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Learning Objectives

*Understand the current state of CAR T-cell therapy in hematologic malignancies
*Know what to expect for CART in the community
*Review future directions in the field of cellular therapy




Outline

*History of CAR T-cell therapy
*Current commercial CART products
*Updated trials in CART

*CART in the community

*Future directions in cellular therapy




The Problem Prior to CAR T-Cell Therapy




Diffuse Large B-cell Lymphoma
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Acute Lymphoblastic Leukemia

*Ph- acute lymphoblastic
leukemia:
|nitial CR rate = 90%

*First salvage CR rate = 40%

*Second salvage CR rate = 21% .
. . 0 2 4 6 8 *I[]"IE141E'-‘IEE{]EEE#EEEEBUSESdEEEEdU#E444545
*Third and higher CR rate = 11% Survival Months

— = | 20d salvage (N = 372) Median: 3.9 maonths

== In 15t salvage (N =1618] Median: 5.6 manths
== = = |n 3rd or higher salvage (M = 160} Madian: 2.9 months

Gokbuget. Haematologica. 2016:1524-1533.
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eLocoMMotion Trial

*Triple class refractory
(IMiD, Pl, and anti-
CD38 mAbs):

*ORR 29.8%
*mPFS 4.6 months
*mOS 12.4 months

Multiple Myeloma
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1993

Dr. Zelig Eshhar and
Dr. Gideon Gross
develop first CAR

Along Comes CAR T-cell Therapy

1998

Dr. Michel Sadelain
discovers that a co-
stimulatory domain
allows CAR T-cell to
persist

2002

Dr. Sadelain
develops the first
effective CAR T-cell

2003

Second generation
CARs are created to
target CD19

2012

Dr. CarlJune leads

the first in human

trial for CAR T-cell
therapy

(NEJM 2014)

2017

First FDA approval
for CAR T-cell

therapy

https://www.mskcc.org/timeline/car-t-timeline-progress




CAR T-cell Production




CAR T-cell Construct

scFv
Single-chain variable fragment (scFv) bypasses
MHC antigen presentation, allowing direct

Antigen Binding Domain activation of T cell by cancer cell antigens

- N
| | Hinge region
, Essential for optimal antigen binding
)

----.----t-------------t_: ilnllnl-l'l;l_lllll-ltliiI.il.ltt.ii!il!i.lili.il.l.i.l.l". COStimUIatOW Domain: CDZB or 4-1BB

Enhances proliferation, cytotoxicity and
persistence of CAR T cells

Signaling Domain: CD3¢ chain
Proliferation and activation of CAR T cells

Activation Domains CAR T-cell-mediated killing of tumor cells

Slide created by E Squared Communications
Courtesy of the CAR T Working Group




Autologous CAR T-Cell Therapy: Underlying Principles

Leukapheresis | Manufacturing Infusion Activity
Collect patient’s Isolate and ' Engineer T cells 'Expand CART Infuse same patient
white blood cells activate T cells | with CAR gene cells with CAR T cells CD15

o® i f\7 i
@‘@‘ i j\ 4 i
Bs | | Spacer |
® o 5
::‘ . Viral Costimulatory i ‘ ‘ ‘
' vector - :
o CAR- domanies | O @@
' CAR engineered or 4-1B6)
i ONA T cell CD3( (essential |

signaling domain)

Median manufacturing time: 17-28 days
Patients undergo lymphodepleting (and possibly salvage/bridging) therapy

Majors. EHA 2018. Abstr PS1156. Lim. Cell. 2017;168:724.Sadelain. Nat Rev Cancer. 2003;3:35. .&
Brentjens. Nat Med. 2003;9:279. Park. ASH 2015. Abstr 682. Axicabtagene ciloleucel PI. Tisagenlecleucel
PI.


http://www.clinicaloptions.com/

Current Commercial CAR T-cell Products




Non-Hodgkin Lymphoma




FDA Approved CAR T-cell Products

YESCARTA BREYANZ]
Axicabtagene ciloleucel Lisocabtagene maraleucel
» Refractory DLBCL « R/RDLBCL
« 3LDBLCL « R/RHGBCL
« 3L PMBCL « R/RPMBCL
. 3LHGBCL . R/RFL grade 3B
» 3L transformed FL
« 3LFL
KYMRIAH TECARTUS
Tisagenlecleucel Brexucabtagene autoleucel
3L DLBCL » Relapsed/refractory MCL
« 3L HGBCL
» 3L transformed FL
« 3LFL
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Key Trials of CD19 CAR T-cell Products in LBCL

ZUMA-1
Axicabtagene ciloleucel

TRANSCEND
Lisocabtagene maraleucel

JULIET
Tisagenlecleucel

* N=108 (119 enrolled)
* Bridging therapy: N/A
 Days to infusion: 17

e N=294 (344 enrolled)
* Bridging therapy: 59%
 Days to infusion: 37

N=111 (165 enrolled)
Bridging therapy: 92%
Days to infusion: 54

e ORR:74%
e CR:54%
e mPFS: 5.9 months

* ORR:73%
e (CR:53%
e mPFS: 7.2 months

* ORR:52%
* CR:40%
MPFS: 35% at 1 year

* CRS, G3-4:11%
* Neurotox, G3-4: 32%
 |Infection, G3-4: 28%

* CRS, G3-4: 2%
* Neurotox, G3-4: 10%
 [Infection, G3-4: 12%

* CRS, G3-4: 22%
Neurotox, G3-4: 12%
Infection, G3-4: 20%

Uy

Neelapu. NEJM. 2017;377:2531.
Abramson. Lancet. 2020:396:839.
Schuster. NEJM. 2019:380:45.




Key Trials of CD19 CAR T-cell Products in Other Lymphomas

ZUMA-2 ZUMA-5
Brexucabtagene autoleucel Axicabtagene ciloleucel
* N=68 (74 enrolled) e N=148 (124 FL, 24 MZL)
* Bridging therapy: 37% * Bridging therapy: 4%
 Days to infusion: 16  Days to infusion: 17
* ORR:85% * ORR:94% (FL) and 80% (MZL)
* CR:59% * CR:85% (FL) and 60% (MZL)
* CRS, G3-4: 15% * CRS, G3-4: 7%
* Neurotox, G3-4: 31% * Neurotox, G3-4: 19%
 Infections, G3-4: 32%  Infections, G3-4: 18%
* Cytopenias: 94% * Cytopenias: 70%

Wang. NEJM. 2020;382:1331.
Jacobson. Lancet Oncology. 2022; 91:103
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Results from ASH 2021 Presentations

ZUMA-7 TRANSFORM BELINDA
Axicabtagene ciloleucel | Lisocabtagene maraleucel Tisagenlecleucel

10.1 months (vs. 2.3

Event free-survival 8.3 months (vs. 2 months) 3 months (vs. 3 months)
months)
Overall response rate 83% (vs. 50%) 86% (vs. 48%) 46% (vs. 43%)
Complete response rate 65% (vs. 32%) 66% (vs. 39%) 28% (vs. 28%)
Overall survival Not reached (vs. 35 months) Not reached "Immature at data cutoff"

Locke. NEJM. 2022: 386:640-654.
Kamdar. Lancet. 2022; 2294-2308.
Bishop. NEJM. 2022; 386:629-639

_ a3



Results from ASH 2021 Presentations

Event-free Survival
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Patients Alive without Event (%6)

No. at Risk

Standard care
Tisagenlecleucel

Event-free survival (2)

— Liso-cel group (median 10-1 months, 95% CI 6-1-NR)
~ S0C group (median 2.3 months, 95% (1 2:2-43)
+ (ensored
Stratified HR (95% 1), 0-35(0-23-0-53);
stratified one-sided Cox proportional
hazards model p<0.0001

+
+

Number at risk
umber censored)
Liso-cel group 92(0) 89(2) 86(2) 66 (13)62 (15)43 (25)36(29) 27 (35) 26 (36)21(40) 19 (41) 17 (42) 9(49) 9(49) 7(5) 6(51) 6(52) 4(%3) 0(57) (57)
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Standard Care
Tisagenlecleucel

MM —A
Tisagenlecleucel
0 | | | | I | | | | I |
0 2 4 6 8 10 12 14 16 18 20 22
Months
160 148 45 31 25 17 12 ] b 3 1 0
162 156 57 32 19 13 6 1 1 0 0 0

Median
Event-free
No.of  No.of  Survival
Patients  Events  (95%Cl)
mo
160 104 3.0 (3.0-3.5)
162 117 3.0(29-4.2)
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P=0.61
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Locke. NEJM. 2022: 386:640-654.
Kamdar. Lancet. 2022; 2294-2308.
Bishop. NEJM. 2022; 386:629-639
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Long-Term Follow Up

5 year analysis of data from ZUMA-1.:
*ORR 83%
* Median OS 25.8 months

*Estimated 5-year OS 42.6%
*No new long-term adverse events reported

A
100 A
:\3 80
S
2 60 -
Tem
‘,3) -
s - I Sy SO
o
>
O 2
Median OS (95% CI), months
o 25.8 (12.8-NE)
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
Months |
No. at risk 101 93 74 61 54 53 51 50 50 47 47 46 44 42 41 41 14 1
(censored) (0) (0) (0) (O) (@ (@ (@ (O (© (@ (© (@© @© @O @& (2 (28 (41) Neelapu. Blood. 2022018893.23 Feb. 2023.
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Long-Term Follow Up

March 21, 2023

Press

Relea Ses Kite’s Yescarta® CAR T-cell Therapy Demonstrates a
Statistically Significant Improvement in Overall

Survival for Initial Treatment of Relapsed/Refractory
Large B-cell Lymphoma
-- First and Only Treatment in Nearly 30 Years to Show Statistically
Significant Improvement in OS for Initial Treatment of R/R LBCL
Patients Versus Historical Standard of Care in Curative Setting -

-- Landmark ZUMA-7 Study OS Data Reach Maturity Per Protocol, 5
Years After ! Patient Randomized --

Uy



CART in Older Patients

*Subgroup analysis of ZUMA-1:

*Response rates similar (ORR 92%, CR 75%)
*No increase in adverse events
*G3-4 CRS: 7%
* G3-4 neurotox: 44%
* G3-4 infections: 19%
*OQutcomes were better compared to SCHOLAR-1

Neelapu. Blood. 2020:2106-21009.
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Take Home Points

*CAR T-cell therapy is very effective and durable in patients with relapsed
large cell lymphomas, MCL, and FL/MZL.

*In primary refractory DLBCL, CAR T-cell therapy is the new standard of
care.

*CAR T-cell therapy is an option for patients >65.




My Approach

R/R DLBCL
|
‘ \
Relapse <12
months

Relapse >12
months
CART - Platinum-based
chemotherapy

|
' |

- N

CART




Acute Lymphoblastic Leukemia




FDA Approved CAR T-cell Products

KYMRIAH TECARTUS
Tisagenlecleucel Brexucabtagene autoleucel
* Young adults up to age 25 with « Adults with R/RALL

R/RALL




Key Trials of CD19 CAR T-cell Products in ALL

ELIANA ZUMA-3
Tisagenlecleucel Brexucabtagene autoleucel

 N=79 (Peds/AYA)

* CR/CRi: 82% (all MRD negative)  N=54 (adults)
* 6 mo EFS: 73% e 45% prior blinatumomab
* 6 mo 0S:90% * CR:71% (38/39 MRD negative)
* 5vyrEFS: 36% e DOR: 14.6 months

5yr0OS: 55%

* CRS, G3-4: 49% * CRS, G3-4: 24%
* Neurotox, G3: 13% (no G4)  Neurotox, G3-4: 25%

Maude. NEJM. 2018:439-448.
Shah. Lancet. 2021:491-502.
Shah. JCO. 2022: 7010-7010
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Total patients, Patients with CR Proportion of patients

N orCRi, n with response, % (95% Cl)
Overall 55 39 + 71% (57-82)
Sex
Female 22 14 @ 64% (41-83)
Male 33 25 ® 76% (58-89)
Age, years

18-39 26 16 O 62% (41-80)

hat about prior treatment? = —, =3

Baseline extramedullary disease

Yes 6 3 & 50% (12-88)
No 49 36 —— 73% (59-85)
CNS status at screening
CNS-1 47 34 —— 72% (57-84)
CN5-2 5 i © 80% (28-99)
® Z U IVI A - 3 o (D19 lymphoblast baseline category, %

° 295 41 29 @ 71% (54-84)

ok & 9 ® 75% (43-95)

Blasts in bone marrow at baseline, %

*45% of patients had prior s 4 ——  mmm

>5-25 10 9 @ 90% (55-100)
>25-50 11 10 @ 91% (59-100)

blinatumomab exposure L : T =%
*Lower rates of CR/CRi (60% vs 80%) : : I e

Previous lines of therapy

*No change in OS and RFS i . ; T aaw

3 14 9 & 64% (35-87)
° 2 2 0/ f ° h d ° =4 12 9 O 75% (43-95)

Previ ! ic SCT
o of patients had prior oS ) !
° No 32 23 72% (53-86)
inotuzumab exposure —— 15 :
No 30 24 O 80% (61-92)

O . . [ Previous inotuzumab ozogamicin

*42% of patients had prior : s .
No 43 31 D 72% (56-85)

Firstrelapse =12 months

allogeneic SCT : . d

No 39 28 72% (55-85)
Primary refractory

Yes 18 14 @ 78% (52-94)
No 37 25 o 68% (50-82)
Relapsed or refractory post SCT*

Yes 24 17 71% (49-87)
No 31 22 I 71% (52-86)
Relapsed or refractory after more than two previous lines of therapy

Yes 43 28 L 65% (49-79)
No 12 11 O— 92% (62-100)

Shah. Lancet. 2021:491-502. 0 10 20 30 40 50 60 70 80 90 100




Take Home Points

*CAR T-cell therapy can provide long-term disease control in ALL.
*Prior blinatumomab exposure does not limit survival data.




Multiple Myeloma




FDA Approved CAR T-cell Products

CARVYKTI ABECMA
Ciltacabtagene autoleucel |decabtagene vicleucel
Adults with R/R multiple myeloma | = Adults with R/R multiple myeloma
after >4 lines of therapy (including after >4 lines of therapy (including

IMID, PI, anti-CD38 MA) IMID, PI, anti-CD38 MA)




Key Trials of BCMA CAR T-cell Products in Multiple Myeloma

CARTITUDE-1 KarMMa-3
Ciltacabtagene autoleucel ldecabtagene vicleucel

* N=97 patients (6 prior therapies) e N=128 (triple class refractory)

° . (0)
| ORR:97% . ORR: 73%
) mPF.S' NI; * CR:33% (79% MRD negative)
) mOS'. NR * mPFS: 8.8 months
* CRS, G3-4: 4% * CRS, G3-4: 5%
* Neurotox, G3-4: 9% * Neurotox, G3-4: 3%

Martin. JCO. 2022: 1265-1274.
Munshi. NEJM. 2021: 384:705-716
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CAR T-cell Therapy Improves HRQoL

Patients (")

100 -

80

(o))
o
1

N
o

20 -

Fatigue

15

46
24

1 BA

61

25

lD1 M12

¥ Improvement B No change

Physical
Pain functioning

11 19
21413 24

35
22
26

44
98

67
61

D1 Mi12 D1 M12

D1 M12

B Deterioration

Cognitive  Global health
functioning  status/Qol

19

46Q 7

34 § 74

D1 M12I

lD1 M12

Disease  Gide effects

symptoms  of treatment
7

11
21 24

14 13

D1 M12l

QLQ-C30

QLQ-MY20

*128 patients who received ide-cel.

*Measured by EORTC-QolL C30 and
EuroQolL 5-dimension 5-level instrument.

*Pre-treatment, patients with RRMM had
worse symptoms and QoL than general
population.

*After ide-cel, there were improvements
in fatigue, pain, functioning, and QolL.
* Median time to improvement: 4 months
*Improvements sustained for 15-18 months

Delforge. Blood Advances. 2022: 1309-1318.
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Take Home Points

*We have another effective treatment option in multiple myeloma — CART!
*CART can improve quality of life in patients with RRMM.
*CART slots are limited.




Monitoring CART Patients in the Community




Long-Term Toxicities

*Cytopenias
*Prolonged cytopenias can be very troublesome.
*May be related to G3-4 CRS and ICANS.
Monitor/transfuse as needed.
*GCSF and other supportive measures OK.

*Infections
*Monitor closely for infections post-CART.
*Prophylactic antimicrobials as needed.

*B-cell aplasia
*Occurred in approximately 15% of patients treated with axi-cel, brexu-cel,
and tisa-cel.

*|f IlgG <400, consider IVIG.

Jain. Blood Advances. 2020: 3776-3/87.
Chakraborty. Transplant Cell Therapy. 2021: 222-229.
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Long-Term Toxicities

*Delayed-onset neurotoxicity

*No driving for 8 weeks post-CART infusion.
*Rare in BCMA CAR:s.

*Secondary malighancies
*Rare (1 patient in ZUMA-1) but probably more common.

Chakraborty. Transplant Cell Therapy. 2021: 222-229.

Uy



Referral for CART

*Refer early for CAR T-cell therapy to allow time for evaluation, collection,
and planning.

*Consider referral for any relapsed/refractory large B-cell lymphoma,
mantle cell ymphoma, acute lymphoblastic leukemia, and multiple
myeloma.

*No age limit for referral.




Future Directions in Cellular Therapy




New Targets for CAR T-cell Therapy

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ||

Tandem Bispecific CAR T Dual Targeted CAR T

GPRC5D-Targeted CAR T Cells for Myeloma e

Sham Mailankody, M.B., B.S., Sean M. Devlin, Ph.D., Jonathan Landa, D.O., Allogeneic CAR T Alternative targets
Karthik Nath, M.B., B.S,, Ph.D., Claudia Diamonte, B.S.N., R.N., O.C.N,, \\
Elizabeth . Carstens, M.D., Douglas Russo, M.S., Romany Auclair, M.D., AN

Lisa Fitzgerald, M.S.N., Briana Cadzin, B.S.N., R.N., Xiuyan Wang, Ph.D.,
Devanjan Sikder, Ph.D., Brigitte Senechal, Ph.D., Vladimir P. Bermudez, Ph.D.,
Terence J. Purdon, M.S., Kinga Hosszu, Ph.D., Devin P. McAvoy, B.S,,

Tasmin Farzana, M.P.H., Elena Mead, M.D., Jessica A. Wilcox, M.D., CD229
Bianca D. Santomasso, M.D., Ph.D., Gunjan L. Shah, M.D., Urvi A. Shah, M.D.,
Neha Korde, M.D., Alexander Lesokhin, M.D., Carlyn R. Tan, M.D.,

Malin Hultcrantz, M.D., Ph.D., Hani Hassoun, M.D., Mikhail Roshal, M.D.,
Filiz Sen, M.D., Ahmet Dogan, M.D., Ph.D., Ola Landgren, M.D., Ph.D.,
Sergio A. Giralt, M.D., Jae H. Park, M.D., Saad Z. Usmani, M.D.,

Isabelle Riviére, Ph.D., Renier . Brentjens, M.D., Ph.D., and Eric L. Smith, M.D., Ph.D.
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New Targets for CAR T-cell Therapy

Progression Free Survival
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Frank. CD22 CAR T Cell Therapy Induces Durable Remissions in Patients with Large B
Baird. Blood. 2021: 2321-2325. Cell Lymphoma Who Relapse after CD19 CAR T Cell Therapy. Tandem 2023.
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Dual Target and Tandem CAR T-cells

ARTICLES

nature.,, .
medicine

https://doi.org/10.1038/541591-021-01436-0

") Check for updates |

OPEN

CART cells with dual targeting of CD19 and CD22

in adult patlents with recurrent or rEfraCtOry B cell 653.MYELOMA: THERAPY, EXCLUDING TRANSPLANTATION | NOVEMBER 13, 2019
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Allogeneic CAR T-cells

*No delays for cell processing.

*Repeat dosing can be given if need be.
*No complex logistics.

*Less product variability.




ADI-001: Allogeneic gamma delta CAR T-cell Therapy for CD20
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CAR T-cell Therapy for Autoimmune Conditions
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Anti-CD19 CAR T cell therapy for refractory
systemic lupus erythematosus
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Systemic lupus erythematosus (SLE) is a life-threatening autoimmune disease characterized by adaptive immune system
activation, formation of double-stranded DNA autoantibodies and organ inflammation. Five patients with SLE (four women
and one man) with a median (range) age of 22 (6) years, median (range) disease duration of 4 (8) years and active disease
(median (range) SLE disease activity index Systemic Lupus Erythematosus Disease Activity Index: 16 (8)) refractory to several
immunosuppressive drug treatments were enrolled in a compassionate-use chimeric antigen receptor (CAR) T cell program.
Autologous T cells from patients with SLE were transduced with a lentiviral anti-CD19 CAR vector, expanded and reinfused at a
dose of 1xX10° CAR T cells per kg body weight into the patients after lymphodepletion with fludarabine and cyclophosphamide.
CAR T cells expanded in vivo, led to deep depletion of B cells, improvement of clinical symptoms and normalization of labora-
tory parameters including seroconversion of anti-double-stranded DNA antibodies. Remission of SLE according to DORIS cri-
teria was achieved in all five patients after 3 months and the median (range) Systemic Lupus Erythematosus Disease Activity
Index score after 3 months was 0 (2). Drug-free remission was maintained during longer follow-up (median (range) of 8 (12)
months after CAR T cell administration) and even after the reappearance of B cells, which was observed after a mean (+s.d.)
of 110 + 32d after CAR T cell treatment. Reappearing B cells were naive and showed non-class-switched B cell receptors. CAR
T cell treatment was well tolerated with only mild cytokine-release syndrome. These data suggest that CD19 CAR T cell transfer
is feasible, tolerable and highly effective in SLE.




CAR T-cell Therapy Frontline

*ZUMA-23 (NCT05605899)
*Axicabtagene ciloleucel vs SOC (R-CHOP or DA-EPOCH-R)
*Currently enrolling




Emily Whitehead

https://emilywhiteheadfoundation.org/
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Thank you!

Clark Alsfeld, MD
Ochsner Health
Leonard.Alsfeld@ochsner.org

@]|calsfeld
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