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A Pancreatic cysts
I Subtypes

I Anclillary testing available
AFor differential diagnosis
AFor assessment of malignancy potential

A Solid pancreatic tumors

A Pancreaticobiliary exfoliative cytology and
biliary tumors

A Molecular testing for targeted therapies



Pancreatic CystsBackground

A Pancreatic cysts are diverse and common
esions that vary In clinical, radiological and
nathological characteristics

A Extremely common, affecting approximately
2.6% of asymptomatic adults

A More than 8% in people older than 80 years o
age

A Most cysts are benign, includimgucinous
cysts




Pancreatic CystsBackground

A Cytological evaluation is the first step in the
assessment of the pancreatic cyst fluid

I Often hampered by high rates of false negative and
Indeterminate diagnoses, due mainly to hypocellular
or acellular specimens

I Small core needle biopsy available mostly for solid
tumors
A Biochemical and molecular analysis of pancreatic
cyst fluid can be extremely helpful in the
assessment of pancreatic cystic lesions



Pancreatic CystsBackground

A The three types of cysts most commonly
encountered are:

I SeroucystadenomgSCA), considered to have
low malignant potential

I Mucinouscystic neoplasm (MCN)
I Intraductalpapillarymucinousneoplasm (IPMN)
ALast two considered to have malignant potential

A These three types account for circa 80% of
resected specimens



Pancreatic Cyst FNA

A Approximately 50% of cases of FNA of pancreatic
cysts have an indefinite diagnosis frequently
related topaucicellulaor acellularspecimens

A Cystic fluiccarcinoembryogeniantigen (CEA)
levels over 192 ng/ml correlates with a mucinous
cyst

A However, only a positive cytology can definitely

separate a malignant cyst from those with benign
behavior

I Does so with relatively low sensitivity
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CEA Testing

A A cystic fluid CEA concentration higher than
192 ng/ml strongly correlates with aaucinous
cyst Bruggeet al. 2004)

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

I No difference in CEA values Is seen between
mucinouspremalignant and malignant cysts
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SerougLystadenomas

A 1-2% of pancreatic neoplasms

A SCAs most commonly occur in patients in thei
/th decade of life

A Significant predilection for women (70%)

A 80% found in the head and body of the
pancreas

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



Photo courtesy of Mary Bronner, MC



SerougLystadenomas

A The risk of malignant transformation of SCA is
very small, with only 0.7% of patients
developing liver metastases

I Metastatic disease Is correlated with a cyst
diameter over 10 cm

A Surgical resection of SCA should be considere
If cysts are symptomatic or when
differentiation from a mucinous cyst Is not
possible

A The vast majority of patients with SCA will
undergo surveillance.



SerougLystadenomas

A 10% sensitivity on cytology alone
Ac 1572 KI NS fa-HIISR £ G SNJ

I VHL mutations

I LOH at the VHL locus (3p25)

I Aneuploidy of chromosome 3

I Not seen in mucinous neoplasms
|

I Can be seen in up to 25% of pancreatic
neuroendocrine tumorsfanNET)s
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MucinousCysticNeoplasms

A 20% ofresectedpancreatic cysts

A Histologically characterized by the presence of ovatyque
stroma, with overlying cyst lining consistent of mucin
secreting columnar cells

A ER/PR positive

A MCNs occur almost exclusively in female patients98%)
A Peak age distribution in the late 40's (range:809
A 99% found in the body or tail of the pancreas

A Reported 13.4% with higgrade dysplasia (HGD) and 3.9%
W|th associated invasive cancer component

A International consensus guidelines recommend surgical
resection for MCN cases




MucinousCysticNeoplasms

A Thick, colloidike extracellular mucin

A Mucinous cyst lining

A9f SOl USSR /9! O&XMMH VY-
A Presence of dysplasia (high or low)

A Presence or absence of invasion

A Resection regardless of grade of dysplasia

A No known specific mutation for MCN
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Intraductal Papillary Mucinous

Neoplasms

A 50% of the pancreatic cystssected

A Equal frequencies in men and women

A Peak age in the 7th decade of life

A Subclassified into three types, based on which duct
structures are involved:
i Main-duct IPMNs (MBPMN)
I Branchduct IPMNs (BEPMN)
I Mixed IPMNs (mixed IPMN)

A MD-IPMNs are most often lined by intestirgibe
secretoryepithelium, and tend to demonstrate more

cytologicatypiawhen compared to BIPMNSs, which
most often have a gastriype secretoryepithelium



Intraductal Papillary Mucinous
Neoplasms

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

A Incidence of malignant change was significantly
nigher in MBIPMN (69.7%) compared with BD
PMN cases (17.9%)

I Same study showed that patients with an invasive
carcinoma had a significantly worse outcome if it was
derived from BEIPMN compared with those derived
from MD-IPMN Qkabayashet al. 2013)




Intraductal Papillary Mucinous
Neoplasms

A 3-5% of pancreatic tumors

A 20% of neoplastic pancreatic cysts

A 70% arise in the head of the pancreas
A Prognosis excellent for nenvasion

A High risk features include:
I Main duct involvement
I Mural nodule
I Highgrade dysplasia or carcinoma



KRAS Mutation and CEA Analysi:

A KRASnutations €odon12 or 13) are present in the
fluid of about 30% of pancreatic cystic lesions

A KRASesting of the cyst fluid is valuable, especially in
those cases where the CEA level is low, as the present
of KRA®nutations supports the diagnosis of a
mucinouscyst

A The 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

I A negativeKRA$est may be due to insufficient and

possibly norrepresentative DNA and therefore does not
exclude aneoplasticnucinouscyst.



KRAS Sequencing

1S: 12GGT-GAT
12G-D0.68

1S: 12GGT-GAT
12 G-D 0.60
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GNAS Mutation Analysis

Wild Type CGT > CAT (p. R201H) CGT > TGT (p. R201C)

T 6 C € G T 6 2T C T G B C & 26 > C 8 8 € 6 -6 T C

Arg ' Val Cys Arg Cys Arg Val
201 202 200 201 202 200 ) 201
|

Guanine nucleotide protein, alpha stimulatifgNJA$ mutations
differentiate MCN from IPMN (Wu et al. 2011)

Although, likeKkRASGNASIoes not distinguish benign from malignant
cysts, this finding may be helpful in patient management

I MCNs are generallgsectedregardless of grade
Mutations at codon 201 of th&NAene where found in 66% of IPMNs
Codon 227 the second most commonly mutated

Moreover, GNASnutations were not found in other types of cystic
neoplasmsof the pancreas or in PDACSs not associated with IPMNs

Image: Shi et al. MoBathol2013;26:102331.



GNAS Mutations

A Prospective study running NGS on IPMN cyst
fluid

A KRAS and/or GNAS mutations found in 100%
of IPMNs §inghiet al. 2016)

A GNAS mutations 100% specific for IPMNs

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



Intraductal Papillary Mucinous
Neoplasms

A KRAS mutations in 66% of cases
A GNAS mutations in 96% of cases

A SMAD/DPC4 and CDKN2A mutations/loss of
function or expression seen in higinade
dysplasia or carcinoma related IPMNs

A Preoperative detection of mutations in TP53,
PIK3CA, PTEN and AKT1 have high sensitivity al
specificity for IPMN with highrade dysplasia

A Same for GNAS mutations with high VAF (55% o
higher)
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Solid Pseudopapillary Neoplasms

A <2% of pancreatic neoplasms
A Account for <5% of the resected pancreatic cysts
A Primarily young women

Ai -catenin (CTNNB1) activating mutations-(95
100% of cases)

A Nuclear and cytoplasmic accumulation of
catenin

A Allelic loss of chromosome 11g the most
common abnormality

A APC mutations have also been described



KRAS/GNAS/VHL/RNF43/CTNNB1
Panel Analysis

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

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

I VHL RNFA3CTNNBIGNASNdKRAS



KRAS/GNAS/VHL/RNF43/CTNNB1
Panel Analysis
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Image from: Law et aCurrOpinGastroenteroR013;59:50916.



Other Pancreatic Cysts

A Other uncommon pancreatic cysts include:
I Pseudocysts
I Cystic degeneration of solid neoplasms
I Cystic neuroendocrine tumors (PNETS)
I Cystic pancreatic ductal adenocarcinoma (PDAC)
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Common Mutations in PDAC

A KRAS, TP53, SMAD4/DPC4 and CDKN2A are th
most common mutations in pancreatic ductal
adenocarcinomas

A Most cases will show TP53 loss or overexpressio
pattern by IHC

A About 55% will show loss of SMAD4 by IHC

A PDAC 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

A Non-specific

A Found in both lowgradePanINand other
pancreatic neoplasms

A Not useful in distinguishingremaligant
neoplasms from PDAC












Pancreatic Neuroendocrine Tumors
(PanNET)s

A 1-2% of all pancreatic lesions
I Most nonfunctional

A Can undergo cystic degeneration
A Established NET morphologic criteria apply
I Including mitotic count/k67

A Express NE markers

I CD56 the most sensitive by least specific
ACan be expressed in SPN



(Cystic) Pancreatic Neuroendocrine
Tumors PanNET)s

A Most common mutations occur in DAXX and
ATRX genes

I ~50% of cases

I IHC stains available as surrogates of molecular
testing

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



(Cystic) Pancreatic Neuroendocrine
Tumors PanNET)s

A MEN1 and/or TSC2 mutations present in a subse
of PanNETs

A Mutations in genes in the mTOR pathway

A MEN1 somatic mutations can be seen in up to
45% of sporadic cases
I Germline MEN1 mutations in familial (MEN1) cases
| Can also have VHL

A Copy number alterations (CNAS)
I Associated with decreased DFS and DSS



Pancreatic Neuroendocrine
CarcinomasRanNEQs

A Infrequently associated with MEN1

A Retain DAXX/ATRX
I Negative for mutations in those genes

A ~95% overexpress p53 by IHC
I Mutations in TP53 gene

A 60-90% show loss afRb
I Mutations of RB1 gene

A 10-40% show loss of p16
I Mutations of CDKNZ2A gene



Table 1

Comparison of commonly mutated genes in PanNETs and PDAC*

{1
Genes

MENI]

DAXX, ATRX
Genes in mTOR pathway
TP53
KRAS
CDKN2A4
TGFBRI, SMAD3, SMAD4

a : : .
Includes point mutations and indels.

b
Data from Jones ef al ., Science 321, 1801 (2008).

c
Based on 68 PanNETs and 114 PDACSs,.

: Science 2014;331:1X993.







