
 Supplementary: Table S1. 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 

 
 
 

   



Supplementary: Table S2. 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   
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