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US FDA-approved

August 2017: ped. and AYA B-ALL

NDC 0078-0846-19

tisagenleCIeuceI Human T-Cells Rxonly

Suspension for IV infusion

J KYM p I Q I_‘m Cultured, genetically modified

For autologous use only

Target Total Volume 10mL-50mL per bag Dispense with Medication Guide
Dosage: See prescribing information.

Contains 2 x 10%to 2.5 x 107 CAR-positive viable T cells

Cryopreserved in: 31,25% (v/v) of Plasma-Lyte A, 31.25% (v/v) of 5% Dextrose/0.45%
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CAR T cell products for B-ALL

Oct 2021: adult B-ALL
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Phase Il ZUMA-3: Brexucabtagene Autoleucel

for Adults With Relapsed/Refractory ALL

Leukapheresis Conditioning Chemotherapy CAR T-Cells
[
R Nl Fludarabine 25 mg/m?2 IV on Days -4, -3 and -2 + Brexucabtagene
- 5 autoleucel
cell ALL and BM Cyclophosphamide 900 mg/m# IV on Day -2 c
— _ 1 x 10° cells/kg, Day O
blasts >5%* (n=57)

(n =55)

(N = 71)

*Prior blinatumomab permitted.

Median relapse-free survival
(95% Cl), months

100 - All Treated Patients (N = 55) — Patientswith CRor CRi (n=39)  14-2 (11-6-NE)
= CRS: grade >3 249 — Patients without CR or CRi (n=16) 0.0 (NE-NE)
70.9% CR/CRi ’ — All treated patients (N=55) 11.6 (2-7-15:5)
X 80 - _ _
- (n=39) = ICANS: grade 23, 25%
& = CR .
o ) CRi ® 804
o MRD- No response ; 60 -
= neg ¥ Unknown/not 0 -
= 40 - = -
g evaluable 5 40 _ 0
o 16.4% 2 | 5
0 7.3% -9 © 204
3 20 - (n = 4) (n=9) 5.5%
14.5% CRi (n=3) 0 — T T T T T T T T T T T T T T T T

(n:8) O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0 T T _—l Time since KTE-X19 infusion (months)

CR/CRi BFBM No ResponseUnknown/Not Evaluable Shah. Lancet. 2021




CTLO19 for r/r adult B-ALL (single center trial UPenn)

Cohort
Outcome All (N = 35) HDS (n = 6) LD (n=9) HDF (n = 20) P?
Day 28 response All
CR 24 (69) 3 (50) 3(33) 18 (90) .0038 MRD-
NR 11 (31) 3 (50) 6 (67) 2 (10) neg
Median survival, months (95% CI)
0S 19.1 (6.2 to NE) 3.4 (0.2 to NE) 5.7 (0.3 10 25.4) Not reached .0030
EFS b6 (2.210 19.4) 2.1 (0.2 to NE) 09 (0.3 t05.4) 19.4 (5.1 to NE) .0003
Two-year survival rate, % (95% ClI)
0S 47 (28 to 63) 17 (0.8 to 52) 22 (3 to b1) 73 (46 to 88)
EFS 31 (15 to 49) 17 (0.8 to 52) 0 (0 to 33)° 495 (21 to 73)
CRS grade 4/5 6(17) 3 (50) 2 (22) 1(5) .0170
OS by Cohort EFS by Cohort
= | — k —— HDF
E 0.8 _-'I'i [T | | | 1 1 | g 0.8 -i: - -~ HDS
‘B e L T T T T 1 e . ,,,,,, LD
S 7 _ a
= e el S E +—+ P =.0003
= 0.4 ---- HDS LR HE L
- I TTTTE b A | i :
S Bl fiote st + v I tohtoiobvintieiieiieiiie et +
P=.003 L
0-0 7 1 | 1 I 1 I | I 0-0 7 1 | 1 | 1 | 1 I
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48

Frey N., JCO, 2020

Time Since Infusion (months)

Time Since Infusion (months)



Building Upon the Success of CART19

Ped. and AYA B-cell Acute Lymph. Leukemia Adult B-cell Acute Lymph. Leukemia
(ELIANA) (ZUMA-3)
(95% Cl), months
1.0 — Patients with CR or CRi (n=39) 14-2 (11-6-NE)
NR= . NR= —— Patients without CR or CRi (n=16)  0-0 (NE-NE)
~10% 7 ~30% — All treated patients (N=55) 11.6 (2.7-155)
0.8 100
0.7
Relapse= E - Relapse= S 80-
~40% | ~40% | g 49%@3_0
0.5 2
S 604
0.4 5
0.2 § )
E 20
0.14
0.0 . [ u T | | | | | | 1 0 T T T T T T | T T T T T T T T T |
0 2 4 6 8 10 12 14 16 18 20 22 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Time since KTE-X19 infusion (months)

Maude SL, NEJM, 2018

Shah BD, Lancet, 2021
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Causes of Failure of CART19 Immunotherapy

Pre-infusion CART dys
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Extrinsic apoptosis and CART outcomes in ALL

== All subjects

Pediatric B-ALL trial (ELIANA)

= High score
= | OW score

_ 100~
. A . S : = .Ll_lu_-_l n= 21 ]
MRNA expression of positive 'E . i P < 0.0001
. . . S 75 -+ me s m a 1= 27
regulators of the extrinsic apoptotic 2
= ]
pathway T 501
a CR NR 5 7
= 251
RIPK1 . , =6  _
v TRADD 1) : !
S|  TNFRSF10A . N
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@ FAF1 Ef 1
5 FAS El 0
S. CASP10 I - -1 CART expansion CART persistence
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d RIPK3 L U 3
- TNFRSF9 I i m - P=0.0391 _ P =0.0003
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g TNFRSFE(I)B .r i M 5 300,000 . £ 8007 v
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Singh N., Lee YG, Cancer Discov, 2020 score  score score  score



Impact of the gut microbiota on CART outcomes

Pre-CART exposure to: Stool microbiome
*Piperacillin/tazobactam sequencing:
y I m I p enem /C I l as t at I n Low Ruminococcus abundance
° M ero p enem 60 High Ruminococcus abundance
> ; ;
Not exposed Exposed E 40 -
z | |
§ 1T % E | |
Sl oS S 20+ | |
o | |
. | o ____-.!|||-I|I||-|.L-I-_|| |
~ | | | I I
B 0 0.25 0.50 0.75 1.00
E Predicted probablity of day 100 complete response
g g Low Bacteroides abundance
a 60 — High Bacteroides abundance
. = ' :
= : i
5 | |
) — g N i |II|||||
I I 1 I I o :
0 6 12 18 24 Ill I
N. at risk Months 0 - _-__-II | |
\ \ I

| |
0 0.25 0.50 0.75 1.00

Predicted probability of toxicity

183 144 99 69 46

Smith M. et al, Nat Med, 2022



CD19-Negative Escape after CART19 in B-ALL

CD19 CAR

CD19-Negative

Relapse Rate, % (n/N) Relapse Rate, % (n/N)

Phase Population

Construct

Children’s Hospital

of Philadelphia | Pediatric ~ FMC63-4-1BB-( 36 (20/55) 24 (13/55) 65%
ELIANA I Pediatric  FMC63-4-1BB-C 33 (20/61) 25 (15/61)

Seattle Children’s I Pediatric FMC63-CD28-( 45 (18/40) 18 (7/40) 39%
NCI | Pediatric ~ FMC63-4-1BB-( 29 (8/28) 18 (5/28) 63%
MSKCC | Adult SJ25C1-CD28-( 57 (25/44) 9 (4/44) 16%
FHCRC | Adult FMC63-4-1BB-{ 31 (9/29) 7 (2/29) 22%
ZUMA-3 [l Adult FMC63-CD28-( 3/6

= Long-term outcomes confounded across trials by differing HCT use and other unique practices
following CAR T-cell therapy

= True incidence of CD19+ and CD19- relapse unknown

Schultz. ASH 2019. Abstr 744, Slide credit: clinicaloptions.com




CAR19+ B-ALL: relapse by epitope-masking

Anti-CAR19

CAR T Cell
2
o
<
&)

Anti-CAR19
CAR

o
-
(@]
o CAR19ﬁ CD19

CAR19+
Ruella M, Nat Med, 2018 B-ALL \

Ruella M, Blood, 2019



NCI CART22 trial
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CART22 Clinical Trial in B-ALL (PI: Frey and Grupp)

Pediatric At month 2, 4/8 (50%) Adult
of patients were in CR
= NR
01 CR 02
u Relapse
02 MRD+ - MRD+ 073
04 MRD+ MRD-
! > | —
*06 0 1 2 3
months
08
| = cART22 infusion
0 1 2 3 4 5 6 7
months * = dose not reached

Singh N., Nat Med, 2021 No CD22-negative leukemia progression was observed



BLI (p/sec)

Primary B-ALL model

Short CART22 (65s) is superior than long CART22 in vivo

9 uD
* CART22 long
Tumor burden T cell expansion in the PB
(luminescence) 9~ CART22 short (flow cytometry)
11 o
10 300 - *%
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i -4 200+
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o
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* = 100+ ‘
10°1 A
‘I A 2
5
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Days

Singh N., Nat Med, 2021



huCART19 + CART22-65s for Adults with Rel/Ref ALL:

Day-1 DayO: [ Day1l: [ Day2: Day 28
Lvmohodebpletion 10% CART19 LI 30% CART19 60% CART19 Response
10% CART22 [| 30% CART22 [| 60% CART22 Assessment
4 4

| |
Fractionated Dosing:
Doses held for Early CRS

Patient characteristics

Age median (range) 46 (28-72)
Median prior lines of therapy (range) 4 (2-7)

Prior inotuzumab 8/13 (62%)
Prior blinatumomab 8/13 (62%)
Prior CART19 2/13 (15%)
Prior allogeneic SCT 10/13 (77%)

Philadelphia Chromosome + 3/13 (23%) Frey N. ASH, 2021



Pooled CART19 + CART22: responses

CART19 and CART22: (N=13) - 0000000oo]
+ 13pisinfused ]
 1Lpts evaluable D28 —
" e MRD) ]
85% .CR
I S B
Med follow up 1.8 mo: ;I N -
+ One ptwith molecular 5| [ H
10 with ongoing | I
CRIER E— ® oes
] b
0 200 400 600

Frey N ASH, 2021 DAYS FROM CARTs



Dual CART19/22

Dual (or bi-) CART
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Mechanisms of CD19-targeted therapy resistance

Convergence of acquired mutations and

alternative splicing of CD19
(Sotillo, 2015; Orlando EJ, Nat Med, 2018)

Predicted protein products for CD19 isoforms Transdifferentiation

CD19-FL CD19 Aex2 CD19 Aex5-6

(Gardner, 2016, Oberley Mj, 2018)

S-S Disulfide bonds
@ Glycosylation sites




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 ——— 62% (41-80)
40-64 21 15 & 71% (48-89)
=65 8 3 —_—e 100% (63-100)
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)
CNS-2 5 4 ° 80% (28-99)
D19 lymphoblast baseline category, %
=95 41 29 —_— 71% (54-84)
<95 1 9 —— 75% (43-95)
Blasts in bone marrow at baseline, %
0-5 5 4 @ 80%(28-99)
>5-25 10 9 —_— 909% (55-100)
>25-50 11 10 —_—— 91% (59-100)
>50-75 10 8 _ 80% (44-97)
>75-100 19 8 —_— 42% (20-67)
Philadelphia chromesome
Yes 15 12 e 80% (52-96)
No 40 27 — o — 68% (51-81)
Previous lines of therapy
1 10 9 1l o 90% (55-100)
2 19 12 — 63% (38-84)
3 14 9 —_— 64% (35-87)
=4 12 9 —— 75% (43-95)
Previous allogeneic SCT
Yes pL] 16 —_—— 70% (47-87)
No 32 23 »—— 72% (53-86)
Previous blinatumomab
Yes 25 15 —_— 60% (39-79)
No 30 24 — ! e 80% (61-92)
Previous inotuzumab ozogamicin
Yes 12 8 — 67% (35-90)
No 43 31 —_— 72% (56-85)
First relapse <12 months
Yes 16 1 _ 69% (41-89)
No 39 28 —_—, 72% (55-85)
Primary refractory
Yes 18 14 —_— 78% (52-94)
No 37 25 —_— 68% (50-82)
Relapsed or refractory post SCT*
Yes 24 17 —_— 71% (49-87)
No 31 22 R —— — 71% (52-86)
Relapsed or refractory after more than two previous lines of therapy
Yes 43 28 —_— 65% (49-79)
No 1 11 — e 92% (62-100)
0 10 20 30 40 50 60 70 80 90 100

Figure 2: Subgroup analyses of overall CR or CRi rate for baseline and clinical covariates based on central assessment




Post-CAR HSCT in Adult ALL

CTLO19 in Adult ALL at UPenn (N = 35) 19287 adult ALL at MSK (N = 53)

Landmark Analysis for OS Landmark Analysis for EFS . 1.0-
by Subsequent Allogeneic HSCT by Subsequent Allogeneic HSCT <]f:) '
1.0 bt i i i 1.01—l-| s . . o L|>J < 0.84
0.8- 'I.I 0.8- e — : = = = 06
8 0.6 = : : 0.6+ 50—“—,) '
0.4 W 0.4+ - = 4 047 No HSCT
0.2, _ —HSCT 0.2- — HSCT R 0.2- = I
odP =09 —NoHSCT ] P=.29 — No HSCT g &0 o= 64
52 12 18 24 30 36 42 4 52 12 18 24 30 36 42 48 a 0 T T T T T T
Time Since Infusion (months) Time Since Infusion (months) 0 1I\C;I0ntﬁg singcc()a T-c?gll infsuosionGO
38% of responding pts proceeded to alloHSCT
0.757 19BBz Adult ALL at FHRC (N = 53)
o , Multivariable Analysis
> 9550 Variable
= 2 b HR 95% CI
- 0
2T - ' LDH prelymphodepletion
= Non-relapse mortalit prelymp P )
E 'S o.25 | i 4 (per 100 U/L increment) .59 1.11-1.73 .004
O - Relapse i
Platelets prelymphodepletion )
044 | | | | | (per 50,000/uL increment) 0.74 0.53-1.08 .069
o6 12 18 24 30 Fludarabine added to
Time after allogeneic HCT (months) lymphodepletion 0.25 0.15-0.78 .003
HCT after CAR T-cell therapy 0.39 0.13-1.15 .088

~40% of responding pts proceeded to allo-HSCT

Park. NEJM. 2018;378:449. Hay. Blood. 2019;133:1652. Frey. JCO. 2019;38:415.



ASH 2021: Consolidation Allogeneic HCT Following CART Therapy

= Retrospective analysis of outcomes in patients who received consolidation allogeneic
hematopoietic cell transplantation post-CD19 CAR T-cell therapy (N = 347)

Any Transplant: Transplant as Consolidation
4.0 4.0
P=.02 —— No HCT following CAR T
S 30- 319 4 3.0
R i P=.51 P=.06 P=.04
2 20- - 2.0
o 1.86 1.78
d .
© :
-né 1.0 1.08 : 1.02 1.0
o : 0.94
S : 0.75
) :
T 0.5- 0.46 037 [ 0.5
: 0.31
: 0.20
0.0 ' o1 loo
Overall Overall Disease-free  Leukemia

Mortality Mortality Survival Relapse
Park. ASH 2021. Abstr 3880.



Toxicity and CART dynamics in the blood

CART22-65s persistence

CRS 3 3 0 0

ICANS 0 1 0 1

« 4 patients received tocilizumab
« 3 patients received corticosteroids

huCART19 persistence

1000000

Median (range) Days E

to Peak Expansion o

o

CART22-65s 16 (7-28) 8
huCART19 9 (5-21)

Frey N. ASH, 2021



ELIANA: Tisagenlecleucel in Children and Young Adults

With R/R B-ALL

* International, open-label, single-arm phase Il study (N

= 92) EFS and OS
. . 1.0 -
— Patients aged 3-21 yr with relapsed or refractory B-cell
ALL
0.8 A 05
— Patients underwent lymphodepletion with fludarabine +
cyclophosphamide followed by single-dose Z 06
tisagenlecleucel S
© EFS
— At baseline: median number of prior therapies, 3; prior © 04 A
allogeneic SCT, 46%; median BM blast count at time of Q. Patients, Events, Median
treatment, 74% n n Survival, Mo
0.2 1 ’
os 75 19 19.1
= ORR at 3 mo: 81% EFS 75 27  Not reached
0

0 2 4 6 8 10 12 14 16 18 20 22

Outcome, % Mo 6 Mo 12

Mo Since Infusion
0S 90 76
Event-free survival 73 50

Maude. NEJM. 2018;378:439.



CD19-Targeted CAR (AUTO1) for R/R Adult B-ALL

Day 0 Day 9
B'\</' ;(')f/s‘ts If‘> Infuse 100 x 10 If‘> Infuse 310 x 10 K19 :
s CD19 CAR T cells CD19 CAR T cells 323 X:
Day 0 DEIAC) 8’
P86 =) : :
B'\:' Zb(')i/s‘ts Infuse 10 x 106 Infuse 400 x 106 Pas ro* X
i CD19 CART cells CD19 CART cells A D36 o
S V36 ¢ i
No Gr 3-5 CRS/ICANS S o * X
©
o P70 PO OG- AN SN
75% >20% blasts received 410 x 10° cells; 25% received 10 x 106 cells Vegi . .
due to ongoing grade 1 CRS at D10. C17 :
) V69 ~{ubmbmmm
Parameter, % Patients (N = 20) C51 .
S85 -1 X:
Prior blinatumomab 25 R e e e e s e AR S S—
Prior i b 50 0O 3 6 9 12 15 18 21 24 30 36 48
rior inotuzuma Duration (months)
Prior HSCT 65 M Complete response CD19-negative relapse * Allo-SCT
M Not evaluable B CD19-negative relapse X Death
BM blasts before LD chemo ¥ MRD-negative CR (PCR or flow) CD19-negative MRD level relapse
<5% blasts 35 B Ongoing disease
5-49% blasts 20 = 13% of responders proceeded to alloHSCT
250% at T cell infusion 45 = EFSat6and 12 mo: 68% and 48% O]

Roddie. JCO. 2021;39:3352. Slide credit: clinicaloptions.com




Strategies to overcome antigen-escape

Single CART Pooled CART Dual CART Tandem CART

N
y N y N N & N ¥ v y : ¥
M 1 y v 1 N
N N
4th GEN CART Combinations
N
¥ = anti-X scFV v ¥ Ay Yy
¥ =anti-Y scrFV »* : v + ¥
vy ¥ v
B . R A [\ 9 v ]
¥ =anti-CD3 scFV v

Adapted from Ruella M. CHMR, 2016



