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CAR-T: Una nuova frontiera per I'lmmunoterapia Cellulare
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> Chimeric antigen receptor (CARs) are proteins that
incorporate: 1) an antigen recognition domain, 2) a
co-stimulatory domains, and 3) a T-cell activation
domains.

> T cells genetically modified to express CARs
specifically recognize and eliminate malignant cells
expressing a target antigen (CD19, BCMA, CD30 etc)

> T-cell activation and proliferation requires both
signaling through the TCR (signal 1) and signaling
through a costimulatory receptor (signal 2) (CD28,
4-1BB, 0OX-40)

> In the absence of co-stimulation (signal 2), the T-cell
will either become unresponsive (anergic) or
undergo activation-induced cell death
(AICD/apoptosis)
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FIGURE 1 Schematic structure of the currently Food and Drug Administration-approved indications for chimeric antigen receptor T-cell therapies.
[llustration by David Schumick, BS, CMI. Reprinted with the permission of the Cleveland Clinic Enterprise Creative Services © 2024. All Rights
Reserved. BCMA, B-cell maturation antigen.
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Autologous CAR T-Cell Therapy Process

CART cell

IN THE CLINIC
The white blood cells, | Blood is
including T cells, are | taken
separated out, and from the
the rest of the blood patient:
is returned to the \
patient.
75 The receptors The CART cells identify the cancer
are attracted to cells with the target antigens and kill
Tcells . 1 targets on the them. CART cells may remain in the
are sent L4 I surface of the body for some time to help prevent
to the - ) &l cancer cells. the cancer cells from returning.
lab. / = 7 & v
£ ”/\ Blood \ | IN THE CLINIC
Y! A 4 / \ dui C/ CART cells are put back into the patient’s
. ‘) Il | N \ bloodstream, typically after chemotherapy is
\v/’ i 0 given to make space, and continue to multiply.

~J
@ IN THE LAB/MANUFACTURING FACILITY
T cells are engineered to find and kill cancer cells.
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An inactive virus is
used to insert genes
into the T cells.

The genes cause the T cells
to make special receptors,
called CARs, on their

© Fran Milner 2017

A
Modified T cells (now called
CART cells) are multiplied
until there are millions of
surfaces. these attacker cells.

(Lymph o-dep letion)
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* The most promising substitutes for virus-derived vectors are transposon-derived
vectors, most commonly sleeping beauty, which offer great coding capability and a
safe integration profile while maintaining a relatively low production cost.
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TABLE 1 Currently FDA-approved indications for CAR T-cell therapies, and the trials leading to their approval.
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Product Structure Disease Phase Indication Study Results (ORR/CR)
Tisa-cel (Kymriah) CDI19-BB{ B-ALL 2 R/R, =25years ELTANA 81%/60% (CRi 21%)
LBCL 2 R/R after =2 lines of therapy JULIET 53%/39%
FL 2 R/R after 22 lines of therapy ELARA 86%/69%
Axi-cel (Yescarta) CD19-28¢ LBCL 2 R/R after 22 lines of therapy ZUMA-1 82%/54%
3 Refractory to or relapsing at <12months of ZUMA-7 83%/65% (vs. 50%/32%
first-line therapy in SOC arm®)
2 Refractory to or relapsing at <12months of ALYCANTE 90%/79%
first-line therapy, ineligible for autoHSCT
1L, 2 R/R after 22 lines of therapy ZUMA-5 92%/74%
Brexu-Cel (Tecartus) CD19-28( B-ALL 2 R/R, =18 years ZUMA-3 71%/56% (CRi 15%)
MCL 2 R/R ZUMA-2 91%/68%
Liso-cel (Breyanzi) CDI19-BBC, witha 1:1 LBCL 2 R/Rafter =2 lines of therapy TRANSCENDNHL 001 73%/53%
CD4:CD8 ratio g Refractory to or relapsing at <12months of TRANSFORM 80%/74% (vs 45%/43%
first-line therapy in SOC arm®)
2 R/R and not eligible for autoHSCT PILOT 80%/54%
CLL R/R after 22 lines oftherapyh TRANSCEND CLL 004 43%/18%
Ide-cel (Abecma) BCMA-BBC( Multiple myeloma 2 R/R after >4 lines of therapy” KarMMa 73%/33%
Cilta-cel (Carvykti) Dual BCMA-BBC Multiple myeloma 2 R/R after 2 lines of therapy© CARTITUDE-1 97%/67%
i nconpee huimaclogia ecvers DA, Fond s D Adiésesios P il Iy hone LoChs age Bl ynphomas ML marto el Fpbonps ORR avel

Gregoire et al, BrJ Haematol 2024

BTK) inhibitor and a B-cell lymphoma 2 (BCL-2) inhibitor.

Including an a prote hibitor and an anti-CD38 monoclonal antibody
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Long-term clinical outcomes of tisagenlecleucel in patients

with relapsed or refractory aggressive B-cell [ymphomas

(JULIET): a multicentre, open-label, single-arm, phase 2 study

StephenJ Schuster, Constantine S Tam, Peter Borchmann, NinaWorel, Joseph P McGuirk, Harald Holte, Edmund K Waller, Samantha Jaglowski,

Michael R Bishop, Lloyd E Damon, Stephen Ronan Foley, Jason R Westin, Isabelle Fleury, PJoy Ho, Stephan Mielke, Takanori Teshima,
MuraliJanakiram, Jing-Mei Hsu, Kaji Izutsu, Marie José Kersten, Monalisa Ghash, NinaWagner-Johnston, Koji Kato, Paolo Corradini,

Marcela Martinez-Prieto, XiaHan, Ranjan Tiwari, Gilles Salles, Richard T Maziarz
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Comparison of 2-year outcomes with CAR T cells (ZUMA-1) vs salvage
chemotherapy in refractory large B-cell lymphoma

Sattva S. Neelapu,' Frederick L. Locke,” Nancy L. Bartlett,® Lazaros J. Lekakis,* Patrick M. Reagan,® David B. Miklos,®
Caron A. Jacobson,” Ira Braunschweig,® Olalekan O. Oluwole,” Tanya Siddiqi,'® Yi Lin,"" Michael Crump,'? John Kuruilla,'®
Eric Van Den Neste,'* Umar Faroog,’® Lynn Navale,'® Venita DePuy,'” Jenny J. Kim,"® and Christian Gisselbrecht'®

100 +

ZUMA-1 Median OS

SCHOLAR-1 (95% CI), mo
31.0 (11.5-NE)

5.4 (4.6-6.3)

80 1

60 -

40 1

Survival probability, %

20 - SCHOLAR-1

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32
Time from onset of salvage therapy, months

Figure 2. Comparison of confounder-adjusted 0S. To control for confounding,
the treatment-specific survival functions were obtained using augmented inverse-probability
weighted complete-case estimators® on the primary common support data set for survival
(ZUMA-1, N = 81; SCHOLAR-1, N = 331). mo, month; NE, not estimable.
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Real-life CAR-T in Italy for NHLs

CART-SIE
760 pts

Not infused = 97 pts

- Progression or death

- Manufacturing failure

- Ongoing manufacturing
- Missing data

Infused = 663 pts

CAR T-cells infused

- Axi-cel = 315 pts.

- Tisa-cel = 256 pts

- Brexu-cel = 84 pts

- Missing data = 8 pts

Excluded: 178 pts

-MCL =84 pts

- PMBCL = 76 pts

- Missing data = 8 pts

- Insufficient follow-up = 8 pts

Global population eligible for PS analysis
485 pts

Axi-cel =233 pts }— —' Tisa-cel = 252 pts

os

Number at risk
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o4 . TTTmmmmmT . 0.4
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0.2 0.2
01 Median OS: tisa-cel 19 months vs. axi-cel 31 months 0.1 Median PFS: tisa-cel 3.7 months vs. axi-cel 8.5 months
0.0 Weighted log-rank test P value: 0.1033 0.0 Weighted log-rank test P value: 0.0002
0 3 6 9 12 15 18 21 24 3 ] 9 12 15 18 21 24
Time (months) Time (months)
== 233(0) 188(22) 139(55) 100(87) 78(103) 57 (116) 44(123) 32(134) 23(142) == 233(0) 148(18) 97(37) 67(61) 50(74) 40(83) 32(20) =23(98) 17(104)
== 252(0) 206(20) 161(32) 127(53) 101(86) 72(85) ©56(97) 42(109) 26(124) = 252(0) 134(14) 92(21) 72(30) 61(36) 44(46) 38(50) 27(s8) 18 (66)

Figure 1. Patient flow diagram. MCL, mantle cell lymphoma; PMBCL,

primary mediastinal B-cell ymphoma; pts, patients.

Figure 2. Survival from infusion of tisa-cel vs. axi-cel before (continuous line) and after (dotted lines) PS weighting. A, 0S. B, PFS.

Stellaetal, Blood Cancer Discovery 2024
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Ide-cel approval: the KarMMa trial i — Cilta-cel approval: the CARTITUDE-1 trial @ s

Second generation CAR-T cell, anti-BCMA murine scFv, 4-1BB T Second generation CAR-T cell, 2 anti-BCMA camelid VHH frdogumas | EU:Atleastthree

IMID, a P}, and prior therapies,

costimulatory domain & J-= | anamicos single domains, 4-1BB costimulatory domain t/\

antibody, with f including an
KarMMa, phase 2 study (N = 128) prog esianon CARTITUDE-1, phase 2 study (N = 97) 4 [y | IMID,aPl,and

the last tharpy 4 ananti-CD38
Median prior lines 84% of patients were triple-class Bridging possible de-cel AR desp Median prior lines: 83% of patients were riple-ciass Bridging possible antibody, with
6 (3-16) refractory Flu-Cy lymphodepletion : 6(3-18) refactory Flu-Cy lymphodepletion " disease
progression on
12 mossustanedMRDrate:53% ;. V| thelesttherapy.

PFS
PFS @ 30mos: 75% [ Citacol |

ha., S

ORR® 97.9% (35/97) B .

| mPFS=349mo
TSP o et Cilta-cel-Treated (N=07)
036910 BN U NNH D QL AE. (%)
atrisk Progression-free survival, months AnyGrade  Grade 23
: : W R R R R Hematologic
Neutropenia 93 (96) 92 (95)
Anemia 79(81) 66 (68)
Thrombocytopenia 77(80) 58 (60)
CRS 92 (95) 6(5)
Neurotoxicity 20(21) 10(10)

Survival probability, %
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AnyGrade  Grade23

Hematologic
Neutropenia 117(91) 114 (89)
Anemia 89(70) 77 (60)
Thrombocytopenia 81(63) 67 (52)
- ey e *F Gotard ot
Helisosicly 2t ol MO Munshi N, et al. NEIM 2021 Pae o 5 % 51 8 15 8 7 53 191

Survival probability, %

il 34yrs 08 rate = 63%
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Berdeja ), et al. Lancet 2022;
LinY. etal. ASCO 2023
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Real-world data (US consortium)

Ide-cel, n= 159 Cilta-cel, n= 143
ORR: 86% ORR: 89%
ORR:82%  ORR:B4% 1.00 ORR:81% ORR:83% ORR: 84%
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KarMMa-1 exclusion criteria at leukapheresis No. (%) CARTITUDE-1 criteria at No. (%)
Organ failure (renal, cardiac, hepatic) 60 (31) o = 24017)
i 43(22) . e
Prior anti-BCMA therapy y “ : Oligosecretory/Non-secretory 23(16)
Platelets < 50,000/uL 42(21) Organ dysfunction 17(12)
Hemoglobin < 8g/dL 33(17) Prior anti-BCMA 17(12)
ECOGPS22 33(17) ECOGPS22 14 (10)
ANC < 1000/uL. 29 (15) Plasma Cell Leukemia 10
PCL, POEMS, amyloidosis, non-secretory 26 (13) History of CNS Pathology 9(6)
myeloma Amyloid 4(3)
1.00 1.00
Prior BCMA No BCMA
2
32 0% Zors
N 3
® aen f- Prior BCMA
a 050 ©0.50
4 a
& 0 »
& 025
P=0.75
T T T T
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2 % AR Hansen et al. ASCO 2022 & JCO 2023 b 3 . y © Hansen et al. ASCO 2023
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7 aroumrsc OXOO

www.forummediterraneosanita.it

Del presente documento & severamente vietata ogni abusiva duplicazione, riproduzione, trasmissione o diffusione in pubblico, ai sensi della Legge n. 633/1941 e dell’Art. 25-novies, D.Lgs. n. 231/2001 0 X u




18-19-20 SETTEMBRE 2024

Forum

. Mediterraneo
BARI | VILLA ROMANAZZI CARDUCCI

in Sanita- 2024

18-19-20 SETTEMBRE 2024 CAR-T in earlier phases of disease (2/4 -

. Medit
BARI | VILLA ROMANAZZI CARDUCCI 1/3 prior LoT) as compared to SoC in Sanita- 2024

CARTITUDE-4: study design

KarMMa-3: design, baseline characteristics and PFS

¥ H foteom) Ling K.
. 5 Graidam ALY
tgiisinoi e hitg) bt urden [ [ E b Ccei. i w6}

Ormid a3 LEL LD

CARTITUDE-4: Response, MRDand S

Ovwral nspomse e
RO negatity

»
et

Oder e
> . o £
0y i nl
, : |
; w o :
i i
{ ™ u
i C i o
i el w
. — i w i
S { u
N %)
an . K il
a1 we = I8 ] “

‘ M e
{ .

T TR T .
EE“ 05 was immature, with 39 deaths in oRa<cel am
jampimy K [

= A

w54 deaths in SOC aem:
078 S CLASLL P06

Ptk
®» N T oW owm o2 4 1 W ¢ H i

g b bt ney SR e

b o 159 oy

7 arounvsc ©X OO

www.forummediterraneosanita.it

Del presente documento & severamente vietata ogni abusiva duplicazione, riproduzione, trasmissione o diffusione in pubblico, ai sensi della Legge n. 633/1941 e dell’Art. 25-novies, D.Lgs. n. 231/2001 0 X u

www.forummediterraneosanita.it



. Forum

18-19-20 SETTEMBRE 2024 Foru
| editerraneo
BARI \ VILLA ROMANAZZ|I CARDUCCI \

in Sanita- 2024

Forum

18-19-20 SETTEMBRE 2024 — ]
BARI | VILLA ROMANAZZI CARDUCCI (S s ercanss:

Clinical trials have established the timing and duration of acute adverse events

CRS coincides with maximal T-cell expansion’
CRS may occur within minutes but more typically within days

CAR T-cell peak is between

Median onset,

= Day 2
1 . -

= : 7 and 14 days with axi-cel

E = CRS: median duration is 7 days

82 (rnge =29) s Pro-inflammatory cytokines

- . .

% *  Activated T- and myeloid cells

- : — *  Endothelial activation =
ICANS: median duration is 13 days i B . .

(range 1-191) , blood—brain barrier disruption
: —
0 i 7 14 | 21 28
CAR T-cell : Days after infusion :
infusion ' Median resolution, Day 18

Medianonset, Day 5

While CRS and ICANS are acute AEs, other AEs (NEs, cytopenias, hypogammaglobulinemia and infections) may be

also present later (>Day 30 post infusion) and can be long-lasting.

AE: adverse event; CAR: chimeric antigen receptor; CRS: cytokine release syndrome; ICANS: immune effector cell-associated neurotoxicity syndrome); NEs: neurological event
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Hypotension Hypoxia Fever Grade ICE score Conciousness Weakness Seizures Edema
depressed level of No raised
No No Yes 1 78 consciousness but No motor weakness No seizures ICP or cerebral edema
awakens spontaneously
depressed level of :
2 a8 consciousness but No mofor weakness No seizures Icp ::'m'ﬂd
awakens to voice °'
depressed level of con- Any focaligeneralized/
3 02 sciousness but awakens  No motor weakness nonconvulsive sezures | ocdlfiocal edema on
to tactie stimuius that rapidly resolve DEiEENTS
requires vigorous or Deep focal motor Repefitive or lifethrea-  Clinical signs or imaging

- : e : (>5 min) diffuse cerebral edema

FIGURE 4. Grading for Cytokine Release Syndrome (CRS) and Immune Effector Cell-Associated Neurotoxicity Syndrome (ICANS). BiPAP indicates
bilevel positive airway pressure; CPAP, continuous positive airway pressure; HFNC, high-flow nasal cannula; ICE score, immune effector cell-associated
encephalopathy score; ICP, intracranial pressure; MV, mechanical ventilation.
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! C\/Lymphodeple!lon Tumour clearance
wCy
(Benca) g
! Long-term
Nalve/early Type 2 cells
memory. & V persistence
Tcells ; [ 1)
{ s @: @
P & 2 i ®
* Acivation =¥ | Cure
— . + Proliferation
* Memory

CAR T-cells rsistonce. 8

Teells

Tumour-related factors

- Low proportion of early memory or SCM T-cells

TABLE 3 Factors associated with resistance to CAR T-cell therapy.

- Poor in vivo expansion following infusion Systemic factors

- High proportion of senescent CDS" T-cells
- High proportion of exhausted CDS" T-cells
- High proportion of Treg

- Low proportion of type 2 cells

- High expression of genes involved in IFN response and type I differentiation
Tumour burden

- Lymphoma
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Systemic inflammation (IL6, ferritin, CRP)

Circulating M-MDSCs

Therapy-related factors Higher number of previous lines of therapy

Recent exposure to bendamustine
Previous exposure to blinatumomab in ALL?
Previous exposure to other BCMA-directed therapies in multiple myeloma?

Absence of response to bridging therapy?

Subopt
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esCape
¥ 3 - -
@ .“‘" Relapse o High tumour volume

o High circulating tumour DNA

-@Il " Expansion i AV X
% ”anow )\~ Antigen

Poor expansion / CAR T-cells
Previous therapies z

i@mn;wr N
5Y (0

ib ) sy | NON-response
g
Loss of functional

o Number of extranodal sites

- ALL: high percentage of BM blasts

+ Multiple myeloma: high BM infiltration, high serum BCMA
Tumour genetic alterations

- TPs3 genomic alterations

- DNA copy number alterations

« Loss of the FAS death receptor”

A Immunosuppressive
o \ microenvironment o o
. S - Mutation of MYC, BCL2 or CDKN2A
Exhausted/ b ey | Toxicity
senescont — — Tumour inflammation/immunosuppressive microenvironment
T-cells

Inflammation 1 Clevoland Clinic « Tumour IFN signature
-+ Tumour expression of T-cell inhibitory ligands (including PD-L1 and PD-L2)
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protetta dal diritto d’autore, o parte di essa (art. 171-ter legge n.633/1941)

Mancata comunicazione alla SIAE dei dati di identificazione dei supporti non soggetti al contrassegno o falsa dichiarazione (art.
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