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Toxicities Post CART Cell Therapy

Pathophysiology of CART Associated Toxicities
Cytokine Release Syndrome (CRS)
Immune Effector Cell-Associated Neurotoxicity Syndrome (ICANS)
Other neurological complications

Management of CRS and ICANS
Standard of Care
Cytokine Directed Therapies
Small Molecules to Modulate CART Cells
CART Engineering Strategies



CRS and ICANS
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ELIANA m FELIX JULIET M TRANSCEND ZUMA-2 ZUMA-5 m CARTITUDE

CART construct Tis-cel Brexu —cel Obe-cel Tisa-cel Axi-cel Liso-cel Brexu-cel Axi-cel Ide-cel Cilta-cel
CRS, % 77 93 75 58 93 42 91 82 76 95
gorade 23CRS, 46 29 3 22 13 2 15 7 6 5
NT, % 40 78 23 21 64 30 63 77 18 17

Grade 23 NT, % 13 38 7 12 28 10 31 11 3 2




CRS and ICANS

Neurologic AEs

Axicabtagene ciloleucel 2 (1-12) 4 (1-43)
Brexucabtagene autoleucel 3 (1-13) 6 (1-32)
Tisagenlecleucel 3 (1-51) 6 (1-359)
Lisocabtagene maraleucel 4 (3-15) 6 (5-15)
Idecabtagene vicleucel 1(1-27) 2 (1-148)

Ciltacabtagene autoleucel 7 (1-12) 8 (7-10)



CRS: Pathophysiology

>

High fevers, myalgia, nausea, hypotension, hypoxia,
etc.

Very high levels of IL6; IFN-g, modest TNF-a; Mild 7z
increases in IL-2 o8

_5_0 100
Severe CRS associated with higher levels of g% 10
CART19 cells e
IL-6 is produced by myeloid cells -

IL-6 and dexamethasone are the main treatment
options for CRS

5 10 15 20 25
Day after Infusion

Grupp S.... June C, NEJM 2013



CRS: Pathophysiology — Myeloid Cytokines
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CRS: Pathophysiology — Macrophages are Required
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Immune Effector Cell-Associated Neurotoxicity Syndrome

[CART cell|

infusion
v :
ICANS
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» Alterations in level of
consciousness

» Confusion

» Behavioral changes

» Speech abnormalities

» Language abnormalities.

» Seizures

» Risk of diffuse cerebral edema

ASTCT Grading



Number of patients
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CRS grade

NTX Gr 0

Santomasso B....Brentjens R, Cancer Discov 2018
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ICANS: BBB Disruption and Endothelial Activation
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ICANS: Myeloid Cells and Cytokines

GM-CSF

Peak Biomarker, pg/mL
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ICANS: BBB Disruption and Endothelial Activation

CART19
High Dose
' o
Patient 5
B-ALL i@i £
Blasts () 8
& 1-3x106 Bleeding ‘
\\ Engraftment « MRIBrain
L\ 7 Tissue
i g\' @b T T « Weight
TEET10-13 weeks 2 Cytokines
NSG mice
High Burden
DAPI Fibrinogen Occludin Merged

CART19

control

CART19 in humanized ALL PDX model:
» Brain inflammation

» BBB disruption

» Microglial activation

CART19

Sterner R.... Kenderian S, Blood 2019
Cox M.... Kenderian S, Leukemia 2021



ICANS: BBB Disruption and Endothelial Activation

ICANS Control patient
> @ control (n=6) [ ICANS (n=7)

s N ) CART19 in mouse models:
i 615 _— > Microglial activation
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Vinnakota J.... Zeiser R, Nat Cancer 2024



ICANS: Target Expression on the Brain

: Vd
Eie
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S 1 CD19 Expression on Human Brain/Pericytes
y &% 27 » CD19 expression on murine and human
ey =T . brain
» May explain toxicity following CART19 cell
el o T therapy
, ‘ i: W e Y > Does not explain neurotoxicity after non
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Parker K..... Satpathy A, Cell 2020



CRS and ICANS: Risk Factors

CAR construct

» CD28 costimulated CART (axi-cel and brexu-cel)
» High affinity scFv (Obe-cel < other CART19)
» Higher CART cell dose

Disease

» Disease (ALL>MCL>DLBCL)

» High disease burden

Host

» Early onset CRS (ICANS)

» Pre-existing neurological diseases (ICANS)
» Increased lymphodepletion

» Highly inflammatory state



Neurotoxicity: Implication on Overall Survival?

Overall survival

Overall survival
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Neurotoxicity: Pathophysiology

CART secrete ) Myeloid
cytokines

sruption cells

‘{Ng, Granzyme, GM-CSF Myeloid Cells
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CART Associated Parkinsonism

» Unresponsive bradykinesia, postural instability, hypomimia,
hypophonia, micrographia, and impaired short-term memory.

* Weeks to months after BCMA directed T cell therapy
 CARTITUDE-1: 6%

« KarMMA-2: 2 cases c
« Off tumor targeting of BCMA express
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Tumor Inflammation Associated Neurotoxicity (TIAN)

»Proposed as a separate mechanism
»Mostly after CART19
»About 20% following CNS lymphoma treated with CART19

» Correlated with higher response rates to CART19 therapy (90%
vs 50%)



CRS and ICANS: Management

Standard of Care
» Tocilizumab » CAR Engineering Strategies
» Dexamethasone

Refractory CRS/ICANS
» Cytokine blockade
> L1
> |FN-y
» GM-CSF
> TNF
> IL-5

» Small molecules to modulate T cell response
> |brutinib/BTK inhibitors
» Dasatinib
» JAK/STAT inhibitors



CRS and ICANS: Earlier Interventions

- ZUMA-1 cohort 4 (N=41):
Steroid intervention starting at Grade 1 NE/CRS when no improvement after 3 days of
supportive care Table III. Incidence, severity, onset, and duration of CRS and NEs.

Grade 2 3 CRS (2%) and NE (17%) (vs. 11% and 32% of pts, respectively, in ZUMA-1)

Tocilizumab use 76% it saiiin. il
CRS
- ZUMA-1 cohort 6 (N=40): Any, n (%) 38 (93)
Prophylactic steroid intervention on days 0-3 e i f;f o 5
Grade 2 CRS (45%), Gr 3 CRS (0%) and 2Gr3 NE (13%) R 1)
Tocilizumab use 58% Worst grade 4, n (%) 0
Worst gade 5. n (%) 0
Median (range) time to onset of 2-0 (1-0-8-0)
Tocilizumab: No Tocilizumab: Yes* Tocilizumab: Yes Tocilizumab: Yes any grade CRS, days
Corticosteroid: No Corticosteroid: Yes* Corticosteroid: Yes Corticosteroid: Yes Median (range) duration, days 6-5 (2:0-16-0)
NEs
Tocilizumab: No Tocilizumab: Yes Tocilizumab: Yes Tocilizumab: Yes Any, n (%) 25 (61)
Corticosteroid: No Corticosteroid: No Corticosteroid: Yest Corticosteroid: Yes Worst grade 1, n (%) 14 (34)
___Worst grade 2. n (%) 4 (10)
Worst grade 3, n (%) 7 (17)
Worst grade 4, n (%) 0
Worst grade 5, n (%) 0
t Median (range) time to onset of 6-0 (1:0-93-0
any grade NE, days
Tocilizumab: Yest Tocilizumab: Yes Tocilizumab: Yes Tocilizumab: Yes Median (range) duration, days 8-0 (1-0-144-0)
Corticosteroid: Yes* Corticosteroid: Yes Corticosteroid: Yes Corticosteroid: Yes, HD
CRS, cytokine release syndrome; NE, neurologic event; TEAE,
Tocilizumab: No Tocilizumab: Yes! Tocilizumab: Yes! Tocilizumab: Yes' treatment-emergent adverse event.
Corticosteroid: Yes Corticosteroid: Yes Corticosteroid: Yes, HD Corticosteroid: Yes, HD

Topp M.... Kersten M. BJH 2021



CRS and ICANS: Earlier Interventions

Table 3
Incidence, Severity, Onset, and Duration of CRS and NEs
TEAE Cohort 3
. e . . . n=38
Timing of biospecimen sampling &S
Any, n (%) 35(92)
Blood I I Worst Grade 1, n (%) 13 (34)
(W3 Blood  Blood Blood Worst Grade 2.1 (%) 21(55)
Worst Grade 3, n (%) 0
Worst Grade 4, n (%) 1(3)
DO D1D2 D3 Worst Grade 5, n (%) 0

Manufacturing Median time to onset of any-grade 2.0(2.0-4.0)

CRS, days (IQR)

Axi-cel

manufacturing |k Conditioning ocilizy First tumor Median duration, days (IQR) 6.5 (5.0-11.0)
and treatment chemotherapy assessment NEs
' Axi-cel
‘ Efoston Any,n (%) 33(87)
| Worst Grade 1, n (%) 9(24)
. Worst Grade 2, n (%) 8(21)
Worst Grade 3, n (%) 14(37)
Worst Grade 4, n (%) 1(3)
Worst Grade 5, n (%) 1(3)
Median time to onset of any-grade 7.0 (5.0-8.0)
NE,
days (IQR)
Median duration, days (IQR) 15.0(6.0-34.0)

CRS indicates cytokine release syndrome; IQR, interquartile
range; NE, neurologic event; TEAE, treatment-emergent
adverse event.

Locke F.... Miklos D, TCT 2024



IL-1: Prevents Neuroinflammation in a Humanized Mouse Model
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Summary:

- CD44v6 CART cells in humanized model
- Neurotoxicity developed late during CART

Norelli M.... Bondanza A, Nat Medicine 2018



IL-1: Phase |l Trial of Anakinra Combination with CART Cells

Cohort 1 Cohort 2
34 patients consented 37 patients consented
3 patients did not enroll:
1did not meet eligibility (not NHL) 6 patients did not enroll*
2 did not pursue commercial CAR
T-cell therapy
31 patients treated with 31 patients treated with
CD19 CART cells CD19 CART cells
31 patients received Ondoi t
v ngoing assessmen
25 paﬁients started 6 patients started anakinra UEEEeee av:axi:)he;?éa(égss’gsf HEr2 e
anakinra on day 2 before day 2 for grade 1 CRS 2 patients received out-of-spec CAR products
1 patient did not receive CAR T-cell therapy

1 patient had clinical deterioration before CAR T-cell
infusion

Park J..... Sadelain M , Nat Med 2023



IL-1: Phase |l Trial of Anakinra Combination with CART Cells
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by day 100
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Park J..... Sadelain M , Nat Med 2023



IL-1: Phase |l Trial of Anakinra Combination with CART Cells

Months post CAR T cell infusion

0 5 10 15 20 25
1
L i 8
ymphodepletion 9
: 1 >
Cy (500 mg/m2), Flu 200 mg anakinra :
; (80 mg/m2) administered SQ
Leukapheresis
P , Day -5, -4, -3 Days 1 to 7-14 ;
i : . I >
' #* 11
: o : g1
Consent,  Manufacturing | Cell . Response and Long term B 5 —————
screening, X & *V Infusion 5> Safety - Safety 13
enrollment Release ! Day O Assessments Follow-up B
: 7 X
' 15 >
200 mg anakinra 14
4 hours prior to 10
CAR-T infusion (Day 0)
Month 1 N=15* PFS at 6 months (95% ClI) 58.2% (29.4 - 78.7)
ORR 13/15 (87%) PFS at 12 months (95% ClI) 42.4% (16.9 - 66.1)
CR 7/15 (47%) OS at 6 months (95% ClI) 79.4% (48.8 - 92.9)
PR 6/15 (40%) OS at 12 months (95% ClI) 64.29% (33.9 - 83.4)

*two patients included were deceased prior to M1 assessments.

B CR PR H PD —> Infollow-up A Retreatment X Death

Frigault M.... Maus M, Blood Adv 2025



IL-1: Phase |l Trial of Anakinra Combination with CART Cells

CRS NT
Days post CAR T cell infusion Anakinra Other Days post CAR T cell infusion
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3 - - 7 none — —» 3
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Frigault M.... Maus M, Blood Adv 2025



IL-1: IL-1 Pathway Blockade May Impair CART Cell Activity

CART19 in xenograft mouse models
o - tmsuninsrory > Continuous IL-1 blockade impairs IL-

Jeko 1
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o '/ [ CART19 antitumor activity
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N [ A O O A . A overall survival
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Yun K.... Kenderian, Mol Ther Oncol 2025



IL-1: IL-1 Pathway Blockade May Impair CART Cell Activity
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Yun K.... Kenderian, Mol Ther Oncol 2025
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» Higher IL-1ra in baseline monocytes
from non responders

» Decreased IL-1 signaling in baseline
CART19 cell in non responders



IL-1: Phase |l Trial of Anakinra Combination with CART Cells

CRS NT
Days post CAR T cell infusion Anakinra Other Days post CAR T cell infusion
0 5 10 15 20 25 30  poces Treatments O 5 10 15 20 25 30
) L L L ) ! ) A A A ) .
1 1 - 7 dex - — 1
3 - - 7 none — —» 3
2 —> 7 none - —> 2
6 — 7 dex . = —> 6
4 4 —> 7 none . — 4
8 - m e 7 dex, toci | 5. 8
# 111 —> 14 e - —> 11 D
é 12 4 m —> 14 n;:xe 7 n — 12 g
£ 54 - 10 none - m I —>5
13 - [ | = 14 dex, toci ] =13
9 1 . —> 8 dex, toci N ' —>9
7 1 [ —> 14 dex - N -7
16 4 [ | —> 17 none — | ] —>» 15
14 | ] —> 22 dex, toci, siltux, — ] —> 14
10 A1 | oom e ———; | 29 cyto -] =0 10
No Toxicity Grade1 M Grade 2 M Grade 3 M Grade 4 M Grade 5

Single-cell RNA sequencing of immune cells identified IFN-y as
a potential mechanism for escape

Frigault M.... Maus M, Blood Adv 2025



IFN-y: Blockade Does Not Impair CART Cell Activity
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IFN-y: Blockade Reduces Macrophage Activation
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GM-CSF: Neutralization in vivo Prevents CRS After CART19

Therapy
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GM-CSF: Neutralization in vivo Prevents CRS After CART19
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GM-CSF: Neutralization Prevents Blood Brain Barrier

Disruption After CART19 Therapy
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GM-CSF: Neutralization Enhances CART Cell Effector Function

in a Humanized Patient Derived Xenograft Model
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GM-CSF: Disruption Reduces Early CART Cell Activation and

Enhances Expansion
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ZUMA-19: GM-CSF Neutralization in Combination with Axi-Cel

CART19 in Patients with Lymphoma

Figure: Post-baseline Cytokine Concentrations in Patients Treated With Axi-cel Plus Lenzilumab
600 mg (Cohort 1) or 1,800 mg (Cohort 2)
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GM-CSFKo CART Cell Therapy in The Clinic

Table 1. Characteristics of the treated patients. * details provided in abstract.
Pt Tv :'::F' IFNG(IL6) Re- CRS Neurotox- | Tocili-
- ype 'lziﬁRI (pg/mL) sponse | grade | icity zumab
1 :)l( - WT 2.63(UD) NR None | None No
2 MM KO 3.3(1.5) CR None | None No
3 ALL WT 5.48(3.15) CR None | None No
4 NHL | KO 20.21(6.43) CR None | None No
5 MM WT 50.85(97.41) CR 1 None’ No
6 ALL WT 124.89(2.93) CR 2 None No
7 MM KO 1343.21(4.76) | CR 2 None No
8 |CLL WT 2014.2(49.85) | CR 3 None No
9 ALL WT 2979.29(16.34) | CR 3 None No
10 | ALL WT 3812.54(8.56) CR 3 None No
11 | ALL WT 4118,03(16.36) | CR 2 None No

Hu et al, Cell Discovery 2021



TNF Blockade in CART Cell Toxicity

»Three patients with MM received etanercept for severe CRS post BCMA-
CART

»One patient with ALL treated with etanercept for severe CRS
»Lack of preclinical studies
»Not recommended to date



IL-5: Associated with CART Toxicities

CTLO19 UPCC #13413 ZUMA-12
n=24 LBLC, 14 FL n=40 high-risk LBCL
(Schusteretal., 2017, NEJM) (Neelapu S. et al., 2022, Nature
Medicine)
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IL-5 Blockade Reduces CART Toxicity in Mouse Models

IL-5 Blockade Reduces CRS in IL-5 Blockade Reduces CRS in
humanized mouse models immunocompetent mouse models
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» IL-5 depletion or knockout reduces CART cell
toxicities

» Enhanced activity after IL-5 depletion

» Direct effect on eosinophils

Carturan A*, Stewart C*......... Ruella M*, Kenderian S*, ASH 2025



Ibrutinib: Ameliorates CRS in Preclinical Models
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Ibrutinib: Combination with CART in the Clinic
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JAK/STAT Inhibition: Prevents CRS in Preclinical Models
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JAK/STAT Inhibition: Prevents CRS in Preclinical Models

Case Series of Ruxolitinib in Severe CRS
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JAK/STAT Inhibition: Itacitinib for the Prevention of CART

Toxicities - Phase Il Placebo-Controlled Trial

Main eligibility criteria ] Itacitinib 200 mg qd
° Age 212 years (Day -3 to 26) End of study
PART1 * Eligible to receive commercially available IEC ¢ * * o * *
(qd dosing) | « ECOG 0 or 1 -3 IEC (Day 0) 14 2628 90 180 Days
n = 63 patients * * *
\ Hematologic disease assessments
[ Main eligibility criteria Itacitinib 200 mg bid
* Age >18 years (Day -3 to 26) i End of study
PART?2 * Eligible for treatment with axicabtagene & <> < o> <> o
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M Itacitinib 200 mg twice daily M Placebo twice daily
Frigault M.... Dipersio J, Blood 2025



Dasatanib: SRC Pathway Inhibition as a Pharmacological

On/Off Switch
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Immune Effector Cell-Associated Hemophagocytic

Lymphohistiocytosis-Like Syndrome

IFN-y ]
P g rasvenury IEC-HS
IFN-y 4
Severe CRS wr'rl‘*:j I*l'l:*g::e Q‘ N r\ Ferritin Leasnd
dysfunction @ \ J PIo _.:tfa IL-6R ‘::’;‘A: Iroooplo«
4 TNF-a A\ Perforin/granzymes
~ S CAR
‘) ) - Tumor antigen
IFN-Y 10,/ 9o acth
IEC activation, proliferation, and cytokine release
CRS IEC-HS and cvtokine release
IEC-HS: Definition and Identification
Definition of IEC-HS The development of a pathological and biochemical hyperinflammatory syndrome independent from CRS and ICANS that
(1) manifests with features of macrophage activation/HLH, (2) is attributable to [EC therapy, and (3) is associated with pro-
gression or new onset of cytopenias, hyperferritinemia, coagulopathy with hypofibrinogenemia, and/or transaminitis
RS |EC-HS Criteria for Identifying IEC-HS Clinical/Laboratory Manifestations
Most common manifestations Required: elevated ferritin (=2 x ULN or baseline (at time of infusion)) and/or rapidly rising (per clinical assessment)
Onset with resolving/resolved CRS or worsening inflammatory response after initial improvement with CRS-directed
therapy
Hepatic transaminase elevation’ (>5 x ULN (if baseline was normal) or >5 x baseline if baseline was abnormal)
- JEC-HS Hypofibrinogenemia (<150 mg/dL or <LLN)
Hemophagocytosis in bone marrow or other tissue
Cytopenias (new onset, worsening, or refractory”)
Other manifestations Lactate dehydrogenase elevations (>ULN)
that may be present Other coagulation abnormalities (eg, elevated PT/PTT)
Direct hyperbilirubinemia
} . : 4 New-onset splenomegaly
Day7 Day 14 Day 21 Day 28 & -
i g o % Fever (new” or persistent)
Day post-IEC therapy —
Neurotoxicity
Pulmonary manifestations (eg, hypoxia, pulmonary infiltrates, pulmonary edema)
Renal insufficiency (new onset)
Hypertriglyceridemia (fasting level, >265 mg/dL )

Hines M.... Shah N, TCT 2023




IEC-HS: Management Algorithm

P
Progressive, life-
threatening

<
Mild, minimally

symptomatic Disease severity

First-line therapy: Start anakinra +/- corticosteroids |

Second-line therapy: Increase anakinra (to target
dose), add corticosteroids if not yet started, consider l
starting ruxolitinib

Third-line therapy: Add ruxolitinib if not yet started.
Consider alternative agents (e.g., low-dose etoposide
or emaplalumab) for life-threatening toxicities




rLBCL post-CAR T Healthy
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StratiP........ Green M, Cell Rep Med 2023

Pre existing CHIP

Treatment:

Etiology (infections, IEC-HS, myeloid malignancy)
Growth factors

Stem cell boost



Early (<30 d from

infusion)

Prolonged Cytopenia and ICAHT

Prolonged (30-90 d

from infusion)

Late (>90 d from
infusion)

ELIANA Neutropenia: 53% Neutropenia: 34%

Thrombocytopenia: 41% Thrombocytopenia: 27%
CD19-directed CAR T-cells, adults

ZUMA1 Neutropenia: 78% Neutropenia: 11%
Thrombocytopenia: 38% Thrombocytopenia: 7%
Anemia: 43% Anemia: 3%

JULIET Neutropenia: 33% Neutropenia: 24% Grade 3-4 neutropenia: 0%
Thrombocytopenia: 28% Thrombocytopenia: 41% Thrombocytopenia: 38%
Anemia: 39%

TRANSCEND Neutropenia: 60% Neutropenia: 7%
Thrombocytopenia: 27% Thrombocytopenia: 22%
Anemia: 37% Anemia: 2%

ZUMA2 Neutropenia: 85% Neutropenia: 16%
Thrombocytopenia: 51% Thrombocytopenia:16%
Anemia: 50% Anemia: 12%

ZUMA3 Neutropenia: 27% Neutropenia: 25%
Thrombocytopenia: 30% Thrombocytopenia: 18%
Anemia: 49% Anemia: 7%

ZUMAS Neutropenia: 33%
Thrombocytopenia: 15%
Anemia: 25%

BCMA-directed CAR T-cells, adults

KarMMa’ Neutropenia: 89% Neutropenia: 41%
Thrombocytopenia: 52% Thrombocytopenia: 48%
Anemia: 60%

CARTITUDE-1?' Neutropenia: 95% Neutropenia: 29%
Thrombocytopenia: 60% Thrombocytopenia: 27%
Anemia: 68% Anemia: 27%

Prior to lymphodepleting chemotherapy (day -5)

Determine patient-individual risk of
== heme-tox and infections using the
CAR-HEMATOTOX score

* Leniency time period for lab values: 3 days

Platelet count

> 175.000/ul 75.000 - 175.000/pl < 75.000/ul
Absolute neutrophil count (ANC) > 1200/l < 1200/pl -
Hemoglobin > 9.0 g/dl <9.0 g/dl -
C-reactive protein (CRP) <3.0 mg/d| >3.0 mg/dl -
Ferritin < 650 ng/ml 650-2000 ng/ml > 2000 ng/ml
Low: 0-1 High: =2

Low risk (HT O-

LBCL (n = 235) MCL(n=103) MM (n=113) LBCL 35) MCL ( 103) MM 13)
Median duration of Duration of severe 12 days 14 days 9 days
; 5.5 days 6 days 3 days ;
severe neutropenia = 5 i % o & neutropenia (95% ClI (95% CI (95% ClI
Risk | (ANC<500/uL, D0-60) (75% C15-8 days) (95% CI5-7 days) (95% CI 2-5 days) (ANC<500/L, day 0-60)  10-16days) ~ 9-18days)  7-13 days)

profile ) |z<tic phenotype 2.6% 0% 3% Aplastic phenotype 36% 7% 32%

Severe infection rate 8% 5% 5% Severe infection rate 40% 30% 40%

Severe bacterial infection 0.9% 59 3% Severe bacterial infection 27% 28% 34%

rate

rate

Rajeski K.

. Yakoub-Agha |. IECAH: EHA/EBMT consensus qrading. Blood 2023




Secondary Myeloid Malignancies Post CART Cell Therapy

SPM Risk: 5.8%

. _ Cumulative incidence of MDS/LA after CAR-T cells therapy
1.0

50 -
45 |
0.8+ 9 40 +
3 ~
= 35
Z 06 g
E g% 326 SPM events
£ 041 2 25 RN S (Total n = 5517 patients)
] = Cumulative incidence Cumulative incidence
& Risk: 10% g 20} at 12 months at 48 months
0.2 § 15 16% Risk: 2.5% 2.5%
B-cell LPD R 10! |
0oz MM 5} | {
0 6 0 18 2 30 36 0 n n n " . . .
) 0 6 12 18 24 30 36 42 48
Time, mo Months from CAR-T infusion - ger’zattdoQiC malignancies
. mm Solid tumors
Gurney M.... Shah M, JAMA Oncology 2024 Farina M.... Russo D, BMT 2025 BE Non-melanoma skin cancer

3 Not further specified

1.00

1.00 1.00
=== SCT only (n=28): 100 mo. === SCT only (n=28): 100 mo.
=== CAR-T (n=10): 43 mo. === CAR-T only (n=5): 29 mo. 0.75 0.75
0.75 P=0.01 0.75 P=0.01
2 2
=z
1 S Development of MN 050 050
°
£050 2050 is faster post CART
3 F
é g 0.25 0.25
o a
0.25 0.25
. r\‘M LBCL 000 Bu_xu cel T\:J cel \de LU Cx\la cel wa -cel Axi-cel
126 7%
ocof (A) ocof (B) , L .
o 24 48 72 9% 130 144 168 192 216 240 o % 10 T T 1% 26 20 Tix T.... Rejeski K, Clin Cancer Res 2025
Time from 1st intervention (months) Time from 1st intervention (months)

Pre-existing CHIP 2 cases of MDS U2AF1 and TP53

Alkhateeb H.... Shah M, Blood Cancer Journal 2022



CHIP and CART

»Higher incidence of CHIP at baseline in patients treated with

CART
35-50% vs 5-10% in matched cohorts

Associated with increased risk of side effects 5 —

Severe Neurotoxicity 40-
) BiNo cH
Severe CRS gao-
? Pre-existing high inflammatory status 520
TET-2 CAR insertion en 1 (o 10
1os1¢ ¢ v | o J
104 Gr. >3 Gr. >3
CRS ICANS

Saini N..... Takahashi K, Bloon Cancer Discov 2022

CAR (copies per
microgram gDNA)
2 2

i
=4

0 200 400 600 800
Time (days)
Fraietta J..... Melenhorst J, Nat 2018



Non-Relapse Mortality After CART Cell Therapy

10.6%
MCL .—‘—
c 8.0%
o 3,550 reports MM -
§ identified via search in:
= - MEDLINE: 635
c - Embase: 2,747
ﬁ - Cochrane: 168 LBCL -
2,867 reports excluded before screening: 5.7%
] - Duplicate reports: 877 I )
- Conference abstracts: 1,990 . P=0.026
683 reports 6.8%
screened All
504 reports excluded after screening: T T T T T T
o - Case series: 20 ° 5 10 5 20 %
£ - Not assessing NRM and/or
] nurr?be'r/caus_e of death: 392 b P(%) = 0.0004 c P() = 0.37
g - Pediatric setting, other entity, non-FDA- 1.00 4 1.00 4

Cause of death

W HLH

M Hemorrhage

M CRS

M Neurotoxicity/ICANS
M CVR

W Malignancy

M Infection

approved treatment: 72
179 full-text reports
133 noneligible reports excluded:

- Other language: 20
assessed for eligibility 0.75 1 .75 1
- Missing details: 49
0.50 1 0.50
Cordas dos Santos..... Rajeski, Nat Med 2024 0 - ; 01== "

- Cohort doubling: 84
46 reports
0.25
CT RW IL LBCL MM MCL

Cause of death (%)
Cause of death (%)

included in final analysis 0.25

I Included |




T Cell Malignancies Post CART Cell Therapy

Author (Ref) Year of Study type CAR-T cell product Diagnosis No. total No. patients | Time from CAR transgene
publication prescribed patients with T cell CAR-T cell to T cell integration and
analyzed neoplasm malignancy, expression
months confirmed
Bishop et al. [53] 2021 Clinical trial piggyBac-modified B-ALL, DLBCL, 10 2(20%) 11.5-15 No
CD19 Burkitt
Verdun and Marks [20] 2024 FDA surveillance Various Various =>27,000 22 (~0.08%) 1-19 Yes”
Willyard [21] 2024 FDA surveillance Various Various ~30,000 33 (~0.11%) NR NR
Ghilardi et al. [25] 2024 Retrospective Various B cell NHL, B cell 449 1(0.22%)" 3 No
ALL, MM
Abramson et al. [36] 2024 Clinical trial Liso-cel DLBCL 270 1(0.4%) 1 No
Melody et al. [37] 2024 Retrospective Various Various 582 1(0.17%)' 4 NP
Cliff et al. [38] 2024 Database B cell lymphoid Various 1542 1(0.06%) NR NR
Jadlowsky et al. [23] 2025 Retrospective, Various Various 783 1(0.13%)™" ~12 No
single institution

Harrison et al. [64] 2025 Clinical trial Cilta-cel MM 208" 2(1%) 5-16 Yes
Dulery et al. [63] 2025 Registry Various Various 3,066 1(0.03%)"" | 36 Yes

Mohty R........ Kharfan Dabaja M, TCT 2025

Rate of T cell lymphoma is 0.03% - 1%




T Cell Malignancies: Linked to CART Cells?

Sample from Recent

Duodenal Biopsy CD4 Granzyme B
TCL ,
B-ALL <MDS/AML
Trial Solid

—~~
=
(e))
'\

I

c
bl CD8a hinge and transmembrane

Py CD8a signal p. CD137 cytop.

(e None Anti-BCMA VHH1&2 ‘CDS{ cytop.

o
.(7) 31|78 36‘78 41‘78 46‘44

= = =
b N Lo

C Seal Anti-BCMA -
— ?‘UTR IEF-la( promoter 0 CART cells V‘VPR ?‘UTR
— » I D S
< } ZOIOO 40|00 56|98

SSU72-201
SSU72-202‘
Sa-ce!
Tumor Type Product Second Malignancy [ , ‘ ‘ ,
Chrl: 1,541,673 1,551,673 1,561,673 1,571,673

» T cell ymphoma after DLBCL » Indolent GI T cell lymphoma
> Both DLBCL and TCL were positive for » SSU72 intron integration
DNMT3 and TET2

Hamilton M........ Miklos D, NEJM 2024 Ozdermirli M........ Anderson K, NEJM 2024



T Cell Malignancies: Linked to CART Cells?

Treatment Talquetamab [|[ 1 | | | |
Il Fludarabine
scRNA-seq | X X
) IHC + spatial transcriptome | X X
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Days from CAR-T infusion

» Cutaneous and Intestinal T lymphoma after Cilta-Cel
> Distinct integration sites: ZGPAT, KPNA4 and clonal > TP53 integration after BCMA CART cell

expansion of TET+ CAR+ T cells therapy

BruanT........ Richardson T, Nat Med 2025 PericaK........ Mailankody S, NEJM 2025



Immune Effector Cell Associated Colitis

* 1-2% of BCMA CART cell therapy (Cilta-cel > Ida-cel)
* T cell infiltration and CART infiltration into the gut

* Unclear etiology: possibly related to BCMA expression
* Poor outcomes

* Treatment: Vedolizumab, infliximab

Fortuna G..... Hansen D, Blood Cancer J 2024



On-Target Off-Tumor Toxicity

Products

Off Tumor Toxicity

CD19

CD20

BCMA

DLL3

GPRC5D

gp100

CART19 cells (tisa-cel, axi-cel, liso-cel, brexu-cel, Obe-cel)
BIiTE (blinatumomab)

BiTE (Mosunetuzumab, Glofitamab, Epcoritamab)

BCMA-CART cells (ida-cel, cilta-cel)
BIiTE (Teclistamab, Linvoseltamab, Elranatamab)

Taraltamab

Talquetamab

Tebentafusp

>
>

Y V VY

B cell aplasia
? CD19 targeting in the brain

B cell aplasia

Plasma cell aplasia
Caudate nucleus/basal ganglion
BCMA* cells in the Gl mucosa

DLL3* cells in brain - higher rates of neurotoxicity
Pulmonary toxicity

Skin toxicity

Skin toxicity




