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Outline (25 min) 

• Introduction of different biomarkers for IO treatment  

• Updates of biomarker data for IO 

– Colorectal cancers 

– Gastroesophageal adenocarcinoma 

– Hepatocellular carcinoma

• Conclusions 
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Why do we need biomarker? 

Background 
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Anti-PD1 Antibody 

• Potentially deep and durable response 

PR: 15% 
CR: 1% 



Copyright © 2017. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

Predictive

biomarkers
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PD-L1 

Biomarkers 
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Gandhi L et al. N Engl J Med. 2018; 378(22):2078-2092

KEYNOTE-189 phase 3 trial

PD-L1 
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Chan AW et al. Mod Pathol. 2018

Non-small cell 

lung carcinoma

(n=713)
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Different staining patterns of PDL1 
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Computation of PDL1 in tissues 

CPS score is used more frequently in GI cancers (e.g. GEJ caners)
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MSI-H/MMR/TMB 

Biomarkers 
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 MSI-H/dMMR tumors are characterized by hypermutation, resulting in:

• 10–50 times more tumor-specific neoantigens than MSS tumors3

• High level of TILs and an active T helper 1 cell/cytotoxic T lymphocyte 
(TH1/CTL) environment3

• High expression of checkpoint molecules, such as PD-1, PD-L1, CTLA-4, 
LAG-3, and IDO3

1. Le DT et al. Science. 2017; 357(6349):409–413. 2. Pardoll DM. Nat Rev Cancer. 2012;12(4):252–264. 3. Llosa NJ et al. Cancer Discov. 2015;5(1):43–51.

Adapted by permission from Macmillan Publishers Ltd: Pardoll DM. Nat Rev Cancer. 2012;12(4):252 –264. Copyright 2012. 

MSI-H/dMMR Relationship to PD-L1/PD-1 3
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Adapted by permission from Macmillan Publishers Ltd: Pardoll DM. Nat Rev Cancer. 2012;12(4):252–264. Copyright 2012. 

MSI-H/dMMR immunogenic phenotype—due to the 

tumor’s genotype—renders tumors susceptible 

when treated with ICIs 1

MSI-H Phenotype Confers Responsiveness to PD-1 Inhibition 
Independent of Tumor Type1

https://pubmed.ncbi.nlm.nih.gov/28596308/
https://pubmed.ncbi.nlm.nih.gov/22437870/
https://pubmed.ncbi.nlm.nih.gov/25358689/
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53% Objective response

77% Disease control

Stage IV dMMR

tumor (n=86)
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Methods to detect MSI-H/dMMR

Tests 

Method of 
measurement 

Nucleic-acid based 
(NGS; PCR) 

IHC

Description 
Panel of microsatellite markers to detect size shifts in 

different loci 
Test to determine the presence of 

MMR proteins

Patient sample type Tumor tissue Tumor tissue 

Reagents to targets 
Probes to the following: 
 BAT25, BAT26, NR21, NR24, Mono27 or
 BAT25, BAT26, DI5S346, DI2S123, DI17S250

Antibodies to 
MLH1/MSH2/MSH6/PMS2

Results 
≥2 of 5 loci differ in size from corresponding normal 

loci
Any 1 (or more) of 4 proteins 

absent 

Biological feature MSI-H dMMR
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Tumor mutation burden

• TMB correlates with overall neoantigen load1

– TMB is technically easier and less expensive than 
measuring neoantigen load

• TMB is defined as the total number of mutations (changes) found 
in the DNA of cancer cells2

– Tumors that have a high number of mutations appear to 
be more likely to respond to certain types of 
immunotherapy

– TMB is being used as a type of biomarker

• While the tumor may be suppressing the immune response 
locally, reactivation of antitumor immune activity using ICI may 
improve cancer cell clearance and clinical responses3

1. Fancello L et al. J Immunother Cancer. 2019;7:1-13. 2. National Cancer Institute. Dictionary of 
Terms—tumor mutation burden. https://www.cancer.gov/publications/dictionaries/cancer-
terms/def/tumor-mutational-burden. Accessed August 19, 2020. 3. Arora S et al. Adv Ther. 
2019;36(10):2638–2678. 4. Büttner R et al. ESMO Open. 2019;4(1):e000442.
Image reproduced with permission from Arora S et al. Adv Ther. 2019;36(10):2638–2678.

1. Vanderwalde A et al. Cancer Med. 2018;7(3):746–756.

Image reproduced with permission from Vanderwalde A et al. Cancer Med. 2018;7(3):746–756. 
https://creativecommons.org/licenses/by/4.0/.

MSI-H Tumors Tend to be TMB-H, But Not All TMB-H 
Tumors Are MSI-H

https://pubmed.ncbi.nlm.nih.gov/31307554/
https://pubmed.ncbi.nlm.nih.gov/31410780/
https://pubmed.ncbi.nlm.nih.gov/30792906/
https://pubmed.ncbi.nlm.nih.gov/29436178/


Copyright © 2017. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

Assays of TMB 

Buttner R et al. ESMO open. 2019; 4:e000442
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Colorectal cancer 

Biomarker in different cancer types 
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Overlap of MSI and TMB in Colorectal Cancer

aPercentages are based on a total of 4,186 patients with MSI-H and/or high TMB and/or PD-L1-positive status. 

1. Luchini C et al. Ann Oncol. 2019;30:1232–1243. 2. Salem ME et al. Presented at ASCO 2018; Abstract 3572.

Presence of TMB-H, MSI-H, and PD-L1 Expression in 

CRC1,a

TMB in MLH1, PMS2, MSH2, and MSH6-altered Cohorts in CRC2
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MLH1 altered MSH2 altered MSH6 altered PMS2 altered

CRC P<0.0001

Level Number Mean Std Error Lower 95% Upper 95%

MLH1 
altered

182 34.736 2.082 30.646 38.827

MSH2 
altered

53 52.528 3.859 44.949 60.108

MSH6 
altered

128 46.406 2.483 41.529 51.284

PMS2 
altered

187 34.583 2.054 30.548 38.618

 In a study of 1,057 MSI-H tumors, MSI-H CRCs carried the highest TMB 

compared with MSI-H endometrial cancers and other MSI-H solid 

tumors2

• MSH2 and/or MSH6 alterations were associated with a significantly higher 

TMB compared with MLH1 and/or PMS2 alterations across CRC and other 

cancer types2

https://pubmed.ncbi.nlm.nih.gov/31056702/
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Utility of MSI-H and dMMR in Clinical Practice

1. Benatti P et al. Clinical Cancer Res. 2005;11(23):8332–8340. 2. Gelsomino F et al. Cancer Treat Rev. 2016;51:19–26. 3. Sargent DJ et al. J Clin Oncol. 2014;32(15)(suppl).

Prognostic Value
Predictive Value

Improved Sensitivity to Immunotherapy

 MSI status is a prognostic marker in early stage CRC1

• An analysis of data from 17 different trials in the ACCENT (Adjuvant Colon Cancer End 

Points) database investigated how MSI status affected outcome in patients with stage II or III 

CRC undergoing surgery alone or surgery followed by 5-FU based adjuvant treatment3

• Results showed that outcomes with surgery alone were better for the patients with MSI-H 

tumors than for those with MSS tumors3

https://pubmed.ncbi.nlm.nih.gov/16322293/
https://pubmed.ncbi.nlm.nih.gov/27838401/
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Utility of MSI-H and dMMR in Clinical Practice

Benatti P et al. Clinical Cancer Res. 2005;11(23):8332–8340. 2. Gelsomino F et al. Cancer Treat Rev. 2016;51:19–26. 3. Le DT et al. N Engl J Med. 2015;372(26):2509–2520. 4. ClinicalTrials.gov. 

https://www.clinicaltrials.gov/ct2/show/NCT02460198. 5. ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT02563002. 6. ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT02060188

 MSI-H/dMMR is biologically interrelated to an increase in 
neoantigens. MSI-H/dMMR tumors are characterized by 
upregulation of inhibitory checkpoint inhibitors and correlates 
positively to immunotherapy response1,2

 Brief efficacy results from proof of concept trial

• Le et al published the results of KEYNOTE-016, a Phase 2 
study in 32 patients with stage IV colorectal cancer (dMMR, 
n=11; MMR-proficient, n=21) receiving pembrolizumab therapy. 
The objective response rates were 40% for the dMMR cohort 
and 0% for the MMR-proficient cohort. Median PFS and OS 
were not reached in the dMMR cohort but were 2.2 and 5.0 
months in the MMR-proficient cohort3

 Other clinical trials have evaluated PD-1 inhibitors in patients 
with MSI-H/dMMR advanced colorectal cancer4-6

Trial Identifier Assay Details Treatment Arm Phase 

KEYNOTE-1644 MSI and/or MMR testing by PCR 
or IHC; local testing 

Pembrolizumab 2

KEYNOTE-1775 MSI and/or MMR testing by PCR 
or IHC; local testing 

Pembrolizumab 3

Checkmate-1426 Testing for MSI-H by an 
accredited lab 

Nivolumab or 
nivolumab/ipilimumab

1/2

Prognostic Value
Predictive Value

Improved Sensitivity to Immunotherapy

https://pubmed.ncbi.nlm.nih.gov/16322293/
https://pubmed.ncbi.nlm.nih.gov/27838401/
https://pubmed.ncbi.nlm.nih.gov/26028255/
https://www.clinicaltrials.gov/ct2/show/NCT02460198
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Overview of MMR/MSI testing in guidelines 

NCCN guidelines 

1. Van Cutsem E et al. Ann Oncol. 2016;27(8):1386–1422. 2. Microsatellite Instability – Defective DNA Mismatch Repair: ESMO Biomarker Factsheet. 
https://oncologypro.esmo.org/Education-Library/Factsheets-on-Biomarkers/Microsatellite-Instability-Defective-DNA-Mismatch-Repair. Accessed June 19, 2019

https://pubmed.ncbi.nlm.nih.gov/27380959/
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Gastroesophageal adenocarcinomas 

Biomarker in different cancer types 
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KN-061: High CPS ≥10 is required for benefits of  monotherapy
(Data cutoff date: October 26, 2017)1

1. Shitara K et al. Lancet. 2018;392(10142):123-133.

https://pubmed.ncbi.nlm.nih.gov/29880231/
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Lower cut-off of CPS score seem to required benefits of 

chemo + Anti-PD1 

CM649

Janjigian YY et al. Lancet 2021; 398: 37-40  
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Three predictors for anti-PD1 
• High CPS 
• EBV + 
• MSI-H 

Kim ST et al. Nature Med. 2018: 24: 1449-1458. 
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Overview of Biomarker Testing in Gastric Cancer: NCCN, 

ESMO, JSMO, and CSCO Guidelines

1. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Gastric Cancer V4.2021 © National Comprehensive Cancer Network, Inc. 2021. All 
rights reserved. 
Accessed September 13, 2021. To view the most recent and complete version of the guideline, go to NCCN.org. 2. Smyth EC et al. Ann Oncol. 2016;27(suppl 5):v38–v49. 3. Japanese Gastric 
Cancer Association. 
Japanese gastric cancer treatment guidelines 2018 (5th edition). Gastric Cancer. 2020 Feb 14 [E-pub ahead of print]. 4. Wang F-H et al. Cancer Commun (Lond). 2019;39(1):10. 5. Mosele F et al. 
Ann Oncol. 2020; https://www.annalsofoncology.org/article/S0923-7534(20)39971-3/fulltext [in press]. 

https://pubmed.ncbi.nlm.nih.gov/27664260/
https://pubmed.ncbi.nlm.nih.gov/30885279/
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Hepatocellular carcinomas 

Biomarker in different cancer types 
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199 HCC patients, 217 tumors
PD-L1 clone E1L3N

Calderaro J et al. Hepatology. 2016;64(6):2038-2046
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dMMR-MSI-H: literatures 

Eso Y et al. J Gastroentrol 2020; 55: 15-26 
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Conclusions 

• Predictive biomarker for ICI is being developed rapidly for GI cancers. 

• For CRC, the most clinically applicable biomarker for IO remains MSI-H/d-

MMR.

• For GC, there is more understanding about PD-L1 CPS. High CPS ≥ 10 is 

required for monotherapy anti-PD1 while chemo + anti-PD1 benefits lower 

CPS. 

• For HCC, there is still lack of predictive biomarker for ICI. 

• More novel biomarkers are expected in future. 


