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Outline

ATypes of samples
ANormal pancreatic components

AContamination

APattern based cytomorphology

ASolid lesions

A Glandular

A Loosely cohesive, single cells
A Cystic lesions

A Non-mucinous

A Mucinous

https://www.cancer.gov/publications/dictionaries/ca
ncer-terms/def/pancreas



Sampling
AEndoscopic ultrasonography (EUS)

AEndoscopic retrograde
cholangiopancreatography (ERCP)

ABoth methods may be used in
certain settings (Endosonographic
cholangiopancreatography ESCP)

AFine needle aspiration, biliary
brushings, or core biopsies

—— -\

_ Bile duct

PMID: 10588967



Biliary tract brushing cytology

ASingle slide ThinPrep, no cell
block

ALimited ancillary testing
ASensitivity: moderate
ASpecificity: high

ATumors that can be directly
visualized are more readily
diagnosed

ASampling error: Stenosis, small
tumor size, submucosal growth
poor cellular preservation, etc

https://www.bostonscientific.c
om/en-US/products/cytology-
brushes/rx-cytology-brush.htmi



Fine needle aspiration

ACan evaluate cystic and solid

lesions _
ACystic lesions (no ROSE) Erdount o =
A Able to allot cystic fluid for T
cytology, chemistry analysis, [,(,/
and genetic testing -
ACytology is generally &hinPrep  weae | L .
without cell block \ & )

AAccurate and cost effective

https://stanfordhealthcare.org/medical -treatments/t/therapeutic -
endoscopy/procedures/treatment-pancreatic-cystic-tumors.html



Fine needle biopsy

AResults in a small tissue core
ARetains tissue architecture
ADesmoplastic stroma

ATouch preparations for ROSE
AAncillary testing possible
APossibly fewer passes

ASimilar risk of complications
(1-2% pancreatitis)

PMID: 36871105



Benign pancreaticobiliary tissue

AAcinar epithelium
A High cellularity
A Granular cytoplasm
A Grape-like structures

ADuctal epithelium
Al G ¢ q A HEOaYAHMLE 6 1 Hngdindlr¥
glandular epithelial cells
A Round to oval uniform, evenly spaced nuclei
A Smooth nuclear membranes

Alslet cells
A Generally, not recognized
A Small clusters of uniform polygonal cells







Contaminants

ADuodenal epithelium

A Large, flat sheet of noAmucinous,
evenly spaced epithelial cells

A Scattered goblet cells (uniform with
starry sky pattern)

A Lymphocytes
A Brush border on luminal edge

AGastric epithelium

A Small group of mucinous, evenly
spaced epithelial cells

A Apical cytoplasmic mucin

A No goblet cells, lymphocytes or
brush border

PMID: 1742722<



Contaminants




Cystic Solid
: Non- Dispersed/loosely
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Dispersed/loosely

. f 7 ; Neuroendocrine Acinar Cell Solid pseudopapillary q
Adenocarcinoma Metastatic Neoplasm e e neoplasm Splenule Lymphoma Pancreatoblastoma Metastatic




Case 1.:

78 y/o male with history of prostate cancer and colon

HcUHNDI AWHYq6 WRUWI WaAGRtt RYUWNY! Wwe
fatigue, weakness, and jaundice for 10 days.

CT shows pancreatic head mass. ERCP/EUS for biopsy

and stent placement.
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Adenocarcinoma

AVariable cellularity with cohesive 3
dimensional fragments o
Al | 2Ut JUWEYUII! HYJd Hw a
AHigh N/C ratios

AAnisonucleosis (4 to 1 in the same
gland/duct)

ACharacteristics that increase as
differentiation decreases:

A Single cells

A Prominent nucleoli
A Pleomorphism

A Necrosis




Huffman et al scoring system for the EUS
FNA diagnosis

AAnisonucleosis (greater than f——

Diagnostic features (present vs. absent) Sens Spec AUROC Sel Spec AUROC
4x), macronucleoli, single i i I
76 97 0.87
Muclear membrane irmegularity &6 59 0.73 20 T8 0.84
87

85 0.86
69 0.81

atyplcal epithelia cells M S
m u CI n O US m etap aS I a Nuclear enlargement (;--fz RBC) 91 49 0.70 gz ;(]] g:g

Gap vs. Confluent spacing 35 ™ 0.57 NR NR NR

AHigh interrater reliability I A
AAnisonucleosis and single B ‘A
atypical epithelial cells have the j“:*‘“www A T
highest association S } s = i
AWith each feature scored as 1 if g;k;:m;m 5 oa 0% om om -

Background inflammation 52 67 0.59 NR NR NR

Gl It WO AWMWRN WEEEEETtene 5 5 5 5 55
was strongly associated with
adenocarcinoma.

PMID: 25914403



Variants of Adenocarcinoma

AAdenosquamouscarcinoma

A Squamous component should
account for 30% or more

A Worse prognosis

AColloid carcinoma

A 80% or more of the neoplastic
epithelium is suspended in
extracellular mucin pools

A Better prognosis than conventional

AUndifferentiated carcinoma
A Anaplastic type
A Sarcomatoid type
A Osteoclastic giant cell carcinoma

PMID: 14681946



Reactive/Reparative change‘

Alnflammation, stones,
instrumentation, stents, etcs

AMarked nuclear size variation
but maintaining N/C ratio

AProminent nucleoli, mitoses
ASquamous metaplasia

ASlight overlapping and
crowding

¢




88 year old female with marked intra and extrahepatic biliary

dilation concerning for distal obstruction. CT without obvious
mass lesion.

Biliary brushings are obtained




Atypical ductal epithelium

ACytologic and architectural
aberrations greater than
clearly recognizable atypia but
does not meet criteria for
adenocarcinoma

ALocation matters!
ABrushingA dysplasia @BillN)
AFNA from cystic massA

dysplasia?
AFNA from solid massA, well-

differentiated adenocarcinoma?
not PanIN

PMID: 22619128






Normal epithelium Reactive epithelium

o Malignancy
Loss of organization

PMID: 25564 79¢



The use of FISH In pancreatic cytolo™’

AFluorescence in situ
hybridization (FISH) can detec
chromosomal aneuploid in
cytology specimens (such as
brushings) to improve
sensitivity

AUroVysion
ALab specific probes

PMID: 23633236



Adenocarcinomas arising
anywhere in the
pancreaticobiliary ductal
epithelium, including the
gallbladder, are morphologically
similar and the exact origin of
the tumor cannot be
determined by cytology alone




, hypertension, sleep apnea.

symptoms of abdominal pain demonstrates a 2.5 cm

Recent imaging performed to evaluate vague
mass in the pancreatic tail

63 y/o male with diabetes



Pancreatic neuroendocrine tumors

ACellular smear with clean B p N aa ke ey
background Ja
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iIndividual scattered cells e ik 2 :
APlasmacytoid is common s SRR R
AUniform, round to oval | £
ACoarse, granular chromatin




#2103
Table 1.01 Classification and grading criteria for neuroendocrine neoplasms (MENs) of the Gl tract and hepatopancreatobiliary organs

Table 1.XX Classification and grading criteria for neuroendocrine neoplasms (NENs) of the Gl tract and hepatopancreatobiliary organs

Mitotic count®
Terminology Differentiation Grade Ki-67 index?
{mitoses/2 mm?2)

NET, G1 Low <2 < 3%

MNET, G2 Well differentiated Intermediate 2-20 3-20%

MNET, G3 High =20 = 20%

NEC, small cell type (SCNEC) =20 = 20%
Poorly differentiated High®

NEC, large cell type (LCNEC) =20 » 20%

MINEN Well or poorly differentiated® Variable® Variable® Variable®

LCNEC, large cell neuroendocrine carcinoma; MiNEN, mixed neuroendocrine—non-neuroendocrine neoplasm; NEC, neuroendocring carcinoma; NET, neuroendocrine tumour; SCNEC, small cell
neuroendocring carcinoma.

3Mitotic counts are to be expressed as the number of mitoses/2 mm? (equalling 10 high-power fields at 40= magnification and an ocular field diameter of 0.5 mm) as determined by counting in 50 fields of
0.2 mm? (i.e. in a total area of 10 mm?); the Ki-67 proliferation index value is determined by counting at least 500 cells in the regions of highest labelling (hotspots), which are identified at scanning
magnification; the final grade is based on whichever of the two proliferation indexes places the neoplasm in the higher grade category. "Poorly differentiated NECs are not formally graded but are
considered high-grade by definition. ®in most MINENs, both the neuroendocrine and non-neuroendocring components are poorly differentiated, and the neuroendocrine component has proliferation
indexes in the same range as other MECs, but this conceptual category allows for the possibility that one or both components may be well differentiated; when feasible, each component should therefore
be graded separately.

WHO Classification of TumoursEditorial Board. Digestive systemumours [Internet]. Lyon (France): International Agency for
Research on Cancer; 2019 [cited 2028an15]. (WHO classification oftumours series, 5th ed.; vol. 1). Available from:
https://tumourclassification.iarc.who.int/chapters/31



Pancreatic neuroendocrine %2,
carcinomas sl o1

ASubtypes include small cell and
large cell

AGenetic alterations in p16, TP53

ACytology is essentially identical
to their counterparts in other
organs

A Small: nuclei are ovallelongated,
hyperchromatic, scant cytoplasm,
molding, crush artifact, necrosis
and apoptosis

AlLarge: Large, Pleomor_ hic cells
with prominent nucleoli, naked
nuclel, molding, mitoses, necrosis,
peripheral palisading, rosettelike
structure

PMID: 32246504



45 y/o male with pancreatic head mass measuring 4.4 x 4.0




Case 3:

34 y/o female presented with vague abdominal
pain. CT showed a 2 cm mass in the pancreatic
head. EUS was performed.




Solid pseudopapillary neoplasm (SPN)

ANumerous discohesivesmall and s=
monomorphic cells %

A Cytoplasm eosinophilic or foamy A
A Nuclear grooves ER TR IR 20l -
ACells clinging to thin branching St e N N s
vessels DRt | g

-

A Delicate fibrovascular cores with 4 e 39, P et i AT

myxoid stroma (magenta on g GTHL B M

Romanowsky stains | AR A

AHemorrhagic debris, foamy 3 .
histiocytes and multinucleated :
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Acinar Cell Carcinoma
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A Very cellular specimen

A Polygonal cells with cytoplasmic
granules

A Coarsely clumped chromatin with
nucleol

A Uniform population
A Can be highlydiscohesive
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A Necrosis
A No hallmark genetic mutation

AIHC: Trypsin, chymotrypsin, BCL10 are
most sénsitive

A Can have focal positivity for
neuroendocrine markers

PMID: 32461075



Mucinous Non-mucinous

Intraductal

papillary Mucinous Cystic
mucinous Neoplasm
neoplasm

Solid
Cystic Adeno pseudopapillary
neoplasm

Serous
Cystadenoma

Cystic

Neuroendocrine Pseudocyst




Carcinoembryonic antigen (CEA)

ACEA is considered the most accurate marker for differentiation of
mucinous from non-mucinous

AGreater than 192 ng/mL: 75% sensitivity and 84% specificity for
mucinous cysts

A Other studies have suggested lower sensitivity and specificity (63% and 62%
respectively

ALess than 5 ng/mL: 95% specificity and 50% sensitivity for nen
mucinous cysts

ASufficient cyst fluid to assess CEA levels can be difficult in small cysts

ANot able to identify cysts with highgrade dysplasia or invasive
carcinoma

PMID: 15131794, 16111956, 2384544



Amylase

AUseful in excluding pseudocyst from other types of pancreatic
CYySts
A<250 IU/L is 98% specific for excluding a pseudocyst

AHigh levels can be found in SCA, IPMN, and MCN



Mutational profile

Type of Cyst Molecular Markers

Any of these | Any of these | Senstivity (95% CI) | Specificity (95% CI)

ASCA:VHL

scA VHL KRAS 100% (74-100%) | 91% (84-95%)

ASPN:CTNNB1
AIPMN/MCN:KRAS, RNF43

SPN CTNNE1 KRAS 100% (69-100%) 100% (97-100%)

AIPMN:GNAS

RNF43

chr18 LOH

AHigh-grade dysplasia or invasive e |
carcinoma in IPMNs was

chr3 LOH

associated with the presence of a sy
mutatlon In SMAD4 TP53 LOH IPMN GNAS None 76% (66-84%) 97% (85-99.9%)
chromosome 17 RNF43or TP53 s

loci), or aneuploidy in
chromosomes 5p, 8p, 13q, 18q

PMID:21775669, 27926366



https://pubmed.ncbi.nlm.nih.gov/21775669/
https://pubmed.ncbi.nlm.nih.gov/27926366/

Case 4:

60 y/o female with mass in the body of the pancreas

Most of the time: What you hope for:

ISBN: 9783-319-16589-9



Serous cystadenoma (SCA)

Cytology Chemistry Mutations

Proteinaceous debris and blood with
few epithelial cells (cuboidal-type)

VHL mutation

Glycogen rich epithelial cells

LOH of 3p

CEA < 5ng/mL



Pseudocyst

Cytology  Chemistry  Mutations

No epithelium

Amylase high
Hematoidin-like CEA <5 ng/mL
pigment

Inflammation




41 ylo male with history of
hypertension and alcohol use
disorder. Was found to have
biliary obstruction secondary to
cystic lesion.




Other nonneoplastic cysts

ARetention cysts
ACyst secondary to bacterial or parasitic infection

ALymphoepithelial cysts
ACongenital cysts



Case b5:

70 y/o male presented with vague
abdominal pain. Imaging demonstrated a
cystic mass in the pancreatic head with
significant dilation of the main pancreatic
duct. EUS was performed




Mucinous Cystic Pancreatic lesions

AMucinous Cystic Neoplasm .
(MCN) MCN

Alntraductal papillary mucinous R
neoplasm (IPMN) carcinoma

ACystic Adenocarcinoma Adenocarcinoma
Dysplasia

Pancreas, cyst, FNA:
- Epithelial component

- Dysplasia/adenocarcinoma
- Evaluation of mucin

Private Information



Mucinous Cystic Neoplasm (MCN)

Cytology Chemistry Mutations

KRAS mutation in 50

Cytoplasmic mucin 60% of cases

bly NO=IUDN

Evaluate for Dysplasia RNF43 mutations (loss

of function)

Elevated serum CA19 _
9 TP53 mutations are

rare

Ovariantype stroma

not present in aspirate




Intraductal papillary mucinous neoplasm
(IPMN)

Cytology Chemistry Mutations

KRAS mutation 6680%

Cytoplasmic mucin and
of cases

extracellular mucin

GNAS mutations 50
High cyst fluid CEA 70%

Evaluate for Dysplasia .
bly NP = LHU N

RNF43 mutations 50%

Papillary structures TP53 in 1640% of high
grade IPMNs

Gastric appearing epithelium?A mN ¢t ql RAWa! GUWIGRqS Ja
gastric contamination oralowlD| ¢ T JWNc¢t ql RELWa! GUIWF A~




IntraductalOncocyticPapillary Neoplasm (IOPN)

Cytology

Large round nucleus, prominent
nucleolus, eosinophilic cytoplasm

Cytoplasmic mucin

Considered high-grade dysplastic
neoplasms
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Chemistry  Mutations

High cyst fluid CEA
by NO=1WUNo G x

Recurrent fusions in PRKACA
and PRKACB
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Evaluation of dysplasia

AHigh grade atypia T
AA cell smaller than a 12u ;
duodenal enterocyte with high
N/C ratio and abnormal e
chromatin (hyper or ey
hypochromatic) .'-;g": -

A Cannot distinguish in situ from
Invasive on aspirates

AUnclear reproducibility

»

PMID: 3025706+



Dichotomy of Pancreatic ductal
carcinogenesis

Nontumoral intraepithelial Tumoral Intraepithelial neoplasms

neoplasms ACystic and papillary
APanINs AIPMN
A'nc|denta| (no known |mag|ng AMain duct: ~45% have invasive
component at surgical resection
correlate) _ _
_ _ _ ABranch duct: ~20% have invasive
AMicroscopic form of dysplasia component at surgical resection

AMCN
A~10% have invasive component

PMID:2177566€



https://pubmed.ncbi.nlm.nih.gov/21775669/

Pancreatic Cysts

Intermediate Malignant

Lymphoepithelial
cyst

Mucinous



Management of pancreatic cysts

Has malignant High-grade

potential

dysplasia or invasive
carcinoma

nMinimal or no nSurveillance nsurgery
survelllance nsurgery



Recommendations for surgery vs survelllance

ROC Curve ROC Curve
A) 1.0 dl B) 1.0
Q g 0.
fr =
® @
C c
L [
73 )

Fukuoka criteria AUC: 0.625 CAPS criteria AUC: 0.725

1 - Specificity 1 - Specificity

PMID: 33593706, 2873580



