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ERF MRD FAPE4L (P<0.05) o fF E24-PBX1 BAYEZJLH, TPL. TP2, TP3 ) MRD FHPELI AR R OS 3
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Clinical significance of minimal residual disease in B-lineage acute lymphoblastic
leukemia pediatric patients with different fusion gene backgrounds

WEI Tong, CHEN Xiao-Juan, ZHANG Lu-Yang, ZHANG Ao-Li, ZHU Xiao-Fan. State Key Laboratory of Experimental
Hematology, National Clinical Research Center for Blood Diseases, Institute of Hematology and Blood Diseases
Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Tianjin 300020, China (Zhu X-F,
Email: xfzhu@ihcams.ac.cn)

Abstract: Objective To study the clinical significance of minimal residual disease (MRD) in B-lineage acute
lymphoblastic leukemia (B-ALL) pediatric patients with different fusion gene backgrounds. Methods A retrospective
analysis was performed on the medical data of 441 B-ALL children who were treated from January 2008 to April 2015.
Among the 441 children, 336 had negative fusion gene, 79 had positive ETV6-RUNX]I fusion gene, and 26 had positive
E24-PBX] fusion gene. Flow cytometry was used to detect MRD, and the influence of MRD on day 15 (TP1), day 33
(TP2), and week 12 (TP3) of induction therapy on prognosis was analyzed. Results In patients with negative fusion
gene, the positive MRD group had significantly lower overall survival (OS) rate and event-free survival (EFS) rate
(P<0.05) and significantly higher recurrence rate and mortality rate at TP1, TP2, and TP3, compared with the negative
MRD group (P<0.05). In patients with positive ETV6-RUNX]I, the positive MRD group had significantly lower OS
and EFS rates (P<0.05) and significantly higher recurrence rate and mortality rate (P<0.05) than the negative MRD
group only at TP1. In patients with positive E24A-PBX]I, there were no significant differences in the OS rate, recurrence
rate, and mortality rate between the positive and negative MRD groups at TP1, TP2, and TP3 (P>0.05). Conclusions
MRD has the most definite prognostic significance in pediatric B-ALL patients with negative fusion gene, while it has
unsatisfactory prognostic significance in those with positive E7V6-RUNX]I or positive E2A-PBX1.

[Chin J Contemp Pediatr, 2020, 22(12): 1279-1285]
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1 ARSI
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( B 4 Fph & FE R B R BAYE ) . ETV6-RUNXI FH
P E24-PBX1 [AVER) B-ALL &L 704, A
2008 4F 1 H % 2015 4F 4 A FrhE B4R E Bl
9 1% Bt L 28 IV 1297 oL B2 ) B-ALL L3
856 141l , AR IZ I (6] 84 Al a5 2 RO HL RS R
i A0 B AR A I MRD % B-ALL & JLIE 441 6,
b 40 45 A 356 R B M R L 336 1) (76.2% )
ETV6-RUNXI FH % £ JL 79 ] (17.9% ) . E24-
PBXI FHME L 26 6] (5.9% ) . 43#r 441 ] & )L
FEARST AR 3 B (R] A9 MRD Rl 25258 . 5%
GHRIBIT A 15 R (5 1 ANIFE AL, time point 1,
ITF#R “TPL” ) | SRS MRIT IS 33 K (5
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RIGIF IS 12 8 (55 3 ASBf[E] A&, time point 3,

PITRFR “TP3” ) o Jf4r#r 441 Bl BILIW Tt f
SO WRIT R IRITRCR ARG IR TR, 1E 441
i 8L, 323 4 TP1. TP2., TP3 1 3 /> ]
SS9 MRD 455, B4 118 Bl ILE A 1 [
SR MRD 255 B LB W LG T I A
CCLG-ALL 2008 J74 1,
1.2 MRD R4 FR1E

Z 2% A WF 5T 42 1Y B-ALL " MRD P 4>
FUE, ABFSE T TPL I MRD LL 1 x 107 g B4
FUE, TP2 F1TP3 BFLL 1 x 107 g BRI 43S ql 1,
1.3 PR

A el B L2 i e rL TE BT 55 7 3T T
&, AR H R 2018 4F 12 A . ABFgE H
BE TR 66 A~ H (FERIh 2~127 A ) o Bk
£ (overall survival, 0S) W2 H 2 B LAET

(ALFEART A ) sk B AR WA AF DT H . o

4 4% (event-free survival, EFS ) 235 A w12 H
RN R AATAT SR, RS R R A
AR P BN BET BRI L A R s R T
ALL 98 Kb S B8 CILRR 2 W B ssobmife )
1.4 TR

HATIHE S MIRIT IS, 0 T TP, TP2,
TP3 4t 3 AN [E] S B BEAR AR 3~4 mL, 4385
HEAM. *T 2014 4E 5 ARTHwI2EIL, W
A MIA R DU B 50 i HAERR L, 2014 4F 5
AJa#112 B ILR NG5 s HHbric ik,
Hr, B-ALL U 8 4tk 240 & . CD38/CD34/CD19/
CD45; CD38/CD13+33/CD19/CD45; CD38/CD10/
CD19/CD20; /\ A Hr ik 21 4. CD38-FITC, CD10-
PE. CD20-PE-CY7. CD19-APC. CD34-PerCP-
cy5.5. CD33-BV421. CD45-BD Horizon V500 (L f&,
hE AU, H 4 LA CD13 B CDS8) .
MRD ARG 7 i UL 22 Sk 1
1.5 FHitFEHHR

K HI SPSS 25.0 A B TG 243 -
IES M THEFORH AL £ bR (R 253K,
JEIER S0 B OB T A A e R R . 3t
BRI E e (%) FoR, dlm225 i
R 7 R RFEE IE AR A0 A A T Rk 2 1] e
R Kruskal-Wallis f556 . A= 420 W% Kaplan-
Meier 7%, 240 (8] A= 47 3819 LU R H log-rank K556
P<0.05 W2ERA G E XL
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o L= ETV6-RUNXI [HIE2H Ny (89.3+3.6) %, E24-PBXI

21 AEREEEESE)LHIGKREFIE

Al A 5 B M. ETV6-RUNXI BH M. E24-
PBXI P 3 4L LAFS . W12 FHAAE . PR
PR ERE 39% . 3 AW [E] & MRD FHPE S0 L 5 22
S TG AR (P>0.05) , W& 1.

BB B R PR L Y 5 4 0S K (79.4 2.3 )%,

®1 FEAMAERESR

FHYEZH Jy (63.6+9.8) %, 34U 54F 0S K EF
BE#E L (=9.223, P=0.010) . Fl&SEH
PEZH 5 4F EFS 28 (69.6 £2.6) %, ETV6-RUNXI
FH 414 (75.1+5.0) %, E2A-PBXI [H ¥ 41N

(57.1+9.8) %, 3 4HAY 5 4F EFS REF TG4
= ('=2.896, P=0.235) ,

B B-ALL 2B JLEY G AR FHIE

AL FATELZE  ETV6-RUNXI BFHPEZL  E24-PBXIT FAM:4

H (n=336) (n=79) (n=26) Hig fil P
AR [ A (U, 2 5(1~14) 5(1~15) 6(1~13) 0.750 0.687
W2 WBC [ TP % (FEH ), x 10771 9.2(0.2~655.0) 14.3(1.6~407.8) 13.5(1.3~239.0) 2.437 0.296
P [ P n(%)] 214(63.7) 50(63.3) 13(50.0) 1.946 0.378
fEI 53 9% [n(%)]
{5 144(42.9) 30(38.0) 8(30.8) 1.886 0.389
e 115(34.2) 28(35.4) 10(38.5) 0.215 0.898
f=iy e 77(22.9) 21(26.6) 8(30.8) 1.157 0.561
TP1 if MRD FHM: [7/N(%)] 119/279(42.7) 24/64(37.5) 9/23(39.1) 0.627 0.731
TP2 B MRD A [n/N(%)] 59/294(20.1) 14/66(21.2) 4/22(18.2) 0.100 0.951
TP3 Bf MRD BHYE [n/N(%)] 38/282(13.5) 11/63(17.5) 2/21(9.5) 1.043 0.594

T [B-ALL] 2P B kEL40M T IRS; [WBC] 400, [MRD] MR EAWG; (TP R MATTIIEE 15 K [TP2 R Mad T ivEE 33 K

[TP3] HEARIAYF IS 12 8,

22 BEERFEMEEILMRD 5WEHXERE

TE Bl A 55 IR BA 1 119 336 9] B-ALL 2 L H,
TP1, TP2. TP3 i}, MRD FHP:ZHMY 5 4F OS KA1 5
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X (P<0.05) , WK1 &5k 2,
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B1 BEEREMBAMEILAEEE S MRD FHMEHEFMBHEHOS E (BA) FNEFS X (EB) ByLbE
TP1. TP2. TP3 B}, MRD FAYEZLRY OS ZH EFS LT MRD BIPELL . [B-ALL] 27 B k406 F 0 ; [MRD] {0V B3 5
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xR2 AAMEERETSNBALL B/ S5EOSKRME5EEFSE  (x+s, %)
5 Tl R )1 ETV6-RUNXI [HH: E2A4-PBXI A
n S54E0SE  SAEEFS & n 54E0SFE  SAEEFSH n 54E0SFE SAEEFS E
TP1
MRD FH: 119 694=44 602 £4.5 24 70.1£9.5 57.4+10.3 9  333x157 333+15.7
MRD FA: 161 88328 762 +3.6 41 97426 797 £6.4 15 762+122 64.3+12.8
P! 15.231 9.896 11.033 4.844 2.470 1.688
P1H <0.001 0.002 0.001 0.028 0.116 0.194
TP2
MRD FEE 59 61365 50.7 £6.5 14 857+94 78.6 +11.0 4 250x217 25.0+21.7
MRD 17 236  87.1+23 78127 53 934137 79.9 £5.7 19 77.8+98 66.7+11.1
Pai:] 22.805 21.088 0.492 0.003 1.129 5.035
P1E <0.001 <0.001 0.483 0.954 0.288 0.025
TP3
MRD P 38 50.1+83 36.8+7.8 11 100.0 £0.0 727+13.4 2 0.0+ 0.0 0.0+0.0
MRD BitE 244  87.5+23 785+2.7 53 91.6+40 795+5.8 20 67.5+11.0 574+11.5
P! 44.862 43.578 1.231 0.669 0.732 25.737
PfE <0.001 <0.001 0.267 0.413 0.392 <0.001

1 [B-ALL] 2Pk B WRELANAE A 05T ; [MRD] fUNR B ; [0S] MAAF; [EFS] TEFFAAF; TP A SR IAIT BEE 15 K5 [TP2]i5%
SEEIRITIYES 33 K [TP3] BRGNS 12 5.

#®3 TEMAEEESEMB-ALL BILMEXRFETHER [WN (%) ]
- Tl HE R 1 ETV6-RUNXI A E24-PBX1 FH
SRR iR HR% iR & iR

TP1

MRD FAE 41/119(34.5) 35/119(29.4) 12/24(50.0) 8/24(33.3) 6/9(66.7) 6/9(66.7)

MRD [k 23/160(14.4) 17/160(10.6) 4/40(10.0) 1/40(2.5) 5/14(35.7) 4/14(28.6)

Pkl 15.564 15.883 12.800 11.800 2.103 3.235

Pl <0.001 <0.001 <0.001 0.001 0.214 0.102
TP2

MRD BHTE 27/59(45.8) 22/59(37.3) 3/14(21.4) 2/14(14.3) 3/4(75.0) 3/4(75.0)

MRD [ 38/235(16.2) 29/235(12.3) 8/52(15.4) 4/52(1.7) 6/18(33.3) 5/18(27.8)

P! 23.982 20.472 0.290 0.580 2.350 3.154

PfA <0.001 <0.001 0.590 0.446 0.264 0.117
TP3

MRD BHTE 21/38(55.3) 19/38(50.0) 3/11(27.3) 0/11(0) 2/2(100) 2/2(100)

MRD B 41/244(16.8) 28/244(11.5) 10/52(19.2) 5/52(9.6) 8/19(42.1) 7/19(36.8)

P! 28.355 35.134 0.359 1.149 2.432 2.947

Pl <0.001 <0.001 0.549 0.284 0.074 0.171

E: [B-ALL] 2k B kAR 05 [MRD] UM (TP SLRAI TR 15 K5 [TP2] 35 LA THILE 33 K5 [TP3] 41k

RITIHT 12 )4,

2.3 ETV6-RUNXI FR1%2)L MRD 5fEHIX &
1E ETV6-RUNXI B4 79 5] B-ALL &L,

TP1 Bf MRD BHPEZH Y 5 4 OS R AF1 5 4F EFS R i

2K T MRD P14 (P<0.05) , W32 KK 2;

32 R RFR AL 35 T MRD I 1E41( P<0.05 ),

UL 3. 1M TP2 J TP3 B MRD BH 1 41 5 FH 4% 41
[ 5 4F OS 3| 54F EFS 0 LR R BTG 1+
=X (P>005), W2 MK 2; TP2 K TP3 i}
MRD FHAEA S HMAIMHEE, & AR JNIEERM LT
BESHTGITFE XL (P>0.05) , WLE 3,
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2.4 E2A4-PBXI FHtEEJL MRD 5fi/EHX &

1E E2A-PBX1 PH % 4 26 9] B-ALL & JL
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S54F0SH (FR2ME3A) . BERF (FR3) .\ F
T (3R 3 )WL A 2E R G2 # 2 L (P>0.05) .

TP1 i, MRD FHPEZ 5 FAMELLE) 5 4 EFS %
) EL 25 7 oG24 L (P=0.194) , WL 2
Kl 3B, 1fii TP2 Jz TP3 B}, MRD FHPEALH 5 4F EFS
R EMCT MRD FITE4L (P<0.05) , W2 K&
3B,

100 b= - —— TP1 it MRD Fi#41 100 fe- —— TP1 i MRD FH{E4
1 )
—[' sy - TP1f MRD Btk -+ TP1 i} MRD T4
s 50 BRI — P2 MRD AL ~ —— TP2 A MRD HEAL
= oo r e oo TP i MRD BIRESL s -+ TP2 I MRD BiHE4
7":}“ 40 '—L —— TP3 i MRD FtE2H %{i— —— TP3 I} MRD FHE4H
=] L ©. TP3 i MRD BATELL = -«. TP3 i MRD Fth41
20 ]
0 slo 1(I)0 1;0 A 0 slo 1(I)0 1;0 B
B (H ) B ()
B 3 E24-PBX1 PHM LA E A E & MRD PHMEAFPBHEHAOS E (B A) FNEFSE (B B) MILb%
TP1. TP2 } TP3 fif, MRD FH:ZH 5 MRD FPE4LAH LE, OS F2z R ogeit=# & L. TPL A, MRD B2 5 P40 5 45
EFS A [ 22 5 411245 X o TP2 & TP3 I, MRD FHYEZLAY EFS RE B E LT MRD k4L [B-ALL] &P B Ak 410E
M5 [0S] SAEAE; [EFS] JCHHFEAT; [MRD]RUINREG; [TPIE LRI IUSS 15 K, [TP2] 5 MRy TN 33 K5 [TP3]
FEAIRITIES 12 8.
3 it B-ALL L 5 4F 0S %M1 5 4F EFS IR TRl 4

ETV6-RUNXI il B2 FH(112;21 X p13;q22)
GBI, & JLEE B-ALL Hf s Wi al g B A,
REFEBF 98N ETV6-RUNXT FHPE ) B-ALL 78 L3
B-ALL )@ THUG WA M, 2t ki,
ETV6-RUNXI FAE 4 B-ALL T b Rl -4 35 PR 9 42
) B-ALL Wi J& i """, AR WF 58, ETV6-RUNXI
FHPE Y B-ALL £ L 5 4F OS Rl 5 4F EFS K 5
TRlAFEBAYES L, Wil ETV6-RUNXI J2 )L
# B-ALL 115 REFAY 5> Fastte #hnake mBLTE:
W5 IN R E24-PBXT FHYER) B-ALL filJ5 824, 5
BRI R P ARWEE T, E24-PBXT FRTEY

PIFIPERRIL, PR REAERSE ™ 458 —20.

HHET, lm R MRD /E R ALL F0 &2 4 1Y
KHEFERR, AN RIE FIGIT 12 AP AY MRD
X UG R B R OR, WG R BT S R
KM AR g, ST AR APER B-ALL UL,
MRD X} OS %, EFS %, HE Kk, HILEEH G
FERR YA BRA I HE 8 25, MRD FHPE S o 22
MiX}F ETV6-RUNXI FHYER) B-ALL 8L, {05
FIBIT A 15 KA MRD X5 A s & X,
M5 FIRIT IR 55 33 RAIEE 12 JERT ) MRD X5
IR AR E X, % T E24-PBXT A1) B-ALL
£JL, MRD X 0S| Zk# | WILRE TR E XL,
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HAEESFIBIF R 33 K& 12 JAIE MRD X EFS &
AIRE X,

ABFFEh, % T ETV6-RUNXI AL B-ALL
BIL, (ARG R 15 R EY MRD X 5 A
PR E X, VB MRD %f T ETV6-RUNXI [HYEE L
WU R R BRFERFSR R, R4 ETVG-
RUNXT BHYER) B-ALL LG X B4, (HJER %
KRUA 10% 1L ALY F 25 25 fndd %, H
LRI B 25 05 3 AR LA e i kY
2006 4=, —I4NA 12 5] ETV6-RUNXI FHYE B-ALL
BILBYBTTE R, RKF-r9 MRD BHA 8 LAY
WIS A R B " FE ETV6-RUNXI FHERY
B-ALL £ JLH, MRD FHM:XT T H 05 J& 754 520,
ATt Z2 BT E] K R — 26T

ABFE, X T E24-PBXT FHVER) B-ALL 2L,
3 /NI GH MRD 7E OS . ER % JILE Ty
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— TN A 28 4] E24-PBXT [AYERY ALL HLEYBTSE
#Z W, X} T E24-PBXI BHYER ALL, MRD X} i 5
TR 5 SR AE . i WESE A MRD BRI [ (E Y 26
PEAR I BoF () A P BB, AN — MRS, 1R 3%
R AR T) B4 P o I ok s 1

REAEB A Ao, X F— S Hofth st 4 2%
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PER 5 UG WA A EER Y SHAMUE R R
B, fF 4558010 SY R =KW ALL & T
I, R MRD BHPE RS SR 20.3%, #2278 MRD
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(=i 7 I O s B N B¢ o= o A I VA & S
(4 MRD [{E, AT R s s 1 4
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FBULAEY MRD X5 £ 7R & SR B, i ETVG-
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5] i MRD 60 B 8] F1 MRD FHPE B, DA3E i 7

JE N RE T o

Ty Fant A A S H WAL T P I 200 P )
THBRBN 1 5 S S R  yG s 2 12, HATIFRA
BB 0N . X T AT 488 o 35t % 2% 5 FT MRD
B A NV T B-ALL U 43 J2 3% A T i3t i1
B W], ETV6-RUNXI FAVE 5 3% 52 90t e
(IRTT RN, X 5% 2R S TR By — 8. i
E24-PBX1 [AYERRFE , VE R —Fh b AE Y (I A
HITEARST G B T ETV6-RUNXT B4t MRD i
BRAE S 1 B AN [958 A% 2 7 AR 1) 1 I s 20 i
bR S 52 R BB 1%, A B TR XA [R5t 4 2 7 A
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