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Abstract

BACKGROUND: BCR/ABL gene is a specific gene of Ph chromosome-positive acute lymphoblastic leukemia, and its expression level has become a sensitive
indicator for monitoring minimal residual disease before and after allogeneic hematopoietic stem cell transplantation. However, whether the expression level
of BCR/ABL gene before transplantation affects the efficacy of transplantation and how to guide the early intervention of relapse with tyrosine kinase inhibitors
after transplantation is still inconclusive.
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OBIJECTIVE: To explore the relationship between BCR/ABL gene expression and recurrence in patients with Ph chromosome positive acute lymphoblastic
leukemia before and after related and allogeneic hematopoietic stem cell transplantation.

METHODS: Twenty-four patients with Ph chromosome positive acute lymphoblastic leukemia who achieved complete hematological remission and underwent
allogeneic hematopoietic stem cell transplantation were selected at the Affiliated Hospital of North China University of Science and Technology between
January 2015 and December 2022. Real time fluorescence quantitative polymerase chain reaction was used to dynamically detect the expression levels

of BCR/ABL genes during treatment, representing minimal residual disease. Based on BCR/ABL gene expression, tyrosine kinase inhibitors combined with
chemotherapy was administered before transplantation to select the timing of allogeneic hematopoietic stem cell transplantation. After transplantation, the
disease status was evaluated to guide the use of tyrosine kinase inhibitors, and an early intervention plan for recurrence was developed.

RESULTS AND CONCLUSION: Follow-up was until December 2023, with a median follow-up time of 49 (12-82) months. There were 8 cases of hematological
recurrence, with a median recurrence time of 14 (8-39) months and a cumulative recurrence rate of 33% (8/24). Univariate analysis showed that recurrence
after allogeneic hematopoietic stem cell transplantation was not significantly correlated with gender, age, extramedullary complications, time from diagnosis to
transplantation, HLA typing, acute graft-versus-host disease, and chronic graft-versus-host disease (P > 0.05). There was a significant correlation between the
relief treatment course and minimal residual disease levels before transplantation. The second hematology completely resolution and positive minimal residual
disease before transplantation had a higher hematological recurrence rate (P < 0.05). The 3-year cumulative recurrence rate, disease-free survival rate, and
overall survival rate were 27%, 63%, and 74%; the 5-year cumulative recurrence rate, disease-free survival rate, and overall survival rate were 38%, 57%, and
74%, respectively. It is concluded that Ph chromosome positive acute lymphoblastic leukemia patients with BCR/ABL gene positive before transplantation have
a higher recurrence rate. BCR/ABL gene expression after transplantation can guide the application of tyrosine kinase inhibitors and serve as a basis for early

intervention in recurrence.

Key words: acute lymphoblastic leukemia; allogeneic transplantation; philadelphia chromosome; BCR/ABL gene; tyrosine kinase inhibitor; minimal residual

disease; early intervention; recurrence
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0 5| Introduction

201k T 40 i 1 I 97 (acute lymphoblastic leukemia,
ALL) 5 94k L 40 ff 7 5 48 5 BT B8R IR R G B s, e,
Ph Ze O R B TVE MR LM 1 95 (PhTALL) o5 B ALL K
1) 20%-30%, WITROERZE, AEAFIARE, BIEAT R AR DRI i
TR, KIATAERMAL 30% AT, M R Ik 57
MR B S 1 PhYALL Fi, X TIE B M, MR
PR SR B AT 5 2 A 5 AT 2 IR 2 L 40 A% A T
3 IR AETF I T, BCR/ABL & Ph Y {f ik 5 1 L1 R 5
PEREDR], 2 HURE A Hh 0o B S 28 1 SR G B I Y. (real
time fluorescence quantitative polymerase chain reaction,
RT-qPCR) #fj 45 M Il BCR/ABL J& [H] ¢ ik /K % ¥, DL LAt %
Ph'ALL 2 B4/ N BF 95 (minimal residual disease, MRD).
S DR i 40 RS A AT BCR/ABL Ji5 M A 7K P 2 15 R W B
ST R0, R T e 415 3 I 1 T80l A1 61 790 AT 0T 2 4
R RS T E . WL 24 5] Ph'ALL &3, %
G TR PEAM 77K S AT T 38 3 LR 2 58 2 R M S AT SR 2 )
HE DR T4 M AL 48, N RT-qPCR il BCR/ABL %X %04
K, TR SRR EIRIT TR

1 XN&FFE Subjects and methods

1.1 3kt BB 54T

1.2 s AskE 50T 2015 4F 1 H £ 2022 4 12 eIl
TR 22 B B Se i o

1.3 st % AZHE T SEE R A AR AL B TR B B B R AH o
B ESR, 2015 5 1 A & 2022 4 12 H HiE iz T4
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JE B TR B & B e 1Y) 24 51 PhALL &2, 55 14 i, %2 10
fil, hALAERE 37(16-61) % . 6 B A B AL HTJR (human
leukocyte antigen, HLA) FCfd 444G, 18 4y HLA 40455 3
W R R RS A LR, 21 IR Y W1 T RE 4 3 &0,
T AT 2 /D AT 6 U N TS TR HAX B 22 JR 48 I
T RE T 2 o IR 385 500K B0 ML v 2 58 A G2 A, e 18 BN X
e, 6 BINEE 2 IRGE R (BITCRESN RIS ), B
REBEIRTTTT B ZHNNC BF RIT T %

MNFRAE: 2 N PhALL IR A 3 B @ i+
HE-E IFERRE (HCT-CI) < 3 43 @B E A RN KL MEHE,
B ERBEER, @B kK8 785 B RS AR OGS 9 B
BB A R A

HEpgpmoE: OWRITJE KRB BMK S B 2R MHEH: ©
BEWITFEIFZPIERIE, 1HEFEATEBERE: O~
AR SRS F BN ARG AL . @B E RIS ARG IE
M,

1.4 7%

1.4.1 BCR/ABL BEPE MR Wic 8 £ 2 3% B st 1) i B B 40 A
1fil 2.0-3.0 mL, 4% 18 Trizol 377 & (4 AE AP IR, 42 HUAH o 2
RNA, AL 366 BE TG RNA ROV . i A S 9 6 e
& PCRAX (25 ABI7500), FCHIFEA SRk 5 (& [ ek ),
DL ABL RN 250t B, Il E BCR/ABL %:[X] 55 ABL i [X] () 4%
NEE, E s8R,

1.4.2 FHETT BCR/ABLILRIRIEIR FIRIT TR WIIZEES
B B Je A AR 10 T R VB ) B S K BB + R AL
K+ W + R JERS (VDCP) AR5 5 5 %8, MlZ:5E
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ARG 45 T T R BRI A 1 7B A IR i + KB +
B[ W B EF + SR 4055 2 + IR JE A (COADP) BRI 2 IR I i 411 |
FI A R 7 2 e S S At 0 SR AE T . 3 & JF R AR
MR G A MR B, RS 3 YR P T S B B Y +
HZERAS + FHGUIRNS, R R E S 2 IR TG 45 T & A
1REENESS, 4EFFEA 4 . 21 IR G H P IRME RS A
I FE A, AR AT 2 52 T VA P T 6 R BT RE B +
HhZEKAS + GRS . BT B B S S AN T 45 T Ty 14
PR G BB B TR + HbZE RN + (g

1.43 GEM-TAMBN R R R T T SR8 g R R
VESPR (/R I )5-10 pg/(ke-d) B 2 T 40, 555, 6 KLL
COBE Spectra [fil 41 il 43 5 HLAT &1 & i i 40 P R4 . i I
TR IR TSR3 A0 A I

1.4.4 ETAHEFTE FrfEERA TSR AHEZ /
I e (BU/CY): Bl iR 4B B Bk 1 7 2. (O HLA 24 &
Y. FiIRERTE 4 g/(m*d), FHEAT -9 d; (1314 0.8 mg/ke,
6 heh2h 1k, FHRT -8 d & -6 d; IABENLNL 1.8 g/(m*d),
BAAT -5d & -4 d; #] 5L 7T 250 mg/m*, BAEAT -3 d.
@ HLA A& 2 BB AT 4 g/(m?d), BAfAT-10d £ -9d
A28 R & R HLA A A 4.

HLA &AHAHS T “HER. BEEEMmTE. F R~
LA TRET R Y P0E £, HLA AH4 28 00 A o i i 40 i Bk
HH 10 mg/kg.

1.45 BEIEN BEBEBEABEREE, KiFKES, 5
QA B, A DT LR =R, 4 R R
7], FEHZR SN OEHM%H T /EB ik 28K 4L Tl
Bii: T4k B IF U6 45 F 5 8 9% 45 250 mg/m? B ke, 1%/
12 h, & 40 HL E S SO BT E %S5 0.4 g Ok, 2 1R /d,
BRME 1A, ] E I E A0 25 /EB i R = IS O .
OB IRA TG 1Ry AR5 /o KR2FE/
VYD REME /AR ST RIS S/ TRV 3, 2 2 TR DARE A3 B
BROMEE AP AT, AEBEE +3 A A B i
S A5 o O F8 7 B il 28 TR . AL BT 4R 25 T R fik
FRIEM: 0.8 g [k, 2 ¥k /d, #MEJE +1 AN IcE i R H
2d, PAESEEER, BRI CT i EEAE. @
PR ZELR G AE TG : 45 TRIAIMHIUR 10 pg/d. JH B 8E
40 mg/d FkiE, FUCEITHAERMEE +21d, ZES0N
XU B H F R VAR AR VAT, AR5 D) s A sh g,
B A L ORITF 259 2845 F T A S e 4000 e ot 1 % bt
F TR = PG I fide 0 Ack B V) £ - 3 W) B e ke O AR A
FHI BRI 5 26 T Ok K AL B AR B &5 0, o A S I JR i
Bro SIS P I 8 DAV IR 2R 2 e g . KL

KAIEIT R, W L R 260 R A5 S Bk . RS A
YrpiaE £ TE L.

1.4.6 M )5 BCR/ABL Jk [R5 TA 45 5 i 22 198 Il 410 1) 791 ¥ 2
M RS, 2, 3, 6, 9, 12, 18, 24, 30, 36 1N H,
PR CE BEE SN A MLAbR A%, #EAT BCR/ABL JE DA R, DAt
RFEFNER R . OBAERT BCR/ABL ZERBAYE, MG %
W2 H BCR/ABL & [K RF 2 [ P, +3 AN AT 4a 26 T REAE VR IT
A R T SRR Ve A R, U I DU BCR/ABL E[K],  GndFak
BT, DRZERAE)E 14 H 2 /0i%E4k 2 Yk BCR/ABL &[R4
BRI s o P 2 R I 0 1) 70 6 7 4 ) HH B BCR/ABL ik K]
AKFTHE, EANHERE, WRSETE, s T A
BCR/ABL I IX RAF, SEHEHEAE. W, etk itz
FARE, VRS NS TEER, B —R AR
T e TR A 0 1) 7 B AT T T (A 2 Uk S A PR R VR T, R4
F MM E AR A 1 IR, @A T BCR/ABL JE I FH T, s
i J5 BCR/ABL i [H ik < 1%, 4 b ki 40 i > 1.0x10° LY,
(/R > 50x10° L™ I B 44 T s Sl BRI 1 700 a7 s
T M J5 BCR/ABL SR %Kik = 1%, AWM R, LRI ¥
P S R IR H0 11 57 T TRV 9T s N ARG BCR/ABL & Rl Rf 421
P, RO % #5134~ BCR/ABL 3 [ FH 4 ) 1 1
AT & R B 305709 97 8 5, 3 AN H JG BCR-ABL JE X BH
P18 S T LA el 52 2 10 81 71 BB 5 T R g 40 o 7RV T A
Fo AT AR [5] HH P SRR VA A T 52 A 4L, 35 mT B e ) 4 )
BCHT— AT S BR VA g ) 77

147 BHEERINE WS E0 NIMBEE R v TH/
BUBME R R . MR R bR BAE G A i S A
MAFEANR, PR RH: B RPN = 5% HH#ESh
FMLE MR, A R — % BTz, 7 f0 / B4
LT Rbr i RS PR IR B2 15 A/ s A 2 e
( Bt 5 S /INR B BE PRI 2 IR R )

1.5 E &R OBMYISH, MU FIT 6.
Fo A Je Bt 15 39910 5 ST A 9 BCR/ABL JE (R /KF; @R H 5 ik
EERMGEREER: OBMEERKNERRE. TREMFAE, &
HAER

1.6 Zeit o4t S SPSS 21.0 Siit W fF, LR
XA, P<0.05 NZERA BEME X Kaplan-Meier £
AAE IR R AR B E R, CESI T ROE
TR TR S B K .

2 Z5E8 Results
2.1 dsmfRAAE ROl AT VER )y 13(10-24) d, [/h
MRABE I 1] 16(12-52) d. firfs B 3kig m HE 2 .
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22 AR FHEAEA BEUIE 2023 4212 A, BT
]2y 49(12-82) > H, 8 Bl -5k, =AY AL [A] O
14(8-39) M, RIRE R AN 33%(8/24). HAIZR AT &R,
A1 1 S ik PR i o 4 RS A S R B A SR SRR
BEANFAE W B H E] . HLA BCRL. SRR bl
T W TERAEYITUE EW AR A TR W R ARG (P > 0.05);
S REM R G T R S N R B KT (BCR/ABL 2RI ) A1
WL ARSI, R ATER 2 MRS e e Gk« TN B FH
VA m IR 2R (P<0.05). ik 1.

*1 | BERLKFELNRERERIH
Table 1 | Analysis of risk factors for hematological recurrence after
transplantation

(n/%)

st 1145 gk KER P1H

P51 0.673
5 14 4/29 10/71
S 10 4/40 6/60

R 0.657
<40 % 2/22 7/78
=40 % 15 6/40 9/60

HEA I RE 0.249
H 3 2/67 1/33
G 21 6/29 15/71

PR IRAS 0.007
CR1 18 3/17 15/83
CR2 6 5/83 1/17

12 W7 2 A A ] 0.065
<180d 16 3/19 13/81
> 180d 8 5/63 3/37

AT MRD K- 0.032
MRD BH 10 6/60 4/40
MRD [ 14 14 2/14 12/86

HLA Jit % 0.624
LA 3/50 3/50
A 18 5/28 13/72

aGVHD 1.000
H 7 2/29 5/71
T 17 6/35 11/65

cGVHD 0.621
H 6 1/17 5/83
o 18 7/39 11/61

ik CRLOYH KM 58 A M, CR2 955 2 KM F 58 4 2 M, MRD f/b
FRE, HLA I AR AIEHR, aGVHD ARIER A HUE 1, cGVHD gk
(2 CER R

2.3 BCR/ABL A ki 5 F & #9% % 10 IR Il BCR/ABL
BEEEMEEES, BHEE6 HIMK¥ER, RREREN
60%(6/10). X8 HE AT AL PRI T4 MR A =, 4 B K
b T e TR B 0 11 ) 4 R T 7 IR (1 4571365 1fn 28 4 5 BCR/ABL
FERPE M, 57 RITIUGEREER ), 2BEE 14EH,

BEBITRAEAF: 1] +28 N H MR E RRE K, 4
P S B2 SR ST S R R AT . 4 151 BCR/ABL 3[R R 48 K i
B, 4T RIS RAEE 1 AR Nl E
J: 14 BCR/ABL BRI FF LR FE B, 25 T FLW T s 2 R 4 B
1B +22 AN Bk I BCR/ABL JE R FEFH, & IR 3T IR R R AL,
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RAMBFEER, R 5 FIEEHET.

14 FI# M AT BCR/ABL BRI B M b, 2 Bl E K

(BIFET:), BMERE R 14%(2/14). XL B F 04T I H
MRS RS, 9 191 11 R T 2 IR YA Tt A 1) ) 4 R 9 97 I
Fl, BRMEE1FEH, 8BIEASHTHALF, 14 +20 4
HBET R AE G T 1 5 1 R B Ve e 4 o 75 4
FRIGT o IR 2 B, 7RIS 1 BCR/ABL 2 PRSI v
SRR T R TG YT, 54 14 +6 A Hi B BCR/ABL &
DRI R, B ek 1 G 22 0k 716 97 5 BCR/ABL BE R FR B4 1
TR L D IR S a7 1 A, B 2 IR AT
WiAEAE. 115 +38 A H B BCR/ABL JE R #4FH, =45 C4 T
R s R e H ) R 2 AN, A . 14 +3 AN H
Hi I BCR/ABL JE[RAE[H,  BXA I A5 S s #0697 B R 5
4 145 +33 AN H H B BCR/ABL B:[RIFE BH, & I8 1 2R R A%,
A6 1 2 BRI R TT TE AL, 2 BN R K
BET .
24 BARAANESL BEUIHIN, L8 BBET:, HAp 7 BT
MR F 5K (5 1AM AT BCR/ABL ZEKBHE, 2 1 A #4 48 A
BCR/ABL £:[RIBIE ), 1 B30T HEERYIBUIE F Wi ( FEH
Al BCR/ABL B:[KI i1 ). TUHBAE )G 3 4 RAE KA. T
AP AR R RN 27%, 63%, 74%; 54 RFIHE KRR,
T tEARE . BAEAER DN 38%, 57%, 74%.

3 iFi¢ Discussion

W6 5 T 22 R O 0 o R I AR ) Bk, PhYALL i a1
i e R U T 0 o] SR I A AT 1 T R AR S AT S R TR I - 4
M, AR T R E LK, RT-qPCR A MU ot
Al A 10°-10°, AR HEHT E . E =S, O
25 FR A /N B9 A f) 5 k. 22 MORT T R 0 LA BCR/
ABL JE R R K KPR A A J5 WO B, 1 PhYALL 43
THE R E BRI EIRIT 7 5. fK¥E BCR/ABL £ [H &
IA, S A TR I I A0 PR RS A A 25 T I R IR A 1 R B A AL
7, R e B R i T 4H MR A RN AL RS AR S VR AL B R
&, 18T R R BN N, e T A R W
Fi%.

ALL H i S 85 DR 20 P A A 7 58 2 DL & B ik
SHAETT MBI AR EE T R, 5 AT 2 N AL B 7 &
MG, PR T SR RTT 200 25 5 O, R T AR T
Pifetd e s B RLH R TIRR G A A %, B4 67
A A S IR A B X AR AL 24 7 PhALL B, Bl
&/ D2 W T S 6 R, A TIb S BRI AW %/
INEENL + DUl IR BR R B 7 R, B R A EaS T R
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PERSNVEST, BEVIEAAN 1O IR R A, KAE
X 8.1%, PARRTIAL B 77 S AE RS JF R E 77 T AR A 25
ToEW

SR YRR T 0T G I L 200 S TS kit 1R A1 I
BESPEMERE, BRESITER, mEERE T4
e MR R S YEm . R BEANERE. 2 2R
Wf[E]. HLA FRAY . e P . By bonE =
R R AE T SRR S5 (P> 0.05); S RT AR 2 YRR 2 5%
SRR /N BR 0 PH R R e I IR B R % (P < 0.05),
SEREIR, BHEHT BCR/ABL JE A PH P41 S FA A L, Rl
S5 ML 2 R 2243 54 60.0% vs. 14.3%, 2 5347 B E & X,
52 B R B A, TR TR I A ) 7 AR
PhALL &7 JG /& 15 T ZLA B 0y T3 S8 B R A SR A 1)
S EERTAL, 7R ERE AR S 0 P T 2 R e ) 75 B RE SR A
I K EREATA .

At e S 5 DR 3 i 4 R A G SR R I A
R, IRIT EEAFLIT . T O R R A e
TR L A0 G R T S R P B A R Y,
BT AR, BUSZE, 1EEFRNN 10%-30%. 7 7% 5
RERTMBFEE R, MBRESTFFKP ETAMERE R,
TR IAT I, AT AR A K A A A R P
TR G 2 A Al BCR/ABL B[R 5R5E, LA R UMK B,
IR SOV S N BE AR ¥6 97 A 2801 T S IR il 410 ot 7 2K 24
Y, SN, FHaE. BEYPUE EmEHHE
b, SEG VTSR G VR B R S R B 0 R RV TT 0T &, LA
Bi R R . BRIV, L7 BT R FE R, T
Bt G 3 4 J 5 4 R E K F 511N 27% vs. 38%. SKIM,
S i [R5 L1200 % LS G 4R 4 BCR/ABL BE R ik 45 5
SR BB AT E R W R T U 2 B AT SRR, B
EL T 5 AN [ T IR A4 ot 750 ¥4 82 P 2 5 2 T 2 16 1
SR P,

Zi ERTAR, Ph'ALL 3% N F RT-qPCR AR Z) 7 il BCR/
ABL B[Rk, LAURARERG/INR B WG, AALAT kBT 5
RRFAERIHL, T BLRT LATE 5 B A i I 2 R 0l 4 1) 750 )
H, e BT E RN TSR, AitEBEIRRTRORE T
HEMEH, ERREERNR

it s Rt R A i AR 48 S 1, Rl F KA
EHE, 2 EMEH .

fEEREK: B2 A TRBREIT. B3IES, FAMATREICE.
FTANLE, SRR ATISRE L . SIBE0N, FIAEE R TR L.

FIEHRZR: LT tEH B9, ERMAR AL FHREILP R
A A R

FAHGRENERR: R — BT AR E, HIE (Soirk FHT L)
“F L - AE B LA - AR 7 REF 4.07 ok, ESEIINGHEIALT,
A AA R etk B 6 KT R XA BS54, Ay &, BN AT
TR P L. TR #N. A, 379, k. RABELTIK, 4

ZdZ R, AR AR R CEAT AR A R,
MiRREELLE: 5 AT ekt & 5 4 830 5 E T U R AR b .
HIRMTE: ZXFEEETF (R MIE R AIRELE %) (STROBE
Fe ), XFHMAT TR T H R 25 RN R A RIT 3 AL F 2 H
REE, XFLPRUTINT H ZUFF4, RATFBOAA L FFS T
Gz E.
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