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MMR-Deficiency and Immune   
Microenvironment  

MMR system is a DNA integrity maintenance system leading to  correction of single base nucleotide 
mismatches  generated during DNA replication and recombination, Therefore  maintains the genomic 
stability

The mechanism of MMR involves at least three different processes: 

1. Recognition of single base replication errors is performed by the MutSα:

a. MSH2-MSH6 heteroduplex  or  MSH2-MSH3 heteroduplex

2. Excision of the lagging strand from the mismatch by one of the MutL complexes:

a. MLH1/PMS2 recruited by MutS protein

3. Re-synthesis of the excised-DNA and ligation by DNA polymerase  and DNA ligase :

a. MLH1 complexes with PMS2

b.  MSH2 complexes with MSH6

if MLH1 is negative PMS2 is negative  

if MSH2 is negative MSH6 is negative.



MMR-Deficiency and Immune   
Microenvironment

Mismatch repair deficiency (MMR-D) referred to deficiency in proteins 
responsible for DNA repair such as MSH2, MSH6, MLH1, PMS2

 Therefore MMR  deficiency  leads to MSI-High  phenotype

MMR  deficient /MSI-H  cancers usually Harbor  thousands of mutations  
leading to high mutational burden also known as hypermutated phenotype

 DNA Mutations generate Protein Neoantigens  that are recognized by T-Cells





Rationale of Immunotherapy in MMR-D Cancers

MSI-H Malignancies regardless of the 
tumor histology is associated with high 
mutational burden : Hypermutated 
phenotype

 High mutational burden  leads to high 
Neoantigen expression

 High Neoantigen expression by itself 
recruits  autologous immune recognition 
of cancer cell

 Therefore PD-1 inhibition on tumor 
Neoantigen specific T-cells  can activate 
anti tumor immune response



Tumor Type with MSI-High

Small bowel tumors 25%

Endometrial cancers 16%

Colorectal cancers (all stages) 14%

Gastric cancers 6%

Cholangiocarcinoma 3-8%



CRC and Mismatch Repair status

Sporadic MSI: 
◦ 10-15% of all colon cancer
◦ Acquired hypermethylation of MLH1 promoter
◦ More common than Lynch/HNPCC
◦ Leads to IHC profile: MLH1/PMS2 negative
◦ Lynch due to MLH1 germline mutation can have the same IHC profile

Unstable, MLH1/PMS2 (-) : 
◦ BRAF V600E mutation in about 50% of sporadic unstable tumors, only rarely
◦ occurs in Lynch/HNPCC (so far, minority of those with PMS2 germline mutation;Senter, 

Gastroenterology, 2008)
◦ MLH1 methylation in most sporadic
◦ unstable tumors, only rarely in Lynch/ HNPCC



Biomarkers Identification 
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Mechanism of Action of Immunotherapy 

PD-1 expression on tumor-infiltrating lymphocytes is associated with decreased cytokine production 
and effector function11

Binds PD-1 receptors on T cells and disrupts negative signaling triggered by PD-L1/PD-L2 
to restore T-cell antitumor function12–14



PD-1 Blockade in Cancer  with MMR- Deficiency 
Le et al  NEJM 2015:

◦ Phase II Trial for patients with MMR-D utilizing Pembrolizumab.
◦ 41 Patients  with Metastatic Carcinoma with and Without MMR deficiency  with 

Pembrolizumab  between 2013-15
◦ Primary End Point: Immune Related ORR and PFS
◦ Pembrolizumab was administered intravenously at a dose of 10 mg per kilogram of 

body weight every 14 days
◦ The immune-related OR, PFS rate were :

◦ 40% (4 of 10 patients) and 78% (7 of 9 patients),  for MMR- deficient CRC 
◦ 0% (0 of 18 patients) and 11% (2 of 18 patients) for MMR-Proficient CRC . 

◦ The median PFS and overall survival:
◦ Not reached in the cohort with MMR-Deficient CRC  
◦ 2.2 and 5.0 months for MMR-Proficient (MSS) CRC



PD-1 Blockade in  Cancer  with MMR- Deficiency
( NEJM 2015)





PD-1 Blockade in  Cancer  with MMR- Deficiency  
( NEJM 2015)



Pembrolizumab for   MMR-D Cancers
KEYNOTE -016, -164, -012, -028, and -158

 Patients received pembrolizumab at 200 mg every 3 weeks or 10 mg/kg Q2 weeks  
for up to 24 months or until unacceptable toxicity or PD

 90 patients had colorectal cancer and 59 patients had 14 other cancer types. 

 ORR  was  39.6% (95% CI: 31.7%–47.9%), with a CR  in 11 patients (7.4%). 

 The median duration of response was not reached 
 Durations ranging from   > 1.6 to  > 22.7 months 
 Responses lasting ≥ 6 months in 78% of responders. 

 Response rates were 36% in patients with colorectal cancer 

 RR was  46% in those with other cancer types ( Non-CRC)



Pembrolizumab for   MMR-D CRC







Nivolumab in MMR-D  CRC       GI-ASCO 2018



Response and Disease Control



Checkmate 142     PFS and OS



Checkmate 142  
( Nivo+ Ipi in MSI-H CRC  previously Rx)

Conclusion:

 Nivolumab + Ipilimumab  provided a durable 
clinic in benefit in previously treated patient 
with MSI-H CRC

meaningful improvement in quality of life were 
observed

 safety was manageable with low rate of 
discontinuation

 Nivolumab + Ipi will present a promising new 
treatment option  for previously treated MSI-H 
CRC





Overview of Trials included MSI-H Cancers



ORR per Tumor Type MSI-H





PD-1 Blockade in Cancer  with MMR- Deficiency  



KEYNOTE  164          ASCO 2018



KEYNOTE  164         ASCO 2018



Chemotherapy and 
Biologics Pembrolizumab Nivolumab 

Basket trial MSI-H

ORR  % 31.1 %

Best Overall 
response

CR

PR

SD

Unable assess

Disease control % 69%



Resistance Mechanism of Immunotherapy 



Resistance Mechanism of Immunotherapy 

GI-ASCO 2019                            SH LIESKOVan



KEYNOTE-177 

Randomized phase III study of pembrolizumab versus investigator-choice 
chemotherapy for mismatch repair-deficient or microsatellite instability-high 
metastatic colorectal carcinoma

 270 patients will be randomly assigned to 200 mg of pembrolizumab every 3 weeks or 
investigator’s choice of 1 of 6 chemotherapy regimens chosen prior to randomization. 
Treatment is to continue until disease progression, unmanageable toxicity

Investigators are hoping to show that frontline treatment with the PD-1 inhibitor 
pembrolizumab  can improve progression-free survival (PFS) compared with standard-of-
care chemotherapy in patients with mismatch repair-deficient or microsatellite 
instability-high (MSI-H) colorectal cancer (CRC).



Pooled  ORR  in    MSI-H   Cancers



The Future of Immuno-oncology in 
MSI-H malignancies

Where we  go from here :

 Search for more Biomarkers : Lymphocyte Infiltrate, TMB..

 Understanding Resistance Mechanism:

 New Clinical trials for First Line therapy for Metastatic CRC or 
Optimizing  adjuvant therapy for Stage III CRC

 The Role of ctDNA in stratification of Stage II CRC and the utilization of 
ImmunoRx



The COMMIT Trial Stage IV CRC MMRd



The COMMIT Trial Stage IV CRC MMRd



The ATOMIC Trial stage III CRC MMRd



The ATOMIC Trial stage III CRC MMRd



Future of Immunotherapy in CRC     
MMR-Deficient



Treatment  Decision-Making  

RecuRRence Risk
Absolute tReAtment 

benefit

toxicity

cost





Conclusion 

 Immunotherapy  with  the  the FDA approval of 2  PD-1 Inhibitors ( 
Pembrolizumab/ Nivolumab) and CTLA-4 Inhibitor ( Ipilimumab) will  certainly 
have a positive impact on Median survival of patients with Metastatic CRC and 
NON-CRC  MMR-Deficient

 Need to continue to identify Predictive Biomarkers for Response to checkpoints 
inhibitors and help  explain lack of response and resistance to Immunotherapy 
in some the MSI-H Malignancies 

 Combination Chemo-Immunotherapy Trials will lead to better optimization of 
first Line therapy in Selected CRC

 Combination of novel agents co-stimulatory CD137 with PD-1 Inhibitors is 
appealing 
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