
 Supplementary: Table 1. Malignant variants of PDAC [1] 
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UCOGC (Undifferentiated carcinoma with osteoclast-like giant cells). 

 

 

 

 

 

 

 

 

PDAC variant Histologic hallmarks 
Non-canonical genetic  

Signatures 

Adenosquamous Carcinoma  

 

Both adenomatous and 

squamous cells 

  

UPF12, MHL1, MHL2,  

PMS2, MSH63 

Undifferentiated Carcinoma 

 

 

  

Necrotic areas surrounded by 

a wall of packed epithelial cells 

without abundant 

desmoplastic stroma  

SERPINIA3,  

MAGEB4, GLI3, MEGF8,  

TTN4  ,BRCA25 (UCOGC) 

 SMARCB16 (rhabdoid variant) 
 

Micropapillary Carcinoma 

Tight and small neoplastic cell 

clusters, surrounded by a 

peculiar cleft 

N.a. 

 

 

Signet-ring cell Carcinoma 

  

Cells with vacuolated 

cytoplasm and peripheric 

irregular nuclei  

N.a. 

Large-duct type Carcinoma 

 

Large ductal infiltrative 

elements and cells with 

abundant microvesicular 

cytoplasm 

N.a 

Colloid Carcinoma  

 

Pools of extracellular mucin 

with neoplastic ductal 

epithelial cells 

 

 

 

GNAS 7ATM 8, 

 MHL1, MHL2, PMS2, MSH69 

 

Medullary carcinoma  

 

 

 

 

Syncytial growth patterns that 

expand tumor borders, 

extensive necrosis 

 

 

MHL1, MHL2, 

 PMS2, MSH6 10, 11 

POLE 12  

 

 

 

Hepatoid carcinoma  

 

 

Cords of polygonal cells with 

eosinophilic cytoplasm 

 

 

BAP1,  

Notch 13 

 

 

 

   

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4048332/#:~:text=The%20UPF1%20RNA%20Surveillance%20Gene%20is%20Commonly%20Mutated%20in%20Pancreatic%20Adenosquamous%20Carcinoma
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7906529/#:~:text=Genomic%20and%20Epigenomic%20Landscaping%20Defines%20New%20Therapeutic%20Targets%20for%20Adenosquamous%20Carcinoma%20of%20the%20Pancreas
https://pubmed.ncbi.nlm.nih.gov/28722124/#:~:text=Pancreatic%20undifferentiated%20carcinoma%20with%20osteoclast%2Dlike%20giant%20cells%20is%20genetically%20similar%20to%2C%20but%20clinically%20distinct%20from%2C%20conventional%20ductal%20adenocarcinoma
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/s12876-020-01351-7#:~:text=26%20June%202020-,Undifferentiated%20carcinoma%20with%20osteoclast%2Dlike%20giant%20cells%20of%20the%20pancreas%20harboring%20KRAS%20and%20BRCA%20mutations%3A%20case%20report%20and%20whole%20exome%20sequencing%20analysis,-Guangjian%20Yang%2C
https://pubmed.ncbi.nlm.nih.gov/25103069/#:~:text=Pancreatic%20undifferentiated%20rhabdoid%20carcinoma%3A%20KRAS%20alterations%20and%20SMARCB1%20expression%20status%20define%20two%20subtypes
https://pubmed.ncbi.nlm.nih.gov/22374786/#:~:text=Frequent%20activating%20GNAS%20mutations%20in%20villous%20adenoma%20of%20the%20colorectum
https://pubmed.ncbi.nlm.nih.gov/31285527/#:~:text=Histomorphology%20of%20pancreatic%20cancer%20in%20patients%20with%20inherited%20ATM%20serine/threonine%20kinase%20pathogenic%20variants
https://pubmed.ncbi.nlm.nih.gov/29158190/#:~:text=Prevalence%20of%20Microsatellite%20Instability%20in%20Intraductal%20Papillary%20Mucinous%20Neoplasms%20of%20the%20Pancreas
https://pubmed.ncbi.nlm.nih.gov/10938395/#:~:text=Not%20hMSH2%20but%20hMLH1%20is%20frequently%20silenced%20by%20hypermethylation%20in%20endometrial%20cancer%20but%20rarely%20silenced%20in%20pancreatic%20cancer%20with%20microsatellite%20instability
https://www.sciencedirect.com/science/article/pii/S0046817706003844?via%3Dihub#:~:text=Medullary%20carcinoma%20of%20the%20pancreas%20in%20a%20man%20with%20hereditary%20nonpolyposis%20colorectal%20cancer%20due%20to%20a%20mutation%20of%20the%20MSH2%20mismatch%20repair%20gene
https://pubmed.ncbi.nlm.nih.gov/32658072/#:~:text=Medullary%20Pancreatic%20Carcinoma%20Due%20to%20Somatic%20POLE%20Mutation%3A%20A%20Distinctive%20Pancreatic%20Carcinoma%20With%20Marked%20Long%2DTerm%20Survival
https://pubmed.ncbi.nlm.nih.gov/32658072/#:~:text=Medullary%20Pancreatic%20Carcinoma%20Due%20to%20Somatic%20POLE%20Mutation%3A%20A%20Distinctive%20Pancreatic%20Carcinoma%20With%20Marked%20Long%2DTerm%20Survival
https://pubmed.ncbi.nlm.nih.gov/32658072/#:~:text=Medullary%20Pancreatic%20Carcinoma%20Due%20to%20Somatic%20POLE%20Mutation%3A%20A%20Distinctive%20Pancreatic%20Carcinoma%20With%20Marked%20Long%2DTerm%20Survival
https://www.karger.com/Article/Fulltext/448064#:~:text=Hepatoid%20Carcinoma%20of%20the%20Pancreas%3A%20Case%20Report%2C%20Next%2DGeneration%20Tumor%20Profiling%2C%20and%20Literature%20Review


Supplementary: Table 2. PDAC precursor lesions [1] 

 

 

PDAC precursor Features Molecular landscape  

Pancreatic intraepithelial neoplasia  

(PanIN) 

- low-grade (LG) 

- high-grade (HG) 

  

Microscopic (<5 mm in diameter) 

lesions arising in small pancreatic 

ducts 14  

 

KRAS hotspot mutations (>90% 

prevalence); 

CDKN2A/p16, TP53, SMAD4 

(rare) loss (HG); 

telomere shortening (>90% 

prevalence) 14, 15, 16, 17,18  

  

 Intraductal papillary mucinous  

neoplasm (IPMN) 

- low-grade (LG) 

- high-grade (HG) 

- with associated invasive carcinoma 

(IPMN-AIC) 

  

 

Macroscopic (>1cm in diameter), 

proliferations of mucinous cells 

forming papillary projections  

within the main pancreatic duct or 

its major branches; gastric, 

intestinal and pancreatobiliary 

type) 18, 19 ,20     

KRAS hotspot mutations (40-

80% prevalence); 

GNAS mutations 40-70% 

prevalence); RNF4 alterations; 

CDKN2A/p16 loss (HG>LG) 

TP53 mutations (HG>LG); 

PIK3CA, BRAF, PTEN and 

STK11 alterations (low 

prevalence) 14, 21, 22, 23  

 

Mucinous cystic neoplasm (MCN) 

- with low-grade (LG) dysplasia 

- with high-grade (HG) dysplasia 

- with associated invasive carcinoma 

(MCN-AIC), rare (15%)  

 

Large cysts with single-layer 

mucin-producing epithelium and 

distinctive ovarian-like stroma No 

connection to the duct system. 
24,25,26  

 

 

KRAS hotspot mutations; 

RNF4 alterations;, 

TP53, CDKN2A/p16 , SMAD4, 

TGFBR2 (HG and MCN-AIC); 

 PIK3CA (rare, HG).  

No GNAS mutations 14,27,28 

  

Intraductal tubulopapillary  

neoplasm (ITPN)  

 

Solid mass within dilated 

pancreatic ducts, composed of 

back-to-back tubular glands 

with high-grade dysplasia and 

ductal differentiation and no 

mucin secretion 29, 30  

 

MCL-1 amplification. 

FGFR2 fusions. 

Alterations of PIK3CA, PIK3CB, 

INPP4A, PTEN (pI3K pathway); 

MLL1, MLL2, MLL3, BAP1, PBRM1, 

EED, ATRX (chromatin remodeling) 
31, 30  

 

Intraductal oncocytic papillary 

neoplasm (IOPN)  

  

 

Intraductal solid nodules or 

papillary projections lined by 

mitochondria-rich oncocytic 

cells, within dilated 

pancreatic ducts 32 

 

PRKACB and PRKACA fusions. 

ARHGAP26, ASXL1, EPHA8, 

ERBB4 mutations. 

No KRAS mutation 

No GNAS mutations 33,34   
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6352734/#:~:text=From%20somatic%20mutation%20to%20early%20detection%3A%20Insights%20from%20molecular%20characterization%20of%20pancreatic%20cancer%20precursor%20lesions
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6352734/#:~:text=From%20somatic%20mutation%20to%20early%20detection%3A%20Insights%20from%20molecular%20characterization%20of%20pancreatic%20cancer%20precursor%20lesions
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3982269/#:~:text=Precursor%20Lesions%20for%20Sporadic%20Pancreatic%20Cancer%3A%20PanIN%2C%20IPMN%2C%20and%20MCN
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8172380/#:~:text=Kras%20mutation%20rate%20precisely%20orchestrates%20ductal%20derived%20pancreatic%20intraepithelial%20neoplasia%20and%20pancreatic%20cancer
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666331/#:~:text=Molecular%20genetics%20of%20pancreatic%20intraepithelial%20neoplasia
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1850788/#:~:text=Telomere%20Shortening%20Is,John%20L.%20Cameron
https://pubmed.ncbi.nlm.nih.gov/23532107/#:~:text=Pathohistological%20subtype%20predicts%20survival%20in%20patients%20with%20intraductal%20papillary%20mucinous%20neoplasm%20(IPMN)%20of%20the%20pancreas
https://pubmed.ncbi.nlm.nih.gov/20060146/#:~:text=2010%20Jan%208.-,Invasive%20carcinoma%20derived%20from%20the%20nonintestinal%20type%20intraductal%20papillary%20mucinous%20neoplasm%20of%20the%20pancreas%20has%20a%20poorer%20prognosis%20than%20that%20derived%20from%20the%20intestinal%20type,-Yoshihiko%20Sadakari%C2%A0
https://pubmed.ncbi.nlm.nih.gov/15223952/#:~:text=Pathologically%20and%20biologically%20distinct%20types%20of%20epithelium%20in%20intraductal%20papillary%20mucinous%20neoplasms%3A%20delineation%20of%20an%20%22intestinal%22%20pathway%20of%20carcinogenesis%20in%20the%20pancreas
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6352734/#:~:text=From%20somatic%20mutation%20to%20early%20detection%3A%20Insights%20from%20molecular%20characterization%20of%20pancreatic%20cancer%20precursor%20lesions
https://pubmed.ncbi.nlm.nih.gov/21775669/#:~:text=Recurrent%20GNAS%20mutations%20define%20an%20unexpected%20pathway%20for%20pancreatic%20cyst%20development
https://www.nature.com/articles/srep00161#:~:text=18%20November%202011-,Whole%2Dexome%20sequencing%20uncovers%20frequent%20GNAS%20mutations%20in%20intraductal%20papillary%20mucinous%20neoplasms%20of%20the%20pancreas,-Toru%20Furukawa%2C
https://pubmed.ncbi.nlm.nih.gov/23498145/#:~:text=EUS%2Dguided%20pancreatic%20fluid%20aspiration%20for%20DNA%20analysis%20of%20KRAS%20and%20GNAS%20mutations%20for%20the%20evaluation%20of%20pancreatic%20cystic%20neoplasia%3A%20a%20pilot%20study
https://journals.lww.com/jpancreatology/Fulltext/2021/09000/Update_on_mucinous_cystic_neoplasm%20%20%20%20%20%20%20%20%20_%20of_the.1.aspx?WT.mc_id=HPxADx20100319xMP#:~:text=REVIEW%20ARTICLES-,Update%20on%20mucinous%20cystic%20neoplasm%20of%20the%20pancreas%3A%20a%20narrative%20review,-Xie%2C%20Wena
https://pubmed.ncbi.nlm.nih.gov/22902940/#:~:text=Invasive%20mucinous%20cystic%20neoplasms%20of%20the%20pancreas
https://pubmed.ncbi.nlm.nih.gov/10721805/#:~:text=1)%3A31%2D42.-,Mucinous%20cystic%20neoplasms%20of%20the%20pancreas,-R%20E%20Wilentz
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6352734/#:~:text=From%20somatic%20mutation%20to%20early%20detection%3A%20Insights%20from%20molecular%20characterization%20of%20pancreatic%20cancer%20precursor%20lesions
https://www.nature.com/articles/s41467-020-17917-8#:~:text=14%20August%202020-,Genomic%20characterization%20of%20malignant%20progression%20in%20neoplastic%20pancreatic%20cysts,-Micha%C3%ABl%20No%C3%AB%2C
https://pubmed.ncbi.nlm.nih.gov/22158988/#:~:text=Whole%2Dexome%20sequencing%20of%20neoplastic%20cysts%20of%20the%20pancreas%20reveals%20recurrent%20mutations%20in%20components%20of%20ubiquitin%2Ddependent%20pathways
https://pubmed.ncbi.nlm.nih.gov/19440145/#:~:text=Intraductal%20tubulopapillary%20neoplasms%20of%20the%20pancreas%20distinct%20from%20pancreatic%20intraepithelial%20neoplasia%20and%20intraductal%20papillary%20mucinous%20neoplasms
https://pubmed.ncbi.nlm.nih.gov/35583805/#:~:text=Intraductal%20tubulopapillary%20neoplasm%20(ITPN)%20of%20the%20pancreas%3A%20a%20distinct%20entity%20among%20pancreatic%20tumors
https://pubmed.ncbi.nlm.nih.gov/28776573/#:~:text=Pancreatic%20intraductal%20tubulopapillary%20neoplasm%20is%20genetically%20distinct%20from%20intraductal%20papillary%20mucinous%20neoplasm%20and%20ductal%20adenocarcinoma
https://pubmed.ncbi.nlm.nih.gov/35583805/#:~:text=Intraductal%20tubulopapillary%20neoplasm%20(ITPN)%20of%20the%20pancreas%3A%20a%20distinct%20entity%20among%20pancreatic%20tumors
https://pubmed.ncbi.nlm.nih.gov/35309060/#:~:text=eCollection%202022.-,Updates%20in%20the%20Diagnosis%20of%20Intraductal%20Neoplasms%20of%20the%20Pancreas,-Naziheh%20Assarzadegan%C2%A0
https://pubmed.ncbi.nlm.nih.gov/27591765/#:~:text=Distinct%20pathways%20of%20pathogenesis%20of%20intraductal%20oncocytic%20papillary%20neoplasms%20and%20intraductal%20papillary%20mucinous%20neoplasms%20of%20the%20pancreas
https://pubmed.ncbi.nlm.nih.gov/31678302/#:~:text=Recurrent%20Rearrangements%20in%20PRKACA%20and%20PRKACB%20in%20Intraductal%20Oncocytic%20Papillary%20Neoplasms%20of%20the%20Pancreas%20and%20Bile%20Duct
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