rare (many textbooks perpetuated the notion that 
most cystic lesions of the pancreas were pseudocysts, and <10% 
were neoplasms), and in fact were often the subject of case re-
ports (Table 1). The distinction between serous and mucinous 
pancreatic cystic neoplasms was made about 40 years ago and 
the nomenclature defining intraductal papillary mucinous neo-
plasms (IPMNs) is only 20 years old. The increasing numbers 
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Table 1. Classification of Cystic Neoplasms of the Pancreas (Including 
Lesions That Resemble Them)

Epithelial neoplasms

    Serous cystadenoma*

    Mucinous cystic neoplasm (MCN) and MCN-associated carcinoma*

    Intraductal papillary mucinous neoplasm (IPMN) and 

      IPMN-associated carcinoma*

    Solid pseudopapillary neoplasm*

    Pancreatic ductal adenocarcinoma with cystic degeneration*

    Cystic pancreatic endocrine neoplasm (CPEN)*

    Acinar cystadenoma and cystadenocarcinoma

    Dermoid cyst (cystic teratoma)

    Intraductal papillary variant of acinar cell carcinoma

    Intraductal tubulopapillary neoplasm

Nonepithelial

    Lymphangioma

    Epidermoid cyst in intrapancreatic spleen

    Cystic pancreatic hamartoma

    Mesothelial cyst

Lesions resembling pancreatic cystic neoplasms

    Pseudocyst*

    Lymphoepithelial cyst (epidermoid cyst)

    Mucinous nonneoplastic cyst

    Enteric duplication cysts

    Endometrial cyst

    Hydatid cyst

    Retention cyst

    Accessory splenic cyst

    Cystic pheochromocytoma

    Cystic gastrointestinal stromal tumor

    Retention cyst 

    Squamoid cyst 

*Clinically common and important diseases. 
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of cases that we are now seeing is in part related to increased 
awareness of their existence, but without doubt is mostly due 
to increased use of cross-sectional imaging, which has led to 
incidental discovery of many pancreatic cysts. Studies using 
computed tomography (CT) and magnetic resonance imaging 
(MRI) have shown that the prevalence of pancreatic cysts (in 
individuals without history of symptoms of pancreatic disease) 
is about 2.5%,1,2 and that this increases with age to the point 
that 10% of persons 70 years or older have a pancreatic cyst.1 
For studies using only MRI imaging looking for the prevalence 
pancreatic cysts, the reported prevalence rates of pancreatic 
cysts varies from 2% to 38% with an overall prevalence rate of 
15%, compared with studies which used just CT scans, which 
reported a prevalence rate of 3% for pancreatic cysts.1-7 Where 
reported, the prevalence rate for pancreatic cysts greater than 2 
cm in these imaging studies was 0.8%.1,5-7 However when look-
ing at prevalence based on age group there was a difference in 
prevalence across differing age groups: 0.5% in those less than 
40 years of age, 25% in those 70-79 years of age, and 37% in 
those aged 80 or over. This corresponds with a prior autopsy 
study which found pancreatic cysts in 19% of those between the 
age of 70 to 79 years and 30% in those 80 to 89 years of age.8

Most of these asymptomatic incidental pancreatic cysts are 
likely to be small branch duct IPMNs, but firm pathologic proof 
is lacking. However this is balanced by suggestion from analysis 
of a SEER database that the overall malignant transformation of 
these cysts is very rare, with 1,137 mucin-producing pancreatic 
adenocarcinomas being reported in a population of approxi-
mately 3.5 million pancreatic cysts.9 Nonetheless, because of the 
known malignant potential of this diagnosis, their identification 
generates anxiety, need for subsequent imaging, and sometimes 
invasive testing or surgery. This high prevalence of cysts then 
translates into high resource utilization including repeat imag-
ing, invasive procedures such as endoscopic ultrasound (EUS) 
+/– fine-needle aspiration (FNA) and surgical resections, espe-
cially in patients of an advanced age who have a high preva-
lence of pancreatic cysts.

DIAGNOSIS AND MANAGEMENT

There are two major aspects to the effective diagnosis and 
management of pancreatic cystic neoplasms. The first is the dif-
ferentiation between pancreatic cystic neoplasms and pancreatic 
pseudocysts. Originally, inflammatory pseudocysts were felt to 
account for the majority of pancreatic cysts. However with the 
increased use of high resolution abdominal imaging, especially 
in asymptomatic individuals, especially those without a history 
of pancreatitis, it is becoming obvious that these neoplastic pan-
creatic cysts are far more common than pancreatic pseudocysts. 
Where antecedent imaging is available prior to an attack of 
pancreatitis, a diagnosis of a pancreatitis fluid collection can be 
confidently made. When a cyst is seen in the pancreas without 

evidence of an associated mass, but with extensive chronic pan-
creatitis, then the clinical diagnosis favors a pancreatic pseudo-
cyst. However the ability to confidently diagnose a pancreatic 
pseudocyst is reduced if the pancreatic cyst arises without a 
prior episode of pancreatitis and if there is minimal evidence 
to support acute or chronic pancreatitis on imaging. To further 
complicate the diagnostic workup, pancreatic cystic neoplasms, 
particularly IPMNs can result in acute pancreatitis. 

The other major component of the effective diagnosis of pan-
creatic cystic neoplasms is the understanding of the underlying 
pathologies of pancreatic cystic neoplasms, their varying de-
grees of malignant risk, and the role of imaging and cyst fluid 
analysis in sorting these issues out. This will be the focus of the 
remainder of this review.

MUCINOUS CYSTIC NEOPLASM

The mucinous cystic neoplasm of the pancreas (MCN) is a 
relatively uncommon tumor that comprises about a quarter of 
all resected cystic neoplasms of the pancreas in large surgical 
series.10 This tumor is predominantly seen women (>95%) and 
in the distal pancreas (>95%), and, unlike branch duct IPMNs, is 
always a single lesion.11-13

Macroscopically, MCNs present as a round large mass (ranging 
up to 35 cm) with a fibrous pseudocapsule of variable thick-
ness and frequent calcifications. Although typically unilocular, 
they can be multilocular, which in addition to the presence of 
internal papillary projections and/or mural nodules, correlates 
significantly with malignancy.14,15 The presence of a dense 
ovarian-like stroma surrounding the tumor and an inner epithe-
lial layer with tall, mucin-producing cells are pathognomonic 
histologic findings. This ovarian-like stroma shows positiv-
ity for vimentin, smooth muscle actin, progesterone receptors 
and estrogen receptors. The epithelium can display areas with 
pseudopyloric, gastric foveolar, small and colonic intestinal 
differentiation, with scattered neuroendocrine cells, in addition 
to the various degrees of atypia, ranging from noninvasive to 
invasive carcinoma. Based on the highest degree of architectural 
and cytologic atypia, noninvasive MCNs are subcategorized into 
MCN with low-grade dysplasia, moderate dysplasia, or high-
grade dysplasia (carcinoma-in-situ). Up to one-third of MCN in 
surgical resection series are associated with an invasive cancer, 
which resembles the typical pancreatic ductal adenocarcinoma, 
with the presence of colloid carcinoma being very rare.16 The 
epithelial markers include EMA, carcinoembryonic antigen 
(CEA), cytokeratins (7, 8, 18, and 19) and the gastric foveolar 
type markers MUC5AC, with MUC1 seen in high grade MCNs 
and invasive carcinoma. SMAD4 protein is typically intact in 
noninvasive MCNs but may be lost in the invasive carcinoma 
component.14 

Similar to studies of preinvasive pancreatic ductal adenocar-
cinoma, K-ras mutations in codon 12 have been described in 
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early low-grade dysplastic MCNs, increasing in frequency with 
advancing degrees of dysplasia and invasive cancer.17 Mutations 
in p53 and SMAD4 typically occur in high-grade dysplasia and 
invasive carcinomas.18,19 RNF43, a suppressor gene that codes 
for a protein with intrinsic E3 ubiquitin ligase activity, is also 
mutated in both MCNs and IPMNs. However, it appears that 
GNAS mutations are found uniquely in many (although not all) 
IPMNs and are not seen in MCNs.19

The predominance in women, the predilection for the pan-
creatic tail, and the shared clinical and pathologic features with 
mucinous cystic neoplasms in the liver and retroperitoneum, 
suggests a unique pathogenesis. For examples, the left primor-
dial gonad and the dorsal pancreatic anlage (which gives rise to 
the pancreatic body and tail) and a portion of the head of the 
pancreas, lie in close proximity at an early (fourth to fifth week) 
stage of development.14,20 It has been proposed that ectopic 
ovarian stroma in the pancreas tail, biliary tree and retroperi-
toneum, may release hormones and growth factors, stimulating 
local endodermally-derived epithelium to proliferate and form 
cystic tumors. 

Clinically, the median age of diagnosis is 45 and 48 years 
(range, 16 to 84 years), and most patients present either inci-
dentally or with vague symptoms, although about 10% have 
presented with acute pancreatitis and 12% with a palpable 
mass.11,12 The typical radiologic presentation is that of a thick-
walled single cyst located in the neck, body, or tail of the pan-
creas, often with septations, and occasionally with nodules or 
calcifications.13 Both MCN and IPMN typically have elevated 
cyst levels of CEA, which can be used to differentiate from 
macrocystic serous cystadenoma, but MCN can be difficult to 
preoperatively differentiate from IPMN.21,22 While the absence of 
communication between the main pancreatic duct and the cyst 
may favor the diagnosis of MCN over IPMN, communication 
between the main pancreatic duct and the cyst on endoscopic 
retrograde cholangiopancreatography (ERCP) has been seen in 
up to 15% of pathologically confirmed cases of cases.12 Similar-
ly, underfilling of the branch ducts with contrast at ERCP, due 
to mucin plugs may also been seen in cases of IPMN. However, 
both MCN and IPMN typically have elevated cyst levels of CEA, 
which can be used to differentiate from macrocystic serous 
cystadenoma.21,22 

The risk of malignancy in MCN is 17.5%. In one surgical 
series, all malignant tumors had either nodules, or had a size 
>4 cm.11 Because malignant MCNs are significantly larger (8.2 
cm vs 4.5 cm) and are diagnosed in older patients (49.5 years 
vs 44 years), it is presumed that the tumor evolves slowly over 
time; however, the relatively low frequency of cancer suggests 
that not all MCNs progress, and identifying those patients who 
are not at risk and could potentially be spared an operation is 
a desirable goal. Currently, treatment is surgical resection. The 
basis for this universal recommendation of surgery is based on 
the fact that the majority of the patients are young and would 

otherwise require lengthy surveillance; most of the lesions are 
located in the body and tail of the pancreas where surgical 
management in high volume experienced centers carries negli-
gible mortality and low morbidity; and unlike IPMN, MCN do 
not require surveillance after surgical resection (unless there is 
evidence of invasive cancer).23 Patients with small presumed 
MCNs (unilocular, pancreatic body/tail location, female gender, 
middle age, elevated cyst fluid CEA) that are devoid of nodules, 
and elderly patients, can potentially be managed with observa-
tion, but life-long close surveillance is mandatory. 

The prognosis is excellent unless there is invasive carcinoma 
with either extracapsular or diffuse intracapsular infiltration.11 
The overall 5-year survival of invasive mucinous cystadenocar-
cinoma is 62%, being worse in patients over the age of 50 years 
of age, and those with tumor wall and peritumoral invasion.12

SEROUS CYSTADENOMA

Serous cystadenoma of the pancreas (SCA) is a benign, slow-
growing tumor that affects predominantly women (~75%); the 
mean age of resected patients has been 62 years.24-27 SCA ac-
count for about 16% of resected cystic tumors of the pancreas. 
Morphologically, the typical SCA is a tumor formed by many 
tiny cysts lined by a cuboidal epithelium that is glycogen rich, 
and has a “honeycomb” appearance, but a variant that is oligo-
cystic or macrocystic has also been described in about 10% of 
cases.25,28 Very few cases of malignant serous cystadenoma (on 
the basis of presence of concomitant tumors in the liver or other 
extrapancreatic sites) have been described, and represent <1% 
of cases.24,29,30 In one pathology series, head location and large 
size were predictive of aggressive behavior, defined as direct 
invasion into adjacent organs or blood vessels, or metastasis to 
lymph nodes or other organs.31 SCA can be located anywhere in 
the pancreas. Most are currently diagnosed incidentally, but de-
pending on their location and size, they can occasionally cause 
jaundice, pancreatitis, abdominal pain, or present as a palpable 
mass. Because this is a benign tumor, treatment, which is surgi-
cal resection, should be driven by the presence of symptoms, 
rather than the very low risk of malignancy. Patients managed 
nonoperatively may be monitored with imaging at periodic in-
tervals to ensure that rapid growth (making likelihood of symp-
toms higher and also potentially leading to a bigger or more 
complex operation) is not occurring.25,32-34

Management by observation with or without serial imaging 
is dependent on having a secure diagnosis. This is sometimes 
derived from a classical radiologic appearance, which is that of 
a “spongy” multilobular mass, often with a central calcifica-
tion. However central calcification is only seen in about 30% 
of cases. The radiologic finding can on occasion be confused 
with a solid pancreatic endocrine neoplasm.35-37 For this reason, 
EUS-guided biopsy and aspiration of fluid may be needed to 
support the diagnosis.38 Fluid from SCAs characteristically have 
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very low CEA levels (typically <5 ng/mL), but can often be dif-
ficult to acquire from the microcystic variant compared with the 
oligocystic variant. The oligocystic variant is much harder to di-
agnose as its radiologic features overlap with MCN and branch 
duct IPMN. In this clinical situation, the presence of small pe-
ripheral cysts on imaging such as EUS, and the low CEA level, 
support the diagnosis of a oligocystic serous cystadenoma.21

Patients with von Hippel-Lindau (VHL) syndrome may be 
found to have multiple oligocystic SCA in up to 12% of cases.39 
These VHL-related SCA follow a benign course, with resec-
tion again being reserved primarily for symptomatic patients.40 
Sporadic SCA have genetic alterations, including VHL muta-
tions and overexpression of vascular endothelial growth factor 
(VEGF), that are also seen in the VHL syndrome.41 Up to 40% 
of sporadic SCA have allelic loss in chromosome 3, the site of 
the VHL gene.42 As in other VHL-related clear cell tumors, there 
is a prominent capillary network immediately adjacent to the 
epithelium of SCA, confirming that the clear cell-angiogenesis 
association is also valid for this tumor type. Molecules impli-
cated in clear cell tumorigenesis (e.g., CD31, VEGF, HIF-1α) 
are also consistently expressed in SCA. This may have biologic 
and therapeutic implications, especially considering the rapidly 
evolving drugs against these pathways.43 

SOLID PSEUDOPAPILLARY NEOPLASM

The solid pseudopapillary neoplasm of the pancreas (SPN) 
is a very uncommon lesion that comprises less than 4% of 
resected pancreatic cystic tumors. Prior to its inclusion in the 
World Health Organization classification, it had previously been 
known by a variety of different names including papillary epi-
thelial neoplasm of the pancreas, solid and cystic tumor of the 
pancreas, adenocarcinoma of the pancreas of childhood, papil-
lary-cystic tumor and solid and papillary epithelial neoplasm.44 
It predominantly affects women (>80%), and the median age 
has been between 30 and 38 years, with about 20% to 25% of 
cases being seen in the pediatric population.45-47 

SPNs can be located anywhere in the pancreas, and can be 
an incidental finding or present with a variety of symptoms, 
including abdominal pain, pancreatitis, jaundice, or a palpable 
mass. Due to its slow growth, SPN often remain asymptomatic, 
until the tumor has enlarged considerably. Radiologically, it 
presents as a well-demarcated heterogeneous mass with solid 
and cystic components, with a peripheral capsule which rarely 
shows calcification, and EUS-guided FNA or core biopsy is 
often diagnostic, showing uniform cells forming microadenoid 
structures, branching, papillary clusters with delicate fibrovas-
cular cores. Immunohistochemical analysis can be used to con-
firm the diagnosis.48 Some cases show reactivity with S-100 and 
weak reactivity with epithelial markers such as AE1/AE3 and 
CAM 5.2 (CK8). Progesterone receptor positivity and abnormal 
nuclear and cytoplasmic β-catenin expression are also com-

monly seen. Neuroendocrine markers such as synaptophysin 
show focal reactivity, and as a result the additional presence of 
galectin-3 and CD10 are used to differentiate SPN from endo-
crine neoplasms. Overall, the proliferation (Ki-67) index is low 
(<5%), further confirming the slow growth of the tumor. SPN is 
genetically distinct from ductal adenocarcinoma, and is charac-
terized by activation of the β-catenin pathway, with β-catenin 
mutations, alterations of the Wnt pathway and disorganization 
of E-cadherin detected in up to 90% of SPN.49-52 Cyclin D1, a 
downstream transcriptional target of β-catenin, is overexpressed 
in most cases.53 The common expression of progesterone and 
the strong predilection for females suggests a hormone depen-
dent tumor (but estrogen receptors are not typically found).54

Most SPNs exhibit a benign behavior, and even the less 
than 20% that have vascular or perineural invasion, lymph 
node involvement or liver metastases can have a very indolent 
course.45-47 Rarely, presentations including multicentric tumors 
in the pancreas and extrapancreatic sites, such as mesocolon, 
retroperitoneum, omentum, liver and duodenum, possible due 
to synchronous spread, have been seen. Although the Ki-67 
proliferation index has been suggested as a potential malignant 
indicator, clear-cut criteria for malignancy have not been estab-
lished, and it is not possible to predict behavior and natural his-
tory of SPN based on histologic grounds including size.48 Hence, 
treatment is surgical resection. Tumor enucleation and incom-
plete tumor resection are to be avoided due to the high risk of 
tumor dissemination and higher recurrence rate. Chemotherapy 
or radiotherapy in the adjuvant, neoadjuvant or metastatic set-
ting have no defined role in the management of this disease.55 
The overall 5-year survival is close to 97% in patients under-
going surgical resection. Death caused directly by the tumor 
is rare, and long-term survival has been described even in the 
presence of asymptomatic disseminated disease.

CYSTIC PANCREATIC ENDOCRINE NEOPLASM

Cystic pancreatic endocrine neoplasms (CPEN) represent 
about 8% of resected cystic tumors of the pancreas,10 and be-
tween 10% and 17% of resected pancreatic neuroendocrine 
tumors.56-58 Most of them are incidentally discovered and non-
functional, but rarely can be functional. CPENs are more likely 
to occur in patients with multiple endocrine neoplasia type I 
(MEN I), and have also been reported in von Hippel-Lindau and 
Wermer syndromes.58,59 While typically unifocal, they have been 
reported to be rarely multifocal.60 There is no gender predilec-
tion, and the mean age of diagnosis is in the sixth decade.60-63 
Radiologically, they present as a cystic lesion, not infrequently 
with a hypervascular rim and occasionally with septation or a 
solid component within it.56 Microcystic degeneration of large 
solid pancreatic endocrine neoplasms may occur, but they may 
also arise in a thin-walled cysts, which may be morphologi-
cally indistinguishable from MCNs and contain variable degrees 
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of focal or concentric wall thickening.64 Large proportions are 
indistinguishable from other pancreatic cystic neoplasms on 
preoperative CT or MRI imaging.60 Fluid aspirated by EUS char-
acteristically has very low CEA levels and the yield of FNA cy-
tology is high, compared with other CNPs (73% vs 20%).61,65 In 
comparison with their solid counterparts, CPENs are less likely 
to demonstrate tumor necrosis, perineural invasion, vascular 
invasion, regional lymph node metastasis, and synchronous 
distant metastasis.60 Several series have demonstrated pancre-
atic cystic endocrine neoplasms with malignant potential.66-68 
Like all endocrine pancreatic tumors, malignancy is difficult to 
predict based on biopsy alone (either cytology or core biopsy), 
or even with examination of the resected tumor at the time of 
surgical resection. Currently, surgical resection is recommended 
for all patients, and long-term survival is excellent (>85%).56-58 

Both solid and cystic pancreatic endocrine tumors are being 
incidentally-discovered with increasing frequency. While con-
ventional wisdom has been to resect all of these lesions (given 
their uncertain behavior), this has been challenged. A recent pa-
per described observation alone in a cohort of 77 patients with 
small, nonfunctioning PENs with results that were no different 
than surgical management.69 Whether this extends as well to 
CPEN is unclear.  

INTRADUCTAL PAPILLARY MUCINOUS NEOPLASM

The term “mucinous ductal ectasia” was used for many years 
to describe an entity characterized by gross dilation of the pan-
creatic duct due to overproduction of mucus from a prolifera-
tive epithelium with papillary growth. The tumor occasionally 
eroded into the duodenum or bile duct, and patients often had 
exhibited pancreatitis-like symptoms for years. While cancer 
was often present in the tumor, not infrequently it was confined 
to the duct or was minimally invasive. This disease is now rec-
ognized to be an advanced form of main-duct intraductal papil-
lary mucinous neoplasm (MD-IPMN), and we now recognize 
that this neoplastic proliferation can involve the side branches 
of the pancreatic ductal system, either alone (branch-duct IPMN 
or BD-IPMN), or in combination (mixed or combined IPMN).70 
The risk of malignant transformation in mixed IPMNs is similar 
to that of MD-IPMN, and they are managed in a similar man-
ner to MD-IPMN. Although carcinomatous invasion is reported 
in 30% to 50% of MD-IPMN or mixed-IPMN, the sensitivity of 
preoperative imaging is imperfect, with less than 80% of inva-
sive cancers detected preoperatively.71-74 The branch duct variant 
(BD-IPMN) for a long time was confused with mucinous cystic 
neoplasms, which has a different epidemiology and risk of can-
cer when compared to main and combined type IPMN (both of 
which share most features), based primarily on differing histo-
logic subtypes which can only be determined by surgical pa-
thology.75,76 The overall risk of carcinomatous transformation in 
BD-IPMN is 24% in surgically resected series, and is estimated 

to be between 1% and 2% per year in surveillance studies.23,77

IPMN are increasingly detected, with a dramatic increase in 
the number of patients with IPMN undergoing surgical resec-
tion, accounting for up to 50% of all resected pancreatic cysts 
(compared with 3% before 1990).10,78 With the increased use of 
cross-sectional imaging for the work-up of pancreatic and non-
pancreatic conditions, the most common presentation of IPMNs 
has changed over the years, with most IPMNs, especially BD-
IPMNs, found incidentally. Overall, symptoms are present in 2% 
to 20% of patients, especially abdominal pain, pancreatitis and 
jaundice.10,79,80 The 5-year survival rate for surgically resected 
noninvasive IPMNs is 90% to 100%, while that for surgically 
resected invasive IPMNs is 31% to 60%. Colloid type carcinoma 
has a better prognosis than tubular type. However, overall 
IPMN-associated cancers have a better prognosis than regular 
pancreatic ductal adenocarcinoma (PDAC) when matched for 
pathologic features, until lymph nodes become involved, at 
which stage both IPMN associated cancer and PDAC share a 
similar bad prognosis.81

Microscopically, the epithelial component of the IPMN, either 
the lining of the main ecstatic duct or the cystically dilated 
branch ducts, is divided into noninvasive or invasive neoplasms. 
The noninvasive IPMNs are graded on the basis of the greatest 
degree of dysplasia, and classified into low-grade, moderate-
grade and high-grade dysplasia or carcinoma-in-situ. Invasive 
IPMNs are either colloid or tubular, with the latter (the tubular 
carcinoma) having a worse prognosis, similar to conventional 
PDAC.82-84 Further histologic subtyping of epithelial differ-
entiation is based on the cell lineage, the morphology of the 
papillae and the immunophenotype, and include classification 
into intestinal, gastric, pancreaticobiliary and oncocytic sub-
types.71,82,84-86 Differentiating these epithelia subtypes is clinically 
relevant because of the specific risk of malignant transformation 
associated with each subtype. Early IPMNs show pure lineage 
features as well as a single grade of differentiation, whereas 
the more advanced neoplasms exhibit a mixture of cell lineage, 
heterogeneous grade of differentiation, and co-express different 
immunohistochemical markers. For example, the gastric subtype 
of epithelium can be seen in association with the pancreatico-
biliary type of IPMNs, whereas is it uncommon to find intestinal 
and pancreaticobiliary epithelium within the same IPMN.

The epithelial lining of most MD-IPMNs has an intestinal 
phenotype, and expresses the typical intestinal lineage markers 
CDX2 and MUC2, and co-express the foveolar marker MUC5AC. 
They do not express MUC1 and MUC6.70 MD-IPMNs exhibit a 
wide heterogeneity of dysplasia within the tumor (similar to vil-
lous adenomas of the colon). The risk of harboring malignancy 
is high, with invasive carcinoma found in 45% of cases, and 
high-grade dysplasia (i.e., carcinoma-in-situ) in an additional 
20%.75 The invasive carcinomas arising from intestinal type 
IPMN are often of the colloid variety, which has a more indo-
lent behavior.52,82,84 
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The majority of BD-IPMNs have a gastric type epithelium: 
MUC5AC-positive but MUC1-negative, with MUC2 highlighting 
only the scattered goblet cells; although other histologic BD-
IPMN subtypes (oncocytic, intestinal and pancreaticobiliary) ex-
ist.84,86,87 Gastric type BD-IPMNs are typically low-grade, with a 
small percentage developing usually a tubular type adenocarci-
noma, which has the same histologic features and bad prognosis 
as conventional PDAC. It has been hypothesized that pancreatic 
duct glands give rise to both PanIN (pancreatic intraepithelial 
neoplasm, the precursor of PDAC) and gastric type BD-IPMN, 
suggesting a similar biology and outcome.52,84,88 This concept is 
also supported by the increased prevalence of pancreatic cysts 
(presumed BD-IPMN) in high risk pancreatic cancer families.89 
In fact, the differentiation of gastric IPMNs from PanIN-1 is 
only based on the size and cystic dilatation. Both gastric IPMNs 
and PanIN lesions can be associated with foci of lobular fibro-
sis, and immunostain for MUC5AC. These observations raise the 
question of whether gastric-type IPMNs are features of diffuse 
PanIN-1 disease rather than individual disorders.90

Pancreaticobiliary-type IPMNs are less common, typically 
involve the main pancreatic duct, have cells that are MUC1 
and MUC5AC positive, and MUC2, MUC6 and CDX2 negative, 
and are usually associated with high-grade dysplasia. Invasive 
carcinomas associated with this subtype have features of the 
common pancreatic ductal adenocarcinoma.86,91 Oncocytic-type 
IPMNs arise most frequently in MD-IPMN and can extend into 
the branch ducts. They are characterized by the presence of 
oncocytic cells (an epithelial cell characterized by an excessive 
amount of mitochondria, resulting in an abundant acidophilic, 
granular cytoplasm) and typically show severe atypical or car-
cinoma-in-situ, being diffusely positive for MUC6 and focally 
positive for MUC1.92

The tubulopapillary-type (ITPM) is the most recently defined 
type of IPMN. Compared with other IPMNs, there is no mac-
roscopically or microscopically detectable mucin, the growth 
pattern is solid with multiple well-circumscribed neoplastic 
nodules, two-thirds have high-grade dysplasia with invasive 
cancer, and they do not present the sequential progression usu-
ally seen with intestinal type. Immunohistochemically, the cells 
of the tubulopapillary-type (ITPM) are MUC6-positive and fo-
cally MUC1-positive.93

The molecular alterations seen in IPMN are similar to those 
seen in PDAC, including K-ras, p16/CDKN2A, SMAD4 and 
TP53, but at a lower frequency. For example K-ras mutations 
tend to occur early, and TP53 mutations occur in patients with 
more advanced disease, with 9.1% of intermediate-grade IPMNs, 
38.1% of high-grade IPMNs and 75% of invasive cancer associ-
ated with TP53 mutations, and none seen in low-grade IPMNs.94 
K-ras (17% vs 58%) and TP53 mutations (11% vs 58%) occur 
less frequently in oncocytic type of IPMN than the pancreatico-
biliary type, possibly accounting for the lower rates of invasion, 
nodal metastases and better outcomes in oncocytic compared 

with pancreaticobiliary type IPMN.95 It has been recently noted 
that over 96% of all IPMNs have either a GNAS or KRAS muta-
tion, with more than half having a mutation in both.19,96 The 
GNAS gene encodes a G protein alpha subunit (G alphas or 
Gsα), which is a ubiquitously expressed signal transducer that 
transmits hormonal and growth factor signals to effector pro-
teins. A specific GNAS mutation hotspot (codon 201) is seen 
in IPMN, but not conventional PDAC, suggesting it is driving 
an IPMN specific pathway.19,96 GNAS mutations tend to be 
seen more commonly in the intestinal subtype of IPMN (up to 
100% of all intestinal IPMNs in one study) and K-ras mutations 
are seen more commonly in the pancreaticobiliary subtype.97 
However, the presence of multiple K-ras and GNAS mutations 
in a single patient support the concept of the polyclonal origin 
of IPMNs, and that multifocal IPMNs are independent lesions, 
supporting the role for continued surveillance of the remaining 
pancreas after partial resection for IPMN, in order to identify 
early new independent lesions.98 Less common mutations in 
IPMN include PIK3CA and BRAF. 

Loss of expression of tumor suppressor genes, including p16/
CDKN2, CDKN1C and ppENK, due to hypermethylation, is seen 
at a greater rate in IPMN compared with PDAC, with increasing 
number of hypermethylated loci with higher grades of IPMN 
dysplasia.99,100 Evolving data suggests a role for microRNA 
(miRNA), small noncoding RNA molecules that function in the 
post-transcription regulation of gene expression in the patho-
genesis of IPMN. Certain miRNAs, including miR-155, -21, and 
-122, have been reported to be upregulated in most noninvasive 
IPMN, with increased overexpression in high-grade IPMNs.101-103

The exact etiology of IPMNs is unclear. However there does 
appear to be a genetic component. The familial predisposition to 
pancreatic cancer is associated with the development of IPMNs, 
with the frequency of IPMNs detected in patients with familial 
pancreatic cancer ranging from 10% to 18%.77,89 A familial 
form of IPMN involving three generations without a history of 
familial pancreatic cancer, and no alterations in BRCA2, p16 or 
CDKN2A, has been reported.104

1. Main-duct IPMN

Main and combined type IPMN occur more frequently in men 
throughout the world, but the male-to-female ratio is highest 
in Asia (3:1).105 In one large series, the median age at diagnosis 
was 66 years, with a range of 31 to 87 years.75 The most com-
mon presenting symptom is abdominal pain (55%), followed by 
weight loss (45%), jaundice (17%), and acute pancreatitis (15%); 
in about 17% of cases, the diagnosis is made incidentally.75 In 
two-thirds of cases, the tumor is located in the proximal pan-
creas (i.e., head), and in 8% it affects the entire gland. Radiolog-
ically, there is dilation of >6 mm of the main pancreatic duct, 
often extending into secondary branches. Solid components can 
be observed within the lumen or duct wall, as well as calcifica-
tions, and the pancreas can be either enlarged or appear atro-
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phic.70 Endoscopically, a bulging papilla extruding mucus can 
be seen in about a third of cases of MD-IPMN, and is considered 
pathognomonic of this entity. This feature tends to be more 
consistently seen in advanced stages of the disease, being found 
in 73% of patients with carcinoma-in-situ or invasive cancer, 
but only 39% of patients with hyperplasia and adenoma.106 In 
advanced cases, IPMN can create fistulas with adjacent organs 
such as the stomach, duodenum and bile duct.107 In these cir-
cumstances, it is important to differentiate a primary fistula due 
to mechanical pressure from frank neoplastic invasion. Over 
time, the pancreatic acinar parenchyma surrounding and retro-
grade to the MD-IPMN can be replaced by fibrous tissue due to 
obstructive pancreatitis from a long-standing ductal obstruc-
tion. 

ERCP can often visualize the filling defects from the tumors 
or mucus, and allows for brushings and fluid aspiration, and 
if pancreatoscopy is done it can sometimes visualize the papil-
lary or villous growths. EUS demonstrates the dilated pancreatic 
duct and provide morphologic detail of the solid components 
within it, and allows for targeted biopsies.70 The treatment is 
surgical resection. It is very important to localize the tumor well 
preoperatively (often difficult because the entire ductal system 
is dilated), and liberal use of frozen section margins and intra-
operative pancreatoscopy and/or ultrasound is recommended 
to ensure no tumor with high-grade dysplasia or worse is left 
behind.70 Not infrequently, elderly patients are diagnosed and 

have had a history of recurrent pancreatitis that can go back 20 
years or more. The consequences of a pancreatic resection in 
these elderly or frail individuals need to be weighed carefully 
against the perceived benefit. 

2. Branch-duct IPMN

BD-IPMNs account for the majority of the increasingly rec-
ognized asymptomatic incidental pancreatic cysts.2 They can 
occasionally be symptomatic, including presenting with pan-
creatitis. Imaging features of BD-IPMNs range from an isolated 
subcentimeter pancreatic cyst to larger multi-centimeter solitary 
collections of pancreatic cysts. With improved imaging and 
pathologic assessment, BD-IPMNs can now also be recognized 
as a diffuse multifocal disease with 21% to 41% of patients hav-
ing multiple BD-IPMNs (>2) of varying sizes scattered through 
their pancreas.77 This “field defect” has implications not only for 
diagnosis but also for postoperative surveillance; unlike MCN, 
surveillance of the residual pancreas after resection of a nonin-
vasive BD-IPMN is required due to the risks of progression of 
residual BD-IPMNs, and the development of new BD-IPMN and 
concomitant PDAC.77

1) BD-IPMN and risk of malignancy
BD-IPMNs are all considered premalignant, but the risk can 

vary based on the size, associated worrisome features (e.g., nod-
ules), multiplicity, and the underlying epithelial subtype. The 

Table 2. Outcomes for Surveillance of Presumed BD-IPMN (Modified from Farrell et al.77)

Study Year No. Follow-up, mo Imaging progression (%) Malignancy/surgery (%)

Kobayashi 2005 47 41 1 (2) 0/1 (0)

Carbognin 2006 36 27 2 (5) 0/1 (0)

Levy 2006 31 60  0  0

Salvia 2007 89 32 5 (6) 0/5 (0)

Lee 2007 45 27 10 (22) 1/10 (10)

Pelaez-Luna 2007 81 41 11 (14) 1/11 (9)

Salvia 2007 131 40 1 (2.5) 1/1 (100)

Tanno 2008 61 61 4 (5) 1/4 (25)

Ratou 2008 121 33 12 (10) 4/8 (50)

Pausawasdi 2009 97 44 NA 2/22 (9)

Woo 2009 124 41 7 (6) 2/19 (11)

Sawai 2010 103 59 29 (28) 6/11 (54)

Kang 2011 201 28 39 (19) 8/35 (23)

Uehara 2011 100 97 5 (5) 1/1 (100)

Khannoussi 2012 53 84 15 (28) 2/3 (67)

Maguchi 2012 349 44 62 (17.8) 9/22 (40)

Ohno 2012 142 42.5 30 (21) 9/30 (30)

Cauley 2012 244 35 30 (12) 2/28 (7)

Bae 2012 152 12.7 18 (12) 1/18 (5)

Total - 2,207 - - 50/228

BD-IPMN, branch-duct intraductal papillary mucinous neoplasm.
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mean frequency of malignancy (defined as high-grade dysplasia 
and invasive cancer) in surgically resected BD-IPMN is 25.5% 
(range, 6.3% to 46.5%) and the mean frequency of invasive 
cancer 17.7% (range, 1.4% to 36.7%).23 However, in surveillance 
studies of presumed BD-IPMNs, the actuarial risk of developing 
cancer has been reported as high as 20% over a 10-year period 
(about 2% per year), although other estimates are lower (Table 2).77 
Estimates of cancer risk are compounded by Japanese investi-
gators reporting the development of concomitant PDAC inde-
pendent from BD-IPMNs within the pancreas.77 In one study of 
183 resected invasive cancers seen in patients with IPMN, 66% 
were classified as PDAC derived from IPMN and 17% as PDAC 
concomitant with IPMN. These findings support the concept 
of a pancreas “field defect” which may give rise to both IPMN 
and PDAC, and the importance of carefully reviewing the entire 
pancreatic parenchyma in addition to the cyst.108 One study sug-
gested that the BD-IPMNs associated with concomitant PDAC 
were predominantly of the gastric subtype.109

2) Clinical evaluation of presumed BD-IPMN
Diagnosis and cancer-risk stratification are the two main 

clinical challenges for BD-IPMN. While the presence of multiple 

pancreatic cysts in the setting of a normal pancreatic duct is 
strongly suggestive of a multifocal BD-IPMN, the presence of 
a solitary pancreatic cyst of any size is a diagnostic challenge. 
The presence of ductal communication on MRI may favor a BD-
IPMN over an MCN, but this is not always seen; and a clinical 
history of pancreatitis may be seen with both a solitary pseu-
docyst and BD-IPMN. Although additional imaging with EUS 
with identification of ductal communication, internal significant 
nodules, and elevated cyst fluid CEA level may be helpful, often 
one is left managing patients with presumed BD-IPMNs in the 
absence of a definite diagnosis. This difficulty in preoperative 
diagnosis is highlighted by a recent study demonstrating that 
even for patients undergoing surgery for presumed BD-IPMN, 
many had main pancreatic duct involvement or an alternate 
diagnosis on pathologic review.110

3) Guidelines for management of presumed BD-IPMN
For patients with a definite diagnosis of a BD-IPMN or those 

with a strong suspicion of a presumed BD-IPMN, the next ma-
jor challenge is risk-stratification for cancer development, a 
crucial determinant of either operative or nonoperative (surveil-
lance) management. The original Sendai guidelines published in 

Fig. 1. The Fukuoka guidelines for the management of presumed BD-IPMN and MCN.
BD-IPMN, branch-duct intraductal papillary mucinous neoplasm; MCN, mucinous cystic neoplasm; CT, computed tomography; MRI, magnetic 
resonance imaging, EUS, endoscopic ultrasound.
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2006 suggested that for patients with definite or presumed BD-
IPMN, cysts greater than 3 cm, or for cysts less than 3 cm with 
symptoms, a dilated main pancreatic duct greater than 6 mm, 
or nodule, surgical resection is indicated.111 The remainder can 
be managed nonoperatively with routine surveillance. Evalu-
ation of these original Sendai guidelines on retrospectively 
collected surgical BD-IPMN patients showed a low positive 
predictive value (PPV) of ~20%, meaning that for every five 
surgical resections, only one patient had an advanced lesion; 
and whereas initial studies suggested a high negative predictive 
value, meaning no cancers are missed, more recent studies have 
questioned this finding.77,112-116 The personalization of recom-
mendations for surgery for presumed BD-IPMNs needs take 
into account several additional factors, including age of patient, 
overall medical condition, operative risk and location of the 
cyst. It has been suggested that for younger patients (<65 years), 
a threshold of 2 cm may be used to determine surgical resection 
due to the cumulative effect of cancer risk during the patients’ 
lifetime.117 Since a size of BD-IPMN >3 cm is a weaker indicator 
of malignancy than the presence of mural nodule and positive 
cytology, BD-IPMN greater than 3 cm without these signs can 
be observed without immediate resection, particularly in elderly 
patients.118 A Fukuoka guideline was recently published giving 
more specific updated recommendations for surgical resection 
and surveillance (Fig. 1). These newer guideline’s operating 
characteristics in the clinical setting needs to be further vali-
dated prospectively.23 

4) Multifocal BD-IPMN
Up to 25%–41% of all BD-IPMNs are multifocal (>2 lesions) 

and with increasing experience, guidelines for the management 
of these multifocal BD-IPMN are being established.77 Large 
surgical series suggest that multifocal BD-IPMN may represent 
a lower risk BD-IPMN than solitary BD-IPMN, and decisions 
about surgery and surveillance should be made on an individual 
cyst basis rather than on the whole collective cysts.77 Partial 
pancreatectomy is the preferred method of treatment for disease 
confined to just one area of the pancreas, or of the area deemed 
to be at highest risk of developing, with surveillance of the re-
sidual pancreas. Rarely, a total pancreatectomy is necessary.119

5) Surveillance strategies
With the accepted low but persistent risk of malignancy in 

the majority of BD-IPMNs, the role of surveillance in the non-
operative management of presumed BD-IPMNs has been further 
refined. In the cumulative series of surveillance for presumed 
BD-IPMN, the surgical intervention rate is <10% and the risk of 
finding an associated malignancy is <5%, suggesting that the 
overall risks are very low even in these highly selected surveil-
lance patients.77 In addition to the level of anxiety this surveil-
lance can cause patients, it also represents a huge economic 
cost, without evidence of improved long-term outcome or qual-

ity of life. It is generally agreed that MRI/magnetic resonance 
cholangiopancreatography (MRCP) is the preferred method of 
surveillance (over CT), due to enhanced ability to see nodules 
and ductal communication, but also due to reduced radiation 
exposure over time.120 

The exact interval of surveillance is unclear. For surveillance, 
patients without high-risk stigmata, as defined by new Fukuoka 
guidelines (symptoms/signs related to IPMN, presence of mural 
nodules, dilation of the main pancreatic duct [>10 mm] or posi-
tive pancreatic juice cytology), should undergo a short interval (3 
to 6 months) pancreatic MRI-MRCP (or CT) to establish stability, 
followed by annual surveillance.23 Concerns over the develop-
ment of concomitant PDAC in the pancreas harboring IPMN has 
prompted some investigators to continue surveillance at close 
intervals.120 However, for subcentimeter cysts, surveillance every 
2 to 3 years seems reasonable.120

Patients with high-risk stigmata detected on surveillance, if 
fit, should undergo resection. Shorter interval surveillance (3 to 
9 months) should be considered in patients whose IPMN pro-
gresses towards these indicators or who already have high-risk 
stigmata and for reasons of operative risk or personal preference 
have chosen heightened surveillance over resection.23 Shorter 
interval surveillance should also be performed for IPMN patients 
with a family history of hereditary PDAC (i.e., >1 first degree 
relatives with PDAC), although whether these patients are sus-
ceptible to more aggressive IPMNs remains unclear.121 Whether 
rapid growth rate correlates with increased risk of malignancy is 
also not known, but closer surveillance including use of EUS is 
recommended in such patients.122 For patients undergoing surgi-
cal resection for noncancerous BD-IPMNs, the overall prognosis 
is excellent, but these patients are always at risk of developing 
significant metachronous cysts in the remaining pancreas, as 
well as concomitant PDAC, necessitating ongoing postoperative 
surveillance.52,123

One controversial question with surveillance is when to stop 
surveying patients with presumed BD-IPMNs. It makes no sense 
to survey when a patient is not a good surgical candidate. Arbi-
trarily, a patient 85 years old is used, but it is really a function 
of the patient’s overall medical condition. The concept of stop-
ping surveillance for a small cyst which shows stability after 2 
years, in any age group, has been also suggested by the Ameri-
can College of Radiology, but there is no good long-term data 
to support this approach.120 The notion of stopping surveillance 
of BD-IPMN is countered by anecdotal stories of patients with 
chronically stable presumed BD-IPMN that grow and develop 
cancer after long periods of stability, and the persistent risk of 
the development of concomitant PDAC in patients with a his-
tory of IPMN.77,124

OTHER RARE CYSTIC NEOPLASMS

Lymphoepithelial cysts of the pancreas are rare lesions com-
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prising 0.5% of all pancreatic cysts, seen in middle-aged men. 
The average size at presentation is 6 cm (range, 1 to more than 
15 cm). These cysts are mostly multiloculated or unilocular 
with septations, often contain focal calcification, and typically 
involve the tail.125 Lymphoepithelial cysts are considered true 
cysts, since they are lined by stratified squamous epithelium 
and surrounded by mature lymphocytes. A variety of theories 
exist about the origin of lymphoepithelial cysts including squa-
mous metaplasia of an obstructed intrapancreatic duct, which 
subsequently protrudes into a peripancreatic lymph node; the 
development from ectopic pancreatic tissues in the peripan-
creatic lymph nodes; or misplaced branchial cleft cysts. These 
cysts can be difficult to preoperatively differentiate from other 
pancreatic cysts such as true cystic neoplasms and pseudocysts, 
and so avoid surgical diagnosis. On CT and MRI imaging, lym-
phoepithelial cysts are more often seen as extrapancreatic com-
pared with other pancreatic cysts. In-phase and out-of-phase 
MRI scans can greatly distinguish lymphoepithelial cysts from 
other cystic lesions of the pancreas. On EUS and EUS-guided 
FNA (EUS-FNA), lymphoepithelial cysts typically appear as hy-
poechoic cystic lesions which are either unilocular or multilocu-
lar, with intracystic hyperechoic debris internally seen rarely. 
EUS-FNA aspirate showing squamous epithelial materials rich 
in lymphocytes strongly support the diagnosis of lymphoepithe-
lial cyst.126 Despite these imaging and biopsy features, surgical 
excision with pathological examination is still often used to 
confirm the diagnosis.

Cystic lymphangioma of the pancreas is a rare benign neo-
plasm, which is typically discovered incidentally in asymp-
tomatic individuals. Lymphangiomas are benign lesions that 
originate from lymphatic vessels and occur most commonly 
in children. Histologically, pancreatic cystic lymphangiomas 
consist of interconnecting cysts separated by septa, lined by 
epithelial cells, and contain serous, serosanguineous, or chylous 
fluid.127 EUS imaging of pancreatic cystic lymphangiomas can 
be similar to mucinous lesions of the pancreas, but the diagnosis 
of pancreatic cystic lymphangioma is made if the aspirated fluid 
is chylous in appearance and has an elevated triglyceride level. 
If the fluid aspirated is serous and only has a mildly elevated 
triglyceride level, then it may be difficult to differentiate from 
other pancreatic cystic neoplasms.128,129 Solid pancreatic tumors 
may present with cystic degeneration. PDAC rarely undergoes 
cystic degeneration, up to 1.6% in one series. Typically PDAC 
grows to a large size (mean of 7 cm) before undergoing cystic 
degeneration.130

ROLE OF IMAGING, EUS AND CYST FLUID ANALYSIS IN 
THE DIAGNOSIS AND MANAGEMENT OF CYSTIC NEO-
PLASMS OF THE PANCREAS

Before evaluating a CNP with EUS and EUS with FNA and 
cyst fluid aspiration, the likely impact of this intervention on 

diagnosis, management and patient outcome needs to be con-
sidered. This is best done in a multidisciplinary setting, after dis-
cussion of the patient’s presentation and operative risk, as well 
as expert review of high-quality CT or MR examinations.131

CT and MRI alone can be useful in the diagnosis and man-
agement of CNP when the classic features of certain CNPs are 
present. For example, a microcystic pancreatic lesion with a 
central stellate calcification on CT imaging is pathognomonic 
of a benign serous cystadenoma; a tortuous dilated main pan-
creatic duct with associated cysts is suggestive of a main duct 
IPMN; and multiple diffuse pancreatic cysts associated with a 
normal caliber main pancreatic duct is likely multifocal BD-
IPMN. However, CT (accuracy, 24% to 61%) and MRI (accuracy, 
74%) alone can be insensitive in correctly identifying the type 
of pancreatic cyst in studies comparing the preoperative imag-
ing diagnosis with surgical pathology.27,29,31,132 Whereas high 
resolution CT using thin sections provides detailed information 
and may provide a presumptive diagnosis if pathognomonic 
features, are present, MRI/MRCP has the advantage of providing 
clear imaging of the pancreatic duct, defining the relationship 
between the pancreatic duct and the cyst, without the associated 
ionizing radiation. Compared with CT, MRI has the ability to 
diagnose additional small pancreatic cysts which might support 
the diagnosis of IPMN.89

1. EUS imaging

However there are several CT and MRI findings of CNPs 
where the diagnosis and the risk of associated malignancy are 
unclear. For example, a multiple macrocystic pancreas lesion 
in the body and tail of the pancreas may represent a benign 
macrocystic serous cystadenoma, or a premalignant mucinous 
lesion such as an MCN or a BD-IPMN.21 In fact, the isolated 
single pancreatic cyst of any size seen on CT or MRI remains 
the most challenging clinical problem, especially in the absence 
of pancreatitis; with the differential including a BD-IPMN, a 
benign pseudocyst and more worrying solid degeneration of 
a solid neoplasm such as a pancreatic ductal adenocarcinoma 
or an endocrine neoplasm. Studies have shown the difficulty 
high quality CT or MRI imaging has in distinguishing mucinous 
from nonmucinous pancreas lesions.77 Despite being an opera-
tor dependent invasive imaging modality, EUS’s clear additive 
strengths compared with CT or MRI are superior higher resolu-
tion imaging of the pancreas (to detect ductal communication, 
additional cyst, nodules and associated masses) and the ability 
to sample the cyst contents for cytologic and fluid analysis.

EUS of the pancreas can often detect a communication be-
tween a pancreatic cyst and a normal main pancreatic duct, 
suggesting a diagnosis of a BD-IPMN, although this finding is 
not always present and can also be seen in patients with pseu-
docyst. When prospectively compared with high quality MRI 
of the pancreas and MRCP, however, both EUS and MRI are 
equivalent at detecting pancreatic cyst-main duct communica-
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tion.133 Sometimes, MRI or CT imaging raises concern about in-
volvement of the main pancreatic duct in the CNP, suggesting a 
possible mixed or main duct IPMN rather than a BD-IPMN. This 
important distinction can be clarified using EUS rather than a 
diagnostic ERCP pancreatogram, which is not routinely recom-
mended in the evaluation of CNPs.

The presence of multiple pancreatic cysts on CT or MRI im-
aging favors an underlying diagnosis of a multifocal type BD-
IPMN. EUS’s superior imaging can certainly detect smaller cysts 
throughout the pancreas, which would support this diagnosis. 
However in prospective studies comparing high quality CT, MRI 
and both linear and radial EUS for the identification of pancre-
atic cyst, MRI and EUS are equivalent and vastly superior to CT 
for the detection of smaller additional cysts.77

The presence of nodules on surgically resected BD-IPMNs is 
associated with increased risk of advanced pathology (high-grade 
dysplasia or invasive cancer) on those specimens. In one study, 
3% of BD-IPMN with low- or intermediate-grade dysplasia had 
a nodule on pathologic review compared with 60% of BD-IPMN 
with high-grade dysplasia or carcinoma.77 Interestingly, none of 
the patients with low-grade dysplasia had evidence of a nodule 
on pathologic examination, and on occasion, the significant 
advanced pathology finding of either high-grade dysplasia 
or invasive cancer was remote from the nodule in the cyst. In 
addition, not all nodules detected are even precancerous. For 
example, the nodules seen in lymphoepithelial cysts are keratin-
izing squamous pearls, and mucin globules account for a large 
percentage of “nodules” seen on imaging of IPMN cysts.

Hence, the importance of finding and characterizing CNP 
mural nodules on preoperative imaging. Although the defini-
tions governing mural nodules on CT/MRI and EUS imaging 
lack standardization in the literature, a meta-analysis suggests 
that finding a mural nodule on CT or MRI imaging of presumed 
BD-IPMN is associated with an increased risk of advanced pa-
thology (high-grade dysplasia/invasive pathology) (odds ratio 
[OR], 9.3; 95% confidence interval [CI], 5.3 to 16.1). However 
when looking just mural nodules identified soley by EUS, the 
risk of an advanced pathology is lower (OR, 3.2; 95% CI, 2.03 
to 5.04). This discrepancy is likely related to the over-diagnosis 
of nonpathologic “mucin” globule by EUS.77 On EUS, mucin 
globules are hypoechoic with a smooth edge and hyperechoic 
rim, and move with patient repositioning or EUS-FNA. Using 
a pathologic gold standard and endosonographer trained to 
distinguish mucin globules from real nodules, a recent study 
showed that EUS was more sensitive than CT in detecting sig-
nificant cystic nodules.77 Although it has been proposed that 
finding a pathologic nodule in a cyst on EUS should favor 
surgical management, it is unclear if there is a nodule size 
threshold, below which surgery could be avoided. Data supports 
surveying patients with large presumed BD-IPMN greater than 
3 cm who do not have nodules;118 and it has also been sug-
gested that presumed small MCNs (unilocular, pancreatic body/

tail location, female gender, middle age, elevated cyst fluid CEA) 
without nodules on EUS can be surveyed closely without opera-
tive intervention. 

2. EUS and pancreatic cyst fluid analysis 

The other major strength of EUS in the evaluation of CNP, 
when compared with CT or MRI, is the ability to safely perform 
cyst fluid aspiration and analysis of cytology and tumor mark-
ers.134 Whereas the specificity for EUS-FNA cytology is close to 
100%, it has a very poor sensitivity (30% to 50% for detecting 
mucinous cysts, and 20% for the diagnosis of a malignant mu-
cinous cysts). This is due to a combination of factors including 
poor cellular yield, insufficient samples, and gastrointestinal 
wall cellular contamination.77,135 Although a variety of strategies 
have been used to improve on this, including targeting FNA 
biopsy, the use of brush cytology, different sample preparation, 
and the use of cytopathology expertise, the results remain poor. 
One additional strategy has been to “lower the bar” and include 
high-grade atypical epithelial cells (which recognizes epithelial 
cells with cellular atypia that is quantitatively and qualitatively 
insufficient for a definite cancer diagnosis) as a positive diag-
nosis. When these criteria are used, the accuracy is increased to 
85%.135

The role of existing and newer pancreatic cyst fluid markers 
continues to be evaluated. The real benefit of measuring cyst 
fluid CEA is in differentiating mucinous from nonmucinous 
pancreatic cysts. For example, a very low CEA (<5 ng/mL) car-
ries a PPV of 94% and an accuracy of 70% for diagnosing a 
serous cystadenoma or pseudocyst over a mucinous CNP. Simi-
larly a very high CEA (>800 ng/mL) carries a PPV of 94% and 
an accuracy of 79% for diagnosing a mucinous CNP over a se-
rous cystadenoma or a pseudocyst.136 However, the exact cutoff 
for pancreatic cyst fluid CEA level for distinguishing mucinous 
from nonmucinous lesions remains unclear. In the prospective 
pancreatic cyst co-operative study, a cutoff of 192 ng/mL was 
associated with an accuracy of 80% in distinguishing mucinous 
from nonmucinous, the best operating characteristic of any fluid 
marker or cytology in that particular study.22 More importantly, 
pancreatic cyst fluid CEA level does not correlate with the risk 
of malignancy. Even though very high levels of cyst CEA (>6,000 
ng/mL) were seen in patients with malignant mucinous lesions 
in one study, the absolute level of the CEA was not a greater 
predictor of cancer, the development of cancer over time, or the 
increase in cyst size over time.22,137 Pancreatic cyst fluid CEA 
level can therefore be helpful in evaluating macrocystic lesions 
of the pancreas where the differential diagnosis includes a be-
nign macrocystic serous cystadenoma (very low CEA level and 
associated satellite microcysts) and a precancerous mucinous 
cystic neoplasm (high CEA, unilocular cyst in body tail of the 
pancreas with internal septations), or a precancerous BD-IPMN 
(high CEA, communication with the main pancreatic duct).21 

Molecular DNA analysis of pancreatic cyst fluid is now also 
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available commercially. However one multi-institutional pro-
spective study (the PANDA study) and several retrospective, 
single institutional studies, have failed to convincingly show 
its defined role.41,77,138-146 Whether the presence of a K-ras muta-
tion, the presence of allelic imbalance, or the quantity/quality of 
DNA is used, alone or in combination with CEA, to differentiate 
between mucinous or nonmucinous cysts, or between benign 
or malignant pancreatic cysts, the operating characteristics of 
these molecular analysis remains poor with low sensitivity and 
specificity.77 

The prospective evaluation of both pancreatic cyst fluid CEA 
and molecular analysis is further compounded by the apparent 
lack of applicability of the results from these studies to patients 
typically seen in regular clinical practice. In both the Pancreatic 
Cyst Cooperative Study and the PANDA study, 35% to 43% of 
the patients had a final diagnosis of a malignant cyst, which is 
much higher than would expect in a regular patient population. 
Furthermore, the types of pancreatic cyst which gastroenterolo-
gists need most help with, were not represented well in these 
studies. For example, the number of patients with cysts less 
than 2 cm ranged from 27% to 40% of the entire study group, 
and for those with a final mucinous pathology only 29% to 
40% were less than 2 cm in size. Re-evaluation of the operating 
characteristic of these markers is needed in the patient popula-
tion which gastroenterologist and surgeons in community prac-
tice typically see and have the greatest difficulty in managing.77 
Additional validation of newer pancreatic cyst fluid markers 
such as GNAS or miRNA may assist in improved diagnosis and 
cancer risk prediction, as well as further refining stratification 
for patients in pancreatic cyst surveillance programs.77,102,139

3. Therapeutic EUS

EUS-guided ablation of pancreatic cysts, with either ethanol 
or ethanol followed by paclitaxel for large unilocular cyst with-
out obvious ductal communication or high-risk pancreatic cysts 
where the patient refuses surgery or is considered too high risk, 
has been proposed.147-152 Although associated with complica-
tions including pancreatitis (2% to 10%), abdominal pain (2% to 
20%) and splenic vein obliteration, follow-up for these patients 
does show CT-confirmed resolution of the cysts.153 Information 
about degree of cyst ablation is available on a smaller number 
of patients who underwent surgical resection, where complete 
cyst epithelial ablation occurred in between 0% and 100% of 
patients. However, due to concerns about incomplete destruc-
tion of premalignant tissue, uncertainty about impact on natural 
history of CNPs, persistent risk of concomitant PDAC, and lack 
of long-term outcomes, this approach is still considered experi-
mental and should be performed under a research protocol.

4. Which patients with CNP benefit from EUS?

After expert multidisciplinary discussion and review of CT 
or MRI imaging, can we determine which patients benefit from 

further EUS evaluation? Patients with solitary subcentimeter or 
multiple subcentimeter pancreatic cysts in the setting of a nor-
mal pancreatic duct are unlikely to benefit from additional EUS 
evaluation, as the likely diagnosis here is a BD-IPMN, with the 
chances of having a cancer or developing an invasive cancer 
before the next interval noninvasive surveillance being very 
low.77 For patients with the classic radiologic features of a mi-
crocystic serous cystadenoma, including a central stellate scar, 
the addition of EUS rarely alters diagnosis, management or out-
come. Rarely, the CT/MR and even EUS imaging of a microcys-
tic serous cystadenoma can be mistaken for a solid pancreatic 
endocrine neoplasm.154,155 This can be a good indication for an 
EUS-guided core biopsy to confirm the diagnosis.155

EUS has select benefit in other patients with CNP. As previ-
ously mentioned, if the clinical presentation and imaging raises 
concerns about differentiating between a macrocystic serous 
cystadenoma and a mucinous neoplasm (MCN or BD-IPMN), 
then EUS and cyst fluid aspiration may be helpful. When mul-
tidisciplinary evaluation and expert review of high quality CT 
and MR raises the possibility of a solid component or focal or 
diffuse main duct involvement of a solitary cyst, then EUS can 
help clarify these finding and enhance the diagnostic certainty. 
This can be especially important in patients with chronic pan-
creatitis or recurrent acute pancreatitis, where focal or diffuse 
main duct abnormalities may represent main duct IPMN rather 
than the features of chronic pancreatitis. EUS may also be use-
ful in the select evaluation of patients with presumed BD-IPMN 
greater than 3 cm. Although current guidelines would favor 
surgical management based on size alone, for patients who are 
elderly, poor operative candidates or just reluctant to undergo 
surgery in the absence of a more definite diagnosis of high-
grade dysplasia or invasive cancer, the lack of nodules on EUS 
in cysts greater than 3 cm may help determine a subgroup of 
patients with presumed BD-IPMN who are suitable for close 
surveillance rather than surgery.

EUS has a definite role for patient with solitary or multifocal 
cysts between the sizes of 1 and 3 cm, especially those without 
worrisome features on CT or MRI imaging, although the newer 
Fukuoka guidelines question the value of EUS for cyst less than 
2 cm without worrisome features. Most of these are presumed 
to be single or multifocal BD-IPMN and are typically managed 
with surveillance in the absence of worrisome features on CT or 
MRI imaging. Prior to initiating a long-term, noninvasive sur-
veillance strategy which may include MRI or CTs every 1 to 2 
years, a single EUS can be helpful to rule out associated masses 
(e.g., CPEN), assess for internal nodules and check a cyst fluid 
cytology and CEA to confirm the diagnostic suspicion of a mu-
cinous cyst. In a surveillance program, imaging with EUS may 
prove to be useful for cysts, which are increasing in size to rule 
out an associated malignancy.77 Although there is limited data, 
a rapid increase in cyst size has been associated with increased 
risk of advanced pathology. The propensity for benign serous 
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cystadenomas to increase in size must be considered and EUS 
may be able to differentiate these two entities.77

SURGICAL TREATMENT

Surgical resection is the treatment of choice for symptomatic 
patients with cystic neoplasms of the pancreas and for those 
with incidentally-discovered tumors that are deemed to have 
a high likelihood of malignancy (i.e., mucinous cystic neo-
plasms, CPEN, solid pseudopapillary neoplasm, and main- [and 
combined-] duct IPMN). The type of resection depends on the 
location of the lesion. In a recent series comprising 851 resected 
cystic tumors, 44% required a distal pancreatectomy, 43% a 
pancreatoduodenectomy (Whipple procedure), 7% a middle 
pancreatectomies (where the end of the pancreas towards the 
duodenum is closed, and the one coming from the tail is anas-
tomosed to either the stomach or jejunum), and the remaining 
were enucleations (usually reserved for small lesions with low 
risk of malignancy), other atypical pancreatic resections, and 
total pancreatectomies.10 The extent of pancreatic resection, 
especially for IPMN, should be guided by intraoperative frozen 
section examination until disease free margins are obtained. If 
high-grade dysplasia or invasive cancer are present at the surgi-
cal margin, then further resection is warranted.156 This and other 
series show that operative mortality when these operations are 
done in specialty centers can be kept under 1%, but that com-
plications still occur in over 40% of patients.10,157 However, these 
results from high volume centers are likely to underestimate the 
overall rates of mortality and morbidity associated with pancre-
atic surgery for pancreatic cystic neoplasms.81 In many centers, 
laparoscopic resections, particularly distal pancreatectomies, are 
being increasingly used for cystic neoplasms of the pancreas. In 
addition to the morbidity of the operation, long-term sequelae 
of the loss of pancreatic parenchyma (e.g., diabetes, exocrine 
insufficiency, and effects on quality of life) need to be weighed 
carefully.

1. Postoperative surveillance

In the absence of histologic evidence of invasive cancer, pa-
tients with surgical resection of pancreatic cystic endocrine neo-
plasm, serous cystadenoma and mucinous cystic neoplasm, do 
not require additional surveillance. However, due to malignant 
risk of existing IPMNs and the 15% to 25% risk of developing 
new IPMNs in residual pancreas, all patients with proven IPMN 
should undergo surveillance, not just for existing or new IPMN, 
but also because of the increased risk of concomitant pancreatic 
ductal adenocarcinoma. Patients with invasive IPMN should be 
managed and surveyed as per PDAC guidelines. Patients with 
noninvasive IPMN should be surveyed based on the findings of 
the residual pancreas. The largest remaining cyst should dictate 
surveillance strategies per recent guidelines. For patients without 
cysts in the residual pancreas, then surveillance imaging at an 

interval of 2 years is recommended. For those, who in addition 
also had low-grade or moderate-grade dysplasia at the resection 
margin, more close surveillance imaging every 6 months is war-
ranted.

FUTURE DIRECTIONS

1. Multidisciplinary management

The lack of accurate imaging and cyst fluid biomarkers, 
makes the precise management decisions for pancreatic cystic 
neoplasms (i.e., surgery vs surveillance) more difficult. This is 
supported by the high rates of resection of “benign” pancreatic 
cysts, as well as the development of incident malignancy on 
surveillance follow-up.158 Hence it is likely that the manage-
ment of these patients will benefit from the consensus input of 
the various disciplines involved in their care: gastroenterology, 
surgery, pathology, radiology. The evolution of these multi-
disciplinary pancreas cysts clinics has the potential to alter 
diagnosis, management and overall outcome in this group of 
patients.159-161

2. Novel pancreatic cyst fluid biomarkers

Due to the imperfect nature of pancreatic cyst fluid cytol-
ogy and CEA, there is still a need for improved diagnostic and 
predictive cyst fluid biomarkers for pancreatic cystic neoplasms, 
both in differentiating mucinous from nonmucinous lesions, but 
for also assessing the degree of dysplasia. Two promising areas 
for biomarker development include mucins and miRNA.

Pancreas mucins (MUCs) are heavily glycosylated high-
molecular weight glycoproteins, which play an important role 
in lubrication and protection of the pancreatic duct lining. Sev-
eral human MUC genes exist and proteomic analysis may dis-
tinguish the different histopathologic subtype of IPMN.162 Cyst 
fluid MUC profiles could diagnose gastric subtype of IPMN (low 
MUC2, MUC4 and MUC5A) compared with nongastric subtypes, 
with higher levels of MUC2 and MUC4 levels clustering with 
degree of dysplasia.163 MUC7 RNA gene expression from EUS-
FNA biopsy was significantly associated with pancreatic ductal 
adenocarcinoma, and less so for IPMN.164

miRNAs are small noncoding RNAs which regulate the stabil-
ity and translation of mRNA transcription. Elevated levels of 
miR-21 and miR-155 were found in surgical resection speci-
mens to be associated with advanced degrees of dysplasia in 
IPMN.165 More recent data has suggested the elevated levels of 
miR-21 and miR-221 in pancreatic cyst fluid is also associated 
with advanced degrees of dysplasia.102
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