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Target antigen ClinicalTrials.gov identifier Phase Participants Source Start-completion date

NKG2D ligand NCT04107142 1 10 Allogeneic 2019-2021
ROR1 NCT02706392 1 21 Autologous 2016-2021
c-Met NCT01837602 1 6 Autologous 2013-2018
NCT03060356 Early 1 77 Autologous 2016-2020
Mesothelin NCT01355965 I 18 Autologous 2011-2015
NCT02580747 I 20 Autologous 2015-2018
NCT02792114 1 186 Autologous 2016-2023
NCT02414269 18 113 Autologous 2015-2024
MUC1 NCT02587689 v 20 Autologous 2015-2018
A cleaved form of MUC1 NCT04020575 I 69 Autologous 2020-2035

TnMUCI NCT04025216 1 112 Autologous 2019-2036
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Generic
name

Tisagenlecleucel

Axicabtagene
ciloleucel
Brexucabtagene
autoleucel
Lisocabtagene
maraleucel
Idecabtagene
vicleucel

Ciltacabtagene
autoleucel

Brand
name

Kymriah®

Yescarta®

Tecartus®

®

Breyanzi

Abecma®

Carvykti®

Year of first
Approval

2017

2017
2020
2021
2021

2022

Target (targeting
domain type)

CD19 (scFv)

CD19 (scFv)
CD19 (scFv)
CD19 (scFv)
BCMA (scFv)

BCMA (single-domain
antibody)

Generation (intracellular
signaling domain)

2™ (4-1BB-CD3()

2" (CD28-CD3()
2" (CD28-CD3{)
2" (4-1BB-CD3()
2" (4-1BB-CD3()

2" (4-1BB-CD3()

Indication(s)
(line of treatment
approved for)

B-ALL (3" line) DLBCL
(3" line)
FL (3" line)

DLBCL (2" line)
FL (3" line)

MCL (3" line)
B-ALL (3" line)
DLBCL (3" line)

MM (5" line)

MM (5" line)

Reference

(56-67)

B-ALL, B-cell acute lymphoblastic leukemia; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; MM, multiple myeloma; scFv, single-chain

fragment variable.
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Limitations Examples of strategies

CAR-T target antigen heterogeneity or lack * TRBA-secreting CAR-Ts (90)
of target antigen specificity * TRBA therapy (91)
* TRBA-expressing oncolytic viruses (92, 93)
* Oncolytic vaccinia virus-mediated induction of CAR-T target antigen expression (94-96)
* Bispecific CAR-Ts (97)
* Trivalent CAR-Ts (98, 99)
* CAR-T cocktail therapy (100)
* Screening for alternative target antigens (71)
Immunosuppressive TME * Tackling the hypoxic TME nature (101-104)
* Metabolic reprogramming of CAR-Ts (105)
In vivo CAR-T exhaustion * Immune checkpoint blockade therapy (106)
* CAR cells with PD-1 disruption (107)
* CAR-T cells that secrete blocking antibodies against CTLA-4 and PD-1 (108, 109)
Poor tumor site CAR-T trafficking * Regional delivery of CAR-Ts (110-112)
* CAR-Ts that express chemokine/cytokine receptors (113-115)
* Blocking protein kinase A localization (116)
* Photothermal therapy (117, 118)
* Using antiangiogenic drugs (119-122)
Inadequate post-infusion persistence * Ex vivo phase media optimization (123-130)
* CAR-T activity boosting vaccines (131-136)

CAR-T, chimeric antigen receptor T-cell; TME, tumor microenvironment; TRBA, T-cell-redirecting bispecific antibody.
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No. (%)
Male, no. (%)
Age, median (range)
Types, no. (%)
IgG
IgA
IgD
Light chain
Non-secretory
Time from diagnosis to enrolment, months
*ISS, stage III, no. (%)
THigh tumor burden, no. (%)
fHigh-risk cytogenetics, no. (%)
Previous auto-HSCT, no. (%)
Previous therapy lines
Complete blood count
Platelet count (x10°/L)
White blood cell count (x10°/L)
Hemoglobin (g/L)
Absolute lymphocyte count (x10°/L)
Absolute neutrophil count (x10°/L)
Acute-phase proteins
CRP (mg/L)
IL-6 (pg/mL)
Ferritin (ng/mL)

*ISS, International Staging System.

Total Median

71
46 (64.8)
57 (29-70)

31 (437)
5(21.2)
8(113)
13 (183)
4(56)
30 (3-170)
37 (52.1)
15 (21.1)
18 (25.4)
8(253)
4(2-17)

120 (17-329)
3.8 (1.1-9.9)
96 (47-158)
1.1 (0.4-4.7)
2.1 (0.4-6.7)

4.5 (0-99.0)
5.9 (1.5-50.8)

4835
(98.4-4489.0)

tHigh tumor burden was defined as at least 50% plasma cells in bone marrow.

tHigh-risk cytogenetics: presence of del(17p) and/or translocation t (4, 14) and/or translocation t (14, 16).
Auto-HSCT, auto-hematopoietic stem cell transplantation.
Two-sided P values were calculated using the Mann-Whitney U test for continuous variables and Pearson chi-square or Fisher’s exact test for categorical variables.

GC-group

1(437)
8(58.1)
57 (29-70)

2(387)
6(19.4)
4(129)
8(25.8)

1(32)

26 (5-165)

5 (48.4)
8(25.8)
10 (32.3)
4(129)
3(2-11)

140 (17-329)
41 (1.1-9.9)
105 (47-149)
12 (0.1-4.7)
23(05-6.7)

4.2 (0-99.0)
7.7 (1.5-44.4)

450.4
(107.7-4489.0)

NGC-group

40 (56.3)
28 (70.0)
57 (40-70)

19 (47.5)
9 (225)
4(10.0)
5(12.5)
3(7.5)
31 (3-170)
22 (55.0)
7 (17.5)
8 (20.0)
14 (35.0)
4(2-17)

119 (23-259)
37 (16-62)
93 (56-158)
1.0 (0.4-3.1)
19 (0.4-3.7)

4.5 (1.0-83.0)
5.7 (1.5-50.8)

485.0
(98.4-2000.0)

0.30
0.34

0.46
0.75
0.72
0.15
0.63
0.19
0.58
0.40
0.24
0.03
0.07

0.59
0.20
0.37
0.25
043

0.67
0.46
0.69
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Response category GC use

GC group (n=31) NGC group (n=40)

Overall response

No. with response 29 34
Rate—% (95% CI) 93.5 85.0
(78.6-99.2) (70.2-94.3)
Best overall response, no. (%)

Complete response or better 20 (64.5) 23 (57.5)
Complete response 9 (29.0) 7 (17.5)
Stringent complete response 11 (35.5) 16 (40.0)

Very good partial response or better 22 (71.0) 28 (70.0)
Very good partial response 2 (6.5) 5(12.5)

Partial response 7 (22.6) 6 (15.0)

Response status was determined by IMWG Uniform Response Criteria for Multiple Myeloma. P values were calculated with the chi-square test.

0.45

0.63

0.93

GC dose

HGC group (n=15)

14

93.3
(68.1-99.8)

10 (66.7)
6 (40.0)
4(26.7)
11 (73.3)
1(6.7)
3 (20.0)

HGC-group, cumulative dexamethasone-equivalent dose >35 mg; LGC-group, cumulative dexamethasone-equivalent dose <35 mg.

LGC group (n=16)

15

93.8
(69.8-99.8)

10 (62.5)
3(188)
7 (43.8)
11 (68.9)
1(6.3)
4(25.0)

1.00

1.00

1.00
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Response category

<7-day (n=11)

Overall response

No. with response 11
Rate—% (95% CI) 100
(71.5-100.0)
Best overall response, no. (%)

Complete response or better 8 (72.7)
Complete response 3(272)
Stringent complete response 5 (45.5)

Very good partial response or better 10 (90.9)
Very good partial response 2(182)

Partial response 1(9.1)

Timing of GC use P

>7-day (n=20)

18
90.0 0.53

(68.3-98.8)

12 (60.0) 0.70

6 (30.0)

6 (30.0)

12 (60.0) 0.11
0

6 (30.0)

Response status was determined by IMWG Uniform Response Criteria for Multiple Myeloma.
<7-day group, received GCs within 7 days post CAR-T cell infusion; >7-day group, received GCs beyond 7 days; <3-day group, duration of GCs uses 3 days or less than 3 days; >3-day group,

duration of GC uses more than 3 days.

Duration

<3-day (n=16)

15

93.8
(69.8-99.8)

10 (62.5)
4 (25.0)
6 (37.5)
11 (68.9)
1(6.3)
4 (25.0)

of GC use

>3-day (n=15)

14

93.3
(68.1-99.8)

10 (66.7)
5(33.3)
5(333)
11 (733)
1(6.7)
3 (20.0)
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