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Overview

◼ May. 2017  Pembrolizumab (PD-1 inhibitor) received accelerated FDA approval 
for Solid MSI-H or dMMR tumor that has progressed following prior treatment 

◼ Jun 2018  Cervical cancer with PD-L1 /2nd line 

◼ Apr 2021 Dostarlimab dMMR endometrial cancer/2nd line (GARNET)

◼ Jul 2021 Pembrolizumab + lenvatinib endometrial cancer /2nd line (KEYNOTE-775)

◼ Aug 2021 Dostarlimab dMMR solid tumors /2nd line (GARNET)

◼ Mar 2022 Pembrolizumab dMMR endometrial cancer/2nd line (KEYNOTE-158)

◼ MSI-H or dMMR tumors tend to be hypermutated, release more neoantigens 
that stimulate an immune response, and may be more susceptible to 
immunotherapeutic strategies
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TCGA Project 

Mutation Spectra Across Endometrial Carcinomas

Nature. 2013 May 2;497(7447):67-73. 

POLE group
(ultramutated)

100-500 mut/Mb,
endometrioid, 
PTEN mutation

MSI  group
(hypermutated)
10-20 mut/Mb, 
endometrioid, 

PTEN mutation, 
mixed grade

~28% endometrioid tumor

Copy-number low group
2-3 mut/Mb, 

endometrioid, 
PTEN, CTNNB1 mutations, G1

Copy-number high group
2-3 mut/Mb, 

endometrioid, 
TP53 mutations, high grade

High genome instability 
immunogenic

Hypo-mutated, low expression of immune-related 
biomarkers
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Cancers (Basel). 2021 May 26;13(11):2623. . 

Molecular Classifications of Endometrial      
Carcinomas
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High prognostic value of molecular 
characterization of endometrial cancer

a. Nature.2013;497:67-73; 
b. Clin Cancer Res. 2016; 22:4215-4224; 

c. Am J Surg Pathol. 2018; 42:561-568; 
d. J Clin Oncol. 2020;38:3388-3397

Ann Oncol. 2018 May 1;29(5):1180-1188.

◼ Best survival for POLEmut (ultramutated) EC 

◼ ProMisE (Proactive Molecular Risk Classifier for Endometrial Cancer)
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Int J Gynecol Cancer. 2021 Jan;31(1):12-39; Cancers (Basel). 2021 May 26;13(11):2623. . 

2020 ESGO/ESTRO/ESP Guidelines 
Molecular Classifications of Endometrial Carcinomas
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Molecular typing-guided treatment

◼ Predictive potential for adjuvant platinum-based treatment in PORTEC-3

◼ Ongoing: PORTEC-4aNCT03469674, CANSTAMPNCT04159155, TAPER NCT04705649……

J Clin Oncol. 2020;38:3388-3397.
Curr Oncol. 2022;29(2):741-757Curr 

Oncol. 2022 Feb; 29(2): 741–757.

Additional CT needed
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Principle of molecular analysis

◼ Recommend universal testing for MMR proteins (MSI testing if results equivocal)

◼ Assess promoter methylation in MLH1 loss (epigenetic mechanism)

◼ Consider NTRK gene fusion testing for metastatic or recurrent EC

◼ Consider TMB testing through validated and/or FDA-approved assays

Oncotarget 2017 Aug 3;8(48):84579-84594.
NCCN. Uterine neoplasm.V 2.2023.
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Updated 2023 FIGO Staging of Endometrial Cancer

Define substages

◼ In all stages, grade, histological type and LVSI must be recorded. If available and 
feasible, molecular classification testing (POLEmut, MMRd, NSMP, p53abn) is 
encouraged in all patients for prognostic risk-group stratification

◼ addition of “m” for molecular classification and a subscript for subtype 

◼ Non-aggressive histological types: G1/2 EECs; aggressive histological types: G3 EEC, 
serous, clear cell, undifferentiated, mixed, mesonephric-like, gastrointestinal 
mucinous type carcinomas and carcinosarcomas.

◼ Disease upstaging or downstaging  if “m” classification of p53abn or POLEmut in 
stages I and II  (IICmp53abn or IAmPOLEmut).

Int J Gynaecol Obstet. 2023 Aug;162(2):383-394. 
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Updated 2023 FIGO Staging

Int J Gynaecol Obstet. 2023 Aug;162(2):383-394. 
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Why testing for MMR/MSI relevant in 
endometrial and ovarian carcinoma?

Recommended testing for MMR status/MSI in all EC, irrespective of age

◼ Diagnostic, MMRd/MSI considered a marker for 

endometrioid-type EC

◼ Pre-screening to identify patients at higher risk for 

Lynch syndrome

◼ 3-5% of all endometrial cancer

◼ About 10% of MMRd/MSI-H endometrial carcinomas

◼ EC often precedes subsequent ca (sentinel cancers)

◼ Prognostic, as identified by TCGA classification

Hypermutated MMRd/MSI category

◼ Predictive testing for MMRd tumors eligible for 

immune checkpoint inhibitors

Int J Gynecol Cancer 2021;31:12–39; Genet Med 2019;21:2390–400; 10.1056/NEJMc2035378.
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Lynch syndrome 
◼ Autosomal dominant inherited, hereditary cancer syndrome

      Prevalence~ 1 in 600 to 1 in 3,000 individuals 

◼ Germline mutation in 1 of 4 MMR genes (MLH1, MSH2, MSH6, PMS2) or the 
epithelial cell adhesion molecule (EPCAM)

◼ Different risks for cancers: 

Colorectum (18–61%), endometrium (16–61%), ovaries(5-10%), stomach, small 

bowel, bile duct, pancreas, and upper urinary tract

◼ 2% to 6% (2.3 %) of endometrial cancers (5-9 % in <50 years)

◼ 2.2% in women with colorectal cancer

◼ Screening and identification of patients by clinical characteristics Amsterdam criteria 
II (3-2-1 rule) and revised Bethesda criteria (2004)

International Society for Gastrointestinal Hereditary Tumours (InSiGHT) database 
(https://databases.lovd.nl/shared/genes)

Obstet Gynecol. 2014 Nov;124(5):1042-1054.
Hered Cancer Clin Pract. 2013; 11(1): 9.

MLH1 and MSH2 mutations ~ 90% (NCBI)
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Lynch syndrome

◼ Highest cancer risks in path_MLH1 and path_MSH2 carriers

◼ Penetrance for path_MSH6 variants lower but females had high risks for 
gynecological cancers

◼ Higher risk for EC for MSH6 mutation carriers than MLH1 and MSH2

Gastroenterology. 2004 Jul;127(1):17-25    
Hered Cancer Clin Pract. 2013; 11(1): 9.

EC
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Lynch syndrome

◼ Age of cancer onset varies among specific mutated genes, types of mutations

◼ Cumulative incidences for EC at 70 years: 

34%, 51%, 49%, and 24% for MLH1, MSH2, MSH6, and PMS2 mut

◼ Cumulative incidences for OC at 70 years:

11%, 15%, 0%, and 0% for MLH1, MSH2, MSH6, and PMS2 mut

◼ Surveillance for EC in general start at the age of 35 years

Ryan et al suggest gyn surveillance from age 30 (MSH2 mut), 35 (MLH1 mut), 40 (MSH6 mut)

Gut 2017;66:464–72.; JAMA Oncol 2017;3:1702–6.
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Clin Cancer Res. 2017 Aug 1; 23(15): 4473–4481. 
Clin Cancer Res. 2022 Oct 3; 28(19): 4302–4311.

◼ Increased immune response in MSI-H tumors with increased immune cell 
infiltration and PD-L1 positive cells

◼ Equivalent immune response in MSI-H EC with sporadic or inherited Lynch 
syndrome origins?

◼ Increased CD8+ cells and activated CTLs in stroma: LS > sporadic MSI-H 
cases

◼ TIL score: germline/somatic MMR mutations> MLH1ph ECs

◼ MLH1ph EC was associated with inferior PFS

Hereditary or sporadic origin matters?
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Microsatellite Instability (MSI)

◼ Microsatellites, short tandem repeats
Repetitive DNA sequences, 1-6 bases,  in both coding and noncoding     

regions along the genome, particularly sensitive to DNA mismatching 

errors during DNA replication or damage

◼ MSI   A condition of genetic hypermutability

◼ Clustering of mutations in microsatellites consisting of repeat length 

alterations, phenotypic evidence of defective DNA mismatch repair

◼ A marker of dMMR, characterizes a hypermutable state 

◼ Assessed with : 

(I) Defective expression of MMR proteins as determined by IHC 

(ii) Molecular tests, including PCR-based tests and NGS approaches

Annals of Oncology 30: 1232–1243, 2019
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DNA Mismatch Repair, MMR
◼ DNA MMR

Restore DNA mismatching errors, single base mismatches or short indels

◼ Critical genes include MLH1, MSH2, MSH6 and PMS2 

◼ Function in heterodimers, MLH1-PMS2 and MSH2-MSH6. 

◼ Germline, somatic mutations or epigenetic silencing of one of these genes 
results in a defective MMR (dMMR)

◼ MSI-H/MMRd tumor

A tumor that accumulates thousand of mutations, particularly clustered in   

microsatellites, consisting of repeat length alterations, result in MSI

Encyclopedia of Cancer (Third Edition)2019, 374-388
Ann Oncol. 2019;30(8):1232-1243. 
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DNA Mismatch Repair, MMR

PCNA, proliferating cell nuclear antigen; RFC, replication factor C; 
EXO1, exonuclease 1; RPA, replication protein A

Familial Cancer 15, 385–393 (2016).
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MSI status defined by IHC

◼ IHC for 4 MMR proteins required in cancer type belonging to spectrum of Lynch 
syndrome [colorectal, endometrial, small intestine, urothelial, gliomas/glioblastomas 
and sebaceous gland]

MMR genes mutation interfere with dimerization→ Heterodimers degradation 

→ Loss of both obligatory and secondary proteins

◼ Mutations in MLH1→ IHC loss of both MLH1 and PMS2

◼ Mutations in MSH2 →IHC loss of both MSH2 and MSH6

◼ PMS2 antibody detects MLH1 or PMS2 abnormalities 

◼ MSH6 antibody detects MSH2 or MSH6 abnormality

◼ Advantages

◼ Perform IHC on biopsies or surgical specimens?

◼ Pitfalls

◼ False negative due to tissue fixation, aberrant staining patterns

◼ Missense mutation with catalytically inactive but antigenically intact mutant protein

◼ Lack of PMS2 or MSH6 substituted by other secondary proteins (MSH3, MLH3, PMS1)
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Common problems in MMR IHC 
interpretation

• Suboptimal fixation

• Defective or equivocal staining: very weak or focal expression seen in the 
presence of MMRd; unknown diagnostic, and clinical implications of this 
pattern

• Subclonal expression (focal expression loss): normal staining must be seen 
as internal control; occur as acquired defect during tumor progression, such 
as MLH1 promoter methylation; “passenger mutation” in MSH6 gene

Subclonal expression of MLH1 Subclonal expression of PMS2

BAGP Guidance Document: MMR Immunohistochemistry 
interpretation and terminology. 2020
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Common problems in MMR IHC 
interpretation

• Punctate nuclear expression pattern in some case of MLH1 loss: 

erroneously interpreted as retained/normal expression

• Cytoplasmic/membranous staining should be reported as abnormal

• Others: 3 or more proteins loss, MMR IHC/MSI or MMR IHC/genetic testing 
discordancy…

Punctate nuclear staining for MLH1 Cytoplasmic staining for PMS2

BAGP Guidance Document: MMR Immunohistochemistry 
interpretation and terminology. 2020
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MSI status defined by IHC
◼ ESMO recommendations

◼ The first test of choice is IHC

◼ Use all 4 MMR proteins. Whether testing all 4 antibodies simultaneously or 
in a sequential manner, i.e. using two-antibody screening followed by reflex 
IHC for the appropriate partner protein

◼ Screen for MMRd by testing for PMS2 and MSH6: cost-effective but 
equivalent accuracy to testing for all 4 proteins ?

◼ Move to MSI-PCR whenever there is any doubt in IHC interpretation

Mod Pathol 2011;24:1004–14.; Am J Surg Pathol 2009;33:1639–45.; Ann Oncol.  30: 1232–1243, 2019
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MSI status defined by PCR-based testing

◼ MSI-PCR molecular testing  indicated in indeterminate IHC results or in case 
of loss of only one heterodimer subunit

◼ PCR amplification of microsatellite markers 

◼ Panel 1 (Bethesda/NCI): BAT-25, BAT-26,  D5S346, D2S123 and D17S250

◼ Panel 2: BAT-25, BAT-26, NR-21, NR-24, NR-27 (Sen 95.6%, Spe 100% ). 

◼ MSI: 2+ mononucleotide markers show repeats length alteration

The terms MSI-H (>=2) or MSI-L (1 marker ) should be abandoned and MSI-L should 
be included with MSS tumors

◼ NGS-based MSI testing 

◼ Couple MSI analysis with the determination of TMB

◼ Larger set of microsatellites

◼ Identify other targetable alterations other than immunotherapy
MSIplus panel, ColonCore Panel, smMIP panel

J Natl Cancer Inst. (2004) 96(4): 261–268. 
Mol Diagn. (2006) 8:305–11.
Clin Chem. (2018) 64:950–8.

Sci Rep. (2021) Jun 18;11(1):12880.
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MSI status defined by PCR-based testing

Front Oncol. 2018 Dec 12;8:621. 
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Sci Rep. 2021 Jun 18;11(1):12880.

Testing Algorithm for MSI
◼ Better diagnostic performance of molecular assays in CRC than in EC 

◼ In EC, lower sensitivity for PCR assay (67%) and NGS (75%)

◼ Discrepant IHC and molecular MSI in samples with loss of MSH6 expression
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Nat Med. 2017 Jun;23(6):703-713
JCO Precis Oncol. 2017;2017:PO.17.00073

Significant mutational burden in endometrial cancer

◼ Microsatellite stable (MSS) in 70-75%; microsatellite instability high (MSI-H) in 25-30% 

Mutational signatures (MSK-IMPACT) 
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Significant mutational burden in endometrial cancer

Nat Med. 2017 Jun;23(6):703-713
JCO Precis Oncol. 2017;2017:PO.17.00073
Annals of Oncology 30: 1232–1243, 2019

MSI prevalence in 31.4% of endometrial carcinoma 112年
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Rationale for Immunotherapy-Based Combinations

◼ Checkpoint immunotherapy mechanism of action

◼ Immune checkpoint inhibitors (ICIs)  block interaction of PD-L1 with PD-1; allow T 
cells to kill tumor cells

◼ Immunogenic effects of chemotherapy

◼ Taxanes: T-cell priming, DC activation, MDSCs depletion

◼ Platinum-based agents: Downregulation of PD-L1/L2 on DC, Induction of 
immunogenic cancer cell death

NCI. Accessed Aug 10.2023.https://www.cancer.gov/about-cancer/treatment/types/immunotherapy/checkpoint-inhibitors; Clin Cancer Res
. 2014 Jun 1;20(11):2831-7; Cancer Immunol Res. 2015 May;3(5):436-43; Cell Immunol. 2010;263(1):79-87
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Rationale for Immunotherapy-Based Combinations

Immunogenic effects of chemotherapy

Cancer Immunol Res. 2015 May;3(5):436-43
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NCCN Recommended Systemic Treatments for 

Endometrial Carcinoma

NCCN Clinical Practice Guidelines in Oncology. Uterine Neoplasm. V 2.2023 

NRG-GY018

RUBY (ENGOT-EN6; GOG-3031) 
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NCCN Recommended Systemic Treatments for 

Endometrial Carcinoma

NCCN Clinical Practice Guidelines in Oncology. Uterine Neoplasm. V 2.2023 
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Molecular subtype–specific adjuvant therapy 

Cancer. 2022 Aug 1;128(15):2853-2857
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TransPORTEC RAINBO Umbrella Trial

Int J Gynecol Cancer 2021;31(Suppl 3):A1–A395
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MMR protein loss by IHC, PCR-based or     
NGS based MSI analysis? 

J Pathol 2000; 192: 328–35.
Am J Pathol 2002; 160: 1953–8.

Gastroenterology. 2004 Jul;127(1):17-25

◼ MSI-NGS discrepancies in non-CRC cancers may due to other involved loci not 
measured by  MSI-PCR

◼ Different MSI levels between EC and CRC patients with Lynch syndrome 

◼ MSI lower in EC patients 

◼ MSI lower in EC patients from MSH6 mutation carriers 

◼ More MSH6 mutations in EC patients (x5)

◼ MSI-L or MSS status in EC with MSH6 deficiency range from 29% to 50%
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TMB as biomarker beyond dMMR/MSI-H

.

◼ TMB predicted outcomes with pembrolizumab irrespective of PD-L1 expression

KEYNOTE-158

Lancet Oncol 2020; 21: 1353–65
Oaknin et al. ESMO 2021. Abstract  76P

GARNET study
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◼ GARNET study

◼ Patients with MMR-d had high 
response rates

◼ But TMB-high tumors were 
associated with high responses 
irrespective of MMR status

Oaknin A, et al. Presented at ESMO Annual Meeting; Sep 16-21, 2021; Virtual. Presentation 76P
PJ Immunother Cancer. 2022; 10(1): e003777.

TMB as biomarker beyond dMMR/MSI-H
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TMB as a surrogate for PCR- and NGS based   
MSI assays?
◼ Elevated TMB associated with other etiologies e.g. POLE exonuclease-domain 

mutations 

◼ 30% of MSI-H tumors were TMB-Low (<17 mut/Mb)

◼ Higher discrepant TMB and MSI-H rates in non-CRC 

◼ 95% concordance in CRCs but only 57% MSI-H EC were TMB-H

◼ Discrepancy observed in OV (24%), NE (57%), and CC (33%)

Genome Med. 2017;9(1):34.
Cancer Med. 2018;7(3):746–756.
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FDA Approved in vitro diagnostic companion 
diagnostic device
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FDA Approved in vitro diagnostic companion 
diagnostic device
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Summary of guidelines for patients 
considered immune checkpoint 

inhibitors
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Annals of Oncology 30: 1232–1243, 2019

ESMO recommendations for MSI testing
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Pathol Lab Med 146:1194-1210,2022

2022 CAP (College of American Pathologists) guidelines
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J Clin Oncol. 2023 Apr 1;41(10):1943-1948. 

Endorsement of CAP guidelines by ASCO

◼ Consider other potential information via NGS testing in decision making.

Beyond MSI detection,

◼ Detection of HER2 amplification, high TMB due to non-MSI mechanisms
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Thank you for your attention
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