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Chimeric Antigen Receptor-T Cell Therapy

Ja Min Byun and Sung-Soo Yoon

Chimeric antigen receptor (CAR) T-cell therapy constitutes a revolutionary advancement in personalized cancer treatment.

During this treatment, a patient's own T cells are genetically engineered to express a synthetic receptor that binds a tumor antigen.

CAR-T cells are then expanded for clinical use and infused back into the patient's body to attack cancer. CAR-T cells have pro-

duced remarkable clinical responses with B-cell malignancies. However, CAR-T cells therapy is not without problems. Barriers to

effective CAR-T cells therapy include severe life-threatening toxicities and modest anti-tumor activity. In this review, we introduce

the concept of CAR-T cells therapy, currently available CAR-T cells therapy options, and how to deal with adverse events. (Korean

J Med 2022;97:229-237)
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Table 1. USFDA-approved CAR-T cells therapies [2-8]

Therapy Indications
CD109 targeting agents
Axicabtagene ciloleucel -Adults with R/R large B-cell lymphoma after > 2 lines of systemic therapy, including DLBCL NOS,

DLBCL arising from follicular lymphoma, primary mediastinal large B-cell lymphoma, high-grade
B-cell lymphoma
-Adults with R/R follicular lymphoma after > 2 lines of systemic therapy
Brexucabtagene autoleucel -Adults with R/R MCL
-Adults with relapsed or refractory B-cell ALL

Lisocabtagene maraleucel Adults with R/R large B-cell lymphoma after > 2 lines of systemic therapy, including DLBCL NOS
(including DLBCL arising from indolent lymphoma), high-grade B-cell lymphoma, primary
mediastinal large B-cell lymphoma, and follicular lymphoma grade 3B

Tisagenlecleucel -Patients aged up to 25 years with B-cell precursor ALL that is refractory or in second or later relapse
-Adults with R/R large B-cell lymphoma after > 2 lines of systemic therapy, including DLBCL NOS,
DLBCL arising from follicular lymphoma, high-grade B-cell lymphoma

BCMA targeting therapy
Idecabtagene vicleucel Adults with R/R multiple myeloma after > 4 prior lines of therapy, including an immunomodulatory
agent, a proteasome inhibitor, and an anti-CD38 monoclonal antibody
Ciltacabtagene autoleucel Adults with R/R multiple myeloma after > 4 prior lines of therapy, including an immunomodulatory

agent, a proteasome inhibitor, and an anti-CD38 monoclonal antibody

USFDA, United States Food and Drug Administration; CAR, chimeric antigen receptor; R/R, relapse/refractory; DLBCL, diffuse large B
cell lymphoma, NOS, not otherwise specified; MCL, mantle cell lymphoma; ALL, acute lymphoblastic leukemia.
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Figure 1. Overview of autologous CAR-T cell therapy. CAR, chimeric antigen receptor.
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Table 2. CAR-T cell therapies for refractory DLBCL treatment
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ZUMA-1 [2] JULIET [5] TRANSCEND NHL 001 [6]

Name Axicabtagene ciloleucel Tisagenlecleucel Lisocabtagene maraleucel
Kite Pharma YESCARTA" Novartis KYMRIAH” Juno Therapeutics BREYANZI®

Structure Anti-CD19-CD28-CD3z Anti-CD19-41BB-CD3z Anti-CD19-41BB-CD3z

Patients pheresed/treated 111/101 165/111 344/269

Bridging therapy None allowed in pivotal trial 92 59

ORR (CR) 82 (54.0) 52 (40.0) 73 (53.0)

Cell dose 2x10%kg (max 2x10%) 0.6 to 6.0x10%/kg 50 to 150x10%kg

Lymphodepletion Flu/Cy 30/500 mg/m2><3 days Flu/Cy 25/250 mg/m2X3 days, or Flu/Cy 30/300 mg/m2X3 days

bendamustinex2 days

Values are presented as number (%).

CAR, chimeric antigen receptor; DLBCL, diffuse large B cell lymphoma; ORR, overall response rate; CR, complete remission.
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Table 3. Efficacy and safety of BCMA CAR-T-cell therapies
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KaRMMa [7] EVOLVE [22] CARTITUDE-1 [21]

Name Idecabtagene v1cleucel Orvacabtagene autoleucel Ciltacabtagene autoleucel

Celgene ABECMA" JCARHI25 Jassen CARVYKTI"
Structure Anti-BCMA, 4-1BB,CD3z  Anti-BCMA, 4-1BB, CD3z  Anti-BCMA, 4-1BB, CD3z (2 epitopes)
Vector Lentivirus Fully humanized Lentivirus
Number of patients enrolled 128 62 97
ORR (CR) 73 (33.0) 92 (36.0) 100 (67.0)
PFS (months) 8.8 NR NR
DoR (months) 10.7 NR NA
CRS (= Grade 3) 84 (6.0) 89 (3.0) 95 (5.0)
Median time to CRS (days) 1(1-12) 2(1-4) 7 (1-12)
Median duration of CRS (days) 5 (1-63) 4 (1-10) 4 (1-97)
ICANS (= Grade 3) 17 (3.0) 13 (3.0) 17 (2.0)

Values are presented as number (%) or median (interquartile range).

BCMA, B-cell maturation antigen; CAR, chimeric antigen receptor; ORR, overall response rate; CR, complete remission; PFS, progression
progression-free survival; DoR, duration of response; CRS, cytokine release syndrome; ICANS, immune effector cell cell-associated

neurotoxicity syndrome.
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Figure 2. CAR-T cell therapy procedure. CAR, chimeric antigen receptor.

Table 3. Efficacy and safety of BCMA CAR-T cell therapies

KaRMMa [7] EVOLVE [22] CARTITUDE-1 [21]

Name Idecabtagene vicleucel Orvacabtagene autoleucel Ciltacabtagene autoleucel

Celgene ABECMA® JCARHI25 Jassen CARVYKTI®
Structure Anti-BCMA, 4-1BB, CD3z  Anti-BCMA, 4-1BB, CD3z Anti-BCMA, 4-1BB, CD3z (2 epitopes)
Vector Lentivirus Fully humanized Lentivirus
Number of patients enrolled 128 62 97
ORR (CR) 73 (33.0) 92 (36.0) 100 (67.0)
PFS (months) 8.8 NR NR
DoR (months) 10.7 NR NA
CRS (= Grade 3) 84 (6.0) 89 (3.0) 95 (5.0)
Median time to CRS (days) 1(1-12) 2(1-4) 7 (1-12)
Median duration of CRS (days) 5(1-63) 4 (1-10) 4 (197
ICANS (> Grade 3) 17 3.0) 13 (3.0) 17 2.0)

Values are presented as number (%) or median (interquartile range).

BCMA, B-cell maturation antigen, CAR, chimeric antigen receptor; ORR, overall response rate; CR, complete remission; PFS,
progression progression-free survival; DoR, duration of response; CRS, cytokine release syndrome; ICANS, immune effector cell
cell-associated neurotoxicity syndrome.
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Figure 3. Acute toxicities of CAR-T cell therapy. CAR, chimeric antigen receptor.

Table 4. American Society of Transplantation and Cellular Therapy Consensus CRS grading

Parameter Grade 1 Grade 2 Grade 3 Grade 4
Fever BT>38C BT>38C BT >38C BT>38C
with
Hypotension None Not requiring vasopressors  Requiring a vasopressor with or ~ Requiring multiple vasopressor
without vasopressin (excluding vasopressin)
and/or
Hypoxia None Requiring low-flow nasal Requiring high-flow nasal Requiring positive pressure (e.g.

cannula or blow-by cannula, facemask, nonbreather

mask, or Venturi mask

CPAP, BiPAP, intubation, and
mechanical ventilation)

CRS, cytokine release syndrome; BT, body temperature; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway
pressure.
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Table 5. Summary of CRS and neurotoxicity management
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Grade CRS

Neurotoxicity

CRS + neurotoxicity

1 Supportive care (consider tocilizumab  Supportive care (consider tocilizumab in

in select cases”) select cases”)

2 Tocilizumab
Tocilizumab Steroids (dexamethasone)
4 Tocilizumab + high dose steroids High-dose steroids (methylprednisolone)

(methylprednisolone) ICU/critical care

ICU/critical care

Steroids (dexamethasone or methylprednisolone)

Supportive care

Tocilizumab + steroids (dexamethasone)
Tocilizumab + steroids (dexamethasone)

Tocilizumab + high dose steroids
(methylprednisolone)
ICU/critical care

CRS, cytokine release syndrome; ICU, intensive care units.

"High burden disease, high-risk products, older patients, numerous comorbidities.
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