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A Few Definitions

• DNA mismatch repair deficiency: Sub-optimal cell machinery for 
fixing mistakes made during DNA replication. 

• Tumor mutational burden: The number of mutations in a cancer’s 
genome.

• Microsatellite instability: The number of repeated DNA bases in a 
microsatellite changes during DNA copying. The presence of MSI is 
phenotypic evidence that DNA mismatch repair is not functioning 
properly.

• Neoantigen: A mutated, immunogenic peptide
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DNA Mismatch Repair

• MMR dysfunction can be caused by mutations in genes that code for 
MMR proteins (MLH1, MSH2, MSH6, PMS2)

• Mutations in MMR proteins can result from:
• Hereditary causes (Lynch syndrome) 

• Somatic mutations

• Silencing through promoter methylation

Somatic mutation: an alteration in 
DNA that occurs after birth; can 
occur in any non-germline cell



Microsatellite Instability

Microsatellites are stretches of DNA with a repetitive sequence of 
nucleotides and are susceptible to acquiring errors when defective 

MMR genes are present.
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Method to measure MSI/MMR What is measured?

Polymerase chain reaction (PCR)
5 targeted mononucleotide loci in the 
cancer DNA

Immunohistochemical staining (IHC)
Presence or absence of MMR proteins in 
sample

Next-generation sequencing (NGS)
Compares microsatellite sequences to 
matched normal or consensus sequence



Tumor mutational burden

TMB is a measure of the somatic mutations per area of a tumor’s 
genome, reported in mutations/megabase (mut/Mb).
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Method to measure TMB What is measured?

Whole-exome sequencing (WES) Sequencing all the protein-encoding 
regions of a tumor’s DNA

Targeted panels Sequencing of smaller portions of 
tumor’s DNA



Somatic mutations by cancer type

Alexandrov, Nature 2013.
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Many tumors are MSI-high or MMR-deficient

Le, Science 2017.#LearnACI



Relationship between TMB and MSI

#LearnACI
Goodman, Cancer Immunol Res 2019.



Rationale for Immunotherapy
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Rationale for Immunotherapy
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Sahin, BJC 2019.

Antigen Recognition  T-cell killing  IFNγ
 PD-L1 upregulation



First-line pembrolizumab for MSI-H/ 
dMMR CRC – KEYNOTE-177

#LearnACI
Andre, ASCO 2020.

Treatment N ORR CRR

Pembrolizumab 153 43.8% 11.1%

Investigator’s choice 154 33.1% 3.9%

Innate Resistance to Immunotherapy

Can we improve MSI (and perhaps TMB)
Interpretation to better predict who will respond?



Degree of MSI and Quality of Neoantigens

#LearnACI Science. 2019 May 3; 364(6439): 485–491

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=31048490
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TMB and Quality of Neoantigens

#LearnACI Nature Communications volume 11, Article number: 951 (2020)



Summary and Future Directions
• TMB-H and MSI-H tumors harbor neoantigens that are recognized as non-self by the 

immune system; resulting in T-cell killing, IFNγ production, and PD-1:PD-L1 interactions 
leading to eventual immune escape
• Rendering many of these tumors sensitive to immune checkpoint inhibitor-based immunotherapy

• TMB-H and MSI-H tumors differ in the quality and quantity of mutations, and a binary 
approach to these biomarkers may diminish their predictive ability

• Neoantigen prediction, distinguishing indels v. SNVs (ideally using WES), MSI-H scoring, 
and TCR clonality represent opportunities to improve immunotherapy outcomes and 
possibly develop new treatments
• These will need to be widely available in the community
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