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[(HE] B HiZS80RSiAR (MFC) 5 520 22 & 3 A iH6E I A (RQ-PCR) Bl 7
A I 2 IR Gl o A BH M (PR ) 2Pk B bk L A A (i s (B-ALL ) & 5 3k B it il 1 40 it A% hE
(allo-HSCT) Hifs/Nk B s (MRD) I HUG & Lo ik FUBHE ST 2014 4F 7 7 2 2018 4F 2 F #Edb it
K IMIBIR IS Ir25Z allo-HSCT (19 280 5l Ph* B-ALL £, [} F§ MFC F1 RQ-PCR 2 (44l BCR-ABL
B4 B 3R K) B M T MRD, 458 RQ-PCR 5 MFC # il MRD A4 #H G (15 =0.435, P <
0.001). MFC RQ-PCR #:AG M FS HE AT MRD A BHA: 543 3124 25.7% (72/280) .60.7% (170/280) . F4H
HI MFC-MRD FAPEZH 35 B AR 11000 3 41 RARAE & % (CIR) Wi 5 T MFC-MRD B #:4H (23.6 % Xf
8.6% ,P<0.001), RQ-PCR;ill BCR/ABL fii & F& K BH 41 (RQ-PCR MRD FHPELL) 19 3 4F CIR AR
ZHETZ(NRM) G A IR A2 77 (LFS) A7 (0S) 5 BCR/ABL B4 3 K B 14 (RQ-PCR MRD A 14
)AL 22 F e G (P> 0.05) . FEHIAT RQ-PCR MRD=1%# [t < 1 %4H A W 1) 3 4F CIR
(23.1%%F 11.4% ,P=0.032) . AR LFS % (53.8% %} 74.4% ,P = 0.015) 5 OS F(57.7% %} 79.1% ,P =
0.009), ZHZE /TR, BT MFC-MRD BHHE M HLG CIR (/& F R K (HR = 2.488,95% CI
1.216 ~5.088, P=0.013) , #£Hi il RQ-PCR MRD=1% J& 5% Wi LFS (HR =2.272,95% CI 1.225 ~4.215,
P<0.001) . OS(HR=2.472,95% CI 1.289 ~4.739, P = 0.006) i f& & Al % . MFC #: 1l MRD T3l & % 114
HHURTE R SHPETINE (PPV) I PE TN A (NPV) 23514 48.50% . 77.56% .23.62% .87.16% . LA
RQ-PCR MRD=1% il & % (U R 54 PPV NPV 43314 23.00% .88.59% .17.15% .91.84% .
FEAHHT MFC-MRD P45k RQ-PCR MRD=1% T — War AR bR BUNES A8 5 52 & 1 fUsi: e b
PPV NPV 433124 54.29% .73.88% .45.70% .91.87% ., %51 MFC FlRQ-PCR A6 £ HH AT MRD 7K
SEX A F Pht B-ALL (2 E BAETUS . FAERT MFC-MRD BHPE 2B G & R e %, BEAH
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[Abstract] Objective To explore the different values of minimal residual disease (MRD)
detection by multiparameter flow cytometry (MFC) and real-time quantitative polymerase chain reaction
(RQ-PCR) before hematopoietic stem cell transplantation (HSCT) for predicting relapse, leukemia- free
survival (LFS), and overall survival (OS) in Philadelphia chromosome- positive ALL (Ph* ALL).
Methods A retrospective study (n=280) was performed. MRD was determined using multiparameter
flow cytometry and RQ-PCR. Results MRD analysis with MFC and RQ-PCR of the BCR-ABL fusion
transcript showed a strong correlation before transplantation. The positive rates of MRD detected by MFC
and RQ-PCR before transplantation were 25.7% (72/280)and 60.7% (170/280), respectively. MFC MRD-
positive (MRDpos)Ph" ALL patients had a higher 3 year cumulative incidences of relapse (CIR) than did
MFC MRD-negative (MRDneg)Ph* ALL patients (23.6% vs 8.6% ; P<0.001). However, the RQ-PCR
MRDpos group had similar rates of 3 year OS, LFS, and NRM compared with those in the RQ- PCR
MRDneg group. Moreover, patients with RQ-PCR MRD =1% experienced higher 3 year CIR (23.1% vs
11.4% ; P=0.032), lower LES (53.8% vs 74.4% ; P=0.015), and OS (57.7% vs 79.1% ; P=0.009)
compared with the RQ-PCR MRD < 1% group. Multivariate analyses confirmed the association of MFC
MRD status and RQ-PCR MRD =1% with outcomes (P <0.05). The sensitivity, specificity, positive
predictive value (PPV ), and negative predictive value (NPV )of MFC detection MRD to predict recurrence
were 48.50%, 77.56%, 23.62%, and 87.16%, respectively. Moreover, the sensitivity, specificity, PPV, and
NPV were 23.00%, 88.59%, 17.15%, and 91.84%, respectively, when RQ-PCR MRD =1% was used to
predict recurrence. Additionally, the sensitivity, specificity, PPV, and NPV were 54.29%, 73.88%, 45.7%
and 91.87%, respectively, when MRD-positive status before transplantation (MFC MRDpos or RQ-PCR
MRD =1% ) was used to predict recurrence after transplantation. Conclusions Both MFC and RQ-PCR
detection of pretransplant MRD levels can predict the prognosis of Ph" B-ALL patients receiving allogeneic
HSCT. MFC MRD- positive status before transplantation is the risk factor of leukemia recurrence after
transplantation. The combined use of the two methods (MFC MRDpos or RQ-PCR MRD =1% ) can
improve the sensitivity, PPV, and NPV of predicting recurrence and help to better screen high-risk patients
for intervention, thereby improving clinical efficacy.
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JE) BT/ ILE IR o B A O SR e L H
F8IF 35 : OIE1E BCR-ABL % Wi /K S nfaf , 3%
A JE] it s 20 26 %55 114 (ANC) > 1.0x10°/L (7
A FHRE 240 e 4 7 R F 1 L T ), PLT > 50.0%
10%/L, (3% % 2 ¥k - %% 'h BCR-ABL #% 5% 4
K- BHPE H e S K340, 5% WA A S
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4. # A 17 MRD f I« R 5 87 & 5 6 b A
(RQ-PCR 7% % ] EDTA $u#E , MFC 7 % £ IF £ 5k
EDTA $i#E) , 7EA M 1T 30 d N . B4 )5 30,6090,
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PR 1R

AW A —8 /\adiik4 4 (CD10.CD19.
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Il MRD "', $it 1A ) >4 5% [E Becton Dickinson 23 ) f&
f o RGNS AR 5 S CDAST A AR 43 L
s R AR S WSR3 .

RQ-PCR £ 51l BCR-ABL Fil & 3k A 7K 3F- 2 1R
XHk[9], BCR-ABL fil &3 K > 0 # & X M RQ-
PCR MRD 11, BCR-ABL #l ABL1 45| ¥ Fl5 %!
JPF 5 3Cmk[ 9 2L

5. I R TS VAR : AR5 1) 2 BEER A S
MM R & (CIR) , IR B AL 5 o AR L AeT
(NRM) . & [ IfiL 55 A= 77 (LFS) Ph B B A= 47 (0S) o
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g™ 12 GVHD AR S E BrprifE > i T2 W
T,

6. L5 Ik B 40 g 45 7 (DLI) : DLI Y38 B I £9,
& : O TIRIT MR 2 K ; QX AE f5 MFC 5 RT-
PCR 7 K6 MRD $r22 B , (AL T CRARZS )
HEAT T HUARYT s @R AH KW ; XTI TR YT AR
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BT, REVIEOE H B 20194212 H31 H,

8. Giit=#Ab . >R ] SPSS 22.0 HEAT #i 4k Ak R
AT o R RRAE R WA IS FEAR 9 HE S 5ok
IR a ML FEAS (R . OS \LFS .NRM il CIR # 11
53R H] Kaplan-Meier ¥ , W 2H 2 77 1t 26 FL R
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1. BFE IR TR 280 ] Ph™ B-ALL A3 B4
WA MRD G0 77 7 B BRI 43 20 0 1 PR AR AIE I
% 1., RQ-PCR MRD<1% (254 fii] ) . RQ- PCR
MRD=1% (26 1] ) 41 58 2 B PRAFFAE WL 2.

FIT A SR AR S BARAG h R A B A, s
A BB R 14 (9 ~26) d; 280 il H & 1 267 f
(95.4% ) AFAF ML/ IMFE A , F A7 AE AR 8] R 15(6 ~
312)d; T ~ IV JE 2 GVHD B & 4 % 4 20.0%
(95% CI 15.3% ~24.7% ) , 1% £ GVHD % = %N
38.6% (95% CI 32.8% ~443% )., ZFEi#kE, h
A7 BT 1] R 901 (24 ~ 2575)d. #6453 4 CIR .
NRM, LFS. OS & 43 5] 4 12.5% (95% CI 8.6% ~
163% ) .15.0% (95% CI 10.8% ~19.1% ) .72.5%
(95%CI167.3% ~77.7% ) .77.1% (95% CI 72.2% ~
82.0%).

2. MFC Fi1 RQ-PCR £ Il #% ## il MRD %) # 3¢
P o A1« FERL A AT, R AT FH RQ-PCR 1 MFC X}
280 17| H & AT RS M T 30 d N MRD PFAl . 45 542
71, RQ-PCR £ 1ll BCR-ABL fili & %2 K 7K °F- 5 MFC
K MRD H AT AH & (s = 0.435, P < 0.001) , X T
RQ-PCR 5 MFC #6034 4y BHE AR A, P 5 A )
MRD fH 8 B A & # (rs=0.745, P<0.001) .
MFC RQ-PCR 7 A5 4 F% 4 T MRD PHAA: 225531
R 7241(25.7% ) 170 %1(60.7% ) . 7£ RQ-PCR 3£ H
FE "4 MRD BH ¥ B9 170 1) & FEAS L A 61 B
(35.9% ) 4 MFC 43§t # % 4 MRD B ¥ . T
RQ-PCR 7 #5E “ MRD B 110 1] F 5 FEA
A 99 11 (90.0% ) & MFC 43 #1 % %€ & MRD BH 4
26 il RQ-PCR MRD=1% 1 & & th, 15 i K
MFC-MRD BH4:

3. B AT MFC-MRD X B 48 il 5 B 52 0 - 4R
MFEC 46  (1) % 4 if MRD AR 2% (MFC-MRD ) ¥4 3%
43} MFC-MRD [ 40 (72 9] ) 5 MFC-MRD Bk
24 (208 f41] ) . MFC-MRD BH 420 #2485 3 4F CIR
R TR [23.6% (95% CI 13.7% ~33.4% ) %}
8.6% (95% CI 4.8% ~12.4% ),P<0.001], MFC-
MRD FAPEZH B T ~ IV 24 GVHD % 4=
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F1 280 iz F LA M TANIEFAE Ph™ B-ALL & MG RAFIE
» ™ MFC-MRD RQ-PCR MRD
EERHE RR:2H PR P20 PR 4T
(2808 (208 f1) oy B (10 #1) aromy 7B
I[P, MGERD ] 31(3~63) 27(3~63) 33(6 ~60) 0.123 30(6~61) 27(3~63)  0.558
BHLHI(%) ] 162(57.9) 137(68.2) 25(73.5) 0.710 56(50.9) 106(62.4) 0.059
AR [B1( %) ] <0.001 0.286
CR, 253(90.4) 196(94.2) 57(79.2) 102(92.7) 151(88.8)
=CR, 27(9.6) 12(5.8) 15(20.8) 8(7.3) 19(11.2)
FAu i [ (% ) ] 0.908 0.697
MSDT 73(26.1) 58(27.9) 15(20.8) 37(33.6) 36(21.2)
haplo-HSCT 207(73.9) 150(72.1) 57(79.2) 73(66.4) 134(78.8)
Mz TR (%) ] 0.200 0.309
B 58(20.7) 41(19.7) 17(23.6) 19(17.3) 39(22.9)
Bt 49(17.5) 35(16.8) 14(19.4) 23(20.9) 26(15.3)
egfisiy 107(38.2) 79(38.0) 28(38.9) 37(33.6) 70(41.2)
Lt 66(23.6) 53(25.5) 13(18.1) 31(28.2) 35(20.6)
Pz B R AR %) ] 0.160 0.079
[ AL ] 137(48.9) 105(50.5) 32(44.4) 60(54.5) 77(45.3)
B2 90(32.1) 65(31.3) 25(34.7) 28(25.5) 62(36.7)
T A bk 47(16.8) 33(15.9) 14(19.4) 21(19.1) 26(15.3)
HAl 6(2.2) 5(2.4) 1(1.4) 1(0.9) 5(2.9)
Pz F AR SRR LB(%) ] 0.258 0.302
G 156(55.7) 121(58.2) 35(48.6) 66(60.0) 90(52.9)
FEAE 58(20.7) 38(18.3) 20(27.8) 20(18.2) 38(22.4)
WEARE 53(18.9) 41(19.7) 12(16.7) 19(17.3) 34(20.0)
FRHAE 13(4.6) 8(3.8) 5(6.9) 5(4.5) 8(4.7)
[l A % 2 8.040 8.015 8.205 0.532 8.105 7.895 0.473
[x10%kg, MGiERD ] (2.530~15.670) (2.530~13.140) (5.750 ~15.670) (2.530 ~13.140) (4.918 ~15.670)
[l CD34 4l iy 2.395 2.400 2.295 0.638 2.365 2.415 0.846
[x10%kg, MGFE ) ] (0.588 ~8.510) (0.588~8.510)  (0.793 ~8.070) (0.588 ~8.200) (0.793 ~8.510)
AL L A e v 51 ( %) ] 0.168 0.533
B sl T B & 11(3.9) 7(2.5) 4(5.6) 6(5.5) 5(3.0)
RITE K 12(4.3) 6(2.9) 6(8.3) 7(6.4) 5(3.0)

12 :Ph’ B-ALL: Ph ¢ (e A B 20k B bk A0 A 1075 s MFC : 22807 X4 R s RQ-PCR : SN 7 2 5 A G S5 1 £ AR s MRD - /N B2
93 ; MSDT : HLA DEFC i [R] L35 B4 4 s haplo-HSCT : HUA5 S i AN IR ; CR, L CR AN 1.2 IR 5 2% iR

RN 202% (95% CI 14.7% ~25.6% ) .19.4%
(95% CI 102% ~28.6% ) (P=0.891) , 12 1 GVHD
KRy K 41.3% (95% CI 34.6% ~48.1% ) .
30.6% (95%CI19.8% ~41.2% )(P=0.106) , 4t 5
3 4E NRM % 43 5 5 16.8% (95% CI 11.7% ~
21.9%).9.7% (95% CI 2.8% ~ 16.6% )(P=0.183),
LFS E 435 N 74.5% (95% CI 68.6% ~80.5% ) .
66.7% (95% CI 55.8% ~77.6% ) (P =0.145) ,0S %
4y 51 g 78.8% (95% CI 73.3% ~84.3% ) . 72.2%
(95%CI 61.8% ~82.6% ) (P=0.268), ¥ 3 hif

HIZ 0T (P <0.10) IR RN AZ R 00, 451
7, 520 CIR WY fE R R 3 A3 B Al Hif MFC-MRD FHM:
(HR=2.488,95% CI 1.216 ~5.088, P=0.013) 5%
FEHTIRAS > CR (HR =2.182,95%CI 1.133 ~4.203,
P=0.020).

4. %A1 AT RQ-PCR MRD Xif B A 7 J5 1) 5% Wi -
2 J5 RQ-PCR 45 il #% 41 Hif BCR-ABL il & 2 A R
A% 58 % 4 A RQ-PCR MRD [HM:4H (170 f4]) 5
RQ-PCR MRD BA:41 (110 %1 ) . RQ-PCR MRD [H
P2 BHYEZH AY 3 4F CIR [11.7% (95% CI 6.9% ~
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R2 BHATRQ-PCR MRD < 1% .=1% W20 Ph* B-ALL 3% 19l R AR AE

BHRHE RQ-PCR MRD < 1% (254 f§i]) RQ-PCR MRD=1% (26 f4i]) PE
ER %, MGERD | 31(4~61) 34(3~63) 0.078
B %) ] 149(57.8) 13(50.0) 0.395
TR HTERRAS (1% ) ] 0.003
CR, 233(91.7) 20(76.9)
=CR, 21(8.3) 6(23.1)
AR (%) ] 0.715
MSDT 67(26.4) 6(23.1)
haplo-HSCT 187(73.6) 20(76.9)
PEZFERIER (%) ] 0.809
HALs 53(20.9) 5(19.2)
Bt 44(17.3) 5(19.2)
it 98(38.6) 9(34.6)
pegiii] 59(23.2) 7(26.9)
P2 B LR IHI(%) ] 0.560
[] At AL [ i 126(49.6) 11(42.3)
HEET 4 80 (31.5) 10(38.5)
T AMAL R 43 (16.9) 4(15.4)
HAlb 5(2.0) 1(3.8)
Pz i A SRR EEL6( %) ] 0.510
Eoety 143(56.3) 13 (50.0)
FEAE 52(20.5) 6(23.1)
WEAE 48(18.9) 5(19.2)
FRBAE 11(4.3) 2(7.7)
[l A A < 10%kg , MGFEF) ] 8.040(2.530 ~ 15.670) 8.085(5.520 ~ 10.920) 0.724
[Fl%5 CD34 41t x10°/kg , M(FEF) ] 2.405(0.588 ~8.510) 2.115(0.910 ~ 6.230) 0.689
AL e A pda (%) ] 0.017
S ESEE-Y 3 9(3.5) 2(7.7)
BITE R 10(3.9) 2(7.7)

4 :Ph' B-ALL : Ph & e {A B4 20t B bk EL 4 1 075 s MPC : 2 2807 AR s RQ-PCR « S i R BFRE SN R s MRD : i/ Nk R
993 ; MSDT : HLA VLA [R) A {15 A2 4 ; haplo-HSCT : FLATAURE il T4 iS4 ; CR, CR.AMHIINEE 1 2 IR T 25 #

3 2800 Ph ALL [ 5 5L R il 1240 M RS AR FU 52 0 PR R 20 Hr

AL b BRI EANES u
HR 95% CI P HR 95% CI PlH

¥

A ATZERES (=CR,, CR,) 3.058 1.669 ~ 5.605 <0.001 2.182 1.133~4.203 0.020

AT MFC-MRD (FH: , B ) 3.125 1.608 ~ 6.071 0.001 2.488 1.216 ~5.088 0.013

RQ-PCR MRD(=1%, <1%) 2.539 1.052~6.128 0.038

FALHTPIRA (=CR,, CR)) 1.677 0.902 ~3.115 0.102

BT RQ-PCR MRD(=1%, <1%) 2323 1.213 ~4.452 0.011 2472 1.289 ~4.739 0.006

& GVHD (A, JC) 0.390 0.216 ~0.706 0.002 0.379 0.209 ~ 0.686 0.001
TR A A7

AR A (=CR,, CR)) 1.865 1.090 ~3.190 0.023

AT RQ-PCR MRD(=1% ,<1%) 2.102 1.135~3.896 0.018 2272 1.225~4.125 0.009

4 GVHD (5, T6) 0.387 0.226 ~ 0.664 0.001 0.371 0.219 ~0.644 <0.001
EIB=y 2 A

I/ IMAEA (FEA , RAEA ) 0.046 0.023 ~0.091 <0.001 0.039 0.017 ~0.086 <0.001

Z2YEGVHD(I/IVE, 0~ 1) 2.726 0.825 ~ 9.009 0.100 3.309 0.979 ~11.178 0.054

12 :Ph’ B-ALL: Ph ¢ (e A B 20k B bk A0 AR 1075 s MFC : 22807 A0 AR s RQ-PCR : S 7 5 5 A il S5 W £ AR s MRD - i/ Nik B2
5 s MSDT : HLA D JiC (19 [) i (135 F4 ; haplo-HSCT : HUE U if 4N A ; CR, L CR.AMIA SRS 1.2 K 5E 228 i
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16.6% ) X} 13.6% (95% CI 7.2% ~20.1% ) , P=
0.644] . NRM % [15.3% (95% CI 9.8% ~20.7% ) Xf
14.5% (95% CI 7.9% ~21.1% ) ,P=0.864] .LFS %
[72.9% (95% CI 66.3% ~76.6% )%t 71.8% (95% CI
63.3% ~80.3%),P=0.837] .08 %[76.5% (95% CI
701% ~82.9% ) X 78.2% (95% CI 70.5% ~
86.0% ),P=0.740] . Il ~ IV J& Z¥E: GVHD % 4 %
[20.6% (95% CI 14.5% ~26.7% )%t 19.1% (95% CI
11.7% ~26.4% ) ,P=0.760] . 1% ¥% GVHD %k £ %
[38.8% (95% CI 31.5% ~46.1% )%} 38.2% (95% CI
291% ~473%),P=0.914 |27 TG 1145 L,

42 B8 % A8 i BCR-ABL fil & 3 R K K (3
4% N RQ-PCR MRD < 0.01% (132 4] ) . 0.01 % ~
<0.1% (6215]) .0.1% ~ < 1% (60 %) .=1% (26 i)
PULH . 455 57K ,RQ-PCR MRD=1%4H i ¥ 1Y 3 4F
CIR(23.1% )& T <0.01% 4 (12.1% , P=0.072) .
0.01% ~ <0.1%41(9.7% ,P=0.039),0.1% ~ <1%
H(11.7% ,P=0.096) , H/x =4 4% 21 6] CIR 22 5 &
Giil e X (P>0.05),

DL H Hif BCR-ABL fl & %5 K 7K F- (RQ-PCR
MRD) 1% i F {8 , ¥ 4= &8 & 35 43 5 RQ- PCR
MRD < 1% 4 (254 5] ) . RQ-PCR MRD=1% M 41
(26 f4]) . RQ-PCR MRD=1% % BCR/ABL < 1% 1
HAE R CIR[23.1% (95% CI 6.6% ~39.6% ) Xf
11.4% (95%CI 7.5% ~15.3% ) ,P=0.032] . EE{IK ¥
LFS 3 [53.8% (95% CI 34.3% ~73.4% ) %} 74.4%
(95% CI 69.0% ~79.8% ) , P=0.015] 5 OS %
[(57.7% (95% CI 38.3% ~77.1% )%} 79.1% (95% CI
74.1% ~84.1% ) ,P=0.009 ], K33 R EHHr
P<0.10 R R A Z W& 5307 J5 $ o, B 48 A1
RQ-PCR MRD=1% & 5% i LFS (HR =2.272,95%
CI 1.225~4.215,P<0.001)5 OS(HR=2.472,95%
CI1.289 ~4.739,P=0.006) &l K % .

5. MFC 5 RQ-PCR Pl MRD il 75 2 Fit ji #
5 5 & B RLRE : MFC A5 I MRD F U A% 4 )5 42
RSN (48.50% ) BEAR T RQ-PCR 1% (57.50% ) ,
1 (77.56% ) PPV (23.62% )34 T RQ-PCR i
(42.31% ,11.77% ) ,NPV 5 RQ-PCR 1} (87.16%
X} 88.00% ). 4 LA RQ-PCR MRD=1% A5 T ]
A e 2RI, UM R 7P PPV NPV 4300l
23.00% .88.59% .17.15% .91.84% . ¢ MFC-MRD
FH#E \RQ-PCR MRD=1% W Fl 45 b B4 107 T , 01
M e 5 & WUEYE FE % ( PPV NPV 43 31
54.29% .73.88% .45.70% .91.87%

it i

FEHIRT MRD 5 B-ALL 5 & (A TS 2 V1A
KA AR ST, FRATT I 3B T 280 f511Hz
%% allo-HSCT () Ph* B-ALL 3%, lL# T MFC 5
RQ-PCR W Ffi 7 72 46 ) F% AE 1T MRD 7K ~F- %] % A Fi
J& WU ) 25 5 o WS R B, 7E allo-HSCT B0 T,
MFC #1 RQ-PCR il () # 41 Hif MRD 7K -4 a] il
Ph' B-ALL R E B A UG , AP 7 i 505 16 FH v] 42
e TS AT IS 52 A RBURE: , A7 B T 0 32 13 5 16 AR
FHHAT T, BRI R TRL

FE M BT MFC A6 11 MRD A5 32 B R 4 5 1524
19916 B S AR R AR B 48 T, b T
MRD Kl B B S AR R s FEARRFT Y oAl
il MFC-MRD [ 14 Ph* B-ALL £ 2 ) CIR B i 3%
/1, MFC-MRD IR R G 2 E AR &,
53CHR[2,13,16 [ ZE AT o RATHFSE WoR 2T
FEAH HT RQ-PCR MRD 7K 432} RQ-PCR MRD=
1% H A HAD S 240 )7 X BAHE e R, X
SCHik [4 14103 19 BCR-ABL /K /73 )2 5 15 A5G 1Y
LS FARLT . [FFE BCR-ABL #% 5 A/K =1 %4
P A TOTER MR Ph' B-ALL 3 TH0ATFHY
ko SR, FRATII R & AL A HT H 4l BCR-ABL
MRD R X R AE TS 5200, 5 S0k 14,17 145
FETEXE S . Y TASHFSY haplo-HSCT 3% (5 [ i
(73.9% ) , % JEIX P 22 55 AT 02 T [A] ) RS A 5
AFNEEF RS T, B4 FT MRD X #6461 195
AN AT G

P A BB 4387 T 202 44 Ph™ B-ALL
B LB FL A AT MRD 76 A [R] RS AR AR 20 X RS A
TSR . 2558 BoR A EL T HLA A A R i fit
F& 4 (MSDT) , haplo-HSCT F£ 4% Rif MRD IR 25 %} #%
Pl TG 52 5 % T Ph' B-ALL |3, T HE R
FE HT MRD FH: (4 825 1 7, haplo-HSCT 4H 1) CIR
BT MSDT 21, 141, Mariotti 25 4% 18
— I Z2 R 5T 45 S B auto-HSCT J5 & & 1Y 8
AT 4 b L7 AR P 32 haplo-HSCT HAT 3Lk 1Y)
CIR, A HrL>— 5B 58 25 5 7R haplo-HSCT FEAR R
AML i % #H 5i MRD J7 [ . T MSDT ™, $& 7%
haplo-HSCT 7] fig# MSDT H-A W 5k (i B FE Y14t (A
M9 (GVL) R

XFF Ph" B-ALL #3451 7 , RQ-PCR 5 MFC £
W) MRD i 52 2 FIA A7 118 TR0 S22 B LR AN ] 198 333000
YE . 4855 1A hid 4 RQ-PCR Al MRD f4 5% 4



<122 F A M A2 2021 4E2 H A5 42 545 2]  Chin J Hematol, February 2021, Vol. 42, No. 2

JE# MFC B &7, R il (15 7T 3K 107 ~ 107, {HIE IR
I, BT RQ-PCR AN % R AL 3 5 , 7% RQ-PCR
MRD X} # # J & 2 P00 B4 45 Sk 5 PPV 38940 A41%
FEIJE7E GVL VE FH 58 19 haplo-HSCT £ X F .
RQ-PCR7E TN A 2 B (B B 14 5 I BH A A1 45 52 ki
fE B MBS, WA 5 ik — 2 T T U B
I BEIRYT kT i RIVE R . R, S5 A i
PRIAIT 7 3 83 A W i R AU, A RE T
HiAg SR . AW EE A BN, B AERT MFC MRD
FH 1 5 RQ-PCR MRD=1% ¥ %t B4 A i J5 14 TG
HESERS 70 )2 AU H b o IE4F2R , Zhao 457 Thérn
L1222 0 H RQ-PCR #4:ll BCR-ABL & K /K - 55
MFC %} 5% % 48 () Ph* B-ALL £ 3% #£ 17 MRD £
M, $43F 52 PCR 5 MFC Wi 7 vk BoA 5 oM
MFC MRD 5 RQ-PCR MRD=1% & 2F¥) MRD K5
T2 R AE WO B R AT AR AN T . 2SS N
MFC-MRD [ 4 58 RQ-PCR MRD=1% “H % 45 i
WA sk, R0 ) SO PPV DL NPV #45—
Dy AR BT D T AR R A A TIOIN  AIBH
S B , A B TAE Ph' B-ALL 8 3% rh o8 ks v 43
R A fe N FERS R A e fe ABREREA T 1A
AT, K G A gl nt Ay = ik S PR 2
AT 4 M v > A5 SR s /S A [ RS A T MFC-MRD 7%
[J].RQ-PCR MRD /K-F-FEME % 1% LAF , I35
GER R

25 bR , AFSE X RQ-PCR 5 MFC 44 1ll Ph*
B-ALL . F4 Hif MRD #97U5 B00 4/ R 64T 1743
HrXf . MFC i RQ-PCR 41l () MRD ¥ 1 4
Ph" B-ALL 3 MRD Wil /9 AR08 br o B AR A
MFC-MRD [HPE SRR JG E A R R FE . BA
5 FH 9 b 5 5 (B4 AT MFC-MRD FH 4 5% RQ-PCR
MRD=1% ) 7] 4 & Tt il B 48 J 52 & iUk vk . PPV
5 NPV, A B T-7E Ph* B-ALL £ 3 rf o - b 75 16 1y
1o P R DA S 45 38 24 T 900, 0 I PR 3K o

2 % ok

[1] Chang YJ, Huang XJ. Haploidentical stem cell transplantation:
anti- thymocyte globulin-based experience [J]. Semin Hematol,
2016, 53(2): 82-89. DOI: 10.1053/j.seminhematol.2016.01.004.

[2] Elorza I, Palacio C, Dapena JL, et al. Relationship between
minimal residual disease measured by multiparametric flow
cytometry prior to allogeneic hematopoietic stem cell

transplantation — and children

lymphoblastic leukemia [J]. Haematologica, 2010, 95(6): 936-

941. DOI: 10.3324/haematol.2009.010843.

outcome  in with  acute

(3]

[5]

(6]

(9]

[10]

[11]

[12]

Zhao XS, Liu YR, Xu LP, et al. Minimal residual disecase status
determined by multiparametric flow cytometry pretransplanta-
tion predicts the outcome of patients with ALL receiving unma-
nipulated haploidentical allografts[J]. Am J Hematol, 2019, 94
(5):512-521. DOL: 10.1002/ajh.25417.

Lussana F, Intermesoli T, Gianni F, et al. Achieving molecular
remission before allogeneic stem cell transplantation in adult
patients with philadelphia chromosome- positive acute
lymphoblastic leukemia: impact on relapse and long- term
outcome [J]. Biol Blood Marrow Transplant, 2016, 22 (11):
1983-1987. DOI: 10.1016/j.bbmt.2016.07.021.

Alm SJ, Engvall C, Asp J, et al. Minimal residual disease moni-
toring in childhood B lymphoblastic leukemia with t (12;21)
(p13;922); ETV6- RUNXI: concordant results using quantita-
tion of fusion transcript and flow cytometry[J]. Int J Lab Hema-
tol, 2017,39(2): 121-128. DOIL: 10.1111/ij1h.12593.

Eckert C, Henze G, Seeger K, et al. Use of allogeneic hematopoi-
etic stem-cell transplantation based on minimal residual disease
response improves outcomes for children with relapsed acute
lymphoblastic leukemia in the intermediate- risk group [J]. J
Clin Oncol, 2013, 31 (21): 2736- 2742. DOIL: 10.1200/JCO.
2012.48.5680.

Zhao X, Zhao X, Chen H, et al. Comparative analysis of flow
cytometry and RQ-PCR for the detection of minimal residual
disease  in chromosome- acute

philadelphia positive

lymphoblastic leukemia after hematopoietic stem cell
transplantation [J]. Biol Blood Marrow Transplant, 2018, 24
(9):1936-1943. DOI: 10.1016/j.bbmt.2018.03.015.

Wang Y, Fu H X, Liu D H, et al. Influence of two different doses
of antithymocyte globulin in patients with standard-risk disease
following haploidentical transplantation: a randomized trial [J].
Bone Marrow Transplant, 2014, 49(3): 426-433. DOI: 10.1038/
bmt.2013.191.

Qin YZ, Liu YR, Zhu HH, et al. Different kinetic patterns of
BCR-ABL transcript levels in imatinib-treated chronic myeloid
leukemia patients after achieving complete cytogenetic response
[J]. Int J Lab Hematol, 2008, 30 (4): 317-323. DOI: 10.1111/
j-1751-553X.2007.00962.x.

Xu L, Chen H, Chen J, et al. The consensus on indications,
conditioning regimen, and donor selection of allogeneic
hematopoietic cell transplantation for hematological diseases in
China- recommendations from the Chinese Society of
Hematology [J]. J Hematol Oncol, 2018, 11 (1): 33. DOIL:
10.1186/s13045-018-0564-x.

Huang XJ, Liu DH, Liu KY, et al. Treatment of acute leukemia
with unmanipulated HLA-mismatched/haploidentical blood and
bone marrow transplantation [J]. Biol Blood Marrow Trans-
plant, 2009, 15(2): 257-265. DOI: 10.1016/j.bbmt.2008.11.025.
Pavletic SZ, Vogelsang GB, Lee SJ. 2014 National Institutes of
Health Consensus Development Project on Criteria for Clinical
Trials in Chronic Graft-versus-Host Disease: preface to the series

[J]. Biol Blood Marrow Transplant, 2015, 21 (3): 387- 388.



AR M 25 2021 4E2 H A5 42 %55 23] Chin J Hematol, February 2021, Vol. 42, No. 2 +123-

DOI: 10.1016/j.bbmt.2014.12.035. [19] Mariotti J, Devillier R, Bramanti S, et al. T Cell-replete haploi-
[13] Zhao XS, Liu YR, Xu LP, et al. Minimal residual disease status dentical transplantation with post-transplantation cyclophospha-
determined by multiparametric flow cytometry pretransplanta- mide for Hodgkin lymphoma relapsed after autologous trans-
tion predicts the outcome of patients with ALL receiving unma- plantation: reduced incidence of relapse and of chronic graft-ver-
nipulated haploidentical allografts[J]. Am J Hematol, 2019, 94 sus- host disease compared with HLA- identical related donors
(5):512-521. DOLI: 10.1002/ajh.25417. [J]. Biol Blood Marrow Transplant, 2018, 24 (3): 627- 632.
[14] Shen ZL, Gu XZ, Mao WW, et al. Influence of pre- transplant DOI: 10.1016/j.bbmt.2017.11.030.
minimal residual disease on prognosis after Allo- HSCT for [20] Chang YJ, Wang Y, Liu YR, et al. Haploidentical allograft is
patients with acute lymphoblastic leukemia: systematic review superior to matched sibling donor allograft in eradicating pre-
and meta- analysis [J]. BMC Cancer, 2018, 18 (1): 755. DOI: transplantation minimal residual disease of AML patients as
10.1186/512885-018-4670-5. determined by multiparameter flow cytometry: a retrospective
[15] Theunissen PMJ, Sedek L, De Haas V, et al. Detailed immuno- and prospective analysis [J]. J Hematol Oncol, 2017, 10 (1):
phenotyping of B-cell precursors in regenerating bone marrow 134. DOI: 10.1186/513045-017-0502-3.
of acute lymphoblastic leukaemia patients: implications for mini- [21] Thérn I, Botling J, Hermansson, M, et al. Monitoring minimal
mal residual disease detection[J]. Br J Haematol, 2017, 178(2): residual disease with flow cytometry, antigen- receptor gene
257-266. DOI: 10.1111/bjh.14682. rearrangements and fusion transcript quantification in
[16] Ravandi F, Jorgensen JL, Thomas DA, et al. Detection of MRD Philadelphia- positive childhood acute lymphoblastic leukemia
may predict the outcome of patients with Philadelphia chromo- [J]. Leuk Res, 2009, 33 (8): 1047- 1054. DOI: 10.1016/j.
some- positive ALL treated with tyrosine kinase inhibitors plus leukres.2008.11.031.
chemotherapy [J]. Blood, 2013, 122 (7): 1214- 1221. DOI: [22] Gokbuget N, Dombret H, Bonifacio M,, et al. Blinatumomab for
10.1182/blood-2012-11-466482. minimal residual disease in adults with B-cell precursor acute
[17] Nishiwaki S, Imai K, Mizuta S, et al. Impact of MRD and TKI lymphoblastic leukemia[J]. Blood, 2018, 131(14): 1522-1531.
on allogeneic hematopoietic cell transplantation for Ph+ALL: a DOI: 10.1182/blood-2017-08-798322.
study from the adult ALL WG of the JSHCT[J]. Bone Marrow [23] Grupp SA, Kalos M, Barrett D, et al. Chimeric antigen receptor-
Transplant, 2016, 51(1): 43-50. DOI: 10.1038/bmt.2015.217. modified T cells for acute lymphoid leukemia [J]. N Engl J
[18] Li SQ, Fan QZ, Xu LP, et al. Different effects of pre-transplanta- Med, 2013, 368 (16): 1509- 1518. DOIL 10.1056/NEJ-
tion measurable residual disease on outcomes according to trans- Moal215134.
plant modality in patients with philadelphia chromosome posi- (e fs H 39 :2020-08-27)
tive ALL [J]. Front Oncol, 2020, 10: 320. DOI: 10.3389/fonc. (At e um)
2020.00320.

S AR - D -
AHXEFZRAREARIEHN—MRER

I 27 4% Tl 7 £ P 4 R R 2 HOR 24 1) 5 22 A e A B 4 ) o 18 A S S 9~ ) 4% ), T 3o ol R 2 3 i 3R
(MESH) ) (B 2 R0 TR M ) (b B 2 SRR ) i) SR o X T3 38 44 Y 44 TRD AR, 7 SC P8R — U b S
I A i) o rR P 2 4% LT AR Crp e N R [ 24 L) R e [ 24 i FH 44 ) (349 el o [ 25 2% B3 e B 5 ) D ife . D302 )
AFRNR I PRAE L R4 . L S OB SO, 2588 — BN GEHRY i 44, W o 00 P s 24 o oz e 1 W HGe T4 o T RAA
N3 AR B X5 £ A, A48 T AT S0 BN JE AN I IR (A=A BRAD , A0 [RAT ) 5 o] LAUSR S, H
NGNS s”

Serpi R D TGRS TR . A A AR A TR R AN IR BT, 4940 : DNA \RNA (HBsAg .CT \MRIS5:, A%
FHE 18 RN VA NG T LR ) i KA SO 20 B, 2 vh SCOR] T30 S — U B 5 PR, ZE I 55 S
ARMETE s A A SCAT T SO S — U B 5 H R SO, TR RS 5 NS A SC AR AR 1 . B 4 DU R 44 TR AN
GG TH , DL R MR SR s

ESUETE



