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[Abstract] Objective This study aimed to investigate the prognostic significance of IKZF1 gene
deletion in patients with acute B lymphoblastic leukemia (B-ALL). Methods The clinical data of 142
patients with B- ALL diagnosed in Nanfang Hospital between March 2016 and September 2019 were
analyzed. Results ITKZF1 deletion was found in 36.0% of the 142 patients with B-ALL, whereas exon 4-
7 deletion was found in 44.0% . White blood cell counts were higher in patients with the IKZF1 deletion
(52.0% and 28.3% , P=0.005); these patients also experienced worse effects of mid- term induction
therapy (40.0% and 70.7%, P <0.001) and had a higher proportion of Philadelphia chromosome-positive
(52.0% and 21.7%, respectively, P <0.001). Univariate analysis revealed that the 3-year overall survival
rate (OS) and event-free survival rate (EFS) in the IKZF1 deletion group were significantly lower than the
IKZF1 wild-type group [ (37.1£7.3) % vs (54.7+5.4) %, (51.847.9) % vs (73.9£4.7) %; P = 0.025, 0.013,
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respectively ]. Multivariable analysis showed that harboring IKZF1 deletion was an adverse factor of EFS
and OS (HR=1.744, 2.036; P=0.022, 0.020, respectively). Furthermore, the IKZF1 deletion/
chemotherapy group had significantly lower 3-year OS, EFS, and disease- free survival rates than other
subgroups. In the IKZF1 deletion cohort, allo-hematopoietic stem cell transplantation (HSCT) significantly
improved OS and EFS compared to non-allo-HSCT[ (67.9+10.4) % vs (31.9+£11.0) %, (46.6+10.5) % vs
(26.7£9.7) %; P=0.005, 0.026, respectively ]. Conclusion Pediatric-inspired chemotherapy was unable to
completely reverse the negative effect of IKZF1 deletion on prognosis. Pediatric-inspired regimen therapy
combined with allo-HSCT, in contrast, significantly improved the overall prognosis of IKZF1 deletion B-

ALL.
[Key words]
transplantation

Gene, IKZFI,

Leukemia, B- cell, acute;

Allogeneic hematopoietic stem cell

Fund program: National Natural Science Foundation of China (82170163, 81970147, 81770170);
The Science and Technology Planning Project of Guangdong Province (2017A030313601); The Clinical
Trial Funding of SMU (2016A020215112); The Chinical Trial Funding of Nanfang Hospital

(LC2016ZD009/2019CRO12)
DOI:10.3760/cma.j.issn.0253-2727.2022.03.009

IKZF1 5 [H J 5 BE 45 % 5% A 1 IKAROS,, J& fix
BRI R 5L S 72—, S s R i T 20
I 1] BG4l APk, IKAROS ZE 3543 64~
BEFESE R , A N S B 4 A8 45 R A T 2 bR
0T R 2 SR R4 BT T ) S B DINA &5 45 38 5
FERIN, Gty 1R SC R 4514 1) IKZF 1 5E 5 1)K
R Bk ol 5875 55 SRk B 40 e A IS (ALL) AS R
H TG S VIMI 56 . 7 JL#E ALL H, IKZF1 3 R ek
KRN 15% , 4N ALL 8 30% ~40% , 1F
70% L) I ) Ph G (e A BH P ALL HRG N 21 IKZF 1 3
PRI Bl 81 A8 JRAE TKZF 1 5 PR e 2k a8 58
RN NG 2 W EZE AR H i T R
R 2 RNGYY 7k, H T IKZF1 6/ 28 28 45
FERRTT R AN A . ARBFgE T, A1 A
FUC 142 0] B-ALL B35 IKZF 1 L PR e 46 175 1 X H:
Il RAEAE , I 55 8040 A7 1 5 366 PR 3k i 1 40 f B A
(allo-HSCT) X[ iZ KM B F A A2 R T
IKZF1 BEFRAEFE SR %o

w57 %

1. BFFE RS %2016 4F 3 A £ 20194F9 A ikiz
FIGEMIBRAY 142 4712 B-ALL & I AR R
HEAT IR AT o BT R B A BRI A 2 s
2 LB AR 2R R oA 2R (MICM) A, 12 W7 43
AR WHO2016 45 5¢ T 20 F I 192 Wibs i
F I 575 200 i G 3238 780 % A/ N B B 95 (MIRD) ) 2R FH ¥
KAMAEAR (FCM)KZI | i 40755 14 .24 IR
ST RT3 X MRD 7KF-, 43931 2 MRD, .\ MRD;
MRD;., 4 4% IKZF 1R 25 FA 97 1% 00 43 Y
2H . IKZF1 SR/ alifbyy 40 (A 4) (IKZF1 /%%

AL (B4 IKZF1 e/ satifbyr (C4l) (IKZF1
EB /R (DA, LB BT B A A . 7R
WY 2 g J7 R B R 2 B I Be 40 B o A 23 D 2 it
HE (/45 . NFEC-2018-002) , J- B A & 58 1
b=

2. W5 R 24 55 PCR A IKZF1 3 (] A ik g
% : 2% Caye 5 WS, 70 B #E IKZF1 JE 56 2
4.7 8 FNE T LR S . A2-7
K A2-8 F45 2 5 AN B F L IFFAEB IS  (H T2 55
AN—F, B IR PR 2 AR B S | 0 B
RS D W) fiy 4 N F.2a (5-CAACAAGTGACC
CATCCTTTG-3') . F2b (5'- CTCCTCTAATCTTTG
GACTTGTGA-3') .F.4(5-GGAGTCTGTGAAGGT
CACACC-3") , FiF 519451 il 45 4 R-7(5'-AAA
GAACCCTCAGGCATTCA-3") \R-8(5'-GTCTCGG
CATACAGGGAAGA-3'). 5|9 S HA B =9 1
WP, 076 356 B [ 37 AR P ORAF B kT T blast B
WE. 5I491L) PAGE 4lifk, 5" il A FAM 7% 't 3 [4116
T, 3" A TAMRA %63 B , WG (4)1H
2, F% QIAamp DNA Micro Kit i BH 5 $2 i &
ZH DNA., #3452 i 2 I8 ABI 7500 8 5 5 PCR {X i
FHUEH A & B ROV PR RS, A 3hix
B CUE , B AR PR D 1S it 2 B Ct{E < 36
FE A PRPEZE SR

3RS T ALL SR R AL B 1 A4 i
1 LR T € PDT-ALL-2016"" 75 R #52 Hi 2€
KIAEATBUATT , T VICLP (K #3525 H 4
FARR 1AM IR Em) 5 FAT1H S oMM
CAM (FRBi B iz . B At R 6- 3 2L B2 08 ) M By
I7 5 BB Ph e LR BH P15 0720 14 TSR 1%



A M e 2 2022 4E 3 H A543 %5533 Chin J Hematol, March 2022, Vol. 43, No. 3 +237

SRS EEHMHI AT GEVP 2 100 mg B H 1K),
CD20 BHPE (it 20 B AR He328 73 88 CD20 FHPE 41 A e
% >20% ) R E IR Z 3t (55340 : 375 mg/m?,
BERT LR, DLEA - 375 mg/m?, BEJE 29K . 15 5 2%
fif Je T DR LT | SIS BRI G R T T4
FEDLEACT AR 1 ~ 3 AT ILENRYT s 25 B B 2 W
A TKZF 1 3 PR e 2 25 f 56 PR 28 AR 3 AN [] 1eF 1]
MRD WA BIRYT SOV A T fa b 412 , e A 2 ik
A allo-HSCT #&4 , 256 835 5 8 S A1 Dl e e
SRR allo-HSCT. FAE FiAb 75 58 F1 GVHD Bjj
TR AR B B O SR T

4. BT« R A B BB B D7 112 IR
ViR g R s, BEDT#EE H 39 20204510 H 30 H .
TC A A7 (BFS) 5@ R A2 W 8158 1 IR A
(BISFFEEA G K 50 G U [a) PR At J A
FET) W] . AR (OS)WE S A B R
FET SR TR E I E] . TeEAE A7 (DFS) A S
TRGMEL K BEVIEIES R E ST R E

5. it Ab B B AR SPSS 22.0 Hiit 4K
PEHAT AT, IES AT ORER F xts o, 11K
TR BIE E R I R FRAE 3 AT B bl
FH R 5 6 3 B 5 22 43 B, A= A7 43 A 48 Kaplan-
Meier 4= 17 #h 4% J2 Log-rank ¥ 56 , 22 [H 2 43 #r fdi
Cox [FIIHEEHRI, P<0.05 HERA G5 X,

# R

1. £ IKZF1 3 R B2 B-ALL B I R K 5256
T RHIE  IKZF 1 58 PR % £33 m I DR Bk L3R 1,
5041 (35.2% ) 46 L IKZF 1 LR sk, e 22491]
i 1) 4 ~ 745 S8 60 10 BRI £ 2 ~ 745 4h
BFEe 3 BRI E] 2 ~ 8 B4 BTk 2 ks
F4 ~ M FHR, 13 BRI AN FHk . S5k
B e B A LG, IKZF L B2k 41 5 W) 12 1 WBC=
30 x 10%/L f& 35 b 1] 3 &5 (52.0% *f 283% , P=
0.005) . 511755 MRD #% [} % B Ik (MRD,, 40.0%
XF 70.7% , P <0.001) L4 K Ph 32 ¢ fA B Fb 91 5 5
(52.0%%t21.7% ,P<0.001),

2. FE IKZF 1 AR TR YT 1 0L 3 4 i DU 20 78 3
BE R PR WEORE 4> M. 142 ) B R, B 73 )
(51.4% ), % 69 15 (48.6% ) , i A% 31 (18 ~ 64)
%o DULHAENER] AFE W2 WBC . IML¥E LDH 7K
- BESNRIE  CD20 ik 15 5 MRD KF- Y
FRGEARG DL 6 IT Ph e (R BH M S SEE R 100 LA L

2, A, ¥ & WBC. 155 5 MRD FH P
(MRD, > 1% ) ffPhJe@iRBHME &2 & MAET- B E
He il 2= 3 g2 (P14 < 0.05) .

R 1 IKZF1 B 2k B bk 20 A A 1000 2 5 I PR M S5

REAIE
, JEIKZF1  IKZF1 %k Y
i ek (924)) (50 4) i Pl
AL MGED ] 31(16~59) 32(17~51) 0.268  0.605
PERN (5], /1 4) 47/45 2624 0.011 0917
WBC=30x10°/L[ffl(%)] 26(283)  26(52.0) 7.866  0.005
LDH=600 IU/L[#(%)]  35(38.0)  20(40.0) 0.052  0.858
CD20 B[] (% ) ] 29(31.5)  18(36.0) 0293  0.588
MRD>1%[#](% ) ] 27(29.3)  30(60.0) 12.667 <0.001
MRD>>0.1% [ (%) ] 21(22.8)  18(36.0) 2.822  0.093
MRD;>0.01% [51( % ) ] 20(21.7)  17(34.0) 3.035  0.081
EITRRSE R (%)) 74(804)  35(70.0) 1977  0.160
PhsARFIE( (%) ] 20(21.7)  26(52.0) 13.545 <0.001

W ATYR AR o FAE, A A s MRD, 46757 14 KA Ivik
#95 (MRD) 7K - ; MRD, : 169755 24 K MRD 7K - ; MRD;: L[4 YT
i MRD 7K F-

3. AR U R A LU A R LI 1, A
2H 3 4 EFS .OS . DFS W] A T HAth =20 , 2
52 R F(CIR) WA Sk i T HAh =41, IKZF1 6k
H % B 2H 1 3 4F OS # K& EFS 43 5l o (67.9+
10.4)% . (46.6+10.5) % , LB AL A1 1Y 3 4F OS K
EFS %351 (31.9+11.0) % . (26.7+9.7) % , 2% F- 14
A GirteE i L (P{EST 5124 0.005.0.026)

4. 5% B-ALL (835 W5 1Y SRR R 2 R R oy
BT« Xt AT RES R £ TS AR DG R Rk A T R R 4y
Br, R ILWI2 WBC IKZF 1 i Ph Y (o R B 15 15
JEHR(FR3) . K ZE T P<0.05 R ZE
A Cox [MIARERIFF T2 N /0T (R 4) , K IKZF1
B CD20 FH M A 52 i 5B BFS 19 0 37 f& B
., W >35% IKZF1 B 252 m 4 OS 1l
STIGRG R, B2 OS F S R4 I K

W’

IKZF1 3 K47 F 4% 5.4 7p12.2, 45 IKAROS
B, S M R b Y R S, R T A
Bk LAY TE & B b, IKZF1 BRI Bk R 7R 5
f& B-ALL &AL vh 477 B 2 A 40, 25 B 41 43
FRBE R AT Sa FE | R A BT R B B i 2
KA 255 . T HRTE R R 258,



-238- B 235 2022 4E 3 H 454354533 Chin J Hematol, March 2022, Vol. 43, No. 3

T2 VUZH 2 B I E AN 1 5 2 I AR A 2R A L A
IKZF1 e 4 IKZF1 BSR4

FHE ey allo-HSCT Hpaifeyy allo-HSCT Rl PlH
(24 41) (26f) (47 1) (451)
AEUE (% Xs) 32.348.3 29.746.3 33.248.7 30.147.9 1.654* 0.180
PRI, 53 4) 10/14 16/10 20/27 27/18 4785 0.188
W12 WBC=30x10°/L[ 71 ( %) ] 14(58.3) 12(46.1) 14(29.8) 12(26.7) 8.760 0.033
112 LDH=600 IU/L[ (%) ] 11(45.8) 9(34.6) 18(38.2) 17(37.8) 0.717 0.869
CD20 FHHE:L#1(% ) ] 9(37.5) 9(34.6) 14(29.8) 15(33.3) 0.471 0.925
MRD, > 1%[ (%) ] 12(50.0) 18(69.2) 13(27.7) 14(31.1) 14.702 0.002
MRD, > 0.1%[ (%) ] 7(29.2) 11(42.3) 9(19.1) 12(26.7) 4.556 0.207
MRD; > 0.01% [ (%) ] 7(29.2) 10(38.5) 11(23.4) 9(20.0) 3.225 0.358
HITRTE M (%) ) 18(75.0) 17(65.4) 38(80.9) 36(80.0) 2.633 0.452
Ph et R 41(% ) ] 12(50.0) 14(53.8) 11(23.4) 9(20.0) 13.751 0.003
HRMI(%) ] 16(66.7) 8(30.7) 16(34.0) 14(31.1) 10.164 0.017
e[ (%) ] 14(58.3) 7(26.9) 14(29.8) 10(22.2) 10.085 0.018

A A FAE, HABI R (A allo-HSCT : S IE K 15 1l T 40 AL 4 ; MRD, - fLF7 26 14 KA/ 9% (MRD) 7K s MRD, - fRF7 4 24
K MRD 7KF- ; MRD; : JLIE 457 Hif MRD 7K

»
e~}

— A41241)

(2451) = — AZ (245
_ .~ B (6fi) S - BHl(261)
S | CHL@ATH) v CH1(47{3i)
= sl L — DAkl L .~ DHIsH)
‘ L UM H 3 L WA L
5 Avs B:P=0.005 ¥ Lo Avs B:P=0.026
Avs C:P=0.004 i ' o T AvsC:P=0.013
AvsD:P=0.001 R Avs D:P=0.001
0 . 0
12 24 36 48 60 12 24 36 48 60
HAERTR (H ) AT ()
C D
100
~ — AZ1(2141) _ — A41(24151)
X - B#H(2615) X - B41(26/5)
" cdleshl) S C4H(47f4)
& g ~ D#l4bl) g “ ~ D#I(sfl)
H I O ® I JRO A
i . AvsB:P=0018 & " Avs B:P=0.004
R AvsC:P=0.008 B Avs C:P=0.001
A vs D:P=0.002 Avs D:P<0.001
0 . . . : ‘ (U
12 24 36 48 60 12 24 36 48 60

AEAERTTE] () FEAFIRT) ()

A IKZF R/ FAAEY A B 40 - IKZF 1 SR/ B b2l ; C 40 : IKZF 1 AR B/ alifby 740 s D 41 . IKZF 1 A /B At
1 DUZH 2 B IR CL AR T s S SR AR (A) EFHEAA(B) TR 447 (C) R & (D) ik e

TR IKZF1 5K B-ALL (IR 7RIS A B2
AT AE K Bl 2 B ST IR A, IKZF1 3[R B 2 X
B-ALL M5 S22/ R 2 R A I E A S
i) 32 37 Bk ) B . 9% [ St Jude JL 3 5 5 Mullighan
AR FH e A e R DR ZEL I 4, 43 i) A R 1 Tk
7. BAS) A TAS I RN AIE , IE 52 TKZF 1 2k 5 2878
5 B-ALL A R il J5 A 81 2 OCHK ; 75 E GMALL Y
412017 AEHE— DT RGE , AP B KR Beik ok

HIKZF1 FE R e 22k IKZF1 LR (1 28 748 f fof 5
T 2 VIAH DG, 8 28 A8 17 fof 5 S A RAE G ; 5 E
AN TE S5 R AL, FRATAE AT 5T o X IKZF1 ek
ALL BE IR IRFHE AT T 4007, K L IKZF1 Sk
B MRS SRR AE , IR AT 2 g R
18, A A7 50 BT d s TKZF 1 ek 2R 3 Bl 41 OS Al
EFS B i 4 %

T H AT JC RS PR R X IKZF 1 852 i) 12 )



A M e 2 2022 4E 3 H A543 %5533 Chin J Hematol, March 2022, Vol. 43, No. 3 +239.

T3 14200 2k B UL A0 1 it B U B PR R 0 A

(% ,x+s)
. . EFS 0S
Rz B 34EEFS%  PfH 34EOSFE Pl
AR 0.112 0.007
<35% 92 54754 75.244.6
=35% 50  36.6£7.3 50.2+7.9
P 0.101 0211
5 73 54.5+6.1 69.8+5.8
I 69  42.1£63 63.0+6.1
#112 WBC(x10°/L) 0.007 0.077
<30 90  56.4+5.5 73.7+4.7
=30 52 35.4+6.8 53.947.8
117 LDH(TU/L) 0.758 0.985
<600 87  46.0£5.6 67.245.2
=600 55 53.3+6.9 65.5+7.1
IKZF1 3 0.025 0.013
(PEN 50 37.1£73 51.8+7.9
TS 90  54.7+5.4 73.9+4.7
CD20 %k 0.022 0.449
B 95 55554 69.1+5.1
FH 47 34772 61.3+7.5
Ph{fik 0.041 0.044
B 96 33.4+7.5 74.6+4.5
FH 46 55.5+53 50.7+8.5
MRD, 7K 0.211 0.615
<1% 85 53.2+5.1 68.5+5.3
>1% 57 41.7+6.8 63.846.8
MRD, /K- 0.231 0.400
<0.1% 103 50.9+5.2 67.8+5.0
>0.1% 39 42.748.1 63.347.8
MRD; /K 0.491 0.615
<0.01% 105 50.0+5.1 68.5+5.3
>0.01% 37 443484 63.846.8
HITRT L5 0.537 0.989
B2 109 49.9+5.0 65.8+4.9
= 33 444488 68.948.2
L 0.127 0.038
= 71 44.6+6.1 58.9+6.2
i 71 52.7+6.2 74.2+5.5

1 EFS: GHFAAT 5 0S « BAAT s MRD, ALSFER 14 KBk A
955 (MRD ) 7K F- ; MRD, : 163746 24 K MRD 7K F- ; MRD; : JLIE 1497 Bij
MRD 7K

TBITEW) , IKZF 1 6k B B aifby T fils A 4
ARG T H A RE 58 4 21 1F IKZF1 B4k i A R i
JEHT B, PR IR A R WS B0 IKZF 1 Bk 2R 5 G
B-ALL fii/5 BAHEZE L. HAj 25 iiE 1
allo- HSCT 7] LA o 3% IKZF1 #k 2 ALL i) 1 )5 .
Dhédin 25" 38 T 206 14 7 {4 B 40 fifd ALL £ & 1Y
Tt J5 , allo- HSCT 1] DL f# IKZF1 ##t 2 & # 3k £5

(HR=0.42) . JM RIS — BB g R dr 1
164 %l \ B-ALL f45 , 455 27K allo-HSCT A LAk
35 IKZF1 28748 Ju 2 Ph Y a4 PH A ALL 19 OS
LFS™ ; {H 4l B 48 2 A5 e 50 42 ve IR IKZF1 AN R T
J& , BRI A TE 2.

AWFFEHRIATR A T PDT-ALL-2016 (1) JL#E AL
I7 7% ML IKZF L SR 4, R IKZF 1 R 4R
JETH5Z allo-HSCT, AR E AR B T 70% ~80%
W LAY T I %€ PDT-ALL-2016 fifi i A\ B-ALL
RS T R AR B A A 5 (A IKZF 1 2k T
20, IKZF1 BJe /a7 4% He Hofth = 4 55 I i
B2 R FLERALIT AN DL S8R IKZF1
AT SR A2, 78 IKZF1 §k g b 6%
FELH A UG 3 22 TR AL, $L R TE B BERIIRYY
T T, allo-HSCT 432 AT LA IKZF1 itk ALL &
FHARGE R F B MELENANE A HGE AR
I AR X IKZF1 60k & fé B-ALL R A T JLEREfL
J7 T A allo-HSCT BIIRYT R, M1 B 45 R B
B4 5 W8 T RE B IKZF1 5 [H Bk 2% 1) & 16
B-ALL AR R UG o AHAHRIFIEACN B rputs 4T, X
T allo-HSCT iAY7 JE K WA R F 4 B AT s
T T IR SR AT

Zg I frid  IKZF1 3L e B-ALL 3 2 A il
JG 2, JLEAELYTY J7 B A allo-HSCT A 3 5 fig
TKZF1 3 PR 6 S (R B RE IR %4518 A 2
B B E— 2P Bk 5 R, BT X IKZF1 k2R 3
F-HIL I B 8 7= R ) 25 ) ORI o i — 2D
IKZF1 H2 B-ALL (I R T
FIZEMI A U THOCR 2 e
YEERARAIE BRI RN TR S35 T A B
s R S0 BERT BRI AR SIS XS 0 AP P 251
PP B S AOT A IR SRS o SCEE (9 S P
BEAEAPHE A B BE A0TSR T 325
KA AT ARSI XU & R LT T SCRE i
PIAEAEHEIP R B JIRITIE 2 9% AT B R miohh b 4% 455

2 % Xk

[1] HuY, Zhang Z, Kashiwagi M, et al. Superenhancer reprogram-
ming drives a B-cell-epithelial transition and high-risk leukemia
[J]. Genes Dev, 2016, 30 (17):1971- 1990. DOI: 10.1101/
gad.283762.116.

[2] Yoshida T, Ng SY, Zuniga-Pflucker JC, et al. Early hematopoiet-
ic lineage restrictions directed by Ikaros[J]. Nat Immunol, 2006,
7(4):382-391. DOL: 10.1038/ni1314.

[3] Yamashita M, Morio T. Inborn errors of IKAROS and AIOLOS
[J]. Curr Opin Immunol, 2021, 72:239-248. DOI: 10.1016/j.



-240- PRI 25 2022 4E 3 H 4543 5:4531]  Chin J Hematol, March 2022, Vol. 43, No. 3
R4 14200200 B IR C A 0 R TS 2 R 40T
EFS 0s

HR(95% CI) PfE HR(95% CI) PfE
AR > 354 1.365(0.837 ~ 2.226) 0.212 1.875(1.031 ~ 3.409) 0.039
WBC=30x10°/L 1.423(0.856 ~ 2.366) 0.174 1.268(0.681 ~2.361) 0.453
IKZF1 3 Bk 1.744(1.082 ~2.812) 0.022 2.036(1.119 ~ 3.705) 0.020
CD20 [H 1.725(1.074 ~2.770) 0.024 1.325(0.718 ~ 2.445) 0.368
MRD, > 1% 1.200(0.589 ~ 2.443) 0.615 0.971(0.380 ~ 2.485) 0.951
MRD:>0.1% 1.353(0.810 ~ 2.259) 0.248 1.403(0.734 ~ 2.683) 0.305
MRD; > 0.01% 1.718(0.642 ~ 4.596) 0.281 1.152(0.428 ~3.102) 0.780
1 Ph e (AR B 1.127(0.625 ~2.031) 0.692 1.070(0.505 ~ 2.268) 0.850
Al 0.637(0.397 ~ 1.023) 0.062 0.515(0.270 ~ 0.981) 0.044

T EFS: TFAFA A OS : MAE s MRD, - ALY 745 14 KABUINGR B (MRD) ZKF s MRD, : 469755 24 K MRD 7KF- s MRD; : L V497 By MRD

IKF-

(4]

[5]

(8]

[9]

[10]

[11]

€01.2021.06.010.

Bottardi S, Mavoungou L, Pak H, et al. The IKAROS interac-
tion with a complex including chromatin remodeling and tran-
scription elongation activities is required for hematopoiesis [J].
PLoS Genet, 2014, 10 (12):1004827. DOI: 10.1371/journal.
pgen.1004827.

Aldoss I, Stein AS. Advances in adult acute lymphoblastic
leukemia therapy [J]. Leuk Lymphoma, 2018, 59 (5):1033-
1050. DOI: 10.1080/10428194.2017.1354372.

Gupta SK, Bakhshi S, Kamal VK, et al. Proposal and clinical
application of molecular genetic risk scoring system, "MRplus",
for BCR- ABL1 negative pediatric B-cell acute lymphoblastic
leukemia- report from a single centre[J]. Leuk Res, 2021, 111:
106683. DOI: 10.1016/j.1eukres.2021.106683.

Mullighan CG, Su X, Zhang J, et al. Deletion of IKZF1 and
prognosis in acute lymphoblastic leukemia[J]. N Engl J Med,
2009, 360(5): 470-480. DOIL: 10.1056/NEJM0a0808253.

Felice MS, Rubio PL, Guitter MR, et al. Impact of IKZF]
Deletions and IKZF1 Plus in Pediatric Acute Lymphoblastic
Leukemia Outcome[J]. Blood, 2018, 132(Suppl 1): 4091. DOI:
10.1182/blood-2018-99-117709.

Caye A, Beldjord K, Mass-Malo K, et al. Breakpoint- specific
multiplex polymerase chain reaction allows the detection of
IKZF1 intragenic deletions and minimal residual disease
monitoring in B- cell precursor acute lymphoblastic leukemia
[J]. Haematologica, 2013, 98 (4): 597- 601. DOIL: 10.3324/
haematol.2012.073965.

LIAT, LW, MR, 55 SRR AL 256 T 7 B RRAR
TN TG AR B ALL oA S SR [T]. hAeds B R fE At
&, 2021, 42 (4): 209- 213. DOI:10.3760/cma.j.cn421203-
20210120-00037.

Liu H, Xuan L, Lin R, et al. A new pre-emptive TKIs strategy
for preventing relapse based on BCR/ABL monitoring for Ph+
ALL undergoing allo-HCT: a prospective clinical cohort study
[J]. Leukemia, 2021, 35(7): 2054-2063. DOI: 10.1038/s41375-
020-01090-4.

[12]

[13]

[14]

[15]

[16]

[17]

Marke R, van Leeuwen FN, Scheijen B, et al. The many faces of
IKZF1 in B- cell precursor acute lymphoblastic leukemia [J].
Haematologica, 2018, 103(4):565-574. DOI: 10.3324/haematol.
2017.185603.

Popescu M, Gurel Z, Ronni T, et al. Ikaros stability and pericen-
tromeric localization are regulated by protein phosphatase 1[J].
J Biol Chem, 2009, 284 (20):13869-13880. DOIL: 10.1074/jbc.
M900209200.

Georgopoulos K, Bigby M, Wang JH, et al. The Ikaros gene is
required for the development of all lymphoid lineages[J]. Cell,
1994, 79(1):143-156. DOIL: 10.1016/0092-8674(94)90407-3.
Kobitzsch B, Gokbuget N, Schwartz S, et al. Loss-of- function
but not dominant-negative intragenic IKZF1 deletions are associ-
ated with an adverse prognosis in adult BCR- ABL- negative
acute lymphoblastic leukemia [J]. Haematologica, 2017, 102
(10):1739-1747. DOL: 10.3324/haematol.2016.161273.

AR, SN, R, A SRR I T A0 RS AR VAT IKZF 1
B PR A 1) P IR L 6 1 Y T AT LD ). T AR R B R A
Z% ik, 2020, 41 (12): 750- 753. DOI:10.3760/cma.j.cn421203-
20190927-00367.

Foa R, Bassan R, Vitale A, et al. Dasatinib- Blinatumomab for
Ph- Positive Acute Lymphoblastic Leukemia in Adults [J]. N
Engl J Med, 2020, 383 (17): 1613-1623. DOIL: 10.1056/NEJ-
Mo0a2016272.

[18] Dhédin N, Huynh A, Maury S, et al. Role of allogeneic stem cell

[19]

transplantation in adult patients with Ph-negative acute lympho-
blastic leukemia [J]. Blood, 2015, 125 (16): 2486-2496. DOI:
10.1182/blood-2014-09-599894.
Tang S, Shen H, Qu C, et al. Ikaros family zinc-finger 1 muta-
tion is an independent factor for the poor prognosis of adult B-
cell acute lymphoblastic leukemia, and allogeneic hematopoietic
stem cell transplantation can improve clinical outcomes [J].
Bone Marrow Transplant, 2019, 54(2): 236-243. DOI: 10.1038/
$41409-018-0249-7.

(ks F1497:2021-10-19)

(A3 : T



