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Key anti-CD19 CAR-T cell therapy trials

Elianal? CIBMTR3 use
(N=75) (N=249) (N=76)

CAR-T cell agent Tisagenleucel Tisagenleucel Brexucabtagene Brexucabtagene
Study phase Il Il | Il
Co-Stimolatory 4-1BB 4-1BB CD28 CD28

domain

Study population Pediatric/young Pediatric/young Adults R/R B-ALL Adults R/R B-ALL

adults (<26y) adults (<26y)

CR, % MRD negative 81 85 Overall 71 MRD negative 83

0S, % 55 (at 5 years) 77 (at 1 year) 59 (at 2 years) 87 (at 6-month)

EFS, % 42 (at 5 years) 52 (at 1 year) 40 (at 2 years) 59 (at 6-month)

FDA Approved 2017 FDA Approved 2021

1 Maude et al. NEJM 2018; 2 Rives et al. EHA HemaSphere 2022; 3 Pasquini MC, et al. Blood Advances 2020; 4 Shah et al. Lancet 2021; 5 Shah et al. J Clin Oncol 40:7010, 2022;
Roloff G et al. JCO 2023



CHIMERIC ANTIGEN RECEPTOR T-CELL THERAPY

IN ADULTS WITH B-CELL ACUTE LYMPHOBLASTIC LEUKEMIA

What is the efficacy of CAR-T therapy in adults with relapsed and refractory B-ALL
Methods Data sources
Systematic review of interventional studies with predominantly adult patients — 16 studies
with B-ALL treated with CAR-T therapy 489 patients
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Punita Grover et al. Blood Adv, 2022



CAR-T in ALL
only a bridge to alloHSCT?
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EFS probability

QS probability

HCT may improve EFS following CD19 CAR in some published studies
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Long-Term outcomes with CAR-T cells in adults with R/R B-ALL

E Event-free Survival, According to HSCT Status

gon *  Role of HCT after CAR-T is controversial,

$ : .
S os especially in adults
@
= —
S 06
oo . . .
zg 04  NoHsCT — * In adults patients the risk/benefit of
g 0z T alloHSCT is less clear given the increased risk
B R S VR of non-relapse death following transplants
Months since T-Cell Infusion
Norat Risk * Neither trial demonstrated an obvious
Mo HSCT 16 7 3 2 1 0 0 . . .
HSCT 15 5 4 3 3 2 1 survival benefit to alloHSCT following CAR T
cell therapy

JH Park et al. N Engl J Med 2018;378:449-459.



34 edition
Unmet challenges in high risk hematological
malignancies: from benchside to clinical practice

How to best predict long-term response after CAR-T?
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Pre-infusion factors impacting relapse immunophenotype
following CD19 CART cells

- High pre-infusion TB

- Non-CNS active extramedullary
disease

- Blinatumomab non-response

- CD19/ 28t CAR construct

- KMT2A rearrangement

» Lack of persistence
* Immune rejection
* Exhaustion

* Disease heterogeneity
* Splice variant
= Antigen modulation

| E—

* Disease heterogeneity
* Disease plasticity

Lineage
§ Switch §

Lamble AJ et al.:, Blood Advances2022; Myers RM et al, Blood 2023; Shah NN et al. J Clin Oncol 2021; Schultz LM, et

al. J Clin Oncol. 2022 ; Kadauke S J Clin Oncol 2021



EFS probability

3" edition
Unmet challenges in high risk hematological

malignancies: from benchside to clinical practice

1.0 1 — MRD = 0, B-cell aplasia
— MRD > 0, B-cell aplasia
08 ~—— MRD = 0, B-cell recovery
= — MRD > 0, B-cell recovery
0.6
0.4 +
0.2 4
0.0 +

T T
0 10 20 30 40
Months after infusion

Pulsipher et al. Blood Cancer Discovery 2022

Turin, September 21-22, 2023
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Combined model of B cell aplasia >1 year and NGS MRD

BM-NGS MRD is the best biomarker for risk of
relapse at any time throughout the first year

B cell aplasia during the first year is also a strong
biomarker

Pts who lose B-cell aplasia <6 months or develop
NGS-MRD>0 on BM are at high risk of relapse
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How to approach alloHSCT after CAR-T

S : Post-infusion Risk Factors
Frwihmion Risk Kertors (for those achieving CR/CRi)
High Risk (EFS 10-30%) Consider
* =5% blasts pre-infusion o Postinfusion
s Blinanon-response |\ % consolidative HSCT"
N ¢ (pre-emptive)
4 \,/ * Initiate donor work-up |
! X S = ==
[ ! \ : . _
I i \ mmm
PR, | | _— \‘\, X ¢ Consolidative
1 Potential Risk Factors \ ' Post-CAR Monitoring / ry High Risk < HSCT ASAP"
| KMT2Ar 3 X * NGS-MRD / | Day +28, NGS-MRD"* * CAR Tecell
* CD19%" expression’ * RQ-PCR" + 3 month, NGS-MRD" i
\_* Non-CNS EMD® ! + BCA monitoring * Loss of BCA prior to 6 Adtaihative CART
_____ | (e e months Ce" lnfuslon
[ * Other
1 experiemental
t strategies*™*
+ /
,/:,s/NGS-MRD-
Standard Risk (EFS >50%) ~~or RQ-PCR")

o <5% blasts pre-infusion — * Ongoing BCA

& No other risk factors

...however, no trial was designed to answer the question whether transplantation after CAR-

Tis needed
Myers et al. Blood 2023
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CAR-T: will be next gen more durable?
Ongoing trials are evaluating:

- novel CD19 constructs

- allogeneic off-the shelf CAR-T therapies
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Durable Responses and Low Toxicity After Fast Off-Rate CD19 Chimeric Antigen
Receptor-T Therapy in Adults With Relapsed or Refractory B-Cell ALL

Baseline Characteristic n=20
Sex, No. (%)
Female 7 (35) | CAT CAR manufacturing l
MEl 13 (65) Leucapheresis or enrollment CAT CAR infusion zg:;:;::::f
Median age, years (range) 41.5 (18-62)
Chromosomal or molecular status, No. (%) Bridging therapy as Safety and efficacy
necessary Follow-up
Ph+ (bcr-abl) 6 (30) ‘ @
MLL 1 (5) Registration Preconditioning
Flu 30mg/m? | | |
Others 8 (40) Cy 60 mg/kg |
Normal 4 (20)

Day 0 Day 9

Failed 1(5) BM blasts < 20% ﬁ> Infuse 100 x 10° CD19 CAR T cells @> Infuse 310 x 106 CD19 CAR T cells

Previous treatment

o Day 0 Day 9
Median previous lines (range) 3 2.6) BM blasts > 20% Infuse 10 x 10° CD19 CAR T cells ﬁ> Infuse 400 x 10° CD19 CAR T cells
p g A
Inotuzumab ozogamicin exposure, No. (%) 10 (50) ALLCAR19 (NCT02935257) No G3-5 CRS/ICANS
Blinatumomab exposure, No. (%) 5 (25)
Previous allo-SCT, No. (%) 13 (65)

Roddie C et al.: Journal of Clinical Oncology 39:3352-3363. 2021



Durable Responses and Low Toxicity After Fast Off-Rate CD19 Chimeric Antigen
Receptor-T Therapy in Adults With Relapsed or Refractory B-Cell ALL

Patient ID
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AAAAAAAA

1 1.00
1.00 —— Morph. only
—— Morph. or mol.
0.75 4 0.75
i . - o =~ 0.50 |
ridd — — = »
w o
0.25 0.25
T T T T T . . . . . .
0 6 12 18 24 30 0 6 12 18 24 30 36
Time (months) Time (months)
N risk: No. isk:
Morph. only 20 12 6 5 3 20 13 1 8 5 1

Roddie C et al.: Journal of Clinical Oncology 39:3352-3363. 2021
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Next-day manufacture of a novel anti-CD19 CAR-T therapy for B-ALL: first-in-human

clinical study

Clinical outcome
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Yang J et al.: Blood Cancer Journal (2022) 12:104 ; https://doi.org/10.1038/s41408-022-00694-6



Co-administration of CD19- and CD22-Directed CAR-T Cell Therapy in Childhood B-Cell
ALL: A Single-Arm, Multicenter, Phase Il Trial

Results

* Patients registered (N = 232); infused (N= 225); achieving CR (N= 192);
* Patients consolidated with transplant (N= 78) (due to KMT2A rearrangement, (n = 22), ZNF384 fusion (n = 2), parent request (n = 54)

80 80
e 60+ S 60
- °=
s 3
W a0 40
+ Time of censoring + Time of censoring
20 A Transplant 20 A Transplant
No transplant No transplant
T T T T T T T T T T T T T T T T
0 4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28 32
Time Since Date of Infusion (months) Time Since Date of Infusion (months)
No. at risk No. at risk
(No. censored): (No. censored):
Transplant 78(0) 77(0) 66(2) 50(16) 34(32) 24(42) 15(51) 10(56) 1(65) Transplant 78(0) 77(0) 71(2) 54(18) 35(35) 25(45) 15(55) 10(60) 1 (69)

No transplant* 194 (0) 104 (72) 64(97) 39(119) 29(126) 18(137) 11(144) 4(151) 0(155) No transplant* 194 (0) 120(72) 86(98) 55(124) 42(136) 26 (151) 15(162) 5(172) 0(177)

Wang T et al.: JCO 2022 DOI https://doi. org/10.1200/1C0.22. 01214



Off-the-shelf genome-editing allogeneic anti-CD19 CAR-T: UCART

» 25 patients of median age 37 years

(IQR 28-45)
- ) « Two (8%) patients developed grade 1

ﬁjm | 15 acute cutaneous graft-versus-host
s - disease

)

‘\t « CR/CRIi rate: 12 out of 25 (48%)

el /{X CD52

“'x'*xw’\’ 4185 - After a median of follow-up of 12.8

28 Actvation and months, overall response rate was 48%

co-stimulatory
domains

 Median PFS was 2.1 months and OS
was 13.4 months

R. Benjamin, Lancet Hematol 2022



Allogeneic, Donor-Derived, Second-Generation, CD19-CAR-T Cells for the Treatment of Pediatric
Relapsed/Refractory B-Cell-Precursor Acute Lymphoblastic Leukemia (BCP-ALL)

Background. Autologous CD19.CAR-T cells have non-negligible
limitations, including:

® Manufacturing issues (particularly in patients with profound

lymphopenia); “
. _ . Rz
e Potential blast contamination of the apheretic product;
* Limited persistence after infusion. w IU >

Patients and Methods

A B O

THUNR
e

CD19-CAR-Retro_ALLO:

* Retroviral construct including the
suicide gene inducible caspase-9;

* Manual manufacturing;

* Cryopreserved, bulky apheresis as
starting material;

e Cryopreserved final product.

CD19-CAR-Lenti_ALLO:
\ ® Lentiviral construct;
* Automated, Prodigy®-based,
manufacturing process;
¢ Fresh apheresis and CD4*/CD8&"
selected T cells as starting material;
e Fresh final product.

13 children/young adults received allogeneic
donor-derived 2nd generation (4.1BB)
CD19.CAR T cells generated using 2 different
constructs and manufacturing processes

Outcomes l‘
13 patients treated: b
« 3 CD19-CAR-Retro ALLO A

« 10 CD19-CAR-Lenti_ALLO f

!

*» 13/13 patients: MRD-negative CR in the
BM at day +14
* 5/6 patients: CR at EM sites at day +28

l

3 patients received alloHSCT after ALLO-CAR T cells:
* 2 as first alloHSCT
» 1 as second alloHSCT

5 relapses: 8/13 patients maintain CR

= 4 isolated EM relapses (median follow-up: 12
« 1 isolated BM relapse months, range 5-21)

Conclusion: Allogeneic anti-CD19 CAR-T cells can be successfully generated to effectively treat refractory BCP-ALL relapsing
after allogeneic stem cell transplantation, without increased toxicity as compared to autologous CAR-T cells.

Del Bufalo et al. Blood 2023



Phase I/lla trial with SB-engineered CARCIK-CD19 in B-ALL post HSCT

Multicenter Dose Escalation Study FTO1CARCIK (NCT03389035) and compassionate use FTO2CARCIK
Enrolling in ASST-Monza and ASST-Bergamo, IT
Manufactured in-house

SB plasmids »  IR/DR MNDU3/p  CD19.CAR (2175bp) IR/DR

¢ [T T 1m—P
stimulation SCFVCD19  CD28 OX40 Z chain pA
. 0 antl-CD3
HSC donor SB11 tra‘nsposase
eieclroporaﬂon cmv/p R
—_— : imadiated PBMG - @ DNA-recognition catalytic domain pPA
50 ml PB cell expansion
| infusion _
* CAR T expansion
release L | toxicity

freezing - thawing 4 anti-leukemic activity

lymphodepletion
- ymp P - —_—

B-ALL patient in relapse after HSCT

Magnani CF, J Clin Invest. 2020 Nov 2;130(11):6021-6033



Response data

12
Months
[
) .
PUCIO20007 27 (1 o
PUCLO20006 26 > ¥ ::"“'"
1020005 () H Lo o
:zlozm ;i : - @ © Inoturumab 1 0 -
puCH 2 5 1 © Blinstumomab
puctozooor 22 [ - 9 Fonsunte Low Doses (G pts!ﬁ events}
- J CARCIK second Infusion

1021020027 21 = & O Co15 ugitve revss 08 — High Doses (21 pts/13 events)
1021020023 20 ‘ O Ot sieice ritagse
1021020022 19 J » © Molecular Relapse
1021020021 18 |} @ IO @ [ No Response 06
1021020020 17 ' l Complete Response Molecular level -
1021020019 16 [H{TDo v . 1 Complete Response 0
1021020018 15 | © - o
1021020016 14 - | 044
1021020015 13 |f] O3 b ®
1021020014 12 On
1021020013 11 |} & 024
1021020011 10 Dose level & -
1021020010 9 | S 2
1011010005 8 Years from infusion
1011010003 7 Dose bevel 3 0.0 1 18 1

1011020004 6 [ 1 ;. 0 ! 5 3

1021020007 5 i{e o, -

1021020004 ¢ 100 = ‘ Ouse el 2 At risk:
1021020002 3 | |
1021020001 2 |17 s jii 0 Low doses 6 1 1 1
1011010001 1 | | Dose level 1 Hgn doses 21 g 4
012345658 H 2 15 18 2 24 27 0 33 3% 39 4 45 48 S

Months after Infusion

* Secondary GvHD was not observed

CR: 77% of patients treated with the 2 highest doses (MRD neg 81%)
Lussana F. et al. ASH 2022
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Arrival of CAR-T for T-ALL




A. Fratricide

C. Product
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Ren, A.; Tong, X.; Xu, N.; Zhang, T.; Zhou, F.; Zhu, H. Vaccines 2023

Thee major challenges for CAR-T cell therapy in T-ALL

B. T-cell aplasia



Donor-Derived CD7 Chimeric Antigen Receptor T Cells for T-Cell Acute Lymphoblastic
Leukemia: First-in-Human, Phase | Trial

Design Safety
AE Grade 1 Grade 2 Grade 3 Grade 4
* To minimize CD7 CAR T-cell-mediated fratricide, a CRS
CD7-targeting CAR construct using IntraBlock Total score 00 8609 16 16
technology, which prevents CD7 cell surface :\:;rxia 28 — 2(40) ?<5> 2(5)
eXpreSSiOn Hypotension 0 0 2 (10) 0
ICANS
* Anti-CD7 CART cells, manufactured from either Total score 315  © 0 0
previous stem-cell transplantation donors or new 'S’E - 2”5) 2 2 2
donors, to patients with r/r T-ALL S:zrjzse - . . . .
Motor weakness 0 0 0 0
* Single infusions at doses of 5 x 10> or 1 x 10° (+30%) Elevated ICP or cerebral edema 0 0 0 0
cells per kilogram of body weight GVHD
Total score 11 (55) 1) 0 0
Skin 12 (60) 0 0 0
* The primary end point was safety with efficacy or 5 G 5 5
secondary Intestinal 0 0 0 0

Pang J et al.: Journal of Clinical Oncology 39, no. 30 (October 20, 2021) 3340-3351
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Donor-Derived CD7 Chimeric Antigen Receptor T Cells for T-Cell Acute Lymphoblastic

Leukemia: First-in-Human, Phase | Trial

o Q
22 &
: : S 1
* Ninety percent achieved CR, 58 2
. . > — 3
including 85% (n = 17) who g | cor
. } S xR ______ -~
achieved MRD-negative CR by o
8
day 15 5o o
S §~ 10
. 1h
* At amedian follow-up of 6.3 22 1
months, 75% of patients R e
. . .. &~ 5
remained in remission 2 o -
5=
. 8 i_?l 12 =»:;t:\é(,ewdDiz)ease —> On follow-up
* CART cells were still detectable 32 ™ = CF postSCT "% Retpse
. . . . =55 B CR, MRD" (BM and/or EMDs) S scT
in five of five patients assessed o B Objoctve resanse (MRD- CO7 Loss of CD7 on basts
in BM and CSF, and reduction ~ — Terminate follow-up
in month 6, postinfusion. ] : . , i ENDS | rmewneny.
0 50 100 150 200 250 300

Days Since CAR T-Cell Infusion

Pang J et al.: Journal of Clinical Oncology 39, no. 30 (October 20, 2021) 3340-3351



Base-Edited CAR7 T Cells
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Base-Edited CAR7 T Cells for Relapsed
T-Cell Acute Lymphohlastlc Leukemia

Raobert Chiesa, M 0, Christos Ger

Folane PrfPf-—.PII D
Jan Chi, M:Sc rka Kubat, B.Sc., Stuart Ad
Rebecca Thom; h.0 ly Gilmour. Ph.D,. David O'C
Ajay Vora, M.B., BS and Waseerm Qasim, M.B. BS5., PhD_
tor the Base-Edited CAR T Group®

ABSTRACT

BALKEROUND

Cyridine deaminarion thar is guidad by clustered regularly interspaced short pal-

indromic repears (CRISPR) can mediate a highly precize converson of one muckeo-

tide into anacher — sperifically, cytosine to thymine — withour genarating breaks

in DNA. Thus, genes zan be M:demd and rendered inscrive withour inducing
and other ch. i The uze of this rechnique in

jpatients with relapsed childhood T-cell jeukamia s being investigated.

METHODY

We nsed hase editing to geoesate onversal, offthe-shelf chimeric antigen recepror
(CAR) T cells, Healthy volunteer dowor T cells were transduced with the use of 2
lentivirus to express 4 CAR with specificity for CO7 CART), a protein that is e
pressed in Teeell acute lrmphoblastic feokemia (ALLL We then used base editing
0 [nactivate three genes encoding €052 and CI7 receptors and the [ chain of the
o T-cell recepror to evade lymphodepleting serotherapy. CAR? T-cell fratricide,
and grafiversus-host disease, respectively. We investigared the safety of these edited
cells in three children with relapsed leukemia.

MESULTE
The first patient, a 13year-old girl who had n:!apscd T-cell ALL after allogensic

semecell transplantation, had molecular emission within 23 days afier infusion of

a single dose of base-edited CART (BE-CARTL She then meoeived a reduced-intensicy

loablative) all ic stem-cell from her onginal donar, with
successful immunelogic reconstitution and engning leokemic remission. BE-CART
cells from the same bank showed potent activity in two other patients, and al-
though Fatal Fungal corplications developed in one patiens, the other patient undere
went allogeneic stem-cell transplantacion while in remission. Serious adverse evenzs
incladed cytokine refcase syndrome, wultilineage cytopenia. and opportunistic
infections.

CONCLUSIONE

The interim results of this phase 1 study support forther investigation of base-
edited T cells for pacients with n:inpsad leukemia and indicate the anticipared rigks
of relared i (Funded by the Medical Besearch Lounail
and others; |5RCI'N number, ISRCTN15333014.)
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Electroporation

mRNA encoding
base editor

mRNA encoding Single guide (sg)
base editor RNAs that

Ve 4 nm TRBC, CD7,
74 / nd CD52

« Electroporation creates temporary
pores in plasma membrane

+ sgRNAs and mRNA pass through
pores in membrane

cp7

CD52

Translation of base-editor mRNA
into base-editor protein

Base Editing Transduction and Infusion

ki Lentivirus containing DNA encoding

chimeric antigen receptor that
recognizes CD7 (CAR7)

Deamination enzyme.

C T onthe
Opposite Strand
(S0 G —~ A on the
C - T on the Coding Strand Coding Strand) i,

r 1 r 1 7 L*
CGA = Arg CAG =Gln CAA=GIn  TGG = Tryp 1 };
¢ | ' N
A e o he Transduction

TGA
TAA

Premature Stop Codons s Gene Knockout

Quality control
and infusion

Ablation of TRBC, CD7, and CD52 expression
in the allogeneic T cell results in:

‘ Risk of graft-versus-host disease (because
no T-cell receptor)
‘CAR T-cell fratricide (because no CD7)

T" i ¢ to depletion by alemtuzumab
(because no CDSZ)

CAR T cell kills
tumor leukemia cell

Chiesa et al. NEJM June 2023




Anti-CCR9 chimeric antigen receptor T cells for T-cell acute lymphoblastic leukemia

The chemokine receptor CCR9 is
expressed in >70% of cases of T-ALL,

. . 0
including >85% of relapsed/refractory A B coromscators © e
disease, and only on a small fraction (<5%) &l SAon AR AR oA
< o040 0 :! n n n mn
Of normal T Ce”S T-Kl:l_]gém( NT, cnm?r}?cmccnv 2 weekly bleed, daily _ 10* % 80
L Teellsiv. weights and muniLDrinE g S &0 .
D20 Do D124 ‘:= E 40 .
. . 'm,: = 20 4 5
CAR-T_ c_ells targeting CCR9 are reS|star_1t TR R m ke aeend
to fratricide and have potent antileukemic ol Days from CAR
activity both in vitro and in vivo 2 E « F G
= 1.0 = =
= Median survival & g
E {days) ‘—; g
. ) = —-— T 110 = =
anti-CCR9 CAR-T cells could be a highly 2053 - carte 12 z £
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Conclusions

CAR T cell therapy induces MRD-negative remissions for many patients with relapsed or
refractory B-ALL

Factors such as patient TB, active extramedullary disease, post-infusion NGS-MRD, presence of
BCA, should all inform the decision on consolidative alloHSCT following CAR T cell therapy for
B-ALL

Rapid progress is ongoing with new generation of CAR-T cells using different cell platforms and
allogeneic donors

Preclinical data and early phase trial data are demonstrating impressive efficacy with multiple
different approaches for T-ALL
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