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[Abstract] Objective To probe the potential utility of Wilms tumor 1 (WT1) as a marker of
minimal residual disease (MRD) in acute myeloid leukemia (AML ) to estimate the relapse-predicting cut-
off value. Methods Quantitative assessment of bone marrow WT1 mRNA level was preformed using
real-time quantitative reverse transcription polymerase chain reaction (RQ-RT-PCR) assay. The expression
levels of WT1 dynamically measured with RQ-RT-PCR were retrospectively analyzed in 121 AML cases
(not including acute promyelocytic leukemia) achieving complete remission (CR) after induction therapy
followed by consolidation therapy. By comparing WT1 levels of patients with different post- therapy
outcomes, the investigators used the receiver operating characteristic (ROC) curve to determine WT1
threshold so as to predict their clinical relapses. Then prognoses and the significance of intervention were
analyzed between WT1 positive and negative patients according to the cut- off value of WT1. Results
According to ROC curve, WT1 level higher than 2.98% predicted the possibility of relapse. For simplicity
and clinical application, 3.00% was used as the cut-off value of WT1 level for relapse. WT1 levels in 41
patients at diagnosis were detected, meanwhile 3 patients whose WT1 levels at diagnosis below 3.00% were
excluded, then the median WT1 level of the rest 38 patients at diagnosis was 44.09% (range 7.19%-
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188.06% ). The median WT1 level in remission was 0.48% (352 samples, range 0-8.41% ). The median
WT1 level at diagnosis was higher than that in remission. Excluding the 3 patients with WT1 level at
diagnosis under 3.00%, the relapse rate of WT1 positive group ( >3.00% during consolidation phase and
follow-up) and WT1 negative group (=<3.00% ) was 70.0% (14/20) and 12.2% (12/98) respectively (P <
0.001). The median time from WT1 positivity to clinical relapse was 58 days. Conclusions WT1
expression level above 3.00% was associated with markedly high risk of relapse, which could be as a useful

marker for monitoring MRD following consolidation therapy.

[Key words] Wilms’ tumor gene 1;  Leukemia, myeloid, acute; Relapse
Fund program : National Natural Science Foundation of China(81430004); Tianjin Clinical Research

Center for Blood Diseases(15ZXLCSY00010)

RV Z0MEBE & A I (AML) (B35 28 e i
S5 F AT T LABRAS 70%~80% Y 5¢ 4> 2% i (CR)
R EAL50% B H ReB iA@Y . B CRET, ATl
T W I A/ N BE 5 (MIRD) T BLH &5 & 12, dE IR
PEYL RS T80 R S M A 45 D& MRD Wil
A SAe b, A& Al £ PML-RARA  RUNX1-
RUNXI1T1.CBFB-MYH11 LA % o b P a3 1 5k [
RAENPML A4S, (HJE, AT AR 50% 0 B E A A
XSRS L, SRR A S E TR AR T A
W AN A2 Fe b Ak o 1 WTL e R AT A X — 4%
. 80%~90%M4112 AML 5B s A AN il s
FEIRWTLEER 17 IE 5 AR IR ACEARIE

WTL B 7 T 44 (44 11p13, g fih 4 A BEFE 45
F3k DNAZE &A™, O M AML B3
MRD Wi F5 bz — = {H & WTL 5 [H 7E 22 i
AML BE BB A =B, T DA LB SRR
A2 R WL B, P40 00 R o TEAAF SR
TR AT I 2K TAEARIE (ROC) il £ 2k 45 T
AML & % /)8 86 WT1 mRNA 35K 19 B {H , I
ST T WT1 mRNA FRik K- T 5 2 i i 2 2 R )
Bt IA] , AT A6 DR v WT L 35 R 34T AMLYRYT 5
MRD (74 W £ AR -

w577 %

1. WFFEXT 4 W4 201348 A £ 2016 4F 1 H 3k
B¢ L 12T DR B AT IR 355 CR HLL
& Y697 IR Ji AT WTL 3 (R Wil 28 /0 2 YR iy 121 41
AML (5 (A Z0v: 4 40 B s ) 04 11 PR 5%
b BE PR BB R A 4l A0
LR KR AMLT

2 3RIT T RO RN OSSP
A () = = RAZERIR A LIT . CRJG MR
BB AL 2E AR B T o 1T 40 B RS AT s L 3
7 (B R BRI )

3. KR bR : CR G A1 A I = Hh 2R P s 20
Jif 5 D s 200 K T 0.050 i o HE B 1 1l s 2
i

4. WT1 mRNA Kk K- AG I : $2 B RNA i
5345 B CDNA | SER o 1 2R A il 2 v (RQ-PCR)
KBRUEM AR FRAFHN Y WT1 mRNA FKikK
FRYTHRE S % SCER 8] . WT1 mRNA /K-
(%)=(WT1$% D1 50/ABL 2 D1 %) x100% .

5. Giil2AAb #E . R SPSS22.0 % EXCEL Ab #
Bl VER . TR OB LR F Mann-Whitney U £
5. il ROC Hh 4 fif e W &2 & Y WTL B{E . Tt
BOGER L BCR R T80 . P<0.05 8 22 58 Giit

% X

1. BE IR TORE: 120 ] B G AT, Foh 5
56 4], % 65 4], HHAIAFES 37(15~61) %7 44 2016
WHO #r #E 7 43 B . AML £ t (8:21) (022;022)/
RUNX1- RUNX1T1 25 il ; AML f¥ inv (16)
(p13.1022) 5 t(16;16) (p13.1;g22)/CBFB-MYH11 9
%1 ; AML £ NPM1 €75 14 f4i] ; AML £} CEBPA ¥ %&
A5 84 s AEFRRZE AL AML 65 %1 (M, 3451 ; M, 19 4l ;
M, 9 i, Ms 32 51, M 2 5] ) . 4% 5% [ [l 37 S IE 27
M 2% (NCCN) AML 48 B fE 1 7 2 At 4, (IR fa 4
56 141, G4 55 1, =5 fe 20 10 1]

2. i T SR PR A & 1) WITL [ « 16 HCIAL
R IFIR G 2 2 TR 2 ) WT 1 mRNA 7K i
1o {8 DA S S22 ol 2 i I o 2 I 15 A SR il ROC
M BdE ., E LT, 24 WT1 mRNA £k /K
BT 2.98%F , T £ R S AR R IR T I
TR K, 2 0.766,95%Cl 4 0.647~0.885, brifi iR N
0.061, P=0.000, /& 53.8% , 4 5 J& 93.7%, #k
H 2, M WTL1 mRNA K > 2.98%0) , #2775 B %
A PR A2 K AR 22 Sy 93.7% , {HLfifi i 2.98% 1 7 1]



5384558  Chin J Hematol, August 2017, Vol. 38, No. 8 <697

HrAE i T H20174E8 A%
5, ILAE A LA & B 5 TP Y 53.8% . Kt BI(E % A
3.00%F} , R A 53.8% , 48 5 S ok 93.7%, I Ak

AHUR S SRR . O T IR R FH T KR n &2
K EWTL mRNA [ {fi% 4 3.00%,

100

80

60

BE(%)

%
40

i

20

20 40 60 80 100
1R (%)

1 WT1 mRNA KRN 052384 TARRHE 2k

3. WL K it ) WT1 mRNA k7K. 78
1211 h, A1 ] S S I 4T T WT1 mRNA
TR . o A 391 112 WT1 mRNAZKF-
i T 3.00% ., #Ji21K T 3.00% Ay 5 # , H 22 fie 1)
WT1 mRNA 7K B i | #S&AK T 3.00% 19 , R H
WTLAE A & i TN bR JC 2 S, SO T ok
e, AR 2 3Bl & . 38l E P2 WTL
MRNA KA K 63.85%(P2s17.24% , Ps, 44.09%,
P1105.5%, 7{1 [ 7.19%~188.06% )

AT BHFILENET RS, BB BRI WTL A
W] > 60 d AR & 1 224 G2 A sk i) s AR (A0
ZEfE I WTL mRNA K-, A5 351 17 ZZ fi i br Ax
AT T WTL mRNAZKERZI . 2238 WT1 mRNA
T34 7 0.71% (P25 0.26% , Ps, 0.48% , P45 0.88%,

WT1 mRNAKF (%)

[ 0~8.41%) .

4. WLIEVAIF I EE TG WTL mRNA FEH: X 7
S < 118 9] 55 35 A 92 IR [ 3 7 1 ) K B a2 s
5CR, 26 IR K . & IBH/RE & A WTL B {H
3.00% FY 5 1, 92 ] CR 4 5B &, A 6 1] f % WT1
MRNA K 7% (E 2) . 26 415 &/ B
oA 4G T E (E 3) . 4 WT1 mRNAZK
> 3.00% 15 22 A BHPE 4L, <3.00% 1% 5 M FIPE4 .
Hor , WTL FH 415 & %6 70.0%(14/20) ,WT1 [
ML BB 5 R0 12.2%(12/98) ,WTL1 FHM:H & %
R & T WTLBHTE4] (P<0.001), XHIES T
K HX 3.00%1E R HE 7 2 & 1Y B E2 AT I R SR

9.00 1 - C?E—off{%l'
__ 800 ___g;{z
&) -« 513
R 7.00 = % A
S 6.00 — s
i rl/‘ — fil6
5 5.00
Z 4.00 ! Ve
£ 3.00 }\ °A
E 2.00 \ 1\

1.00° |

0 -
A I s ] A

Wi kA 2T LMY . Conl~Con5 433 Jy BLIEN VA YT 1~5 M7 FE)R
F1~F7 535 A K12 1~7 A4~ H i
B2 601 WTLBHM: RS2 01 A5 45 B[] 55 WT L 56 R b 1 0

5. St AT T IO LR 7 R 4R e WTL BH:
BB O R D A 5 )« e R R 75 SR B T it , K
7K 20 (51 WL BH A 9 S8 5 AT o 4 . T T4 15
B, SR H T A KT R + BT A 5 % 6
] ZR 21 B R +BT R A 28 3491 (BT 5 vy B 2K+ PR

—H- =) N He— B — /N

L 7 58 2 48] KGR e BT L T 48 2 481) L v =R A
—— cut-off{f —o {514
-= i1 — g}w
== {52 116
= {53 — 1';,,“7
= f5il4 —— f5i[18
=35 = {19
— fil 120
— 7 = {21
— fil8 fi22
== {59 23
-= {5]10 24
o g_ﬁlé 25
s N1 26
== {13 L

Conl Con2 Con3 Cond C nS F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17

25K s i 5
Conl1~Con5 2 N ILIEIEYTT 1~5 A7 R s FL~FL17 20 M BEIS 1~17 A H ik, 26 12 % i B A 14 09012 1T WT1 mRNA 655 /KF i B i
B3 2645 Kk BE A I ]S WTL LR F ik 0l



-698- TP AR IR A 2R 2017 45 8 H 45384555 8] Chin J Hematol, August 2017, Vol. 38, No. 8

i B+ BT B 7 58 1) P T R 1B, KT
TR 56, T4 K F N 73.3%(11/15) , KT
N K F N 60.0%(3/5), I E LEFMIE, HTHR
BB RATG 22 e, 20 I WTLBHE B A
144152 J , Forh 1491 £ 35 AR BT Tidiite , H B A
K EIANTE . HAy 139 B N WTL B Uk Tt ik B
PEIKF 252 & 1y vz s a2 58 (32~300) d, °F-1) 88
do SRHCT T4 e Y 11 1) 8 5 WTL T i 2k FH A 7K
-F 55 % 1724 st ]y 89 d (Pas 48 d, Ps; 56 d, Pis
90 d, yu 1 43~300 d) . It 11 % F v, A3 8 il
U RS I WT LT ik BHPEKSE |, dksidie X 7
IAPRIENRIT e BV & . A RICT il 2 612
KB N WTL BRI & R Rl 53510 32 Fn 62 d,
4447 d.

WKl 2, F 224k F CRIFY 6 5] WT1 mRNA FHH:
BE B 2 Jp) 3 WTL T+ K T 3.00%)5 , 4 A& £
TWRBEZTE . Hor 1 2 78 DL E R YT 45 A 34
A BESH A TR TS, 7 2 A7 Rk IT
T, WT1 mRNA /K LREE T 5 3k BHPE K o il
ATEE 297 AR ILEA YT BT WT1 mRNA T 55k FH 7K
-, $E TR T 297 FRAE YT IS5 WT1 mRNA 4% 22 7+
f5 o B LRI 5 7E S 6 97 R VR YT AT WT1 mRNA
ThiE A B K Hei R4k s T 1A P R ILENGY Y,
39T 2 440 H A A WT1 mRNA R[5, 54k F2%
fRRAS . 16 I WT1 mRNA FHE G A& T T, Tk
SZ AT WT1 mRNA ZKSEFRRAE T 3.00%.,

it

i T WT1 3[R 7E CD34 3 1 T 40 il iR %655, H
K I A1 1 WT1 mRNA ZKSEB455 5 /N B 58, i
I AE AW R AN I 4T WT LS >, (H 2
SCHRFR G 0 WT1 mRNA K L A8 & i 5 5
RIE K B BEWTL mRNA KT e 3l e 2e 2 %
7 CU R A, B E WT1 mRNA ZKF
AT LR W R At B 7R MRD B9 A6 46 b (i =X
48 L A ARSI 1 I R G e e Y LA AR SRl S
LN R SR AR A ) [ AT, AT LA 4 M A
PR, BEFRATIA R A BERLI WT1 mRNA 7K
-, RS R, FLACR B B AR N R U
FERIN T — 2387 7 22 B il E A e & B |) . T
PIAHFSE LA E 36 WT1 mRNA Z k15 B BT 5 X 4 .

ARBFFEHFA T B ROC il 265k SR 3271 5 K
B KB WTLEIE .. M ROC £k ok & 2.98%H} il
2T T AR AR K, DL RE S B O 93.7% , B

53.8%. A7 Hi i SRR, Wks WTL B 5 A 0.99%
B, SRR by 73.1% , R 5 BN 54.7% , IRIZ R K5
FF LAFRA T 1SR T 2.98% , e S I WT 1 386 5
T I BB A R AU o 48R, U IR &
T2 BIRI2E, B WTLI3E 1 s 0 5 S vk 4
B, BT LAFRATTEE 1Y WTL AR T B {5 1555 T 0.99%
B, B R ) | R 45 A T R Al IR AR PEAT 1 1
Wrk B 18 FIRIT . IR ROC HZR 45 51, s &l
IR, FRATTHE 3.00% 5 hy it 7m 52 & vei XU 1) [,
N 3.0006 1 A M WTL B9 5 S 88 K e, F
145 E0 Y WT L (5 {5 SRR A 10 = , 2% B8 P
T BEAE SCHk A 2202 DV I WT1 mRNA k7K
SE W AML Y MRD, HLBf 22 BB EHEF X6 1 2 B A
AML B, A SCHIR T 2 R4 20 B 1 s
F . S 361112 WT1 mRNA 235 7K AL T 3.00%
BB 5, 6 WTL BH PR  BHPEL 9 &R & Rk T E
B ESAGIE N, X — AR R UESE T %
(X MRD WA 8 X o SCHRt 38 T A6 I L &
16I7 5 B BE WT1 mRNA ZK X AML BB & U5 A =
SCH SR AR KER o3 - A W12 WT LKA, H
T REA ILFRE WTL BB RS A R WTL 304
W MRD, HL 53 £ 5 SR [B) 46, 1 oAt BRI IR
B, KB 2 AT RE S 5 2O 2] A 15 1B Tk
AE FF%.

SCHRAE B 38 WT1 mRNA F = 2 8L & 1)
rh I TR A AN 25 (67 d 0 37 d') , HfE b A1 J& i
WT1 mRNA Ft & 2] 5 & i i) ] 3230 (1.8 > H
44 d™) o [EFZIRATT T I B B B8 WTL B, WT1
PHE 2 K AR Azt 56 do B AT UL, TGI8 R
FHB BB AR I WT1 mRNA, T 84 & 1Y
HEEE R 1~24H o eI 6 (51 WTL FH I
o, 2 1 B e — ST WTL mRNA T = KT
3.00%)5 , A RIBHISH ] (B3 H &K 12) ., ATThE
Bl LA B [ K TR R . A5/ WTLTHE 212
KB R HE]D, R ATEE WTL T R, B2 i
[N REFCIEAE 1 3/ A &2 4 — Kk, 1 o 46 4 B 12 B
[, DA RLII 500 42 % .

15 26 )52 % f b, 3B HI2 A I T WT1
MRNA K-, HHI2 WTL K5 . 781X 3 4 5
Frh A 20 EE L HTWTL mRNA & T 3.00%, 4
111 % i WT1 mRNA 4 1.69% , {H &5 &1} |- TF
% 531% ., HAR23HEH, A 12 HEHE Kl
WT1 mRNA #5317 3.00%., 74h 11618 % 76 24
58RI A WT1 mRNA, 4465 & i WT1 mRNA



AR MR 2585 2017 4E 8 H 45 38 4255 84]  Chin J Hematol, August 2017, Vol. 38, No. 8 +699-

IR, KT 3.00%, HAY 549152 A I WT1 mRNAATS
8T 3.00% . AELEMTSEIT IR FRATE HIER T 8112
WT1 mRNA/NT 3.00% 4 & # , (HX T 11 5 Bl i

HAI2 WTLRIA O AW . B L, 9112 WT1

IR 2 38 B9 F8 3 AT RE AN a5 R WTL 5 A s

MRD,

R 2 (12 L AML SR SRR T A

J7 T RS % MRD 45 3L, 4nf SClkHRoE K2

Ho A0 M AR K H ) MRD FHME 38 R L ge i ik

J7 7 %8 MRD AR MERE B, TR M S B A3 1L+ 2

NER A IS S R AR A, TR R AR A R Ay

SRR Rl 25 DA 7 M 00 R A S TN ol 2 IR

VAL E i SR DO e ) S O =4 B E PN R

TR R
AL RG T TR WTL LS E Bk

RERT AT 1555 DL 837, 8 filfk

ST HUR B & . 1014697 J5 WT1 mRNA 4K 45

This, VBRI BES ], A A BEAE A ARk 2

PRI o BT AR 19170 G I [

FIREAFTERIS WTLARSR IR B B, HxE L6 ALy T

TN WTL T B 88 PG 2 AT 52 (3R T

WO T W B A S8 55 107 32 R ey i JBE A7

I T R AR
25 I, WT1 mRNA Kk KF Al /E S AML 22

1 MRD Wil F% , WT1 mRNA ZKF- > 3.00% 5 I

RE K o

2 % X i

[1] Burnett A, Wetzler M, Lowenberg B. Therapeutic advances in
acute myeloid leukemialJ]. J Clin Oncol, 2011, 29(5):487-494.
DOI: 10.1200/JC0.2010.30.1820.

[2] Kayser S, Walter RB, Stock W, et al. Minimal residual disease
in acute myeloid leukemia--current status and future perspectives
[J]. Curr Hematol Malig Rep, 2015, 10 (2):132- 144. DOI:
10.1007/s11899-015-0260-7.

[3] Rossi G, Minervini MM, Carella AM, et al. Wilms’ tumor gene
(WT1) expression and minimal residual disease in acute
myeloid leukemia//van den Heuvel-Eibrink MM. Wilms Tumor
[M]. Brisbane (AU ):Codon Publications, 2016: 273-280. DOI:
10.15586/codon.wt.2016.ch16.

[4] Gray JX, McMillen L, Mollee P, et al. WT1 expression as a
marker of minimal residual disease predicts outcome in acute
myeloid leukemia when measured post-consolidation[J]. Leuk
Res, 2012, 36(4):453-458. DOI: 10.1016/j.leukres.2011.09.005.

[5] Polak J, Hajkova H, Maalaufova-Soukupova J, et al. Estimation
of molecular upper remission limit for monitoring minimal

residual disease in peripheral blood of acute myeloid leukemia
patients by WT1 expression[J]. Exp Ther Med, 2012, 3(1):129-

133. DOI: 10.3892/etm.2011.363.

[6] VEhh, 254, 2208, % WTLIEH rs16754 2251 5 2 MR R 1
L9 S8 I PRARFIE B S50 DG R BYRIF S [0 ] AR I 3 2%,
2016, 37 (10):898- 902. DOI: 10.3760/cma.j.issn.0253- 2727.
2016.10.017.

[7] Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the
World Health Organization classification of myeloid neoplasms
and acute leukemia [J]. Blood, 2016, 127 (20): 2391- 2405.
DOI: 10.1182/blood-2016-03-643544.

[8] Cilloni D, Renneville A, Hermitte F, et al. Real-time quantita-
tive polymerase chain reaction detection of minimal residual
disease by standardized WT1 assay to enhance risk stratification
in acute myeloid leukemia: a European LeukemiaNet study[J].
J Clin Oncol, 2009, 27 (31):5195- 5201. DOI: 10.1200/JCO.
2009.22.4865.

[9] Cilloni D, Messa F, Arruga F, et al. Early prediction of treatment
outcome in acute myeloid leukemia by measurement of WT1
transcript levels in peripheral blood samples collected after
chemotherapy [ J]. Haematologica, 2008, 93 (6):921-924. DOI:
10.3324/haematol.12165.

[10] Ommen HB, Nyvold CG, Braendstrup K, et al. Relapse predic-
tion in acute myeloid leukaemia patients in complete remission
using WT1 as a molecular marker: development of a mathemati-
cal model to predict time from molecular to clinical relapse and
define optimal sampling intervals[J]. Br J Haematol, 2008, 141
(6):782-791. DOI: 10.1111/j.1365-2141.2008.07132.x.

[11] Weisser M, Kern W, Rauhut S, et al. Prognostic impact of RT-
PCR-based quantification of WT1 gene expression during MRD
monitoring of acute myeloid leukemia[J]. Leukemia, 2005, 19
(8):1416-1423.

[12] Kitamura K, Nishiyama T, Ishiyama K, et al. Clinical usefulness
of WT1 mRNA expression in bone marrow detected by a new
WT1 mRNA assay kit for monitoring acute myeloid leukemia: a
comparison with expression of WT1 mRNA in peripheral blood
[J]. Int J Hematol, 2016, 103(1):53-62. DOI: 10.1007/s12185-
015-1882-1.

[13] Inoue D, Maruoka H, Takahashi T. Clinical analysis and optimi-
zation of postremission therapy for acute myeloid leukemia
patients with minimal residual disease as determined by flow
cytometry [J]. Mediterr J Hematol Infect Dis, 2010, 2 (2):
€2010020. DOI: 10.4084/MJHID.2010.020.

[14] Maurillo L, Buccisano F, Del PM, et al. Toward optimization of
postremission therapy for residual disease-positive patients with
acute myeloid leukemia[J]. J Clin Oncol, 2008, 26 (30):4944-
4951. DOI: 10.1200/3C0.2007.15.9814.

[15] Doubek M, Palasek I, Pospisil Z, et al. Detection and treatment
of molecular relapse in acute myeloid leukemia with RUNX1
(AML1), CBFB, or MLL gene translocations: frequent quantita-
tive monitoring of molecular markers in different compartments
and correlation with WT1 gene expression [J]. Exp Hematol,
2009, 37(6):659-672. DOI: 10.1016/j.exphem.2009.03.004.

(Ui H 361 : 2016-12-27)
(RS EM)





