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Outline 

• We will review FDA-approved biomarkers for immunotherapy 
in the Gynecologic Tract, with attention to recently published 
STIC guidance for their utilization.

• Mismatch Repair (MMR) Immunohistochemistry (IHC)

• Microsatellite Instability (MSI)

• PD-L1 Immunohistochemistry (IHC)

• Tumor Mutation Burden (TMB)



MMRd as an immunotherapeutic biomarker 

• In their groundbreaking 2017 
Science article, Le et al. showed 
that 53% of MMR-deficient/MSI-
high tumors respond to 
pembrolizumab, including 21% 
with complete response.  

• In May 2017 the FDA approved 
pembrolizumab in any solid tumor 
with this molecular signature.



MMRd & Immunotherapy

• Immune checkpoints such as PD-1 put 
the brakes on the adaptive immune 
response to prevent perpetual activation 
following inflammatory stimulation. 
• The PD-1/PD-L1 interaction promotes 

immune tolerance.

• Checkpoint ligands such as PD-L1 can be 
co-opted by tumor cells as a “cloaking 
device” to evade immune attack.

• Blocking these inhibitory checkpoints (or 
their ligands) “takes off the cloak” and 
allows cytotoxic T cells to recognize and 
attack tumor.

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/immune-checkpoint-inhibitor

PD-L1 

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/immune-checkpoint-inhibitor


• For the immunotherapy to work, immune cells 
must be able to recognize and respond to the 
tumor.

• Immune recognition requires that the tumor 
be different from normal.

• More neoantigens (e.g. high neoantigen load) 
means more immune recognition.

• MMR deficiency is a mechanism of neoantigen 
production because the tumors mutate so 
rapidly.

MMRd & Immunotherapy



What’s the optimal test for MMR deficiency?  



• MSH2, MSH6, MLH1, and PMS2 protein expression evaluated 
in tumor cell nuclei. 

• Background lymphocytes & stroma serve as positive internal controls.
• Report as “Intact” vs. “Deficient.”

• Pattern is informative:
• Loss of MSH2/MSH6: 

Defect in MSH2 *rarely EPCAM, MSH6
• Loss of MSH6 alone:     

Defect in MSH6
• Loss of MLH1/PMS2: 

Defect in MLH1
• Loss of PMS2 alone:      

Defect in PMS2 gene**rarely MLH1

Accounts for the majority of cases; 

most often due to sporadic methylation

MMR Immunohistochemistry
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MLH1 

hypermethylation 

detected on PCR



PCR-based Microsatellite Instability (MSI) Testing
• Microsatellites are repetitive sequences which are 

vulnerable to replicative error without a functioning 
MMR system.

• MSI testing compares normal to tumor & assesses 
replicative errors in these sequences. 

• PCR-based MSI tests assess at least 5 microsatellite 
markers (BAT25, BAT26, D2S123, D5S346, & D17S250)

• If ≥2 of the 5 loci are unstable= MSI-High

• If only 1 unstable= MSI-low.

• These assays were initially developed for 
colorectal carcinoma, and are optimized for that 
tumor type.

• High-level MSI (MSI-H) serves as a proxy for germline 
or sporadic impairments to MMR.



MSI testing in the endometrium: 
Limitations

• Although MSI testing has proven a robust test for 
MMR defects in colorectal cancer, it has lower 
sensitivity in endometrial carcinoma.
• Sensitivity for different assays ranges from 58-75% 

• Why?  When compared to colorectal cancers, 
endometrial cancers show a higher proportion of 
MSH6 mutations and minimal microsatellite shifts.
• MSH2-MSH6 heterodimers repair single base-pair 

mismatches and dinucleotide insertion-deletion 
loops.

• MSH2-MSH3 heterodimers are specialized for larger 
insertion-deletion loops.

• Dedeurwaerdere F et al. Comparison of microsatellite instability detection by immunohistochemistry and molecular techniques in colorectal 

and endometrial cancer. Scientific reports 18;11(1) 2021

• Wu X, et al. Minimal microsatellite shift in microsatellite instability high endometrial cancer: a significant pitfall in diagnostic 

interpretation. Mod. Pathol. 2019;32:650–658.

• Wang Y, Shi C, Eisenberg R, Vnencak-Jones CL. Differences in microsatellite instability profiles between endometrioid and colorectal 

cancers: a potential cause for false-negative results? J. Mol. Diagn. 2017;19:57–64.

Bellacosa et al. Cell Death & Differentiation 2001



MSI Testing: MSI-low
Germline testing: MSH6 c.741delA

MSH6

MSH2



What about broad NGS Panels?

• Some institutions have access to large somatic tumor testing panels 
testing 100s of genes, which can include MMR genes.

• Benefits:
• Can simultaneously provide information about other genes of interest.
• Like MMR IHC and MSI, can detect germline and somatic pathogenic variants
• Easy in settings where such testing is routine.

• Drawbacks:
• High cost, variably reimbursed and covered by insurance.
• Failure rate can be high: some studies reporting 10-20% failure rates.

• Al-Kateb et al. Mol Oncol 2014; Goswami et al. Am J Clin Pathol 2016
• Limited data on sensitivity/specificity 

• Several studies showed that somatic results remained discordant  with IHC in ~20% of 
cases

• Carethers et al. Gastroenterology 2014; Haraldsdottir et al. Gastroenterology 2013; Elize et al. 
Gastroenterology 2021



• Guideline Statement:
• “For patients with endometrial cancer being 

considered for immune checkpoint inhibitor 
therapy, pathologists should use MMR-IHC 
over MSI by PCR or NGS for the detection of 
DNA mismatch repair defects.”

• Good Practice Recommendations:
• Discordant results: Interpret any evidence of MMRd by 

IHC or MSI by NGS or PCR as a positive result *after 
excluding interpretive error. 

• Indeterminate result: perform an alternative technique 
or repeat on a different tumor block. 

• Clonal loss by MMR-IHC: perform MSI by PCR specifically 
in a dissected area of tumor that has IHC loss.



How common is MMRd Outside the Endometrium?

• ~10% of endometrioid & clear cell ovarian carcinomas.

• 1-2% of ovarian serous carcinomas.

• 2-3% of cervical cancers.

• <1% of uterine mesenchymal tumors.

• Leskela S, Romero I, Cristobal E, et al. Mismatch Repair Deficiency in Ovarian Carcinoma: Frequency, Causes, and Consequences. American Journal of 

Surgical Pathology 2020;44:649–656.

• Schmoeckel E, Hofmann S, Fromberger D, et al. Comprehensive analysis of PD-L1 expression, HER2 amplification, ALK/EML4 fusion, and mismatch repair 

deficiency as putative predictive and prognostic factors in ovarian carcinoma. Virchows Archiv 2019;474:599–608.

• Bonneville R, Krook MA, Kautto EA, et al. Landscape of Microsatellite Instability Across 39 Cancer Types. JCO Precision Oncology 2017;:1–15.

• Jensen KC, Mariappan MR, Putcha GV, et al. Microsatellite instability and mismatch repair protein defects in ovarian epithelial neoplasms in patients 50 years 

of age and younger. The American Journal of Surgical Pathology 2008;32:1029–1037.



Does the lack of MMRd in these tumor 
types mean that these drugs won’t be 
useful for most gyn cancers?

Not necessarily! 

Anti-PD-1/PD-L1 checkpoint inhibitors first 
took off in melanoma and non-small cell 
lung carcinomas, which have extremely 
low rates of MMR deficiency!



Cervical squamous cell carcinoma 

showing strong diffuse PD-L1 

expression



Summary of Keynote-158 data on PD-L1 
and pembrolizumab response in cervical 

carcinoma
• 98 cervical cancer patients with progressive disease were studied. 

• 92 squamous cell carcinomas, 5 adenocarcinomas, and 1 adenosquamous carcinoma

• 77 ( 79%) were PD-L1-positive at the CPS ≥1 threshold.

• Among the PD-L1-positive tumors, 14.3% responded to pembrolizumab.
• 2.6% complete responses, 11.7% partial response

• No patients with CPS < 1 responded. 



CPS=Combined Positive Score

• Negative=CPS<1 

• Positive=CPS≥1 

#PD-L1 staining cells (tumor cells, lymphocytes, and macrophages)

# viable tumor cells X100



• A 45-year-old woman 
presents with 
recurrent cervical 
squamous cell 
carcinoma following 
chemotherapy and 
radiation.

• Does she qualify for 
pembrolizumab 
therapy using the CPS 
threshold of ≥ 1?

PD-L1



How to Assess the CPS:
• Any CPS from 1-100 is positive.  

• 100 is the maximum allowable score.

• CPS is averaged across the entire tumor.
• Don’t just count the hot spots!

• CPS should be assessed at 20x to ensure that even focal 
positivity is captured.

• Tumor cell staining must be membranous.

• Immune cell staining may be membranous or cytoplasmic.
• PD-L1+ lymphocytes and macrophages must be associated with 

response to the tumor.  
• Location can be either intratumoral or peritumoral.

Membranous/cytoplasmic 

peritumoral lymphocyte 

staining

Membranous 

tumor cell 

staining



Returning to our original patient…

PD-L1

Tumor cells: ~400
TILS/TAMS:  ~100

CPS= 100/400 X 100
CPS= 25 YES, she qualifies!



Critical Caveat!
• Even in the setting of PD-L1 positivity, pembrolizumab response 

rates are low.
• <3% of patients show complete response
• <12% show partial response

• The CPS was designed to maximize sensitivity for responders, 
but did it come at the cost of specificity?

• Are higher PD-L1 expression levels associated with better 
response rates?
• We don’t know, but in other tumor types this doesn’t necessarily seem 

to be the case.

What other FDA-approved 
biomarkers are out there?



Tumor Mutational Burden Testing



Sha et al. Tumor Mutational Burden as a Predictive Biomarker in Solid Tumors. Cancer Discovery 2020



Tumor Mutational Burden Testing

• The KEYNOTE-158 study revealed that 29% of patients with TMB-H 
solid tumors respond to pembrolizumab, including 4% with 
complete response.

• Marabelle A, Fakih M, Lopez J, et al. Association of tumour mutational burden with outcomes in patients with advanced solid 
tumours treated with pembrolizumab: prospective biomarker analysis of the multicohort, open-label, phase 2 KEYNOTE-158 
study. The Lancet Oncology 2020;21:1353–1365.

• Trials in PD-L1-positive endometrial cancer which did not require 
MMRd/MSI-H showed partial response to pembrolizumab in 13% 
with stable disease in another 13%. 

• Ott PA, Bang YJ, Berton-Rigaud D, et al. Safety and antitumor activity of pembrolizumab in advanced programmed death ligand 1–
positive endometrial cancer: Results from the KEYNOTE-028 study. Journal of Clinical Oncology 2017. 

• 14.9% of cervical cancers are TMB-H… roughly parallels response 
rate… could this be a better marker than PD-L1 or MMR in this 
tumor type????

• Shao C, Li G, Huang L, et al. Prevalence of High Tumor Mutational Burden and Association With Survival in Patients With Less 
Common Solid Tumors. JAMA Netw Open 2020;3:e2025109.





Summary

• The PD-1 checkpoint inhibitors pembrolizumab and 
dolstarlimab are FDA-approved in solid tumors showing 
mismatch repair deficiency/high-level microsatellite 
instability.
• MMR IHC is the recommended over MSI and NGS as the frontline 

test in endometrial carcinomas.
• In ovarian carcinomas, SITC guidelines suggest MSI as first-line test.  

• PD-L1 is also FDA-approved as an immunotherapeutic 
biomarker in cervical carcinomas using the CPS system.
• The STIC guidelines also recommend this assay for vulvar/vaginal 

carcinomas.

• Tumor mutational burden (TMB) testing is another FDA-
approved gateway for immunotherapy access in solid 
tumors (“TMB-High” ≥10 mutations per megabase).


