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Tumor microenvironment cell analyses: immunopathology
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Research versus clinical routine

Research purposes

Complexity
Dynamics
Multiplex
Discovery

Routine clinical purposes

Simple

Robust
Reproducible
Clinical Utility
Guidelines
EMA/FDA approval
CLIA certification
Reimbursment

N N N N N SR RN



Cancer patient

Current cancer classification Immune-based classification
Tumor cell characteristics Host immune response
T-stage
Tumor cell N
extension -stage
and invasion
M-stage
Anatopathology Grade__
Tumor Morphology Sudding
Stem cell Currently NONE

Tumor cell of origin fceecicels

Et C. el

Tumor Molecular pathway

Tumor Gene expression

Tumor Mutation status _
Angell & Galon Clin Cancer Res. 2019



Concepts in Immuno-oncology

“Contexture: the act of assembling parts into a whole; an arrangement of interconnected parts”

Concept Concept, not a simple Biomarker
“Immune Contexture” . “Immunoscore” :
vType v'Digital pathology
v'Quality v'Quantitative
v'Quantity v'Location
v'Spatial
v Complexity v'Simple
v'Dynamics v'Powerful
Research purposes Routine clinical purposes

Galon J et al. Science 2006
Galon J et al. Cancer Res. 2007



The Immune landscape and the importance of the
Immune contexture

Oncogenensis VELIPI+ Dissemination

Pre-cancer lesions

Progression T-stage

_ Recurrence
Prognosis Death Immunotherapy



Tumor microenvironment
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Tumor microenvironment
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Tumor microenvironment
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Tumor microenvironment
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Exploring tumor microenvironment using single cell data

Deconvolution of expression Single cell analysis from In situ Single cell analysis

data from mixture of cells to isolated cells from tissue

infer single cell population

results

v Tumor cell clones v' FACS phenotyping (10-30 markers/cell) v/ IHC (1-10 markers/cell)

v Immune cell subpopulations v' CyTOF phenotyping (30-50 markers/cell) v* Multiplex IF/multispectral (4-9 markers/cell)
v’ Bioinformatic software v/ scExomeSeq (genome) v’ Hyperion phenotyping (30-50 markers/cell)
v Need single cell validation v' scRNAseq (genome) v Barecoded DSP (40 markers/cell)

v/ Barecoded DSP (700 genes/cell)
v' scRNAseq in situ (genome)
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Deeper spatial resolution of the tumour immune

~“microenvironment using multiplex imaging
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Multispectral analysis using 7-Plex phenotyping

Fluorescent unmixed imaqge Tissue segmentation
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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

A AAAS

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

Predict Clinical OQutcome

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 20046 WOL 313 SCIEMNCE  www.sciencemag.org

v' Gene expression profiling
v' Qualitative immune signature

} Inflammation

| } Adaptive
'- immunity

- - I } Immune

suppression

G
Survival

Quality

Optimized
Immunosign

The foundation a new
concept l

Immune contexture

v Immunohistochemistry (IHC)
v' Digital Pathology
v" Quantitative immune cell infiltration

T High -
E {I NS
E 0.87 I -~
3 0.67 %k
o
o
L 0.47 ]
s
g 0.27 Low NS
@ il gy 11V i
o 0 T T

0] 20 40 60 80 100 120 140 160 180
Survival (months)

Type/Density/Location

Galon ] et al. Science 2006




Digital quantification of immune cells CT Center
infiltrating tumors: Immunoscore
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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



Assessment of a novel marker for prognosis

multivariate analysis (COX)

Not good marker

Good marker

Novel concept

P: ns

classification
No improvement for prediction

Novel ."x_GoId standard
marker _UICC/TNM

a®

P<0.05

Better accuracy for prediction +

Immunoscore

Immune
P<0.0001

contexture
AJCC/TNM

Novel concept for prediction +++



The overlap between the immunologic constant of rejection,
the immune contexture and the Immunoscore

Cells Adaptive immunity, cytotoxic, memory T cells
Quantity Quantification (cells/mm?) Immunoscore
Sp atial Tumor center, Margin, Tertiary lymphoid ilets

“
(o)
<.

IFNG GZMA CX3CL1 MADCAM1 ) .
Immune IL12 GZMB OXCLO CANT ' Immunologic
. 0 GZMH |
Quality Functional e e CXCL1o | veAwL | Constant
orientation STATL PRE CCL2 i of Rejection

____________________ GLNY XCL13 .
T4l Cytotoxic Chemokines Adhesion

Galon et al. Science 2006
Galon ] et al. Cancer Res 2007
Galon J et al. Immunity 2013



JOURNAL oOF

On oo Cox Multivariate analysis including Immunoscore

Tumor (T) stage
JOURNAL OF CLINICAL ONCOLOGY

N Stage

Gender : : TNM Staging in Colorectal Cancer: T Is for T Cell
and M Is for Memory

Number of total Lymph nodes

Histological grade . JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Mucinous Collcide

Histopathologic-Based Prognostic Factors of Colorectal
Ocdusion 03 J Cancers Are Associated With the State of the Local
Immune Reaction

— - Bernhard Mlecnik, Marie Tosolini, Amos Kirilovsky, Anne Berger, Gabriela Bindea, Tchao Meatchi,
"ef" ora L on U Patrick Bruneval, Zlatko Trajanoski, Wolf-Herman Fridman, Franck Pagés, and Jéréme Galon

Immunoscore

Galon J et al. Science 2006. MlecnikBetal. JCO 2011



Tis for T cell and M is for Memory”

“TNM staging:
JOURNAL OF Editorial: Broussard et al. JCO 2011

CLINICAL
ONCOLOGY

ﬁ"...‘“..":.:.’:‘mm., . . .
e Multivariate Analysis

AJCCUICC-TNM 1.18 0.29ns

0.71 <0.0001 0.63 <0.0001

mmunoscore | 0.64 <0.0001

Galon et al. Science 2006, Mlecnik et al. JCO 2011

v An immune classification of cancer

v The power of the pre-existing immunity
v The possibility to unleash the immune response with immunotherapy



Essential role of the pre-existing immiinity: The Immune contexture

Absent: low-immunoscore (non-inflamed, cold)

Major immune categories of tumors

v" Immune infiltrated (Hot)
v Altered: Immune-excluded
v’ Altered: Immune suppressed

v" Immune desert (Cold)

Original publications
Galon et al. Science 2006
Altered Optimal
Intermediate-imm score High-immunoscore Camus & Galon Cancer Res 2009

Hot
Inflamed

Review
Galon J. & Bruni D.
Nature Reviews Drug Discovery 2019

Response to T-cell checkpo




Understanding the evolution of the immune response with
tumor progression using systems biology

e The Immune Landscape in human cancer
e Evolution of the tumor microenvironment with tumor progression?

Immunity

e Immune escape mechanisms in human tumors?

-> Spatio-temporal dynamics
of the immune response with tumor progression Bindea G et al. Inmunity, 2013



“Immunome” of purified immune cell subpopulations

Expression of 577 cell type
specific genes

colon

cancer
normal
mucosa
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Cell types (n= 28)

B cells

T cells
T helper cells
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Tem
Th1 cells
Th2 cells
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Cytotoxic cells
NK cells
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Eosmophils
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SW480 cancer cells
Normal mucosa

ByBn geselss

Adaptive
Immunity

Innate
Immunity



Understanding the evolution of the immune response along with tumor
progression using digital pathology

tumor progression TCeII density

Tryptase

”

CD68intra

g

CD8extra

D45RE _— ’ Cell density
x-y-Force

Directed
Topology

FoxP3 Center of the tumor (CT)




Understanding the evolution of the immune response along with tumor
progression using digital pathology

tumor recurrence ' THazard ratio

v

Tryptase
» Granulocyte

:

CD68intra ;

, \ j \ |
/ \ ,- \
/ kg £ \ / VA
CD20 CREaxu2 CDS57, ¢ / \\ / \
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: CXCR5 /
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Is the quantification of the pre-existing immunity
with Immunoscore clinically relevant ?

Patient 2

(moderate)

o7 oWy
f;‘gp«“

RELT A
L

Patient 1 (weak)
CD3 -

Immunoscore I10 I12 I4
CD3/CD8

Center/Margin

Median OS < 2 years 4.9 years > 15 years

(death)



Colorectal cancer classifications

Tumor cell
extension
and-invasion

T-STAGE N-STAGE M-STAGE

Ways to classify :

Cell of origin Molecular pathwa Mutation status Gene expression

Mucinous BRAF cms1
Medullar Goblet-like CMs2
Tumor cell
i ifying-S

characteristics Adeno. NOS Transit-amplifying-R CMS3

Micropapillar
Cribriform comedo -

Stem-like

Host immune

Immunoscore CD3+ T cells CD8+ T cells
response

Densit Location (CT, IM

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)

1 = g

Canada USA

Immunoscore meetings :
Feb 2012, Italy
Dec 2012, Italy
Nov 2013, SITC, USA

China Dec 2013, Italy
. aFrance [T Jan 2014, Qatar
@ India N Jul 2014, Paris, France
Italy , Paris,
Japan " _ E Nov 2014, SITC, USA
Assay BE_ | Qatar i - Austria Nov 2015, SITC, USA
izati Australia C Germany Dec 2015, Italy
harmonization | Feb 2016, USCAP, USA

NAY
elgium Gk & 5% Sweden
Netherland Switzerland EE

=l

April 2016, USA

Nov 2016, SITC, USA
Dec 2016, Italy

Feb 2017, USCAP, USA
Dec 2017, Italy




Worldwide Immunoscore consortium (PI: J Galon)
Study design

Referent
Center == (]
‘ SOP Control slides >

nt m%lj
snd:s\ —~ K
L B | /% ‘n -
Referent
Referent Center ---”
All centers
Ce€ter e
QA/QC \
Harmonization
Slide

LW
Referent /

Center QA/QC



Worldwide Immunoscore consortium (PI: J Galon)
Study design

Immunoscore ‘

Raw data m
Referent Clinical data
Center Center
QA/QC \ /Encrypted
L == data
External
Statistician gy
(Mayo)
/ ‘ \ Analysis
TS VS EVS
aFr i 2
| @ |
>1000 >1000 >1000 Pts.



IMMUNOSCORE : METHODS

-> Standardized Operating Procedure
-> Today'’s tools for modern pathologists

whole slide quantification
IHC automate High-resolution Digital pathology
scanner - ,

Software (INSERM, HalioDx, Definiens)

-> Quantitative Immuno-Pathology
Immunoscore

Galon J et al. J. Transl. Med. 2012
Galon ] et al. J. Pathol. 2014
Pages F et al. Lancet 2018
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Immunoscore using whole slide FFPE

Routine whole slide stainings & full image quantification

CD3
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Immunoscore using whole slide FFPE

Routine whole slide stainings & full image quantification

CD3
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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,

n, Eva Zauadoua Mlnhn! mGu jan ﬁpmck Lubos Pet UZ(:’”\(], oh:_m.!uv
rardo Botti, Fubmna Tarangeio Paolo Delrio, Gennaro Ci!iberto, M

Draqm fiorel Su' ;
Kiyotaka Okuno, nhlLOTonq(.e Norn,mkrﬁum Tomohlsa Furuham hhnoTaLcmma Kvoqoltoh Pmbhu ﬁParcl' HcmanqnuHVom

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 et al. The Lancet 2018
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Immunoscore quality controls

1000
800
600
400 —

AUUYS|RD '3

200 ~

0O 200 400 600800 1000

0

CRC patients

, different centers

Pathologists

G, Cells/imm?
Pathologists
E (The Nederlands), G (USA)

Pathologists

Pearson'sr

E
0.0 0.5 0.8 1.0



Densities of CD3. (cells/mm?) within tumors

CD3¢r
cells/mm? Quantification of 3855 patients
10000 o
1000 o ...'.?:“'3&".-":':'::'"?
B Y D D ot
B e S 2l
- W“"‘&'
100 o
10

1 .
v' Whole slide quantification within the CT region
v Similar quantification were performed for CD3., CDS3,,,, CD8, CD8,,,



Immunoscore quality controls

Correlation between 8 pathologists from different countries using the software for the
digital quantification of Immunoscore

CD3 and CD8

CT Whole slide, CT
1000 A A
=3
= 800 - C
=
&5 600 - D
@ E
(.{ 400 - E
t 200 - G
0 H
0O 200 400 600800 1000 A BCDEFGH
G, Cells/mm? Pathologists, different centers
i Pearson'sr
Pathologists - o
E (The Nederlands), G (USA) 00 05 0.8 1.0

Very good correlation (R=0.97, P<0.0001) between independent digital quantification of

Immunoscore (Immunoscore software) by 8 pathologists Pages et al. The Lancet 2018



Immunoscore quality controls

Immunoscore quantification with digital pathology performed by 8 independent

pathologists T 100
S 80 _# > > 8 pathologists
E - g ! -
£ 60 X :
@
S 40
§ 5 r"i‘i
S 20 e
£ .
E 0 ; : : :
= O 4 8 12 16

CRC patients

Pathologists ABCDEVFGH
eV AP X
Very good concordance between independent digital quantification of Immunoscore

(Immunoscore software) by 8 pathologists
Pages et al. The Lancet 2018



TIL evaluation on H&E slides quality controls

Comparison between and 11 independent TIL evaluation on H&E slides (mean score) and
Immunoscore quantification by digital pathology

Lo Int Hi
3 o
* o eee
P § P - - - e
- . o . - Hi
o * . * e o o o . @ . o
S
g 25
S
©
>
b
o
S Int
(%]
7]
s
@D
1=
]
- 1.5
'—
Lo
* oo o . r=0.5 TIL HE
1 * (Nn=268)
0] 25 70 100

Immunoscore (percentile)

Poor correlation between Immunoscore guantification and TIL evaluation on H&E
Pages et al. The Lancet 2018



Immunoscore quality controls

Comparison of the concordance between independent evaluation of TIL on H&E slides and
Immunoscore quantification

Hi, Int, Lo

‘ concordance _—> concordance

TIL Im"
= b

Concordant [ Discordant . |
(%0) 100 (%0) 10 20 25 30 40 50

Immunoscore
CD3, CD8

TIL HE: Tumor infiltrating lymphocytes
Nn=268 Haematoxylin & Eosin slides, 11 evaluators

« Discordance between 11 independent TIL evaluation on H&E slides
» Concordance between 8 independent Immunoscore quantification by digital pathology
« High Robustness and reproducibility of the Immunoscore quantification pages et al. The Lancet 2018



Time to recurrence for Immunoscore (High/Int/Low)

TS

100
90
(] 80 4
g
w70
T
g 60
=] -
2 50
o 40
E 30 - Risk 5 Year KM Hazard Ratio
v Subgroup Events/Total  Est (95% CI) (95% CI)
g 207 Low 440152 67.3(59.4-76.2%) Reference
o 10 nit 63/368  81.9 (77.7-86.3%) 0.51 (0.34-0
—  High 13/180  92.3 (88.2-96.6%) 0.19 (0.10-0.37)
0+ ensor
T T T T T T T T T
0 1 2 3 4 5 6 7 8
Years from surgery
Subgroup
Low 152 92 71 48 31
Int 368 269 218 144 92
) 180 140 118 86 53
High
P< 0.0001
HR (0-2)= 0.19
C-index= 0.64

AVASS

100 +
90
8 80 -
<70
£
] 60 -
=
§ 50
40
T n- Risk S5YearKM  Hazard Ratio
v Subgroup Events/Total  Est (95% Cl) (95% CI)
g 20— Low 36/155 743 (67.1-82.3%) Reference
o 0 m‘:W 40/311  86.1(82.1-90.4%) 0.48 (0.30-0.77)
—  high 12170 91.4 (86.6-96.5%) 0.27 (0.14-0.53)
0- + Censor
T T T T T T T T T
0 1 2 3 4 5 6 7 8
Years from surgery
Subgroup
Low - 155 109 79 52 34
- 248 204 139 104
- 170 139 104 64 41
High
P=0.0001
HR (0-2)=0.27
C-index=0.63

Primary and Secondary objectives are reached
Immunoscore 3 groups (and 2 or 5 groups) predicted time to recurrence on Training Set (TS),
and on 2 independent validation sets (IVS and EVS), blinded to clinical outcome.

SAVAS

100
90 -
Q 80 -
p
=70
t
g [
a 50 -
Q
o 40
E 30 Risk 5 Year KM Hazard Ratio
u Subgroup Events/Total ~ Est (95% Cl) (95% CI)
g 20— Low 75/225 58.3(51.2-66.4%) Reference
o 104 nt 107/461 720 (67.5-76.9%) 0.62 (0.46-0.84)
— High 38/283  83.1(78.1-88.4%) 0.33 (0.22-0.49)
0 + Censor
T T T T T T T T T
0 1 2 3 4 5 6 7 8
Years from surgery
Subgroup
Low |h- 225 120 75 53 35
nt T 461 268 191 142 76
high W 283 182 129 84 51
P<0.0001
HR (0-2)=0.33
C-index= 0.60




Multivariate anlayses for Immunoscore

Multivariate Overall Survival (OS) analysis stratifed by center

Individual Parameters

Gender Female vs Male
T Stage T2vs T1

T Stage T3vs T1

T Stage T4vs T1

N Stage N1 vs NO

N Stage N2 vs NO

MSI Status MSI vs MSS 0.93 (0.68-1.27)
VELIPI Yes vs No 1.20 (0.94-1.54)
Diferentiation moderate vs Well 0.91 (0.66-1.24)
Diferentiation poor-undif vs Well 1.37 (0.9-2.08)
Mucinous (Colloid) Yesvs No  1.02 (0.78-1.33)
Sidedness distal vs proximal 0.96 (0.76-1.21)
Immunoscore Int vs Lo 0.67 (0.52-0.86)
Immunoscore Hi vs Lo 0.47 (0.33-0.65)

0.90 (0.72-1.12)
1.49 (0.62-3.57)
1.91 (0.84-4.38)
2.36 (1.01-5.55)
1.16 (0.89-1.52)
1.58 (1.15-2.17)

Hazard ratio (95%Cl)

P-value

0.34
0.37
0.12
0.0484
0.28
0.0052
0.64
0.15
0.54
0.14
0.87
0.74
0.0014
<0.0001

v" Cox multivariate regression model for OS stratified by center, combining Immunoscore with T-stage, N-stage,

v

gender, VELIPI, histological grade, mucinous-colloide type, sideness, and microsatellite status (MSI).

Immunoscore is the most significant parameter in multivariate analysis

The Lancet 2018



Relative variable contribution to risk

Chi squared proportion (x?) test for clinical parameters

Relative variable contribution

Immunoscore

(high, intermediate, low)

[ 1 Sidedness
1 Mucinous (colloid)

O mMsl
[ Sex

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)

Pages et al. The Lancet 2018



Characteristics of good biomarkers

Hurdles for Immunoscore
biomarker guantification

* Routine

» Feasible

« Simple

* Rapid

» Robust

» Objective

» Specific

» Reproducible
» Quantitative
» Standardized
» Powerful

« Pathology-based

RENRNRNRNNRNRNRNRNR



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

irAEs: immune-related Adverse Effects.

irRC: immune-related Response Criteria
(Wolchock et al. Clin Can Res 2009).

irRECIST: immune-related Response Evaluation Criteria In Solid Tumor
(Wong et al. NETM 2017).

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



Exemple: Standard of care in colon cancer

Surgery Chemotherapy
Stage | X
Stage. Il X
Low-risk
Stage Il X No recommendation
high-risk Often done
Stage lll X X |  Short course

Low-risk

Stage lli X X | Long course
High-risk

Stage +/- X

+ targeted therapy (immunotherapy in MSI patients)

IV




Immunoscore in early-stage colon cancer

Stage I
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Immunoscore in Stage IT colon cancer




Secondary Objective:
Time to recurrence for Immunoscore (High/Int/Low) in Stage Il

100 -
% 1 HR(0-2)= 0.36 (0.23-0.56)
g 80
§ P< 0.0001
] E 60 -
| =
Stage Il patients 5 0
(n=1433) § .
E 30 Immunoscore 5Year KM  Hazard Ratio
v Subgroup Events/Total Est (95% CI) (95% CI)
o V79— | 83/375 76.8(72.3-81.5%) Reference
o P [ int 88/694  85.9 (83.1-88.8%) 0.59 (0.43-0.81)
—  High 28/364  91.2 (87.9-94.5%) 0.36 (0.23-0.56)
0- + Censor
T T T T T T T T T
0 1 2 3 4 ) 6 7 8
Years from surgery
Subgroup
Low - 375 273 219 148 83
ne - 694 518 434 284 168
.- 364 280 220 144 80
High

Objective is reached
Pre-sprecified consensus Immunoscore predicted time to recurrence in all Stage Il colon cancer
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Immunoscore in locally advanced colon cancer

Stage III

Immunity and chemotherapeutic Efficacy



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

The NEW ENGLAND Immunoscore
JOURNAL o MEDICINE
ESTABLI SHED IN 1812 MARCH 29, 2018 VOL. 378 NO.13 10- v -:‘ --------------------- -
: ARCH 29, 2 o3 wons ‘-"-.‘_
094 ., -
Duration of Adjuvant Chemotherapy for Stage III Colon Cancer| 034 ‘\::-*“H \'"'\H-l-mmmm‘ -
2" u““ L] €= 13
g < 12
% 18 <11
0 <0
£ M1 N=1062
% 03
Unconclusive 5 02
o (IDEA, France)
0.04 Logrank p <,0001
0 1 2 3 ! 5 g
6 years

Time Since Random Assignment (years)

Clinical Utility (1): Immunoscore for defines patients at high-risk and NO risk in Stage Il



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

1.00 9

0.75 o

0.50 A

0.25 1

0.00 9

High Immunoscore

—_— 6 months
— 3 months

HR= 0.53 (95%ClI 0.37-0.75)
P =0.0003

0

1 2 3 a 5
Time Since Random Assignment (years)

6

Disease Free Survival Probability

1.00 A

0.75 A

0.50 A1

0.25 1

0.00 A

Low Immunoscore

—_— 6 months
— 3 months

HR= 0.84 (95%Cl 0.61-1.15)

P=0.27

™

(o}

™

1 2 3

- 5 6

Time Since Random Assignment (years)

Clinical Utility (2): High Immunoscore significantly predicts response to 6 months FOLFOX
chemotherapy in all Stage Il patients

ASCO 2019



Immunoscore

Wet lab: Digital Pathology:
Stainer / Scanner Immunoscore Analyzer

Immunoscore is CE-IVD (In Vitro Diagnostic for clinical use) in colon cancer



The continuum of cancer immunosurveillance

Pre-cancerous Primary Metastasis
lesions Carcinoma

shee
A

e ’

_—
Mascaux C. ... Galon J. Pages F. ... Galon J. Van den Eynde. ... Galon J.
Nature 2019 Lancet 2018 Cancer Cell 2018

Angelova M. ... Galon J.
Cell 2018



What are the parameters associated with the
dissemenation to distant metastasis? What is
driving metastasis ?




The NEW ENGLAND
OURNAL o MEDICINE

ORIGINAL ARTICLE

Effector Memory T Cells, Early Metastasis,

and Survival in Colorectal Cancer

, Ph.D., Anne Berger, M.D., Ph.D., Matthieu Camus, M.Sc,,
t N lor, P}

Diane Damotte, N
Paul-He
Wolf-Herma

Memory T cells, in particular, Ty, correlate with the absence
of early-metastatic invasion, and improved clinical outcome

in colorectal carcinoma.

Pages F, et al. N Engl J Med. 2005
Pages F & Galon J. N Engl J Med. 2006


file://localhost/

410 parameters)

Flow cytometry phenotypic analysis (n

Patients (n=39)

Large-scale investigation

VELIPI-

of infiltrating immune cells

410 FACS parameters
Analyzed

|. o 65 significant parameters
= - T cells
S = - Activation
| - Migration
- Differentiation
. Thl

. Memory cells




What are the mechanisms of early-metastatic
dissemenation ?

VELIPI: Venous Emboli, Lymphatic Invasion, Perineural Invasion




ORIGINAL ARTICLE

Effector Memory T Cells, Early Metastasis,

and Survival in Colorectal Cancer

Memory T cells, in particular, Tgy correlate with the absence of early-
metastatic invasion, and improved clinical outcome in colorectal carcinoma.

Pages F, et al. N Engl J Med. 2005
Pagés F & Galon J. N Engl J Med. 2006
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RESEARCH ARTICLE

CANCER

The tumor microenvironment and Immunoscore are
critical determinants of dissemination to
distant metastasis

Bernhard Mlecnik,'*** Gabriela Bindea,"*** Amos Kirilovsky,*** Helen K. Angell,'***
Anna C. Obenauf,” Marie Tosolini,'"*? Sarah E. Church,’"** Pauline Maby, ' Angela Vasaturo,'%?
Mihaela Angelova,'*? Tessa Fredriksen,'*? Stéphanie Mauger,"** Maximilian Waldner,®
Anne Berger,” Michael R. Speicher,” Franck Pagés,’*** Viia Valge-Archer,” Jéréome Galon

1.2.3+

ONLINE COVER: Protecting Against Metastasis. Notre Dame de Paris gargoyles guard over the city of
Paris to frighten off and protect from any evil or harmful spirits. In this issue of Science Translational
Medicine, Mlecnik et al. describe the protective role of cytotoxic immune infiltrate, Immunoscore, and
lymphatic vessels against metastatic invasion in human cancer. These results support the use of T cell
based immunotherapy at early stage disease.




What drives metastasis?

'i'

-4-;’“ = ":‘ Immune
== Tumor vesmas Host Cells
:'f . Genetlcs Immune

= Micro
Chromosomal/ [IA.AR) n Tumor-gen environment

Instability YUY YY) expression : ;

Tumor cell dissemination to distant metastasis
M1 stage

Mlecnik et al. Science Transl Med. 2016



What drives metastasis?

/ P\ 4

i

Immune
Cells

Host

Immune /
Micro
environment

.

“Tumor —

Genetlcs ¥
/ i\ -
blllty ! expressmn
TecC '@ ACC
Mutations \:. /

M1 stage

"‘h ! %

PDPN-IM

Lymph vessels (IM)
GZMB+ (CT)

GZMB-CT

Mlecnik et al. Science Transl Med. 2016



Is there an immune escape at the metastatic stage
?

Stage IV



Immunoscore in Stage IV metastatic

colon cancer




Metastasis analysis

One primary tumor

Colorectal cancer

e ¥

Multiple metastatic sites

Liver Metastasis Lung Metastasis

- L%

=T

N=603 metastases

-

Mlecnik et al. JINCI 2018

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



Metastasis analysis

cer

Cancer Cell

The Link between the Multiverse of Immune

Microenvironments in Metastases and the Survival
of Colorectal Cancer Patients

Marc Van den Eynde,’->° Bernhard Mlecnik,?%° Gabriela Bindea,>° Tessa Fredriksen,? Sarah E. Church,?

Lucie Lafontaine,? Nacilla Haicheur,* Florence Marliot,?* Mihaela Angelova,” Angela Vasaturo,? Daniela Bruni,?

Anne Jouret-Mourin,” Pamela Baldin," Nicolas Huyghe,’ Karin Haustermans,*-° Annelies Debucquoy,® Eric Van Cutsem,”’
Jean-Francois Gigot,” Catherine Hubert," Alex Kartheuser," Christophe Remue,’ Daniel Léonard,’ Viia Valge-Archer,®
Franck Pageés,>* Jean-Pascal Machiels,” and Jérome Galon2"9"

» Immunoscore within multiple metastases at different sites

Van den Eynde et al. Cancer Cell 2018



High-Immunoscore within metastasis predicts prolonged survival

Lung
Lung metastaes

ns

High-Immunoscore

Crverall Survival (OS] %]

0—1-z] Low-Immunoscore

Liver metastaes T T T T T 1
Liver o 20 40 B0 BO 100 120

» Similar Immunoscore frequency in lung and liver metastaes
Mlecnik et al. JNCI 2018



Metastasis analysis

Multiple primary tumors
Breast cancer Kidne

ey i,

- Other cancers
L J

|

\ 4

One metastatic site
Brain Metastasis

> Immunoscore within brain metastasis Berghoff A. et al. Oncolmmunol. 2016



Immunoscore in brain metastasis and survival

Immunoscore quantification (CD3, CD8, in CT and IM regions) within Brain Metastases
(n=116 patients)

Survival Functions

1,0 Immuno Score
—I7 Low
—FHigh
0,8
p<0.001
:‘g 0,6
[
a
R 0.4
o 1
Ll
1
L
0,2 1,
1L.
0,0
L L L ' U
o 20 40 60 80
Overall survival from disgnosis of BM (months)
50% OS <—>< >
25% OS

Immunoscore predicts overall survival and long-term survival in patients
with Brain Metastases Berghoff A. et al. Oncolmmunol. 2016



What drives metastasis ?
What are the metastatic escape mechanisms ?

A Novel theory of cancer evolution ?



Current theories of cancer evolution

Models
LINEAR NEUTRAL BIG-BANG 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



What drives metastasis?
M8

a ———

Primary tumors

Synchronous metastases

|

Metachronous metastases

Lung

metasiases
..
o o

N

S O Liver
= u metastases 1
—
> P [ S— Metachronous metastases
o ') metastases 1
Metachronous metastases
Primary colorectal 1
~\ cancer -

Multi-Omics technologies

Tumor
Genetics

A

|

o

Tumor-gene
expression

Micro
environment
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Instability

TGC TG T acc

Mutations

' > 11 years



Genomics of primary tumors and metastases
P210 P45 mx [ unknown
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v" Highly heterogeneous genomic patterns between metastases



Immunoediting of cancer cells Schreiber et al. Science 2011

| Genetic instability/tumor heterogeneity
Immune selection

Elimination Equilibrium Escape
refers to effective immune refers to the selection for  refers to the rapid proliferation
surveillance for clones that resistant clones (red) of resistant clones in the
express TSA immunocompetent host
Shankaran et al. Nature 2001 Koebel et al. Nature 2007 Matsushita et al. Nature 2012

Immunosurveillance RAG-/- STAT1-/- Immunoediting / Equilibrium Immunoediting / Escape



Tumor and microenvironment evolution: immunoediting in Human

Genetic evidence for immunoediting in tumors and tumor-intrinsic resistance to
cytolytic activity Rooney MS et al. Cell 2015

Demonstration of the existence of immunoediting in Human with genetic evidence for
missense and frameshift mutations Mlecnik B et al. Immunity 2016

Anti-PD1 immunotherapy induces changes in the mutational burden of tumors, with
loss of certain neoantigens, clonal T-cell expansion, and changes in immune
contexture (mechanistic signature) Riaz N et al. Cell 2017

First demonstration that Immunoscore and immunoediting in Human shape the
evolution of specific tumor clones. Darwinian selection of immune-escape variant

tumor clones throught parallel immune selection model.
Angelova M et al. Cell 2018



Observed compared to expected frameshift and missense
epitopes (immunogenic mutations) using ExomeSeq data

Genetic analysis of missense and frameshift immunogenic mutations (epitopes)

v

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



Clonal dissemination — Parent/child-relationship

P210

Primary tumors

Synchronous meta

Metachronous meta

11 years

Metastasis
diameter [mm]

O <10

>=10-20
>=20-30
>=30

Localization
Primary tumor
I Colon, T4
Metastases
Liver
I Lung
Peritoneum

Metastases
| Synchronous
0 Metachronous

Immunoscore (1)
CD3/CD8

g ]
0o M1 12 13 14
M Not available

WS®HS

Time between surgeries
—— 3 Months

—— 6 Months

— 9 Months

— 1 Year

2 Years

|0 03/10
Surgery
1 08/10
[m}
s2 o1/11

-« Treatment
* FOLFOX-Bevacizumab (antiVEGF)
+ FOLFIRI-cetuximab (antiEGFR)
o Xeloda
0O FOLFIRI-Bevacizumab (antiVEGF)
A FOLFOX
v FOLFOX-Vectibix (antiEGFR)
= Remission (Disease-free)



Evolvogram of tumor clones

v Clonal evolution and cancer evolvogram

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



Immune microenvironment

Immune cell densities (cells/mm?2)

CT IM CT IM
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v Highly heterogeneous Immunomics patterns and immune cell infiltration
between metastases Angelova M. et al. Cell 2018



What drives metastasis?

Spatial mapping of the metastatic microenvironment
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» Distance between CD3 + cells and tumor cells Ki67+ are associated with
Immunoscore and Immunoediting groups, and with metastasis recurrence.



Metastasis recurrence

Immunoediting Immunoscore
L 2 -
= e i
§ g = | R Y S S S g -
o
S W © _
v o | o
o
» X <
2 < — Lo (4/10) < — 0-60% (7/18)
2 « | === Hi@/23) ~ | =—— 60-95% (1/13)
3 log—rank p=0.01, adj.p=0.2, PHA p=0.7 o log—rank p=0.028, PHA p=0.1
EF o HR=0.16, CI(0.03-0.75), p=0.02 o _| HR=0.13, C0.01-1.21), p=0.073
- i ' ' . 6 5 3 5 3
0] 2 4 6 8
Time (years) Time (years)

v' Immunoediting and Immunoscore are associated with metachronous metastasis

recurrence
Angelova M. et al. Cell 2018



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 Distance Metastasis

g + :
CD3 to CK+KIB7+ CD3:CK™ KI67 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 Angelova M. et al. Cell 2018



Validation Study CRC Primary tumor recurrence (n=132 patients)

Immunoediting

e - _?—\—L Immunoediting
o< 8« _ I_‘ »
N N No Immunoediting
< _]p=0.0032 < _| p=0.019
S T T T 1 S T T T 1
(e] 1 2 3 4 0 1 2 3 4
Predictive model Time (yean Time (year)
v < - Predictive model
o o< | Recurrence probability
~ = LOW
It = Nt
o _| p=1.9e-05
S | T | | me= High

(0] 1 2 3 4
. Time (year_) _ .
» Immunoediting and Predictive model are predictive factors of recurrence.

Angelova M. et al. Cell 2018



What drives metastasis? Conclusions

Immune escape mechanisms

\4

Genomics
noediting
mIMH
Immunomics
||_15 fAdaptive immunity |
LOH L] |
f""g'g;"e CD3+Ki67+
pe
HLA PD-L1 CD45RO+
LOH l¢l¢FoxP3

[ Hi-No ] Immunoscore - Immunoediting

» Different escape mechanisms delineated by lack of adaptive immunity or immunoediting.

Angelova M. et al. Cell 2018



What drives metastasis? Conclusions (2)

Evolvogram under immune pressure

Unedited tumor clones

Immunoedited tumor clones

(“(’ (YU

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

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

Angelova M. et al. Cell 2018



What drives metastasis? Conclusions (3)

Metastasis size
Distance CD3:CK*Ki67"
Immunoscore
Immunoediting

Time to Recurrence

Low High

Recurrence Risk
Predictive factors of recurrence

> Parallel selection model describes tumor evolution during the metastatic process.

» 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.

Angelova M. et al. Cell 2018



A Novel theory of cancer evolution

Models ‘

LINEAR NEUTRAL BIG-BANG BRANCHED SELECTION

Immune pressure from Darwinian selection

NO NO NO NO 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.



Deciphering the tumor immune microenvironment:
Clinical implications

CD3
Tumor
“Cold” Tumor “Hot” Tumor
I0 14
Clinical implications l
Predictions Need T-cell priming Response to immunotherapies
Cancer vaccine (CTLA4, PD1, PDL1L, ...)

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



NATURE REVIEWS |

Approaches to treat immune hot,
altered and cold tumours with
combination immunotherapies

Jerome Galond» ™ and Daniela Bruni 2019

Absent Altered

Optimal
Low Immunoscore Intermediate Immunoscore High Immunoscore
Cold Excluded Immunosuppressed Hot
Non-inflamed CT-Lo, Hi-IM

Inflamed

Response to T cell checkpoint inhibition



Treating hot, altered and cold immune tumors with immunotherapy

REVIEWS

CER IMMUNOTHERAPY Turning cold tumours hot .
ortunities and challenges for Impact of combination therapy on G al on J . & B runi D .

ting delivery technologies the immune response N a.t ure R ev | ews Dr u g D| scove ry 2 0 1 9



Stratification of cancer based on the immune status

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

A i B i C D E
rumorctasscaron ||| NI RNNUNANNARERNESRRNEEE oo
LR

Immune classification

-> Importance of having standardized immune Assays
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