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[# ZE] BHH WHERENGHUNEE D05 (MRD) 78 B & 20k 40 2 s (ALL) B JLIRYT e .
FiE  BBEMSR T 2001 459 H 1 H % 2005 4% 4 H 31 H, R ALL-XH-99 J7 6471 B & ALL L9 17
MRD Wiy g )LAL 124 1), b2 2 80m N M ACE T ALL LIGYT S B ARl s/ MRD, 58 1
124 3473 MRD Wai iy B & ALL & )L, Hivh MRD <0.01% .0.01% ~0. 1% F1 >0. 1% (#4354 103 4] .13 {4
8 B, S HETEI K HEAFF(RFS) 435319 (88.9 £3.9) % . (70.0 £14.5) % F1 0% , 1 5 AETCH A A7 F(EFS) 435
H(82.4+4.4)% (21.2 £18.0)% F1 0% , i P <0.01 ;4 Uk CR J5 2P 4E P MRD #2543 931 ( <0.01% )
FUBAPEWIZE , H 5 4F RFS 43314 (87.7 4. 1) % F1(58.3 +14.2) % , (P <0.01) ;5 4F EFS 4334 (80.7 £4.6) %
(25.6£13.8)% (P <0.01) ; F K CR 5 P4 LV MRD #a#5 IMEFBHMEPIZLRY 5 4F RES 435124 (92.0 £3.6) % i
(48.5£15.5)% (P <0.01) , ZHE/HrBRERE/RBEREM G MRD I8 JEAME S5 DRI 56 19 RE§E5 2
ik M-1 ZeE B AUE A4 1 BCR-ABL 5% MLL-AF4 @& B2 LR r B R\ A E R A TR ME (P <
0.05), Z5it 7 B & ALL )LipyT I B, TITE T S8Rk 3] CR B, 2 FERE /S IRy W #2, Wil MRD
TR TIPAG ALL LI R0R 2= L, [HhEY{ILRIZE,2008,10(3) :333 -336]
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Clinical importance of minimal residual disease testing in the therapy of childhood B-
cell acute lymphoblastic leukemia

YE Qi-Dong, GU Long-Jun, TANG Jing-Yan, XUE Hui-Liang, CHEN Jing, PAN Ci, CHEN Jing, DONG Lu, ZHOU
Min, JIANG Li-Min. Department of Hematology/Oncology, Shanghai Children's Medical Center, Shanghai Jiao Tong Uni-
versity School of Medicine, Shanghai 200127, China (Gu L-J, Email ; ljguscme@ hotmail. tom)

Abstract: Objective To study the role of minimal residual disease ( MRD) in the evaluation of therapeutic
effectiveness of childhood B-cell acute lymphoblastic leukemia ( ALL). Methods MRD testing was performed in 124
children with B-cell ALL, who were newly diagnosed and enrolled in the ALL-XH-99 treatment protocol from September
2001 to April 2005. MRD was determined by 4-color flow cytometry in the different time points during the treatment period.
Results  After induction therapy, 103, 13 and 8 patients showed MRD < 0.01%, 0.01%-0. 1% and >0. 1%,
respectively. The 5-year relapse-free survival (RFS) in the patients with MRD <0.01%, 0.01% 0.1% and >0.1%
was 88.9£3.9% , 70.0 +14.5% and 0% , respectively and the 5-year event-free survival (EFS) was 82.4 +4.4% ,
21.2+18.0% and 0% , respectively. There were significant differences in the RFS and EFS among the patients with
different MRD levels (P <0.01). Within half a year after induction remission, the 5-year RFS in patients with MRD
negative ( <0.01% ) and positive was 87.7 £4. 1% and 58.3 = 14.2% , respectively (P <0.01) and the 5-year RFS
was 80.7 £4.6% and 25.6 +13.8% , respectively (P <0.01). After half a year with induction remission, the patients
with MRD negative and positive also showed statistical differences in the S-year RFS (92.0 +3.6% vs 48.5 £15.5% ; P
<0.01) and EFS (85.6 +4.5% vs21.4+11.0% ; P <0.01). Multivariate analysis confirmed that the MRD level after
induction chemotherapy together with the reaction to prednisone, the bone marrow features on the 19th day of induction,
and the fusion gene with BCR-ABL or MLL-AF4 had prognostic significance in childhood B-cell ALL. Conclusions The
MRD level in the whole course of therapy is an important outcome indicator in childhood B cell ALL.
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BEE BRSO, H A, JLEE Sk B 4
PEH L% (acute lymphoblastic leukemia, ALL) 5 %5
s , 3 St Jude JLEMEBEBEIRIAR B &
ALL B L 5 4 JC 55 4= 1F R (event-free survival ,
EFS) #ik 92% "o 73t 22 30 4 A VF 21 IR
FAEY A R CWADRFIWT S , JF T8 697,
AR ORI BK i 8 R R Y SO AR ALL 597
A A T AR AR B IR ( minimal residual dis-
ease, MRD) BRI L JE 25 27 46 0 1) R B0 22 /0y
100 /512 ASHFSE 245 M 2001 45 9 H 2 2005 4F 4
A, A RZ 280 A MR (MP-FCM) |, X4
Bitsz ALL-XH-99 J5 Z2i597 ) )L ALL 215 f4ijrh
(1) 124 filfE MRD Wil il 25 5, 308 X 7
JEE L,

1 wBIFTTIE

1.1 %6l

2001 4£ 9 H % 2005 4F 4 H i AFKBi%2 ALL-
XH-99 J5 283697 1) ALL fBLIEA 215 41, HIBRFES
B4tz i AT s o3 o T 4 I PR R R B At i
R BUsE R RN 53R 7 8R YT i B 2R U7 ALL
L, A 152 B iF AA D58, Horp B3 44 101 44
(66.4% ) 4 51 f](33.6% ) ;45 124 {5 (81.6% ) 1E
WRIRITIAE 2% (CR) JFi#k4T 1 MRD Y5, 2
WrE S 4EES 5.92 +3.66 2 (0.7 ~17.2 ), H
M2 o3 BUFIIG ST $ A B i il 2 1 ALL-XH-99
JrEIHEAT . WY R H 58 A G (CCR) I [A] A
ik CR 1] 2007 424 H
1.2 fE45EF MRD i

U ZPTBEEHE 2 ~ 3 mL, 5 AL B A AZ AN
Il CD2, CD5, CD7, c¢CD3, CD10, CD19, CD22,
¢CD79a,Cp, CD13, CD33, CD14, CD15, cAnti-MPO,
CD41 Fi1 CD34 Jysibric, R I =40 M S0/ 1% 40
JLZRE AN o FH 1A 4 DRI 4 < 98 2R 0T 2R 470 Dt P 44
Y >30% ,HE R PUH FHPEAIIE >20% . MRD Fq ]
B, B B A A R 1 O R A A (2 ~3) x
10°, F§ CD38-FITC ,CD10-PE ,CD34-PerCP F1 CD19-
APC BABTHF T YL, LLREAS BB X 43 11 100955 40 i F
IEE BB A PUAR A G A B IRIT ARG
BILIEBEFR A 2 Ficoll 43 B BN 40 ML, 747 1Y
G EARICAEIN , 43 BT, QSR G 15 s 1 155 40 P
R B DI AT AT 40 A7, BT MRD BH
DA 3K L5 A7 240 B o 1 A A0 B S L B
fEA MRD [P0 5550 (H

1.3 $EEMSTENFRSE

TRYT HT UM R PUBEE BE 5 mL, R A EH
24 h SRR A g R, SR A R AR G Al
HR AT Rk AT, S5t e S5 3R A il S 1
(RT-PCR) J5 i 0 45 Al A5 3 P
1.4 8¥7
FRA G 2 B9 ALL-XH-99 J5 57 U AT 5 [
JEAYRIRATT o
1.5 Sit=zaE

EFS #1JC & & 4 17 3 (relapse-free survival,
RFS)1i§ & 73 1 Fl Kaplan-Meier J5 %4811, Jo3 2k
FELELL TG LB 28 11 R AR 5 I R R
MR RN A B AU T A O R R AR 5 R AE T
RICF ARSI R 0. 1 4F, AS[R) 2 [a) A A7 0 L 35
F XU log-rank #5565, Cox b i) US4 7Y ] F 3 Bt
IS IR . R SPSS 10..0 3,
2 #R
M 2001 4F 9 F I i 4n M AR 24T MRD W)
%2005 4 4 H WA 4% 52 ALL-XH-99 J7 2897 1)
ALL LR S J5 647 7 MRD I i 2L
A 124 ], 551 83 i, Lotk 41 il K B AR IS R
5.86 £3.54 % (1.30 ~17.20 %), H:h > 10
LA 18 5 B B 1 P A M T F 450k 31,1 £56. 9 x
10°/L(0.7 ~400.0 x 10°/L), >50.0 x 10°/L /) /&
JUAG 23 f3il; 7€ FAB 43Rl J& F L1 12 f1 L3 9 &
Loy 83 i .32 51 A1 9 il A F& B rpoG )
BCR-ABL il MLL-AF4 (#5354 9 151151 2 f3i] ; Y faufk
I3 M R I R R AR AR A 1 L 43 i A 26 5 i 8
i, 45 19 (I & B 43 2440, AR 71 R E A%
R g AR  fa RS fE 4 7 23R 97 I LAY
WA 31 .54 il F1 39 i,

HEAAWITER) 124 4] ALL 8L RS 5 4F EFS
F1 RFS 43 7 & (67. 91 + 4. 38)% F1 (80. 15 =
4.02) % ,Hrh 8 BB REARE K AEE R fi% K
MAE SR R R A6 T . 7615 544 CR J5H:% MRD
K ALL g L34 124 4], H:rf MRD <0.01% .
0.01% ~0.1% F1 >0. 1% 43 514 103 4 13 {5 F0
8 Bl s 7E 1 K CR 2 J5 2K AF N 45232 MRD £ & i A
117 4], .7 MRD < 0. 01% .0.01% ~0. 1% F1 >
0. 1% 1153 3145 104 4] .6 I F1 7 4] ; M AE 5K CR J5
AR DL JE He52 MRD Ka#s (9 112 1 & L, Hop
MRD <0.01% .0.01% ~0.1% F1 >0. 1% {4> 34
98 {4l .5 i1 9 .,
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PRI S 92 )5 MRD 4320, 7253 1L < 0.01% |
0.01% ~0.1% F1 >0.1% =45, H 5 4E RFS 43514
(88.9£3.9)% (70.0 £14.5)% 1 0% , 1fii 5 4F EFS
ARIR (82.4 £4.4)% (21.2 +18.0)% F10 % (A
1), JCit /& RFS Fl EFS B7ESe 15 L AFTE b 25 1k 22
SELE Y P <0.00; Bl L #0.01% ~0.1% Al
>0. 1% PILZHGORE, 75 RFS 20 25 ST AE 2 1
(P <0.01),1fi7E EFS FPdl 2557 o8 &k, ek
CR J52E4E N MRD £ 43 UM ( <0.01% ) FBAPE
Widl, H 5 4F RFS 433k (87.7 +4.1)% F1(58.3 +
14.2)% , (P <0.01);5 4 EFS 4> 5% (80.7 =
4.6)%f1(25.6 +13.8)% , (P <0.01), UK CR
JEEAE G MRD A 43 9P (< 0. 01% ) Fil BHA4: 1§
4, H 5 4FE RFS 435124 (92.0 £3.6)% F1(48.5 +
15.5)% ,(P <0.01) ;5 4F EFS 435147 (85.6 +4.5) %
F1(21.4 +11.0)% , (P <0.01) , 345 94 f5i] ALL )L,
RGBT MRD G 2R KB, 3 AR5 LI 5 4F
RFS F1 EFS 43511 (93.8 £3.2)% 1 (86.3 £4.3)%

1 ALL BJLiFS

®1 ALL BILPARERKREE AT IEPERN

=g
Score P
%%t fg MRD 10.759 0.001
PE5H] 2.071 0.150
WBC 24 >5 7 0.686 0.444
RS >10 % 0.137 0.711
FAB 47! 3.368 0.186
EEAANRAEHER 6.017 0.014
RO A R 0.567 0.716
KRR T 1 SR 8.915 0.003
#3515 CR HH 0.588 0.682
75355 19 KEhE 6.624 0.010

COX. L gl AU 55 750 P 43 A A8 LA B )
AR HNE LA AL JE A FAB 4R 2SR
BCR-ABL 5\ MLL-AF4 @it 3L R | et (Al 3k e
PAVE 10 RN 55 19 KRB BEIGU2 38 M-1 Z0H 48
%3k CR I [B)FA75 7 22 i )5 MRD X 135 (1 520
L5 RE S % CR J5 MRD & e S5 1 e
MBS 19 REBEIS I &8 M-1 R &K i BCR-
ABL 8f, MLL-AF4 & 3E X ELRYF L i 25
RAEZRABGME, F£BUGEELE 1,

VMG MRD (AYER L, 765 5 2 4
FRREAE S 23 50 HAT 4. 5% F1 6. 8% 1 i LLE Bl
B MRD FHE ; 75 5 2% % J5 MRD BH 1 &L,
FELLJG 21 A R AR G B A s 47, 4% Rl
42. 1% 1 LR B MRD A s 7615 S i I
MRD >0. 1% i) )L, BR T B R e T ok #17
Wi B LAN , B B MRD BH 1) H 4] 38 =g, 248
HAORTE AR 5 PRV H B8 MRD BHE (1 8L EG 45143310 3k
66.7% F1100% .,

ZE#RISE MRD 7k 4 RFS F1 EFS
ACALL 5L S50 5 I MRD K19 5 47 5 % A %

5

B ALL L5 AR5 AR MRD /K1 5 4T A 7R

3 itig

LA JLEE ALL J7 8% A9 $2 55 24 1T 5t L
MIAMAARTRYT , o R AR 73R 7 B ok R4 R
7 R T BE o BRI 22 1) R B U
3o 41 L X 24 00 1 SRR R TS ) PT SEHS A , 0
MK JERS SN 55 19 KB GRG0 1 A1 ]
ML HR PR 0 P K 5 S R VA T B R
DR PFA 14 T BRI A5 R W2 =, AR th 20k = Ah
TR MRD (4 W00, MRD S 4 15 52 & 11 3 22 i
DAL, 32 3] [ ] Ah2p i)z e . Bl
F 24 PCR (A HsE X S v ) F1 MP-FCM 45 1 Ff
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FARKGI MRD , 45 15l A2 S B A3 4% 58 (FISH ) %
FE AMIFFE & B 5 A — o i AT L, T g G
JHLAR Py 3 3 B B, AR AE R 0 B L b Tk = R 4t
ST i ol e 7 P 32 B R, PR 0, G SR BB LE A 1
RN v, D BRI A i BB

TE ALL SJLiRY7 il f2rh Wi MRD a8 B i s
REIAYT BFRURE , B Ah FZ L (A %216 0 B
TR E 4 uE B MRD 2 E 0. b a7 1 TS R
PR S ARBE R 124 451 [al B F 5 Rk R RESIE 9
MRD Wil #e ALL g8 )LyA YT o R rb ) W 11 1 3 2
TEM .. IR SR MR i R,
MRD PP B & B 1 2 R XK, G HJEMRD >
0. 1% & )L

E A, 76 & B MRD PG , — R BUA 5 FI
A7 B AL T ZE AT iR BT, (R A BF S
KB, X FP T IR I RN 22584, 76 & Bl MRD 545
PEJG DOZRBUE A F1 0 I, anadh AT S ok s o+
apRsRE . FERATH VR, i S S J5 MRD
BRI L, BV PR TR 2T 76 A 5 AR
FREAE G AT 50 5304 47. 4% F1 42 1% 19 8 OLFRIR
P MRD FHPE ;10175 5 22 it i MRD [ 9 8L,
FEA G B MRD B (4 AL 2> B & I o R i
MG MRD >0. 1% 19 8L, PR B MRD BH
4 L BB B i, 143 HB LT A% R A RS A A
J7 %8 FEFRATTHY ALL-2005 J7 28 & 24645 DL St .

FELAAE RIS B PN A9 ) 24 26 B U JE A8 7
FSON A S50 19 RE#EZX T 15 A %
S T — Sl R R A AR AN B S S e S X
BEHREL IR . AT R R I, X
INE RA UG M E AR 05 S 2 f# )5 MRD Gk Je
AT RO 36 19 REHER R G EMAEEA
BCR-ABL 5 MLL-AF4 @& 355, b, 697 o 2
HH PR AR LAY 3K S A ) 2 R AR DT B B a4 W
X eesE JLE ALL B7 s — i AR EE T

HRTA &N, AT 2/3 #9 ALL LA RE R
T8 12 A H IR T sk RE IR BG A, (5 B A i AR MEA
AEER R PR FUNIX 26 ALL (8L, oA ALL &2 L
FIRTH 2 2 4R DL iy o Bk, HAT
FE LAY 7 A rh R PR TR AT, AT L8 26 75
BARSREUALTT 1 L SRR B A7 R R UASHA A
LSS . MRD GBS B HEAG I 451> ALL f&
DL S P 1075 40 i 56t 245 40 1 s 1y e, 2 PR B T
TR P IR A0 2 R 2 24 SR AR Ak, BT AR A mT
SEERIE SRS R . TR
MRD <0.01% iy ALL )L H TG 545, 2, W7

BRI % AR T S FRATT H TR
(R T 2 BA 7 28 (LG R o b KA L R
S DR AL 2 VR B ORI ASE T 1 4Bk, DEAL) |
FEER GRS BE 7 9, HoJ7 880 e itk — 20 W%, W T
MRD >0. 1% 1) 8 L2250 %5 U Wl H: MRD A5 4k, , 4%
B 2 FEAE S A RS T A A .
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