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Outline

ÅPancreatic cysts
ïSubtypes

ïAncillary testing available
ÅFor differential diagnosis

ÅFor assessment of malignancy potential

ÅSolid pancreatic tumors

ÅPancreaticobiliary exfoliative cytology and 
biliary tumors

ÅMolecular testing for targeted therapies



Pancreatic Cysts - Background

ÅPancreatic cysts are diverse and common 
lesions that vary in clinical, radiological and 
pathological characteristics

ÅExtremely common, affecting approximately 
2.6% of asymptomatic adults

ÅMore than 8% in people older than 80 years of 
age

ÅMost cysts are benign, including mucinous
cysts



Pancreatic Cysts - Background

ÅCytological evaluation is the first step in the 
assessment of the pancreatic cyst fluid
ïOften hampered by high rates of false negative and 

indeterminate diagnoses, due mainly to hypocellular 
or acellular specimens

ïSmall core needle biopsy available mostly for solid 
tumors

ÅBiochemical and molecular analysis of pancreatic 
cyst fluid can be extremely helpful in the 
assessment of pancreatic cystic lesions



Pancreatic Cysts - Background

ÅThe three types of cysts most commonly 
encountered are:
ïSerous cystadenoma(SCA), considered to have 

low malignant potential

ïMucinouscystic neoplasm (MCN)

ïIntraductalpapillary mucinousneoplasm (IPMN)
ÅLast two considered to have malignant potential

ÅThese three types account for circa 80% of 
resected specimens



Pancreatic Cyst FNA

ÅApproximately 50% of cases of FNA of pancreatic 
cysts have an indefinite diagnosis frequently 
related to paucicellularor acellularspecimens

ÅCystic fluid carcinoembryogenicantigen (CEA) 
levels over 192 ng/ml correlates with a mucinous 
cyst

ÅHowever, only a positive cytology can definitely 
separate a malignant cyst from those with benign 
behavior
ïDoes so with relatively low sensitivity
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CEA Testing

ÅA cystic fluid CEA concentration higher than 
192 ng/ml strongly correlates with a mucinous
cyst (Bruggeet al. 2004)

ïUsing this CEA threshold value for diagnosing a 
mucinous cyst, yields a sensitivity and specificity 
of 75% and 84%, respectively

ïNo difference in CEA values is seen between 
mucinouspremalignant and malignant cysts



PANCREATIC CYSTS AND 
THEIR COMMON 
MOLECULAR ALTERATIONS 



Serous Cystadenomas
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Serous Cystadenomas



Serous Cystadenomas

Å1-2% of pancreatic neoplasms

ÅSCAs most commonly occur in patients in their 
7th decade of life

ÅSignificant predilection for women (70%)

Å80%  found in the head and body of the 
pancreas

ÅHistologically, SCAs are composed of multiple 
small compartments, lined by glycogen 
containing cuboidal cells



Photo courtesy of Mary Bronner, MD



Serous Cystadenomas

ÅThe risk of malignant transformation of SCA is 
very small, with only 0.7% of patients 
developing liver metastases
ïMetastatic disease is correlated with a cyst 

diameter over 10 cm

ÅSurgical resection of SCA should be considered 
if cysts are symptomatic or when 
differentiation from a mucinous cyst is not 
possible

ÅThe vast majority of patients with SCA will 
undergo surveillance.



Serous Cystadenomas

Å10% sensitivity on cytology alone

Åст҈ ƘŀǾŜ ά±I[-ǊŜƭŀǘŜŘ ŀƭǘŜǊŀǘƛƻƴǎέ

ïVHL mutations

ïLOH at the VHL locus (3p25)

ïAneuploidy of chromosome 3

ïNot seen in mucinous neoplasms

ïCan be seen in up to 25% of pancreatic 
neuroendocrine tumors (PanNETs)



MucinousCystic Neoplasms
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MucinousCystic Neoplasms



MucinousCystic Neoplasms

Å20% of resectedpancreatic cysts
ÅHistologically characterized by the presence of ovarian-type 

stroma, with overlying cyst lining consistent of mucin-
secreting columnar cells

ÅER/PR positive
ÅMCNs occur almost exclusively in female patients (95-98%)
ÅPeak age distribution in the late 40's (range: 19-80)
Å99% found in the body or tail of the pancreas
ÅReported 13.4% with high-grade dysplasia (HGD) and 3.9% 

with associated invasive cancer component
ÅInternational consensus guidelines recommend surgical 

resection for MCN cases



MucinousCystic Neoplasms

ÅThick, colloid-like extracellular mucin

ÅMucinous cyst lining

Å9ƭŜǾŀǘŜŘ /9! όҗмфн ƴƎκƳƭύ

ÅPresence of dysplasia (high or low)

ÅPresence or absence of invasion

ÅResection regardless of grade of dysplasia

ÅNo known specific mutation for MCN



IntraductalPapillary Mucinous
Neoplasms
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IntraductalPapillary Mucinous
Neoplasms



Intraductal Papillary Mucinous 
Neoplasms

Å50% of the pancreatic cysts resected
ÅEqual frequencies in men and women
ÅPeak age in the 7th decade of life
ÅSub-classified into three types, based on which duct 

structures are involved:
ïMain-duct IPMNs (MD-IPMN)
ïBranch-duct IPMNs (BD-IPMN)
ïMixed IPMNs (mixed IPMN)

ÅMD-IPMNs are most often lined by intestinal-type 
secretoryepithelium, and tend to demonstrate more 
cytologicatypiawhen compared to BD-IPMNs, which 
most often have a gastric-type secretoryepithelium



Intraductal Papillary Mucinous 
Neoplasms

ÅInternational consensus guidelines define MD-
IPMN as a segmental or diffuse dilation of the 
MPD greater than 5 mm

ÅIncidence of malignant change was significantly 
higher in MD-IPMN (69.7%) compared with BD-
IPMN cases (17.9%)
ïSame study showed that patients with an invasive 

carcinoma had a significantly worse outcome if it was 
derived from BD-IPMN compared with those derived 
from MD-IPMN (Okabayashiet al. 2013)



Intraductal Papillary Mucinous 
Neoplasms

Å3-5% of pancreatic tumors 

Å20% of neoplastic pancreatic cysts

Å70% arise in the head of the pancreas

ÅPrognosis excellent for non-invasion

ÅHigh risk features include:

ïMain duct involvement

ïMural nodule

ïHigh-grade dysplasia or carcinoma



KRAS Mutation and CEA Analysis

ÅKRASmutations (codon12 or 13) are present in the 
fluid of about 30% of pancreatic cystic lesions

ÅKRAStesting of the cyst fluid is valuable, especially in 
those cases where the CEA level is low, as the presence 
of KRASmutations supports the diagnosis of a 
mucinouscyst

ÅThe added value of molecular testing can be small 
compared with the combination of cytology and CEA 
testing, at least in cases where the CEA levels are 
elevated
ïA negative KRAS test may be due to insufficient and 

possibly non-representative DNA and therefore does not 
exclude a neoplasticmucinouscyst.



KRAS Sequencing



GNAS Mutation Analysis

Å Guanine nucleotide protein, alpha stimulating (GNAS) mutations 
differentiate MCN from IPMN (Wu et al. 2011)

Å Although, like KRAS, GNASdoes not distinguish benign from malignant 
cysts, this finding may be helpful in patient management
ï MCNs are generally resectedregardless of grade

Å Mutations at codon 201 of the GNAS gene where found in 66% of IPMNs
Å Codon 227 the second most commonly mutated
Å Moreover, GNASmutations were not found in other types of cystic 

neoplasmsof the pancreas or in PDACs not associated with IPMNs

Image: Shi et al. Mod Pathol2013;26:1023-31.



GNAS Mutations

ÅProspective study running NGS on IPMN cyst 
fluid

ÅKRAS and/or GNAS mutations found in 100% 
of IPMNs (Singhiet al. 2016)

ÅGNAS mutations 100% specific for IPMNs

ÅKRAS/GNAS mutations show 89% sensitivity 
and 100% specificity for mucinous cysts



Intraductal Papillary Mucinous 
Neoplasms

ÅKRAS mutations in 66% of cases
ÅGNAS mutations in 96% of cases
ÅSMAD/DPC4 and CDKN2A mutations/loss of 

function or expression seen in high-grade 
dysplasia or carcinoma related IPMNs
ÅPreoperative detection of mutations in TP53, 

PIK3CA, PTEN and AKT1 have high sensitivity and 
specificity for IPMN with high-grade dysplasia
ÅSame for GNAS mutations with high VAF (55% or 

higher)



Solid Pseudopapillary 
Neoplasm
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Solid Pseudopapillary Neoplasms

Å<2% of pancreatic neoplasms
ÅAccount for <5% of the resected pancreatic cysts 
ÅPrimarily young women
Å -̡catenin (CTNNB1) activating mutations (95-

100% of cases)
ÅNuclear and cytoplasmic accumulation of -̡

catenin
ÅAllelic loss of chromosome 11q the most 

common abnormality
ÅAPC mutations have also been described



KRAS/GNAS/VHL/RNF43/CTNNB1 
Panel Analysis

ÅDeveloped a panel of markers that appears to 
distinguish the major types of pancreatic cysts 
(Vogelstein et al.)

ÅSequenced the exomes of the four most 
common types of pancreatic cysts and 
identified five genes:

ïVHL, RNF43, CTNNB1, GNASand KRAS



KRAS/GNAS/VHL/RNF43/CTNNB1 
Panel Analysis

Image from: Law et al. CurrOpinGastroenterol2013;59:509-16.



Other Pancreatic Cysts

ÅOther uncommon pancreatic cysts include:

ïPseudocysts

ïCystic degeneration of solid neoplasms 

ïCystic neuroendocrine tumors (PNETs)

ïCystic pancreatic ductal adenocarcinoma (PDAC)



SOLID PANCREATIC LESIONS



PANCREATIC DUCTAL 
ADENOCARCINOMA





Common Mutations in PDAC

ÅKRAS, TP53, SMAD4/DPC4 and CDKN2A are the 
most common mutations in pancreatic ductal 
adenocarcinomas

ÅMost cases will show TP53 loss or overexpression 
pattern by IHC

ÅAbout 55% will show loss of SMAD4 by IHC

ÅPDAC with CDX2 expression (about 1/3 of cases) 
have been suggested to have shorter OS, 
compared to those with no CDX2 expression



KRAS Mutations in Pancreatic Solid 
Tumors

ÅNon-specific

ÅFound in both low-grade PanINand other 
pancreatic neoplasms

ÅNot useful in distinguishing premaligant
neoplasms from PDAC



PANCREATIC NEUROENDOCRINE 
NEOPLASMS





Synaptophysin
Chromogranin
CD56



Pancreatic Neuroendocrine Tumors 
(PanNETs)

Å1-2% of all pancreatic lesions

ïMost non-functional

ÅCan undergo cystic degeneration

ÅEstablished NET morphologic criteria apply

ïIncluding mitotic count/Ki-67

ÅExpress NE markers

ïCD56 the most sensitive by least specific

ÅCan be expressed in SPN



(Cystic) Pancreatic Neuroendocrine 
Tumors (PanNETs)

ÅMost common mutations occur in DAXX and 
ATRX genes

ï~50% of cases

ïIHC stains available as surrogates of molecular 
testing

ÅDAXX/ATRX loss is associated with increased 
risk of metastasis and reduced PFS



(Cystic) Pancreatic Neuroendocrine 
Tumors (PanNETs)

ÅMEN1 and/or TSC2 mutations present in a subset 
of PanNETs

ÅMutations in genes in the mTOR pathway

ÅMEN1 somatic mutations can be seen in up to 
45% of sporadic cases
ïGermline MEN1 mutations in familial (MEN1) cases

ïCan also have VHL

ÅCopy number alterations (CNAs)
ïAssociated with decreased DFS and DSS



Pancreatic Neuroendocrine 
Carcinomas (PanNECs)

ÅInfrequently associated with MEN1

ÅRetain DAXX/ATRX
ïNegative for mutations in those genes

Å~95% overexpress p53 by IHC
ïMutations in TP53 gene

Å60-90% show loss of pRb
ïMutations of RB1 gene

Å10-40% show loss of p16
ïMutations of CDKN2A gene



From: Science 2014;331:1199ς203.



ACINAR CELL CARCINOMA


