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Objectives
• Provide an algorithmic approach to the preoperative 

evaluation of pancreatobiliary lesions/neoplasms.

• Discuss next-generation needles for the evaluation of 
solid lesions of the pancreas.

• Review pancreatic cysts and the clinical utility of 
molecular testing.

• Present data on molecular testing of bile duct 
specimens for the assessment of associated strictures.
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Case 5
• A 44-year-old female with a history of breast cancer 

had a staging CT scan that identified a 3.1 cm cyst 
within the pancreatic head.

• An endoscopic ultrasound (EUS) confirmed the 
presence of a 3.1 cm pancreatic cyst that was 
multiseptated by imaging. 

• A fine-needle aspiration (FNA) yielded thin fluid, which 
was submitted for cytopathologic examination and 
molecular testing.



Case 5
• 44-year-old female with a 

3.1 cm pancreatic head 
cyst

• Cytopathologic findings:
• Paucicellular smears 

with significant debris
• Rare clusters of 

cuboidal cells with 
round nuclei, and 
scant cytoplasm

• Nuclear contours are 
smooth

• No definitive evidence 
of high-grade atypia

• Molecular testing:
• A mutations in VHL

was identified
• No other genomic 

alterations were seen
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IPMN = Intraductal Papillary Mucinous Neoplasm
MCN = Mucinous Cystic Neoplasm

Estimated new cases of pancreatic 
cancer (equivalent number of deaths).
Pancreatic cancers arising from a 
mucinous pancreatic cyst (IPMN/MCN).

Pseudocyst
Foregut Cyst

Retention Cyst
Lymphoepithelial Cyst

Acinar Cell Cystadenoma

6,462,000 Number of Americans with a 
pancreatic cyst.

Squamoid Cyst
Serous Cystadenoma (SCA)

Cystic PanNET
Solid-Pseudopapillary Neoplasm

60,430
9,065



60,430 Estimated new cases of pancreatic 
cancer (equivalent number of deaths).

9,065 Pancreatic cancers arising from a 
mucinous pancreatic cyst (IPMN/MCN).

6,462,000 Number of Americans with a 
pancreatic cyst.

Not all mucinous pancreatic cysts 
(IPMNs and MCNs) will transform into 

Pancreatic Cancer.

3,231,000 Number of Americans with a mucinous 
pancreatic cyst.
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Pancreatic Cyst
Adapted from Brugge WR. Endosc Ultrasound 2012 Jul; 1(2):59-60.

Endoscopic Ultrasound
Fine Needle Aspiration Multidisciplinary Approach:

• Clinical presentation
• Cross-sectional imaging
• Endoscopic ultrasound 

(EUS)
• Fine needle aspiration 

(FNA)
• Chemistry: CEA, Amylase
• Cytopathology

Pancreatic Cysts



Endoscopic Ultrasound
Fine Needle Aspiration

Adapted from Elyssa Siegal (Copyright 2011).

Pancreatic Cyst

• Endoscopic ultrasound 
(EUS) allows for high 
resolution imaging of the 
pancreatic cyst and 
relationship to the main 
pancreatic duct.

• Ancillary studies using 
aspirated cyst fluid include: 
CEA (marker of mucinous 
cysts), glucose, amylase and 
cytologic evaluation.

Pancreatic Cysts



IPMN MCN SCA* SPN* Pseudocyst

Gender M>F F>>M F>M F>>M M>F

Location Head>Tail Tail>>Head Head>Tail Tail>Head Head=Tail

Viscosity Increased Increased Low Low Low

CEA >192 ng/mL >192 ng/mL <0.5 ng/mL <192 ng/mL <192 ng/mL

Amylase High Low Low Low High

Cytology Mucinous Mucinous Scant, 
Bland PAS+

Papillary & 
Vascular

Pigmented 
Histiocytes

SCA = Serous Cystadenoma       SPN = Solid Pseudopapillary Neoplasm
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Pancreatic Cyst Biomarkers

DNA Sequencing is a Promising Biomarker Assay
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Pancreatic Cysts
IPMN MCN SCA SPN Pseudocyst

Gender M>F F>>M F>M F>>M M>F
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KRAS GNAS VHL CTNNB1
IPMN + + - -
MCN + - - -
SCA - - + -
SPN - - - +
Non - - - -

• Intraductal papillary mucinous neoplasms (IPMN): 
KRAS and GNAS

• Mucinous cystic neoplasms (MCN): 
KRAS

• Serous cystadenomas (SCA):
VHL

• Solid pseudopapillary neoplasms (SPN):
CTNNB1

• Non-neoplastic cysts:
Absent

KRAS GNAS

KRAS

VHL

CTNNB1

Non

SPN

MCN

SCA

IPMN

Molecular Analysis (of Panc. Cyst Fluid)



Case 5
• 44-year-old female with a 

3.1 cm pancreatic head 
cyst

• Cytopathologic findings:
• Paucicellular smears 

with significant debris
• Rare clusters of 

cuboidal cells with 
round nuclei, and 
scant cytoplasm

• Nuclear contours are 
smooth

• No definitive evidence 
of high-grade atypia

• Molecular testing:
• A mutations in VHL

was identified
• No other genomic 

alterations were seen



Case 5
• 54-year-old female with a 

3.1 cm pancreatic head 
cyst

• Cytopathologic findings:
• Paucicellular smears 

with significant debris
• Rare clusters of 

cuboidal cells with 
round nuclei, and 
scant cytoplasm

• Nuclear contours are 
smooth

• No definitive evidence 
of high-grade atypia

• Molecular testing:
• A mutations in VHL

was identified
• No other genomic 

alterations were seen

Serous Cystadenoma



Take Home Points: Case 5
IPMN MCN SCA SPN Pseudocyst
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Case 6
• A 52-year-old female complaining of abdominal pain 

and had a CT scan that identified a 4.1 cm cyst within 
the pancreatic body.

• An endoscopic ultrasound (EUS) confirmed the 
presence of a 4.1 cm pancreatic cyst that did not 
communicate with the main pancreatic duct. 

• A fine-needle aspiration (FNA) yielded thin fluid, which 
was submitted for cytopathologic examination and 
molecular testing.



Case 6
• 52-year-old female with a 

4.1 cm pancreatic body 
cyst

• Cytopathologic findings:
• Thick colloid like 

mucin with scant 
cellularity

• Rare groups of 
epithelial clusters of 
mucinous epithelium

• No definitive evidence 
of high-grade atypia

• Molecular testing:
• Mutations in KRAS

and GNAS were 
identified

• Copy number 
alterations were also 
detected and involved 
TP53 and SMAD4
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Moray Micro Forceps

M. Lisa Zhang et al. Cancer Cytopath. 2018 Jun;126(6):414-420.

Mucinous Cystic Neoplasm
Progesterone Receptor 
(Ovarian-Type Stroma)
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• Intraductal papillary mucinous neoplasms (IPMN): 
KRAS and GNAS

• Mucinous cystic neoplasms (MCN): 
KRAS

• Serous cystadenomas (SCA):
VHL

• Solid pseudopapillary neoplasms (SPN):
CTNNB1

• Non-neoplastic cysts:
Absent

KRAS GNAS

KRAS

VHL

CTNNB1

Non

SPN

MCN

SCA
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Molecular Analysis (of Panc. Cyst Fluid)



KRAS GNAS VHL CTNNB1
IPMN + + - -
MCN + - - -

Low-grade 
Dysplasia

High-grade 
Dysplasia AdenoCA

KRAS & GNAS

Molecular Analysis (of Panc. Cyst Fluid)



KRAS GNAS VHL CTNNB1 TP53 PIK3CA PTEN
IPMN + + - - HR HR HR
MCN + - - - HR HR HR
SCA - - + - - - -
SPN - - - + - - -
Non - - - - - - -

Low-grade 
Dysplasia

High-grade 
Dysplasia AdenoCA

KRAS & GNAS
TP53, PIK3CA

& PTEN
TP53 PIK3CA

PTEN

KRAS GNAS VHL CTNNB1
IPMN + + - -
MCN + - - -

HR = High-risk of malignancy

Molecular Analysis (of Panc. Cyst Fluid)



Single Institutional Studies



Single Institutional Studies



• PancreaSeq testing consisted of 22 genes at a depth of 
>1000x for each gene with a limit of detection of 3%.

• Between 2018 to 2021, 1933 EUS-FNA pancreatic cyst 
fluid specimens from 1889 patients were prospectively 
analyzed for genetic alterations.

• Specimens were received from 31 institutions and 
processed in real-time with a 7-to-10-day turnaround.

• Among the 1933 pancreatic cysts, 1887 (98%) specimens 
from 1832 patients were satisfactory for molecular 
analysis (PancreaSeq).

Prospective Testing (of Panc. Cyst Fluid)



Surgical Resection Dx Total, n = 
251 (15%)

IPMN with advance neoplasia 90
MCN with advanced neoplasia 6
IPMN with LGD 77
MCN with LGD 13
IOPN 3
ITPN 1
Acinar cell carcinoma 2
Solid-pseudopapillary neoplasm 2
Cystic PanNET 34
Serous cystadenoma 14
Paraganglioma 1
Cystic schwannoma 1
Non-neoplastic cysts 2
Metastatic neoplasms 5

Molecular Analysis (of Panc. Cyst Fluid)
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20 MCNs
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Surgical Resection Dx Total, n = 
246 (14%) Wild-type Mutant

IPMN with advance neoplasia 90 3 (3%) 87 (97%)
MCN with advanced neoplasia 6 0 (0%) 6 (100%)
IPMN with LGD 77 5 (6%) 72 (94%)
MCN with LGD 13 10 (77%) 3 (23%)
IOPN 3 3 (100%) 0 (0%)
ITPN 1 1 (100%) 0 (0%)
Acinar cell carcinoma 2 2 (100%) 0 (0%)
Solid-pseudopapillary neoplasm 2 2 (100%) 0 (0%)
Cystic PanNET 34 34 (100%) 0 (0%)
Serous cystadenoma 14 14 (100%) 0 (0%)
Paraganglioma 1 1 (100%) 0 (0%)
Cystic schwannoma 1 1 (100%) 0 (0%)
Non-neoplastic cysts 2 2 (100%) 0 (0%)

KRAS, GNAS, & BRAF alterations
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IPMNs & MCNs
KRAS, GNAS, & BRAF mutations

• Sensitivity: 90%
• Specificity: 100%
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Surgical Resection Dx Total, n = 
246 (18%) Wild-type Mutant
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TP53, SMAD4, CTNNB1, 

and/or mTOR genes
• Sensitivity: 89%
• Specificity: 98%
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Main duct dilation
• Sensitivity: 68%
• Specificity: 65%

Mural nodule
• Sensitivity: 45%
• Specificity: 81%

Cytology
• Sensitivity: 46%
• Specificity: 97%
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Case 6
• 52-year-old female with a 

4.1 cm pancreatic body 
cyst

• Cytopathologic findings:
• Thick colloid like 

mucin with scant 
cellularity

• Rare groups of 
epithelial clusters of 
mucinous epithelium

• No definitive evidence 
of high-grade atypia

• Molecular testing:
• Mutations in KRAS

and GNAS were 
identified

• Copy number 
alterations were also 
detected and involved 
TP53 and SMAD4



Adenocarcinoma

Multiloculated 
IPMN

Adenocarcinoma

IPMN w/ HGD

Case 6: IPMN-associated PDAC



KRAS GNAS VHL CTNNB1 TP53 PIK3CA PTEN
IPMN + + - - HR HR HR
MCN + - - - HR HR HR
SCA - - + - - - -
SPN - - - + - - -
Non - - - - - - -

Low-grade 
Dysplasia

High-grade 
Dysplasia AdenoCA
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& PTEN
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MCN + - - -

HR = High-risk of malignancy

Take Home Points: Case 6



Case 7
• A 59-year-old male with a history of primary sclerosing 

cholangitis, multiple stent changes, and continued hilar 
bile duct stricture. 

• Previous brushing specimens were signed out as 
“atypical cells present” and current brushing showed 
similar findings as previously. 

• Next-generation sequencing of a separate brushing 
specimen demonstrated missense mutations in KRAS
and TP53.



• How is a bile duct stricture 
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• How is a bile duct stricture 
evaluated?
• Imaging:
 ERCP/MRCP
 Cholangioscopy

• Pathology:
 Brushing/Biopsy

Brush

Bile Duct Stricture

Biliary Brushing

Sensitivity: 
8% to 60%

Specificity: 
96% to 100%
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• Between 2019 to 2022, 1208 ERCP-obtained bile duct 
specimens (751 brushings and 457 biopsies) from 754 
patients were submitted for NGS testing from 7 academic 
institutions.

• Parallel ERCP-obtained biliary brushings and biopsies were 
submitted for pathologic evaluation.

• Only two biliary specimens were insufficient for NGS-based 
testing.

• Findings were correlated with clinicopathologic features and 
designated as benign or neoplastic based on diagnostic 
pathology or clinical course of >12 months.

Clinical Evaluation of Next-Generation Sequencing



Diagnostic Pathology/Clinical 
Follow-up of >12 Months

Total, 
n = 548

Intrahepatic cholangiocarcinoma 107
Extrahepatic cholangiocarcinoma 73
Hepatocellular carcinoma 3
Mixed HCC-cholangiocarcinoma 2
Pancreatic adenocarcinoma 88
Gallbladder adenocarcinoma 7
Ampullary adenocarcinoma 28
Metastatic neoplasms 15
High/low-grade dysplasia 10
Benign cholangiopathy 215
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333 Neoplastic 
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Follow-up (n = 548, 73%)
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Case 7
• A 59-year-old male with a history of primary sclerosing 

cholangitis, multiple stent changes, and continued hilar 
bile duct stricture. 

• Previous brushing specimens were signed out as 
“atypical cells present” and current brushing showed 
similar findings as previously. 

• Next-generation sequencing of a separate brushing 
specimen demonstrated missense mutations in KRAS
and TP53.



NGS/PSC: Follow-up (n = 548, 73%)

Neoplastic Strictures
NGS Testing
• Sensitivity: 84%
• Specificity: 95%*
Pathologic Evaluation
• Sensitivity: 30%
• Specificity: 100%

NGS + Pathology
• Sensitivity: 89%
• Specificity: 95%

Primary Sclerosing 
Cholangitis (n = 96)

Case 7: 
Adenocarcinoma



Case 8
• A 79-year-old male, status post cholecystectomy, with 

a distal bile duct stent presents with continued 
abdominal pain and distal biliary obstruction. 

• A previous distal common bile duct biopsy was signed 
out as “reactive biliary epithelium with erosion and 
marked acute inflammation.” 

• A repeat bile duct biopsy was performed along with 
parallel molecular (next-generation sequencing) 
testing: negative for mutations.



Marked 
Nuclear 
Atypia

Prominent 
Acute 

Inflammation

Vague 
Complex 

Archiecture

Bile Duct Biopsy:



Prominent 
Intraepithelial 
Neutrophils

Cribriform 
Architecture

Nuclear 
Hyperchromasia

Loss of Polarity

Bile Duct Biopsy:



Bile Duct Biopsies



Bile Duct Biopsy: 
Extrahepatic 

Cholangiocarcinoma

Free Floating 
Adenocarcinoma

Reactive Biliary 
Mucosa



Bile Duct Biopsy: 
Extrahepatic 

Cholangiocarcinoma

Epithelioid Cells within 
Lymphovascular Spaces

Atypical Cells 
Colonizing Biliary 

Epithelium



Adenocarcinoma: 
Strong p53 Nuclear 

Immunolabeling

Reactive Biliary Mucosa: 
Weak and Patchy p53 

Nuclear Immunolabeling

Bile Duct Biopsy: 
Extrahepatic 

Cholangiocarcinoma



p53

SMAD4 ARID1A

Adenocarcinoma

H&E

No Aberrant 
Expression

No Aberrant 
Expression

Loss of 
Expression



Loss of 
Expression

ARID1A



Case 8
• A 79-year-old male, status post cholecystectomy, with 

a distal bile duct stent presents with continued 
abdominal pain and distal biliary obstruction. 

• A previous distal common bile duct biopsy was signed 
out as “reactive biliary epithelium with erosion and 
marked acute inflammation.” 

• A repeat bile duct biopsy was performed along with 
parallel molecular (next-generation sequencing) 
testing: negative for mutations.
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Case 9
• A 56-year-old male with epigastric pain that underwent 

an esophagogastroduodenoscopy (EGD). 

• No abnormal findings were present in the esophagus 
and stomach. 

• However, the gastroenterologist noted a 2.0 cm 
polypoid lesion involving the ampulla.

• Biopsies of the ampulla were taken and submitted for 
pathologic evaluation.
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Case 9
• A 56-year-old male with epigastric pain that underwent 

an esophagogastroduodenoscopy (EGD). 

• No abnormal findings were present in the esophagus 
and stomach. 

• However, the gastroenterologist noted a 2.0 cm 
polypoid lesion involving the ampulla.

• Biopsies of the ampulla were taken and submitted for 
pathologic evaluation.
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Case 9: Colonization of the 
Ampullary Mucosa by a 

Pancreatic Ductal 
Adenocarcinoma



Summary
• Next-generation fine-needle biopsies and aspiration of 

cyst fluid improves the evaluation of solid and cystic 
pancreatic lesions, respectively.

• Regarding pancreatic cysts, KRAS, GNAS, and/or 
BRAF mutations/ are highly sensitive and highly 
specific for mucinous cysts, specifically IPMNs (and 
also MCNs).

• Alterations in TP53, SMAD4, CTNNB1, and/or the
mTOR genes are highly sensitive and highly specific 
for mucinous cysts with advanced neoplasia.
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Summary
• In addition to pancreatic cysts, next-generation 

sequencing can improve the evaluation of bile duct 
strictures.

• Genomic alterations identified in bile, bile duct 
brushings, and bile duct biopsies are highly specific 
for a neoplastic process. 

• For both pancreatic cysts and bile duct specimens, 
the incorporation of cytopathologic/pathologic 
findings is essential to establishing the diagnosis.



Ampullary Biopsy

ARID1A



When Morphology Meets Molecular: The 
Evaluation of Small Biopsy Specimens of 

the Pancreas, Bile Duct, and Ampulla

Aatur D. Singhi, MD PhD
University of Pittsburgh Medical Center

Gastrointestinal Pathology Center of Excellence
Division of Molecular and Genomic Pathology
singhiad@upmc.edu ( @PancPathologist)
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