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Recent research on chimeric antigen receptor T cells in children with refractory/
relapsed acute lymphoblastic leukemia
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Abstract: At present, the treatment of refractory/relapsed acute lymphoblastic leukemia is still in a difficult
situation, and even if the intensity of chemotherapy is increased or it is combined with hematopoietic stem cell
transplantation, some children may have a poor prognosis and a short survival time. Chimeric antigen receptor T-cell
(CAR-T) immunotherapy uses genetically engineered T cells and does not rely on the human leukocyte antigen pathway
to recognize tumor-specific antigens, and then CAR-T cells bind to target antigen cells to trigger immune response,
thereby exerting a sustained anti-leukemia effect. As the most rapidly developed tumor immunotherapy, major
breakthroughs have been made for CAR-T cells in the treatment of various hematological tumors, but there still lacks a
comprehensive system for the research, development, and production of CAR-T cells and standardized diagnosis and
treatment protocols in China. This article reviews the recent research on CAR-T cells in children with refractory/relapsed
acute lymphoblastic leukemia. [Chinese Journal of Contemporary Pediatrics, 2023, 25(2): 210-216]
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RTHARE (chimeric antigen receptor T-cell, CAR-T)
AR LT RG Ty 83 T ay B LB SR = I 177 o st = E S
BEL S v A0 2 A 0L ) 1 40 5 AR )R 19 (cluster of
differentiation 19, CD19) CAR-T 48 i 7= &
Tisagenlecleucel (FIf44: Kymriah) CZ83EE £
i B EH R (Food and Drug Administration,
FDA) it by, {EE P 08X L ALL (Y
CAR-T Z0fitd 7™ dh 3R#tt o A SCHE CAR-T 4 g 72 JL
S RMERTE ALL th Tk e — 253k
1 CAR-T R &1L
CAR-T 4 fifd 3= ZA0 45 31 D REZE M4, B4 i
PRy R AN g A AR R | B N S B A O
G5 Ry 3o Fly R 2 R RN 5 e S A R B
b ) G5 2 A 0 R AR i o AR D 28
(cluster of differentiation 28, CD28) 1Y [ J8i ¥R AL [H
FZ IR B RGEB 7 9 (recombinant tumor necrosis
factor receptor superfamily, member 9, TNFRSF9),
GO AR T A Z AR (T cell receptor,
TCR) /CD3C HEA AL 7 ML 45 40 i N 45 4 dal )
CAR-THHAE > A 54X, A 20224F, FDAHLHE iy
{9 638 CAR-T 7 i 24 25 AU CAR-T A1, 55 =X
CAR-T 44035 2B Z R 1, TR LA
I A 2 IR B e 2 R 7 0 A 9 CAR-T 21
RV E 5 1) T aE AR P A S O B T 4 (T-
cells

redirected for universal cytokine killing,

TRUCKs), ‘EffeHH ERE S 418 CAR-T 4 it
Mo 5 AUCAR-T 44l A T H 40 4 R 2
(interleukin-2, T1-2) SZ{REE AL ZE L, I
18 1 S AR A PR L JAK (janus kinase) —1{
SIS R PG B F (signal transducer and
activatior of transcriptor, STAT) &ARAE M40 A+
AR Y B TERUINIE RE ) R Pk T T A
AAG B AR I A UE S, (EB—1X CAR-T 4Ai AT}
A AL B IR LA T RERT IR 7 e, HAs 5
LA

2 CARTHMREREBITILEELXHER]
ALL B9

2013 4F, Grupp %5 ' # ¥ A BATE New England
Journal of Medicine 2% i | &k 32 T 2 #l 52 K e 16 P
ALL L3532 CD19 CAR-T4nifaeifyr, Hif
BB ILIEIRIT IR 42 A 5k, Ay s BRI 2R B

FOF M 20 M R0 CD19 BT SR IK LB 5 i 55 1 441
BRI IR 240 14 A SE A R I 282 S o+
W2 R 5 2 2% (complete remission, CR), i
IO LEAF 104F, O 232 45 T CAR-T 40 il 6
PEVEITIIALL 3. BEE Tisagenlecleucel ¥ e
m, AERE LB CAR-T 40 37 1 1039933
{8 ELIANA 7E 23R 25 B2 PR, 3754
JLEAFAER N B A B2 T Tisagenlecleucel i6
I, 3 H W BRZE# R  (overall response rate,
ORR) N 81%, Hi/NEE %L (minimal residual
disease, MRD) YRBAPE " 64~ H BT A 4F
(event-free survival, EFS) &1 0S E 435~ 73%
(95%CI: 60%~82%) M 90% (95%CI:  81%-~
95%) , BtV 124> EFS F M 0S F 435 2 50%
(95%CI:  35%~64%) K1 76% (95%CI: 63%-~
86%) , BT AT B FH R BIGIT A CHE T . Tan
A X 12 65 0T RK A R G LA (central
nervous system leukemia, CNSL) f¥20 14 B ik 40
F 1ML (B cell-acute lymphoblastic leukemia, B-
ALL) #JLF LA CD19 CAR-T41MLiAY7, 9 il L
KRG, 61 H LA MW ES (leukemia-free
survival, LFS) %5 81.8% (95%CI: 59%~100%) .
Chen 5§ "™ #2381 7 ) 82 052 Kk 1 ALL L%
CD19 CAR-T A SR YT, AT A iILIIAEI CR,
SRR . BV 1240, A LY EFS
7 83.3% +15.2%, FH CAR-T 20l S 323497 1E B
AR ALL B LR 7 b 6] FE & 45 18 25 30CR
Stefanski 5¢ " X} JL Bl H 5C fit Bt CAR Bt ¥
(Pediatric Real World CAR Consortium, PRWCC)
F ML ) 185 B % 1 Tisagenlecleucel Y 24 £ 4
PEAT BB 2B, e CAR-T 20 i i v o7 551 A
1.7 x 10° il fifd/kg,  Herh 86 {7 45 5 42 1 B vy )
(1.701~5.100 x 10° 41 ff/kg) #Y9 CAR-T 41 Jfd 4 =
2 I 57 W 5 57 i Tisagenlecleucel R )OS, EFS
I RFS ¥ 4% 2] W W 2 3% (P=0.031, 0.0079 Al
0.0045), H. ¥ & 7] & ) Tisagenlecleucel 5 & 4 44
MK s ZUMA-4 2 i FHE [E] CD19 B CAR-T 4112
P20 KTE-X19 (7144 : Tecartus) {R¥7 )L#/H /D
AL R MEIAYE B-ALL (Y IR RO 5T, 76 ] PEAG
700 ek IR o) P e 1 2 P O o O 5 301 5 i R o
FEPE, MAIEA 1 x 10° CAR-T 4l fii/kg (40 mL) BA
G, ) CR R M CR AR 58 4 1 iR 2K 2
(CR with incomplete count recovery, CRi) BT BN
71%, MRD BIHESRIE 100% " 53 —5ik [ &1 1
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bty TR IESE ™, 50U FIARE 2
B-ALL f & #:3 T CD19.28¢-CART 40 i 847, 31
] (62.0%) 345 CR, HAIBEVIITE Ry 4.8 4F, h
7 0S M 10540 H (95%CI: 63~2924H )., 1E
MRD B 28 il 8 # vh, A 21 I 7E CAR-T 4 it
W5 T OHSCT, Hop {7 0S b 702 4~ A
(95%CI: 1044 H ZICHEHE), FIHCD19.28-CAR
T Ay 42 HSCT ¥ 51IA Y7 REfdAH >4 — 3K 43 J L= A
AEEE B-ALL B E RIS M S 22

AR FANTE IR R0 CAR-T 40 g 347 S v
e ARG 2R o 76— Z e 9 ] Jusi P Aff
g8 R, A HRA TSR R A B R 6 e A
Ry BT, o IR B far AR i Tt 2 2
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Zhang %5 ' X 254 ] v FH CD19 CAR-T 4 L ia Y7 1)
B-ALL & # 1 B U7 45 SR 47 70 7, & 90 TPS3
(tumor protein P53) 278 FI'E#8 5 4f 41 e >20% J&
S S CRORI NS BRI, AR . fE
MG . BRI gL as . BRAERSA L . BEAE
ST IT AR . CAR-T 200 i 551 £ R0 &4 B 7™ & 19 1 325 ok
JEIFAE I B E B CR %, 5 REAZ CAR-TIRITIY
BEAHLL, 78 HSCT Hij# 32 CAR-TIRYT A 1 0S
FILFS 9 i .

3 CAR-THR BT ILEE XMEEHEALLE
ARRM

3.1 HMEFEMSAE

a0 ML 7 R LR A R (cytokine release
syndrome, CRS) J& CAR-T 40 jof % J5 & LI AS
RSN, FZEAIL R i I 40 A s A B0 R 2
LD R . 5 CRS S5 %% D0 9 4 i R T4 4
FIi/- % 6 (interleukin 6, 1L-6) . FIIAE 1
(interleukin 1, IL-1). THLE-v. MIEIRIEH F-a
(tumor necrosis factor-a, TNF-o) . 208 Zh BT
1. I A R B A -1 R N AR K R
A Maude 25 2 % 137 4552 Tisagenlecleucel E)
STHMENG B & PE B-ALL B8 AN RS 7 04,
2E L B 77 % 1) H B B 3~4 2% Tisagenlecleucel 41
ARG, TR I5 8 AN WA R RN
CRS, HH122% B35 49 CRS, B 10 MR
LIS, DLIL-6 D88 s A B 40 il R 736 97 W] 2% 4
Jii CRSJRFE,  HRFZ IR CAR-T 4 g A FH A 117

o FETR BTN R] 2 1 B2 3 AR B4 1L-6
A, Zhang 55 21 BFSE R IL-6 7KF- T AN
2 AR5 A AE R AR BRAPTIRY 7R K AR ™ CRS
MR R (P=0.0125), X W7EIL-645 T T 4ifL
CRS THURS AL T4
3.2 HEMMAMMBXHETHESIE

G RERL N A A AR A 2 B MELZE B AE (immune
effector  cell-associated

neurotoxicity  syndrome,

ICANS) J& CAR-T AUHLIG Y7 ik Fe b i) o5 —Fh ™ EAS
RN, &HEFHK20%~70%, A5 CRS [FHH P,
WA 7E CRS 238 Ji B, H & A % CRS ™ B 72
FE RIS (P<0.001) ™', H T ICANS (1) %
S BILTR] e AN TR, R R PR BT BB S ICANS
AR ShERT,  ILE 2k B F 7K S5 v ol B
TG0 IS PN Bz 200 B I A L T e I 400 i A /N e
JRARNAE, 5| I B O T R Y fE—
TATAEMEBR S ST =, 3B REE & HA IS
M2 R G R Y B LFERI A CD19 CAR-T 41
J&, 1B S 90 ICANS, B v Mg 6 g il BE &
oo E A 2 MR ORE o M & 2R RE
(neurofilament light chain, NfL) E & 245115
ARG, LT K F 5 TCANS By )™ 5 A2 i 5L 1F
A, AR g T ICANS & Az Ko iFAl ICANS &
TR WA WA 48 b 2. ICANS BIRIT T BR T
CRS, FE AT ERESHITAL SR -7 IR
W S HREIG T o TL-1 32 AR 45 B 70 BT IR 1 o 3R
(Anakinra) FIUR7ZH it — 5 5 200 it 42 7% 0] 35 IR 74000 o)
# Lenzilumab (2% H471) 1£ ICANS B rh
Bon th—E BIRTTRCR,, RKRA HAE ICANS iR
S R IEER ™
3.3 BABAERFA

FH T CAR-T 20t Jf 75 408 1) 2% 47 Jieb 722 240 e %) ] bl
W BR ik CD19, 40 i 43tk Pt s 22 (cluster of
differentiation 22, CD22) Z¢I1EH BAHML. B 4k
Bz Rl DA 2 4 A B 247, HRRLRit ) K Ja nl R
i B CAR-T A0 3 APk A B B2 48 A . — 01 [
br. 2ot [EEEEBASIIFSE 2, 3541 B-ALL
BEEZT Tisagenlecleucel%?ﬂé , FETF12H, B
21 G 88 BB R ) % 2 R LR 70%  (95%CT: - 46%0~
84%) . CAR-T 4 Mk i3 J5 114 £ 2 I S Az B 4
W% H MG e sk K, X T sl A L Al
RGN T H — IR Bk
L7 TRE e
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e fi T CAR-T 4 i 1i7 SR A 5 B0 175 I oAk L2 40
WAL BT %S, DL K CAR-T 40 i 13 5 14 i 4 5
N2 BN R AT ) RN . H Ag Sk dikiE
) CD19 CAR-T 4113697 B-ALL J5 3~4 2% R ki 4
W /D K A2 K 53%0~94% , 3~4 DALY K AR
1 51%~68%, 3~4 G i/ IR I 1 K Az %00 419~
53% Y L L CAR-T 40 VA7 I B IE &
fiE, 76 CAR-T 4 vE 5 28 d P & A B Ik 5 L
SRR . AE Hill & Y e, SRRk
A 23% Fe 4y, H CRS ™ 5 R B 5 e 2% 1)
G, R PEURE AR IR, HPhEA
HEECR, RIS R R m, Wnfuf =il 2
JH 9 B 0 1 KBS A SR e 225 [ S A . X CAR-
'T 240 i 3 e 7 A e R, RS
JRE s R 2 G AR B KBS B, HL AT 51 A i
TR LR GRS N . BRI RE R 5 N
L ) S5 SRS BB A G, (B R R o
FEGET-HE T Y W40 AP K 2 2 40 v
A RE/E WE A M TE Ak 2R A
lymphohistiocytosis/macrophage activation syndrome,
HLH/MAS) “# 4% % T8 B CRS, TEh RAEIR J7 T8
WAHE—ENES, HETHRiE AR T 1%,
EET- M m . IeAh, CAR-T 40k 13 )5 i S Al
Yrbige 0% . IR FE S WA ERIE. S5
T BRI 5 LUK 0 45 B K 978 ) CAR-T 40 iR T
FHOCTF AT, X i (R TS SR A e A
EEX,

fit (hemophagocytic

4 CAR-THR8ITEHNEXR

Ok Z i oE B KB, CAR-TAIMEIAYT 5
PR AR I MR, 3T 50% B LAE 14F
WA A& o AR4E CD19 BT R R AFTE R 434 CD19
FHEE &M CD19 IR & . CD19 PR & i 3222
JR A 2 CAR-T 4 I R A 25, X EOL T,
CD19 HLFAT R OR B8 AE I 4 i #2 1T . {HAE CD19 B
YR KRBT, CDIOPEG A AR, ks
AEEWE CAR-T 40 MOIR B AT, BRIk &,
A — 2 B B A — 8 R P i 58 4
&, PR AFAE AT AE DL ]S 350kh 97 6 b CAR-T
MR TCT, ANPL R FEREAR . B g s S R 2
A BEBRMERTHE | RS RFLHAE COY L Ik, M
R ez RN R iAW |7/ I I 1 OAES R

PN

G S5 10 ) 240 A 23 52 ) CAR-T 40 i 19 3% 4 20
CAR-T 2 ifd L AR LE i) 7 T A P st T2 4 1
(pmgrammed cell death protein 1, PD-1 ). TR 4
f e FEBR 25 A5 2 1 3 (T cell immunoglobulin
domain and mucin domain-3, TIM-3) . a1 T
B 40 B A ¢ & 4 (cytotoxic T-lymphocyte-
associated protein 4, CTLA-4) JZ bk % 20 ffd 6 fk &
3 (lymphocyte-activation gene 3, LAG-3) Z§/Y [
PEL 2 BT A0 S REA Al R

5 REAEXMNIRE CAR-T HREIT R A%

Wi CAR-T 4 I 3E W UE A AW, 24 RS
TE R IF 50 B e 5 1) B i 20 52 % FI 4 5 CAR-T
YRR ISR, EFXT CAR-T IR YT 1) 4 ad AR B 2 Fif
CRETRIA RN LR T A T AN
AR R INIR R, IR W se bR AL iy
CAR-T 20 0 ) 2 A 7 i LA B Jo o A 0 42 i o e
HYRT L o #F A N U546 CAR-T 4 g . i A
CAR-T 4 fifd . Stk Bk R g HoR | DAL sk 207
28 55 38 5 CAR-T 40 MY 19 ) B8 JF & K H AR A7
[i] S0 Sy T 2D R i I S T TR A 1 S
Wik, A I R E R T 2P AR
CAR MY, H i 18 A9 i PR 24551 CD19
FIHT CD22 L) CAR-T, HL CD19 AL 4H A 3R -3
% 1K o %% (interleukin-3 receptor alpha chain, IL-3
Ro) 414 CAR-T 4, 7E CAR-T 4R Y7 [F S BE A&
Hr 25 40 B 21 i bk B 983 -2 (B-cell lymphoma 2, Bel-2)
a0 00 L A B EK 2R VRS (Bruton's tyrosine
BTK) 40 il 7). 1% 22 IR il 1 1l )
(tyrosine kinase inhibitors, TKI) %5 7] I 2 $#4 5
CAR-T 41 il A)47C M 2800, HH HARBIL A B 3t 1
AT RS EE R g 20 W

kinase,

6 SRERREE

H il CAR-T 4 i 7 L& & ey PE ALL (935
Sy s il RAFAT S, U HOEXT TG JF CNSL DL
SEALAEBE MR AL B s TR IR RS, A
LB 5P IFAE, ERREIRYT BT, i 2
AW CAR-T AN A 25 #1314, i
TP BRE LLER 25 CAR-T 40 (4 A5 450 Fn 2 4 ke
T4 F CAR-T 20 JfL 7644 N 19 26 1 22 R 1 LA R g
o ek e A HLE], 3 75 A A 5 B R A T R
o WRATABMARTGE, & XS CAR-T 4 M58 1Y
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