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Mechanisms of resistance to CAR-T cell therapy of B-cell malignancies and
reversal strategies

ZHANG Yang, WU Zhigiang, HAN Weidong (Department of Bio-Therapeutic, The First Medical Center, Chinese PLA General
Hospital, Beijing 100036, China)

[Abstract] Chimeric antigen receptor gene-modified T-cell (CAR-T cell), represented by the target CD19, has achieved breakthrough
progress in the treatment of B-cell malignancies. However, with the increasing number of patients undergoing CAR-T cell therapy, the
issue of relapse and resistance has become particularly prominent and is now a major clinical challenge and a research hotspot in the
field. In recent years, in addition to immune escape due to antigen loss and treatment insensitivity caused by CAR-T cells dysfunction,
progress has been made in understanding resistance mechanisms caused by intrinsic factors of tumor cells. Using high throughput
screening system, resistance mechanisms mediated by downregulation or deficient expression of pro-apoptotic molecules (such as
NOXA, FADD) and adhesion molecules (such as CD58, ICAM1) have been identified. Several strategies have been developed to
reverse these resistance mechanisms, such as HDAC inhibitors combined with CAR-T cell therapy to treat NOXA-low expressing non-
Hodgkin lymphoma; pretreatment of CAR-T cells with epigenetic drugs to enhance their antitumor efficacy and persistence; using gene

editing technologies to relieve gene suppression and enhance CAR-T cell activity; and overexpressing cytokines to improve tumor
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microenvironment. Some of these strategies have already been clinically validated. This review aims to summarize the existing

resistance mechanisms to CAR-T cell therapy and their targeted reversal strategies, analyze the clinical outcomes of related studies, and

provide new insights into enhancing CAR-T cell efficacy in B-cell malignancies.

[Key words] chimeric antigen receptor gene-modified T-cell (CAR-T cell); B-cell malignancie; resistance mechanisms; CAR-T cell

dysfunction; reversal strategies

[Chin J Cancer Biother, 2024, 31(11): 1043-1050. DOI: 10.3872/j.issn.1007-385x.2024.11.001]

AT E Z R EF BT (chimeric antigen
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GEHAREE, B RAREZERSERFE RG], X
B B R W — AR T Y. BT, £ A CAR-T
90 fE 7 B4 A2 B AN IR A e R R R B B,
FxE R R EEEEEF (Food and Drug
Administration, FDA)#t 7 6 2 [4 K LLCD19 H ¥2 &,
2 2 LB 4 A & 2 4 JE (B cell maturation antigen,
BCMA)  #8 &, o B B K 25 & Y & & # B National
Medical Products Administration, NMPA) #t Y& 6 %
(LLCD19 ## BCMA % ¥2 % & 3 #0)% . R & CAR-T 4
ITEEBAMAFEIET P RIEAAZHHRK, E
Fit B 2 K A6 0T R A1 TAT A& M AU AL %], CAR-T 48
MLE &K, FEHMAEELHEEEL L) EE K
ek HEIk . H M, BA 7 CAR-T 4 A V6 77 K 41 R
B, mNMEATE LG, § E £ 3 M o R IR AT
BEREE, AXETERFZE T CAR-T 4 fi677 B
2 F0 i 8 Y e PR B IR S 9 AT SR AR R AL, 2 — 25
RS KGR RN #E, YR FABA
HE R Y& #9 CAR-T 40 L 77 2K 4R e iy B3

1 CAR-T ¢HEE;E 77 B 20 A6 AP JE A I PR ERAR

CAR-T 4 Jii, & F & % & FDA #t /B # A\ 5K, H
BT, UACD19 4 ¥ & B9 CAR-T 40 f L A 88 4 1%, H
ENEEFE A M BIKE % G I JF (acute B-
lymphoblastic leukemia, B-ALL) . 9% 18 A B 28 f& ik
E 98 (diffuse large B-cell lymphoma, DLBCL) . &

M KL 28 B & 1 95 (chronic granulocytic leukemia,
CGL) . & %8 j itk &.98 (mantle cell lymphoma, MCL) .
JE VL 20 Btk B 98 (follicular lymphoma, FL), 7 BL
BOMA ¥ 32 EHICAR-TH ML B Tt 4 K B8
58 (multiple myeloma, MMD™, B H7 e K i 30 K
746 & T o~ ,CD19-CAR-T 48 At F 7 425 B 28 B i J& o
WA — B EERELEAEL LT R, 4
X A8 CD19-CAR-T 4 i 7= & T R lg RIA R & R B
L,DLBCLY B =, T ¥ H EHF FERE KBTI
H.EENTERAEMNEF L AL EANLEIE
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FRERS, XEEEFFT L NEET, HB-ALL
REFIEEHFELX RS LEBITHRANE £
MEECT H B 4R A AR e K. MCL 5 FL 2 &
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BA T AR B 4 B Y B , £ CD19-CAR-T 28 fL i 7 B &
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& B 40 B B9 & K 4 A B B, 33 E BCMA =2 MM
CAR-TH B THEELE L, BlRARARERTY
B, [ CAR-T 40 i 7= & 7 MM + 89 B & M 4Tt
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F1 CAR-T 4B~ 5 7A7T B AR HRER

#o B 4 Mg 4y 2 B CAR-THf  JEREITHIE  4RBITIEIE S5k
CD19 NHL DLBCL Axi-cel 17% 57% [4]
DLBCL Tisa-cel 47% 50%~60% [5]
DLBCL Liso-cel 30% 47% [6]
B-ALL JL3E B-ALL Tisa-cel 19% 30%~40% [9]
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BCMA MM ZRVEE TR Ide-cel 27% 26% [11]
E auRzg it Cilta-cel 3% 33% [13]




b

ik, 55 . B 4H AR R HEHT CAR-T 4 ARG YT I B30 % SR g

+ 1045 -

WK P I TH B IR LLE 3,
Bl — & i *f 7 [ CAR-T 40 JfL 7= b ¥6 7 BN GLR E , sk
Bl — @ ETERFFRTEE R, R RUTA
CAR-T 40 JfL. 36 J7 " S 14 B A& 14T 4 7 fE 2 5 30
HAEREZFWEBERZ —. BEZHAWEBHAHL
H B R B R IE 9T IR A T OB AL B 4k & AL R
WA, R CAR-T R IGTT R Z 1 BAT KM, 8%
BB ZR. B, BRANE K CAR-T 4 A 7677 MKt
HESTRBETIAREREE.,

2 BZAAAMEIKHT CAR-T ZRAEIA T RO /E ALY

CAR-TH iR/ R B Al & — N E T2, 8
FHEREMAE HEARE HRRE Z R
CAR-T 40 fE o REAFAE 3£ [B] ok & 2 & RE 28 ¥ A B 41
B, B, BHAMNNERR R EEAE =7 E
(1) e 7 28 P A & T0UfF 2k CAR-T 28 B 76 K 3 %0 9% /& 7
TEAL R B HATALE (O H BRI EE R
CAR-T 41 L K /B, B = H A LB AL (3 B T
LB TREREREEGMBGTHRS
BECE D,

' L. - JEWH

CAR-TAH L A 1S

CAR-T4Ifi #6345
} VAT U RR A

CAR-TAH M T3 1n

S HECAR-TN d JibsR 4t
>
() (BE )
il ,\‘\ /
d

El1 CAR-T#4BBiaTT 9L

BT RIBIEAT

2.1 BmAAAY B M 3R A 12 b9 IRALHLH]

CD19 #1 & ik %k 8k % & & CAR-T 40 fL 36 77 J& & =
M ZARFURY FEEALE T, CD19 1 F AT K &
EERE SRR RETER FHECDI o F R
KON CDI9EEMBMIFEGBHEE RELFEL T
CD81 & 34 k% ¥ 7 B 40 Mg F 2 (i B CD19 Ik 0 =1,
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