SITC Tumor microenvironment
San Diego, USA
April 215t 2022

The cancer immune contexture and
heterogeneity of the tumor microenvironment

Jérome GALON

INSERM, Laboratory of Integrative Cancer Immunology, Cordeliers Research Center, Paris, France

ilnserm

@, /aboratory of

Integrative
Cancer
Immunology




Disclosures

Co-founder, chairman of the scientific advisory board, CSO Immuno-Oncology:
= HalioDx — a Veracyte company

Collaborative Research Agreement (grants) :
= Veracyte, Imcheck Therapeutics

Participation to Scientific Advisory Boards:

= |Obiotech, lllumina, Northwest Biotherapeutics, Actelion, Amgen, Catalym,
Merck MSD, Lunaphore



The continuum of cancer immunosurveillance

Immunity

%1 The Continuum of Cancer Immunosurveillance:
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The continuum of cancer immunosurveillance

Pre-cancerous Primary Metastasis
lesions Carcinoma
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The workdwide Immunoscore consortium
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Prognostic value of the consensus Immunoscore
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Immunoscore in stage III colon carcinoma patients
v' Predefined cut-off from Worldwide SITC study, and Predefined statistical plan (Mayo Clinic)

v' 4 independent cohorts, 2514 patients
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Immunoscore predicts High-risk and No-risk patients in stage Ill colon cancer



Immunoscore: Inclusion into Cancer Guidelines

/ nternationa or Research on Cancer \

Essential and desirable diagnostic criteria for colorectal cancer

e |:> Immune response

‘0 e

‘l Immune response (Immunoscore)

"A standardized examination of the presence of lymphocytes at the invasive front of the tumour, using
immunohistochemistry for CD3 and CD8, showed that this feature has significant prognostic power
(Pages et al. Lancet 2018)."

WHO Classification of Tumours, 5th Edition, 2019/




Immunoscore: Inclusion into Cancer Guidelines

\

International Agency for Research on Cancer . . . . .
gency 0 Essential and desirable diagnostic criteria for colorectal cancer

Ny World Health
.¢ Organization o : Immune ESETEE

Immune response (Immunoscore)

"A standardized examination of the presence of lymphocytes at the invasive front of the tumour, using
immunohistochemistry for CD3 and CD8, showed that this feature has significant prognostic power
(Pages et al. Lancet 2018)."

WHO Classification of Tumours, 5th Edition, 2019/

ANNALS ¢
ONCOLOGY =Y \Y/[@)
European Clinical Practice Guidelines for Gastrointestinal Cancers
Localised colon cancer: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up . . .
oy e b e s |:> Immunoscore (Prognostic, Predictive) ATGIES i e, A e 2D
ESMO I
ANNALSe Pan-Asian Guidelines 2021 for localised Colon Cancers

ONCOLOGY

Japan (JSMO), China (CSCO), India (ISMPO), Malasya (MOS), Taiwan (TOS)

o e o e diagnoss Immunoscore is considered for its full range indication in colon cancers,
stage Il and stage IlI, with inclusion of all risk groups, with 100% consensus

voted for recommendation Yoshino et al. Ann Oncol 2021/




Adaptive immunity decreases with tumor progression

B Tumor stage
TIT2T37T4

CD20
CXCRS
cD68
Tryptase
IL3RA
ENG
CD1a

| Granulocyte

Bindea G. et al. Immunity 2013
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Oncogenesis of lung squamous cell carcinoma

Normal bronchial Fluorescence
tissue

Normo

Normal bronchial
tissue

v Analysis of 122 pre-cancer lesions across 9
developmental stages
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Pre-cancerous
lesions
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International journal of science

Immune evasion before tumour invasion in early
lung squamous carcinogenesis

Céline Mascauxh 234141518+ Mihaela Angelova™®7816:18  Angela Vasaturo®®’8, Jennifer Beane?, Kahkeshan Hijazi?,
Geraldine Anthoine!, Bénédicte Buttard>%7-8, Francoise Rothe’, Karen Willard-Gallo'°, Annick Haller'7, Vincent Ninane'?,
Arséne Burny'?, Jean-Paul Sculier!, Avi Spira? & Jérome Galon>®7-8*

Mascaux C et al. Nature 2019



Main gene expression patterns across 9 developmental stages
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Immune escape mechanisms in pre-cancer lesions
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Pre-Neoplastic / Pre-Cancer Lesion evolution

% M Metabollsm

Proliferation T Epithelial cells
DNA repair Stroma
Tumor cells
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Metastasis analysis

One primary tumor
Colorectal cancer

¢ ¢

Multiple metastatic sites
Liver Metastasis Lung Metastasis
&- = ——

N=603 metastases

e

» Immunoscore within multiple metastases at different sites Mlecnik et al. JNCI 2018
Van den Eynde M. et al. Cancer Cell 2018



Metastasis

What drives metastasis
What are the metastatic escape mechanisms

A Novel theory of cancer evolution



Current theories of cancer evolution

Models
LINEAR NEUTRAL ‘ BIG-BAN | BRANCHED

Immune pressure from Darwinian selection
NO NO NO NO

» The 4 proposed theories of cancer evolution
» All theories are tumor cell-centric. None involves a role of the immune system.



Evolution of Metastases in Space and Time
under Immune Selection

Mihaela Angelova,’ Bernhard Mlecnik,'-> Angela Vasaturo,' Gabriela Bindea,’ Tessa Fredriksen,’ Lucie Lafontaine,’
Bénédicte Buttard,’ Erwan Morgand,' Daniela Bruni,” Anne Jouret-Mourin,® Catherine Hubert,® Alex Kartheuser,®
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Angelova M. et al. Cell 2018



What drives metastasis
M8
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Evolvogram of tumor clones

v Clonal evolution and cancer evolvogram

v" Non-recurrent clones are immunoedited. Progressing clones are immune privileged



Immunoscore and Immunoediting within metastases
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v" For Immunoediting to occur, High-Immunoscore is necessary
v" Immunoscore is not sufficient, since High-Immunoscore may not show immunoediting



Spatial mapping of the metastatic microenvironment

[le]\[e] +i67+

» Distance between CD3 + cells and tumor cells Ki67+ are associated with
Immunoscore and Immunoediting groups, and with metastasis recurrence.



Spatial mapping of the metastatic microenvironment

Cumulative distribution function of nearest neighbors between CD3+ and PD-L1+

Immunoscore - Immunoediting
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A Novel theory of cancer evolution

Models ‘

LINEAR NEUTRAL BIG-BANG BRANCHED  SELECTION

_A\.l.‘j' - ;
B b7 B ﬁ . B = ;

‘A

Immune pressure from Darwinian selection
N[0 NO NO \[o YES

» Parallel immune selection model
» Dynamic interaction of tumor-cells with immune-cells and Darwinian selection of
Immune escape variant, with parallel evolution and multiverse of metastases.



Anti-CD19 CAR T Cell Therapy in DLBCL

Axicabtagene ciloleucel (axi-cel) is an
autologous anti-CD19 CAR T therapy with
CD3(/CD28-based signaling directed to
CD19-expressing cells

Axi-cel approved for the treatment of relapsed or
refractory large B cell ymphoma after = 2
lines of systemic therapy

CAR, chimeric antigen receptor; scFv, single-chain variable fragment.

scFv (anti-CD19)

Hinge/Transmembrane

Signal 2: CD28

Signal 1: CD3¢

Modified from A Bot, Kite

26



CAR-T cells

ZUMA-1 Trial: Long-Term Follow Up

The NEW ENGLAND
JOURNAL of MEDICINE

CR
PR

Locke et al, ASCO 2018

(R
PR

ZUMA-1 with refractory large B cell ymphoma treated with axi-cel have 83% ORR and 58% CR
Axi-Cel Maintained Ongoing Responses at Median Follow-Up of 27.1 Months



Improval of CAR-T cell therapy

v" Improved CAR constructs

v' Get better intracellular CAR signaling (1st, 2nd, 31 generation CARS)
v' Get better targets (especially for solid tumors)

v' Get dual targets, inducible CAR, killing-construct CAR

v' Select subtypes of T-cells for infusion

I scFv(anti-CD19)

Hinge/Transmembrane

Signal 2: CD28

Signal 1: CD37

But,
v" Ignoring the fact that a cancer is not tumor cells in a test-tube

v' and that adoptive CAR-T cells are not working alone, but within a patient



Tumor microenvironment analysis:
Zuma 1 - Protocol and Timing of Paired Biopsies

Tumor biopsy: baseline and within 3 weeks post axi-cel

Manufacturing Day 28

Axi-cel
manufacturing Leukapheresis
and treatment

Axi-cel First tumor Progression

Conditioning ) ,
&) Infusion assessment Bx

chemotherapy

axi-cel, axicabtagene ciloleucel.



ZUMA-1 clinical trial Translational Biomarkers analysis

» Which patients are responding to CAR-T based on pre-treatment biopsies?
» What are the changes in TME Post-CAR-T?
» What are the mechanisms of relapse?

» Can we predict toxicities?

 Zuma-1 trial (DLBCL): tumor biopsies (n=135)
e Zuma-7 trial (DLBCL): tumor biopsies (n=252)
« DLBCL patients: tumor biopsies (n=249)

TME: Tumor MicroEnvironment



ZUMA-1 Pre and Post-CAR-T cell treatment analysis
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Treatment with Axi-Cel Results in Rapid and Dramatic Changes
in the Tumor Immune Microenvironment

FDR <0.01
FDR<0.05
FDR<0.50

Significant
Not Sig

¢ FDR<0.01
FDR<0.05

* FOR<050
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log2(fold change)

Top transcripts from a pre-specified 43 immune gene panel upregulated in tumor 7-21
days after treatment. IDO1 and other genes not in the 43 panel are pending.
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Treatment with Axi-Cel Results in Rapid and Dramatic Changes
in the Tumor Immune Microenvironment asssociated with CR

Multiplex chromogenic brightfield stains using BrightPlex® technology
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Pre-specified Immunosign separates Responders
from non-Responders
In pre-treatment Samples

OR vs No OR (Objective.Response)
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Immunosign® 21 pre-CAR-T infusion predicts clinical Response (OR and CR)
Scholler et al. In revision



Mechanistic link between pre-treatment immune contexture and T-cell parameters
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Correlation matrix for myeloid-secreted and T cell-produced cytokine and chemokines
(horizontal axis) with T-cell subset—related genes (vertical axis) in the baseline TME from 3
independent cohorts of DLBCL patients
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Pre-treatment immune contexture predicts response
to CAR-T cell therapy and prolonged survival
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Pre-treatment immune contexture predicts response
to CAR-T cell therapy and prolonged survival

Variable

Immunosign 21
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Subtypes
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Survival hazard ratios from cox
multivariate analyses of ZUMA-1
patient and clinical characteristics

Only tumor immune contexture and
tumor burden predicted survival
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T-cell subset densities in pretreatment tumour biopsies
associated with response to CAR-T
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High densities of subsets of Cytotoxic T-cells (CD3+CD8+ expressing PD1+LAG3+/-TIM3-) are

significantly associated with response to CAR-T cells Scholler et al. In revision



CAR-T : A Mechanistic Model of Efficacy and Toxicities
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immune system
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tumour biology
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CAR-T : A Mechanistic Model of Efficacy and Toxicities

PRrRobDucCT
O & expansion
Toxicities
Pre-treatment tumor Both

burden

Pre-treatment pre- ‘
existing immunity / tumor RTINS TUMOR
microenvironment e

b

MYELOID

v
e 2o L)
* 2F o W CELLS/
= wmew R

ENDOTHELIAL
\Yi

ETICULO

*Based on: Kochenderfer, JCO 2017; Neelapu, NEJM 2017; Locke, AACR 2017; Galon, ASCO 2017; Rossi, SITC 2017; Locke, ASH 2017; Rossi, Blood 201Z, ASH 2018,
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