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UNDERSTANDING UNDERLYING BIOLOGY

• selection of optimal responders

• selection of optimal combination partner(s)

• understanding resistance mechanisms

• prediction of severe toxicity risk 

• mechanism of action of CPIs

KNOWLEDGE GAPS IN TODAY’s IMMUNO-ONCOLOGY  PRACTICE

K. Vermaelen 2020



ANTI-CANCER IMMUNITY IS A MULTI-STEP PROCESS
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drug A,

all-comers

drug A + drug B

ORR 22% ORR 67%

add drug B

drug A,

biomarker-selected

ORR 67%

combination therapy

INCREASING RESPONSE RATES: SELECTION vs COMBINATION

are we doing 

a good job at 

this today?
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THE QUEST FOR THE IDEAL SELECTION BIOMARKER



THE QUEST FOR THE IDEAL SELECTION BIOMARKER

• PD-L1 appears on cancer cells following immune attack
• PD-L1 paralyzes immune cells carrying PD-1

PD-1 PD-L1T-CELL PARALYSIS

AT THE TUMOR SITE

-

IFNγ

anti-PD1

anti-PDL1

E. Garon et al, NEJM 2015
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K. Vermaelen et al, Seminars in Cancer Biology 2018

THE QUEST FOR THE IDEAL SELECTION BIOMARKER

Lung cancer: higher PD-L1 expression enriches for better outcomes

K. Vermaelen 2020



E. Garon et al, NEJM 2015

PFS OS

pembrolizumab ≥2nd line

Lung cancer: higher PD-L1 expression enriches for better outcomes

THE QUEST FOR THE IDEAL SELECTION BIOMARKER
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Nov 2014

Jan 2015

Apr 2016

• case: NSCLC, squamous, rapid & near 

complete response to durvalumab

• PD-L1 0% on primary tumor and liver 

metastasis

 PD-L1 does not capture the full picture of 
cancer-immune system interactions

THE QUEST FOR THE IDEAL SELECTION BIOMARKER

K. Vermaelen 2020



immune
detection & 
attack

normal proteins

normal cell

HLA/MHCI

Self-peptide

cancer cell

proteins with 

mutations

peptide with 

mutation

killer T-cell

genomic 

mutations

tolerance

THE QUEST FOR THE IDEAL SELECTION BIOMARKER
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Tumor Mutational Burden can enrich for better response and PFS 

under PD1-blockade (not so clear for OS)

THE QUEST FOR THE IDEAL SELECTION BIOMARKER

K. Vermaelen 2020



killer T-cells

TUMOR MUTATIONAL BURDEN IS A DRIVER OF IMMUNOGENICITY 

Cancers with defects in DNA repair (MSI+) are heavily infiltrated with immune cells

"MSI-test" is predictive of response to checkpoint blockade (regardless of cancer origin)

N.J. Llosa et al Cancer Discovery 2014
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Dung T. Le ASCO 2015

TUMOR MUTATIONAL BURDEN IS A DRIVER OF IMMUNOGENICITY 

Cancers with defects in DNA repair (MSI+) are exceptional responders to anti-PD1

(regardless of organ origin)

K. Vermaelen 2020



TUMOR MUTATIONAL BURDEN IS A DRIVER OF IMMUNOGENICITY 
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MUTATIONAL BURDEN: QUANTITY vs QUALITY?

NOT ALL MUTATIONS ARE CREATED EQUAL

MERKEL CELL CARCINOMA: polyomavirus+ en polyomavirus-

Adapted from: G. Goh et al, Oncotarget 2016, P. Nghiem et al, NEJM 2016

12,5

1121

MCPyV+ MCPyV-

mutations/exome

62%

44%

MCPyV+ MCPyV-

response to anti-PD1
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IS RESPONSE TO IMMUNOTHERAPY IN THE “HOST” GENES?

germline polymorphisms in immune-related genes determine the 
diversity in immune responses to pathogens

K. Vermaelen 2020



“HOST” FACTORS: SNPs in IMMUNE-RELATED GENES

germline polymorphisms in immune-related genes impact therapeutic 
efficacy of chemotherapy and immune checkpoint inhibition

5-immune gene SNP signature

Refae et al, Invetigational New Drugs 2019

6-immune gene SNP signature

ORR%

toxicity

1176 VOLUME 15 |  NUMBER 10 |  OCTOBER 2009 NATURE M EDICINE
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DISCUSSION

Our results identify a new signal that is required for cancer cell death 

to be immunogenic, namely the release of ATP. This signal has been 

previously shown to increase as a danger signal in severe tissue damage 

including myocardial infarction and hepatotoxic insult18, with potent 

proinflammatory effects. Because most cells express ATP-degrading 

ectoenzymes40, ATP released from stressed or dying cells likewise fol-

lows a steep gradient and only activates purinergic receptors in the 

immediate vicinity of the lethal event. Our data are compatible with 

a scenario in which ATP activates P2RX7 receptors on DCs, thereby 

stimulating the aggregation of the NLRP3-ASC–Casp-1 inflamma-

some, the proteolytic maturation of caspase-1, pro–IL-1  cleavage 

and consequent IL-1  release. IL-1  then is required for the priming 

of IFN- –producing, tumor antigen–specific CD8+ T cells. In accord 

with previous studies addressing the capacity of adoptively transferred 

or vaccine-induced CD8+ T cells to eradicate established tumors41,42, 

IFN- , rather than cytolytic activities (that are dependent on perforin 

or TRAIL), mediates the anticancer activity of T lymphocytes 

Figure 6 NLRP3 inflammasome-dependent differentiation of tumor specific CD8+ T cells toward IFN  polarization. (a,b) Monitoring of IFN-  

concentrations in supernatants of a 4-d coculture of naive OT-1 cells (a) with syngeneic WT or Casp1–/– bone marrow–derived DCs loaded with 

oxaliplatin-treated EG7 or OVA in C/P (inset) in the presence of neutralizing monoclonal antibody to IL-1  or exogenous rIL-1 (100 ng ml–1) or IL-12  

(10 ng ml–1). Purified CD3+CD8+ T cells (b) were stimulated for 72 h with plastic-immobilized monoclonal antibodies to CD3 and CD28 with  

cytokines (10 ng ml–1 for IL-12 p70, 100 ng ml–1 for others). Inset shows CD121a (IL-1R1) expression on naive CD8+ T cells (isotype control in gray). 

(c) Quantification of IFN-  produced by lymph node cells re-stimulated with OVA after immunization with oxaliplatin (Ox)-treated EG7 cells in the 

presence of IL-1RA molecules. (d) The frequency of IFN- –producing CD8+ T cells after re-stimulation of the lymph node is shown (representative dot 

plots at the top, means ± s.e.m. (n = 3) at the bottom). (e) The frequency of CD8+ T cells staining positively with SIINFEKL-Kb tetramers in the draining 

lymph node of oxaliplatin-treated EG7 or EL4 cells determined at day 5. (f) Quantification of IFN-  produced by lymph node cells re-stimulated with 

OVA after immunization with oxaliplatin-treated EG7 cells in the presence of the indicated cytokines in the indicated mouse backgrounds. * P < 0.05. 

(g) Kaplan-Meier estimates of time to metastasis in two groups of subjects with breast cancer treated with adjuvant anthracyclines (n = 225) bearing the 

normal (Glu496Glu) or loss-of-function (Glu496Ala) P2RX7  alleles.
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THE QUEST FOR THE OPTIMAL I-O COMBINATION THERAPY



drug A,

all-comers

drug A + drug B

ORR 22% ORR 67%

add drug B

© K. Vermaelen 2018

drug A,

biomarker-selected

ORR 67%

combination therapy

INCREASING RESPONSE RATES: SELECTION vs COMBINATION



Too little costimulation

Tolerogenic DCs

Suppressive lymphocytes and myeloid cells

Loss of MHC/HLA

and/or loss of antigen

Suppressive lymphocytes and myeloid cells

Suppressive metabolic environment

DC-suppressing factors

Abnormal vasculature

Connective tissue “shield”

Insufficient cell death and/or immune alarm signals

Abundant checkpoints

Abundant checkpoints

THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

Designing optimal combination immunotherapies requires a 
comprehensive understanding of the tumor “immune climate” 

K. Vermaelen 2020



INFLAMED

KILL
tumour

IMMUNE EXCLUDED

INFILTRATE
tumour

Essential T-cell activity required

IMMUNE DESERT

GENERATE
active, tumour-directed T cells

Chen and Mellman. Immunity 2013; Hegde, et al. Clin Cancer Res 2016; Kim and Chen. Ann Oncol 2016; Chen and Mellman. Nature 

2017

 ”Just” add checkpoint inhibitor  Normalize vasculature, 

disrupt stromal shield
 Increase immune priming

add anti-CTLA4, chemo- or

radiotherapy, vaccines, …

THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

Designing optimal combination immunotherapies requires a 
comprehensive understanding of the tumor “immune climate” 

K. Vermaelen 2020



1. 2.

THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

conventional cytotoxic therapies (chemo, radiation) + immunotherapy:
the “one-two punch” strategy

K. Vermaelen 2020



Combination immunotherapy can push the performance of IO monotherapy upward
 2018: 7 phase III combination trials in 1st line advanced NSCLC

I-O + I-O
CHECKMATE-227

I-O + chemo

+anti-angiogenesis
IMpower150

I-O + chemo
KEYNOTE-189

Response rates monotherapy Response rates combo therapies

THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

K. Vermaelen 2020



THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

From: Comprehensive analysis of the clinical immuno-oncology landscape
Ann Oncol. 2017;29(1):84-91. doi:10.1093/annonc/mdx755

Ann Oncol | © The Author 2017. Published by Oxford University Press on behalf of the European Society for Medical Oncology. All rights reserved. For Permissions, please email: 

journals.permissions@oup.com.

The wild proliferation of immuno-oncology combination trials

K. Vermaelen 2020



INFLAMED

KILL
tumour

IMMUNE EXCLUDED

INFILTRATE
tumour

Essential T-cell activity required

IMMUNE DESERT

GENERATE
active, tumour-directed T cells

Chen and Mellman. Immunity 2013; Hegde, et al. Clin Cancer Res 2016; Kim and Chen. Ann Oncol 2016; Chen and Mellman. Nature 

2017

 ”Just” add checkpoint inhibitor  Normalize vasculature, 

disrupt stromal shield
 Increase immune priming

add anti-CTLA4, chemo- or

radiotherapy, vaccines, …

THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY
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The “tumor immunome”: the more we look, the more complex it gets

What will come next?

© K. Vermaelen 2018

THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY



Leveraging emerging technologies to enable “precision immuno-oncology”  

THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

AI algorithm  interrogate cell-cell interactions in tumor stroma  drug screen
 antibody candidates to disrupt tumor stroma and relieve obstacles to CPI action



Chen & Mellman, Nature 2017

Structuring the cancer 

“immunome”

TOWARDS “PRECISION IMMUNO-ONCOLOGY”

individualized targets

biomarkers

response

toxicity

K. Vermaelen 2020



PIONeeRBiomarkers
Design and Flow Chart

* Related to 1st line IT+CT 

** Based on RECIST v1.1, irrespective of the study period

*** Including 3 Very Early Progressors , with a radiologic progression  (inclusion in clinical trial)

Biomarker Program   (> 400 BioMarkers) 

NO PROCEDURE  26.9 % 

Medically contra-indicated         N=6

Patient refusals                                  N=7

Complete response                        N=2

Technical issue                                   N=2

PROCEDURE OK 

Contributive N=37

Non Contributive   N=9

Withdrawal of consent (N=3)
EOT SAE (N=1)

12 .  T ea e  < 24 .  (N= 3 /2*)

DCR @24 w.
N=28

RESPONDERS**
N=13

EARLY progressors
6 ./12 .*< PRG  24 .

N=35

VERY EARLY progressors
PRG  6 ./12 .*

N=30

Precision IO 
randomized trial

N=6/120

NON progressors
N=18

LATEprogressors
24 . < PRG  52 . /1 ea

N=10

Biopsy at 6 weeks 
Pts reaching Biopsy time 

N=63***

Advanced NSCLC patients 
registered for PD1/L1 
ICIs-based treatment

N=100 (3*) /450

TOWARDS “PRECISION IMMUNO-ONCOLOGY”

F. Barlesi et al, ESMO 2020



The PIONeeRproject
Understand, Predict and Overcome resistances to PD-(L)1i in adv. NCSLC pts

Overcome: PIONeeR umbrella trialUnderstandand Predict: PIONeeR biomarkers trial

Biomarker Program   (> 400 BioMarkers) 

DCR @24 w.

RESPONDERS

EARLYprogressors
6 w./12w.*<PRG ≤ 24 w.

VERY EARLY progressors
PRG≤ 6 w./12w.*

Precision IO 
randomized trial

N=120

NON progressors

LATEprogressors
24 w. < PRG ≤ 52 w. /1 y.

Biopsy at 6 
weeks 

Advanced NSCLC patients 

registered for PD1/L1 
ICIs-based treatment

* Related to 1st line IT+CT 

TOWARDS “PRECISION IMMUNO-ONCOLOGY”

F. Barlesi et al, ESMO 2020



TOWARDS “PRECISION IMMUNO-ONCOLOGY”

Tumor mutanome-derived neo-antigens as individualized vaccine targets 

U. Sahin et al, Nature 2017

K. Vermaelen 2020



TOWARDS “PRECISION IMMUNO-ONCOLOGY”

MIDRIXNEO-LUNG NCT04078269

Tumor mutanome-derived neo-antigens as individualized vaccine targets 

J. Ingels et al, unpublished
K. Vermaelen 2020



TOWARDS “PRECISION IMMUNO-ONCOLOGY”

J. Ingels et al, unpublished

Tumor mutanome-derived neo-antigens as individualized vaccine targets 

PRE-DC VAX 3 w POST-DC VAX

MIDRIXNEO-LUNG NCT04078269

irrelevant antigen

5 neo-antigens tandem construct

K. Vermaelen 2020



UNDERSTANDING RESISTANCE MECHANISMS TO CPI



UNDERSTANDING RESISTANCE MECHANISMS TO CPI

Too little costimulation

Tolerogenic DCs

Suppressive lymphocytes and myeloid cells

Loss of MHC/HLA

and/or loss of antigen

Suppressive lymphocytes and myeloid cells

Suppressive metabolic environment

DC-suppressing factors

Abnormal vasculature

Connective tissue “shield”

Insufficient cell death and/or immune alarm signals

Abundant checkpoints

Abundant checkpoints
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UNDERSTANDING RESISTANCE MECHANISMS TO CPI

Figure S6.  Relapse-specific JAK1, JAK2, and B2M mutations are not found at baseline by Sanger or Illumina deep amplicon sequencing 

 
Panel A shows the JAK1, JAK2 and B2M mutations identified at relapse were not observed in PCR amplified genomic DNA from the baseline samples for case #1, 
#2, and #3 respectively, either by Sanger sequencing (left) or Illumina amplicon re-sequencing (right). For case #1 and #2, graphs show the percentage of each 

base per position out of 1 million mapped reads.  No mutations were observed above the background error rate of ~0.25%.  The case #3 baseline sample also had 

0 detectable reads with the 4 basepair B2M deletion out of 1.6 million mapped reads examined.  IGV plot shows representative sampling, with the relapse mutation 
for reference.  In Panel B, Sanger sequencing of PCR products from genomic DNA of the relapse biopsies confirms the presence of the indicated mutations.  
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Figure S14.  Class II MHC immunohistochemistry and additional example of loss of Class I MHC membrane 
localization in Case #3 relapse biopsy with B2M mutation. 

            
Immunohistochemical staining of MHC class I (clone HC10, specific for some HLA-A, and all HLA-B/C heavy chains) shows lack of localization to 

the outer cell membrane of S100-positive tumor cells at relapse, in contrast to baseline tumor or adjacent normal bowel tissue.  By contrast, the 
tumor appears negative for MHC class II. Lower panel for relapse samples represent boxed insets from upper panel.!

S100$ MHC$class$I$

MHC$class$II$

Baseline$

Relapse$

 21 

Figure S14.  Class II MHC immunohistochemistry and additional example of loss of Class I MHC membrane 
localization in Case #3 relapse biopsy with B2M mutation. 

            
Immunohistochemical staining of MHC class I (clone HC10, specific for some HLA-A, and all HLA-B/C heavy chains) shows lack of localization to 

the outer cell membrane of S100-positive tumor cells at relapse, in contrast to baseline tumor or adjacent normal bowel tissue.  By contrast, the 
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MHC/HLA class I
baseline

relapse

Zaretsky et al, NEJM 2016
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Effective CPI-induced anti-tumor immune responses lead to loss of immunogenic clones 

and tumor escape
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V. Anagnostou et al Cancer Discovery 2016
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UNDERSTANDING RESISTANCE MECHANISMS TO CPI



I-O: IT ALL STARTS (AND ENDS) WITH IMMUNOLOGY…



DO WE REALLY UNDERSTAND HOW CPIs ACTUALLY WORK?

• “exhausted” cytotoxic T-lymphocytes are a dynamic, heterogenous family
• CPIs can only rescue one specific subset

Beltra et al, Immunity 2020



CPI not only ”re-awaken” exhausted T-cells but also recruit T-cell clones with 
novel specificity (“clonal replacement”) 

novel T-cell clones

anti-PD1

pre-treatment post-treatment

DO WE REALLY UNDERSTAND HOW CPIs ACTUALLY WORK?

Yost et al, Nature Medicine 2019



Routy et al, Science 2018

© K. Vermaelen 2018

the intestinal microbiome impacts therapeutic efficacy of CPIs

Matson et al, Science 2018

Gopalakrishnan et al, Science 2017

Vétizou et al, Science

2015

DO WE REALLY UNDERSTAND HOW CPIs ACTUALLY WORK?



CANCER IMMUNOTHERAPY BEYOND CPI : TAKE-HOME MESSAGES

STATE-OF-THE-UNION IN I-O TODAY:

• WE HAVE BIOMARKERS (they are so-so)

• WE HAVE COMBINATION REGIMEN (they still don’t benefit the majority)

• WE ARE MOSTLY HELPLESS IN FRONT OF ACQUIRED RESISTANCE

WE NEED WAYS TO CAPTURE THE FULL COMPLEXITY OF THE 
CANCER “IMMUNOME” in a clinician-friendly way

• “ONE SIZE FITS ALL” THERAPY COMBINATIONS?

• OR FULLY PATIENT-INDIVIDUALIZED?

• WILL EVERY NEW COMBINATION REGIMEN REQUIRE ITS OWN COMPANION 

BIOMARKER TEST??

K. Vermaelen 2020



THANK YOU FOR YOUR ATTENTION!


