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Chimeric Fv-C or Fv-¢ receptors are not sufficient to induce activation or
cytokine production in peripheral T cells
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Tumor-Specific T Cell Activation by Recombinant
Immunoreceptors: CD3{ Signaling and CD28 Costimulation
Are Simultaneously Required for Efficient 1L-2 Secretion and

Can Be Integrated Into One Combined CD28/CD3{ Signaling
Receptor Molecule’

Hombach, Journal of Immunology 2001
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JCI The Journal of Clinical Investigation
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Therapeutic T cell engineering

Michel Sadelain', Isabelle Riviére! & Stanley Riddell”

D G X X X X X X Xy )]
MR ¥
LRLEART

L X JC XL X X JE XX X LKL KL X XX XXX
HEE R R R R R }
R TR

PR R
(LR

Hh Wiy Hr- 1 b ia E
b yih b | {10 W
OO 00T PO G 0 X C X 0 X G X 0 X 0 X X 3 0 OO Y DO A X 0 XK 0 X I X X G X K X K X X X X))

CD28 co-stimulatory 4-1BB co-stimulatory

activation domain domain

domain
T-cell-activation T-cell-activation
domain domain

| |
First-generation Second-generation CARs
CAR

Sadelain, Nat 2017



Therapeutic T cell engineering

Michel Sadelain', Isabelle Riviére! & Stanley Riddell?

Jb

Jb b

..'f"'l I'.'..."".'.'.'...'I'.'.'.. O O] I'.'.".'..".'.'l..'.'.'...'f .'."'i I"‘-.'.'."".'.""'.'.'l'.
l_l .l LR :' :' :'.' :\':' :: i || IR :' :':' :'.l l :' :' :':' ::‘ :': i || |. || ¥ ,l,l: || : ,: ,:.: h :' :':' :'.' :':' :
I I.-.--.-.-.-.-.-.-.-.-.-. -.-'I'I I.-.--.-.-.-.-.-‘-.-.-.-- -.-I1 P-----.-.-.-.-.-.-.‘-
‘ CD28 co-stimulatory 4-1BB co-stimulatory CD28 co-stimulatory
activation domain domain domain
domain _
T-cell-activation T-cell-activation 4-1BB co-stimulatory
domain domain domain
T-cell-activation
domain
| | |
First-generation Second-generation CARs Third-generation CAR
CAR

Sadelain, Nat 2017



Cancer Ce“ Zhao Cancer Cell 2015

Structural Design of Engineered Costimulation
Determines Tumor Rejection Kinetics and
Persistence of CAR T Cells
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Cancer Ce“ Zhao Cancer Cell 2015

Structural Design of Engineered Costimulation
Determines Tumor Rejection Kinetics and
Persistence of CAR T Cells
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Study Disease CAR vV N Cond. Tcells

Antigen binding 5Z:||?é)2014 ALL(Ad) CD28 ~RV 16 CY  Auto  88%
e Epitope '
schv . Afﬁnitf, Maude, 2014 ALL(Paed) 4-1BB LV 25 CF  Auto  90%
(ref. 73)
L = Lee, 2015 ALL (Paed) CD28 ~RV 21 CY  Auto  68%
EC Structure o (ref. 74)
and | * Atfects binding Turtle, 2016  ALL(Ad) 4-1BB LV 29 CY/CF 1:14/8 939
¢ Affects function
™ (ref. 75)
= =  Costimulation Qasim, 2017  ALL(Paed) 4-1BB LV 2 IC Allo  100%
CD28 . * Function (ref. 150)
L _ 'g”;ﬁ:gfc”; Kochenderfer, ~NHL/CLL CD28 ~RV 15 CF  Auto  53%
2015 (ref. 71)
Activation Kochenderfer, B-mix cb28 ~RV 20 IC Allo 30%
CD3¢ — * Function trigger 2016 (ref. 137)
* Proliferation Turtle, 2016 NHL 4-1BB LV CY/CF 1:14/8

(ref. 132)

Sadelain, Nat 2017
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SYNTHETIC BIOLOGY

Remote control of therapeutic T cells
through a small molecule-gated

chimeric receptor

Chia-Yung Wu, Kole T. Roybal, Elias M. Puchner, James Onuffer,*

Wendell A, Lim*
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SCIENTIFIC REPg}RTS

Design of chimeric antigen
receptors with integrated
controllable transient functions
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Targeting a CAR to the TRAClocus with
CRISPR/Cas9 enhances tumour rejection

Justin Eyquem'*, Jorge Mansilla- Soto'*, Theodoros Giavridis', Sjoukje . C. van der Stegen!, Mohamad Hamieh!,
Kristen M. Cunanan?, Ashlesha Odak!, Mithat Génen? & Michel Sadelain!
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Treatment of HPV 1st CAR-T

cancer with Anti-CD20 mAbWvaccinationAnti-CTLA4
bacterial Cancer immuno- Adoptivg (Rituximab) in vulvar  (ipilimume
products surveillance T-cell approved traepitheli approved R\ lymphoblastic
(“Coley’s (Burnet, therapy in NHL al neoplasia melanoma leukemia
tox]n”) Thoras)

1890 1950 1957 1976 19851986 19971998 20092010 201120142017

Allogeneic BCG in IFNa IL-2 DC vaccine Anti-PD1 mAb
Stem-cell bladder approved Approved in (Sipuleucel-Tpembrolizumab)
transplantatio cancer in melanoma  approved in approved in
n (1t study) hairy cell prostate cancer melanoma

leukemia




None, Tumor Burden,
or CTX, Chemo-sensitive vs.

or BENDA,
or CTX + PENT
or CTX + FLU

Conditioning

y

T cell dosing

Expansion &

I
CD4/CDB Formulation

OKT3+IL2,
PBLvs. T cell subsets

CD3+CD28 beads, ]

Electroporation Epitope, scFv,
y-retroviral CAR-affinity,
Lentiviral Signaling domains

Davila, Oncoimmunology. 2012 Dec 1;1(9):1577-1583



ELIANA-CTLO19 global trial: R/R BCP-ALL

» Eligibility criteria
» Inclusion : R/R BCP-ALL, age 3-21 years, > 5% BM blasts
» Exclusion : isolated extra-medullary relapse, prior CD19-directed therapy

» Study treatment
» Lymphodepleting chemotherapy prior to infusion
» Fluda (30 mg/sgm/d IV, 4 days)
» Cy (500 mg/sgm/d IV, for 2 days)
» Target CTLO19 dosing (single infusion)
» 2.0-5.0x 10%/kg for patients < 50 kg
» 1.0 - 2.5 x 108 for patients > 50 kg

Maude SL, NEJM 2018



ELIANA-CTLO19 global trial: R/R BCP-ALL

107 Patients were screened

l

92 Were enrolled

17 Were excluded

7 Had tisagenlecleucel
- product-related issues
7 Died
3 Had adverse events

Y

75 Underwent infusion

27 Discontinued
11 Died
9 Had lack of efficacy
- 5 Underwent new therapy
for ALL while in complete
remission
2 Withdrew or were withdrawn
by guardian

Y

48 Remained in follow-up

Maude SL, NEJM 2018



ELIANA-CTLO19 global trial: R/R BCP-ALL

Efficacy % (n/N) 95%Cl  p-value
Primary
- CR+CRi within 3 months 82% 69%-91%  <.0001
(41/50)
- CR 68%
- Cri 14%
Secondary
Mli[ﬁchleved BOR (CR/CRi) with 899 69%-91% <.0001

Maude SL, NEJM 2018




ELIANA-CTLO19 global trial: R/R BCP-ALL

A Duration of Remission B Event-free and Overall Survival

1.0+ 1.0+
0.9 0.9
8 08 084
.3 0.74 Overall survival
5 0.7+
oe -E’ 0.6
T 0.6 HHi HH H— = Event-free survival
H T 05 H——
£ 054 '§
8 0.4 —1
5 049 03] No.of No.of Median
g 0.3 Patients Events Survival Rateat6 Mo
- 0.2 mo % (95% Cl)
S 02- Overall Survival 75 19 191 90 (81-95)
o No. of patients, 61 0.1 Event-free 75 27 not 73 (60-82)
0.1] Ne. of events, 17 0.0 Survival reached
Median duration of remission, not reached 0 '2 "‘ é é 1'0 1'2 1'4 1|6 1|8 2'0 2'2
0.0 0 i :‘ é é 1'0 1'2 1'4 1I6 1I8 2'0 2'2 Months since Tisagenlecleucel Infusion
. - No. at Risk
Months since Onset of Remission Overall survival 75 72 64 58 55 40 30 20 12 8 2 0
No. at Risk 61 54 43 33 23 18 8 7 3 1 0 Eventfreesurvival 75 64 51 37 33 19 13 8 3 3 1 0

Maude SL, NEJM 2018



ZUMA-2 trial: R/R Lymphoma

» Eligibility criteria
» Inclusion : R/R BCP-Lymphoma, age 18-60 years

» Study treatment
» Lymphodepleting chemotherapy prior to infusion
» Fluda (30 mg/sgm/d IV, 3 days)
» Cy (500 mg/sgm/d IV, for 3 days)
» Target CTLO19 dosing (single infusion)
» 2.0 x 10/kg

Neelapu SS, NEJM 2017



ZUMA-2 trial: R/R Lymphoma

A Objective Response Rate
100+

907 83

80

[l Complete response
82 M Partial response
B Stable disease
B Disease progression
54 M Could not be evaluated

Best Response (%)
i

7 (55)
w0 17)
30
27 : w5
12: (i’ u H = 2
ORR SD PD NE ORR ORR SD PD NE
DLBCL (N=77) PMECL or TFL (N=24) All Patients (N=101)

Neelapu SS, NEJM 2017



ZUMA-2 trial: R/R Lymphoma

C Overall Survival

100+
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10
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I I I I I I I I I I I 1 1 1 1 I 1 1 1 I |
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 206 27
Months

No. at Risk 108 105 102 101 98 91 84 82 78 74 72 66 63 51 40 30 23 16 11 8 4 0

3 3 3 2 1

Neelapu SS, NEJM 2017
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Antigenes cibles

Antigene cible

Indications

c-MET Meélanome, sein

CD133 Foie, pancréas, cerveau

CD171 Neuroblastome

CD70 pancréas, rein, sein

CEA foie, poumon, colo-rectal, estomac, pancréas

EGFR-VIII Glioblastome

EpCAM foie, estomac, nasopharynx, sein, colon, cesophage, pancréas
EphA2 glioblastome

FAP mésothéliome

GD2 neuroblastome, glioblastome, sarcomes, ostéosarcome, mélanome
GPC3 foie, poumaon

HER2 sein, ovaire, poumon, glioblastome, sarcomes

IL-13Ra2 glioblastome

Mésothéline col de l'utérus, pancréas, ovaire, poumon

MUCA1 foie, poumon, pancréas, sein, glioblastome, estomac, colo-rectal
PSCA pancréas

PSMA prostate, vessie

ROR1 cancers ROR1*

VEGFR2

mélanome, rein




Conclusions et perspectives

> 2 AMM
» Kymriah® dans les LAL et les lymphomes

» Yescarta® dans les lymphomes

» 5 centres qualifiés en France
» Pharmacie qualifiée pour MTI
Structure pratiquant [’allogreffe de CSH

>
» Réanimation sur site
>

» Nombreux essais cliniques de phase 3 en cours
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