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164 V5 %5 MRD BIPEZALTAAHG R (12/13), 1 MRD FITES 2 CAR-TIR S BAEAFIG R (7/8); mifasIL,
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Treatment strategies and prognostic factors for relapsed childhood acute
lymphoblastic leukemia
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Abstract: Objective To investigate treatment strategies and prognostic factors in children with relapsed acute
lymphoblastic leukemia (ALL). Methods A retrospective cohort study enrolled 86 children diagnosed with and
relapsed from ALL between 2015 and 2019. Kaplan-Meier method and Cox regression model were applied for analysis.
Results The median follow-up after relapse was 36 months. The 4-year overall survival (OS) rate was 59%.
Multivariate analysis (based on the subgroup receiving induction chemotherapy) identified high-risk relapse and minimal
residual disease (MRD) >0.01% after induction therapy as independent risk factors for 4-year OS (P<0.05). The
introduction of chimeric antigen receptor T-cell (CAR-T) therapy in 2017 significantly improved the 4-year OS rate in
children with relapsed ALL (61% vs 26%, P=0.030). According to relapse risk stratification, all low-risk patients
survived whether receiving chemotherapy alone or CAR-T therapy. Among intermediate-risk patients, those achieving
MRD negativity after re-induction had a high survival rate with chemotherapy (12/13), whereas MRD-positive patients
had a high survival rate with CAR-T combined with transplantation (7/8). In high-risk patients, the survival rate for those
receiving transplantation (after chemotherapy or CAR-T) was 60% to 62.5%, significantly higher than that of the
chemotherapy-alone group (0% survival). The 4-year OS rate for the CAR-T followed by hematopoietic stem cell
transplantation group was higher than that of the CAR-T alone group (75% vs 24%, P=0.067). Conclusions An
individualized treatment strategy based on risk stratification combined with MRD status is recommended for children
with relapsed ALL. [Chinese Journal of Contemporary Pediatrics, 2026, 28(7): 839-847]
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1.6 B

BV ZE 202448 H 3 H. OSFRMTTHH M ALL
Bk ZH BT BORKEED . K€ XN ALLE
BRI IR VENTARAE L BE T % -
1.7 HITESR

K HISPSS 27.0 MR (A 4.6.0) X % dfs
PATGE A PG e A . ARIEZS A TR OB
KPR (Ui gkElEE) (M (P, Py) | 3R
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T-ALL 12 ] (14%) . ¥ AER B dl . e 2WEG1RIT, CR2EH100%, FEFFEIA N 38%
265, wfasefl, wfEadl. HrbatlEfafIlyy  (GR), 6 BIKIBIfEG . Jioh 4 HIAREZ R M 250
JCRIGRHIGIEL M, BORGSALITE . #E &R EICR2, MBI,
RIGK e IRfas56l, hig40, miaa1 4, ALL TP B4R 8.5 (5.0, 12.0) %, ALLZ
CR2 5351 100% . 95% Fl87%. &M KB4y Wifsrh ik kiE131.3 (159, 41.4) MH, kG
WM. R L2805, B L27H, Mk PAREVIREI35.9 (17.1, 52.4) H, BRE2F
3141, CR2F55H85% . 96% F193%. K ASETFAAAE (event-free survival, EFS) K435
ST, ORI IER 376, R 60% + 5% F151% + 5%, 247K 447 0S Fo 51N
M AR 230, AR AR 2, HABZEII 23 6],  68% + 5% F159% = 5% (K 1A~B)., FBiT 2017 4F
Toor MG 1B, 4y FA AR 604G BCR © 0 ABLIRR 6 AJFH/ CD19-CAR-TIAYT . LL20174E M5, Hi)a
HEE 124], ETV6 : : RUNXIfh& B H 8 ],  44FOSHX LR AL #E L (26% 5% 11.61%
KMT2A EHE8 ], TCF3 : : PBX1 @& K 2 1, +5%, P=0.030). Ji7 CAR-TE AR T, 20204F
C-myc Wr 24 FH: 1 491], iAMP21 FHPE 1l 1261 EFFJE CD19-CD22-CAR-TAAYT, 20204FHi)5 4
BCR : : ABLIMATESR KBV B2 AR FEFSEX 2R TG # 3 L (43% £ 5% L 63%
SO 1 R I A bR R AT, e 2 ol R AR R + 8%, P=0.073), 44F0SHXFH2ERAG i X
Je, 10BIE RV e . Bk 5 H 8 iz n) (49% + 7% 1. 72% + 8%, P=0.023) (EI1C~D).
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®1 ALLERBILEARBERRBBEERZSN (x£s, %)

EFS 08
Il ARAFAE Lilk4a
" A4EEFS % P Pl 44F 08 % Perci Pl
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% 63 49+ 8 55+6
0.481 0.488 1.398 0.237
'8 23 57+ 11 7010
IR fE s
fif& 26 728 71+9
hfE 56 46 +7 11.205 0.004 59+7 13.358 0.001
=N 4 0 0
B RIHAER (%)
5~18 62 57+6 64+6
4.462 0.035 2531 0.112
<5 K>18 24 34£10 46 £ 10
I 1
TH 12 33+13 33+13
2.105 0.147 5.725 0.017
B! 74 55+6 64+6
BRI
ISTMERESNZ % 11 71+ 14 90 + 8
e 1782 0.182 3.787 0.052
JEARSL HERA S K 75 48+ 6 5446
W an YR
IS EERE K 62 47+6 53+7
I HEREINE K 11 71+ 14 1.787 0.409 90 + 8 3.795 0.150
WA E R 13 53+13 61«13
BRIERE
fife 5 1000 1000
hiE 40 66+ 8 17.070 <0.001 777 16.710 <0.001
Efe 41 307 37+8
Yok
ER 37 49+9 48+9
A AN 23 59+ 10 73+9
LAk 2 50 + 35 9.686 0.046 50 +35 5.900 0.207
HAh 23 50 + 10 68 +9
Toor g 1 = =
FERAFA
ETV6 : : RUNXI 8 75£15 75+£15
TCF3 : : PBX1 2 50 + 35 50 + 35
5.043 0.411 1.492 0.684
BCR : : ABL 12 25£19 75+ 12
KMT2A FHE 8 18«15 41 +20
5 1IRE KA
<181-H 28 23+8 27+8
18~36 1 H 27 49+9 21.675 <0.001 73+8 21.897 <0.001
>361H 31 80 +8 80+8
ETEARAT CR2
) 80 65+5 65+5
3.247 0.072 11.880 <0.001
& 6 0
SEVIE S|
(b R/ A i) 22 30 58+9 62+9
TR 25 0.203 0.652 0.574 0.449
A7+ Rl 17 64 = 10 64 £ 11
RIT %2
CAR-T KM HE 23 2+12 24+13
1.448 0.229 3.792 0.052
CAR-T+# 41 16 56+ 12 75+ 10
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A g7 Fi e i) 24 22 75 £09 818
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17 +FHl 11 81+11 81+11
MRD=0.01% 21
Ay 7 RN/l ) 2 6 0 0
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IE: [CR2] SKBIHE 2K 5ERZEM#; [MRD] BUNMEENG; [CAR-T] MEGHUESZIRTANEIGRYT; AT r 1] RS FEsT; [h
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222 ALLA AR BILOSEHwmAELH  HBE
R R ZHNE Cox MM R/R (F2), BIAEAELS
Gt E L (LR, »=19.89, d-=4,
P<0.001), {HAPMER BTG 222 X, &)
e SRR A A BR S AR e B] AR DGR 5, E—2 0l

SR IO REH, AR R BB &Rl s, R
SIERETH (=851, d=2, P=0.014), /R
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B AR ZE AT ZHEST
HRAH 95%CI Pl HRAH 95%CI Pl
RIRI TRk

% 1R E KA

<1841 1.000 1.000

18~361H 0.292 0.123~0.693 0.005 0.431 0.149~1.242 0.119

>361H 0.156 0.058~0.418 <0.001 0.288 0.050~1.661 0.164
kel

T 1.000 1.000

B 0.388 0.174~0.876 0.021 0.869 0.367~2.058 0.750
BRfERBE

Ak fadl 1.000 1.000

EEd 2.120 1.420~3.170 <0.001 1.294 0.623~2.685 0.489
RTRAL

AR VRSN A 1.000 - - -

PRSLPHERESN L K 0.174 0.023~1.280 0.085 - - -

Vi ik S I

MRD %32

<0.01% 1.000 1.000

>0.01% 2.248 1.412~3.578 <0.001 2.065 1.288~3.311 0.002

Ak fadl 1.000 1.000

EEd 4.469 1.776~11.250 0.001 3.684 1.446~9.385 0.006

T BORERLISR LU *=19.89, d=4, P<0.001; *THAZRGEFEESITR, AMEEMEN LA RR, FIABIIET e,

DAL HR AT A
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23 EXEBTEMEST
231 ALK 5 MRD TG 864 % ALL
gL, 26 AT, 69 fil4% CCCC B &
ALL 2017 697, 3BEZ AR T % 1k
SIrTHIBE IR HE, TEREM A3 (70%), 5
T (10%), KEM 1405 (20%); BREMR
FT72% (41/57), TREMFN58% (7/12), Halifk
JP4L (3061)) 44F 0SHK K 62%; 665 JLAT K
SVEIF 45 (end of induction, EOI) B} & %& MRD,
Hor 440 53 53 32 AT Vel S ) 2590 20 ALY+
4, 22633 CAR-TIRYT I Hr it EOI
MRD<0.01% g1+, fby7 Fyaldit m 25940 510y 7 + 4%
FHLHA) 44F OS FH A 81%. AR EOI MRD=0.01% 2H
W AT R ) 25 4 AR R e T R TS, A
ST+ AL 44F OS FH 30%., FETHE25 AT T
BEAKZHNE NI BR: 2% &GN ET
MRD>0.01% & 4 4 0S R ) 1h 37 f& k& I &%
(P<0.05) ($£2).
232 CAR-T#F A& OTmie#t  CAR-TIA
Jredt3of, Hr 384 B-ALL, E#ECAR-T 14
FLIT IS CAR-T 2541, 396 LA, BEING & 261,
XA K 819 CAR-THI B BEAHEANMLR Ly
NiECR 7.0% (0, 26.0%), FBILIEZ CAR-TIRITAY
IKENEIARSE 2GR . CAR-TIAYT Y 395 )L 4 4F
0SHR N 53%., H:H CAR-TARBHELAL (2341]) 44F0S
K 24%, CAR-T+REAHAL (16451) HF75%. W3,

R G IR ALY ER A P AL R R 4.4 4 H .
y7+ Bt (17491) Hr, BR 1 BIESAE T MRD 2
33% 4, AR EIA S %M. %4144 0S
RN 64% . CAR-T 54 2 B A 1 v 47 B[R] 24 3.5 4
H. CAR-T+BAE4l (16%1) ', Bx 14 MRD K
0.19%, HAFEAERT MRD<0.01%
233 BARGRFESEWEHER  BERINEH
S, A BJLEZ Palifl ek CAR-TIRY P IAFTE

R TIEA 401, AT R/ ] 25 W) A AE
ZHR92% (12/13), AL 1FIH A IR R 1k
ST+ AL RN 62% (5/8), CAR-T+REFEZL Y
%N 88% (7/8), 1BIHER KFET-. CAR-T A
A AT R R 72% (8/11)6

R EIEA 416, AT R/ ) 25 P 4 A
TS (0/12) o AP+ AAATE %N 60% (6/10)
CAR-T+AHAL S HIFFTE (5/8). CAR-TRILZ
4GS (411), ThEfEIRITEs R L 4,

#*3 SCARTHZBILMIEREME B (%) |
CAR-T R4 CAR-T+ESHEA

WA (n=23) (n=16)

e/ -V Al

<181 H 9(39) 7(44)

18~3614-H 5(22) 4(25)

>36 9(39) 5(31)
PR MRD 32

<0.01% 1(4) 1(6)

>0.01% 10(43) 10(62)
P 1L 73

T-ALL 1(4) 0(0)

B-ALL 22(96) 16(100)
B RSER

fifE 1(4) 0(0)

e 11(48) 8(50)

=30 11(48) 8(50)
BRI

Lzl e 17(74) 12(75)

Al fEsh 2(9) 0(0)

aE kR 4(17) 4(25)
CAR-T EfA %

CD19 BAHp 8(35) 3(19)

T CD19 A1 CD22 3(13) 5(31)

CD19-CD22 B4 8(35) 5(31)

HoAth 4(17) 3(19)
CAR-TIAIT 1IK 21(91) 16(100)
CAR-TIRTT 21K 2(9) 0(0)

. [MRD] BUNEEF; [CAR-T] S HURZ IR T 4G

I7 5 22 LRI RN TR 4 R A B MRD .
T4 ALLBILERBRESEERSHT ()
. . M AEE Kk
S M y s . :

fEk B AT HEEWT  FoT fE PfH

i 40 32 5

N 15746 <0.001

mfe 4115 18
3 it

ALLAE KRR K 1~5/10J1, H60% LA R
JLE SRR, AR JLEE ALL IS 0S %2
it 90% ., (H—H &k, HEAARREFRL, &
R, JLEALLE KJG 44F 0S R K 59%, 5
Sidhu %5 " fRIEAY 50% M. HiL, B E % ALL
FE LA FJ AT 2 MRS A R 4 e R ] A8

AT AL, B U A Bf ] 52 0 35U Yk
SLIERR IR, 5 Eckert % M LE IR —80, EE K

- 844 -



528 % 55 7 M
2026 4% 7 A

P E SRR E

Chin J Contemp Pediatr

Vol.28 No.7
Jul. 2026

A L, PISL RS A A Kk R OL Y S A,
44 OS HAL THRES G E LB IL (90% L. 54%,
P=0.052), PIFEARTERR], ASE SR GEUE ST
PERESN B0 B E AR, X —BS 2
FAEAWFFE ™ —5, PR ARG YT
{H . Rheingold %5 "™ J& T RHEEA BT (2 053 f4i])
WESE, JCigs& B-ALLISJ& T-ALL, RS2 MERESNE &
AT BRI AR K

BEE R HEERI PR, PRV IEE T
2T ALLHURIR R . 97 ROTAL 15 40 )= .
AWFgEd, ETV6 : : RUNXI R4 5L 8 B &8 & 8
JLEY 45 0S F ok 75%, 5 Hu 55 " HR3E 19 3 4F 0S
%75.0% L. % T BCR : : ABLEA 5L B &
KB JIL, Hunger % "7 A BV BRI G LI
3MEEFS SRR LR FE LR, RAHFRHA
12 BCR: : ABLIAM R & B IL, $Em 254 1k
J7 CR2 3K 100%, HFE 5 1340 37.5%, &R
R R AL /INEARRIRE R RRIE LR &5
TR ) 25 Y AR A AR £, T KRR A I SE B IE
H ATE X LB R KA I 5 H B . Wen
A5 HGE 1 40 BN B R XETR M Ph ALL B85 12
% TR MR e B2 a5 bYT S, 28 d CR/CRi %
1K92%, 14EEFSZHEH0S 53514 80% F193% .,

FEAERFFE R W], EOI MRD 7K F-J2& ALL i 45 1
Jei W T BTN S AR Y. AR SE R RETE SE, EOI
MRD<0.01% i JLIY 4 4F 0S 3 B 2 T MRD=0.01%
8L BRI, Jfadl+ EOl MRD B4 2
Z Uik T IR ARAS RAFAEAE (1213), BAEFFA
WOREAMELS . B RJLICIE EOT MRD B sk BH
P, paifbyr AL BB E (BT A
CAR-T J& ) T fifi £ 60% fy £ L3515 K W 4 77 .
Eckert 25 "4 1 Parker 25 " lOAFST B~ , S T M 2
B8 & H A B 88 MRD B YE (<0.01%) Ry
B-ALL #: %, Jo75 allo-HSCT H 7] #81334 A1 (EFS
RN T2%), AMRGEREZ ML, H5HSHR
ARSI ™, (EA R, AHF5E T EOI MRD
Bt (<0.01%) (BB R EBILENE &
fo UaBAMRD Fhim) s fa s, R ahir it
LR WU A B LT A HE M allo-HSCT 13k 25
Hh g Rk mfadi)a g R nE . & Lk, Eol
MRD 7K F A2 F0 ALL JBLTUS 1) s e bR . X+
MRD=0.01% 8 L, allo-HSCT 7] i 2 ik 3% A 47
1M % F MRD<0.01% W 8L, B RIKfGH LB
M, & ETfad @ paifbyy W MRD, #5)5

2 W MRD 5% 9 B, T3 AT CAR-THAYT
IEIE SRR allo-HSCT, (1612).

% ALL L

f v ¥ e
ALIF/CAR-T e SRALIRTT A
MRD Wi
MRD<10* MRD>10*
1by7 CAR-T+B A%
B2 RITRRE

HEAGRIEIRITIACE . R ALL B35 1 e fE
TRIT RS TG —Anife, T RAFEILIT . R
PEIRIT . AMIEYT . allo-HSCT 8 HIBES M . B
AR TR W% 1) BE £ B T R BE 1207 Ak (A
7% CAR-TYRITHE ST ) SAUGAS [R)36 T J7 A7 3%
SRR . ASBFSE  CAR-T Y7 1 1Y 7 4345 ALL 8
JLI 44 0S e 4w, M 26% L% 61%
(P=0.030), H7EWEBREESMIA 7 HA L. SR
M, CAR-TIRYT TR far sy, A R 7 Rk 25
BAE A KRN RS s . PR, AR
W, HMEESNE Kol RERR A A E R
WA E RS, Bk CAR-TIRYY o B B i 6 o
LR = 90 7. W i s DNEER 7 S WG N
WFFEALEN A B DA RICR ST R L, 11N
52 RARSEH H VUK ZIAYT T MRD 6 1, ek
VEANZ 230 () I FH A 5% o ASAIFGE 39 (152 & ALL
BILHEZ % CAR-T I 2097 I 1Y CR2 34 3 100%
SCHRIRIE, CAR-TIRYY & K /METR T ALL Y 2% fiff 5%
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