000
-J/\— FACULTY OF MEDICINE DEPT. OF INTERNAL MEDICINE 000

AND HEALTH SCIENCES PULMONARY MEDICINE . . .
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CANCER IMMUNOTHERAPY: EVOLUTION AND REVOLUTION
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CANCER IMMUNOTHERAPY: EVOLUTION AND REVOLUTION
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selection of optimal responders |
selection of optimal combination partner(s) \
understanding resistance mechanisms
prediction of severe toxicity risk

mechanism of action of CPlIs
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ANTI-CANCER IMMUNITY IS A MULTI-STEP PROCESS

e Priming and activation ° Trafficking of T-cells to tumors

/ & d

PR ) ActlveTceII
e 6}% \ e Infiltration of
Q}%} Accessing | w T-cells into
Initiating and propagating the tumor tumors
Dendritic | anticancer immunity TUMOR MICROENVIRONMENT

cell

Cancer-cell recognition
and initiation of cytotoxicity

a Recognition

of cancer cells
by T-cells
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presentation

el g
. -

» I- ‘ _
Tumor cell

o Killing of cancer cells
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INCREASING RESPONSE RATES: SELECTION vs COMBINATION :::ﬂ

drug A,
biomarker-selected

drug A, wwwwww ORR 67%
all-comers
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THE QUEST FOR THE IDEAL SELECTION BIOMARKER
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T-CELL PARALYSIS

1

PD-

AT THE TUMOR SITE

E. Garon et al, NEJM 2015
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THE QUEST FOR THE IDEAL SELECTION BIOMARKER

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

durvalumab = atezolizumab ® pembrolizumab B nivolumab

K. Vermaelen et al, Seminars in Cancer Biology 2018
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pembrolizumab 22nd line

THE QUEST FOR THE IDEAL SELECTION BIOMARKER

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

PS <1%
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» case: NSCLC, squamous, rapid & near _ \ 1 o
complete response to durvalumab ~

PD-L1 0% on primary tumor and Ilver\\
metastasis =

- PD-L1 does not capture the full picture of
cancer-immune system interactions
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THE QUEST FOR THE IDEAL SELECTION BIOMARKER

Tumor Mutational Burden can enrich for better response and PFS
under PD1-blockade (not so clear for OS)
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TUMOR MUTATIONAL BURDEN IS A DRIVER OF IMMUNOGENICITY ::E

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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TUMOR MUTATIONAL BURDEN IS A DRIVER OF IMMUNOGENICITY :.0.%

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

100- — MMR-proficient CRC
%: — MMR-deficient CRC
70 — MMR-deficient non-CRC Bl dVIMR non-CRC

= dMMR CRC

RECIST Responses

%Change from Baseline SLD

Months

Dung T. Le ASCO 2015
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TUMOR MUTATIONAL BURDEN IS A DRIVER OF IMMUNOGENICITY

FDA News Release

FDA approves first cancer treatment for any solid
tumor with a specific genetic feature

f 8HARE | W TWEET | im LINKEDIN | @ PINIT &% EMAIL | &= PRINT

For Immediate May 23, 2017
Release
Release The U.S. Food and Drug Administration today granted accelerated approval to a

treatment for patients whose cancers have a specific genetic feature (biomarker).
This is the first time the agency has approved a cancer treatment based on a
commeon biomarker rather than the location in the body where the tumor originated.

Keytruda (pembrolizumab) is indicated for the treatment of adult and pediatric
patients with unresectable or metastatic solid tumors that have been identified as
having a biomarker referred to as microsatellite instability-high (MSI-H) or mismatch
repair deficient (dMMR). This indication covers patients with solid tumors that have
progressed following prior treatment and who have no satisfactory alternative
treatment options and patients with colorectal cancer that has progressed following
treatment with certain chemotherapy drugs.
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MUTATIONAL BURDEN: QUANTITY vs QUALITY?

NOT ALL MUTATIONS ARE CREATED EQUAL
MERKEL CELL CARCINOMA: polyomavirus+ en polyomavirus-

mutations/exome response to anti-PD1
1121

62%
44%

12,5

MCPyV+ MCPyV- MCPyV+ MCPyV-

Adapted from: G. Goh et al, Oncotarget 2016, P. Nghiem et al, NEJM 2016
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IS RESPONSE TO IMMUNOTHERAPY IN THE “HOST” GENES?

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

p=4 p=4

- El=» Kl 2o-[=»
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XL
“HOST” FACTORS: SNPs in IMMUNE-RELATED GENES :.‘.ﬁ

germline polymorphisms in immune-related genes impact therapeutic
efficacy of chemotherapy and immune checkpoint inhibition
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THE QUEST FOR THE OPTIMAL [-O COMBINATION THERAPY
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INCREASING RESPONSE RATES: SELECTION vs COMBINATION 5@.0.%
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THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

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

e Abundant checkpoints 0 Abnormal vasculature [
,év
Too little costimulation
ActlveTcel\
9 Connective tissue “shield”

Tolerogenic DCs
Imors

Suppressive lymphocytes and myeloid cells

Initiéting and propagating

n anticancer immuni
Dendritic ty TUMOR MICROENVIRONMENT

Cancer-cell recognition
and initiation of cytotoxicity

Suppressive metabolic environment
o Insufficient cell death and/or immune alarm signals illing of cancer cells
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THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

Designing optimal combination immunotherapies requires a
comprehensive understanding of the tumor “immune climate”
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Essential T-cell activity requwed

INFILTRATE GENERATE

tumour tumour active, tumour-directed T cells
- ”Just” add checkpoint inhibitor - Normalize vasculature, -2 Increase immune priming
disrupt stromal shield add anti-CTLA4, chemo- or

radiotherapy, vaccines, ...

Chen and Mellman. Immunity 2013; Hegde, et al. Clin Cancer Res 2016; Kim and Chen. Ann Oncol 2016; Chen and Mellman. Nature
2017
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THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

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

K. Vermaelen 2020



THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

Combination immunotherapy can push the performance of IO monotherapy upward
- 2018: 7 phase Il combination trials in 15t [ine advanced NSCLC
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THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

The wild proliferation of immuno-oncology combination trials

Trial start year 2009 2010 2011 2012 2013 2014 2015 2016 2017
Clinical phase
M Phase 4 .
B Phase 3 :
M Phase 2 ) @ - ‘é. g 8 w:
Phase 1/2 &
" Phase 1
Number 1 5 2 13 20 58 190 329 469
of new trials
Planned new . 2473 582 4867 5031 11 276 39 821 46 153 52 539
enrollment
Planned
enrollment 136 495 291 374 252 194 210 140 112

per new trial

From: Comprehensive analysis of the clinical immmuno-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.
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THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

INFLAMED IMMUNE EXCLUDED IMMUNE DESERT
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Essential L

KILL INFILTRATE GENERATE
tumour tumour active, tumour-directed T cells

- ”Just” add checkpoint inhibitor - Normalize vasculature, -2 Increase immune priming
disrupt stromal shield add anti-CTLA4, chemo- or
radiotherapy, vaccines,

Chen and Mellman. Immunity 2013; Hegde, et al. Clin Cancer Res 2016; Kim and Chen. Ann Oncol 2016; Chen and Mellman. Nature
2017
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THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY o000

The “tumor immunome”: the more we look, the more complex it gets

33 cancer types

Gene expression
signature clustering|,

Immune subtypes

Wound healing @

IFN-y dominant C2

Inflammatory .

Lymphocyte &
depleted . : Tumor type
Immunologically
quiet |
Somatic mutation
TGF-B dominant §%:
TF
\Immunomodulators)

Regulatory networks

) RNA-seq
() MiRNA-seq
DNA copy number
Mutation calls
Clinical data
") Methylation array

Immune cell
quantification

Q8400

0.‘0 0‘.2 0‘,4 0.’6 OAB

5 10 15 20 25

Patient survival

o

The Immune Landscape of Cancer

Vésteinn Thorsson, '-35 David L. Gibbs,'+*> Scott D. Brown,? Denise Wolf,? Dante S. Bortone,* Tai-Hsien Ou Yang,®
Eduard Porta-Pardo,®7 Galen F. Gao,? Christopher L. Plaisier,:° James A. Eddy,'° Elad Ziv,"" Aedin C. Culhane,’?
Evan O. Paull,’® I.K. Ashok Sivakumar,'* Andrew J. Gentles,'® Raunaq Malhotra,'® Farshad Farshidfar,'”

Antonio Colaprico,'® Joel S. Parker,” Lisle E. Mose,* Nam Sy Vo,'? Jianfang Liu,?° Yuexin Liu,'® Janet Rader,’

Varsha Dhankani,' Sheila M. Reynolds,' Reanne Bowlby,? Andrea Califano,’® Andrew D. Cherniack,?®

Dimitris Anastassiou,® Davide Bedognetti,?? Arvind Rao,'? Ken Chen,'? Alexander Krasnitz,2® Hai Hu,2°

Tathiane M. Malta,”*?°> Houtan Noushmehr,?*2> Chandra Sekhar Pedamallu,“® Susan Bullman,“® Akinyemi l. Ojesina,*’

Immunity 48, 812-830, April 17, 2018

What will come next?

© K. Vermaelen 2018



THE QUEST FOR THE RIGHT I-O COMBINATION THERAPY

Leveraging emerging technologies to enable “precision immuno-oncology”

1 Phenomic Al Retweeted
B4 rnenomic Al netweelec

Pharma Tech Focus
@PharmaTechFocus

Targeting the tumour stroma: @PhenomicAl launches
with $6m seed financing#targetingthetumourstroma
#treatingsolidtumours #seedfinancing bit.ly/340yDy9

Al algorithm - interrogate cell-cell interactions in tumor stroma - drug screen
- antibody candidates to disrupt tumor stroma and relieve obstacles to CPI action
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TOWARDS “PRECISION IMMUNO-ONCOLOGY?” .0.0.0.0.
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Chen & Mellman, Nature 2017
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TOWARDS “PRECISION IMMUNO-ONCOLOGY?”

F. Barlesi et al, ESMO 2020

ongress _
FEESVMD PIONeeR Biomarkers
Design and Flow Chart

g e > Biomarker Program (> 400 BioMarkers)
NO PROCEDURE 26.9 % PROCEDUREOK
® Medicdlycontrarindicated  N=6 o ntiibutive N=3Z RESPONDERS**
* Patient refusals N=7 o Non Contributive N=9 N=13
* Complete regponse N=2

¢ Technica isue N=2

Biopsy at 6 weeks

Pts reaching Biopsy time
N=63***

Advanced NSCLC patients I
registered for PD1/L1
ICls-based treatment O

N=100 (3*) /450 : > Withdrawal of consent (N=3)
: EOT SAE (N=1)
Meees > 12w. < Treatment < 24 w. (N= 3/2%)

EARLY progressors
>4 6w/12w*< PRG < 24 w.
N=35

Precision 1O
randomized trial
N=6/120

VERY EARLY progressors
PRG< 6 w./12w.* Inv. choice treatment
* Related to 1st line IT+CT N=30

** Based on RECIST v1.1, irrespective of the study period
*** Including 3 Very Early Progressors, with a radiologic progression (inclusion in clinical trial)




TOWARDS “PRECISION IMMUNO-ONCOLOGY?”

F. Barlesi et al, ESMO 2020

ongress _
FEESMD The PIONeeR project
Understand, Predict and Overcome resistances to PD-(L)1i in adv. NCSLC pts _m\=

Understand and Predict; PIONeeR biomarkers trial

i ----------------------------------------- i -------------- > Biomarker Program (> 400 a‘oMarka.S)

Archived
blopsy

Advanced NSCLC patients

registered for PD1/L1
ICs-based treatment

* Related to 1st line IT+CT



TOWARDS “PRECISION IMMUNO-ONCOLOGY?”

Personalized RNA mutanome vaccines mobilize B I O
poly-specific therapeutic immunity against cancer

Tumor mutanome-derived neo-antigens as individualized vaccine targets

—C

U. Sahin et al, Nature 2017

Sample Mutation Neo-epitope Target
aquisition discovery prioritization selection

GMP RNA
manufacturing
and release

Template DNA
design and
production
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TOWARDS “PRECISION IMMUNO-ONCOLOGY?”

Tumor mutanome-derived neo-antigens as individualized vaccine targets

—

MIDRIXNEO-LUNG NCT04078269 (U4 % B

PRODUCTION OF AUTOLOGOUS DENDRITIC CELLS

DIFFEREN- MATURATION
_ TIATION @
. @ GM-CSF IFNy
IL-4 - MPLA

LEUKAPHERESIS MONOCYTES IMMATURE DC MATURE DC
PRODUCTION OF NEOANTIGEN ENCODING MESSENGERRNA

NEOEPITOPE NEOANTIGEN ENCODING
PREDICTION AND MESSENGERRNA
SELECTION

TUMORBIOPSY
BLOOD SAMPLE

J. Ingels et al, unpublished
K. Vermaelen 2020



TOWARDS “PRECISION IMMUNO-ONCOLOGY?”

Tumor mutanome-derived neo-antigens as individualized vaccine targets

MIDRIXNEO-LUNG NCT04078269  (Ur4 % B

PRE-DC VAX
_ _ “JCD8+IFNg+ #JCD8+IFNg+
irrelevant antigen | 0.0% | 00w
BFP mRNAEP ¢ | B
n; ﬁ. o 4

5 neo-antigens tandem construct:
TTE mMRNAEP ~ °

o 3

J. Ingels et al, unpublished
K. Vermaelen 2020



UNDERSTANDING RESISTANCE MECHANISMS TO CPI




UNDERSTANDING RESISTANCE MECHANISMS TO CPI

e Abundant checkpoints 0 Abnormal vasculature g
Too little costimulation

Tolerogenic DCs A°‘””°e'\
Suppressive lymphocytes and myeloid cells

. ﬁ

9 Connective tissue “shield”

y imors

TUMOR MICROENVIRONMENT

Cancer-cell recognition
and initiation of cytotoxicity

Initiéting and propagating

Dendritic anticancer immunity

ning or cancer celis
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UNDERSTANDING RESISTANCE MECHANISMS TO CPI

Mutations Associated with Acquired Resistance

to PD-1 Blockade in Melanoma MHC/HLA class |
B Rel ~baseline
Baseline Sanger Sequencing €lapse R sl
nl MFmeJi&Kl :No mu;;ﬁon detected i J'_&Kl'; chr1:653§1333 C>T QSOES*;;
Case #1
JAK2 : No mutation detected
Case #2

|

= “B2M : No mutation defected : 2 ) L
Case #3 B2M chr15:45003785 TCTTdel S14_frameshift

Zaretsky et al, NEJM 2016
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UNDERSTANDING RESISTANCE MECHANISMS TO CPI .0.0.0

Effective CPI-induced anti-tumor immune responses lead to loss of iImmunogenic clones

V. Anagnostou et al Cancer Discovery 2016
and tumor escape : Y
l Baseline Therapeutic Response Emergence of Resistance _

0 months __ I 2 months |

Pre-treatment PD-1 Blockade 1 Off Treatment



I-O: IT ALL STARTS (AND ENDS) WITH IMMUNOLOGY...
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DO WE REALLY UNDERSTAND HOW CPIs ACTUALLY WORK? :.0.%

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

Texprog1 Texprogz Texint Texterm
T-CELL PARALYSIS Ly108+CD69+ Ly108+CD69- Ly108-CD69- Ly108-CD69+
AT THE TUMOR SITE Quiescent Proliferative Circulating Terminally exhausted

a nti -P D 1 Resident Circulating @ Midly cytotoxic Resident

-]
anti-PDL1 - 3)
Proliferation-driven
irreversible conversion
Final and irreversible
conversion
Interconversion

Red pulp (Spleen)

White pulp (Spleen) Red pulp (Spleen)/circulation Peripheral tissues
Transcriptional Transcriptional and Transcriptional and
checkpoint epigenetic checkpoint epigenetic checkpoint

Beltra et al, Immunity 2020
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DO WE REALLY UNDERSTAND HOW CPIs ACTUALLY WORK? :.0.%

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

Naive T cells

# Memory CD8 T cells
-« ! I

Activated T cells

;.2

Effector ‘(memory

€
Y CDS8 Teells
‘Activated/exhausted

CDS8 Feells

pre-treatment post-treatment
Yost et al, Nature Medicine 2019
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DO WE REALLY UNDERSTAND HOW CPIs ACTUALLY WORK? :::ﬂ

the intestinal microbiome impacts therapeutic efficacy of CPlIs

Anticancer immunotherapy by CTLA-4
blockade relies on the gut microbiota

Vétizou et al, Science
2015

Gut microbiome modulates response to anti-PD-1

immunotherapy in melanoma patients
Gopalakrishnan et al, Science 2017

t The commensal microbiome is
associated with anti-PD-1 efficacy in
metastatic melanoma patients

Matson et al, Science 2018

S

F

Gut microbiome influences efficacy of
PD-1-based immunotherapy against
epithe]ial tUMoOrsS Routy et al, Science 2018

© K. Vermaelen 2018
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CANCER IMMUNOTHERAPY BEYOND CPI : TAKE-HOME MESSAGES :::ﬁ

STATE-OF-THE-UNION IN [-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??

IIIIIII
G UNIVERSITEIT
ENT GENT
K. Vermae len 2020






