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Molecular classification of endometrial 
carcinomas

• POLE:

• POLE exonuclease hotspot mutation

• MSI-H: 

• Defective MMR or MSI-H, no POLE mutation

• NSMP/CN-L:  

• No POLE mutation or defective MMR or aberrant 
p53

• CN-H/serous-like:  

• Aberrant p53 expression without POLE mutation 
or defective MMR



Advantages of molecular classification

• More precise prognosis

• More precise diagnosis

• Therapeutic prediction

• Lynch syndrome risk 
stratification

G Getz et al. Nature 2013





ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up Ann Oncol. 2022



Overall Survival



Rios-Doria, E, et al., Gynecologic Oncology 2023



Harnessing genomic data for diagnosis, prognostication, 
therapeutic prediction (PROMISE algorithm)

Courtesy of Tjalling Bosse MD



Courtesy of Tjalling Bosse MD

Deep Learning/AI may 
predict molecular subtypes

Lancet Digit Health 2023 Feb;5(2):e71-e82



MSH6
MSH6
MSH2

MMR deficiency



Aberrant p53 staining



J Pathol: 3, 336-345

Subclonal staining



Case presentation

• 65 year-old patient

• FIGO grade 3 endometrioid carcinoma

• FIGO stage IIC (2023) and FIGO stage IA (2009)



PMS2

MSH6



PMS2

MSH6
MMR-deficient endometrioid carcinoma



Common features of MMR deficient (MMRd) endometrial 
carcinomas



Bosse T, et al. Molecular Classification of 
Grade 3 Endometrioid Endometrial Cancers 
Identifies Distinct Prognostic Subgroups. Am J 
Surg Pathol (2018)

FIGO G3 endometrioid



Grade and survivals in MMRd

PMID: 37268062







DNA Mismatch Repair



Abnormal IHC-MMR

Germline mutation

yesno

Sporadic EC

MSH2/MSH6MLH1/PMS2

Confirmed LS

MLH1 promoter 
methylation

yes

no

Testing scheme

Consider somatic DNA MMR sequencing if clinical suspicion for LS is high

no



DNA mismatch repair (MMR) gene inactivation

• Germline DNA MMR gene mutation
• MSH6, MSH2, MLH1, PMS2

• Germline EPCAM mutation leading to down-
regulation of MSH2 expression

• Constitutive “epimutation”

• Somatic promoter methylation (epigenetic silencing 
of hMLH1)

• Somatic gene mutation

Lynch Syndrome

Not Lynch Syndrome



Bosse T, et al. Am J Surg Pathol 2018 Kertwidjojo E, et al. Mod Pathol 2023

Clinical significance of mutation vs promoter methylation



Common features of POLE ultramutated endometrial 
carcinomas

Hussein Y, Soslow R, et al.  Mod Pathol 2015
Van Gool IC, et al. Histopathology 2018

Keyhanian K, et al. Am J Surg Pathol 2024





J Pathol. 2020 Mar;250(3):323-335. PMID: 31829442

What makes POLE “POLE”?





POLE assays

• Next generation multi-gene panel mutational testing 
for EDM hotspots

• QPOLE: POLE sequencing by multiplex genotyping 
qPCR

JCO Glob Oncol. 2023 May;9:e2200384.PMID: 37229628

• SNaPshot Assay for POLE exonuclease domain 
mutations

Int J Gynecol Pathol. 2022 Nov 1;41(6):541-551. PMID: 34907997



• Low-grade endometrioid carcinoma 
• MMR-proficient 
• p53 wild-type 
• pTIa
• No lymphovascular space invasion

POLE testing may not always be necessary

Int J Gynecol Pathol. 2023 Jul 1;42(4):353-363  PMID: 36731023
Mod Pathol. 2023 Apr;36(4):100085 PMID: 36788084

38% of hysterectomies



POLE testing strongly recommended

• 2023 FIGO IC and IIC, at least
• “Aggressive histotype” limited to polyp/endometrium
• “Aggressive histotype” with any myoinvasion



Grade and survivals in POLE

PMID: 37268062



Common features of copy number high (CN-H) 
endometrial carcinomas

p53





Ross DS, et al. Mod Pathol 2022



CN-H:  Are they all equally bad?

• CN-H serous ~ endometrioid ~ clear cell

• CN-H carcinosarcoma

• CN-H carcinomas with divergent differentiation
• Yolk sac-like

• Choriocarcinoma

• Trophoblastic

BUT



Features of copy number low (CN-L/NSMP) endometrial 
carcinomas

The only molecular group in which grade and histotype are 
clinically important





Aggressive CN-L subsets

• ER negative

• 1q gains

• PTEN wt

• Non-endometrioid

• Histologically high grade

Mod Pathol 2022 Sep;35(9):1269-1278



Some more interesting 
endometrial carcinomas



Case presentation

• 70 year-old patient

• FIGO stage IIC (2023)





Carcinosarcoma



Gotoh, O., et al. Nat Commun 2019

Carcinosarcoma

Howitt BE and Hammer PM, unpublished data





POLE carcinosarcoma



Case presentation

• 55 year-old patient

• FIGO stage IIIC2 (2023) with para-aortic lymph node metastasis





Positive EMA (patchy)
Negative PAX8
Negative CK7
Negative E-cad



Undifferentiated carcinoma





Undifferentiated carcinoma

Howitt BE and Hammer PM, unpublished data





BRG1

PMS2

Positive EMA (patchy)
Negative PAX8
Negative CK7
Negative E-cad

MMRd undifferentiated carcinoma, MMR and SMARCA4-deficient 



SMARCA4-deficiency

Tessier-Cloutier B, et al. J Pathol Clin Res 2021



Tessier-Cloutier B, et al. Histopathology 2022

SMARCA4
SMARCB1

ARID1B



Case presentation

• 58 year-old patient

• FIGO stage IVC (2023) with pulmonary metastasis





GATA3

TTF1PAX8

ER



Mesonephric-like endometrial carcinoma



Mesonephric-like carcinoma



CNL

Pors J, et al. Am J Surg Pathol 2021





da Silva, E.M., et al. Mod Pathol 2021



Clinico-pathological summary

• POLE:  
• Very low risk regardless of histotype and grade

• MSI-H: 
• Low risk with MMR mutation

• Intermediate risk across histotypes and grades with MLH1 promoter methylation

• Very high risk with SMARCA4/ARID1B mutation

• NSMP: risk is associated with histotype, grade and molecular subtype

• Low risk if low-grade endometrioid, low stage and ER+

• High risk for high-grade endometrioid and clear cell

• Very high risk for mesonephric-like, carcinosarcoma and with SMARCA4/ARID1B mutation

• CN-H
• High risk for serous, clear cell and endometrioid

• Very high risk for carcinosarcoma, divergent differentiation and with myc amplification



Take home messages

• PROMISE algorithm is essential

• POLE testing is strongly recommended for “aggressive histotypes” 
confined to uterus 

• Conventional therapeutic targets
• MSI-H (checkpoint inhibitors)
• CN-H Her2+ (Her2 inhibitors)

• Unconventional therapeutic targets
• RAS pathway inhibitors
• AKT inhibitors
• EZH2 inhibitors (SMARCA4 in peds)….



2020 Harlan J. Spjut Award Recipient
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Anais Malpica, MD
My dear friend





Come and visit me on Lake Erie
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Thank you for your interest
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