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The treatment of multiple myeloma by CAR-T cells: the problems and
countermeasures

ZHANG Jing', WANG Jianxun® (1. Xi'an International Medical Center Hospital, Xi'an 710000, Shaanxi, China; 2. School of Life and
Science, Beijing University of Chinese Medicine, Beijing 102488, China)

[Abstract] Multiple myeloma, the second most common hematologic malignancy, is caused by the abnormal growth of plasma cells in
bone marrow. The increasing number of biological treatment methods provides new ideas for the treatment of multiple myeloma, and
CAR-T cell therapy brings the possibility of a cure for relapse/refractory multiple myeloma patients. CAR-T cells targeting different
multipke myeloma specific molecules have shown good results in clinical trials. However, insufficient efficacy duration and disease
recurrence are still associated with CAR-T cell therapy, which may be associated with persistent CAR-T cells deficiency, loss of tumor
cell surface antigen expression, antigen escape and impaired T cell activity in the immunosuppressive microenvironment. Clinical
studies have been conducted to improve the effector function and duration of CAR-T cells by optimizing CAR design, adjusting the
preparation process to generate CAR-T cells rich in specific T cell subsets, constructing universal CAR-T cells derived from healthy
volunteers and introducing modification genes to regulate the immunosuppressive microenvironment or improve the proliferation
capacity of CAR-T cells. And clinical studies have been conducted to improve the safety of CAR-T cell therapy by reducing the
immunogenicity of antibodies in CAR structures and introducing switching mechanisms. These studies have injected new vigor into the
treatment of multiple myeloma and will provide new methods and options for anti-tumor immunotherapy.
[Key words] multiple myeloma; chimeric antigen receptor T (CAR-T) cell; target selection; immune microenvironment; adverse reaction
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% KM H B8 (multiple myeloma, W) & — #
HUEMIRE, BRl— &7 F R aEE T Bk,
GRBTRGY HE KAy . E AR A
EREn THREEATE, BEaTRAERRNKE
TR ETERE, S HBEFEYNELR, E R/ %
V& M (relapsed/refractory, RROM X & /& 20 f 3% 1%
FREWEALZY. F,EEEWIET M
HERRBE RRMEZR T ELWEE - BEAREE LN
B EGUR AR R U RERE R A LA
R ETH FERETHREAN KEREX
K T(chimeric antigen receptor T,CAR-T) 4 jifl &
W97 77 . CAR-T 40 M0 A2 £ 7 it J8 6 97 4% Al = ik
AGMBETTETHEEH TR, RAF KNG
BB R E B RRT, E R ARKIERAM B
EEFR AWM ETRALZLUHMAESFRS . KX
M CAR-T 28 Jig, v& /7 MM Bk | 7 7 o] R A R S s <
FEHATRARE , U ITREARWIEIT H &, A
WEHREE LB THRERFE,

1 CAR-T4HE;8fF RRMM TR &

DM TALZHEELERAMELTHELN, A
MHAHRERETEEEFRET WMEFHIETER,
CAR-TZ /T - ERTT A T e RMB L t. B
B FF & B9 CAR-T 40 f 32 1 iR B MM B R R B 2 F
* E @B MM K AR (Bcell maturation
antigen,BOMA) .G & BB XK CEK 5 A K R D
(G protein—coupled receptor class C group 5
member D, GPRC5D) . CD19.CD38. 15 & % % #9 ik & 4
M 7E 4 F K ik 7 (signalling lymphocytic
activation molecule family 7,SLAMET7) .Kappa #
4% .CD138 F1 (D56 % .

1.1 BCMA R34 R A A ) ¥e o

BOMA 4,48 ¢ % fib 8 31 50 1A F 5 1K 48 Kk Ak 31 17
(tumor necrosis factor receptor super family
member 17,TNFRSF17) 5% CD269, = B2 7& H 41 i fn — #]
A REBUME KL, MERTSBAMURLMEE
AL RIA . MM R I 40 e Ak E AR 4% 2| BOVA B R
ik, B, BOMA ZHM 0z 87 A AR e T8 A
8 2K %2 15 BCMA B9 CAR-T 281 3% 75 FDA k. , Bl T RRVM
HIIEIT o B — kA7 & idecabtagene vicleucel
(bb2121, Ide—Cel) , 2 CAR ‘& 2 g1 /IN R 470 A BCMA 2 %
FUAR (CD8 o 2 4k 45 M 35 B 5 JE 45 44 33 .CD137 (4-1BB)
28 L A SRR S 5 A 38 e CD3C A I 12 5 G A 3Lk,
Il /R Bt 78 (NCTO3601078) $ 4 2.7 , 72 100 & & B 1% 1F
fr B F,0RR A4 72%.CR A7 28%, % (i % ## #F 42 At 7]
(duration of response,DOR) A 114A™, F—z 3k

#EBERREEEHLNTELERLFK(CiltaCel,
LCAR-B38M) , % il 3 Je g K 4k, & At DL R VR R 4
F A FF & B CAR-T 28 FLAR bh 4 7% J7 1 B 2B K, [B] B 1%
Lk Ky % 38 B AUk, 6645 [ B 45 A BOMA P AL < R & 4,
AT 38 e CAR-T 48 L 0 32 1] 1 B R AF 08 M 5 e SRR R
(NCT03548207)#k #& & 7~ , /£ 27 28 /N A Wy (L AL 177 A o
T Bl RHEHREF T I KE FFABNEAME,ORRIL9T7. 9%.
CR 4 82. 5% o 7k 7= & HI 448 & 9, [de—Cel Ty %
WA EEE, M CiltaCel TR HEME. HMAEIE
PR 52 B BAT R MBI L BOMA CAR-T 48 JL 6 &
bb21217. JCARHI25. MCARH171. FCARH143. CT053.
CT103A.FHVH33 ,ALLO-715 A2 P-BCMA-101, X £ F= & 36
JT J B4 ORR 3% 60%~100%""

1.2 GPRC5D R #A AT % 49 ¥e &

GPRCED F B XK EER AR A RAN EE,
EEFHR P RARMRK, EM EFH T HENHK A+
FEFrwm, EEANTRFREEEM A ZREE X, I
5 BCMA B9 R 35 TG %, Bk 2 MM 36 JT AR B Bl = 6 82
. ,GPRC5D ¥8 5 9 A B AT T BCMA T sk # REL B #
BT RETRAEFEY, AT EZRAEZLIBOA
CAR-T 281 ffi 75 77 5.3 B 82 15] GPRCSD  CAR-T 48 A, s 7R i
I (NCT02203825.NCT 03018405, NCT04555551) iF 7&
AT . ¥ 15 CD3 K& GPRCHD B U 4F 7 1 CAR-T 40 A I
ARk B (NCT03399799) E Rl EL B R b B AF 0 & 2 1
J A %% M GPRCSD Bk A BCMA 4% 5 £ CAR-T 48 i 72
lEREER B R H R FHENE, RETEEE
CAR-TZEIAL MM VG T E E Ry Ht 5 77 117
1.3 CD38 5 SLAMF7 RARA # 77 64 ¥e &

CD38 5 SLAMF7 A MM #9767 2 % , 71.CD38 # 7w B4t
K3k F % A& # #t (daratumumab) | F ¥ # & ¥ 4
(isatuximab) & 1 SLAMF7 # 52 & iR 42 & F k£ 410
(elotuzumab) £, % 13 FDA #t78& F T 7677 MM, $2 7~ X 7 />
EEECAR-THIET FHEREHNNE. ERRE
(NCT03464916) B, 3t — # E 7 CD38 By v 7 11 1& , (B4
% CAR-T 41 77 i B 40 % AT VE 1 CD38 3 7 [E 41
HIETMEER, R K% RATKIET R E B &
Bk AR 9T B9 E E M. $51 BOMA o CD38 HY U4 =
CAR-T 2 i (BM38 CAR-T.BCMA-CD38 CAR-T) Il JK i B
BREAR EHRTREGRK AR A et 8 E AR
B B R A& A 0 ¥ 1] SLAMPT CAR-T 40 A e %
AN R A5 3 (NCT03710421,NCT0454 1368 ,NCT004499339,
NCT0414261DIE A #AT ™ 708 ft — F MK,

1.4 CDI19 &% a9 4 o) M 32 &

221 CD19 CAR-T 28 1 75 B 28 jf ok I S M g o B
WAL BLA IR, B AR B2 8 88 40 i T & 34
AR AK AT & 34 CD19, (B 48 8 #5 4 B = & #E 8 40 fE
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TR P DA G I B AR EA,CD19 KA
AFFE. [, 5 ECDI9 CAR-T 4 A% Bl 6 J7 - 2
& % B9 RRMM & 2 (NCT02135406) , & = i PFS B & 7€
K", M4, B CD19 BR A BCMA CAR-T 4 fe R I &
B B8 97 32, ORR & 92%, 77% B & & 3k 2| /N 7% S o
JeE A6 I BE 4 , = 42 DOR 4 20. 34 A L AL PFS 4 18. 34
H &R CD19 7 88 B 5 AT B9 Bh i T B8 1

W4k, ¥8 15 CD138 CAR-T 48 A5 77 MM B9 I JK 1%
% (NCT01886976) %5 R " B 7w, £ 3~7 > A By WL 42 Bt
B A,50 &FFHAGIRFRE 1R FHE,E
BERD,HF R T T4 . ¥ # Kappa 35 4% CAR-T
28 Al (Kappa—CAR-T) & & Jiz % % 2 (K, H &1 T Kappa
BN p ARG, ARAEHRBEL, FHIEE N
CAR-T 4 J 76 J7 % & = % /1™, # 15 (D56 By
CAR-THMIGIT e B R WA &M, R& T HEIMERH
CAR-T 48 g6 77 ¥ B A I & 2

2  CAR-T B8 Ff RRMM = p 77 7E o) &5

2.1 MBmpEk&RRER

G % S AR AT xE B g 0 R AR A P 4 B R
R E R T AR L A % %2k % DR CAR-T 40 g
EIT R R EAE . RS LI, FUBCMA CAR-T 4
MIWGIT /5, B % B HF BOMA & 3% £ & S & 1K, #2471t
B E % ] 86 £ % BCMA CAR-T 48 FL it 25 ey v A AL ) o
2.2 CAR-T #0235 5 2 it Ay [k Ae 43 42 B 1] R 2

R CAR-T I 6 T MM R B £ 75, 3 4 B F #
SR F,EREEREEE, KL B EE B
R R 5 % Fu it 98 B & , CAR-T 28 i &1 T K ot 8] 89 45 B
REMD TR, WX RELE L, LRI
W RA, IR H AR o ge R R4 a A
2.3 CAR-T#@mfe % Bk

FRRERERA L CAR-THAREEL Y HEH
A FERRES THE EAETHER . THH X
5 CAR-T 4 fe 4 # % T 42, B # K 1k 3~4 &, 72 UL HA
6] B 2 7 1 Fee o R R
24 T@fRfE G

WEHETHES T REREENRE DERE,
5 g xT B AR B, MM 2 CD4/CD8 LB BA B & 1K,
CD4'T 48 ff % /> &5 & 3 6 PFS #n 0S 45 48 48 % , CD8' %%
KT % 5 o e % o8 AN HI I X R KRR £ Fo
MEEZEXS, XTHEFARKRRKE XA HFE
BREMBH,THARMERE HLETRLLAL,R
il T CAR-T 2 Bl By 20 L 77 Fn e S B[] o
2.5 TIRAKIRBLAY 0]

B 2% % TU W IE T8 SET 5 = R B A 9T RO BEL A7, MM
SR MM EARY BB T 40, 6 %%l Lo BB X BT,

G T Nl ol N N i WA B b
EIETT M/ INR A ok A IR T R B e & R
26 BAMARRAEES

CAR-T 40 fL 7697 MM % JLEY 1~ B R R & FT 8 At %
2K A CAR-T 48 H T 6 A B R RL AR, B 46 48 B ] T
K4 A1E (cytokine release syndrome,CRS) .4 &
ME W 4 B Ok B AR A R £ T/ BV 4 B E LR
BE | M 28 R D AR F RS F L IET S5 i LV TR B
EEmBANIRREZEMBAFEN, £ XA N H
MY . BAENERATA F, LIBCMA A ¥2 & #9 CAR-T 48
MBRA R E LRI FH, EH L FACRS . HE
M AR SR, TR R DB
HAREHS, Fit, mRLAEES, RERKLER
B B RN R e AR B2

3 ZIEFELHIR CAR-T AAETT P RIMEER

30 Z A ZRBEESEGET AR REER
ER R &3

LCAR-B38M B 5 £ #& & ik , &8 4% 6] B 45 4 BCMA
4L T~ Bl AL, AT 38 A CAR-T 48 Bt 9 38 1] M B 3245 0%
ML, T M E R A B, R ERRE
IT 77 B A3 W B % BR CAR . WUEE & WU 3T CAR . 5
CAR-T 40 f 7697 % » #E I R 50 (ChiCTR1800018143) "
B, RRMM & # 5 % 8 15 BCMA 7 CD38 M 8 & B CAR-T
(BM38 CAR-T)ZH A i677T, R A& AN EHKCAR, £ R T
TN,23% B T, 81N IR T e R AR Ao i/ N B 0
PR, B2% R 13 A6 BN T2 Z ;9 FIRE SR M B &
56% & 4 JE 40 BB T 2 W R, 33% # 4 I 5 B CAR-T
2 RS B B JE K, CRS 1 45, R HF W PR &, A&
A FM, 1 IEKRA R (NCT04156269) ™ # MM £ #
% B2 14 BCMA A7 SLAMF7 (CS1) #9 ¥ #8 & & 4 CAR-T 48
MIEIT , A A 7 B Jk ST B CAR, I IE A HEAT 2
BilE KRR . &£ s & A % (NCT03196414, NCT
03455972)"*" &= ,RRMM & # #2 5% CD19 F7 BCMA 4 5 M
CAR-T 40 fii. - M- Bt vk , B BYIE T ROML BT, A &
EEBCRS F B AR KA. B, &S TN
b SRR I B ,CD19 5 BOMA BE A L A 2 B8 £
B SRE , B RO M R T VT A B T MM 4 B 2 A CD19
ik, d A W gL T CD19 7T LA B B /g 48 40 i b
F k", AJRALHTBCOMA F1 CD19 B CAR-T 28 B I JR 12 36
(ChiCTR-0IC-17011272) & 7~ ORR 3£ 95% . ¥ 14 BCMA
A1 CD19 M ¥ & B9 CAR-T 4 M lF &K X B
(ChiCTR1900028528. ChiCTR1900028098 4 ) DL % 4t
BCMA CAR-T 4 ff #n 47 CD19 CAR-T 48 A Bx & # £
(ChiCTR1900027239.ChiCTR1900026219 %) =, 7 # %
7 (ChiCTR1900024035) lfa/Rit e IEAEEI N 41 2 #A4T H o
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3.2 AL CAR £5 4 vAIE KA B H 42 09 1]

E BT 6 77 MM 89 CAR-T 40 i % X JA 4-1BB £ % %
R A B CD28 2R BBk, 1 e E SR i R
¥, DLBAE T 4 M, {F CAR-T 48 Ff B B 8] ZE K,
TR R E, ZAMEAE E R Z R (NCT02658929
NCT02658929) # % 2| I iE™*, {f 4k 6] fg X &
JCARH125 72 T #A I A& 1 32 (NCT03430011) 45 &1
Tr, 44 7] RRUM & % , %4 DL (50~450) x10° 4> CAR-T 41
M6 7 /& , ORR % 82%, 27% & # 3£ 2| CR, B I IF /£ #
TG KI5
33 AFFARFRT @B IG5

ANBERBKEGHET B (FIERZTHEE
& B 38 fn R A 3E B9 CD4/CDS 15 Bk 4% £ CAR-T 28
ERNEIEEFHTREHF AL, £bb2121 #
HI R, T 4R P e sk B AL R 3 e A ) A
bb007, %l % &40 A BCMA CAR-T 4 ff7 7= & bb21217, s
SRR Fe (NCT03274219) & FL, CAR-T 48 f 1042 T 48 g
¥ L, B CAR-T 40 BT R MY RO Fr 4B B 3R, &
REWRK, 7HF K2 AJEHFBCMA CAR-T 41 g
FCARH143, % CD8' 7 CD4" CAR-T 40 ff 3£ ¥ 3& 3, bL
L1 teplsEsS £, 1 # s KRR (NCT03338972)
% £ %K, 0RR % 100%,CR % 36%, 77 2% BH E 4 52 Y,
3.4 Y43 CAR-T mfie ) & J& £

o [E BF % 4 22 15 BCMA-CD19 FasT CAR-T(GCO12F)
20T & f ) & B HAYE 45 51 24~36 h, %76 EHHIORR
B1593. 8%, WA, R EREAAEN TRERK, B
HER L EHFEREFNEAER A, HOei 4
%3 CAR-T 40 fiL | & B #A, 2 F piggyBac(PB)# £ F £ 4
JF|F # 22 #8 15 BCMA CAR-T 48 it (P-BCMA-101) # 1 #A e
FRIR 3 (NCT03288493) B B H 8. By 7 2k fn 2 41,
ORR 4 63%,CR # 83%,PFS % 9. 54~ A ,CRS 4 10%, E &I
EAEH#HTINHARRRE" ., ZAREXAZETRAGZA
F#4 # #2 1 SLAMF7 CAR-T 28 L (CARAMBA) , Rl #E X\ Iifs JK
& 36 M BX (EudraCT: 2019-001264-30) 1", 4A 77 4n f 55
I BARIFN R L KA A .
3.5 MyEid A A CAR-T 4m i

i BB R % ok R B B B 5 4R B CAR-T 48 JE Bk
HHEGERAH BROFHEBEET AT ERG
BT RBER, A F L dl & . 1@ A A BCMA
CAR-T 28 jff 7= 5 ALLO-715, R JF| # 52 87E H F K S 4y
Z B B (transcription activator—-like effector
nuclease, TALED ) # A F R B B ES N E £
WAHAEHETHAK XK aodt, £z KKXR
(NCT04093596) # 4 & -~ B H ¥ it % W9 & & %,
ORR % 61.5%, # (L& f#atia]l 8.3 MA™, ZA#
3¢ CRISPR/Cas9 # A& & T 40 M % fR o [E & X Fn A 2K

B 48 B A B T 25 B9 BCMA-UCAR-T 48 A, L & 18 3t
TALENs 4% A B % T 40 f CS1 470 )R An T 48 j &% (R H 38 1)
SLAMP7 #y UCAR-TCS1 48 A iE 7£ ¥ 4T I iR iR Je
3.6 Bl AR A B pAdp ) IR AR

1% 77 E R DR B9 MR R R A R R B B
FEERMh RN A E F R A LEF (W
IL-7.1L-15 . 1L-12 %) 3£ K 3A T 40 f AE 38 R %y 3k
A X K E 4 F R (Fl e 4t PD-1.PD-L1. CTLA-4
%), AR i H G 48 R RS 30 M % R SR R
AT IR ALY F Bl EAE R AT
T- B9 BCL2L1, 1~ X 3% 3% L BCMA % ¥ 5 #9 CAR-T 44 iy
EHAE RN, BB R R RSB E, FR W
— Sk 77 kAR BB A0 LR T E BT R AR K e R AR
RABDEBRTNEAR, MEMEAHRF LA TIE
K&, mF#—F#TlERARIIE, 1, £
CERERBEEHEAREEFTHARULR &
% ¥ CAR-T 40 B 7 35 Al T F W6 77 Bk 69677, UUAR
PG ERE RIET R EK R A f R E A
Hi %, B FE £ Wl R R T AR,
3.7 ARG TN ROROR 6942 ) 459k
371 FE{RCAR 24 # 04k By %2 R E  bb2121 &5
bb21217 B F AR £ [F 34 4 KR % 52 Bk, R IR CAR 5
REEERENER RN L CRS A X, Hit, KES
N JBHTAR CAR-T 2 ff7.( 4 JCARH125 MCARH171 . FCARH143
CT053.CT103A %) FLAFF &, 778 CAR-T 4 = i % Al
I 94 R LR SR BE A& , 4n LCAR-B38M CAR-T 41
Jf .BOMA CAR-T 4 Ff, (NCT03661554) , 45 4 f&] £ . 4. 9% &
R, RRERETHEFAITHELLHE,
372 BINEHEEHEGWE AN T G AFT
FAHLH|” A F FALE]”  MCARHIT1 5 FCARHI43 5| A\ &
FEEBIHEA T RANE, FABENEREZERKEF
Z{K(truncated epidermal growth factor receptor,
tEGFR)E iy & & FF % , & 15 H tEGFR #7 CAR-T 48 i 7] 5
2 15 EGFR 2 72, [2 1K 78 F & % #t (cetuximab) R | 3
% 6, 7R3 CAR-T 40 fAE AR N 1R 15 Y BHR AR VE T s BE 1)
B BCMA CAR-T 4 A ALLO-715 3| A\ % F CD20 # 4k /- &
e R, ECARTHARTERAGIEES G, &
A B R EHAEE; ARG T X HEAR
BB A A 3R DB R, BT 0 4R P4 CAR-T 48 B H v 48
BB 4 TP A R TR R A, T 1R 2 e A
B i 3 52 18 40T A, 2T mRNA By B B CAR-
T 48 B30 0 B ok £F 4 40 e B e BR R0 1 R R AR, BB
CAR-T 4A f R IAH AT A MRl &, B — R,

4 4 B

CAR-TH M AEMET ¥ EFEEMNE, — R75H
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ST MM s R B ST & BT CAR-T 40 B iR 7 B 8 IR 52
Al % F CAR-T 40 ff 7= & I 78 AUAR 3 2 1T e SR FF
& , 5 v ¥ 15 BOMA B CAR-T 40 fft 7= & B4 A T
RRMM #4 I JR %6 97 o 1B Bl BT CAR-T 48 B J7 % 78 T H#A 7
WAk e W AR ES R, £ 45 530 CAR-T 4§ &
HAACAR-THZAHALHEE M. ERLE
CAR-T 20 JLEN 36 77 77 5 V0 /5 L B 8] A | &8 45 6 45 |
FE L ERKHNERF R R RIRR R RN
S@®a, U AWMEFREE L 4B FRWIAET S
BRERFE,

[& % xx #]
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