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BCMA CAR-T jafr B4 /MR Z L MR B E N KT IR =
TR

Wiy FLEERR AEXZ Fx FiE

HWE BW:#Nied B @ # iR (B cell maturation antigen, BCMA ) #4308 %4 T 49/ ( chimeric antigen receptor-T
cell, CAR-T ) w497 £ & /Xeis it % Z A #% (relapsed/refractory multiple myeloma, R/R MM ) #5 K 8177 st fe %Ak, Fik: BUR
BT 2018 7 A £ 2023 5 7 A & KFFH— WG ERESL BCMA CAR-T Zafii& 77 20 4 R/R MM &3 696 R 30, [
BHAZE 2023 % 12 A 31 B. & A Kaplan-Meier £ & 547845 &4 & £ A (overall survival, 0S ) &= it & £ A (progres-
sion-free survival, PFS) &, %t 4E RBE AP, R 204 RRMM BF AP 7T EH A3 (2~6) X, ENLEME
(objective response rate, ORR ) % 75%, %44 # ( complete response, CR ) FH 50%; PALKE 7 BF 18 29 A~ A, F4% PFS 4 26 A~
Ao 104 CR # &, 5 4l £ R RMI7 B4 TRMRES, MBS R RED 6 M, KK 48 AR, RAHTF, MINZIA,
1Tp Bk R EFFFRMNBEH A EE PFS BFE £ (P<0.05) . @EE-TH3k 444 (cytokine release syndrome, CRS ) 52
CAR-T 076 77 3% L9 R R BL, K A %% 90%,3 ~4 & CRS 4945 A 5 H 35%; Z IR REE Y, KA A CAR-T @ feis /7 48
Xt £518: BCMA CAR-T 202 58] R/R MM #9742 5, F R A T4, 4 %Mﬂﬁuﬂv}’ 43 014789 B A IEIT A R A2
AR KA, def itk —F I B Ao Yo 3 8 09 57 2, AT —F R AT i M I R U IF IR R AL £ ik
KR BSFRDRGA T e EAAEE SRR
doi:10.12354/j.issn.1000-8179.2024.20240398

S

Long-term efficacy and factors influencing BCMA chimeric antigen receptor-T cell

treatment in relapsed or refractory multiple myeloma

Min Yu, Fancong Kong, Yulan Zhou, Ling Qi, Fei Li

Correspondence to: Fei Li; E-mail: ndyfy01238@ncu.edu.cn

Department of Hematology, The First Affiliated Hospital of Nanchang University, Nanchang 330006, China

This work was supported by the Healthy Commission of Jiangxi Province (No. 202210463) and Science and Technology Cooperation
Project of Jiangxi Province (No. 2021BDH80024)

Abstract Objective: To evaluate the long-term efficacy and safety of B cell maturation antigen (BCMA)-chimeric antigen receptor-T (CAR-T)
cells in the treatment of recurrent/refractory multiple myeloma (R/R MM). Methods: A retrospective analysis was conducted on the clinical
data of 20 patients with R/R MM who received BCMA CAR-T-cell therapy at The First Affiliated Hospital of Nanchang University between July
2018 and July 2023. The follow-up period was up to December 31, 2023. Overall survival and progression-free survival (PFS) rates were eval-
uated using Kaplan—Meier analysis, and adverse effects were recorded. Results: Of all 20 cases with R/R MM, the median number of previ-
ous treatment lines was three (range: two to six), total objective response rate (ORR) was 75%, and complete response (CR) rate was 50%.
The median follow-up duration was 29 months, with a median PFS of 26 months. Among ten patients with CR, five were still in remission at
the last follow-up, with the shortest duration of remission being 6 months and the longest being 48 months. In the subgroup analysis, PFS
was significantly worse in patients with extramedullary infiltration, high tumor burden, and 17p deletion high-risk cytogenetic features
(P<0.05). Cytokine release syndrome (CRS) was the most common (90%) adverse event, and it was mostly mild, with an incidence rate of
grade 3 or higher of 35%. Few long-term adverse effects occurred and no CAR-T cell treatment-related deaths were observed. Conclusions:
BCMA CAR-T-cell therapy was effective and safe for patients with R/R MM. Patients with extramedullary diseases and high tumor burden
can also benefit from this treatment; however, their persistent response is not satisfactory. It is worth exploring the differences and design-
ing prospective clinical studies to consolidate and maintain the efficacy in these patients.
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Z kM #EJE (multiple myeloma, MM ) J&— il
KT AR B M AN M v BRI BEEP, &
SR IR R GOEPE RS 2 A R R IR A
FHF L PP SR S AR SE Y ) R
Jie i A TR A A, (H MM AT TSR L, 4
Ko A A THIRE R i GhiRs
P& T Ziifd(chimeric antigen receptor-T cell, CAR-T)/E
TR ) S AR T 7 =X, TR I R G g Sk
BUAS TR ES, B 4R (B cell matur-
ation antigen, BCMA) (7K V-3 15 T MM 4 fifl, {H7E
AN E AR IR BAZRIS, ZFAEAY CAR-T
AT 2016 4F Ali % HURIE T BCMA CAR-
T FFIRIT R & /MERYE MM (relapsed/refractory mul-
tiple myeloma, R/R MM), e 8 T i =& i 4 g vi6 4
K5 AT E T K BCMA CAR-T 48677 R/R
MM HIRPRITE, EAARERA 73% ~ 100%, FEASME
A 3 3 BCMA CAR-T = gJdtt Eli”. /&4 BCMA
CAR-T ¥k B & BE VRS0 77, SR TN T R It
[ #5M, £1 4 CAR-T 4HHEIGRTT MM TT R AT 28
FEE, A PR 2 SR AR . rE A
KoF 5 — Bt E BE e A 2018 4E 7 A IF iR H BCMA
CAR-T 47 %iAY7 R/R MM (B3, fet iy i i)

S AR, I 50% R BIREVTEE L 2 4F . AW AT
ARBEFEZ BCMA CAR-T AHIGITHY MM B 1Y %%
K BRI CAR-T 40H3AYF MM AR Rci e 41k,
i R/R MM BB A P i it
1 MRERE
L1 GRSk
[l A 2018 4F 7 H 28 2023 4F 7 H 5™ &

KA —MH B B B2 BCMA CAR-T 41f0i6)7 3 H.

SEREBEVTZORHTY 20 B E . Hrh B 12 #1(60%),
M 8 i(40%), FT AT B BT 6 1 PR e TAEZL
(IMWG) Il %E ) R/R MM i2Wrkpife, H R mf7rE
BCMA ik, ABSTHE AP =R 23wt
(it5: IT[2018] EEHHEHEE 027 5). WGty
T SR 1q21 73 del(17p) . 1(4514) | (145
16)F1 1(14520) o g i B A s SCR S v BSR40
MU LEAI>50% . WSCAR TR I IR TR B4 | P,
RS L BRI RREIRIL(ECOG) | P/, CAR-
T BGYTEEL. ARG 550 . A aErh IR dnpa L i)
A ITREIME AN | & Az A i T2
##H (autologous hematopoietic stem cell transplantati-
on, ASCT) . BCMA CAR-T 4RI rid B A B
F(FR 1),

#&1 BCMA CAR-T ZHBfi&77 R/R MM EEHIEK 556
A ity &b _ Sy L B iy b CAR-T =

BIFAEH (0 ) e O ) S e s TR (0K s anon NS () ()
1 Bo67 IgGk 1 mm 2 1921 1700 % & 4.0 CR 2 48 48 A:AE
2 B 71 1 Il 4 None 31,00 & B 3.0 CR 2 %47 50 AAE
3 Ho57 IgGk 2 m 3 1q21 4500 | K 4.0 CR 3 J&E 39 40 A
4 B 54 IgAx 2 m 2 1q21;del(17p)  12.00 ZE7E 7 4.0 SD 1 &2 4 HTs
5 & T3 A1 m 3 1921 18.00 J& 2.0 CR 2 & 39 39 A
6 B 62 TgAr 1 mm 2 None 2600 T A 2.0 CR 3 % 38 38 H:fE
7 7 54 IgAx 1 m 3 1q21;del(17p) 200 & A 2.0 CR 2 ™ 35 35 AAf
8 B 68 IgGA 2 1 3 1(4;14) 1560 & & 1.0 CR 2 %35 35 AAE
9 W43 IgGx 2 Il 3 None 34.00 fEE B 1.8 VGPR 2 %26 30 A:Aff
10 %« 53 IgGx 2 m 6 1q21;4(11;14) 6.00 f7fE J& 2.0 CR 3 £ 16 28 Fr:
11 %« 65 IgGx 2 mm 5 1g21;6(11;14)  45.00 77fE & 2.0 PR 0 &9 10 BT
12 4« 54 IgAx 2 I 2 1q21;del(17p) 700 K BH 2.0 SD 3 &2 3 M
13 5B 65 IgAd 2 mm 5 1q21;del(17p) 400 FEE 2.0 CR 3 &8 20 AAE
14 4 53 IgGr 2 1 4 del(17p) 35.00 fEfE 22 CR 3 Ho 6 15 T
15 % 69 IgGx 2 I 4 None 2200 TEE & 2.0 VGPR 2 w6 6 AT
16 % 51 Igba 2 m 4 1g21;6(14;20)  28.00 fEfE & 2.0 SD 2 /x5 5 A
17 % 73 Igbr 2 | 4 None 1.00 fRfE & 2.0 PR 2 &3 6 M
18 5 55 IgGx 2 mm 2 1g21;del(17p)  18.50 FEfE 75 2.0 VGPR 0 &3 3 A
19 4 66 IgGx 2 1 2 del(17p); 1(14;16) 65.00 J& 7 2.0 SD 3 & 13 %
20 4 69 IgG-h 2 m 3 del(17p) 21.00 fRfE & 2.0 SD 2 & 3 3 A
CR: 52452 i#; SD: PREASE ;s VGPR: AW 13K 53 B2fift; PR 355 S2fift
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1.2 Jrik
1.2.1 BCMA CAR-T 4ilifiilss Slnli 57 CAR-T
HREIARTTHT 2 ~ 6 JEEAT A1 LB AZ 20 R 4R, 25
iof T #ffLsrsE ., W1k, R YL CAR-T 4 15455
o, AR HA 4-1BB 3 A5 A 38 R 1B
BCMA CAR-T 4 g (il £ 55 N 2 B A A1 _L 13463
YRR AED . BT B E il CAR-T 4]
P2 aAHIE 30 mg/m’x3 d, FREEMENE 750 mg/m’x
1 d(FC) Jr WA ¥ . CAR-T 40 Jitd v {7 i 7 £ Ky
2(1 ~4)x10%g.
122 JPROFE R R RVFIWRE S IIE5 IM-
WG IR HEEATI 7 RVTAR , G048 4% 5 e 222 il
(stringent complete response, sCR) . 5% 4= 2% fi# (com-
plete response, CR) . JF F 4f F) 35 53 2% fif (very good
partial response, VGPR) ., #i 43 2% fi# (partial response,
PR) . /N2 f# (minimal response, MR) | 3% £2 &2
(stable disease, SD) FlJ% i i i (progressive disease,
PD), % Wi Z% fi# % ( objective response rate, ORR) =
CR+PR. Z 32 H E Z I E M A R S5l A
AT FME(CTCAE) 5.0 MUFEA TG PR H WA RS 73
%, UM T BEEE S AE (cytokine release syndrome,
CRS) G PE 500, A A AH 5 il 28 BEPE 275 1 (immune
effector cell-associated neurotoxicity syndrome, IC-
ANS ) 7395 4 B8 5 R A RN 20 b 5 Wb 25 0 b g
Tl
1.2.3 BV B ETE . AR T2 B D T =K
BV % 2023 4F 12 A 31 H, TER VMBI, CAR-T 4
HIE 1030 6. 12 D H KSR T IR g o .
H M (overall survival, OS) & X M ITFHf CAR-T i
AT R (R AR T sl Bl T2 A ] ekt
17 (progression-free survival, PFS) % X & CAR-T
R 2 B R | BT BB 2 AR TR )
1.3 Giitordr

K JH SPSS 25.0 A HATHE 700 M. ] Ka-
plan-Meier Z: il A= #7114k, Log-rank #4750 53
Pro LA P<0.05 N2EmBA G0
2 R
2.1 RHE SRR

AWFFE 20 B R/R MM 5+, B4 12 4i(60% ),
Lk 8 (40% ), 4RI M AR TE 43 ~ 73 %, RS4RI N
63.5 % . AFHi<60 % 35 9 6i](45%) , iFH =60 2 i
B LHI(55%) . He MR M B 12 A5 2% 1gGx Al
8 f4il, IgG-A %4 3 3], IgA-xc 8 3 f3i], IgA-A %4 2 f3i], IgD-
AT 2 5], AR v B 1A, NI 1 ] PERES MRS
) MM #1141 (55%) . 5238 ASCT %% 2
(10%), 16 f4i](80% ))R-ISS iEFN M, 15 $1(75%) B A7
e A s G2 S50, 7 B EAT del(17p) FEH 78 o

$53Z CAR-T IRITRNAI TR B ECR 3(2 ~ 6)2k.
22 HBEITR

HE 2023 4F 12 A 31 H, 20 i 3 hirfiimt
64 29(3 ~ 50)H, CAR-T 4UfAY T ORR N 75%
(15/20), CR 4 50%(10/20), VGPR FH 15%(3/20),
PR #H 10%(2/20), {6Y7 WPl & SD 5 PD &4
i 25%(5/20), W3k 1. rfiH:5%2 BCMA CAR-T 4
MIVETT Y 20 5 3 AL OS Ak F], iz PFS N
26 H, CAR-TH MIRYT I B H 61~ OS2
78.3%+9.7%, PFS Jy 73.8%+102%; 14 & OS K
65.3%+11.7%, PFS N 53.7%+12.4%; ZARBHEESH,
OS H 58%+12.4%, PFS N 35.2%+13.8%([& 1),

1. 01
0. 81

0. 61

PFS
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(el
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(el
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A: PFS ; B: OS
El 1 20 3% BCMA CAR-T iAJ7 R/R MM & AR 72k

23 KINAAAE K =

BAKMEVTSE R, CAR-T 405 3 N ik
F|=CR Zf# i PFS i (47.0£14.7) 1™, Kk CR
BE P PFS 4(9.0+4.5) 1~ H ; CAR-T 4l i i J5
3N HIKF=CR G B4 Th i OS Rk F|, Kik
CR #E#H Wi OS M (6.0+2.7)1 A, BCMA CAR-T
YHMIIGYT 5 KA 8 R 5 R AR E R A OS
F1 PFS 2R B HA G222 L (3 P<0.05), Z5R4E
/v, BCMA CAR-T 4iiffli5Y7 /5345 CR fE#E OS %
A1 PFS R EH &,

5 ICRESMR AR BB M L, BEAMRAS B TR A
PFS[(47.0£6.2) ™ H vs. (9.0£1.5)1H, P=0.02] %
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25 R s S R 7 PRS[(39.0+14.6) 4 H vs.
(2.0£0.8)1H, P=0.009] 5 2%; LRI | ARl . Byl
RN s 524 = 1G5 PFS JEE(P>0.05); {EAF 40 i 8
T2 fa 6 IR R 41 53, p53 kR 38t 15 2 v i /B 3 v s
PFS 5% HY PFS A5 [(6.0£4.1)H vs. (39.0£9.6)
A, P=0.0117. = Mg 4 fof S8 & OS I 25 78 22
(P=0.004), A & I HAIELFFAE (I L 4708 L S50 53
9, gL m e, BEAME L) 5 OS FEFESS i %
B(P>0.05), W4 2, .

=2 205133 BCMA CAR-T i) RRR MM EE /S
ESEP X0

S BRI Fz0s(H) P HfiPFS(H) P

P 0.441 0.528
| 12 NA 39
5o 8 28 16

AE () 0.445 0.197
>60 11 NA 30
<60 9 28 20

I RE R G 0.004 0.009
>50% 3 3 2
<50% 17 NA 39

PR S (30 0.387 0.666
I-~1 5 NA 39
mm 15 NA 16

BESMRLL 0.148 0.020
H 11 15 9
¥ 9 NA 47

fe fE 5 S 0.387 0.786
H 15 NA 16
¥ 5 NA 47

del(17p) 0.051 0.011
H 7 15 6
¥ 13 NA 39

ARG RN L 0.007 0.011
=CR 10 NA 47
<VGPR 10 6 9

NA: il s CR: 584222 ff%; VGPR: JEH 47 187> G

24 ARRWAEH

CRS(90% ) A LI 2R (80% ) J& T A 2 i) Hh #e
WO R F . CRS &R KL MK
(172 %%:55%), 7 )54 (35%) B 3 9% CRS. MK
2RV R IR 75%, X1 70%, 1/ MU >
65%, WA E MR IR 20% . 3 ~ 4 Zali g
VA w UL, ELHE R AT YD 70%, FX10L 60%
AR 45% ., 10%(2/20) (R E HPE 1 2% 1C-

ANS, &9 By v A7 B[R] S 2 K, A R 2 B ) Oy
3~10 KR (JEMH: 1~25K)., ICANS 45 CRS
HUYEBRLATE CRS HATFFHRE 1 AN 1 HIR
S E N Il AN 2 A E, 38 0 R FHFEER BB TR R
B S [ EE A AR A5 B 2 . 6 41(30% ) i
T ol 15 Pk, s R TE ] S B e i, TE A
HRE YL T M. BT 3 2023 4F 12 A 31 H, &
WL F B B KA RO . B s ki, 7 61 (35%)
RETERE VT RIZET, FEIR A s ik e sl AH OGO &
i, A DL A R R FH B0 CAR-T 4Lk
JTAHICHET .
3 Tig

BCMA CAR-T J7 K7 S A A R, {2
B i 7= i idecabtagene vicleucel(bb2121, Ide-Cel)
Fl ciltacabtagene autoleucel( LCAR-B38M, Cilta-Cel)
CAT KB ERE . 1de-Cel IR HHR (NCTO3-
601078) fi 7, 76 100 43 3 P &, ORR 2y
73%, CR } 33%, H{3; PFS 25 8.8 N EN H &
W& /77 i Cilta-Cel I REHE (NCT03548207) S,
80 il s AR AT TR | Hrs . R SR, CR 5
ik 83%, Bl 27 A A IS PES Ky 55%"", AHF5E
1B S 20 £ R/R MM B 5 4%% BCMA CAR-T
AN IETT IR, Rz RETE 29 4~ H , ORR N 75%,
CR ZHN 50%, 1% 57 BCMA CAR-T 438 FA —
H", Fra BE AL PFS R 26 N H, 345 CR DU 1
FYRUM R 1 ARRP LR AR %R 80%, OS 24 100%,
HAW 2 VRT3, FKIESE CAR-T 4HAEIA 7 K
3% R/R MM HEIIATTELIR

AGF5E R, 7 BCMA CAR-T VY75, % OS
A1 PFS A 8ok R faoE i9-F- 5 1, #2785 CAR-T
BITIEPIR I RA A AT 6. CAR-T HILIAY TG
# CR B OS Hl PFS ¥ TR 4k CR B3, ¥R
CAR-T UMY T 22 A TR B 2 52 e U i J 1 el 2 ]
. BEIMELE MM BE AR TG R R Z —, X
BT 7 58 ROV AT, BIMEAEF 250, U T
BEEY S ZUEERM, 5 EEES MRS USRS S MR
A5 HE M L, B0 BCMA CAR-T 40 Jif0 34 97 1Y
ORR JC2% 5 SR, FEREIMEAE ) MM &38R 3
HOR KR, %4 e AR B isf [l P ek T e
R, 7 PFS AR 6 AN AU AR5 11 Bl E 1
K BEIMFE AL, ORR 2N 73%, Hii PFS AUl 9 A, iiE
SEAEAMRkE AT LU Z 25 BCMA CAR-T 4113697,
TER P ROAEE, J5 275 2 A AR I iE eI
BARYT, Pem B AR AN A 1137 (plasma cell
leukemia, PCL) Jg/b VLA MM {22817 84, &1 ifi. A
FEAER IR I 20 . E T, 2500 S R0 3
¥ PCL HEBR 7E A1, B /INFE A 95 51 BF 58 415 4 1 T
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BCMA CAR-T 4ififBiG37 PCL RYZE 7R ™, Auf
FEA 1 BIBE A2 3 ZR4kIT I PCL 4%, Pk
CR, PFS f5£% 1 4£4%, N R/R PCL [REIRI 7 KH 1
A,

MM HIRHIE R G EARARTRE, AR 8 0t
Tl e A E B, 25 ) K AR Rk AR S A e 1T
Bk BHEMAN 15 FlEFHEEA B RaRE,
H ORR. PFS 48y 3dEpn HARs L2 m i B E A .
X—FR 4R Zhang 45" 1) Meta 43 Hr 45 R — 3K,
P&7R CAR-T BT RE SRR 7 A s 524 i 3 3
BTG A K, 2458t T REERANI X AR A 15k
B, BT 0, AP R AT —A 5. pS3 BRCE
e Mg MM BB AAE Rl ST fa R R 2R, K FL
giit, HAT p53 S0 0y B Bl 2 25 T A R
PR p53 B FHIEEHZ BCMA CAR-T 4iifflih
J7I R/R MM B FUG AN RT3 . bab, AT
FEHER BT A R BB W 22 i A, TR UL i 4t
KRBT, G REE I R HERS, P Tr kst e
AU

4 CAR-T ¥AY7 R/R MM R Hi i 3 07 RE,
SRR 245 R A2 R MRS H il RS S rh i B T %
FTEAR A BEXERS . CAR-T 40M0IAYT ek B & HL
il %8 2% H 20, s MR K& F 2 S5 HURE B R o
AT, TR BRI S R AT RE S CAR-T 4 AT
A B B g A b O B AR I R A O™, T
KarMMa B¢, 3252 BCMA CAR-T 40t 5 52
KB FEH, T 3% K #] BCMA Bt 5 % K, #8
BCMA iR 828 il GBI IE M 25 1 i B Y y-40
WEEAT -5 BCMA MR ANNMINET%, 7T BCMA 1]
Pl EH T BCMA ZMu Y scFv Sk T3t CAR-T
Yi e, DT R FEPURIERAE ™. £ BCMA CAR-T
YRR 5 B & BB E AT RH BT scFy HUik, 58
T IR A NS A J5AL scFv BB EAE, ABFSER
N4 CAR-T A, BEAK T S ik, sinT e CAR-
T 4HRAEAR N A R BHTE], 36T R/R MM BT AT
HEAME, BRI 0], IAh, 6B e
B BT B, AEEYT T AT REE 2

CAR-T IRJT MM A R 5 Al B 4 e e
AL, R CRS. MRS R EFRGE, ApF5EH,
CAR-T A R DU HAAS | SO A 32, CRS i UL,
KAHERIK 90%, 3 ~ 4 9% CRS A HEFRN 35%, BT
i T IRIZEAIFSY, 3 AT BE-5 A8 2 Fe f7 far e . ARG
B (o HFCER AT 2 T G, A 500 i
PRUEVE ALY T () B BB, (HA0 AT g A 1R sl 1A
) 4 I £ JH ik L, 00 3 5 40 R %o T 400
SDF-1 7K FHA R R B2 mi A ™, X+ CAR-T
AHOCIE I A 25 AL, B R PR BRGTT, 86

AR TR O R S A5 R B H AT, W

SR WA RSN B 4R e (k& A

R AR RPRER 1 IUAE | 40 ML osd /e AR . A EE

CD19 CAR-T #ifis. BCMA CAR-T 4}t S804 B 41

J R A D A R P RE (SRS AU, FEE

SRR SCRRAYT I T BSOS HAB TS FE AN RSN

T,

ARS8 T 20 352 CAR-T 434
JYH) R/R MM B A K IIRETTAE R, i el gt — 20
JEM T BCMA CAR-T 4liffli697 R/R MM [ AJ 4k
PR AN, HAZ e nl {5, BEMRIE | I m t A
1 p53 B K st fE AR T A A, B R A UNA
o AW EIECE R, B A B e o34r, dnfal
2L YL FNAE Rk S 8 E B TR, s T RIS |
ZruL g, IR %

ARSCTCFEM R A S R R A TR R R 2

SE AR
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