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Cancer is one of the most complex biological system of all

“The whole is greater than the sum of its parts”, Aristotle

-> Systems biology in human cancer



The continuum of cancer immunosurveillance
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Phase 3 trial
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The continuum of cancer immunosurveillance

Immunity

The Continuum of Cancer Immunosurveillance:
Prognostic, Predictive, and Mechanistic Signatures

S Jérdme Galon,"-23.* Helen K. Angell,'2* Davide Bedognetti,? and Francesco M. Marincola®5*
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What is the importance of the pre-existing
immunity within fumors Does it matter



Science

A Novel Paradigm for Cancer
AYAAAS

Type, Density, and Location of Immune .
Cells Within Human Colorectal Tumors The foundation a new concept
Predict Clinical OQutcome
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vevew.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
AVAAAS

High Immunoscore .
I v' High Immunoscore

| v Inflammed tumors
1 v' Strong pre-existing adaptive
immunity

v Low Immunoscore
|$\/ Non-Inflammed tumors
v Weak/absent pre-existing adaptive

Disease-Free Survival

Low Immunoscore

10 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 P value
e T-stage 1.2 0.25
e N-stage 1.4 0.15
e Differentiation 1.1 0.84
e Immunoscore 1.9 0.00001
/ “Immune Contexture” . \
Cells ->  vType
Quantity ->  v'Density -> Immunoscore
Spatial -> vLocation

\_ Quality ->  vImmune functional orientation -> Immunosign -

Galon J et al. Science 2006



Implications for cancer classification and therapies ?

From the Immune contexture

(Complexity of intratumor immune reaction)

|

To the Immunoscore

(A simple and powerfull Immune Test)



Colorectal cancer classifications
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Galon et al. J Pathol. 2014



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-network, PIVAC, ATTACK, TVACT...

Worldwide Immunoscore consortium (PI: J Galon)
(17 countries: >3000 Stage I/II/III Colon cancer patients)
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Immunoscore meetings :
Feb 2012, Italy
Dec 2012, Italy
Nov 2013, SITC, USA
Dec 2013, Italy
Jan 2014, Qatar
Jul 2014, Paris, France
Nov 2014, SITC, USA
Nov 2015, SITC, USA
Dec 2015, Italy
Feb 2016, USCAP, USA
April 2016, USA
Nov 2016, SITC, USA
Dec 2016, Italy
Feb 2017, USCAP, USA
Dec 2017, Italy



International validation of the consensus Immunoscore for
the classification of colon cancer: a prognostic and accuracy

study
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Densities of CD3; (cells/mm?) within tumors

CD3¢r
cells/mm? Quantification of 3855 patients
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v" Whole slide quantification within the CT region
v Similar quantification were performed for CD3., CD3,,,, CD8.1, CD8,y,

The Lancet 2018



Relative variable contribution to risk

Chi squared proportion (x?) test for clinical parameters

Relative variable contribution

Immunoscore
(high, intermediate, low)

Differentiation
Differentiation

[ 1 Sidedness
1 Mucinous (colloid)

1 msl
[ Sex

Clinical parameters Clinical parameters plus Immunoscore

Multivariate Analysis for Time to Recurrence (TTR)

All patients
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)

The Lancet 2018



International validation of the consensus Immunoscore
for the classification of colon cancer:

Strong arguments for introducing a "I” for Immune
info the classification of cancer: TNM-I



Immunoscore in locally advanced colon cancer

Stage III

Immunoscore Predictve value :
v' IDEA, France, phase 3 clinical trial (3 months vs 6 months chemotherapy)

Disease-free Survival in Overall Population
100

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MARCH 29, 2018

Patients without Event (%)

Duration of Adjuvant Chemotherapy for Stage III Colon Cancer

Unconclusive



Disease Free Survival Probability

Phase 3 randomized study of stage lll colon cancer patients (IDEA)
3 vs 6 months of chemotherapy (n=1062)

All Stage lll treated with FOLFOX

High Immunoscore
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High Immunoscore significantly predicts response to 6 months FOLFOX chemotherapy in all

Stage Il patients




Is there an immune escape at the metastatic
stage ?



Metastasis analysis

One primary tumor
Colorectal cancer

¢ ¢

Multiple metastatic sites
Liver Metastasis Lung Metastasis
= ——

A »

N=603 metastases

e

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



Cell

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,®

Yves Humblet,® Michele Ceccarelli,*-°* Najeeb Syed,® Francesco M. Marincola,”-® Davide Bedognetti,®:1°
Marc Van den Eynde,’-*° and Jéréme Galon'-11-*

Angelova M. et al. Cell 2018



Evolvogram of tumor clones

v" Clonal evolution and cancer evolvogram

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



What drives metastasis? Conclusions (1)

Immune escape mechanisms
Genomics

| I Immunomics
IL15 (L Adaptive immunity |
LOH _IT: ,
Timmune ) |cD3+Kie7+
o CD45RO+
HLA l PD-L1
¥ A ¢FoxP3 \4

I rino )@ERZD immunoscore - Immunoediting

» Different escape mechanisms delineated by lack of adaptive immunity or immunoediting.
» Multiverse of metastases evolution in space and time under immune selection




What drives metastasis? Conclusions (2)

Evolvogram under immune pressure

Unedited tumor clones

Immunoedited tumor clones

(“(’ (YU

Clonal evolution

>

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



What drives metastasis? Conclusions (2)

—__ -
_—— I
W .- Metastasis size
I . i Distance CD3:CK*Ki67*
: e Immunoscore
Immunoediting
Time to Recurrence

Low High

Recurrence Risk
Predictive factors of recurrence

» Immunoediting and Immunoscore are predictive factors of metastasis recurrence.
> Distance between CD3 + cells and tumor cells Ki67+ and metastasis size are also
associated metastasis recurrence.



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.



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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Mlecnik B. et al. J Clin Oncol 2011



Sequence of
structures captures
molecular machines

N

International journal of science

Immune evasion before tumour invasion in early
lung squamous carcinogenesis

Céline Mascaux!"#34141518% ©ihaela Angelova>®7:810.18 Angela Vasaturo™®7-8 Jennifer Beane?, Kahkeshan Hijazi?,
Geraldine Anthoine!, Benedu.te Buttard ncoise Rothe?, Karen Willard-Gallo'®, Annick Haller''7, Vincent Ninane'?,
Arséne Burny!?, Jean-Paul Sculier!, Avi Spira? & Jérome Galon>° 67,85

Mascaux C et al. Nature 2019



Oncogenesis of lung squamous cell carcinoma

Normal bronchial Fluorescence
tissue

Normo

Normal bronchial
tissue

RPNl v Analysis of 122 pre-cancer lesions
e across 9 developmental stages
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Mascaux C et al. Nature 2019




Main gene expression patterns across 9 developmental stages
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Immune functions mostly associated with genes ascending from high-Grade
Mascaux C et al. Nature 2019



Principal components evolution of the 9 developmental stages
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Immune activation across developmental stages

Immune status change

0.154 -+ Mast cells activated +- B cells naive 4T cells CD4 memory activated
-+ Mastcells resting 0.151 ¢ B cells memory 0.15] © Tcells CD4 naive

0.10 +\\ 0.10-

0.05 1

Absolute immune estimate

o
6 7 8

0 1 2 3 4 5

Developemental stage
@ normal @ low grade @ high grade © SCC
v" Early Immune activation in Low-Grade dysplasia (Immune sensing)

v' Adaptive immune activation and memory in High-Grade dysplasia
Mascaux C et al. Nature 2019



Immune escape mechanisms in pre-cancer lesions

Co—inhibitors
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Immune activation and during lung oncogenesis

premalignant malignant

normal tissue low-grade lesions high-grade lesions invasive lung cancer

T proliferation, DNA repair, cancer-germline antigens, activated neutrophils

transient T in Timmune response, neutrophils, myeloid cells,
metabolism M1 macrophages, activated Tcells

T antigen processing and presentation

ToCs, memory B cells,
memory CDY* Tcells,
Activation of follicular helper

resident immune Tcells
cells transient T in
CPY* and CD8* T cells

Tcostimulatory molecules

4 negative regulation

2 Tnegative regulation of immune system
of immune system

Tco-inhibitory molecules, suppressive cytokines

T segregation of epithelial-
cp3*cells from mesenchymal
epithelial cells transition




Pre-Neoplastic / Pre-Cancer Lesion evolution

% M Metabollsm
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Mascaux C. ... Galon J. Nature 2019



Stratification of cancer based on the immune status

Tumor Molecular MSI-H MSSH MSS/CIMP.hi MSS MSS-CIMP.lo
Mutations

A B ¢ D E
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Immune classification

-> Importance of having standardized immune Assays
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