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Cancer et Systeme Immunitaire
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tumorale

normale

Elimination Equilibre Echappement
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(Burnet, Br. Med. J., 1957; Dunn et al., Annu. Rev. Immunol, 2004; Mittal et al., Curr. Opin. Immunol, 2014) ,
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Cancer et Systeme Immunitaire

Différentes cellules immunitaires coexistent au sein de la tumeur

¥ N2 cell

Th=helperCD4*T

M= macrophage

N = neutrophil

DC = dendriticcell

MDSC = myeloid suppressor

Tumor Suppression Tumor Progression

Adapted from Salgado R et al. Annal Oncol 2015
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Cancer et Systeme Immunitaire

Réle majeur des lymphocytes T intra-tumoraux (TIL)
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La tumeur met en place plusieurs mécanismes d’échappement aux lymphocytes T

TGF-B, IL-10
VEGF, PGE2

TGF-B, IL-10
adenosine, cytolysis
metabolic disruption

Tolerogenic
dendritic cell

Treg cell

Vesely et al. Ann Rev Immunol 2011
Motz & Coukos Immunity 2013
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Principe de 'immunothérapie anticancer

> IMMUNOTOLERANCE >
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Immunothérapies

Adapted from Vesely et al. Ann Rev Immunol 2011
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Place de Pimmunothérapie dans le traitement des cancers

anti-CTLA4
mAb dy
Débuts du ) (ipilimumab)
traitement _Découverte Mélanome
chirurgical Débuts de la interleukine-2 inhibiteur Inhibiteur de
du cancer chimiothérapie Immunothérapie de tyrosine BRAF
X par Acm : (vemurafenib)
Débuts de la (rituximab) kinase mélanome
. . . L IRAIITEGR) H -
radiothérapie (imatinib)
1809 1901 1918 1972 1997 2001 2011 2012
1893 1943 1957 1970 1991 2002 2012
Utilisation de Gross: Burnet & Thomas: Schreiber, Dunn:
toxines Greffes de Théorie de 'immunosurveillance Théorie de
immunogénes tumeurs sur . 2 -editing”
Col > Prehn & Main: T. Boon: I’’immuno-editing .
r Coley souris o e ; Anti- PD1/PD-L1
ani Antigénes spécifiques Premier Ag tumoral !
syngeniques (diverses
de tumeurs reconnu par un
CTL indications)
(MAGE)

THE TREATMENT OF MALIGNANT TUMORS BY REPEATED
INOCULATIONS OF ERYSIPELAS: WITH A REPORT OF
TEN ORIGINAL CASES!

By WiLriay B, CorLey, M.D.,
ASSISTANT SUEBGEON TO THE HOSPITAL FOR RUPTURED AND CRIPPLED ; INSTRUCTOI IN SURGERY
IN THE POST-GRADUATE MEDICAL SCHOOL, NEW YORK.

Rosenberg:
Transfert adoptif de lymphocytes T
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Deux grands types d'immunothérapies anticancer

< L’immunothérapie consiste a utiliser le systeme immunitaire comme cible ou médicament.

Immunothérapie active Immunothérapie passive
* Anti-CTLA4, anti-PD1... + Anti-EGFR, anti-VEGF,
« Vaccins anti-HER2...

* Virus oncolytiques

« Transfer adoptif: CAR, TIL

Induction of a tumor-
specific immune
response

Direct effect on tumor
cells

% Induction d’'une mémoire immunologique % Absence de mémoire immunologique

Adapted from De Pas et al. Crit Rev Onco Hem 2012 10



Immunomodulg

Les Inhibiteurs de checkpoints Immunologiques

Principe = Bloquer les inhibiteurs des lymphocytes T antitumoraux

TGF-B, IL-10
VEGF, PGE2

TGF-B, IL-10
adenosine, cytolysis
metabolic disruption

Tolerogenic
dendritic cell

Treg cell

Vesely et al Ann Rev Immunol 2011
Motz & Coukos Immunity 2013 11
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Science=

Cancer \F;;%D‘r;glogy and
Immunotherapy

Scieheds

Breakthrough of the Year
Cancer

Immunotherapy
T cells on the attack .

Les Inhibiteurs de checkpoints Immunologiques

Patients Surviving (%)

Efficacité = Oui et dans plusieurs cancers !!!
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Vaccin anticancer




Les Vvaccins anticancers

Principe:
« stimuler chez le patient la multiplication de lymphocytes
spécifiques de tumeur »

vaccin

Expansion in vivo de lymphocytes T
spécifiques d” antigene de tumeur
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Les Vvaccins anticancers

Plusieurs sources d’antigénes tumoraux

Exemples

Ag de differenciation
PSA, PAP, PSMA

Mage 1-10
NY-£501

Ag du groupe cancer testis

B-caténine
CDK-4
Ros

Ag mutes

Ag surexprimes Her2/neu

ACE
Ag glycosidigues modifies Muc 1

Ag viraux HPV
HCV, HBV
EBY

Helicobacter pylori

Finn OJ. N Engl J Med 2008
Tartour E. Med Sc 2011

Mart 1, gpl00, Melan A

Expression tumorale

Melanome
Cancer de la prostate

Melanome, sein, poumon, myélome

Melanome, poumon, vessie

Melanome, tumeur du foie
Melanome
Cancer calon, pancréas, poumaon

Adenocarcinome sein, poumon, rein, vessie
Adenocarcinome cdlon, pouman

Adénocarcinome sein, pouman, rein

Col de 'uterus, ORL, anus
Cancer du foie
Lymphome

Cancer de |'estomac

Plusieurs stratégies

Maq

Peptide Anticorps
l anti-idiotype

Protéine \
5

@~ 1 -

ADN
Cellules plasmidique
Tumorales
modifiées
@ -
" Cellules Cellules
Tumorales ﬁendritiques modifiée:
Lysats de Agonistes de TLR
Cellules (utilisés comme Cellules
Tumorales adjuvants) Dendritiques
pulsées

D’aprés Gilboa, Nat Review. 2004




Les vaccins anticancers

Therapeutic vaccines for cancer: an overview

of clinical trials

Ignacio Melero, Gustav Gaudernack, Winald Gerritsen, Christoph Huber, Giorgio Parmiani, Suzy Scholi,
Nicholas Thatcher, John Wagstaff, Christoph Zielinski, lan Faulkner and Hakan Mellstedt

> 7500 patients inclus dans essais de phase lli

Immunotherapy Targeted Adjuvants/ Study population n
antigens immune
modulators

Prostate cancer
Autologous cell PAP GMCSF Metastatic, 512
vaccine: sipuleucel-T, castration-resistant
Provenge® AMM prostate cancer
Allogeneic tumour Tumour cell GM-CSF Castration-resistant 626
cell vaccine: GVAX prostate cancer
Allogeneic tumour Tumour cell GM-CSF Castrationresistant 408
cell vaccine: GVAX prostate cancer
Breast cancer
Peptide vaccine: Sialyl-Tn KLH Metastatic breast 1,028
Theratope cancer, in

remission after

first-line

chemotherapy
Lung cancer
Peptide vaccine: MUC1 Liposomal Unresectable 1,239
tecemotide monophosphoryl stage Il NSCLC;
(L-BLP25) lipid A plus after chemo-

cyclophosphamide radiotherapy

Peptide vaccine: MAGE-A3 Liposomal AS15 Completely 182
GSK1572932A resected stage

IB-1I NSCLC
Allogeneic tumour Tumour cell  Anti-TGF-p Stage llIB-IV 532
cell vaccine: NSCLC

belagenpumatucel-L,

Lucanix™

Immunotherapy Targeted
antigens

Melanoma

Peptide vaccine gp100

Peptide vaccine: MAGE-A2

GSK 2132231A

Pancreatic cancer

Peptide vaccine: Telomerase

GV1001

Colorectal cancer

Autologous tumour ~ Tumour cell

cell vaccine:

OncoVAX®

Haematological malignancies

Autologous
anti-idiotype vaccine

Idiotype

Nat Rev Clin Oncol 2013

Adjuvants/
immune
modulators

IL2 plus
Montanide™
ISAB1

Qs21

GM-CSF

BCG

KLH

Study population

Locally-advanced
stage Il or
stage IV
melanoma

Resected
melanoma

Locally-advanced
and/or metastatic
pancreatic cancer

Resected stage
II-1l colon cancer;
after resection

Advanced follicular
lymphoma, with

complete response
after chematheranv

n

185

1,349

1,062

254

177



W Les Vaccins anticancers

Therapeutic vaccines for cancer: an overview
of clinical trials

Ignacio Melero, Gustav Gaudernack, Winald Gerritsen, Christoph Huber, Giorgio Parmiani, Suzy Scholl,
Nicholas Thatcher, John Wagstaff, Christoph Zielinski, lan Faulkner and Hakan Mellstedt

Parametres pour améliorer I’efficacité des vaccins

* Choix de I'antigene tumoral

* Choix de l'adjuvant

« Qualite des réponses T induites (role des TCD4)
 Inhibition des mécanismes immunosuppresseurs
« Combinaison avec traitements conventionnels

Melero | et al. Nat Rev Clin Oncol 2013



mg Les vaccins anti-cancers

Modulation des réponses immunitaires
Rationnel pour combiner vaccin et traitements cytotoxiques —

Chimiothérapies
Radiothérapie

Prolifération /recrutement
de cellules effectrices

~ (Cisplatine, taxanes, cyclophosphamide...)

Cellules tumorales Cellules immunitaires Diminution du microenvironnement
immunosuppresseur

(Gemcitabine, 5-Fluoro-uracile,
cyclophosphamide...)

(Vincent et al., Can. Res., 2010; Galluzzi et al., Nat. Rev. Drug Discov., 2012; Demaria and Formenti, Front.
Oncol., 2012 Formenti et al., J. Natl. Cancer Inst., 2013; Zitvogel et al., Immunity, 2013, de Biasi et al.,

Clin. Cancer Res., 2014) 18



Vers des vaccins personnalisés

Bedside Bench
Surgery
<
[ —» Tumor — Isolate
DNA/RNA
—>» Blood ¢

Construct libraries
* DNA or cDNA
* Quality control
* Exome capture

v

Complete MPS

Cancer therapy « Whole exomes

e Adjuvant therapy * RNA sequencing
» Therapy for advanced disease ¢

l Identify mutations
¢ Pool (unbiased)
Complete therapy » Use epitope predication algorithms
 Establish MRD

» Establish remission ¢

« Stabilize tumor growth

l Select epitopes

Vaccinate patient /. i
p 5 P Fgrmulaﬁe vaccine
* Synthesize peptides
l / * Recombinant DNA
* Other
Outcomes
¢ Time to relapse
* Time to progression Add immune modulation
» Overall survival * Immune adjuvant
* Inspect relapse tumor for « Checkpoint blockade

escape mechanisms

Vonderheide Nat Med 2013

19



Virus Oncolytiques et Cancer




Virus
oncolytique :#. |

Virus Oncolytiques: « L'ennemi de mon ennemi est mon ami »

Distal lymph node

‘,__\\
%
@

Destruction of tumor
microenvironment

©0-0-0

Local inflammation / adjuvant
D

D
Oncolytic\ [ P
= (.) il ga _— .- D— Release of virus progeny

Healthy cell Healthy cell is undamaged

Tumour-draining
lymph node

2
Tumor cell  Virus replication Cell lysis Release of tumor antigens
Systemic anti-tumor-

immune response

Adapted from Viratherapeutics.com

Lichty et al. Nat Rev Can 2015
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Talimogene laherparepvec (T-VEC) description

Modification Rationale

Deletion of ICP34.5

. * Provides tumor selective replication
(neurovirulence factor)

* Prevents ICP47 from blocking antigen presentation

Deletion of ICP47 . .
(enhances antitumor immune response)

Early/increased US11 * Increases replication of ICP34.5-deleted HSV
Insertion of human GM-CSF gene * Enhances antitumor response
New HSV-1 strain: JS1 * Improves tumor cell lysis

ICP34.5 ICP34.5 ICP47

X

X
/ \ / \ JS1/ICP34.5/ICP47-/hGM-CSF
] L

pA hGM-CSF CMV CMV hGM-CSE pA

P T —l

1 Liu BL, et al. Gene Therapy. 2003;10:292-303.
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OPTiM: A Randomized Phase 3 Trial Of Talimogene
Laherparepvec (T-VEC) Vs Subcutaneous
Granulocyte-macrophage Colony-stimulating
Factor (GM-CSF) For The Treatment Of

Unresected Stage llIB/C And IV

Local And Distant Lesion Response to T-VEC

Robert H.l. Andtbacka,’ Frances Collichio,2 Th

Neil Senzer,*Jason Chesney,’ Keith A. Delman,
Igor Puzanov,® Susan Doleman,® Yining Ye, "0 A|
Robert Coffin,°’ Howard L. Kaufm:

.{ . 0 : = b ; £ \

Patient had 2 liver lesions at baseline with a combined size of 2 cm, which were
never injected

15 PRESENTED AT: ASC@' A?\I\]élgtligg

Presented By Robert Hans Ingemar Andtbacka, MD at 2013 ASCO Annual Meeting
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VOLUME 23 - NUMBER 25 - SEPTEMBER 1 2015

JOURNAL oOF CLINICAL ONCOLOGY ORIGINAL REPORT

Talimogene Laherparepvec Improves Durable Response
Rate in Patients With Advanced Melanoma

Robert H.I. Andtbacka, Howard L. Kaufman, Frances Collichio, Thomas Amatruda, Neil Senzer,
Jason Chesney, Keith A. Delman, Lynn E. Spitler, Igor Puzanov, Sanjiv S. Agarwala, Mohammed Milhem,
Lee Cranmer, Brendan Curti, Karl Lewis, Merrick Ross, Troy Guthrie, Gerald P. Linette, Gregory A. Daniels,
Kevin Harrington, Mark R. Middleton, Wilson H. Miller Jr, Jonathan S. Zager, Yining Ye, Bin Yao, Ai Li,
Susan Doleman, Ari VanderWalde, Jennifer Gansert, and Robert S. Coffin
) == CR
= PR
» Censored

GM-CSF (2.1%) T-VEC (16.3%)

p

P<00.1

:
|

15 1|2
Andtbacka et al. JCO 2015 Duration of Response (months)

O -
o
w
o
w
o -
o -
3
-
3
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Virus Oncolytiques: « 'ennemi de mon ennemi est mon ami »

ssssssssssssssssssssssssssssss

Talimogene Laherparepvec Improves Durable Response
Rate in Patients With Advanced Melanoma

v Median (95% Cl) 0S
100 - Events/n (%) in months
 T-VEC 80/163 (49) 41.1(30.6 to NE)
Median (35% C1) OS I GM-CSF  57/86 (66) 215(17.410 29.6)
edian (95% <= 80-
100 1 Events/n (%) in months Tg
= m—TVEC  189/295(64)  233(195t0296) 2 g Stade lll
< 80+ GM-CSF  101/141(72) 18.9(16.0t0 23.7) 2
g E '
E 60 - § 01 uny, L,
U:) u [ | |
= 20 4 Log-rank P<.001
oy 40 - Hazard ratio, 0.57 (95% Cl, 0.40 to 0.80)
>
D 1 ] 1 1 ] ] 1 1 1 ] 1 1
20- 0 5 0 15 20 25 30 3 40 45 50 55 60
Log-rank P= 051
Hazard ratio, 0.79 (95% Cl, 0.62 to 1.00) Median (95% CI) OS
T T T T T T T T T T T T Events/n (%) in months
0 5 10 15 20 25 30 35 40 45 50 5 60 100 1

e T-VEC 109/131(83) 134(11.410 16.2)

No. at risk Study Month GM-CSF  44/55(80)  159(10.2t019.7)

GM-CSF 141 124 100 8 63 52 4 36 27 15 5
T-VEC 295 269 230 1867 159 145 125 9% 66 36 16 2

Stade IV

Overall Survival (%)

(%]
o
1

Log-rank P=.71 Ly y 0 A
Hazard ratio, 1.07 (95% Cl, 0.75to 1.52)

0 5 10 15 20 25 30 35 40 45 50 55
Andtbacka et al. JCO 2015 R Study Month
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Virus Oncolytiques: « L'ennemi de mon ennemi est mon ami »

‘ Perspectives

a Tumour at baseline b Tumour after OV treatment C Potential synergy with other inmunotherapies

Tumour cell
Pro-inflammatory ‘

Inhibitory . cytokines
cytokines i "

[nactive
Tecell

Lichty et al. Nat Rev Can 2015
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Transfert adoptif de lymphocytes T en cancérologie

Obijectif :
* Induire chez le patient une réponse immunitaire anti-tumorale
par transfert de lymphocytes T spécifiques de tumeurs

Expansion ex vivo de lymphocytes T autologues
specifiques des cellules tumorales:

« TIL (Tumor Infiltrating Lymphocytes)
lymphocytes T génétiguement modifiés (CAR)

28



Transfert adopti!

Transfert adoptif de lymphocytes T intratumoraux (TIL)

Transfert adoptif de (TIL)

S.A Rosenberg

Premier essai de transfert de TIL chez ’homme dans le

O a0® @
9@@ 2

p $38 Q

(BN

L)

%
IS

0@ @ 5 ®
©

T cell growth
factors (such as IL-2)

Restifo et al. Nat Rev Immunol 2012

mélanome Science, 2002

29



Transfert adoptif de lymphocytes T intratumoraux (TIL)

Plusieurs essais dans le mélanome

Y

3.2+ Years

Rosenberg, Current Opinion in Immunology 2009
30



Transfertadog Transfert adoptif de lymphocytes T intratumoraux (TIL)

;
{);_,3‘, 8 Cyclophosphamide
g il o, i
Metasiatotumor - g Q, o %L@ Fludarabine
' 1 isolati . 4.
Primary tumor Nt Q b e transfer +/- Irradiation (TBI)
R LR Excise l
B tumor mass
Host conditon ” "~ «  Favoriser la prise de greffe
i +HSC Cytokines . -
* Augmenter la survie des cellules transférées
* Eliminer les cellules immunosuppressives
1.0
0o Mélanome
08 -
o 0.7 -
=
>
T 06 -
@ e
D o5 - (TBI 1200: n=25)
£ (TBI 200: n=25)
Q 0.4 - —+—tH——t++—+—H
e
0 03 -
(NMA: n=43)
0.2 - t
0.1 =
{No lymphodepleting regimen: n=86)
0.0 I I T I T I T I I 1

0 6 12 18 24 30 36 42 48 54 60

Survival Time in Months 171/09

Rosenberg, Curr Opin Immunol 2009; June C JCI 2007



Transfert a

Transfert adoptif de lymphocytes T intratumoraux (TIL)

TIL anti-HPV16 le cancer du col de l'utérus

Complete Regression of Metastatic Cervical Cancer After
Treatment With Human Papillomavirus—Targeted
Tumor-Infiltrating T Cells

1w Tracy E. Campbell, Mei Li Kwong,
ard M. Sherry, Udai S. Kammula,
inrichs

Patient 3

Cell infusion

od

=3 Para-aortic
Left hilar

o 3 6 9 12 15 18 21
Time Since HPV-TIL Infusion (months)

Stevanovic et al. JCO 2015

EXR -25-
oC “G'J" ==fe= Right hilar
%E -50 ==t Common iliac
S &
So 751
-100 - — 80— © @—
24

C

Before Treatment

22 Months

32




Transfert adoptif de lymphocytes T génétiquement modifiés

Reprogrammation génique des lymphocytes T antitumoraux

g —— 30X

i GENES
'\ REPROGRAMMES

CELLULE
) 7 CANCEREUSE

LYMPHOCYTE T . \ y ’—|

-

. : aw

" 0 , . e

™)
O

Des globules Ces lymphocytes Les globules Quand ils

blancs, sont reprogrammeés blancs détectent
les lymphocytes T, génétiquement reprogrammes, une cellule cancéreuse,
cellules du systeme pour qu’ils activent appelés «cellules les récepteurs des lymphocytes
immunitaire, sont un «récepteur» capable CAR», sont donnent le signal de détruire
prélevés lors de reconnaitre les cellules retransfusés cette cellule. o
d’une prise de sana. cancéreuses. au malade. A Ducardonnet, LeparisienMag

33




W Transfert adoptif de lymphocytes T génétiquement modifiés

Reprogrammation génique des lymphocytes T antitumoraux

« Chimeric Antigen Receptor »

Endogenous TCR Transgenic TCR CAR

Ligand binding domain
e.g., sckv

Hinge and transmembrane
domains

Costim

Signaling domains

Kalos & June Immunity 2013 34




Transfert adopt!

Transfert adoptif: les CAR

Differentes génerations de CAR

First-generation Second-generation Third-generation
CAR CAR CAR
mAB scFv
TM dojmain :
o Hinge

WWW
SHLEENOGO0 E SEbbOEbAAED R 1 bbbeottd

(CD28, 4-1BB, 0X-40)

CD3Z or FCRy /:I
One co-stimulatory domain

Two co-stimulatory domains
(CD28, 4-1BB, OX-40)

A Y
Geneticaly (4~ YT
engineered

activating Clone chimeric Human T cell expressing
motif antigen receptor chimeric antigen
into retroviral vector receptor specific for
a tumour antigen

Jae H. Park and Renier J. Brentjens, JCO 2015, Restifo Nat Rev Can 2012

coz

4.188

3 chain



iz ad°"“u Transfert adoptif: les CAR A

Efficacité CAR anti-CD19 = oui et dans les leucémies et lymphomes B !!! | JU-

The NEW ENGLAND JOURNAL of MEDICINE

D Before treatment 13 weeks after treatment
BRIEF REPORT
Chimeric Antigen Receptor-Modified
T Cells in Chronic Lymphoid Leukemia
David L. Porter, M.D., Bruce L. Levine, Ph.D., Michael Kalos, Ph.D.,
Adam Bagg, M.D., and Carl H. June, M.D. — CD19 —> — CD19 —

C Bone Marrow—Biopsy Specimens
Day -1 (baseline)

Porter et al NEJM 2014



Transfert adoptif: les CAR

CAR anti-CD19

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

Chimeric Antigen Receptor T Cells
for Sustained Remissions in Leukemia

A total of 30 children and adults received ETLGIQ.@EE' rem@was
achieved inQ7 patients (90%)) including 2 patients with blinatumomab-refractory

disease and 15 who Tad undergone stem-cell transplantation. CTLO19 cells prolif-

Maude S et al NEJM 2014
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CAR anti-CD19

A Positivity for CD19

Transfert adoptif: CAR-T

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE

Chimeric Antigen Receptor T Cells
for Sustained Remissions in Leukemia

Levels of CTLO19 DNA in Peripheral Blood
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L’avenir = combinaisons thérapeutiques

Chemotherapy

! \
Vaccination ‘/ %R

adiotherapy
_— @
Conas

7 [
Adoptive T-cell

Antiangiogenic
immunotherapy therapy
0-CD40

T-reg depletion/

inactivation

k J

—Clinical Standard
—Clinical Trials
—Preclinical Studies

Current Opinion in Immunology

Perez-Gracia et al Curr Opin Immunol 2014 39



Pipeline immunothérapies, Besang¢on

Dr C Ferrand,
Dr M Deschamps,

Pr F Garnache-Ottou) Development Pre-clinical Phase I/l

PHRT-K 2016 -
CAR-T cells (CD123) — BPDCN
CAR-T cells (IL-1RAP) — CML
- MTI

Side by CIDe (iCasp9) — GvHD

UCPVax — non-small cell lung cancer

PHRC-K 2013
Start Feb. 2016

40



Merci pour votre attention

o A
‘ A
M “
Franche-Comté [, L)
' *
[ ] { 'y "

INSTITUT REGIONAL
FEDERATIF DU CANCER B

Regional Institute for cancer
(Pr X Pivot)

art : . :
el L /|Q/ Biostatistic & QL Unit
el C - (Pr Bonnetain)

(.
2
.

- Lnite e MET0GGH 61 08 Cuhta e Ve e ancerciod

Bty e — e B e
O e W W o~~~ = wmer | CLIPZ Inca platform
oiCavcER (Pr Borg)

L-:EM__ o . ialsisleka o | 5. CIC BT 1431,
' oS, Sy INSERM

!.ﬂ5
e r
& '_g‘ Vé-'.‘.,..,

‘5: =t ::- ':T". : ‘ 5 i . / 8 -8
| 6 SR | W . (Pr Haffen)

EBIOTHERAPIE
o DESANCON

CANCEROPOLE DU GRAND-EST

i Inserm

B E CHRU
U'FC

centre hospitalier régional universitair

UNIVERSITE
DE FRANCHE-COMTE



