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Introduction



Mechanisms of action of immunotherapy
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CAR-T toxicity
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CAR-T toxicity

Neurotoxicity: ICANS

Immune effector cell-associated neurotoxicity syndrome
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On-target, off-tumor?

CD19 CAR-T therapy
is associated with neurotoxicity

CD19is expressed by cells
in the human brain

CD19+ cells are mural cells, which
wrap and support the vasculature

Potential mechanism:

Blood brain barrier leakiness foSowing
cytokine release syndrome
Vst o]

CAR-T call recognition of CD19+ mural celis
causing increased BBB leakiness.
Mural col

June et al, Science 2018
Parker et al, Cell 2020



CAR-T toxicity

Neurotoxicity: ICANS

Immune effector cell-associated neurotoxicity syndrome  On-target, off-tumor?

CD19 CAR-T therapy CD19is expressed by cells
is associated with neurotoxicity in the human brain
o, °, o o ® ‘@ ° ° Icmp?wgd handwriting o i Y.
8 @ o ® it Endothelial @ on "_jsflon_ ) == <
>, Blood @  Endothelum @ acuvanon @ Cognitive impairment 1., 0 >
W Aphasia
\ Braln Pericyte @ .
e ®e % .0 2"‘?t°r deficit e | r———
eljzures cylokin release syndrome
Altered blood- Increased vascular i o
brain barrier permeability Cerebral edema ' :
Bone Inflammatory Macrophage
cytokine release mediator release Cytokine release syndrome
Leukemia L6 %

§ Fever
@° % : Hypotension
L v Tachycardia
Capillary leak syndrome
Respiratory failure Treatment
Organ dysfunction *  Symptomatic
* Tocilizumab (anti-IL6R)

e Corticosteroids

, [}
0@

June et al, Science 2018
Parker et al, Cell 2020



Today’s CAR-T cells

« CD19
*  Bcell acute lymphoblastic leukemia (B-ALL)
L3+ or relapse after allotransplant
»  Diffuse large B cell lymphoma (DLBCL)
L3+, L2 patients eligible for ASCT
*  Mantle cell ymphoma (MCL)
L3+, including a BTK inhibitor
*  Follicular lymphoma (FL)
L3+
. BCMA
*  Myeloma
L4+ including an immunomodulatory agent, a proteasome inhibitor and an anti-CD38 antibody
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CAR-T cell constructs

Axicabtagene ciloleucel (axi-cel) Tisagenlecleucel (tisa-cel) Lisocabtagene maraleucel (liso-cel)

CD19 Ab

Hinge
Transmembrane

Signal 2

Signal 1

Gene transfer Retrovirus Lentivirus Lentivirus

Adapted from Van Der Steegen et al, Nat Rev Drug Discov 2015



CAR T-cells as a second-line therapy for large B-cell ymphoma:
a paradigm shift?

ASCT, SOC

Three randomized, international, multicentric studies
*  Primary end-point: EFS

PLCL first relapse * ZUMA-7: 8.3 versus 2 months
*  TRANSFORM: NR versus 2.4 months
CAR-T therapy
ZUMA-7 BELINDA TRANSFORM
Axi-Cel (Yescarta®) Tisa-Cel (Kymriah®) Liso-Cel (Breyanzi®)
Locke FL et al. NEJM 2022 Bishop MR et al. NEJM 2022 Kamdar M et al. Lancet 2022

N patients 179 + 180 160 + 162 92 +92

Definition of specific events Salvage SW':TEE()R-DHAP = No No

Bridging allowed No (only corticosteroids) Yes Yes
Lymphodepletion (Fludarabine/Cyclophosphamide) 30/500 25/250 30/300

Cross-over No Yes Yes

Median time from leukapheresis to CAR-T infusion 29 days 52 days 36 days

Median follow-up 24.9 months ?

6.2 months



ZUMA-7: study schema and endpoints

R/R LBCL
N=359
77 sites
Key Eligibility:
* Aged 218y
* LBCL!
* R/R €12 mo of 1L therapy?
* Intended to proceed to
HDT-ASCT

Stratification:

* Response to 1L therapy

* Second-line age-adjusted
IPI (sAAIPI)

Optional Steroid-Only
Bridging (No Chemotherapy)

1:1 Randomization

Axi-Cel (n=180)
Conditioning
Chemotherapy +
Axi-Cel®

SOC (n=179)

Investigator-Selected
Platinum-Based
Chemoimmunotherapy*

Initial Disease Assessment (Day 50)

Responders
(CR or PR)

Proceed to
HDT-ASCT

Nonresponders
Additional
Treatment

Off Protocol

Day 100 Assessment

Day 150 Assessment

LTFU Assessment

Primary Endpoint
* EFSY by blinded
central review

Key Secondary
Endpoints
* ORR

*0S

Secondary Endpoints
* PFS

* Safety

* PROs

No Protocol-Specified
Crossover

Westin et al, LBA107, ASCO 2023
Westin et al, NEJM 2023



ZUMA-7: baseline characteristics of the patients

o Overall
Characteristic N=359
Median age (range), years 58 (21-80) 60 (26-81) 59 (21-81)

>65 years, n (%) 51 (28) 58 (32) 109 (30)
Disease stage llI-1V, n (%) 139 (77) 146 (82) 285 (79)
sAAIPI of 2-32, n (%) 82 (46) 79 (44) 161 (45)
Response to 1L therapy?, n (%)

Primary refractory 133 (74) 131 (73) 264 (74)

Relapse <12 mo of 1L therapy 47 (26) 48 (27) 95 (26)
Prognostic marker per central laboratory, n (%)

HGBL (including double-hit lymphomas) 32 (18)° 25 (14) 57 (16)°

Double expressor lymphoma 57 (32) 62 (35) 119 (33)

MYC rearrangement 15 (8) 7 (4) 22 (6)
Elevated LDH level© 101 (56) 94 (53) 195 (54)

Westin et al, LBA107, ASCO 2023
Westin et al, NEJM 2023



ZUMA-7: nearly 3X patients received axi-cel versus HDT-ASCT

Enrolled (Randomized)

N=359
Axi-Cel Arm SOC Arm Reasons Not Received
R Did Not = - e Patient request (n=8)
Undergoel.aesgl?:phleresci)s L }80 0 :!'79 : :.)c;;tetl?(rf]ciléc))w-up (n=1)
S Underwent Leukapheresis Received 21 Dose of Salvage
n=178 ChemOtherapy Reasons for Not Proceeding
Reasons Not Received n=168  PD (n=56)
o AE (n=2) I : f\? f'n‘:f)"
£ E;a(:,';‘;,'=2’ Received Lymphodepleting Responded to Salvage Chemotherapy o Other (n=4)
® Other (n=1) Chemotherapy n=80
n=172 I Reasons Did Not Undergo
Responded to Salvage Chemotherapy te:;ipf;;es‘s
Reasons Not Received and Underwent Leukapheresis o AF (,?;1)
o AE (n=2) = o Insufficient response
n=69 (ne1)
Received Axi-Cel Infusion Received HDT-ASCT I_ e
n=170 n=64 e PD (n=5)
94% Received Axi-Cel 36% Received HDT-ASCT

Westin et al, LBA107, ASCO 2023
Westin et al, NEJM 2023
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ZUMA-7: key safety data

Axi-Cel Reason for Death
AEs of Interest, % S
Grade Any Progressive disease, n (%) 51 (30) 71(42)
23 Grade 5 AE during
CRS 92% 6% i = protocol-specific 8 (5)2 2 [1)°
Neurologic event 61%  21%  20% 1% reporting period, n (%)
Hypogammaglobulinemia 11% 0% 1% 0% :Z‘Ihi,g:::;?:c&r)y 2 (1) 0
H [s) 0, [)) 0,
Cytopenia 80% 75% 80% 75% Other reason for death,?
Infections 45%  16%  32%  12% | |n(%) 13(8)  18(11)
Definitive therapy-related -
* No changes in cumulative treatment-related serious or mortality,® n/N (%) 1/170 (1)" I

fatal AEs occurred since the primary EFS analysis

Westin et al, LBA107, ASCO 2023
Westin et al, NEJM 2023



ZUMA-7: axi-cel improved OS versus SOC

656 HR 0 726 Similar across key prespecified subgroups
27.4% Reduction in Risk of Death
o 804
N3
'_5 60 4-Year 54.6%
- e T
@ |
» T ————
T 404 |
3 : 46.0%
204 oo tm T 1
157% Received 3L+ Cellular Immunotherapy :
0- Median Follow-up: 47.2 months 'l(Off Protocol) 1
_____ e e e
0 6 12 18 24 30 36 42 48 54 60

Months

* 57% (n=102/179) of SOC patients received subsequent cellular immunotherapy (off protocol)
* Historical SOC trials had 3-year OS rates of ~30%? and <40%?" in similar patient populations

Westin et al, LBA107, ASCO 2023
Westin et al, NEJM 2023



Tomorrow’s CAR-T cells

* Other hematologic malignancies
*  Primary central nervous system lymphoma (PCNSL)

*  Chronic lymphocytic leukemia (CLL)
* Hodgkin lymphoma (HL)
* T-cell non Hodgkin lymphoma (T-NHL)

 Solid tumors

 Earlier in the course of the disease



CD19 CAR-T in PCNSL : The clinical experience of the French LOC network

Primary central nervous system lymphoma * 9 patients Fre CAE e M

B-cell derived cancer « Median age 67 years
Localized in the CNS (brain, eye, spinal cord, CSF) . . .
. * 3 prior lines of therapy (median)
Physiopathology not fully understood ] .
* 7 tisa-cel, 2 axi-cel

300 new cases/year in France
Poor prognosis * ORR: 67%

* CR:5/9
* PR:1/9
* No unexpected toxicity
* 1CRSgrade3
* 2ICANS grade>3

100- Median FU: 15 months
d - 0OS
i ~=~ PF3 * 1-year 0S:67%
§ : * Median OS: 17 months
S 50 * 1-year PFS: 22%
§ « Median PFS: 4 months
* Responders : 9 months
c: """"" I I . * Nonresponders : 1 month
0 200 400 600
Days

Alcantara et al, Blood 2021



Axi-Cel in 1 line treatment of DLBCL

High-Risk LBCL
* High-grade B-cell lymphoma, with MYC
and BCL2 and/or BCL6 translocations, or
* LBCL with IPI score 23 any time before
enrollment

Systemic Therapy
* 2 Cycles of an anti-CD20 mAb plus
anthracycline-containing regimen

Dynamic Risk Assessment
* Positive interim PET (DS 4 or 5)

Additional Key Inclusion Criteria
* Age 218 years
* ECOG 0-1

Enroliment/Leukapheresis

Phase 2

Optional Nonchemotherapy Bridging

Conditioning
Chemotherapy +
Axi-Cel Infusion

* Conditioning:
Fludarabine 30 mg/m?IV
and cyclophosphamide
500 mg/m? IV on Days -5,
-4, and -3

* Axi-Cel:
Single IV infusion of 2x10°
CART cells/kg on Day 0

Primary Endpoint
* CR (investigator-assessed per
Lugano classification)*

Key Secondary Endpoints

* ORR

* DOR

* EFS

* PFS

* 0S

« Safety

* CART cells in blood and
cytokine levels in serum

N =40 patients
* Median age: 61 yo (23 —86)
Median FU: 15.9 months
Best ORR: 89%
Best CR: 78%
Median DOR: NR
1-y PFS: 75%
1-y 0S: 91%
Grade = 3 CRS: 8%
Grade > 3 ICANS: 23%

Neelapu et al, Nature Med 2022



CART cells (cells pI™")

Axi-Cel in 1 line treatment of DLBCL

o Compared to ZUMA-1
o Higher expansion of CAR-T T-cell after 1%t line chemo
o Higher number of naive CAR-T

100
75
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50

600 -
19, ] 25

500 -
400 - 3 i . 0

123456

250 -
200 ~
150 -
100 -
50 —

CCR7

B Terminal effector
mm Effector memory

mm Central memory
B Stem memory
mm Naive

Neelapu et al, Nature Med 2022
Das et al, Cancer Discov 2019



Solid tumors are much more challenging!

- Choice of the costimulatory domain

- Constitutive expression of potent cytokines
- Combination with ICB

- Constitutive secretion of ICB - Identification of:

- Unresponsiveness to suppressive signals *  tumor-specific antigens
- NK-cell engineering *  tumor-selective antigens

*  tissue-specific antigens

- Limiting on-target/off-tumor effects
Immunosuppressive
microenvironment

- Multi-antigen targeting

|

Tumor antigen specificity
and heterogeneity

.
"

Proliferation and homing

t

- Hijacking anti-CD19 CAR T-cells
- Expression of a chemokine receptor
- Intratumoral injection

Alcantara et al, Oncoimmunology 2020



Solid tumors are much more challenging!

e Historically limited activity

* Interesting results for CAR-T cells targeting
* C(Claudin18.2, PSMA, mesothelin, HER2, GD2

* High levels of activity in TCR-T cells
* MAGE-A4, -10, NY-ESO-1
* Synovial sarcoma, myxoid/round cell liposarcoma
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GD2 CAR-T cells for high-risk neuroblastoma
A

-

GD2-specific CAR T cell

(GD2-CARTO1)
e
TCELL
Secretion of cytokines by
5" CART cells and other immune cells
5 3 (e.g., interleukin-2, interferon-y, TNFee,
Chimeric antigen receptor “ &  Linterleukin-6, interleukin-10)
o —r— X
Activation domain CD3-¢ /OV 0o vo I [
a9 ol d a
: | 4-1BB . .
2 Costimulatory B Safety Switch to Eliminate CAR T Cells
domains | CD28 and Mitigate Toxic Effects
o Rimiducid
S o (AP1903)
Perforln .  — Inactive iC9
TUMOR G P ic9 monomer
MASS 'a'jy (safety switch)
D . FK506-binding )
<2 protein \!
. (FKBP12-F36V) Activated iC9
N (dimerization)
TUMOR CELL W \%9
S — \
’ Caspase 9 - pase
Tumor lysis ! activation
: Cleavage
: of DNA
/
_
/ ] W\ Y
) N Apopt05|s

GD2: member of the ganglioside family of glycolipids
Tumor-associated antigen, low expression in healthy tissues

Yeku et al, NEJM 2023



GD2 CAR-T cells for high-risk neuroblastoma

Table 1. Characteristics of the Patients at Baseline.*

Table 2. Adverse Events in 27 Patients after the First Infusion of GD2-CARTO01.*

Characteristic
Sex— no. (%)
Male
Female
Median age (range) —yr
Median no. of previous treatments (range)
Disease status at enrollment — no. (%)
Refractory
Relapsed

No evidence of disease after NB-HR01
first-line treatmentf

Previous treatment with anti-GD2
monoclonal antibody — no. (%)

MYCN status — no. (%)
Amplification
Gain
Normal
Unknown

Site of disease involvement — no. (%)
Bone
Bone marrow
Lymph nodes
Abdomen
Paravertebral area
Thorax, pleura
Liver

Result of '#|-labeled MIBG scan before
infusion — no. (%)%

MIBG score <7
MIBG score >7

All Patients
(N=27)

18 (67)
9 (33)

6.7 (2.7-18.6)
3 (1-6)

12 (44)
14 (52)
1(4)

14 (52)

7 (26)
5 (19)
10 (37)
5(19)

21 (78)

12 (44)

11 (41)
4(15)
7 (26)
2(7)
1(4)

18 (67)
9(33)

Event

Grade 1 or 2 Grade 3

number of patients

Cytokine release syndrome 19 1
Central neurotoxic effects 0 0
Peripheral neurotoxic effects or pain 6 0
Hematologic toxic effects

Anemia 8 19

Neutropenia 0 0

Thrombocytopenia 1 4
Abnormal laboratory values

Elevated alanine aminotransferase level, aspartate 13 7

aminotransferase level, or both

Elevated bilirubin level 3 1

Electrolyte abnormalities 4 2
Miscellaneous

Clostridium difficile infection 0 1

Rash 3 0

Dysuria 2 0

Brain hemorrhage 0 0

Grade 4

27
19

- O o o

* 27 patients

No DLT
RP2D: 10x10° CAR-T/kg

Del Bufalo et al, NEJM 2023



GD2 CAR-T cells for high-risk neuroblastoma

Peak Levels of Cytokines, According to CRS Grade
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Del Bufalo et al, NEJM 2023



Autologous T cell therapy for MAGE-A4+ solid cancers in HLA-A*02+ patients

Afami-cel

First-in-human phase 1 trial

Favorable safety profile

ORR: 24% (all PR)

Disease control rate (including SD): 74%

Durable responses
* mDoR: 25.6 months

mOS: 42.9 weeks
* In metastatic SS patients: 58.1 weeks

Primary tumor type

Survival probability

1.0

0.8

06 -

0.4 -

0.2

Esophageal n (%) 2(5.3)
Gastric n (%) 1(2.6)
Head and neck n (%) 3(7.9)
Melanoma n (%) 1(2.6)
NSCLC n (%) 2(5.3)
Ovarian n (%) 9(237)
Urothelial n (%) 2(5.3)
MRCLS n (%) 2(5.3)
SS n (%) 16 (421)
= 10

08
06
0.4
0.2

o]

Survival probabilit

0O 6 12 18 24 30 36 42 48 54 60 66 72 78 84

Patients at risk (weeks) O 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Overall 16 16 15 15 14 12 11 8 7 7 6 5 3 2 0O

0S time (weeks)

-+

++

48 54 60 66

OS time (weeks)

72 78 84 90 96 102 108

Hong et al, Nature Med 2023



SPEARHEAD-1: a phase 2 trial of anti-MAGE-A4 SPEART cells

SPEAR T-cell

Cancer cell

* Advanced synovial sarcoma or myxoid/round cell liposarcoma

* SPEART cells target MAGE-A4+ tumors \
* Highly expressed in synovial sarcoma and MRCLS in the context of HLA-A02 -

Cancer cell =

HLA~tumor \
antigen complex \

SPEAR T-Cell Infusion

Lymphodepletion

SCREENING?

HLA and MAGE-A4 a Eligibility ¢ e ks s d for HLA-A*02, n (%) N=330
. oS T « Efficacy Evaluation b CIOONOC IO V&, 111 %0 o
» HLA Screening Leukapheresis, and RECI?I" V1.1 Y Long-term Follow-up HLA-A*02 positive 176 (53.3)

Followed by MAGE- Manufacturing of « Safety Monitoring

A Screened for MAGE-A4, n (%) N=176
hdiCicetty SPEAR T-Cells + Translational Studies MAGE-A4 positive 106 (61.6)

Baseline Tumor I I
Measurements

Days  Day1® Day 2 Until End of EOREs 140

Study Enrollment =7to -4 Interventional Phase

D’Angelo et al, #11504, ASCO 2021



SPEARHEAD-1: main results

59 included patients, 37 received SPEAR T cell treatment
Median DOR: NR (4.3 — 38 weeks)

20

0
-10 * * I
~201
-30 *

e
501
~60-
~70
—~80-
-901

-1004 “Denotes patients with MRCLS

Change from baseline (%)

Two CRs in patients with synovial sarcoma
ORR of 39.4% (13/33)2: synovial sarcoma 41.4% (12/29) and MRCLS 25.0% (1/4)
Disease control rate of 84.8% (28/33)

miTT

= PR
SD
H PD
B CR
Cytokine Release Syndrome, miTT, n (%)
Any grade 22 (59)
2 Grade 3 1(3)
Median time to onset, days (range) 3 (1-9)
Median time to resolution, days (range) 3 (1-34)
Tocilizumab use 12 (55)

Grade 2 3 Prolonged Cytopenia at Week 4 Post-infusion, =
N=37
miTT, n (%)

Neutropenia 2(5)
Thrombocytopenia 1(3)
Anemia 3(8)

D’Angelo et al, #11504, ASCO 2021



After tomorrow’s CAR-T cells

Combinations

* Immune checkpoint inhibitors

* Radiation therapy

* Targeted therapies (ibrutinib, lenalidomide)
CAR design improvements

Bispecific CAR

Allogeneic cell therapies



Calibrating CAR Activation Potency to Increase Persistence
1XX CAR: sequential mutation of the intracellular ITAM domains of the CAR CD3(
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motif

Balancing effector and memory programs

motif

Enhanced therapeutic efficacy

Phase | dose-escalation study (MSKCC)

[ ]
]

ITAM3 Point-mutated

ITAM

25 patients (DLBCL, HGBCL, tFL)

RP2D 25x10° CAR-T

> Grade 3 CRS 11%, ICANS 0%

ORR 89%, CR 78%

A

Average radiance
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Days after T cell injection

Feucht et al, Nature Med 2019
Park et al, #163, ASH 2022



Advantages of allogeneic CAR-T cell therapy

T cell ;
-0- g~ o

From one Viral CAR CD52

- - V-iii-[-

2 Amplification  Filtration Fill Freezing
leukopack vector Tcell el %100 and magnetic T cellinfusion
Healthy Gene editing ¢ P
donor T cells removal o i
TCR* cells patients

* Immediate availability of cryopreserved batches
* Time for multiple cell modifications

e Standardization of the CAR T-cell product

« Amenable to repeat dosing

* Reduced cost

e Reduced risk of manufacturing failure

Depil et al, Nat Rev Drug Disc 2020



Challenges for Allogeneic CAR T-cell therapy

CD52/Pan T
CAR
CAR \@ HLAclass Il
Antigen-
\ recognition HLAE
domain
Signaling Siglec . HLAG
domains ligands

CRISPR/Cas9
Genome

/
editing ™ ;’D%&M Xi—~0x X1

locus

Immune rejection

GVHD

cp3« TCR

ZFN
CRISPR/Cas9 @

Genome o / CAR insertion

witng ~ DX XT~DO
TRAC

locus

HLA class |

Immune system

Healthy tissues

Disrupt aTCR

Silence MHC-I and/or class-Il;
overexpress ligands to inhibit
NK cell cytotoxicity (HLA-E, G);
CD52 lymphodepletion
(UCART19)

Use of alternative cell sources:
NK cells; iNKT cells; yoT cells;
EBV-reactive affT cells; iPSC;
MAIT cells

41BBL-CD3{ CAR delete
activated host T and NK cells

Bedoya et al, Front Imm 2022



Conclusion: “the future is now”

e Standard of care
* B-cell hematologic malignancies
* Increasingly growing number of indications

* But the first convincing results are here

* Earlier in the course of the disease
* Randomized studies (solid tumors ++)
* Improvements in CAR technologies, manufacturing...




