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Abstract

BACKGROUND: Chimeric antigen receptor T cell therapy is a cutting-edge approach for the treatment of B cell hematological malignancies. These cells
efficiently and specifically recognize and kill tumor cells, unrestricted by major histocompatibility complex limitations.

M AHLF R, HE RN T 425199
F—1EH: FAE, K, 1992 454, AL EMNTA, ik, 2018 4 LM T KFH b, Md, B LHIN, TENFmIAEMNFE FLE T/,
BIVEE: B4, HE, 96, SAdAHFER, HHEiaM T 425199

https://orcid.org/0009-0001-4708-6310 ( /& 435 )

HER: BRaAAFAAL7FE (32101022), R A v A EAZ #Adh g AFF AR A (20220140158), R B R T A ELA,
M B K F TAE R AE (22A0572), FE fiawA: BEAZ Hdg 8RR EFAHERTRE

SIAAIC: HILSE, Ziitk, BAS  RESARRZIKT mitta X fe 657 B mit iz BHME: KUMZiEERE ). +E
W TAEHFR,, 2026, 30(1):248-259.

248 | PERLKTEHR | 553055 | 18 | 2026518



=k PEEATERE @2

xR . ) . -
Chinese Journal of Tissue Engineering Research  www.CITER.com

OBJECTIVE: To elucidate the structure, developmental history, and marketed progress of chimeric antigen receptor T cells, summarize their long-term efficacy in
B cell hematological malignancies treatments, and discuss associated toxicities, recurrence, and mitigation strategies. Additionally, it reviews the advancement
of potential targets in B cell hematological malignancies treatments.

METHODS: Searches were conducted in PubMed, CNKI, and WanFang databases using the terms “CAR-T, B cell hematological malignancies, toxic side effects,
immunotherapy” in Chinese and English, focusing on articles regarding chimeric antigen receptor T cell targets in B-cell malignant tumor treatments.

RESULTS AND CONCLUSION: (1) The U.S. Food and Drug Administration and National Medical Products Administration have approved 11 chimeric antigen
receptor T cell products, primarily targeting CD19 and B cell maturation antigen targets in B cell hematological malignancies. (2) Long-term follow-up data
indicate that chimeric antigen receptor T cell therapy provides a high remission rate and enduring responses in B cell hematological malignancies patients,
albeit with recurrence issues due to antigen loss or downregulation. (3) Chimeric antigen receptor T cell therapy is associated with significant toxicities, a high
recurrence rate, and drug resistance, constraining its broad application. (4) Future research should concentrate on developing new targets, combined therapies,
and strategies to enhance chimeric antigen receptor T cell persistence and antitumor activity.

Key words: B cell hematological malignancies; chimeric antigen receptor T cells; immunotherapy; therapeutic targets; long-term efficacy; toxic side effects;
recurrence
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<3 | #0[5) CD19 #X AR SR T (CAR-T) 4HARIEYT B ZHARMK sk B I K 2 & MK HARE T B A 30 - 5 /é:fvcvm
PR RS TERCE (K0 ) PRV 9T A R - I a5
=0 [ ek
Kymriah 1T ] ELIANA B-ALL(79) 394H ORR: 81%, CRR: 82%, Hifif [44] % i
(NCT02435849) EFS: 24 4N F =
Tecartus [ / 114 ZUMA-4 B-ALL(24) 36.1 ~H ORR: 67%, CRR: 67%, ifi  [48] %10 =
(NCT02625480) RFS: 5.2 4 H x|
Breyanzi [ / Il #] ZUMA-3 B-ALL(45) 221/ ORR: 69%, CRR: 53%, Hifi [49]
(NCT02614066) RFS: 7.7 A~ 0
JEREIA HY001201 B-ALL(39) 8 M H ORR: 64.1%, CRR: 66.7%, HHf [50] B 100 - o
NCT04684147 RFS: 12 /™ H 7y 80%
Kymriah 1T ¥ JULIET r/rLBCL(115) 40.3NH ORR: 53%, CRR: 39%, Hfif [32] s
(NCT02445248) PFS: 2.9 A S
Yescarta  [II}J] ZUMA LBCL(180) 2494 ORR: 83%, CRR: 54%, fii  [51] 3
(NCT03391466) PFS: 14.7 7/ ;;% 50
Yescarta 1 ] ZumA-1 LBCL(101) 15.4 ~H ORR: 82%, CRR: 54%, i [29] )
(NCT02348216) PFS: 5.8 A s
Yescarta  (ChiCTR2100047990) DLBCL(80) 924  ORR: 83.2%, CRR: 58.4%, rifi [52]
PMBCL(4) PFS: 121 H o=, . ,
HGBL(6) El 6 | 0[5 BCMA #R & 3[R & 14 T (CAR-T) 48
Yescarta 11} ZUMA-12 LBCL(37) 159 4~ J1 ORR: 89%, CRR: 78%, Hifi  [53] BERETZEMBHENTHRERH A
(NCT03761056) PFS: NR, 12 4~ 74.6% FEERE (B)
Breyanzi | Hf] TRANSCEND NHL 001 LBCL(270) =24/ ORR: 73%, CRR: 53%, ifi  [28, 40]
(NCT03435796) PFS: 6.8 A
(NCT02631044) F7AF r/r MM R B A 69 B Y, (=g
251k ZUMA-7 LBCL(180) 472/ F  ORR: 83%, CRR: 65%, Hif  [54]
(NCT03391466) PFS: 14.7 H J7 /5 BCMA R X TR, F R AR 25 6L
Relma-cel H1[H IND LBCL(59) 89 1™H  ORR: 60.3%, CRR: 74%, ifii [55] JoN _
NCT04089215 PFS: 74 H BB, FL—HI.
Yescarta Il ] ZUMA-5 FL(104) 1754 H ORR: 92%, CRR: 52%, fifii  [31] 2.2.3 HAbH e AR e CAR-T @i
(NCT03105336) PFS: NR, 18 4y 64.8% ,L
Kymriah 1134 ELANA-S FL(94) 994 /]  ORR: 86.2%, CRR: 69.1%, i [30] STk BRSO KBRS K,
(NCT03568461) PFS: NR, 12 4 67% Eik®)—F % |, HF CD19 A BCMA £
Relma-cel 1 / Il #§] RELIANCE FL(28 11.7 4~ ORR: 100%, CRR: 85.2%, ifi [56
(N(:/Tofé?seaus) . W PFS: NR, 9 /MH 3y 88% i CAR-T it/ Su TP & F % Lt e b,
Breyanzi  II Ji§ TRANSCEND FL(94) 16.8 41 ORR: 95.7%, CRR: 94%, ifi [57] 2
(NCT04245839) PFS: NR, 12 4~} 81.9% 78 77 AR 7 SR R AN 9 R 49
Tecartus  I1 ] ZUMA-2 MCL(68) 356 1] ORR: 91%, CRR: 68%, tifii  [58] EARAHETRXEHEZIALELT
PFS: 25.8 MH s B N W ol =
Breyanzi [ JJfl TRANSCEND NHL 001 MCL(68) 16.1~H ORR: 83.1%, CRR: 72.3%, {7 [59] E%Eﬁﬁﬁa‘g‘%&’nﬁﬁéﬁi'iﬁ
(NCT02631044) PFS: 153 4°H HRERF R, Bf, WA CART
Breyanzi 1 TRANSCEND CLL/SLL(23 244 ORR: 82%, CRR: 45%, Hifir 60
(A oo )y o e SR T A AR A 2 )R89 47 %
ke WALFEIOBRAE N > 20 DU HBIBE T, 6 E TSR IRAIR . o/r: SLRMESAEATE: B-ALL: B ANALAT (1) ¥ & CD20. CD22. CD123 #x &
A ZbE bk 4N AR M LBCL: K B ZM A ibk I8 DLBCL: waritjiB?HiE@MEJﬁﬁ PMBCL: JAKMEHMGA B CD19 CAR-T 48 f& 75 i%: CD20. CD22.
YU R HGBL: 2% B 4 itk B8 FL: JEVVEIRELR: MCL: JIECANMD Fifss CLL: 8k bk e am i . . B A 4 o -
FHMGR; SLL: /MRS ERE; CRR: 584222, ORR: ZMLEMFZ; PFS: LR/ RFS: BEK CD123 ¥ {2 B m M & /& ¥ fu il £ 42 %

AAFE; EFS: THFEAAHE; NR: FORRIEF| DA ELANA 2 —TUThR2E . 2. 2BRPER IR
WE5; ZUMA & —BEFR 2 ol (SRS g, WM ). BB JFRUREIRIKTTS; IND: B2 R H i .

R4 | $[5 BCMA (REFURZR T (CART) ABIIGTT E X M A 2 R M B8R B & 1 KR
R

PR [ FGE A RR RIS BEH PR TR e
SCHR

Abecma 11 4§ GC-LTFU-001 128 133/~ ORR: 73%, CRR: 33%, Hifi [63]
(NCT03361748) PFS: 8.8 1M H

Carvykti I b/ 11} cartitute-1 97 27.7~H ORR: 97.9%, CRR: 67%, 1 [67]
(NCT03548207) f7 PFS: NR, 27 44 54.9%

LD I / 113 FUMANBA-1 103 7.46 /N ORR: 96.1%, CRR: 93.8%, ' [68]
(NCT05066646) {2 PFS: NR, 12 4~H A 78%

AR 11 3] LUMMICAR STUDY1 14 20.3 /) ORR: 100%, CRR: 78.1%, ™ 29 i
(NCT03975907) fi7 PFS: NR, 18 /14 61.9% EHA

il scFv, CD8a #5%E, 1 M+ EIG R IRLE M0 30 13/J]  ORR: 90%, CRR: 43%, iy [69]

CD28 Ftifill ek (ChiCTR-OPC16009113) PFS: 5.2/ H

LCAR-B38M 1 ] LEGEND-2 74 478/~ ORR: 87.8%, CRR: 73%, T [70]

fi7 PFS: 18 /M1
P MNMRMARAEN = 1AEIIBE VT H ol A5 o Bl . 7 5 4 FR / MG A FRES: CAR-T 4t LT

CRR: 5SE4ZEfi#; ORR: ZMZEMHR; PFS: ik
EHA: RN IR 22004 o

AT, WRRE A4 RR, S IARTE CAR-T FiE 447K
JEAAT I PBET AR F B NR: R ARIE B s i A 7730

scFv:

WERFIE Sk k VY, R4 9T R B BT
¥ b, % RMAFRAE S W B Tk
HEZHOEME, TURMR T E, &
%Ei%wﬂ$WMMMkamﬁ
17 %) r/r NHL B2 65 1 / 11 #7856 F,
AR E H 545%™, A T ik Rk
%, SANG & U9 3% i+ a1 ¥e & CD19/CD20
CAR-T @ L% 474 77 r/r DLBCL, JEBABEA
4 7 S & AT AT HY, PAN 5 U7 2f 34 45)
B-ALL % % /£ 4% CD19 CAR-T 4m Jthi6 77 % %
J&45% T 41 CD22 CAR-T mfiL4 #7, CR/CRi
ik 3] 70.5%, K 2 & & F % F CRS A=
ICANS. [ b, 4% CD22 CAR-T 4w ftLo4 47 =T
YA ANIE T AR AR R, 5 —RAN
¥e %) CD19/CD22 CAR-T 4 it 74 7 51 4 r/r
B-ALL #4 1 / L HRIe T, BMLEMEH
722%, WATRUREAGHAH 1364A,
CRS #= ICANS 43| 4 22.4% #= 1.12%"%, %
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FRAFBAFEME, YAN F PR T R
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R MEEFHARGSS, CART @nsT
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FTERE, %57 /F00 AR R,
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G AR RS, Rkt R R T AR
AR A, Bk, FEd—H 410 CAR
LTI H A F BT AT RS
FTAL, BB AR & B A I R R KT
MR AT IR .
2.3.1 CAR-T @by ikt a4k B 5 fig ik
%_m% CRS #= ICANS 2 5 CAR-T %8 s i4 53
ARG RAP R R By b, BELAELS
Fe9 1A~ A XM, CRS K% AHKLHR], 12
ICANS &% JLtg & & %5, 30%-45% 49 %
%k ICANS 3 83 4 A ™. 2 REA K
F 3 4% CRS ## ICANS /£ K % #0H LT feld
%, {2k CAR-T mti6 /7 A0 % 49 = & A1t
THRAMEFLTR, EERLRREEAS
R, % BEHRERE, KA iR
B dn e A gt B,

(1) CRS: A& L LE, ¥4
VA BB EAR A, MWEmMmILS CART 4@
6.2 7] 44 CDA0/CDAOL #8 Z 4f Jf 42 it Fas
ISF e T, G T n AR
KE R A8 K o FHEX, ZLBGAAX
- FAER (T ABLE R S TR G e (e
E v tm ot 2R A ) 5l AL B M Sk
RIE B, B K tm L B F Ao a0 B F,
JoFRE. WEIFAETF. FmloE g
MEXFHREF. G miiE (&miA
£ 1.8 miE 6 fot i E 125 ),
HlERENS A, BRENERK, BART
JUBRARIEIR, 98 77 T AT 7T 2R
RAE RSB A R T Bk,
69 CRS 5 CAR-T @i A] 4 fisi o 45 -4 A=
F o 3 41 FF 0 RIS 38 An Al % P, CAR-T
wm fieos 7 B 18] o o BB RT A9 K A B
50%7%%, 89% ¢4 H. H iR H AL ST B
K K % CRS(3 4R /4 4R, 24%), — B ik
3| ZiE CRS 4R L2135 T 5 iz
B, FHEZHETE S 6E R,
At 1 R—RCR A MRS, 2 A RS
B ANANRARE B FIR A KR
REBAY, 3B —KF REELY R
A (1CU) %32 B9, & K CRS &R B ki
EA KB BEE vl it % 49 CAR-T 49
fe. IR BT, EIHEZ CART @fnié
TG R A CRS=Z2HR Y B H BT LT G,
Rtk CRS < 2 A& H RIF L Heh &
o RO FH, XEYPE L
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CRS 7T 447 8h F CAR-T 0 fitLi4 77 4 77 2% 1%,
PEIRE, 1 )8 iR R T R T B
T /™% CRS ALY, [2H{K T CART 4
Je 773, Bk, HEBK A CRS 497 EM
A BT s Ao B e R R FE A
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J& 9 F& P (On-Target, Off-Tumor toxicity,
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(4) MR 5wk & SR CAR-T o6 7
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P T 4m B34 57 AR IR A I CAR-T 4m ity
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AEST 2 e 69 19 AR T 18 3L 2t CAR-T 41
fotEH), BARmAe &M, CAR-T Mt &
R EEG T @Es, B s REE

A5 AR H % — A7, CAR-T 28022 iR
HmIENAE S RAEE S T mie
& G IR RO, AT AP R R B3 K 4G fa i
2 M. BRUDNO % B9 5z 14 % 9 CAR-T 4m
ReAER o 4m A B F K -F Bk T CAR #9 4%
b A 35 LS M IR, — AT B AUTOL # A
ik % ) & 49 1% 3 F= /) CD19 CAR-T B e
J7 ik, #Z AUTOL 74 77 49 20 4 R4 &%
bR R R 85%, 12/ R EMA AR
4 48.3%, F CRS(=3%4); 34 & &%
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1B U @it i AR 2h ROk R B A
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& X R I, BRI X,
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Loy K i Ae ) 2 PR G 07 29 R
BF, STVAMRAL CAR-T tafited A, FA%
Ha AL AE, QBT FIHG ML,
DEEIMER . RIRE M RAAREH B T BT
CRS #= ICANS #4774 55 . 2017 4, FDA 4
MIIREIE T FE CRSEY, Tt A 4e
k¥ . K EEAFIEGHE (IL-1Ra) 7T
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B ot CAR-T 4m Lt 42 2 75 2K MM @4+
*t OTOT &9 ¥4, AR Adidmn “f %
AE” X “FIFK” FHHE4CAR R
AR T e SFIT IR A=, hAF sy
RAF AR EF N CAR-T mjeF A ik
— TR RYR (Hethdh ) FF 604
Je st A45 5 BB RONIAZF (dedF D
5 F RAURLE S ) RE A7 H) 49 CAR-T
mfie, 38T IR k69 CAR-T wjie,
iR e, MK OTOT, Km, 4efT#
R X LB RS> TFFHF RS EA. B
2 B 0L B e oA B R AR S B u ik
H B E S P RARE Bt — R A
A, T —AP Fook K WUAF S CAR 4~
T, BERNAE 2B IRERALEL
F AL B AR E 09 T R A AR E L
CAR-T £ JitL, VA JU OB, Y LY R . LI 5 MY
BIZ R, RAT EAAMEmERE
BEEE L, AR IR R R & A

AT R B R EIR, ABIE RS RAEY
5 Fa i 45 BT RIG RIS T e e d
A A 0 R B e B e ) 3 6906 T IR, T A
A A ARESIVER, # CAR-T @iy ik4)
R A MR T AR T 6.
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kA B FE, CAR-T ey kit A 6 A
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TR X e TR BB R 69 AR, FRMALA 69 FF
AR T RAMXFHe LR B L, A8
RS EQAMAR B, (245F it —
B IR AR A PR B AT g Fek iR A
S lim). PeakAemfeid i L AFMIEIT.
o 1) F RORUR & B B s 7 AT T
, 422X TR T 2w CAR-T
MLY% I AR ARG E &

2.3.2 CAR-T @ fidyf sk th B R % ¥ M 5 %
Pk RE i CD19 CAR-T ém}]@a‘? iﬂxﬁ’r
BAFH TR, BRAEZ LT ELL
a,&iﬁﬁmm&ELMJmmﬁ&%
RAGEM AT A, B FRIERIRIE L R &
B CAR-T 4l JitL7 ik i B A& B B 4
A GRBIK, MY EAARAGHREA
A HRT 24 A, XA LE LT
¥e.8) CD19 74 57 B-ALL 69 5 ) F, Ja &R
A =T %8 %Wﬁa%%%éu&ﬁ@ﬂ@
A %. #CDIOCART wmhes 77 /e BT
PRLER LN B8 EW ”*ﬁmh@m

8 &, PP CD19 A f£ 47 4% 3 CD19 CAR-T
mieiR R, T TR LAk
FHAARREG MILEE R KRG
BT KA G ZH RN CART M A
EEA £ WO R 2 A R4 B — e &
fosrEE g ek BE. AiEREHR,
5 CD28 25 M348k, 4-1BB ARG F A
MER, EAEE, FALILEZQRNNE
FEE U B B, fRAG CART e M,
Jeik it CD4 5 CD8 b7l h 1 ¢ 149 CART
£ if, EARAE B B AR F e AT AR T,
oA AR AL, CHGEREILS
FEAHI L, CL4Ef R R e
WEA AR R, Xskmink £ CD19 &
K VABE %, CART iR A, Tk XAERE
B, Mg, MR, &
1k 30% 44 . I, CD19 1At AL VY, B B,
%2 ¥e.18) BCMA 49 CAR-T 4Bl 4 97 + 4% I
FRMMRAK@mEFHREL ™, &0
BT HRBAG)EST BT,

AR RGP, THF S RS
d, QiEFRFGRIBIEE K2
Yeb) B, R E CART m@ievd B 5 7
AR F @b, OFLiRA %
IR 89 % 326 CAR-T 48 it 2 — A0 A 24
& CAR-T fm 6 77 SR o475 ik, HhF e
1) CAR-T 48 Jith ELAKAE B o1 vA B30 R 1A b
B KGR 2 CD19 4, ik dE
CD20. CD22 #= CD123 4k % B tmft b4 i 7
b X ¥e,5) CAR 69 ¥24F, ¥ad) 3 A #L/R (CD19.
CD20 #= CD22) #4 Tri CAR X, Side CAR % k-4
ST L K, TriCAR > SARAE & 4z
7 CD19 MME L . F—RlERATHR
%, 32 CD19/CD20/CD22 CAR-T 4m il 3
HFRARIERT IR BESE ™, 42t %
YRR R AEHBEMIE. F AN IR
B AT LR w5 PR, AR it —
FAR. OQCART@ER S 3 EHE+T R

HEHE AR, e RATRAE R =R iE
CAR-T 4m Jit ik %2513 3] F45 69 FUE) 76 57 5K
2027 3 2021 4, £ E ik A (ASH)
AT —Fb Fe 4R CAR-T 41 Ji, PBCARO191, 74
7 A5 B o/rBALL &, RAABHYIR
TG E R A AE 5 B AT SR gm e 6d e b
Fady stk ¥ A —IR A 52 B )L E A
%2 A_f£ CD19 2, CD22 CAR-T 4w &4 55 iA 3|
TG RE, X T KR A R A
e, 1 FERARE, LEMHAER
R Fa A5 ALAR K LT F 55| 2 87.7%, 73%
F2 2.2%", B A FARAS AL R — F HE
CAR-T 2afitié 47 J& W b B R #yikifEZ —, {2
B FEAS AR I R B ETLV‘ (OF:
KR 2 T A AT S 9T . L
— R, AR AEE KR CD7 CART 4
Mok A F 2 F dn oS AR S R 6 9T 09—
AT S, TF AR T 32T A AR AR
MHAum LRI thdh, BT e
F & R ML, CART fmfiefe B4R N K74
4, BREAE Y. AW, AXREMG
BflE skdsE, KIFRAHFTH—FHE
FARRIEE. B, ¥Andeinio £,
RN B AL — AP T AT e R %, 4T
o kBT 4] 7 T VAR Y BCMA 89 L%, 1=
B CAR-T Zmfiesst MM Zmfieg i3] B4,

3 REESREEE Summary and prospects
CAR-T 40 L7 ik 72 B 4m Ji8 do 3 % 1 Y
TG ARBIAT T RE R, LF I R4
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F 11 2 L CAR-T /= $bv4 97 B tm i fn i
T MERTIE 0 K AT SR HATE . BAR
% %, ¥ui) CD19 F= BCMA #9 CAR-T = &
09 K IR 35 2048 B R K 0997 AR KA
M., BE, FRAAREZEELETF CARL
M. #FIE RS RETFL, ABA
AR AP IE s T R B S et R
#, CAR-TSFMEEH %K, aiEg
FaMER . BAESG. HMREM, AR
2 5P 65 I S R e e AR e T
R, HEstix ek, HARFEXE
F, KRR T O OIERE—F T ELR
Yih. Wi TAZEH AR VAN R CAR-T it
WILAE T, R B A BT 9B 5T 3
i AR AR ) A P
Ty SEAIEIE R8T VAL IR SR A
MARIREL; FFRBEAET . BA Do TH
Wy kIR M AR s RS T RS ik
RGle KRR, BRI EET R
EHNEREFRGEFRE. 55,
A F 2B AP R EIK CAR-T @ sy
RO RA. Blde, TR GREESE T mie
HMIE 6B B CAR-T 2 feit dn Tt JOAT A
49 CAR-T 4n it 5 X K R A R “ILAR T
S AR E AR e At ), R RO
E kAU RN, EAK, CART Ik
H P ARA B ta i i T B 69 4R RS
T AR AT ik, Hag7. @R T4
TP RBARE BRI KNG T Mkt T
oA AL LA 6916 kT TR AR 45 4,
VAT IF 8 4m L 6d i ki, R E B
WRESOAE, R, ETAt—F 5
55 CAR-T 7 ik 0 R R SEE, 4o B & %
BRI MR EILRRE. &
Z_, CAR-T @mfiey7 ikt R R R R A A 2,
A2ABE F IR E EHER, VLI
AR B R IRATIRAG T2 R

TEETTHK: 2WAEH T SRk BT A &
ES LN

Sk, SR, EAS
FEMRR, BAS. EUERTRA S,
FIFEMIR: LFagaditbh 500, ERAH
AL FEE AR RALEFZFR.
FERUARBUARRR: 3% — B A AR ¥, 1R
P (FiREZFTHY “F 4 - TR -
HE FREF 407 3, ESHIIANHELT,
RAFAVAIE B AL B 6 R TR N 5 it A%
Fodf e, BB AVHEATR P RE. TR HN. 44
OATER. Aok, BSEIEZ IR, A E Tk
31, ARSI G I NSRRI AT R A IR,

FRAREELE: X3 AT kA S a3
E T LFRASE LWL,

HARAE: ZXAFREEFEFEF %5
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