Annals of Oncology

Table 1. Characteristics:of Ph(~) ALL patients undergoing myeloablative allo-SCT, according to the disease status

CR, complete remission; PIF, primary induction failure; BM, bone marrow; allo-SCT, allogeneic stem cell transplahtation; CY, cyclophosphamide; TBI, total
body irradiation; CA, cytarabine; BU, busulfan; GVHD, graft-versus-host disease. k o
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Figure 1. Transplant outcomes by a donor source for 917 Ph(—) ALL patients who underwent myeloablative allo-SCT in CR1. (A) Overall survival;
(B) cumulative incidence of relapse; (C) cumulative incidence of non-relapse mortality (NRM). RD, related donor; URD, unrelated donor; CB, cord blood.

0.83-1.44), P=0.53; CB: HR 1.20 (95% CI 0.76-1.89), P=0.43
(versus RD)]. Among CB recipients in CR1, only age at allo-
SCT (>45 years) was a significant prognostic factor in
multivariate analysis [HR 2.89 (95% CI 1.43-5.81), P =0.003].
CD34-positive cell dose was not a significant prognostic factor.
Subgroup analyses of CR1 patients younger than 45 years
showed that OS after CB allo-SCT (N = 65) was significantly
better than that after mismatched URD allo-SCT (N =47) in
CR1 (68% versus 49% at 4 years, P = 0.04).

relapse and NRM amohg patients transplanted
in CR1

The cumulative incidence of relapse was significantly lower in
patients who underwent URD allo-SCT than in those who

underwent RD or CB allo-SCT (25% in RD, 17% in URD, and
22% in CB at 3 years; P=0.02) (Figure 1B). The results of
multivariate analysis showed that abnormal cytogenetics, non-
TBI preparative regimens, and RD were significant risk factors
for relapse (Table 2).

The cumulative incidence of NRM was significantly lower in
patients who underwent RD allo-SCT: than in those who
underwent URD or CB allo-SCT (13% in RD, 23% in URD,
and 27% in CB at 3 years; P'=0.0001) (Figure 1C). The results
of multivariate analysis showed that >45 years of age at allo-
SCT, JALSG intermediate or high risk, HLA partially matched
or mismatched, non-TBI preparative regimens, transplantation
between 1998 and 2004, <6 or >10 months from diagnosis to
allo-SCT, and URD were significant risk factors for NRM
(Table 2).
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Table 2. Outcomes for adult Ph(-) ALL patients undergoing myeloablative allo-SCT in CR1: multivariate analyses (N=917)

Ph(-), -ALL' indicates . Philadelphia - chromosome-negative - acute lymphoblastic leukemia; : allo-SCT,  allogeneic stem. cell transplantation; CR, complete
remission; TBI, total body irradiation; BM, bone marrow. . :

causes;of‘ death émong,patién't"sk',";rahsplanted in CR1 other outcomes of allo-SCT arﬁbng patients

The frequency of relapse was significantly higher in patients: transplanted in CR1

who underwent RD allo-SCT (P = 0.001). Infection, organ The cumulative incidence of neutrophil recovery or platelet
failure, GVHD, and interstitial pneumonia were the major recovery was significantly lower in patients'who underwent CB
causes of NRM, and the incidence of hemorrhage was allo-SCT (neutrophil recovery: 98% in RD, 98% in URD, and’
significantly higher in patients who underwent CB allo-SCT 72% in CB at day 100, P.<0.0001; platelet recovery: 95% in RD,
(P =0.009) (Table 3). 91% in URD, and 81% in CB at 1 year, P <0.0001). Among CB
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Table 3. Causes of death for adult Ph(—) ALL patients undergoing
myeloablative allo-SCT in CR1 (N'=917)

Ph(-), ALL indicates Phﬂadelphia chromosome-negative  acute
lymphoblastic leukemia; allo-SCT, allogeneic stem cell transplantation; CR,
complete remission; BM, bone marrow; GVHD, graft-versus-host disease;

TMA, thrombotic microangiopathy; ARDS, acute respiratory distress
syndrome; SOS, sinusoidal obstruction syndrome.

recipients, time to neutrophil engraftment was associated with
a CD34-positive cell number (<1 x 10°/kg: day 22 versus
>1x 10°/kg;: day 19, P=0.02).

The cumulative incidence of grade III-IV acute GVHD was
significantly higher in patients who underwent URD allo-SCT
(8% in RD, 18% in URD, and 11% in CB at day 100;
P=0.008).

Among assessable patients who survived at least 100 days
after allo-SCT, no significant difference was observed between
RD, URD, and CB allo-SCTs in the incidence of chronic
GVHD (34% in RD, 38% in URD, and 31% in CB at 3 years;
P=0.52)

allo-SCT in subsequent CR

Although- it was concluded from the results of a study by
MRC/ECOG that RD allo-SCT in CR1 could achieve the best
result [10]; there is still plenty of room to discuss allo-SCT
beyond CR1 for patients who could not find a suitable donor
or maintain CR1. Among 300 patients transplanted in
subsequent CR, there were no significant differences in OS
between RD, URD, and CB allo-SCT's (47% in RD, 39% in
URD, and 48% in CB at 4 years; P = 0.33). The results of
multivariate analysis showed that JALSG intermediate- or
high-risk and cytogenetic abnormalities [hypodiploid, £(4;11)
or #(8;14)] were significant risk factors for OS (Table 4). The
donor source was not a significant risk factor [URD: HR 1.28
(95% CI 0.90-1.82), P=0.17; CB: HR 1.01 (95% CI 0.61-1.67),
P=0.97 (versus RD)].

The cumulative incidence of relapse was not statistically
different among patients who underwent RD, URD, and CB
allo-SCTs (31% in RD, 26% in URD, and 29% in CB at 3
years; P =0.48). The results of multivariate analysis showed
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Table 4. Outcomes for adult Ph(—) ALL patients undergoing
myeloablative allo-SCT in subsequent CR: multivariate analyses (N = 300)

Ph(=) ALL indicates Philadelphia chromosome-negative acute
lymphoblastic leukemia; allo-SCT, allogeneic stem cell transplantation;
CR, complete remission.

that cytogenetic abnormalities [hypodiploid, £(4;11), or #(8;14)]
were significant risk factors for relapse (Table 4). ‘
Similarly, the cumulative incidence of NRM was not
statistically different among patients who underwent RD, URD,
and CB allo-SCTs (21% in RD, 36% in URD, and 27% in CB
at 3 years; P =0.46). The results of multivariate analysis
showed that >45 years of age at allo-SCT and JALSG
intermediate or high risk were significant risk factors for NRM

. (Table 4).

allo-SCT in non-CR

Among 509 patients transplanted in non-CR, there were no
significant differences in OS among patients who underwent
RD, URD, and CB allo-SCTs (15% in RD, 21% in URD, and
18% in CB at 4 years; P=0.20). The results of multivariate
analysis showed that >45 years of age at allo-SCT, cytogenetic
abnormalities, HLA partially matched or mismatched, and
non-TBI preparative regimens were significant risk factors for
OS (Table 5). The donor source was not a significant risk
factor [URD: HR 0.99 (95% CI 0.79-1.24), P=0.96; CB: HR
1.09 (95% CI 0.78-1.53), P=0.61 (versus RD)].

The cumulative incidence of relapse was not statistically
different among patients who underwent RD, URD, and CB
allo-SCTs (59% in RD, 42% in URD, and 58% in CB at 3
years; P =0.35). However, the results of multivariate analysis
showed that the donor sourceas well as cytogenetic
abnormalities [hypodiploid, ¢(4;11), or #(8;14)] and non-TBI
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Table 5. Outcomes for adult Ph(—). ALL patients undergoing
myeloablative allo-SCT in non-CR: multivariate analyses (N'= 509)

Ph(=), . ALL indicates ' Philadelphia
lymphoblastic leukemia;  allo-SCT, allogeneic stem . cell transplantation;
TBI, total body irradiation.

chromosome-negative  acute

preparative regimens were significant risk factors for relapse
(Table 5).

The cumulative incidence of NRM was not statistically
different among patients who underwent RD, URD, and CB:
allo-SCT's (39% in RD, 42% in URD; and 45% in CB at 3
years; P =0.17). The results of multivariate analysis showed
that >45 years of age at allo-SCT, cytogenetic abnormalities,
HLA partially matched or mismatched, and non-TBI
preparative regimens were significant risk factors for NRM
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(Table 5). Post-transplant lymphoproliferative disorder was
observed in one patient, and there was no association with the
use of ATG.

discussion

This report presents the results for the largest series of adult
Ph(~) ALL patients who underwent allo-SCT. There were no
significant differences between RD, URD, and CB allo-SCTs in
any disease stage, suggesting that.CB allo-SCT could be-a
treatment of choice for all disease stages of patients without a
suitable RD or URD. There were no significant survival
differences between BM and PBSC recipients in any disease
stage (data not shown), which was consistent with other
studies [27, 28]. Interestingly, OS after CB allo-SCT was
significantly better than that after HLA-mismatched URD allo-
SCT for CRI1 patients younger than 45 years of age. These
results might indicate advantages of CB allo-SCT when carried
out for patients without an HLA-matched donor at an
appropriate timing. .

The major finding in this study is that OS was compatible
between RD, URD, and CB allo-SCTs for Ph(~) ALL in CR1,
even though NRM rates were higher in URD and CB allo-
SCTs than RD allo-SCT. This is because of higher relapse rates
in RD allo-SCT compared with URD and CB allo-SCTs. The
low NRM rates due to the lower incidence of acute GVHD in
our population might result from the differences in ethnic
background [29, 30]. Although the NRM rates after allo-SCT
in CR1 were not significantly different from those of URD allo-
SCT in CR1, the causes of NRM would be different between
URD and CB allo-SCTs. Hemorrhage due to insufficient
platelet recovery and infection due to graft failure or delayed
neutrophil recovery would be the major causes of NRM after
CB allo-SCT in'CR1. Since delayed engraftment is one of the
most common limitations of CB allo-SCT [31-33], several
attempts such as double cord units [34-36], intra-BM injection
[37-39], and ex vivo expansion [40, 41] have been made to
ensure engraftment. Although CD34-positive cell dose was not
a significant risk factor for OS in this study, engraftment was
delayed among patients who received fewer CD34-positive cells
as previously reported: [42]. Although all patients who
underwent CB allo-SCT administered single CB intravenously,
the technical progression of CB all-SCT could also improve the
outcome of Ph(—) ALL as well as other hematological
malignancies [21, 43-49] by reducing NRM.  +:

Our results also indicated that CB allo-SCT beyond CR1
could achieve OS similar to that of RD or URD allo-SCT. It is
noteworthy that some; but not all, patients with refractory
disease could be rescued by CB allo-SCT as well as RD or-URD
allo-SCT [12]. Among patients transplanted in non-CR,
survival of patients transplanted at >10 months from diagnosis
was significantly superior to:that of those transplanted <10
months from diagnosis (data not shown), suggesting that
patients who could await a suitable donor or those with late
relapse could obtain the.advantages of allo-SCT. These patients
could not have survived long with chemotherapy alone, and -
therefore, CB could be a hope of survival for patients with
refractory disease:who: donot have a suitable RD or URD.
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To our knowledge, this is the first and largest analysis of CB
allo-SCT for Ph(=) ALL alone (N =233). Recently, the results
of a large retrospective analysis of a donor source that included
data of 1525 patients (including 165 patients who underwent
CB allo-SCT) were reported by the Center for International
Blood and Marrow Transplant Research, the National Cord
Blood Program, the European Group for Blood and Marrow
Transplantation, and the Eurocord-Netcord registry [50]. The
number of ALL patients who underwent CB allo-SCT was
limited to 89 including both Ph(+) and Ph(—) ALL patients.
The results of disease-specific analyses were also reported from
Japan [CB; Ph(+): N=43, Ph(~): N="71] [51] and Minnesota
(CB: N=69) [52], with data of Ph(+) and Ph(—) ALL patients
being analyzed together. Statistical techniques to adjust
heterogeneities of the study population were used in those
studies. Although we agree with the methodology of the above-
described studies and the conclusions that support the use of
CB for ALL patients without a suitable RD or URD, Ph(+) and
Ph(—) ALL should be analyzed separately in an era of TKIs to
obtain data which would be useful in clinical situations [9].
Our study clearly confirmed the usefulness of CB for Ph(-)
ALL in any disease status.

In this type of retrospective study, selection biases from
different backgrounds of patients who underwent RD, URD,
and CB allo-SCTs could not be eliminated [12]. Considering
that CB allo-SCT has not yet been recognized as a standard
treatment of Ph(—) ALL, the background of CB-recipients
might be worse than that of other sources, that is, CB allo-
SCT might be carried out for patients whose prognosis is
considered to be poor without allo-SCT. In addition, since
the median interval from diagnosis to allo-SCT in CR1 was
similar between RD and CB allo-SCTs, the time-censoring
effect, a major bias described elsewhere [12, 53, 54], did not
affect our results. Although we could not make a
comparison between chemotherapy and allo-SCT, our study
could suggest promising data to broaden the choices of
donor source.

In conclusion, the outcomes were comparable between RD,
URD, and CB allo-SCTs in any disease status, and these may
be considered equivalent options for patients with Ph(—) ALL.
In the absence of a suitable RD or URD, CB allo-SCT should
be planned promptly for Ph(—) ALL patients so as not to miss
the appropriate timing.
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Abstract

A study to evaluate WT1T mRNA expression levels in peripheral
blood (PB) and bone marrow aspirate (BM) was conducted in
172 patients, including 115 with myelodysplastic syndromes
(MDS), in Japan. The level of WT1 mRNA expression was
evaluated according to the French-American-British (FAB) and
World Health Organization {(WHO) classifications (2001, 2008)
and using the International Prognostic Scoring System and the
WHO Prognostic Scoring System scales. WT1 mRNA expression
levels in PB and BM were well corrélated (r=0.85), and they
tended to increase with disease stage progression and in those
at higher risk of leukemic transformation. WT1 mRNA expression
can be a useful marker for the diagnosis and risk evaluation
of MDS. ‘

Keywords: Myelodysplastic syndromes, WT1 mRNA expression,
classification system, peripheral blood, bone marrow

Introduction

Myelodysplastic syndrome (MDS), a clonal disorder of pluri-
potent hematopoietic stem cells, is a blood disease charac-
terized by dysplasia and ineffective hemopoiesis. Approxi-
mately 20-30% of cases of MDS undergo transformation to
acute myeloid leukemia (AML) [1].

The expression of Wilms' tumor gene (WTI) has been
found to be a new prognostic factor and marker for the detec-
tion of minimal residual disease (MRD) in acute leukemia,
including AML and acute lymphocytic leukemia (ALL) [2]. A
recent study has revealed the clinical relevance of measuring
WT1 mRNA for monitoring MRD in AML, primarily due to its
high rate of expression (93.9%) in the peripheral blood (PB)
of incipient untreated patients with AML, secondarily due to
its ability to predict relapse after complete remission {CR),
and finally because its levels after conysol’idati,on therapy
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show a significant correlation between diseasc-{ree survival,
overall survival and early relapse [3]. WT1 mRNA expression
occurs not only in AML but also in the PB and bone marrow
(BM) of patients with MDS [4-9].

Tamaki et al. [4] examined the level of WT1 mRNA
expression in PB and BM from 57 patients with MDS
grouped by ‘the French-American-British (FAB) classifica-
tion, and 12 patients experienced AML-MDS progression.
The results revealed that WT1 mRNA expression in both
PB and BM progressively increased with disease stage
progression, from refractory anemia (RA), refractory anemia
with excess of blasts (RAEB), refractory anemia with excess
of blasts in transformation (RAEB-t), and to AML, suggesting
the possibility that the WT1 mRNA expression level reflects

the disease stage progression of MDS. Particularly, the

patient group who developed leukemia from RAEB or RAEB-t
within 6 months showed significantly higher WT1 mRNA
expression in PB compared with the group who did not [4].

In accordance with that study, Cilloni et al. [6] measured
WT1 mRNA expression levelsin PB and BM from 131 patients
with MDS, and found that: (1) WT1 mRNA expression in
PB and BM was confirmed in 78% and 65% of patients with
RA, respectively; (2) WT1 mRNA expression in PB and
BM was confirmed in all patients with RAEB and secondary
AML; (3) the level of WT1 mRNA cxpressmn increased with
disease stage progression; and (4) the WT1 mRNA expression
tevel was well correlated with the International Prognostic
Scoring System (IPSS) scores established by Greenberg
et al. {10].

In addition to the IPSS, the World Health Organization
(WHO) Classification-Based Prognostic Scoring System
(WPSS) has been proposed as a prognostic scoring system
for MDS [11]. The WPSS consists of three characteristics:
WHO subtype classification, considered to be important as a
prognostic factor; IPSS-based karyotype abnormalities; and
transfusion dependency.

Both the IPSS and WPSS require a chromosomal test as
a primary parameter. However, because there are cases in
which chromosomal abnormalities cannot be determined
[12-14], it is necessary to establish molecular- and genetic-
based methods to diagnose and determine the prognosis
of MDS. The relatively rapid quantitation of WT1 mRNA is
considered to be a useful test to determine the prognosis of
MDS and has potential for clinical application, to become
a novel marker to complement the current IPSS and WPSS
criteria. We performed a clinical study in patients with MDS
to demonstrate the usefulness of measuring the WT1 mRNA
expression level in PB and BM in the diagnosis and treatment
of MDS.

Patients and methods

This study was conducted in accordance with the Declara-
tion of Helsinki, and preliminary approval was obtained
from the Institutional Review Board or equivalent organi-
zation of each participating institution. Explanations of the
study protocol were provided to all patients, and written
informed consent was obtained from them before study
enrollment.
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Patients

From December 2008 to September 2009, 175 patients
with MDS, suspected MDS and AML-MDS examined at
17 Japanese medical institutions were enrolled in the study.
The subjects were 20 ycars of age or older and entered in
the study regardless of gender, inpatient/outpatient status,
or presence or absence of treatment. The 175 patients com-
prised 106 men:(age range 27-88 years, average 65.5:years)
and 69 women (age range 22-85 years, average 64.5 years).
PB and BM samples from each patient were collected on the
same day and used for WT1 mRNA measurement. Three of
the 175 enrolled patients were excluded because BM could
not be collected due to a dry tap or because the subtype
could not be diagnosed. A total of 172 patients were therefore
included in the final analysis set.

Diagnosis

Diagnosis of MDS was carried out using a central review
format based on the I'AB classification [15], the 2001 WHO
classification [16] and the 2008 WHO .classification [17].
Central review of the bone marrow smear-stained specimens,
blood smear-stained specimens, iron-stained specimens,
and clot hematoxylin and cosin-stained specimens was
carried out by two individuals, one each in the Depart-
ment of Hemato-Oncology, Saitama International Medical
Center, Saitama Medical University, and the Department of
Laboratory Medicine, Kawasaki Medical School.

WT1 mRNA measurement method

mRNA was extracted from PB leukocytes and BM nucleated
cells at SRL, Inc., Tokyo, Japan using the RNeasy Mini-Kit
(Qiagen, Valencia, CA), and the amount containing
WT1 mRNA was measured at the Research Laboratory,
Diagnostic Division, Otsuka Pharmaceutical Co., Ltd.,
Tokushima, Japan using a WT1 mRNA Assay Kit (Otsuka
Pharmaceutical Co., Ltd., Tokyo, Japan). cDNA was synthe-
sized from 1 g of extracted RNA in a reverse-transcription
reaction using random hexamer primers. The amounts of
WT1 and GAPDH (glyceraldehyde 3-phosphate dehydroge»
nase) mRNA were quantitated using real-time polymerase
chain reaction (PLR) with a COBAS TagMan48 analyzer
(Roche Diagnostics, Pleasanton, CA), and the respective
amounts of WT1.and GAPDH RNA in the sample were
calculated by simultaneous reaction with standards of
known concentrations. k

Method for calculatmg WT1 mRNA expression

mRNA of the universally expressed housekeepmg gene
GAPDH was used for correction of variations in the efficien-
cies of RNA extraction and reverse transcription. As shown in
the following formula, the level of WT1 mRNA expression was
calculated by dividing the measured amount of WT1 mRNA
by the measured amount of GAPDH mRNA and multiplying
that value by the average number of copies of GAPDH mRNA
found in 1 pg of RNA from PB leukocytes of healthy adults
(GAPDH mRNA cxpression). The average GAPDH mRNA
expression in PB leukocytes of healthy adults was reported
to be 2.7-X 107 copies/jtg RNA based on independent tests'in
healthy adults [3].
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WT1 mRNA expression (copies/lg RNA) = (ineasured
WT1 mRNA [copies/mL}/measured GAPDH mRNA [copies/
mL]) X 2.7 X 107 (copies/pg RNA)

PB cut-off value

The lower limit of the WT1 mRNA measurement range in-the
WT1 assay kit is 2500 copies/mL, or 50 copies/ptg RNA when
converted to copies per microgram of RNA. In this study, a
value of 50 copies/jig RNA was set as the cut-off value for
WT1 mRNA expression, and a value of 50 or more copies/jig
RNA was judged as positive according to the instruction
manual of the WT1 mRNA assay kit.

Statistical analysis

The mean * SD for the log-transformed values of WT1T mRNA
expression (copies/jig RNA) was calculated, and then con-
verted back to base 10 and used as the geometric mean. All
data below the detection limit were shown as 49 copies/pg
RNA. For intergroup comparison of WT'1 mRNA expression,
a Tukey-Kramer honestly significant difference (FISD) test
was performed at the level of significance of p<0.05 using
log-transformed values of WT1 mRNA expression (copies/|ig
RNA). For comparison of WT1 mRNA expression between
the aplastic anemia (AA) and RA groups, a Wilcoxon rank-
sum test and Steel test were performed at the level of sig-
nificance of p<0.05 using log-transformed values of WTI
mRNA expression (copies/jig RNA). The Pearson correlation
coefficient was used for analysis of each correlation.

Results

As a result of the central review conducted on all
172 patients, 115 were classified as patients with MDS in

the FAB classification, excluding chronic myelomonocytic
leukemia (CMML). Similarly, 98 patients in the 2001 WHO
classification and 97 in the 2008 WHO classification were
classified as patients with MDS (Figure 1).

Analytical results based on FAB classification

WT1 mRNA expression in PB and BM

The 172 patients eligible for analysis were categorized by dis-
ease type, and their WT1 mRNA expression levels in PB and
BM are shown in Table 1. The mean WT1 mRNA expression
level in the 115 patients with MDS (excluding CMML) was
360 copies/ug RNA in PB and 2240 copies/png RNA in BM,
and these values were the second highest after the values
obtained in patients with AML-MDS (PB: 12 600 copies/uig
RNA; BM: 33 100 copies/ug RNA). On the other hand, the
WT1 mRNA expression level was less than 50 copies/ug
RNA in PB and 90-630 copies/jtg RNA in BM in patients with
AA, idiopathic cytopenia of unknown significance (ICUS),
idiopathic thrombocytopenic purpura (ITP), paroxysmal
nocturnal hemoglobinuria (PNH), pure red-cell aplasia
(PRCA) and erythroid hypoplasia, which were all lower
compared with the level in MDS.

The relationship between WT1 mRNA expression in PB
and BM was evaluated in all patients. The regression line
formula y=0.7329x+1.4407 was obtained, indicating a
strong correlation (r = 0.85) (Figure 2).

WTT mRNA expression in PB and BM for each MDS

disease stage

When the WT1 mRNA expression levels in PB and BM
were compared for each MDS subtype based on the FAB
classification [Figure 3(a)], the level in both increased
proportionally with each MDS classification as the disease

FAB classification

WHO
2001 classification

WHO 2008
classification

1.RA (32)

1.RA (69)
X\

2RARS (9)  =z1]]

\

4.RAEB-T(13)
AML(11)

(10)

AML (23)

2.RARS (2)

3.RCMD (27) <~
\.

)\ ®)
L . y 3)
@) 4.RCMD RS(?)\\ 5(1)
3.RAEB (24) wid b 5.RAEB-1(9) <= (8) }-X\~—"P» 4.RAEB-1(9)
\ N .

. b 0
4 6.RAEB-2 (16) — /s -~ (16)» 5.RAEB-2 (16)

7.MDS-U (3) /

8.MDS 5q-(2)
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— (22) —4 1.RCUD (25)
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Figure 1.FAB and WHO classification of myelodysplastic syndromes in this study. FAB classification-based MDS subtypes (four subtypes: RA, RARS,
RAEB and RAEB-t), 2001 WHO-based MDS subtypes (cight subtypes: RA, RARS, RCMD, RCMD-RS, RAEB-1, RAEB-2, MDS-U and MDS 5q - ), 2008
WHO-based MDS subtypes (seven subtypes: RCUD; RARS, RCMD, RAEB-1, RAEB-2, MDS-U and MDS 59— ). Numbers in parentheses represent

numbers of patients,

255



WT1 mRNA in myelodysplastic syndromes 1453

Table I. WT1 mRNA expression levels in PB and BM from patients with different MDS subtypes and AML-MDS$

according to FAB classification.

WT1 mRNA exprcssion level

Peripheral blood Bone marrow

Log Geometric mean Log Geometric mean:
Disease No. ofpatients  (mean = SD)  (copies/ug RNA)  (mecan * SD) . (copies/ug RNA)
MDS - 115 2.56 * 1.05 360 3.35+0.87 2240
AML-MDS 11 4.10 £ 0.96 12600 4.52*+0.77 33100
AML-MDS (CR) 2 1.89 +0.20 80 ©2.98%0.39 1000
CMML : 3 2.17%0.54 150 - 3.04*=0.54 1100
CLL 1 1.92 80 3.33 2140
Atypical CML 1 — <50 1.95 90
AA 8 — <50 2.64 %037 440
ICUS 3 — <50 2.16 = 0.36 140
ITP 1 — <50 2.13 130
PNH 1 o <50 2.8 630
PRCA 2 - <50 2,17*0.12 150
Erythroid hypophsxa 1 — <50 1.94 90
Unclassified 23 2:14 +0.56 140 2.96 £0.61 910
Total 172 2.50 = 1.05 320 3.27x0.90 1860

PB, peripheral blood; BM, bone marrow; MDS, myclodysplastic syndromes; AML-MDS, acute myeloid' leukemia-evolved MDS;

FAB, French-American-British; CR, complete remission; CMML, chronic myelomonocytic leukemia; CLL,

chronic lymphocytic

leukemia; CMI, chronic myeloid leukemia; AA, aplastic anemia; ICUS, idiopathic ¢ytopenia of unknown significance; ITP, idiopathic
thrombocytopenic purpura; PNU, paroxysmal nocturnat hemoglobinuria; PRCA, pure red-cell aplasia.

stage progressed. Significant differences in both PB and
BM expression were seen between RA and RAEB, RA and
RAEB-t, refractory anemia with ringed sideroblasts (RARS)
and RAEB, and RARS and RAEB-t (p < 0.05).

WTT mRNA expression in PB and BM foreach

IPSS risk group

WT1 mRNA expression levels in PB and BM for c‘xch IPSS risk
group were compared in the 115 patients with MDS, A ten-
dency for WT1 mRNA expression to increase in both PB and
BM was observed in each IPSS risk group as the risk of trans-
formation to AML increased from low to high. Significant dif-
ferences (p <0.05) in WT1 mRNA expression were observed
in risk groups between low and intermediate-2, low and high,
intermediate-1 and intermediate-2, and intermediate-1 and
high in PB samples; and between low and intermediate-1,
low and intermediate-2, low and high, intermediate-1

Log BM WT1 mRNA (copies/pg RNA)

6 -
o o
5 1 0
08
4 N 0 Q)
&9
°30(%9o°° n=172
3 000 & y=0.7329x +
1.4407
2 r=0.85
q 4
0 T T T T T Y
0 1 2 3 4 5 6

Log PB WT1 mRNA (copies/lg RNA)

Figure 2. Correlation of WT1 ' mRNA expression in PB and WT1 mRNA
expression in BM.

and intermediate-2, and intermediate-1:and higher in BM
samples [Figure 3(b)]. The correlation between IPSS score
and WT1 mRNA expression was evaluated, and a correlation
of r=0.57 was found for both PB and BM samples.

Next, the WT1 mRNA expression levels in PB and BM
between IPSS risk groups were compared in-the 69 patients
with RA [Figure 3(c)]. As the risk increased from low to inter-
mediate-2, the level of WT1 mRNA expression in both PB
and BM increased. Moreover, when the distribution of WT1
mRNA expression between each risk group was evaluated,
a significant difference {p <0.05) was found in PB between
low and intermediate-2; in BM, significant differences
were found between low and intermediate-1, and low and

. intermediate-2.

Correlation between IPSS karyotype and WT1

mRNA expression

A total of 114 patients with MDS were categorized into the
three prognostic groups of good, intermediate and poor in
accordance with their IPSS karyotype, and the levels of WT1
mRNA expression-in their PB and BM samples were com-
pared. One patient with MDS was excluded from this analysis
because chromosome testing was not performed. The WT1
mRNA expression level increased in both PB and BM sam-
ples as the karyotype indicated a poorer prognosis. Among
karyotypes, significant differences (p <0.05) in WT1 mRNA
expression were found between the good and intermediate
and between the good and poor groups [Figure 3(d)].

Correlation between WT1 mRNA expression

and percentage of blasts in BM

The correlation between blast ratio and WT1 mRNA expres-
sion in PB and BM was investigated in 114 patients with MDS
(excluding one patient in whom the blast ratio could not be
measured). The correlation between blast ratio and PBWTI
mRNA expression was 1= 0.51, and.the correlation between
blast ratio and BM WT1 mRNA expression was r= 0.48:

256



L5¢

(a) [PUREIS TP - Lix DMUA 3T mRA . (b) Tog it i S aithA Lvg oMW TR\
Lopatug KN Segmra RNAT HagwEpg RAT Cavpeewing RAAY
_ = [ ae—
S 0 v g e "
° “
3 * 7 “ N b N & % b4
o y P B o -%s
oo i % + :
ey > A . g
o o™ y % ,?. B 8 d ‘“5
1. - & + - b
° % > g o & vl 4
| ° 1+ 7 b & o e t:3
R - Waravip kv o
1+ 1~ =
o v A Y ©
RAL 154 ¥a *ARS RAL o *ALB4 [ st [} [ Lo art a2 Migh
N o peticrar 04 v u 5 o - 1 o o oL pennts v a1 H g 19 ) I (14
STEakNA kgonm Y Tue ) Yo by Ve ast AN ARy e i~ 2 ¥ Vi 14 i va a2t
: o p N W eKn A x 1
:::.‘Tx:&::x: RS e o e G wu [ ey ey “w 0 1o a3 w 4% e 150

() .

om e g = =
e . B © © o
s 54 9 - < . =
. - =, o E
. & & Eo o w3 & o ESS
4 - 1 =N +] > 5] Y o N &
. ] u - ot — & s b e =
R . 3 Ry Eaverre:iord e ' e o2 = e wo &
S — P 12 2, 8 o
: . . tid - >4 o7 IR : > & 24 P
S oapmr g bNA 3 7 Woary, KL = -
H . 1 " i - .

° 3 a o
Tom bt teae2 i ey et Vana weten e e PR e
o of patcer 1 a4 1 is 0 . o ot rmmrr 2 Ey 5y 1o ;
WU K g Ay Vi fie e e ey a0 ARy e i tn Y i Yov o
W aWiA paenun . :‘, wli g Sveryn - o o i N
P vt “ e g et o indd PO * " o v v
( ) T, ePs—T i R
“ G ) — 2 2 o ~ ==
| o —
|Commm—— e s
’ = “ ' 7 % o
d &
8 54 . 4
4 . @ S 3 .
2 T o= - @ Fow
s - 2 o = s R I <=
L T & -
: & s .2 3 P
Miyarng A I Qoprag ki
: ' +
° T ) a B} -
S ) X LI g N ] 0; . T v
R ‘),7 &P o o - P 5 o o
V& &7 &8 Y
o 4l inint o2 ¥ T v 3 2 to it H % « o o R
W AN bt FEYI FE T O R R A i WSy 1 " [ES R S TR S0
A TS RN oot " <3 . TR B [ BRI Comaus o o Yo uN R Ny i NN a3t 7 -.
Pt st ty Mo Bl aw e 69w i 53 Tocen g KT VY d [ v e B
Tukes hrwmer 1851100
(9) e
=7 7 «7 v g [Famainns)
TR 77.""'“’ .
. “ = o &
s a - 8 % <
4 B 4 P 5 <=
—_ a b -5 2 J,m
- % <~ S
s P T oty ¥ & o
o N A HE & °
3 el 2 < &P hind
Loy ik
; |
- v 0 " T 0 ™
v e e i~ o ey LY b few w e ven
. - [y iy
Ao of panses B » 1 o I . » 1) 10 Hi -
AR Ly e (1] 10 3 AR A Pl ing AR R tyl duy
& 71ty \ praaminn ar B P MES en B =Y (22 EiE ) tabin
ream Livan 1gKAAY « » a i E

Figure 3. WT1 mRNA expression levels in PB and BM from patients with MDS (a) according to FAB classification, (b) according to IPSS category, (c) patients with RA according
to IPSS category, (d) according to chromosoimal karyotype, (e) according to WHO 2001 classification, (f) according to WHO 2008 classification, (g) according to WPSS category:
In intergroup comparison of WT1 mRNA expression, the Tukey-Kramer HSD test was performed- using log-transformed values of WT1 mRNA expression with a level of
significance of p < 0.05. Bold lines represent mean WT1 mRNA expression after log transformation. Fine lines represent lower limit of detection of WT1 mRNA (50 copies/ug
RNA).. :
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Analytical results based on 2001 WHO classification

WT1 mRNA expression in PB and BM for each MDS disease
stage based on 2001 WHO classification

Figure 3(e) shows the assay results for WT1 mRNA expres-
sion in PB and BM in 98 patients in various MDS disease
stages categorized on the basis of the 2001 WHO classifi-
cation. The WT1 mRNA expression levels in both PB and
BM tended to increase with the progression to each MDS
subtype. When the levels of WT1 mRNA expression in each
disease stage were investigated, significant differences
(p<0.05) were found in PB between RA and refractory
cytopenia with multilineage dysplasia (RCMD), RA and
RAEB-1; RA and RAEB-2, RARS and RAEB-2, RCMD and
RAEB-2, RCMD with ringed sideroblasts (RCMD-RS)
and RAEB-2, RAEB-2 and unclassified MDS (MDS-U), and
RAEB-2 and 5q— syndrome; in BM, significant differences
were found between RA and RAEB-2, RCMD and RAEB-2,
and RCMD-RS and RAEB-2.

Correlation between WTT mRNA expression and percentage
of blasts in BM based on 2001 WHO Classification

The correlation between the blast ratio and WT1 'mRNA
expression in PB and BM was investigated in 97 patients with
MDS (excluding one patient in whom the blast ratio could
not be measured). The correlations between the blast ratio
and WT1 mRNA expression were r=0.50 in PB and r= 0.46
in BM.

Analytical results based on 2008 WHO classification

WT1 mRNA expression in PB and BM for each MDS disease
stage based on 2008 WHO classification

Figure 3(f) shows the assay results for WT1 mRNA expression
in PB and BM in a total of 97 patients in various MDS disease
stages categorized on the basis of the 2008 WHO classifica-
tion. WT1'mRNA expression in both PB and BM tended to
increase with the progression to each MDS subtype.

When the distribution of WT1'mRNA expression for each
disease stage was examined, significant differences (p < 0.05)
were found in PB between refractory cytopenia with uni-
lineage dysplasia (RCUD) and RCMD, RCUD and RAEB-1,
RCUD and RAEB-2, RARS and RAEB-2, RCMD and RAEB-1,
RCMD and RAEB-2, RAEB-1 and MDS-U, and RAEB-2 and
MDS-U; in BM, signiﬁcam differences were found between
RCUD and RAEB-1, RCUD and RAEB-2, and'RCMD and
RAEB-2. :

Correlation between WT1 mRNA expression and
percentage of blasts in BM based on 2008 WHO
classification i ,

The correlations between: blast ratioc and WT1 mRNA
expression in 96 patients (excluding one patient with MDS
whose blast ratio could not be measured) were r = 0.50 in PB
and r=0.46in BM.

WT1 mRNA expression in PB and BM for each

WPSS risk group

WT1 mRNA expression in PB and BM was compared in
98 patients with MDS classified according to WPSS risk

WT1 mRNA in myelodysplastic syndromes 1455

group [Figure 3(g)]. As the risk increased from very low to
very high, WT1 mRNA expression in both PB and BM also
tended to rise. When the distribution of WT1 mRNA for each
risk group was evaluated, significant differences (< 0.05)
were found in both PB and BM between very low and
high, very low and very high, low and high, low and very
high, intermediate and high, and intermediate and very high.
Moreover, when the correlation between the WPSS score
and WTL mRNA expression was investigated, the values
were r=0.61 in PB and = 0.55 in BM.

Differential diagnosis between RA and AA

Differential diagnosis based on WT1 mRNA expression

in PB samples

The WT1 mRNA expression level in PB was less than
50 copies/ng RNA in all eight patients with AA, whereas it
was less than 50 copies/[ig RNA in 34 patients with RA and
50-52 100 copies/itg RNA in 35 of 69 patients with RA. The
statistical analysis by Wilcoxon rank-sum test revealed a
statistical difference between eight patienits with AA and
65 patients with RA (p=0.01). Sixty-nine patients with RA
were further categorized into three groups by bone marrow
findings: hypoplastic RA (n = 20), hyperplastic RA (n= 15)
and normoplastic RA (1 = 30), excluding the non-categorized
RA (n=4). Significant diffcrences were observed between
AA and ‘cach of hypoplastic (p=0.04) or normoplastic
RA (p=0.02), whereas no. difference was shown between
the AA and hyperplastic RA group (p=0.10) by Steel test
(Figure 4). From these findings, a differential diagnostic
cut-off value between RA and AA of 50 copies/ug RNA for
WTI1 mRNA expression in PB is considered appropriate, for
which the sensitivity was 50.7% (35/69) and the specificity
was 100% (8/8).

. Differential diagnosis based on WTT mRNA expression

in BM samples
The WT1 mRNA expression level in BM was 251-2600
copies/jtg RNA in eight patients with AA, whereas it was less
than 50 copies/ug RNA in one of 69 patients with RA and
69-196 000 copies/jtg RNA in the others. The statistical anal-
ysis by Wilcoxon rank-sum test revealed no statistical differ-
ence between eight patients with AA and 65 patients with RA.
Sixty-nine patients with RA were similarly categorized into
three groups: hypoplastic, hyperplastic and normoplastic
RA, excluding the non-categorized RA. Statistical analysis
by Steel test revealed a significant difference between AA
and normoplastic RA groups (p=0.04), whereas there
were no significant differences between the AA and each of
hypoplastic RA and hyperplastic RA groups (Figure 4).
When receiver operating characteristic (ROC) analysis
was performed to evaluate the performance of BM WT1
mRNA expression as an indicator to differentiate between RA
and AA, the area under the curve was 0,713, and the Youden
index (18] showed 432 copies/jlg RNA. Moreover, the sensi-
tivity was 69.6% (48/69), and the specificity was 75.0% (6/8)
(Supplementary Figure to be found online at http://informa
healthcare.com/doi/abs/10.3109/10428194.2012.745074).
When the PB cut-off value of 50 copies/iig RNA
was inserted into the regression line formula obtained
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Figure 4. Comparison of WT1 mRNA expression between AA and RA groups (hypoplastic, hyperplastic and normoplastic RA). In intergroup
comparison of WT1 mRNA expression, Steel test was performed using log-transformed values of WT1 mRNA expression with a level of significance
of p<0.05. Bold lines represent mean WT1 mRNA expression after log transformation. Fine lines represent lower limit of detection of WT1 mRNA

(50 copies/ug RNA).

from the correlation between WT1 mRNA expression in
PB and BM (Figure 2), BM WT1 mRNA expression became
480 copies/ug RNA. When 500 copies/ug was evaluated
as the cut-off value for BM WT1 mRNA expression, the
sensitivity was 68.1% (47/69) and the specificity was 75.0%
{6/8). Based ‘on ‘these results, 500 copies/ug RNA' was
considered to be an appropriate cut-off value for the difl-
ferential diagnosis between RA and AA using WT1 mRNA
expression in BM.

Comprehensive analysis using cut-off values

The PB and BM samples in each disease and MDS subtype
were [urther evaluated for their WT1-positive rates, using the
WT1 mRNA expression cut-off values determined above (PB:
50 copies/{ig RNA; BM: 500 copies/pg RNA) (Table II). For
AML-MDS (11 patients), the WT1 mRNA-positive rates were
a high 100% (11/11) for PB and 90.9% (10/11) for BM, and
in MDS (115 patients), the WT1 mRNA-positive rates were
61.7% (71/115) for PB and 73.0%(84/115) for BM, which were
the second highest after AML-MDS. In contrast, all patients
with AA, ICUS, ITP, PNH, PRCA and erythroid hypoplasia

Table II. WT1 mRNA-positive rate in PB and BM f{rom patients
with different MDS subtypes and ‘AML-MDS according to FAB
classification. :

WT1 mRNA-positive rate (%)

Subtype No. of patients Peripheral blood Bone marrow
RA 69 50.7 (35/69) 68.1 (47/69)
RARS 9 44,4 (4/9) 44.4 (4/9)
RAEB 24 83.3(20/24) 87.5(21/24)
RAEB-t 13 92.3(12/13) 92.3(12/13)
AML-MDS 11 100.0 (11/11) 90.9(10/11)
Total 126 65.1 (82/126) 74.6 (94/126)

PB, peripheral blood; BM, bone marrow; MDS, myelodysplastic syndromes;
AML-MDS, acute myeloid leukemia-cvolved MDS; FAB, French-American-
British; RA, refractory anemia; RARS, refractory anemia with ringed sideroblasts;
RAEB, refractory anemia with excess of blasts; RAEB-1, refractory anemia with
excess of blasts in transformation,
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had low positive rates of 0% for PB and 18.8% (3/16) for BM.
The WT1 mRNA-positive rates for PB-and BM increased with
MDS disease stage progression (Table I1).

Discussion

In this study, the clinical usefulness of the measurement
of WT1 mRNA expression in risk assessment of MDS was
evaluated using a WT1 assay kit. Recently, a steady stream of
reports has indicated the usefulness of WT1 mRNA measure-
ment. The group of Cilloni [6] confirmed that WT1 mRNA
expression potentially fulfills all the requirements for an
additional marker for risk assessment in MDS, compared
with the conventional methods. The measurement of WT1
can be effective, particularly in cases in which BM aspiration
and/or cytogenetic analysis-{ail or are not informative [6}.

Furthermore, in their findings in'a long-term prospective
study, Tamura et al. [19] reported that a significant correla-
tion (p = 0.0186) was seen between WT1 mRNA expression
and survival time when WT1 mRNA expression in PB was
categorized into three groups of less than 102 10%-10%, and
greater than 10" copies/ug RNA, that the median survival
time for each group was 62.7 months, 29.9 months and 11.6
months, respectively; and that the time until transformation
to leukemia was the shortest in the group with the highest
WT1 mRNA expression. In addition, they reported that in
univariate analysis, WT1 mRNA expression was a predictive
parameter for transformation to leukemia, and in multivari-
ate'analysis, it was a significant predictive parameter along
with the IPSS score [19].-As described above, Tamaki et al.
reported similar findings [4].

This study was conducted using not only the FAB classi-
fication system but also the 2001 and 2008 WHO classifica-
tion systeins. It was confirmed that in all three classification
systems, WT1 mRNA' expression in both PB and BM
increases significantly in MDS subtypes with ‘disease stage



progression. Inaddition, both PB and BMWT1 mRNA expres-
sion increased significantly as the risk of transformation to
AML rose in the IPSS and WPSS risk groups. Furthermore,
a correlation of r=0.57 between the IPSS score and WTI
mRNA expression was seen in both PB and BM. The correla-
tions between the WPSS score and WT1 mRNA expression
were r=0.61 in PB and r=0.55 in BM. In comparison with
the IPSS, the WPSS allows the assessment of survival time and
progression of leukemic transformation at all time periods
during the clinical course, leading to continued prognostic
evaluation while reviewing the risk. WT1 mRNA expression
correlates with the WPSS prognosis, and despite the single-
point quantitation, the results in this study indicate that WT1
mRNA is useful as a time-course prognostic marker in the
same manner as the WPSS,

At present, allogeneic hematopoietic stem cell transplant
is the only curative treatment for MDS. However, determina-
tion of the timing of allogeneic transplant is very difficult
because many patients are older, treatment-related deaths
frequently occur, and there are large individual differences

in the rate of disease progression.-Allogeneic transplant -

is selected as the therapeutic regimen for MDS when no
increase in blast cells is confirmed, taking into consider-
ation the development of transfusion dependency and fre-
quency of infections [20]. In addition, allogeneic transplant
is selected when a future increase in blast cells is predicted
by karyotypic analysis even though no increase is currently
observed. It is recommended that transplant be performed
before the progression to cytopenia caused by an increase
in blast cell clones and before the progression to acute leu-
kemia, although induction chemotherapy may be required
when an.increase in blast cells is observed [21]. On the other
hand, another study suggested that delaying transplant until
the advanced stage of disease results in a longer survival
time for low and intermediate-1 IPSS: risk groups, while
early transplant was recommended for the intermediate-2
and high groups [22]. The period after CR is achieved is
considered to be the standard timing to perform transplant
for acute leukemia, but determining CR is extremely chal-
lenging. Our results revealed that periodic monitoring. of
WT1 mRNA expression in patients with MDS provided useful
information for predicting the timing of transplant.

RA, a subtype in the early MDS disease stage, is often
difficult to differentiatc from AA [23]. In a previous study
by Iwasaki et al., no difference in WT1 mRNA expression
was observed between RA and AA [9]. However, our data
revealed. the possibility of WT1 expression level to differ-
entiate AA and RA groups using both peripheral blood and

bone marrow samples (Figure 4). In the present statistical

analysis, significant differences were observed between AA
and hypoplastic RA (p = 0.04) in PB. The number ofsubjecls
was limited, and further trial is required for more detailed
analysis. Moreover, tentative cut-off values for WT1 mRNA
expression were set at 50 copies/ug RNA in PB and 500
copies/pig RNA in BM. Although the number. of patients
was small, the results showed that the level of WT1 mRNA
expression could differentiate between RA and AA, with
specificity in: PB and BM of 100% (8/8) and 75.0% {6/8),
respectively. This provides evidence that.the measurement
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of WT1 mmRNA expression can play a role in the differential
diagnosis of RA and AA.

The WT1 assay kit is used clinically in Japan as a marker
to monitor MRD in patients wth AML. In MDS, a clonal dis-
order of pluripotent hematopoietic stem cells, WT1 mRNA
expression increases depending on the MDS subtype and
discase stage. In contrast, the mechanism by which WT1
mRNA expression increases in MDS is not considered to cor-
relate simply with the fluctuation in leukemic clones, as seen
in AML: In normal hematopoiesis; WT1 mRNA is expressed
mainly in CD34-positive cells. In contrast, in patients with
MDS, WT1 mRNA is also expressed in CD34-negative cells,
particularly in lineages exhibiting abnormalities [24]. In our
study, the level of WT1 mRNA expression within the RA group

- was shown to increase with the increase in IPSS risk {Figure

3(c)]. Moreover, a similar trend of increasing WT1 expres-
sion was found in the RCUD and RCMD groups according
to the 2008 WHO classification, although no significant
increase in blast cells in BM was observed in these groups.
Taken together, these findings indicate that the increase in
WT1 mRNA expression in patients with' MDS may reflect
the divergence of MDS clones from normal clones and
preleukemic changes.

In patients with MDS, evaluating the changes in WT1
mRNA levels simultaneously inPB and -BM samples pro-
vides useful information. on disease stage progression or
risk, assessment. in-individual  patients. In addition, the
WT1 mRNA-positive rate in each subtype of MDS was high
(50-90%).in both PB-and BM in this study, suggesting that
a single measurement of WT1 mRNA is sufficient for MDS
diagnosis, particularly for differentiating RA from AA.

Overall, this study provides evidence that the measure-
ment of the level of WT1 mRNA expression in PB and BM
serves as a supplemental marker. for MDS diagnosis and
prognostic assessment. This assay has great potential to
contribute to more appropriate diagnoses and therapeutic
decisions in patients with MDS and to evaluate the timing of
allogeneic transplant.

Potential conflict of interest: Disclosure forms provided
by the authors are available with the full text of this article at
www.informahealthcare.com/lal.
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