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Outlines
• Introduction of The TCGA molecular 

classification
• The 2023 FIGO stage of EM CA: what has 

changed?
• How Mayo Clinic incorporate molecular 

classification and the new FIGO stage of EM CA
• Use several cases to illustrate the importance of 

molecular classification
• Future perspectives and conclusions



WHO 2020 Endometrial Carcinoma 
Classification

• Endometrioid
• Serous
• Clear cell
• Undifferentiated/De-differentiated
• Carcinosarcoma
• Mixed carcinomas
• Others: mesonephric-like, gastric-type 

mucinous, squamous carcinoma

High grade



Risk Group Molecular Classification Unknown

Low • Stage IA endometrioid + low grade +LVSI negative or 
focal

Intermediate • IA endometrioid + high grade + LVSI (- or focal)
• IA non-endometrioid without invasion
• IB endometrioid + low grade + -/focal LVSI

High-Intermediate • I endometrioid + extensive LVSI
• IB endometrioid + high grade regardless of LVSI
• Stage II

High • Stage III-IVA 
• Stage II-IVA non-endometrioid + myometrial invasion

Conventional prognostic Risk Groups



Problems solely rely on histological diagnosis

• High inter-observer variation on high grade EC
• Histological subtypes in EC do not consistently 

predict clinical outcome
• Histologically high grade, but clinically behaves like 

low-grade 



Endometrioid carcinoma, 
FIGO grade 1 Histologically high-grade 

endometrial carcinomaP53

POLE pathogenic 
mutation



The Cancer Genome Atlas (4 molecular groups))
❖ POLE (ultra-mutated)- Good
❖ MSI-H (hyper-mutated)    
❖ Copy number low (NSMP)    

❖ Copy number high (serous-like) -Bad
Nature. 2013; 497: 67-73.



PORTEC Clinical Trials

• PORTEC-1: 1990-1997, 714 patients: Pelvic EGRT 
better local control than no RT in intermediate to 
high-risk EC

• PORTEC-2: 2002-2006, 427 patients: VBT similar 
effect as EBRT in intermediate to high-risk EC

• PORTEC-3: 2006-2013, 686 patients: 
Chemoradiotherapy can significantly improve OS 
than RT alone in high-risk EC

• PORTEC-4A: Risk stratification according to 
molecular classification



PORTEC 3 Clinical Trial
Prognostic significance of the TCGA groups

Alicia Leon-Castillo; JCO 2020



PORTEC 4A trial
Predictive potential of TCGA groups for adjuvant therapy

Alicia Leon-Castillo; JCO 2020



Danish Gynecologic Cancer Database
High grade EC not receiving adjuvant treatment

Alicia Leon-Castillo; Gynecol Oncol 2022

Patients with POLE mut have an excellent prognosis even with no 
adjuvant therapy



POLE mutated EC 
• Gene encodes catalytic subunit of DNA polymerase 

epsilon
• Approximately 6-10% of the ECs
• EXCEPTIONALLY GOOD PROGNOSIS
• Treatment de-escalation: NO RT for low-stage; NO 

chemotherapy for high-stage??

 



POLE mutated EC (morphological 
hints)  

• Some features can suggest POLE mutation:
• Usually high tumor grade
• Usually FIGO stage I
• Tumor heterogeneity
• Tumor infiltrating lymphocytes, Crohn’s like response
• Scattered tumor giant cells

Histopathology; 2018.  72(2): 248-258





POLE Testing in Clinical Practice
• NO Immunohistochemical surrogate
• NOT all variants are pathogenic
• Guidelines on interpretation only recently put forward

• Sequencing of POLE “hotspots”: Exons 9,13,14 or 
Exons 9-14

• Sanger vs. NGS: acceptable depend on access
• Pathologists need to identify suitable tissue

 



Only POLE Pathogenic Variants Matter 
Protein change Nucleotide Substitution

P286R c. 857 C>G

V411L c. 1231G>T/C

S297F c. 890 C>T

S459F c. 1376 C>T

A456P c. 1366 G>C

F367S c. 1100 T>C

L424I c. 1270 C>A

M295R c. 884 T>G

P436R c. 1307 C>G

M444K c. 1331 T>A

D368Y c. 1102 G>T

• EC with any of theses 
11 pathogenic variants 
is considered POLE 
mutated

• >80% of the POLE 
mutated ECs have the 
top 5 pathogenic 
variants (in bold)



Microsatellite Instability (dMMR) EC
• Result of mismatch repair protein deficiency
• 25-30% of EC
• Majority sporadic; about 3% Lynch
• Usually TIL’s and substantial LVSI
• Good response to RT. Chemotherapy does NOT 

improve prognosis.
• Immune checkpoint therapy - FDA approval for 

immunotherapy at high stage-respond better



MLH1 PMS2

MSH2 MSH6



Copy number high (Serous-like) Group

• Typically TP53 mutated and need to exclude 
POLEmut and MMRd EC

• May show typical serous features or variant 
histology: high nuclear grade

• 15-20% OF EC
• Targeting HER2 are being used



P53 IHC mutated patterns

P53 nuclear overexpression P53 loss (Null)



P53 IHC mutated patterns

P53 cytoplasmic pattern

P53 IHC and molecular correlation is around 92-95%

Am J Surg Path; 2025 March 11

P53 terminal differentiation 
pattern



Copy Number Low Group (NSMP)
• “No specific molecular profile” 
• 48-52% of EC (heterogeneous)
• It is NOT a “waste basket” group  

Modern Path. 2026



The integrated histology-molecular 
classification Scheme

NSMP, ER- NSMP, ER+



Multiple molecular classifiers





I. Major change of 2023 FIGO stage-LVSI

- Substantial LVSI for non-aggressive 
histological types are IIB

- No or focal LVSI for non-aggressive 
histological types are the followings:

- IA1: no invasion
- IA2: <1/2 invasion
- IB: >1/2 invasion 

Substantial LVSI: ≥4 LVS on one given H&E slide?





- No >50% myometrial invasion
- No substantial LVSI
- No additional metastasis
- Ovarian tumor is unilateral, no capsular 

invasion or rupture (pT1a)

Low-grade endometrioid limited to uterus and ovary – IA3

Uterus

Ovary

Synchronous EM and Ovarian carcinomas 



III. Major change and controversy of the 2023 FIGO stage
Incorporate MC to certain EC

- Aggressive histological types 
limited to a polyp or no myometrial 
invasion: IC

- Aggressive histological types with 
any myometrial invasion: IIC 

What about incorporate MC into the EC?



FIGO EC stages with molecular classification
• Stage designation after Molecular findings in patients with endometrial 

cancers

• Stage IAmPOLEmut endometrial carcinoma, confined to the 
uterine corpus or with cervical extension, regardless of the degree 
of LVSI or histological type

• Stage IICmp53abn p53abn endometrial carcinoma confined to the 
uterine corpus with any myometrial invasion, with or without 
cervical invasion, and regardless of the degree of LVSI or 
histological type

• The Final 2023 FIGO stage will be changed/updated 
according to the molecular findings, usually 2-3 weeks 
after the initial stage was assigned



Gross Hysterectomy-New Practice
• Taking more sections of the endometrial tumor (routinely 

5mm per section)
• Submit the entire ovaries and fallopian tubes with any of 

the following risk factors:
• High grade tumor
• Deep invasive tumor
• Synchronous tumors

 





EM CA Molecular Testing Work Flow-09/23 

Hysterectomy (all in house cases)

All endometrial carcinomas regardless of histologic types or stages-
Prelim FIGO (2023) stage issued
Comment of “APEMREX” added

Mayo GYN EM ca panel (MCECP)

Addendum or amendment issued to report the final MMR, 
p53, POLE mutation status and final molecular stage 

(APMCECP)



Why on hysterectomy not on biopsy?  
• Considering our own institutional practice

• Sentinel LN
• Routine IHC for ER, PR, p53, and MMR
• Turn around time

• The cost of the molecular panel
• Single gene (POLE) was not available
• The panel is relatively inexpensive

• Sampling issue



Gyn Oncol. 2016; 143: 46-53



The Mayo MCECP Panel

The MCECP panel includes the following 19 genes: ATM, ATR, 
BRCA1, BRCA2, CDK12, CTNNB1, EPCAM, ERRBB2, FEXW7, 
L1CAM, MLH1, MSH2, MSH6, NBN, PALB2, PMS2, POLE, PP2R1A, 
and TP53



What’s wrong with this MC report? 



What happened after 2 years?  

• Problem #1
• For stages III or IV EC, one patient is allowed one 

molecular panel per year!

• Problem #2
• The MC panel sometimes takes longer than 2 weeks-

miss the treatment window for adjuvant therapy

• A big question raised
• Do we really need MC for low-grade low stage ER/PR+, 

p53 wild type, and MMR proficient ECs?



EM CA Molecular Classification Work Flow- Current

Hysterectomy (all in house cases)

All endometrial carcinomas regardless of histologic 
type-Pathology report on histology Dx, IHC of ER, PR, 

p53, MMR, and Prelim FIGO (2023) Stage I and II

Mayo GYN EM ca panel (MCECP)

Addendum or amendment issued to report the final 
MMR, p53, POLE mutation status and final molecular 

stage

All endometrial carcinomas regardless of histologic 
type-Pathology report on histology Dx, IHC of ER, 

PR, p53, MMR, and Prelim FIGO (2023) Stage III or IV

Caris GYN Molecular Panel

Addendum or amendment issued to report the 
final MMR, p53, POLE mutation status and final 

molecular stage



Case 1 
• A 62-year-old patient with post-menopausal 

bleeding

• Endometrial biopsy performed at the outside 
institution reported as FIGO grade 2 
endometrioid carcinoma.

• A hysterectomy was performed, frozen section 
confirmed carcinoma, SLN was also performed









ER PR

Napsin A



MMR IHC

MLH1 PMS2

MSH2 MSH6



P53



Surgical pathology diagnosis without MC 

• Endometrial carcinoma, consistent with 
endometrioid carcinoma, FIGO grade 2 with p53 
IHC abnormality

• Carcinoma shows superficial myometrial 
invasion (<10%) with no LVSI; other parts are 
negative

• The preliminary 2023 FIGO stage is IA2.



The final FIGO stage with MC is   Stage IICmp53abn



Prognosis of FIGO stage 1 p53 abnormal low grade 
endometrioid endometrial carcinomas

Jamieson et al. Clinical Cancer Res. 2023



Case 2 

• A 58-year-old patient with post-menopausal 
bleeding

• Endometrial biopsy showed FIGO grade 1 
endometrioid adenocarcinoma

• A hysterectomy along with SLN were performed











ER PR

BRG1 ECad

MMR proteins retained



P53



Surgical pathology diagnosis without MC 

• Endometrial carcinoma, favor high grade 
endometrial carcinoma with p53 mutation (MMR 
proteins retained)

• Carcinoma shows myometrial invasion (>1/2) 
without LVSI; other parts are negative

• The preliminary 2023 FIGO stage is IIC.



The final FIGO stage with MC is   Stage IAmPOLEmut



Case 3 

• A 73-year-old patient with post-menopausal 
bleeding

• Endometrial biopsy showed FIGO grade 1 
endometrioid carcinoma

• A hysterectomy with SLN was performed









ER

PR



MLH1 PMS2

MSH2 MSH6



p53



Surgical pathology diagnosis 

• Endometrial carcinoma, consistent with FIGO grade 
1 endometrioid carcinoma with p53 sub-clonal 
mutation (<10%)

• Carcinoma shows superficial myometrial invasion 
(<20%), no LVSI; other parts are negative

• The preliminary 2023 FIGO stage is IA2, pending 
molecular classification.



WHAT IS P53 SUB-CLONAL MUTATION 
ENDOMETRIAL CARCINOMA?

•Huvila et al. Histopathology 
2023; 83:880-890

•38 of 957 EC showed sub-
clonal mutation on IHC

•23 >10%; 15 <10%

•22 of 38 cases are multiple 
classifiers



Prognosis of p53 sub-clonal mutation endometrial cancers

Huvila et al. Histopathology. 2023



Now what???



Case 4  
• A 43-year-old patient with abnormal uterine bleeding

• Imaging studies showed an enlarged uterus with cervix 
and vaginal abnormality

• An endometrial biopsy showed endometrial carcinoma

• A TAH-BSO and sentinel LN excision was performed



Gross Examination







ER

PR



P53



Surgical pathology diagnosis 
• Endometrial carcinoma, consistent with FIGO grade 

2 endometrioid carcinoma (ER+, PR+, and p53 wild-
type)

• Carcinoma shows myometrial invasion (<50%), no 
LVSI; other parts are negative

• The preliminary 2023 FIGO stage is IA, pending 
molecular classification.







Final surgical pathology diagnosis 
• Endometrioid adenocarcinoma with p53 mutation
• Carcinoma involves right adnexal tissue
• 2023 FIGO stage is IIIA1.



Risk Group Molecular Classification Known

Low • Stage I-II POLEmut endometrial carcinomas
• IA MMRd/NSMP low grade endometrioid + focal or no LVSI

Intermediate • IA MMRd/NSMP endometrioid + high grade + LVSI (- or 
focal)

• IA p53abn without myometrial invasion
• IB MMRd/NSMP endometrioid + low grade + -/focal LVSI

High-Intermediate • I MMRd/NSMP endometrioid + extensive LVSI
• IB MMRd/NSMP endometrioid + high grade regardless of 

LVSI
• Stage II MMRd/NSMP endometrioid carcinoma

High • Stage III-IVA MMRd/NSMP endometrioid carcinoma
• Stage I-IVA p53abn + myometrial invasion
• Stage III –IVA MMRd/NSMP other high grade carcinomas

Prognostic Risk Groups with MC



Summaries  
• MC of EC is still a rapid changing field.
• If your institution is ready, do MC on all EC cases
• If not, use IHC markers you already have, such as p53, 

ER/PR, MMR on all cases and select cases need to be 
sent out for MC

• Gross examination and sampling of the TAH-BSO 
specimen is STILL important

• Integrated molecular diagnosis with morphology and the 
2023 FIGO staging, do communicate clearly with your 
clinicians.



We are part of the team and play a critical role!



Thank you! 
(chen.Longwen@Mayo.edu)
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