ITOC6 2019
Vienna, Austria
April 127, 2019

Systems immunology and tumor microenvironment

Jérome GALON

INSERM, Laboratory of Integrative Cancer Immunology

Cordeliers Research Center, Paris, France __ CENTRE DE RECHERCHE
D




Disclosures

Co-founder and chairman of the scientific advisory board:
A HalioDx

Collaborative Research Agreement (grants) :
A Perkin-Elmer, IObiotech, Medimmune, Janssen, Imcheck

Participation to Scientific Advisory Boards:

A BMS, Medlmmune, Astra Zeneca, Novartis, Definiens, Merck Serono,
IObiotech, ImmunlID, Nanostring, lllumina, Northwest Biotherapeutics,
Actelion, Amgen, Merck MSD

Consultant :
A BMS, Roche, GSK, Compugen, Mologen, Sanofi



Cancer is one of the most complex biological system of all

Arhe whole is greater than the sum of its partsqg Aristotle

-> Systems biology in human cancer



The continuum of cancer immunosurveillance

Immunity

%1 The Continuum of Cancer Immunosurveillance:
Prognostic, Predictive, and Mechanistic Signatures
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The continuum of cancer immunosurveillance

Pre-cancerous Primary Metastasis
lesions Carcinoma
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Nature 2019 accepted Lancet 2018 Cell 2018



CANCER EVOLUTION

Pre-cancerous lesions
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Pre-Neoplastic / Pre-Cancer Lesion evolution
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What Is the importance of the pre-existing
Immunity within tumors ? Does it matter ?

MacCarty WC, Mahle AE.
Relation of differentiation and lymphocytic infiltration to postoperative longevity in gastric carcinoma.
J Lab Clin Med 1921 ; 6:473.



Science A Novel Paradigm for Cancer
AYAAAS

Type, Density, and Location of Immune
Cells Within Human Colorectal Tumors

The foundation a new
Predict Clinical Outcome concept l

Jéréme Galon,**t Anne Costes Fatima Sanchez Cabo,” Amos Kirilowvsky,* Bernhard Mlecmk
Christine Lagorce- Pages Marie Tosohm Matthieu Camus,* Anne Berger,® Ph]hppe Wind,*
Franck Zinzindohoué,” Patrick Bruneval,® Paul-Henri Cugnenc,” Zlatko Trajanoski,”
Wolf-Herman Fridman,»” Franck Pagés™"{

29 SEPTEMBER 2006 WVOL 313 SCIENCE www.sciencemag.org Immune contexture
V  Gene expression profiling V  Immunohistochemistry (IHC)
V Qualitative immune signature V Digital Pathology

V Quantitative immune cell infiltration
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Immunoscore: a novel paradigm for cancer

Science
AYAAAS

High Immunoscore _
V High Immunoscore

V Inflammed tumors
V Strong pre -existing adaptive
Immunity

V Low Immunoscore
V Non -Inflammed tumors
V Weak/absent pre -existing adaptive

Disease-Free Survival

Low Immunoscore

10 15 immunity

Survival (years)

Coordinated adaptive immune reaction (Immunoscore) more than tumor

invasion predicts clinical outcome Galon et al. Science 2006



Science A Novel Paradigm for Cancer

Multivariate Cox Analysis
Parameters HR
A -Stage 1.2
A -BStage 1.4

A Immunoscore 1.9
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The Immunoscore as a New Possible Approach for the
Classification of Cancer

World Immunotherapy Council inaugural meeting (Feb 2012)

Support  (moral) from the World Immunotherapy Council (WIC), and support from
societies including, EATI, BDA, CCIC, CIC, CRI, CIMT, CSCO, TIBT, DTIWP, ESCII, NIBIT,
JACI, NCV-net wor k, PI VAC, ATTACK, TVACTE

Worldwide Immunoscore consortium (Pl J Galon)
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International validation of the consensus Immunoscore for
the classification of colon cancer: a prognostic and accuracy

study

Franck Pageés, Bernhard Mlecnik, F!or" ; Mm‘!iot Gabriela Bindea, F(mg S’hu(‘)u Carlo Br'ful'fo Ah—?ssam:fmwg!i, Inti Zlobec, Tilman T Rau,

Gritzmann,
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Birva Shah, Jayendrakumar B Patel, Kruti N Rajvik, Shashank ] Pandya, Shilin N Shukla, Yili Wang, Guanjun Zhang, Yutaka Kawakami,
Francesco M Marincola, Paolo A Ascierto, Daniel | Sargent*, Bernard A Fox, Jéréme Galon

Pages etal. The Lancet 2018



Relative variable contribution to risk

Chi squared proportion (G6])

Relative variable contribution

Immunoscore

(high, intermediate, low)

Differentiation

Clinical parameters Clinical parameters plus Immunoscore

All patients

Cox Multivariate Immunoscore P-values c-index

2 groups <0.0001 0.73 (0.66-0.80)
3 groups <0.0001 0.73(0.67-0.80)
5 groups <0.0001 0.73(0.67-0.80)
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Is there an immune escape at the metastatic stage
?



Metastasis analysis

One primary tumor

Colorectal cancer

e ¥

Multiple metastatic sites

Liver Metastasis Lung Metastasis
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Mlecnik et al.JNCI2018

U Immunoscore within multiple metastases at different sites van den Eynde Met al. Cancer Cell 2018



What drives metastasis ?
What are the metastatic escape mechanisms ?

A Novel theory of cancer evolution ?



Current theories of cancer evolution

Models
LINEAR

s

Immune pressure from Darwinian selection
NO NO NO NO

U The 4 proposed theories of cancer evolution
U All theories are tumor cell-centric. None involves a role of the immune system.
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Evolution of Metastases in Space and Time
under Immune Selection

Angela Vasaturo,' Gabriela Bindea,1 Tessa Fredriksen,1 Lucie Lafontaine,’

Mihaela Angelova,’ Bernhard Mlecnik,'-?
Bénédicte Buttard,’ Erwan Morgand,' Daniela Bruni,” Anne Jouret-Mourin,® Catherine Hubert,® Alex Kartheuser,®
Yves Humblet, Michele Ceccarelli,*:* Najeeb Syed, ¢ Francesco M. Marlncola 7.8 Davide Bedognettl 9,10

Marc Van den Eynde,'-=1° and Jerome Galon'-11.*

Angelova Met al. Cell 2018



What drives metastasis?
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Mutational landscape across metastases
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V ExomeSeq deep analysis of all synchronous and metachronous metastases



Genomics of primary tumors and metastases
P210 P45 mx [ unknown
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Observed compared to expected frameshift and missense
epitopes (immunogenic mutations) using ExomeSeq data

Genetic analysis of missense and frameshift immunogenic mutations (epitopes)

\Y,

ExomeSeq

RNAseq

Mutations detection
Variant calling

HLA haplotypes prediction
Epitopes prediction

HLA / TCR peptide binding
prediction

Immunogenicity scores

Silent mutations

!

PanCancer rate (n=3659 Pts.)

!

Non-immunogenic mutations

!

Expected immunogenic mutations

!

Observed immunogenic mutations

Mlecnik etal.  Immunity

2016



Phylogenetic trees

P210 P45 GRIN2AD1245N
Trunk (n=0) Trunk (Nn=6) DIDO 1P1908R
E90K
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TP53T175H ® Lung
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® Shared mutations
Private Private
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Transmission of tumor clones from 1 meta to consecutive meta
Multi-parallel tumor evolution
Highly diverse tumor clones

Up to no trunk mutation Angelova M. et alCell2018
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Clonal dissemination T Parent/child-relationship
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Cellular prevalence of tumor clones
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V  Tumor clones quantification

V Cellular prevalence of clones within metastases
Angelova M. et alCell2018



Evolvogram of tumor clones

V Clonal evolution and cancer evolvogram

V Non-recurrent clones are immunoedited. Progressing clones are immune privileged
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Immune microenvironment
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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



Elimination of Immunoedited clones
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V  Eliminated clones are immunoedited
V  Non-recurrent clones (<4 years) have a low immunoediting score
V  Persistent clones are immune privileged (not-immunoedited) Angelova M. et alCell2018



Metastasis recurrence

Immunoediting Immunoscore
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Multivariate analysis of all genomics and immunomics parameters

First Multiple

Df  recurrence recurrences
Excluded variable AlC log(HR) AIC log(HR)
<none> 43 .3 124 Distaﬂce + Metastasis
CD3 to CK+KI67+ CD3:CK" KI&67 size
mutual neighbor 1 437 -22 1241 -1.6
distance (Hi)
Immunoscore
(>60%) 1 462 -31 1248 -1.8
Immunoediting 1 481 -3.1 133 1.9
(Low)
Meta Size (log) 1 459 2.5 1337 2.6 Immunoscore Immunoediting

V  Cox multivariate analysis revealed 4 parameters associated with metastatic dissemination:
V Immunoscore, Immunoediting, the distance between CD3 T-cells and Ki67+ tumor cells, and the
size of the parent metastasis



Predictive model of clonal recurrence

Post-model follow-up
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V Model for cumulative probability of recurrence
V -> Prediction model



What drives metastasis? Conclusions

Immune escape mechanisms

\4

Genomics
noediting
mIMH
Immunomics
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LOH l¢l¢FoxP3
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U Different escape mechanisms delineated by lack of adaptive immunity or immunoediting.

Angelova M. et alCell 2018



What drives metastasis? Conclusions (2)

Evolvogram under immune pressure

Unedited tumor clones

Immunoedited tumor clones

(“(’ (YU

: -
Clonal evolution
U Multiverse of metastases evolution in space and time under immune selection

U Evolution of tumor clones is linked to the intra-metastatic immune contexture.
U Non-recurrent clones are immunoedited. Progressing clones are immune privileged.

Angelova M. et alCell2018




What drives metastasis? Conclusions (3)

e -
—_— I .
W .- Metastasis size
a E . i Distance CD3:CK*Ki67"*
\1 ‘‘‘‘‘ Immunoscore
-. Immunoediting
Time to Recurrence

Low High

Recurrence Risk
Predictive factors of recurrence

U Parallel selection model describes tumor evolution during the metastatic process.
U Immunoediting and Immunoscore are predictive factors of metastasis recurrence.
U Distance between CD3 + cells and tumor cells Ki67+ and metastasis size are also
associated metastasis recurrence. Angelova M. et alCell2018



A Novel theory of cancer evolution

Models ‘

LINEAR NEUTRAL BIG-BANG BRANCHED SELECTION

Immune pressure from Darwinian selection
NO NO NO NO YES

U Parallel immune selection model
U Dynamic interaction of tumor-cells with immune-cells and Darwinian selection of immune

escape variant, with parallel evolution and multiverse of metastases.



Deciphering the tumor immune microenvironment:
Clinical implications

CD3
Tumor
fCold 6 Tumor fiHot 0 Tumor
| O | 4
Clinical implications l
Predictions Need T -cell priming Response to immunotherapies
Cancer vaccine (CTLA4, PD1, PDL1, ¢é)

But it is not as simple since biology is complex and is not dichotomized in good & bad



Treating hot, altered and cold immune tumors with immunotherapy

REVIEWS

Turning cold tumours hot
nities and challenges for Impact of combination therapy on

Galon J. & Bruni D.
rating delivery technologies the immune response NatUI’e ReV|eWS Dl’ug DISCOVGI’y 2019



Stratification of cancer based on the immune status

Tumor Molecular MSI-H MSSA MSS/CIMP.hi MSS MSS-CIMP.lo
Mutations
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Immune classification

-> Importance of having standardized immune Assays
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