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Introduction
The Molecular and Immunologic landscape of Colorectal Cancer (CRC) had 
evolved the last decade.

Emphasis on precision Genomic-based medicine is able to provide a better  
understanding of  CRC  biomarkers  that can be used to enhance successful 
treatment of patients with CRC 

Identification of  mutations in CRC  in The EGFR signaling pathways involving 
all exons of KRAS and in NRAS, BRAF, PIK3CA, and PTEN helped to 
understand lack of  response to anti-EGFR therapy.

Mismatch Repair protein identification in CRC  not only may have predictive 
value  in certain clinical setting but also a  therapeutic implication.

Recent molecular biomarker data have shown the importance of microsatellite 
instability (MSI) testing, a marker of deficient mismatch repair (dMMR), for the 
selection of patients for immunotherapy 
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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



MMR-Deficiency and CRC Immune   
Microenvironment  

MMR system is a DNA integrity maintenance system with  is the correction of single base nucleotide 
mismatches (insertions or deletions) generated during DNA replication and recombination, thus 
maintaining 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 (MSH2-MSH6      
heteroduplex) or  MutSβ (MSH2-MSH3 heteroduplex)

2. Excision of the lagging strand from the mismatch by one of the MutL complexes (mainly MutLα
formed by MLH1/PMS2) recruited by MutS protein

3. Resynthesis of the excised-DNA and ligation by DNA polymerase delta and DNA ligase I

MLH1 complexes with PMS2

MSH2 complexes with MSH6

Therefore, if MLH1 is negative, PMS2 is usually negative and  if MSH2 is negative, MHS6 is negative.

Corollary not necessarily true (MLH1 and MSH2 bind to other proteins as well)



MMR-Deficiency and CRC Immune   
Microenvironment 

Mismatch Repair Deficient Tumors stimulates Immune system by  
Infiltration and Th1-associated environment

Several immune checkpoint ligands  are  upregulated in the dMMR tumor 
microenvironment :  PD-1, PD-L1, cytotoxic T-lymphocyte associated 
protein 4 (CTLA- 4), lymphocyte-activation gene 3 (LAG-3) and IDO. 

Thus, the active immune microenvironment appears to be counterbalanced 
by immune inhibitory signals that prevent tumor elimination

Immune infiltration directed  Neoantigens.

PD-L1 is also Upregulated on tumor cells and tumor-associated myeloid 
cells, and impairs T-cell-induced immune responses upon engaging its 
cognate co-inhibitory receptor, programmed cell death 1 (PD-1), which is 
always highly expressed on tumor-infiltrating lymphocytes (TILs)









Rationale of Immunotherapy 
in CRC MMR-D

Programmed death 1 (PD-1) pathway is a negative feedback system that represses Th1
cytotoxic immune responses and that, if unregulated, can damage the host. 

It is up-regulated in many tumors and in their surrounding microenvironment.

Blockade of this pathway with antibodies to PD-1 or its ligands has led to remarkable 
clinical responses in patients with many different types of cancer :
◦ Melanomas, non–small-cell lung cancer, renal-cell carcinoma, bladder cancer
◦ GI malignancies with MMR deficiency 

The expression of PD-1 ligands (PD-L1 or PD-L2) on the surface of tumor cells or 
immune cells is an important — but not a definitive — predictive biomarker of response to 
PD-1 blockade. 



Anti-Tumor Immune Response<br />Inhibition by Tumors





Anti-PD1/PDL1 plus Anti-CTLA.4 to Influence the Lymphoid Compartment
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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
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Diagnosis of MCRC

Resectable Unresectable

Adjuvant therapy

Surgery

Neoadjuvant/
preoperative therapy

First line

Second line

Third line

Borderline/
potentially
resectable

Fourth line

Treatment 
continuum

Management of MCRC: 
An Evolving Treatment Algorithm 
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Nivolumab: PD-1 Receptor Blocking Ab

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

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



Nivolumab in MMR-D  CRC 
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Pembrolizumab: PD-1 Receptor Blocking Ab

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

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



Pembrolizumab for   MMR-D CRC
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. 
Objective response rate on blinded independent central radiologist review 
according to Response Evaluation Criteria in Solid Tumors 1.1 was 39.6% 
(95% confidence interval = 31.7%–47.9%), with a complete response in 11 
patients (7.4%). 
The median duration of response was not reached, with 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 and 46% in those 
with other cancer types.



Pembrolizumab for   MMR-D CRC





Molecular markers in CRC



Future of Immunotherapy in CRC     
MMR-Deficient

Where do we go From here?

After the FDA Approval of PD-1 Inhibitors in Metastatic CRC MMR-D 



Pembro Vs Chemotherapy for      
Metastatic CRC , MMR-D

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).



Alliance Trial A021502
Randomized Trial of Standard of care chemoRx Vs Combined Atezolizumab
as adjuvant Therapy for Stage III Colon Cancer with MMR-Deficient 



Adjuvant Therapy Decision-Making:
General Principles
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Future of Immunotherapy in CRC     
MMR-Deficient





Conclusion 
CRC Immunotherapy after the approval of 2 drugs as immune checkpoints 
inhibitors will have a positive impact on Median survival of patients with 
Metastatic CRC MMR-Deficient

Need to continue to identify Predictive Biomarkers for Response to checkpoints 
inhibitors which may explain lack of response and resistance to Immunotherapy 
in CRC 

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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