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When it comes to biomarker for checkpoint inhibitor,

we all know PD-L1 IHC alone is not enough …
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Mutation and Neoantigen Formation

• Wild-type antigens are recognized 
as “self”, and do not generate an 
immune response. 

• Nonsynonymous mutations may 
lead to an altered peptide sequence 
that is ultimately presented on MHC 
molecules. 

• This altered peptide sequence 
therefore produces a new or 
“neoantigen”, which may then be 
recognized by the host immune 
system, leading to an anti-tumor 
immune response.

Clin Can Res (2016) 22:5642
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TMB and Immunotherapy Response

Greater mutation load 

increases the likelihood 

of recognition by 

neoantigen-reactive T 

cell, therefore, making 

the tumor more 

immunogenic.

Low TMB High TMB

Oncologist (2017) 22:631
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Cancers with high TMB tend to respond better to immunotherapy 

R2 = 0.74

P < 0.0001

NEJM (2017) 377:2500
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Key trials defining TMB for NSCLC checkpoint blockade benefit

Ann Oncol (2019) 30:44
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CheckMate 026 PFS Result

N Engl J Med (2017) 376:2415-2426

• High tumor mutation burden: WES ≥ 243 mutations

• Treatment: nivolumab vs chemotherapy (1st line)

• Progression-free survival was significantly longer with first-line nivolumab than with chemotherapy 
among patients with NSCLC and a high tumor mutational burden, irrespective of PD-L1 expression 
level. 

• The results validate the benefit of nivolumab in NSCLC and the role of tumor mutational burden as a 
biomarker for patient selection.
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CheckMate 227 PFS Result

• Tumor mutation burden: FM1  (≥ 10 Mt/Mb)

• Treatment: nivolumab plus ipilimumab vs chemotherapy (1st line)

• Progression-free survival was significantly longer with first-line nivolumab plus ipilimumab than with 
chemotherapy among patients with NSCLC and a high tumor mutational burden, irrespective of PD-L1 
expression level. 

• The results validate the benefit of nivolumab plus ipilimumab in NSCLC and the role of tumor 
mutational burden as a biomarker for patient selection.

N Engl J Med 2018; 378:2093-2104
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TMB in the NCCN Guideline for NSCLC



Just when we think TMB is a smooth sail …
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BMS withdraws Nivo/Ipi Application in TMB-High NSCLC 

Updated CheckMate 227 data did 
not show significant difference in 
overall survival benefit between 
TMB-High and TMB-Low groups.

Tissue TMB: F1CDx panel
Cutoff: 10 mut/Mb
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AstraZeneca’s NEPTUNE trial failed to meet primary endpoint

In the primary analysis population of patients whose blood 
TMB was 20 or more mutations per megabase (mut/Mb), the 
combination of Imfinzi and tremelimumab did not meet the 
primary endpoint of improving OS compared to SoC
chemotherapy. The safety and tolerability profile for the 
combination of Imfinzi and tremelimumab was consistent with 
previous trials.

AstraZeneca today announced final overall survival (OS) results from 
the Phase III NEPTUNE trial, a randomised, open-label, multi-centre, 
global trial of Imfinzi (durvalumab) in combination with 
tremelimumab, an anti-CTLA4 antibody, vs. standard-of-care (SoC) 
platinum-based chemotherapy in previously-untreated Stage IV 
(metastatic) non-small cell lung cancer NSCLC() patients. The trial was 
performed in an all-comers population, and the primary analysis 
population was patients with a high tumour mutational burden 
(TMB). TMB is a measurement of the number of mutations within the 
genome (DNA) of a tumour, and tumours with high levels of TMB may 
be more visible to the immune system.1,2

Blood TMB: GuardantOMNIpanel
Cutoff: 20 mut/Mb
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Adopted from Garassino WCLC 2019

TMB failed to predict KEYNOTE-189 IO benefits

Tissue TMB: WES
Cutoff: 175 mut/exome
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No correlation between TMB and response in KN-021, 189 & 407 

Tissue TMB: WES
Cutoff: 175 mut/exome
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No Significant Association between tTMB and Efficacy



Just when we think TMB is totally busted …
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Positive association between tTMB in KN-010 and KN-042

Tissue TMB: WES
Cutoff: 175 mut/exome
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tTMB is associated with Efficacy of Pembro but not Chemo
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tTMB is associated with Efficacy of Pembro but not Chemo
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Association of tTMB with Pembro Efficacy in KN-158

Tissue TMB: WES
Cutoff: 175 mut/exome
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Tumor type and TMB Distribution in KN-158
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Distribution of TMB-High Population in Each Cancer Type

Tissue TMB: WES
Cutoff: 175 mut/exome

Sample size 
Total: 751
TMB-High: 99 (13.2%)
Non-TMB-High: 652 (86.8%)

Response rate
Total: 9.8% 
TMB-H group: 30%
Non-TMB-High: 6.7%



26

CheckMate 227 Part 1 data presented in ESMO 2019



What’s going on with TMB?



Not all TMB assays have the same performance
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Partners of TMB Harmonization Program

Modified from Stenzinger et al, 2019
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Partners and Panels in TMB Harmonization Program

Diagnostic Partner Panel Name Gene No Size (Mb) Status

ACT Genomics ACTOnco 440 1.12 LDT

AstraZeneca AZ600 607 1.72 LDT

Caris Life Sciences SureSelect XT 592 1.40 LDT

Foundation Medicine FoundationOne CDx 324 0.80 IVD -CDX

Guardant Health GuardantOMNI 500 1.00 LDT

Illumina TSO500 523 1.33 LDT

MSKCC MSK-IMPACT 468 1.14 IVD

NeoGenomics NeoTYPE 372 1.03 LDT

Personal Genome Diagnostics PGDx elio 507 1.33 LDT

QIAGEN QIAseq TMB 486 1.33 LDT

Thermo Fisher Scientific Oncomine TML 409 1.20 LDT
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Phase 1: In silico analysis

• Data set: TCGA pan-cancer data set (MC3)

• WES of 4134 samples from 32 cancer types

• WES TMB determined by uniformed method

• Each diagnostic partner uses their gene panel and analysis algorithm to 
predict TMB for each sample

• Compare the panel-derived TMB to WES-derived TMB for correlation

• Calculate panel-derived TMB data for sensitivity, specificity & precision 
for TMB cut-off at 8, 10, 12, 14, 16, 18 & 20

• Blinded data analyzed by NCI
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WES-TMB vs. Panel-TMB 
associations vary slightly by 

panel

R2 range= 0.85 - 0.93
Slope range= 0.82 - 1.37
Red dash line = 45o line

Lab 7 Lab 10 Lab 5

Lab 1 Lab 9 Lab 8Lab 3 Lab 2

Association between WES-TMB and Panel-TMB

*Data presented in Society for Immunotherapy of Cancer 2018
In silico assessment of variation in TMB quantification across diagnostic platforms: 
Phase 1 of the Friends of Cancer Research Harmonization Project,
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Variability of Panel-TMB vs WES-TMB

*Data presented in Society for Immunotherapy of Cancer 2018
In silico assessment of variation in TMB quantification across diagnostic platforms: 
Phase 1 of the Friends of Cancer Research Harmonization Project,
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Impact of Panel-TMB Performance on cutoff

Panel 8Panel 2 WES-TMB 10 = Panel-TMB 10 WES-TMB 10 = Panel-TMB 15
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Impact of Panel-TMB Performance

Panel 8Panel 2
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Impact of Panel-TMB Performance on cutoff

Panel 8Panel 2 WES-TMB 10 = Panel-TMB 10 WES-TMB 10 = Panel-TMB 15
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Impact of Panel-TMB Performance

Panel 8Panel 2



Cutoff matters too …
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Samstein et al. Nat Gen. 2019

Using to 20% TMB as the cutoff for Checkpoint Inhibitor Predictor 
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Association between tTMB and Efficacy in NSCLC

Cancers (2019) 11:1271

Tissue TMB

Oncomine TML panel
Cutoff: 9.4 mut/Mb

F1Cdx panel
Cutoff: 15 mut/mb
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Progression free survival computed for NSCLC using panel testing

Note: Patients were treated with ICI monotherapy in either a first- or second line manner

Cancers (2019) 11:1271

Oncomine TML panel
Cutoff: 9.4 mut/Mb

F1Cdx panel
Cutoff: 15 mut/mb

21.7% 41.6%
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Distribution of TMB-High Population in KN-021, 189 & 407
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CheckMate 227 Part 1 data presented in ESMO 2019

44%

56%679 
(58%)



Additional consideration …
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• STK11 aka LKB1 gene

• STK11/LKB1 co-

mutations are 

associated with 

inferior ORR with 

checkpoint 

blockade in KRAS-

mutant NSCLC

STK11 deficiency confers resistance to checkpoint blockade

Skoulidis et al. Cancer Discov 2018

KL KRASmutSTK11mutTP53wt

KP KRASmutSTK11wtTP53mut

K-only KRASmutSTK11wtTP53wt
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STK11 deficiency confers resistance to checkpoint blockade

Skoulidis et al. Cancer Discov 2018

KL KRASmutSTK11mutTP53wt

KP KRASmutSTK11wtTP53mut

K-only KRASmutSTK11wtTP53wt

• STK11/LKB1 genetic 

alterations are 

associated with 

shorter PFS and OS 

with checkpoint 

blockade among 

KRAS-mutant 

NSCLC
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STK11 deficiency confers resistance to checkpoint blockade

Skoulidis et al. Cancer Discov 2018

• STK11/LKB1 genetic 

alterations affect 

response and outcome 

independently of PD-L1 

status (all patients PD-

L1+ve by 22C3 

pharmDx assay)



One more thing …
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Hyper-progressive disease upon checkpoint inhibitor treatment
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TMB in the NCCN Guideline for NSCLC (Sep. 2019)
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Diagnostic tools for immunotherapy 

• PD-L1 staining

– IHC-based

– Companion diagnostics for some indications, complimentary for others

• Microsatellite instability (MSI) or mismatch repair deficiency (MMRd) 

– PCR- or sequencing-based microsatellite assay 

– IHC or sequencing of MMR genes (MLH1, MSH6, MSH6 & PMS2) 

• Tumor mutational burden (TMB)

– A measure of the total number of somatic mutations per million bases of coding sequence in a 

tumor genome

– WES or panel sequencing

• Tumor microenvironment assessment

– Identification of T-cell inflamed or “hot” tumors

– mRNA- or protein-based assays
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Biomarkers for immune checkpoint inhibitors

Havel et al. Nat Rev Cancer 2019

*

*

*

*

*

*

* Evidence in NSCLC
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• WES-TMB
• Most studies show positive correlation to treatment response

• Cutoff should be 175 mutations per exome or higher

• tTMB
• Mixed positive and negative data

• Positive data typically associated with higher cutoff

• Cutoff depends on the panel and algorithm

• TMB harmonization program should help to align individual panel-TMB

• bTMB
• Not much data available on bTMB

• Failure of NEPTUNE left the utility of bTMB in doubt

• Other factors
• Mutations in resistance pathway (e.g. STK11) should be taken into consideration

To TMB or Not to TMB?
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The Potential Molecular Testing Guidelines for NSCLC
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Thank you


