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Prognostic implications of Wilms’ tumor gene
(WT1) expression in patients with de novo acute
myeloid leukemia

The WT1 gene is a tumor suppressor orig-
inally associated with Wilms’ tumor and
other related syndromes, such as WAGR

(Wilms’ tumor, aniridia, genitourinary anom-
alies and mental retardation) and Denys-
Drash syndrome.1-3 The WT1 locus is located
at chromosome band 11p13 and encodes a
transcription factor.4,5 In contrast with the
wild type expression of other tumor sup-
pressor genes, such as p53 or RB1, normal
expression of WT1 is restricted in adults to
a limited number of tissues, mainly the gen-
itourinary system.6 In normal bone marrow
(BM), WT1 is expressed at a very low level by
normal primitive progenitor cells.7,8 Howev-
er, several studies have demonstrated that
WT1 is consistently overexpressed in most
forms of acute myelobastic leukemia (AML),
acute lymphoblastic leukemia (ALL),
myelodysplastic syndrome (MDS) and blast
crisis of chronic myeloid leukemia (CML).7,9,10

This expression of WT1 could thus represent
a universal molecular marker of malignant
hematopoiesis, and several recent studies
claim the usefulness of quantitative assess-
ment of WT1 expression as a molecular
marker for minimal residual disease
(MRD).7,11,12

Although the biological significance of
WT1 overexpression in patients with
leukemia is far from being clarified, it has
been suggested that WT1 could be involved
in the pathogenesis of human leukemia
though a role during growth arrest and cel-
lular differentiation as well as by means of its
function as a transcriptional repressor.13-15

Moreover, some preliminary studies indicate
that prognosis in leukemia patients could be
inversely correlated with the levels of WT1
expression.9,16

Here we analyzed WT1 expression in a
cohort of 77 adult patients with AML using
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Background and Objectives. The Wilms’ tumor (WT1) gene is overexpressed in patients
with most forms of acute leukemia. Several studies have reported the usefulness of quan-
titative assessment of WT1 expression as a molecular marker of minimal residual disease.
However, the biological significance and the prognostic impact of WT1 overexpression in
acute myeloid leukemia (AML) is still uncertain.

Design and Methods. We analyzed the prognostic relevance of WT1 expression in a
cohort of 77 adult patients with AML, using a real-time quantitative reverse-transcrip-
tion polymerase chain reaction approach. 

Results. WT1 expression was significantly higher in AML patients than in normal con-
trols (p = 0.0001). The normalized levels of WT1 with respect to the control gene for β-
glucuronidase (GUS) in AML samples showed a median WT1/GUS ratio of 0.93 (range
0–25). We classified the patients into two groups according to this ratio. Forty patients
(52%) showed a WT1/GUS ratio ≤ 1 and 37 (48%) had a ratio > 1. A ratio > 1, although
significantly associated with FLT3 mutations, was the strongest independent prognostic
factor for disease-free survival (p = 0.004), relapse risk (p = 0.005) and cumulative inci-
dence risk (p = 0.01). This adverse prognostic value was more evident in patients aged 60
years and younger. 

Interpretation and Conclusions. The WT1/GUS ratio is an independent prognostic fac-
tor for predicting relapse in patients with AML and it could be included as part of the ini-
tial evaluation to establish more defined risk groups.

Key words: WT1 expression, real-time reverse transcription PCR, leukemia, prognostic
value.
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real-time quantitative reverse transcription polymerase
chain reaction (RQ–PCR), and evaluated the utility of
this biological marker for predicting relapse.

Design and methods

Patients and controls
A total of 77 adult non-promyelocytic patients, diag-

nosed with de novo AML in four Spanish institutions
between March 1998 and March 2003, were included.
Diagnoses were made according to morphologic and
cytochemical criteria of the French–American–British
(FAB) classification.17

The only criterion for inclusion was the availability of
RNA. The main characteristics of the patients are shown
in Table 1. In addition, 9 peripheral blood (PB) and 4 BM
samples were collected from healthy donors as normal
controls and the K562 cell line was examined as a pos-
itive control.

Treatment
Sixty-six of the 77 patients were enrolled into inten-

sive chemotherapy trials in which induction chemother-
apy consisted of standard combinations of anthracy-
cline plus cytarabine, with or without etoposide. As
post-remission therapy 26 patients followed a standard
chemotherapy program; 17 patients received an autol-
ogous hematopoietic stem cell transplant (HSCT) and 11
received an allogeneic HSCT.

Cytogenetic analysis
Karyotype analysis was performed using unstimulat-

ed short-term cultures according to the recommenda-
tions of the International System for Human Cytoge-
netic Nomenclature (ISCN, 1995).18 Whenever possible,
at least 20 metaphases were evaluated. Cytogenetic
risk groups were defined as follows: high risk, -5/del(5q),
-7/del(7q), abn 3q, complex aberrations (≥ 3 independ-
ent aberrations), t(9;22) and t(6;9); low risk, t(8;21) and
inv(16); intermediate risk, all other karyotypic aberra-
tions or a normal karyotype.

Molecular analysis: detection of ITD and D835
mutations of FLT3

FLT3 internal tandem duplications (ITD) and aspar-
tate 835 (D835) mutations were studied in cDNA sam-
ples following the method described by Nakao et al.19 for
ITD and by Moreno et al.20 for D835 mutations. In select-
ed cases, the presence of D835 mutations was con-
firmed by sequencing the PCR products.

RQ–PCR for WT1
Blood BM samples or PB, in three cases in which BM

was not available but the PB contained more than 80%

blasts, were collected into EDTA K3 tubes; erythrocytes
were lysed using lysis buffer (0.155M NH4Cl, 10mM
KHCO3, 0.1 mM Na.EDTA, pH 7.4) and white cells sepa-
rated by centrifugation at 1,500g. The collected cells
were resuspended in guanidinium thiocyanate solution
(4 M guanidinium thiocyanate, 25 mM sodium citrate
pH 7, containing 5% N-lauroylsarcosine and 0.1 M 2-
mercaptoethanol), and stored at –80°C. RNA was
extracted following the guanidinium-thiocyanate, phe-
nol-chloroform procedure of Chomczynski and Sacchi.21

For cDNA synthesis 0.5 µg aliquots of RNA were
reverse-transcribed in a 25-µL reaction volume using
random hexamer primers with the TaqMan Gold RT–PCR
Kit (PE Applied Biosystems, Foster City, CA USA) fol-
lowing the manufacturer’s protocol. The reaction was
preincubated for 10 min at 25°C to allow annealing of
random hexamers followed by reverse transcription at
48°C for 30 min and denaturation at 95°C for 5 min to
inactivate the reverse transcriptase.

In order to generate standards, the WT1 rearrange-
ment and the control gene for β-glucuronidase (GUS)

haematologica 2004; 89(8):August 2004

WT1 ratio: a new prognostic factor

927

Table 1. Clinical characteristics of patients with de novo
AML divided according to WT1/GUS ratio.

WT1/GUS ≤ 1 WT1/GUS >1
Characteristics n (%) n (%) P

Patients 40 (52) 37 (48)
Age (years)
≤ 60 26 (65) 19 (51) n.s.
> 60 14 (35) 18 (49)

Gender
Male 20 (50) 17 (46) n.s.
Female 20 (50) 20 (54)

WBC (×109/L)
≤ 50 33 (83) 29 (78) n.s.
> 50 7 (18) 8 (22)

FAB subtype
M0 3 (8) 3 (8) n.s.
M1 9 (23) 14 (38)
M2 13 (33) 12 (33)
M4 8 (20) 4 (11)
M5 5 (13) 3 (8)
M6 2 (5) 1 (3)

Cytogenetic risk group*
Low 2 (6) 2 (6)
Intermediate 24 (73) 21 (64) n.s.
High 7 (21 10 (30)

FLT3**
ITD+D835 pos 6 (15) 15 (42) 0.009
ITD+D835neg 34 (85) 21 (58)

*66 patients with evaluable metaphases. **One patient was excluded because
no expression of FLT3 was detected. n.s. Not significant.

 



from patients’ samples were amplified using the primers
and conditions described below. The PCR products were
cloned into the pCR® II-TOPO vector, following the pro-
tocol provided with the TOPO™ Cloning® kit, to gener-
ate the plasmids pCR II-TOPOWT1 and pCR II-TOPOGUS.

The WT1 and GUS inserts were measured by spectro-
fluorimetry to assess the copy number. Standard curves
were then prepared using ten-fold serial dilutions, rang-
ing from 1.3×106 to 1.3×102 copies of plasmid pCR II-
TOPOWT1 and 2×104 to 2×102 of plasmid pCR II-TOPOGUS.
These dilutions were prepared with DNA from salmon
testes at stock concentrations of 1 µg in 25 µL water
and stored at –20°C until use to prevent degradation.

RQ–PCR for WT1 detection was performed using a
LightCycler (Roche Mannheim, Germany). The primers
WT1A and WT1B and TaqMan probe WT1TM were
designed and synthesized by TIB MOLBIOL (Berlin, Ger-
many) (WT1A, 5´–AGC TGT CGG TGG CCA AGT TGT C–3´;
WT1B 5´–TGC CTG GGA CAC TGA ACG GTC–3´ and
WT1TM, 6FAM–ACC CCT CAA AGC GCC AGC TGG AGT–
XT p) (Figure 1). The PCR was performed in a 10 µL final
volume, using 1 µL FastStart LightCycler DNA Master
Hybridization Probes (Roche Molecular Biochemicals,
IN, USA, Cat. No. 3003248). This mixture contains
buffer, dNTPs, 1 mM MgCl2, and inactive Taq DNA poly-
merase. The primers were used at a final concentration
of 0.3 µM. The mix contained TaqMan probe at 0.2 µM,
MgCl2 to a final concentration of 3 mM and 2 µL of
sample cDNA.

As a reference, GUS was quantified in all samples
using ENF1102 and ENR1162 primers and the ENPr1142
probe described by Beillard et al.,22 and synthesized by
TIB MOLBIOL. The PCR mixtures were the same as for
WT1 but the primers were added at a final concentra-
tion of 0.5 µM.

Each PCR program started with an incubation at 94°C
for 10 min to activate the Taq DNA polymerase, fol-
lowed by 45 cycles of amplification, each involving an
annealing–extension step at 60°C for 30 s and denat-
uration at 94°C for 3 s. Fluorescence was measured at
the end of the annealing using the F1 channel (530 nm).
Results were calculated using LightCycler 3.0 software,

which fits an empirical straight line to the points of the
standard curve, based on the established relationship
between the crossing point (Cp) and the logarithm of the
initial number of target copies (N) of the sample.23 This
allows estimation of N for each sample on the basis of
its Cp, for both WT1 and the control gene GUS.

All samples were analyzed in duplicate. The results
were expressed as the WT1 or GUS copies per microliter
of cDNA. Normalized levels were calculated as the
WT1/GUS ratio. The expression of GUS control gene in
100 leukemic samples showed a median Cp of 24.91 and
limits (3rd and 97th percentiles) of 20.5-30.1 (data not
shown). Samples for which the Cp of GUS was >30 cycles
were considered invalid and therefore excluded.

Definitions
Complete remission (CR) and hematologic relapse

were defined according to the National Cancer Institute
criteria.24 The patients were classified into two groups
according to whether their WT1/GUS ratios were > 1.0
and ≤ 1.0.

Statistics
All descriptive statistics and tests (Mann–Whitney

non-parametric U test, χ2 and Fisher’s exact test) were
calculated using the statistical package SPSS 8.0. A p <
0.05 was considered statistically significant. Unadjust-
ed time-to-event analyses were performed using the
Kaplan–Meier method25 and log-rank tests for compar-
isons.26 The probability of relapse was also estimated by
the cumulative incidence method.27 Disease-free sur-
vival (DFS), relapse risk (RR) and cumulative incidence
of relapse (CIR) were calculated from the date of CR. In
the analysis of DFS, relapse and death in CR were con-
sidered uncensored events, whichever occurred first. For
RR, relapse in CR was considered an uncensored event
and for CIR analysis, death in CR was considered as a
competing cause of failure. The follow-up of the
patients was updated on September 30, 2003. All p val-
ues reported are two-sided. Multivariate analysis was
performed using the Cox proportional hazards model.28

Except for the cumulative incidence method, computa-
tions were performed using the 4F, 1L and 2L programs
from the BMDP statistical library (BMDP Statistical
Software Inc, Los Angeles, CA, USA).

Results

Standard curves, sensitivity and reliability of the
assay

The regression coefficients obtained for WT1 and GUS
standard curves were all greater than 0.99. For WT1, the
estimated mean ± standard deviation (SD) for the slope
was –3.68 ± 0.08, with a mean ± SD for the intercept
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Figure 1. Schematic representation of WT1 cDNA. The
numbers indicate the exons, the arrows indicate local-
ization of primers and the bar the TaqMan probe. The
sites of  alternative splicing are represented by diagonal
lines.  

WT1M

WT1A WT1B
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of 41.09 ± 0.79 (Figure 2). For the GUS standard curves,
the slope obtained was – 3.47 ± 0.06, and the intercept
was 39.79 ± 0.67.

When the sensitivity of the procedure was assessed
using serial ten-fold dilutions (from 10–4 to 10–9) of plas-
mid pCR II-TOPOWT1, the method could detect at least 13
copies. When cDNA dilutions from the K562 cell line
were used, the method could amplify the WT1 tran-
script from a dilution of 10–4 (Figure 3).

The intra-assay reproducibility was assessed repeat-
ing the analysis of the K562 10–2 dilution 10 times in the
same assay. The mean Cp±SD for WT1 was 29.10±0.08
cycles, which represented a coefficient of variance (CV)

of 0.27%. These results corresponded to mean ± SD of
15245±721.5 copies/µL cDNA and an estimated with-
in-assay CV of 4.7%. For GUS, the mean Cp ± SD was
26.89±0.07 cycles, with a CV of 0.26%, or 2336±117
copies/µL cDNA: a CV of 5.0%.

The inter-assay reproducibility was assessed by
repeating the analysis of the K562 10–2 dilution in eight
consecutive assays. The mean Cp±SD for WT1 was 28.95
± 0.19 cycles, a CV of 0.8%. These results correspond to
a mean±SD of 25230±2568 copies/µL cDNA and an
estimated within-assay CV of 10%. For GUS, the mean
Cp±SD was 27.28±0.25 cycles, with a CV of 0.9%, or
2105±183 copies/µL cDNA: a CV of 8.6%.

Figure 2.  Standard curve and
straight line for WT1 gene expres-
sion. (A) Standard curve for the
detection of WT1 obtained by 10-
fold serial dilutions ranging from
10–4 to 10–8 of stock solution of
plasmid pCR II-TOPOWT1. (B)
Straight line obtained from the
crossing point (Cp) and concen-
tration at each point of the stan-
dard curve.

Figure 3. Sensitivity analysis.
Real-time PCR detects the WT1
transcript from the K562 cell line
down to a cDNA dilution of 10–4.

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

Cycle number

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70
Log concentration

F
lu

o
re

sc
en

ce
 (

F
1)

 
C

yc
le

 n
u

m
b

er

A

B

Slope = - 3,772

Intercept = 41.95

Error = 0.0449

Analysis method: second derivative Maximum

37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

40

35

30

25

20

15

10

0,5

0,0

-0,5

10-1 K562
10-2 K562
10-3 K562
10-4 K562
10-5 K562

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Cycle number

38
36

30

25

20

15

10

0.5

0.0
- 0.2

F
lu

o
re

sc
en

ce
 (

F
1)



haematologica 2004; 89(8):August 2004930

E. Barragan et al.

WT1 expression in controls and AML at
presentation

WT1 expression was very low or undetectable in nor-
mal controls. All nine PB and two BM samples were
negative. The two remaining BM samples were positive
but they expressed WT1 at very low levels, with
WT1/GUS ratios of 0.00069 and 0.00025.

In the 77 BM and PB samples from patients at diag-
nosis the WT1/GUS level was significantly higher than
in normal controls (p = 0.0001: Figure 4). Quantifica-
tion showed a WT1/GUS median ratio of 0.93 (range
0–25). Forty patients (52%) had a WT1/GUS ratio ≤1
with a median ratio of 0.36 (range 0–1.0) and 37
patients (48%) had a WT1/GUS ratio > 1 and a median
ratio of 2.76 (range 1.1–25.0).

WT1 ratio and FLT3 mutations
Mutations in the FLT3 gene were detected in 20 out

of 76 (26%) patients with FLT3 expression. These alter-
ations included 13 patients with ITD, six with D835
mutations and one patient with combined mutations.
FLT3 mutations were found in 15 of 36 (42%) patients
with WT1/GUS > 1 whereas only six patients out of 40
(15%) with WT1/GUS ≤ 1 had FLT3 mutations (p = 0.009:
Table 1).

WT1 ratio: clinical characteristics, response
to therapy and clinical outcome

No significant association was found between the WT1
ratio and age, gender, leukocytes, FAB or cytogenetic risk
groups (Table 1). Moreover, the WT1 ratio had no influ-
ence on the patients’ responses to induction therapy: 29
(80.6%) of patients with a WT1/GUS ratio of ≤ 1 and 25
(83.3%) of patients with a WT1/GUS ratio > 1 achieved
CR after one or two cycles of treatment (Table 2).

Disease-free survival (DFS)
The estimated probability of DFS at four years for the

whole series was 36 ± 7%. Univariate analysis showed
that this was significantly influenced by age over 60
years (p = 0.0005) and WT1 ratio (p = 0.004). The four-
year probability of DFS was 13±8% for patients with
WT1/GUS > 1 whereas for patients with WT1/GUS ≤ 1
it was 57 ± 10% (Figure 5). For patients 60 years and
younger, a shorter DFS was found for patients with
high-risk karyotypes (p = 0.03), FLT3 mutations (p =
0.04) and a WT1/GUS ratio of > 1 (p = 0.0003). The
four-year probability of DFS in patients with a WT1/GUS
ratio of ≤ 1 was 73±11% whereas for those with a
WT1/GUS ratio > 1 it was 9±8%.

Relapse risk
The actuarial probability of RR at four years in the

total group was 53 ± 9%. Univariate analysis showed

Figure 4. WT1/GUS ratio in healthy controls and AML
patients, presented as box-and-whisker plots. Boxes rep-
resent values between the 25th and 75th percentiles with
the median and mean, whiskers represents 10th and 90th

percentiles and outlying values are represented by
squares. The WT1/GUS ratios were significantly higher in
patients with AML than in normal controls (p = 0.0001).

Figure 5. Kaplan–Meier product-limit estimate of disease-
free survival according to WT1/GUS ratio.

Table 2.  Impact of WT1/GUS ratio on clinical outcome
and treatment.

WT1/GUS ≤ 1 WT1/GUS >1
Characteristics n (%) n (%) P

Induction response
CR 29 (81) 25 (83)
Failure
Resistance 4 (11) 3 (10) n.s.
Death 3 (8) 2 (7)

Post-induction therapy
Chemotherapy only 13 (45) 13 (52)
Autologous HSCT 8 (28) 9 (36) n.s.
Allogeneic HSCT 8 (28) 3 (12)

p = 0.0001

Controls AML

WT1 ≤1 (n=29): 57%±10%

WT1 >1 (n=25): 13%±8%
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statistical significance for age over 60 years (p =
0.0006) and WT1 ratio (p = 0.005). Thus, the probabil-
ity of relapse was significantly increased in patients
with a WT1/GUS ratio of > 1 (78±11% vs 32±10%) (Fig-
ure 6). For patients 60 years and younger, the RR was
significantly influenced by karyotype (p = 0.02), FLT3
mutations (p = 0.009) and WT1 ratio (p = 0.00001). The
probability of relapse in patients with WT1/GUS > 1
was 84±13%, while for patients with WT1/GUS ≤ 1 it
was 15±10%.

Cumulative incidence of relapse
For patients with WT1/GUS > 1 the CIR at four years

was 70% whereas for patients with WT1/GUS ≤ 1 it
was 28% (p = 0.01) (Figure 7). Analyzing only patients
60 years or younger, the CIR at four years was 88% for
patients with WT1/GUS > 1 while it was 22% for
patients with WT1/GUS ≤ 1 (p = 0.0001).

Multivariate analysis
Multivariate modeling including age, gender, number

of courses of treatment to achieve CR, FAB subtype,
leukocytosis, cytogenetic risk group, FLT3 mutations and
WT1/GUS ratio showed that WT1/GUS and age over 60

years were both independent prognostic factors for DFS
(WT1/GUS, p = 0.003; age, p = 0.0001) and RR
(WT1/GUS, p = 0.001; age, p = 0.003) (Table 3). For
patients 60 years and younger, multivariate analysis
showed that the WT1/GUS ratio was the sole inde-
pendent adverse prognostic factor for DFS (p = 0.001)
and RR (p = 0.0001) (Table 3).

Discussion

This study shows that quantification of WT1 expres-
sion by RQ-PCR is a useful method for predicting
relapse in patients with AML. This method allows us to
classify AML patients into two groups according to the
WT1/GUS ratio at presentation (WT1/GUS > 1 and
WT1/GUS ≤ 1). The adverse prognosis for patients with
WT1/GUS ratio > 1 was particularly significant in
patients aged 60 years and younger.

Reported data on the prognostic significance of WT1
expression are controversial, mainly because of the lim-
ited number of patients and the diversity of methods
used.16,29-33 Two studies claimed that WT1 expression does
not have prognostic significance in patients with

Figure 6. Kaplan–Meier product-limit estimate of risk of
relapse according to WT1/GUS ratio.

Figure 7. Cumulative incidence of relapse from the time
of complete remission according to the WT1/GUS 1 ratio.

Table 3. Multivariate analysis for disease-free survival (DFS) and relapse risk (RR).

All patients Patients 60 years or younger
DFS RR DFS RR

P OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI)

Age 
(≤ 60 vs > 60 )    0.0001 2.4 0.003 2.7 − − − −

(1.1–5.4) (1–6.8)

WT1 
(≤ 1 vs > 1) 0.003 2.5 0.001 2.6 0.001 5.5 0.0001 12.8

(1.1–5.7) (1–6.9) (1.9–16.2) (2.7–59.9) 

WT1 >1 (n=25): 78%±11% WT1 > 1 (n=25): 70%

WT1 ≤ 1 (n=29): 28%
WT1 ≤1 (n=29): 32%±10%
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AML,29,30 but the qualitative methods used appear
unsuitable to assess expression variations. Other stud-
ies,16,31,32 using (semi) quantitative RT–PCR methods to
assess WT1 expression have suggested that WT1 levels
could be useful for predicting prognosis in such
patients. However, these methods were complex, time-
consuming and poorly reproducible. Trka et al.33 report-
ed preliminary results using a real-time quantitative
PCR that suggest a prognostic relevance of WT1 expres-
sion in pediatric patients with AML. To our knowledge,
the present study reports the first adult series in which
WT1 expression, tested with a reliable and reproducible
real-time PCR method, shows a prognostic impact in
patients with AML.

Contrary to other reports,9,31,33 we did not find any
association between WT1/GUS ratio and FAB subtype,
cytogenetic risk group or other pre-treatment charac-
teristics. However, a strong association was found
between this ratio and FLT3 mutations. FLT3 often asso-
ciates with other acquired mutations and this may
reveal a co-operating model leading to the transformed
phenotype.34 The WT1 protein is necessary for cell pro-
liferation and differentiation and inhibits apoptosis by
interacting with p53 and bcl2.35,36 FLT3 mutations are
also associated with proliferation of leukemic cells and

inhibition of apoptosis.37,38 Thus, both alterations might
contribute to leukemogenesis resulting in proliferating
leukemic cells incapable of differentiation and with
their programmed cell death inhibited.

In conclusion, this study shows that the WT1/GUS
ratio is associated with FLT3 mutations at presentation
and that it is an independent prognostic factor for pre-
dicting relapse in patients with AML. If these results
are confirmed in prospective studies involving large
number of patients, WT1 quantification could be
included as part of an initial evaluation to establish
more defined risk groups.
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