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FDA-Approved CAR T-Cell Therapies

‘Generic Name Brand Target |Targeted Disease Patient Population
Name Antigen

Tisagenlecleucel Kymriah |CD19 B-cell acute lymphoblastic Children and young adults with refractory or
leukemia (ALL) relapsed B-cell ALL

B-cell non-Hodgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL

| Axicabtagene ciloleucel Yescarta [CD19 B-cell non-Hodgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL
Follicular lymphoma Adults with relapsed or refractory follicular lymphoma
| Brexucabtagene Tecartus [CD19 Mantle cell lymphoma (MCL) Adults with relapsed or refractory MCL
autoleucel
B-cell acute lymphoblastic Adults with refractory or relapsed B-cell ALL
leukemia (ALL)

| Lisocabtagene maraleucel |Breyanzi |CD19 B-cell non-Hodgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL

Idecabtagene vicleucel Abecma |[BCMA | Multiple myeloma Adults with relapsed or refractory multiple myeloma

Ciltacabtagene autoleucel |Carvykti |[BCMA | Multiple myeloma Adults with relapsed or refractory multiple myeloma
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Sustained B cell depletion by CD19-targeted CAR T cells is a
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Table 1. Characteristics of 15 Patients with Autoimmune Disease at Baseline.*

Patient  Patient  Patient  Patient  Patient  Patient  Patient Patient  Patient Patient Patient Patient Patient Patient  Patient

Characteristic 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Age (yr) 20 23 22 24 18 38 33 35 41 43 42 60 36 37 47
Sex F M F F F F F F M E M M M F M
Disease SLE SLE SLE SLE SLE SLE SLE SLE 1M 1M 1IM SSc SSc SSc SSc
Disease duration (yr) 4 ik 6 9 3 13 1 20 2 ] 1 2 2 1 11
Follow-up (mo) 29 25 21 19 15 15 12 6 18 18 5 13 10 7 4
Autoantibodies

Lead dsDNA  dsDNA  dsDNA Sm dsDNA  dsDNA  dsDNA  dsDNA Jo-1 Jo-1 PL-7 RNAP Il Scl70 Scl70 Scl70

Co-lead — Sm — — Sm Sm — — — Pm- — — — — —

° O L Scl100
Other — — PCNA Ro60 Ku Ro52/60 RNP RNP — Ro52 Ro52 — — Ro60 —

Organ involvement

acBeveLg.. o L e e

Kidney + + + + + + + + 0 0 0 0 0 +T 0
Nephritis (WHO 11 11 [\ -V -V \% [\ v 0 0 0 0 0 0 0
grade)
Lungs + 0 + + 0 0 0 + + + + + + + +
Heart + 0 0 + 0 0 0 0 0 0 0 + + 0 0
Bone marrow + 0 0 0 + + 0 0 0 0 0 0 0 0 0
Muscles 0 0 0 0 0 0 0 + + + 0 0 0 0
Joints 0 + + + + + 0 + 0 - 0 + + 0 0
Treatments
Glucocorticoids + + + + + + + + + + + + 0 0
HCQ + + + + + + + + 0 0 0 0 + 0 0
Mycophenolate + + + + + + - + 0 - 0 + + + +
Methotrexate 0 0 0 + 0 + 0 + 0 0 0 + 0 + 0
Azathioprine 0 0 0 + + + 0 + 0 0 0 0 0 0 0
CPM + + + 0 0 + + 0 + + + 0 0 0 +
Tacrolimus + 0 0 0 0 + + 0 + + 0 0 0 0 0
Rituximab + 0 0 0 0 + + + + + + 0 0 + 0
Belimumab + + + + + + + + 0 0 0 0 0 0 0
IVIG 0 0 0 0 0 0 + + + 0 0 0 0
Other 0 0 LEF 0 +1: 0 +§ 0 +9 OCR 0 0 TOC NIN

* CPM denotes cyclophosphamide, dsDNA double-stranded DNA, HCQ hydroxychloroquine, 1IM idiopathic inflammatory myositis, IVIG intravenous immunoglobulins, LEF leflunomide,
NIN nintedanib, OCR ocrelizumab, PCNA proliferating-cell nuclear antigen, Pm-Scl100 polymyositis and scleroderma 100, RNAP |1l RNA polymerase Ill, RNP ribo-nucleoprotein, Scl70
scleroderma 70, SLE systemic lupus erythematosus, Sm Smith, SSc systemic sclerosis, TOC tocilizumab, and WHO World Health Organization.

T Patient 14 had grade IV chronic kidney insufficiency due to renal crisis.

i Patient 6 received leflunomide, bortezomib, upadacitinib, immunoadsorption, and ustekinumab.

{ Patient 8 received photopheresis, lenalidomide, thalidomide, ustekinumab, and interleukin-2.

4 Patient 10 received tofacitinib. tocilizumab. and ocrelizumab.



A Short-Term Efficacy of CD19 CAR T-Cell Therapy in Autoimmune Disease

Patient No. 1 2 3 4 6 8 10 11 12 13 14 15
Disease SLE 1M SSc
DORIS Remission e - + + +%
LLDAS + + + + +% N/A
SLEDAI-2K Score 0 0 0 0 0 0 N/A
ACR-EULAR Major Clinical Response + +%
Normalization of CK Level NI + +%
Change in EUSTAR-AI Score / S -2.3 -4.7 -4.3 -1.9%
Change in mRSS / = -9 =) _5%
Glucocorticoid-free State + - - * +% + - - +%
No Immunosuppressive Drugs + + + + + + +* + + + +*
B Long-Term Outcomes in Patients with SLE (N=38) C Long-Term Outcomes in Patients with 1IM (N=3) D Long-Term Outcomes in
Patients with SSc (N=4)
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A Patients with SLE with More than 1 Yr of Follow-up after CD19 CAR T-Cell Therapy (N=6)
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Table 2. Short-Term Safety of CD19 CAR T-Cell Therapy in Autoimmune Disease.*

Patient  Patient Patient  Patient Patient Patient Patient Patient Patient Patient Patient Patient Patient Patient Patient

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Disease SLE SLE SLE SLE SLE SLE SLE SLE [IM 1M [IM SSc SSc SSc SSc
CRS (grade) 0 1 1 1 0 1 0 1 1 1 2 1 1 1 0
ICANS (grade) 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Bone marrow toxicity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOC treatment 0 0 0 + 0 + 0 + + + + 0 0 0 0
GLC treatment 0 0 0 0 0 0 0 0 0 + 0 0 0 0 0
Low IgG + + + 0 0 0 0 +i +I 0 0 0 0 0 0
IgG substitution 0 + 0 0 0 0 0 + 0 0 0 0 0 0 0

* CAR denotes chimeric antigen receptor, CRS cytokine release syndrome, GLC glucocorticoid, and ICANS immune-effector cell-associated neurotoxicity syndrome.
T Bone marrow toxicity was defined as persisting grade 2 or higher thromocytopenia, leukopenia, or granulocytopenia at or beyond day 28 after CD19 CAR T-cell therapy.
I Patients 8 and 9 had preexisting hypogammaglobulinemia due to previous rituximab exposure.

Table 3. Long-Term Safety of CD19 CAR T-Cell Therapy in Autoimmune Disease.*
Patient
No. Disease <3 Months 3-6 Months 6-12 Months >12 Months
1 SLE uTl 0 0 URTI (nonspecified)
2 SLE 0 0 URTI (SARS-CoV-21) URTI (nonspecified)
3 SLE URTI (SARS-CoV-2) 0 URTI (nonspecified) URTI (SARS-CoV-2) and her-
pes zoster
4 SLE 0 0 0 Otitis
5 SLE 0 URTI (SARS-CoV-21) 0 0
6 SLE 0 URTI (SARS-CoV-2f and  URTI (SARS-CoV-21) URTI (nonspecified)
RSV)
7 SLE 0 0 0
8 SLE Pneumonia 0
9 IIM 0 Enteritis (nonspecified) 0 0
10 IIM 0 Herpes simplex 0 0 The NEW ENGLAND
11 1IM URTI (nonspecified) 0 ; ]C][_'I ERNAL ':!..{. MEDICINE
12 SSc 0 URTI (Haemophilus influ- 0 0
enzae)
13 SSc 0 Cellulitis Herpes zoster
14 Ssc URTI (SARS-CoV-27) 0
15 SSc 0

* Shown is the infection profile of patients with autoimmune disease undergoing CD19 CAR T-cell therapy. Data are presented chronologically
and according to site of infection. RSV denotes respiratory syncytial virus, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2,
URTI upper respiratory tract infection, and UTI urinary tract infection.

T The infection was treated with nirmatrelvir-ritonavir (Paxlovid).
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IMMUNOTHERAPY

Reengineering chimeric antigen
receptor T cells for targeted therapy
of autoimmune disease
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Is CAR-T worth it in Al diseases?

Should CAR-T therapies be restricted to those
unlikely to cause CAR-T lymphoma?

Cartesian’s Descartes-08 RNA BCMA CAR-T

Doesn’t rely on multiplication of CAR-Ts in the body
The RNA BCMA CAR-T cells disappear

Downside: treatments need repeated



CATCR-T cells eliminate anti-B2GPI DI B cells

Targeting autoreactive B cells
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theJournal of
Immunology

RESEARCH ARTICLE | JANUARY 01 2022

CD8' T Cells Expressing an HLA-DR1 Chimeric Antigen Receptor Target
Autoimmune CD4' T Cells in an Antigen-Specific Manner and Inhibit the
Development of Autoimmune Arthritis

Karen B. Whittington; ... et. al

J Immunol (2022) 208 (1): 16-26.
https://doi.org/10.4049/jimmuncl. 2100643
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nature communications

Article https://doi.org/10.1038/541467-024-46448-9

Regulatory T cells expressing CD19-targeted
chimeric antigen receptor restore
homeostasis in Systemic Lupus
Erythematosus
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%Ga-FAPI-04-PET/CT

Contrast-enhanced Contrast-enhanced

Axial T1w TSE FS

Coronal T1w TSE FS

Baseline

SUVmax septobasal: 8.6

Baseline

3-Months Follow Up

SUVmax septobasal: 5.8
3-Months Follow Up

Treatment of a patient with severe systemic
sclerosis (55¢) using CD19-targeted CART cells

F EUSTAR Activity Index

G Modified Rodnan Skin Score
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Baseline 3 months 6 months Baseline 3months 6 months
B A- skin m digital ulcers mRSS> 18 8 . W >
TFR B CRP>1mg/dl mDLCO<70
H Baseline 3 months follow-up 6 months follow up
PET FVC 3,27 1 (73% pred.) 3,45 | (77% pred.) 3,21 (72% pred.)
DLCO 49 mmol/(min*kPa) 52 mmol/(min*kPa) 59 mmol/{min*kPa)
KCO 58 mmol/{min*kPa*l) | 68 mmol/(min*kPa*l) 80 mmol/(min*kPa*1)
I Baseline & months follow up
EF 55-60% 55-60%
TTE PASP 27 mmHEg 20 mmHg
RAarea | 31cm’ 17 cm?




