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Figure 1. Supervised hierarchical clustering analysis of the {24
patients using differentially expressed genes between NUP98-NSD | -pos-
itive and -negative patients. Two-dimensional hierarchical clustering
analysis of the 124 patients was performed using 87 probe sets that
were differentially expressed between the NUP98-NSD/-positive and -
negative patients (Table S$3). Each column represents a patient and

HOXB5, and HOXRBG), another homeobox gene
NKX2-3, a zinc finger transcription factor gene
PRDMI6, and a noncoding RNA gene LOCY04266
was particularly marked (Fig. 1). Although HOXAY
and HOXAI0 were also overexpressed in these
patients, their overexpression was shared by many
patients with 11q23 abnormalities (Fig. 1).

Clinical and Molecular Characteristics of NUP98-
NSD[-Positive and NUP98-NSDI-Like Patients

We compared the clinical and molecular features
of the NUP98-NSDI-positive and NUPIS-NSDI-
like patients; there were no significant differences
in terms of age, initial WBC count, gender, FAB
subtypes, and cytogenetics (Table 1). Frequent
gene mutations were also detected in both the
NUPI8-NSD1-positive and -like patients. All six
NUPIS-NSDI-positive patents and 16 NUPIS-
NSD1-like patients had one or several of the muta-
tions analyzed (Table 2). NUPY8-NSDI-positive
patients frequently had class I aberrations, such as
FLT3-TTD (4/6), and NRAS (1/6), KRAS (1/6), and
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each row represents a probe set. The karyotype and the FLT3-[TD,
MLL-PTD, and NPM! mutation status of each patient are indicated. Rel-
ative expression levels normalized to the average for each probe set
are indicated by color, where red and green represent high and low
expressions, respectively.

KJIT (1/6) mutations; however, no class II aberrations
(NPM1 or MLL-PTD) were detected in NUPYS-
NSDI-positive patients. On the other hand, NUPIS-
NSDI-like patients frequently had class II aberra-
tions [MLL-PTD (7/18) and NPM1 (3/18)] in addi-
tion to class I aberrations [FL73-I'TD (8/18), KRAS
(3/18), and KIT (2/18)] (Table 2). Furthermore,
we identified DEK-NUP214, NUPIS-HOXAI3
and MLL-MLLT4 fusion genes, which were gener-
ated by t(6;9(p22;934), t(1;7;11)(q32;p15;p15), and
1(6;11)(q27;q23), respectively, in NUP9S-NSDI-like
patients (Table 2). In addition, we identified another
type of NUP9S8-NSD1 tusion transcript using another
forward primer of NUP98-F’, located on the 5 side
furcher from the known NUP9S junction point (Sup-
porting Information Table S2), in a NUP98-NSD!I-
like patient (Supporting Information Fig. §4).

Clinical and Molecular Characteristics of NUP98-
NSD1 Signature-Positive Patients

When compared with 100 NUP98-NSDI signa-
ture-negative patients, age (median 8.8 years vs.
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TABLE 1. Clinical and Molecular Characteristics of the NUP98-NSD I -Positive and NUP98-NSD | -Like Patients

NUP98-NSD I -positive NUP98-NSD [ -like P-value
Total (n = 24) 6 i8
Age (range), y 7.2 (2-15) 9.3 (0-15) 0.28
Mean WBC (X 10°/)) (range) 115.9 (9.0-329.0) 60.5 (2.3-255.0) 0.31
Gender 0.34
Male 5 (83.3%) 9 (50.0%)
Female I (16.7%) 9 (50.0%)
FAB subtype
MO 0 (0.0%) 1 (5.6%)
M1 1 (16.7%) 4 (22.2%)
M2 0 (0.0%) 2 (11.1%)
M3 0 (0.0%) 0 (0.0%)
M4 2 (33.3%) 6 (33.3%)
M5 2 (33.3%) 4 (22.2%)
Mé 0 (0.0%) 0 (0.0%)
M7 0 (0.0%) 1 (5.6%)
Unclassified P (16.7%) 0 (0.0%)
Cytogenetics
Normal 4 (66.7%) 1 (61.1%) 1.00
t(8;21){q22;q22) 0 (0.0%) 0 (0.0%) 1.00
t(15;17)(q22;q12) 0 (0.0%) 0 (0.0%) 1.00
inv(16)(p13922) 0 (0.0%) 0 (0.0%) 1.00
abnormal 11423 0 (0.0%) 2 (11.1%) 1.00
del(9q) 2 (33.3%) 0 (0.0%) 0.054
Others 0 (0.0%) 5 (27.8%) 0.28
Gene mutations
FLT3-ITD 4 (66.7%) 8 (44.4%) 0.64
DNMT3A 0 (0.0%) 0 (0.0%) 1.00
NPM I 0 (0.0%) 3 (16.7%) 0.55
KIT P (16.7%) 2 (11.1%) 1.00
NRAS 1 (16.7%) 0 (0.0%) 0.25
KRAS 1 (16.7%) 3 (16.7%) 1.00
WTI 2 (33.3%) 3 (16.7%) 0.57
MLL-PTD 0 (0.0%) 7 (38.9%) 0.13

Abbreviations: y, years; WBC, white blood cell count; FAB,French-American-British subtype.

6.7 years; P=0.069) and initial WBC count (me-
dian 74.4 X 10°/ L vs. 49.7 X 10°/ L; P=0.025)
were higher in the 24 NUP98-NSD/ signature-pos-
itive patients. They frequently had a normal
karyotype (62.5%) or del(9q) (8.3%), but did not
have the favorable chromosomal translocations
t(8;21), t(15;17), and inv(16) (Tables 2 and 3). The
frequencies of the M4 and M5 subtypes (14/24;
P<0.001) were higher than in NUP98-NSDI
signature-negative patients.

Prognosis of NUP98-NSD | -Positive
and NUP98-NSD I -Like Patients

Both the 4-year OS and EFS were 33.3% in
NUPISE-NSDI-positive patients and 38.9% in
NUP98-NSDI-like patients, which is significantly
worse than for those with NUP98-NSDI signature-
negative patients (86.0% in OS and 72.0% in EFS;
Figs. 2A and 2B). Five of the six NUP98-NSDI-

positive and 8 of the 18 NUPIS-NSDI-like
patients received allogeneic-stem cell transplanta-
tion (allo-SCT) (Table 2). Of the NUPIS-NSD/-
positive patients, only two of the three who under-
went allo-SCT in first CR are still alive and, in the
NUP9§-NSD1-like patients, all 4 who received
SCT in first CR and 3 of 10 who were treated with
only chemotherapy are still alive without relapse.
All 12 relapsed patients and two who did not
achieve CR died (Table 2). Muldvariate Cox
regression analysis of OS was used to construct a
model including the NUP9S-NSDI signature,
FLT3-ITD, WT1, NPM1, t(8;21), del(9q), and ini-
tial WBC, which were staustically significant in
univariate analysis. In this model, the NUPYS-
NSDI signature and FLT3-I'TD were independent
poor prognostic factors (Table 4). Among the 24
patients displaying the NUP98-NSDI signature,
the outcome of the 12 FLT3-I'TD-positive patients
was worse than that of the 12 FLT3-ITD-negative
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TABLE 2. Individual Characteristics of the NUP98-NSD/ Signature-Positive Patients

Cytogenetic Class i Other Survival
iD Age (y) Sex FAB aberrations NUP98-NSD | Risk CR  Relapse SCT Class | mutations ~ mutations ~ mutations (m)
Al06 5 F Mi 50,XX,+6,+8,del + Off study + - CR | FLT3-ITD - - 63+
(9g7),+21,+22
Al88 10 M U/C  Normal + High + + CR 2 FLT3-TD - WTI 21
A282 2 M M5 46,XY,del(9)(q13q22) + Intermediate  + - CR | FLT3-ITD - - 43+
A325 5 M M5 Normal + High + + CR2 FLT3-TD - - 15
A333 15 M M4 Normal + Intermediate + + - NRAS - - 31
A335 6 M M4 Normal + Intermediate + - CR | KRAS+KIT - WT! 7?
A044 6 M M2 Normal - Intermediate + + - - - - 30
A059 12 F M7 Normal - Intermediate  + + CR 2 FLT3-ITD - WTI 16
A089 9 F M4 Normal - Off study - - Non-CR  FLT3-ITD MLL-PTD - 25
Al54 8 F MO Normal - High + + CR 2 FLT3-ITD - - 20
Al67 2 M M5 Normal - High + - CR | - MLL-PTD - 55+
Al7I 12 M MI 46, XY,e(1;7;11) - intermediate  + - CR I — MLL-PTD wT/ 55+
(g32;p15;p15)
Al73 13 M Mi Normal - Intermediate  + - CR | FLT3-ITD +KIT MLL-PTD WTI 54+
Al99 10 F M5 46,XX,add(10)(p11.2), - Intermediate  + + - KIT+KRAS — - 41
del(11)(q13923)
A202 ) F M4 Normal - Intermediate + - - - NPMI - 50+
A211 14 F Mi 47 XX, +8 +b Intermediate  + + CR 2 FLT3-ITD MLL-PTD - 14
A234 13 M M4 46,XY, t(6;11) - Intermediate  + + - KRAS MLL-PTD - 29
(427;923)
A243 5 F Ml Normal - Intermediate + + - FLT3-ITD - — 8
A245 I F M4 Normal - intermediate  + - - FLT3-TK (D835) NPM I - 46+
A249 0 M M4 46,XY,t(5;6) - Low + - - - - - 46+
(933;922)
A259 5 M M5 46,XY,t(6;9) - Intermediate  + - CR | FLT3-TK (D835) - — 48+
(p23;934) + KRAS
A297 6 M M5 Normal - Off study - - - FLT3-ITD NPMI - 6
A299 13 F M4 Normal - Intermediate -+ + - - MLL-PTD - 27
A355 13 M M2 46, XY,t(15;17) - Intermediate  + + - FLT3-ITD - - 15
(q13:qt1)

Abbreviations: y, years; F, female; M, male; FAB, French-American-British subtype; U/C, unclassified; CR, complete remission; SCT, stem cell transplantation; CR 1, first CR; CR 2, second CR; m, month; +,
alive. The NUP98-NSD I -positive cases are indicated in bold type.
?A335 died of severe GVHD and acute pneumonia.

®Another type of NUP98-NSD! fusion transcript was identified by additional RT-PCR using another forward primer.
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TABLE 3. Clinical and Molecular Characteristics of the NUP98-NSD | Signature Positive and Negative Cases

NUP98-NSD | signature (+) NUP98-NSD ! signature (—) P-value
Total (n = 124) 24 100
Age (range), y 8.8 (0—15) 6.7 (0—15) 0.069
Mean WBC (—10%/) (range) 74.4 (2.3-329.0) 49.7 (1.0-440.0) 0.025
Gender 1.00
Male 14 (58.3%) 57 (57.0%)
Female 10 (41.7%) 43 (43.0%)
FAB subtype®
MO I (4.2%) 3 (3.0%)
Mi 5 (20.8%) 14 (14.0%)
M2 2 (8.3%) 39 (39.0%)
M3 0 (0.0%) 10 (10.0%)
M4 8 (33.3%) 9 (9.0%)
M5 6 (25.0%) HE(11.0%)
Mé 0 (0.0%) 1 (1.0%)
M7 1(4.2%) 12 (12.0%)
Unclassified I (4.2%) 1 (1.0%)
Cytogenetics
Normal 15 (62.5%) HE(11.0%) <0.001
t(8;21)(q22;q22) 0 (0.0%) 41 (41.0%) <0.001
t(15;17)(q22;q12) 0 (0.0%) 10 (10.0%) 0.21
inv(16)(p13q22) 0 (0.0%) 6 (6.0%) 0.60
abnormal 1123 2 (8.3%) 9 (9.0%) 1.00
del(9q) 2 (8.3%) 0 (0.0%) 0.036
Others 5 (20.8%) 23 (23.0%) 1.00
Gene mutations
FLT3-{TD 12 (50.0%) 6 (6.0%) <0.001
DNMT3A 0 (0.0%) 0 (0.0%) 1.00
NPMI 3 (12.5%) 0 (0.0%) 0.007
KIT 3 (12.5%) 12 (12.0%) 1.00
NRAS P (4.2%) 9 (9.0%) 0.69
KRAS 4 (16.7%) 9 (9.0%) 0.28
WT! 5 (20.8%) 6 (6.0%) 0.037
MLL-PTD 7 (29.2%) 14 (14.0%) 0.12

*NUP98-NSD| signature-positive patients were significantly associated with the M4 and M5 subtypes (14/24; P < 0.001) when compared with

NUP98-NSDI signature-negative patients.

patients (4-year OS: 25% vs. 50%), although the dif-
ference was not significant (P = 0.400).

We further analyzed the prognostic significance
of NUP98-NSDI-positive patients and NUP9IS-
NSD1I-like patients other than those with t(15;17)
and Down syndrome because they represent dis-
tinct AML entities. All 10 patients with t(15;17)
and all six patients with Down syndrome were
NUP98-NSDI signature negative. The outcome of
the six patients with NUP9S-NSDI gene fusion
was significantly worse than that of the NUPIS-
NSDI  signature-negative  patients in OS
(P <0.001; 4-year OS: 33.3% vs. 85.7%; Fig. 2C)
and in EFS (P =0.022; 4-year EFS: 33.3% versus
70.2%; Fig. 2D). Furthermore, the outcome of the
18 NUPYIS-NSDI-like AML patients was signifi-
cantly worse than that of the NUP98-NSDI signa-
ture-negative patients in OS (P <0.001; 4-year OS:
38.9% versus 85.7%; Fig. 2C) and in EFS

(P=0.002; 4-year EFS: 38.9% versus 70.2%;
Fig. 2D).

DISCUSSION

In this study, we found 24 patents with
NUPY8-NSDI-related gene expression signature,
including six with the NUP98-NSDI gene fusion
(NUPIS-NSDI-positive) and 18 without (NUPIS-
NS&DI-like). This signature represented 19% (24/
124) of all pediatric AML patents and 58% (15/
26) of all cytogenetically normal cases (Fig. 3).
Our results also revealed that the NUPIS-NSDJ
signature, irrespective of the presence of the
NUP98-NSDI fusion, is a novel poor prognostic
factor in AML.

The relationship between NUPIS-NSDI-posi-
tive AML and NUP98-NSDI-like AML, resembles
that of BCR-ABL-positive acute lymphoblastic

Genes, Chromosomes & Cancer DOT 10.1002/gec
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Figure 2. Survival based on NUP98-NSD/ status by Kaplan-Meier method. Comparison of
NUP98-NSD | -positive, NUP98-NSD I-like, and NUP98-NSD! signature-negative patients as regards
OS (A) and EFS (B). Comparison of NUP98-NSD!-positive, NUP98-NSD!-like patients, and
NUP98-NSD! signature-negative patients other than t(15;17) and Down syndrome, as regards OS

(C) and EFS (D).

TABLE 4. Multivariate Analysis of OS of the Pediatric AML

Patients
P-value SE HR  Lower CI Upper Ci
NUP98-NSD!  0.005 0.38 2.89 1.38 6.02
signature

FLT3-ITD 0.005 0.40 3.06 .41 6.63
WT! 0.20 0.54 0.50 0.18 1.43
NPM] 0.49 1.05 048 0.06 3.77
t(8;21) 0.18 0.46 0.54 0.22 1.32
del(9q) 097 37169 <0.001 <0.00] -

Initial WBC  0.10 0.002 1.00 1.00 1.0l

Abbreviations: SE, standard error; HR, hazard ratio; Cl, confidence
interval.

leukemia (ALL) and BCGR-ARBL-like ALL (Den Boer
et al., 2009; Mullighan et al., 2009). In their gene
expression analyses, a significant number of geneti-
cally unclassified B-cell precursor ALL patients clus-
tered together with BCR-ABI.-positive patients, and
these BCR-ABI-like patents had a poor prognosis,
similar to BCR-ABL-positive patients. Recently, it
was reported that some BCR-ABl-like patients
express tyrosine kinasefcytokine receptor gene-
related fusion genes, such as NUPZ2/4-ABLI,

Genes, Chromosomes & Cancer DOI 10.1002/gcc

EBFI-PDGFRB, BCR-JAKZ, and STRN3-JAKZ
(Roberts et al., 2012). Thus, as potentially important
fusions might be detected in NUPIS-NSDI-like
patients, we performed RT-PCR using various
primer sets for detecting NUPIS-HOXAY, NUPIS-
HOXA1l, NUP9S-HOXA13, NUP9S-TOPI, NUP9IS-
PRRX1I, NUP98-DDX10, NUP9S-MILL, NUPIS-
NSD3, DEK-NUP214, MLL-MLLT4, and other junc-
tion points of NUPIS-NSD1 (Supporting Information
Table S2). As a resule, ((6;9)/DEK-NUP214, «(1;7;11)/
NUP9S-HOXAI3, and w(6;11)/MLL-MLLT4, which
are well-known poor prognostic markers, were found
in some NUP98-NSDI-like patients in our study
(Table 2). Furthermore, another type of NUPYS-
NSDI fusion transcript was identified in a NUP9S-
NSD/-like patient (Supporting Information Fig. $4).
This fusion transcript has previously been reported
in an adult patient with refractory anemia with
excess blasts (ILa Starza et al., 2004). It is likely that
other NUP9S8-NSDI-like patients also have unknown
fusion genes with the same functions as NUPYIS-
NSDI gene fusion.

It has been reported that hematological malig-
nancies with NUP98-fusion genes are strongly
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Figure 3. The NUP98-NSD/ signature is frequent in pediatric AML. Frequencies of NUP98-
NSD/ signature-positive patients in the total pediatric AML cohort {A) and in cytogenetically nor-

mal AML (B).

associated with class I murtations (Chou et al.,
2009; Taketant et al, 2010). Interestingly,
NUP98-NSDI-positive patients had only class 1
aberrations, except for W77 mutations, although
NUP98-NSD1-like patients frequently had Class I1
aberrations (NPMI mutations, MLL-PTD, and the
NUPIS-HOXAI13, MLL-MLLT4, and DEK-NUP214
fusion genes) in addition to class 1 aberrations.
Because the NUP98-NSDI fusion is considered to
act as a Class II aberration, no additional Class I
aberrations might be necessary for leukemogenesis
in NUP98-NSD1I-positive patients.

The frequency of FLT3-ITD was higher than
other mutations in both NUPIS-NSDI-positive
and NUP98-NSDI-like patients. Many studies
have shown that FL73-I'TD has a negative impact
on outcome in both adult and pediatric AML
patients. In fact, in this study, FLT3-ITD was an
independent poor prognostic factor in addition to
the NUP9§-NSDI signature (Table 4). This sug-
gests that the NUP98-NSDI signature and FLT3-
ITD play a key potental role in AML patients
with poor prognosis.

Among the 100 NUP98-NSDI signature-nega-
tive patients, 23 patients relapsed and of those
patients, nine died. On the other hand, of the 24

NUPYS-NSDI  signature-positive  patients, 13
patients relapsed and all of those died. Except for
2 patients who did not achieve CR, 12 of the 22
NUPIS-NSDI signature-positive patients received
allo-SCT. Six of the seven patients (86%) who
received allo-SC'T in first CR were still alive with-
out relapse; however, all five patients who
received allo-SCT in second CR died. Only three
patients were alive among the 10 patients who
were treated with chemotherapy alone. Thus, allo-
SCT is recommended in first CR of NUPIS-NSD1
signature-positive patients.

In the NUP98-NSDI signature-positive patients,
the HOXA9, HOXAI0, HOXB3, HOXB5, and
HOXB6 genes were up-regulated (Fig. 1). NUPIS
1s frequently fused to homeobox genes, and some
NUP98-homeobox and NUPI§-non-homeobox
fusion genes were revealed to activate HOXA clus-
ter genes in hematopoietic cells (Gough et al,
2011). Overexpression of some HOX genes is
known to enhance the self-renewal of hematopoi-
etic stem and progenitor cells and to perturb dif-
ferentiation (Grier et al., 2005). It is expected that
the aberrant expression of /0X genes plays an im-
portant role in the leukemogenesis of AML dis-
playing the NUP98-NSDI signature. In addition,
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two transcription factor genes, PRDMI6 and
NKX2-3, were markedly up-regulated (Fig. 1).
PRDM1I6 (also known as MELI) was originally iso-
lated as a translocated gene in t(1;3)(p36;q21)
AML (Mochizuki et al., 2000) and encodes a zinc
finger protein with a PR domain, which is critical
for the establishment and maintenance of the he-
matopoietic stem cell pool (Agulio et al., 2011).
NKX2-3 is an NKX family homeobox gene (Pabst
et al., 1999), whose involvement in leukemogene-
sis has not been reported; however, its highly ho-
mologous paralog NKXZ2-5 is rearranged and
ectopically expressed in T-cell ALL with
(5;14)(q35;q32) and t(5;14)(q35;q11.2) (Nagel et al,,
2003; Przybylski et al., 2006). Taken together, these
data suggest that both PRDM16 and NKX2-3 play
an important role in leukemogenesis.

Our results indicate that the NUP9S-NSDI-
related gene expression signature is associated
with a poor outcome in addition to the NUPYS-
NSDI gene fusion in pediatric AML. Most of the
patients displaying the NUP98-NSDI signature
were classified into an intermediate risk group, but
their unfavorable outcome suggests that a high-
risk group is a more suitable stratification.
Although further investigations are necessary, we
believe that our work contributes to improving the
risk stratification of pediatric AML.
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PBSCT Is Associated With Poorer Survival and Increased Chronic GvHD
Than BMT in Japanese Paediatric Patients With Acute Leukaemia and
an HLA-Matched Sibling Donor
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Background. Peripheral blood stem cells (PBSC) may be used as
an alternative to bone marrow (BM) for allogeneic transplantation.
Since peripheral blood stem cell bank from unrelated volunteer donor
has been started in Japan, use of PBSC allografts may be increased.
Therefore we surveyed the outcomes of Japanese leukemia children
after PBSC and BM transplantation. Procedure. This retrospective
study compared the outcomes of 661 children (0~18 years) with acute
lymphoblastic leukaemia (ALL) or acute myeloid leukaemia (AML)
who received their first allogeneic peripheral blood stem cell
transplantation (PBSCT; n=90) or bone marrow transplantation
(BMT; n=>571) from HLA-matched siblings between January 1996
and December 2007. Result. Neutrophil recovery was faster after
PBSCT than after BMT (ALL: P<0.0001; AML: P=0.0002), as was
platelet recovery (ALL: P=0.0008; AML: P=0.0848). However, the

Key words:

acute leukaemia; bone marrow transplantation; children; chronic graft-versus-host disease; peripheral blood stem cell
transplantation

cumulative incidence of chronic graft-versus-host disease (GvHD)
was higher after PBSCT than after BMT (ALL: 26.0% vs. 9.9%,
P=0.0066; AML: 41.6% vs. 11.1%, P < 0.0001). The 5-year disease-
free survival (DFS) was lower after PBSCT than after BMT for ALL
(40.6% vs. 57.1%, P=0.0257). The 5-year overall survival (OS) was
lower after PBSCT than after BMT for ALL (42.4% vs. 63.7%,
P=0.0032) and AML (49.8% vs. 71.8%, P=0.0163). Multivariate
analysis revealed the use of PBSC was a significant risk factor for DFS
and OS. PBSCT and BMT did not differ in relapse rate, acute GvHD for
ALL and AML, or in DFS for AML. Conclusion. PBSC allografts in
Japanese children engraft faster but are associated with poorer
survival and increased chronic GvHD. Pediatr Blood Cancer 2013;
60:1513-1519.  © 2013 Wiley Periodicals, Inc.

INTRODUCTION

Allogeneic peripheral blood stem cell (PBSC) transplantation
(PBSCT) was established along with allogeneic bone marrow (BM)
transplantation (BMT) in the last decade [1-7]. In October 2010, a
bank that stores PBSC from unrelated volunteer donors was estab-
lished in Japan. Other progress in this area in Japan relates to the
registration of haematopoietic stem cell transplantation (HSCT),
which, until five years ago, involved four separate registry organisa-
tions. However, in 20006, the registers of these organisations were
computerised and unified under the Transplantation Registry Unified
Management Program (TRUMP) [8]. In 2008, the HSCT data of
paediatric patients that had been stored on paper in the four registries
were entered into TRUMP electronically. TRUMP has thus made it
possible to analyse the paediatric HSCT data with greater accuracy.

While several prospective and retrospective randomised
controlled trials (RCTs) and meta-analyses that compared BMT
and PBSCT have been published [3.4,6,9-15], most have focused
on adult patients only. To survey the outcomes of Japanese children
after allogeneic HSCT from related donors, TRUMP data were used
to conduct a retrospective, multi-centre study that compared the
outcomes of 661 paediatric patients with leukaemia after their
transplantation with allogeneic PBSC or BM from HLA-matched
siblings. The impact of chronic graft-versus-host disease (GvHD)
after transplantation was also examined.

PATIENTS AND METHODS
Study Population

The Japan Society for Haematopoietic Cell Transplantation uses a
standardised reporting form to collect the data of individual transplant
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patients from each transplant centre. Follow-up reports are also
submitted annually after transplantation. Between January 1996 and
December 2007, the data of 1,048 paediatric patients with acute
lymphoblastic leukaemia (ALL) or acute myeloid leukaemia (AML)
who underwent a myeloablative preparative regimen and allogeneic
BMT or PBSCT from a family donor were reported to the Japan
Society for Haematopoietic Cell Transplantation. Patients were
excluded from the study if their data were incomplete (n = 20), if they
hadreceived BM together with PBSC (n = 15), if they received grafts
from father or mother (n = 322), orif they received grafts from anyone
other than an HLLA-identical sibling or a sibling whose HL A matched
inall but one antigens (n = 30). Asaresult, 661 patients were included
in this study. This study was approved by the Data Management
Committee for the Nationwide Survey of the Japan Society for
Haematopoietic Cell Transplantation.

Methods of HLA Typing

The method of HLA typing varied from time to time among
participated institutes. In general, serological or low-resolution
HLA typing was performed by lymphocyte cytotoxicity test until
2003 and reversed SSO after 2003. High-resolution HLA typing
was done for class II alleles by PCR-RFLP from 1992 to 2000, and
done by SBT for class I and II after 2000.

Engraftment Evaluation

Neutrophil engraftment was defined as an absolute neutrophil
count greater than 0.5 x 10°L occurring on the first of three
consecutive days. Platelet engraftment was defined as the first day
with a platelet count greater than 50 x 10%/L without further need
for platelet transfusions.

End Points and Definition

End points were assessed on the date of last patient contact and
were analysed on the 31 October 2009. The study end points were
relapse rate (RR), disease-free survival (DFS), overall survival (OS),
acute and chronic GvHD and transplantation-related mortality
(TRM). Acute GvHD was graded according to standard criteria by
the attending physicians of each hospital [16]. Chronic GVHD was
graded as limited (localised skin or single organ involvement) or
clinically extensive [17]. The reported causes of death were reviewed
and categorised and TRM was defined as death with no evidence of
disease. DFS was defined as survival without evidence of relapse, the
event under study being death or relapse. Patients who died as a result
of relapse or disease progression after transplantation were
considered to have died of their original disease.

Risk status at transplantation was categorised as either standard
or high. Standard-risk (SR) disease included ALL in first or second
complete remission (CR1, CR2) except when it was Philadelphia
chromosome-positive [Ph (+)] or exhibited mixed-lineage leukae-
mia gene (MLL) rearrangement. SR disease also included AML in
CR1 or CR2. All other diseases status were categorised as high-risk
(HR) disease.

Statistical Analysis

The cumulative incidences of neutrophil and platelet recovery,
acute and chronic GvHD, relapse, survival and TRM of the PBSCT
and BMT groups were compared by using the log-rank test to

Pediatr Blood Cancer DOI 10.1002/pbc

compare Kaplan and Meier curves. The 95% confidence intervals
(CIs) were calculated by using the Greenwood formula [18]. The
significance of all other differences between both groups was
estimated by using the Chi-square test for categorical variables and
the Kruskal-Wallis test for continuous variables. Multivariate Cox
analysis [19] was used to study the potential effect of the following
factors on OS and DFS: age, diagnosis, disease risk, stem cell
source and donor-recipient HLA compatibility.

RESULTS

Patient Characteristics

The data of 661 paediatric patients with acute leukaemia who
underwent their first stem cell transplantation were analysed. The
patients were divided according to whether they had ALL (n=411) or
AML (n = 250). The characteristics of these two groups are shown in
Table I. Of the ALL group, 60 (15%) received PBSCT and 351 (85%)
received BMT. Of the AML group, 30 (12%) received PBSCT and 220
(88%) received BMT. The ages of both the ALL and AML groups
ranged from 0 to 18 years and the median ages were both 9.0 years. For
the ALL group, 247 (60%) and 164 (40%) had SR and HR disease
respectively, while 202 (81%) and 48 (19%) of the AML group had SR
and HR disease, respectively. The PBSC and BMrecipientsinthe ALL
and AML groups did not differ in terms of gender (ALL, P =0.28;
AML, P =0.23) or conditioning regimen (ALL, P =0.37, AML, P =
0.42). But for the ALL group, the PBSC recipients were significantly
older than the BM recipients (ALL, P < 0.01; AML, P =0.20).

These ALL and AML groups were also divided further
according to the disease risk into SR and HR subgroups. For all
four subgroups, the gender ratios of the PBSC and BM recipients
did not differ significantly (ALL SR, P=0.29; ALL HR, P=0.93;
AML SR, P =0.64; AML HR, P =0.23). The ages of the PBSC and
BM recipients did not differ significantly either except for in the
ALL HR subgroup, where PBSCT was associated with a
significantly higher median age than BMT (ALL SR, P=0.13;
ALL HR, P<0.01; AML SR, P=0.12; AML HR, P =0.89).

Engraftment Associated With PBSCT and BMT in ALL
and AML

In the ALL group, 59/60 and 350/351 patients after PBSCT and
BMT survived more than 28 days, while in the AML group, 30/30
and 220/220 patients after PBSCT and BMT survived more than
28 days. Of these surviving patients in ALL, engraftment occurred
in 58 (98.3%) patients after PBSCT and 346 (98.9%) patients after
BMT. Of the surviving patients in AML, 29 (96.7%) patients after
PBSCTand 219 (99.5%) patients after BMT exhibited engraftment.

The median times to recovering a neutrophil count of >0.5 x 10°/
L for the ALL and AML groups and their SR and HR subgroups are
shown in Figure 1. For the ALL group, PBSCT and BMT were
associated with median times of 13 and 16 days (P < 0.0001).
Similarly, the median times after PBSCT and BMT in the ALL SR
subgroup were 13 and 16 days (P < 0.0001), respectively. For the
ALL HR subgroup, these times were 13 and 16 days (P = 0.0003),
respectively. The median times after PBSCT and BMT in the AML
group were 12.5 and 17 days, respectively (P = 0.0002), while for the
AML SR subgroup, they were 12 and 17 days, respectively
(P <0.0001). However, in the AML HR subgroup, PBSCT (14.5
days), did not differ significantly from BMT (18 days) in terms of
neutrophil recovery (P = 0.1795). Thus, PBSCT was associated with
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ALL (n=411) AML (n=250)
PBSC BM P-value Total PBSC BM P-value Total

Number of patients 60 (15) 351 (85) 411 30 (12) 220 (88) 250
Median age, years [range]  11.0 [4-18] 8.0 [0-18] <0.01 9.0 {0-18]  11.5 [0-17] 9.0 [0-18] 0.20 9.0 [0-18]
Sex (male/female) 33727 222/129 0.28 255/156 14/16 132/88 0.23 146/104
Risk group 0.03 <0.01

Standard risk 28 (47) 219 (62) 247 (60) 18 (60) 184 (84) 202 (81)

High risk 32 (53) 132 (38) 164 (40) 12 (40) 36 (16) 48 (19)
Conditioning regimen 0.37 0.42

TBI-based 44 (73) 279 (79) 323 (79) 11 (37) 102 (46) 113 (45)

Chemotherapy-based 16 27) 72 (21) 88 (21) 19 (63) 118 (54) 137 (55)
GVHD prophylaxis

CSA+short MTX 32 (53) 167 (48) 199 (48) 18 (60) 108 (49) 126 (50)

CSA alone 9 (15) 49 (14) 58 (14) 5@17) 23 (10) 28 (11)

Short MTX alone 7(12) 94 (27) 101 (25) 1(3) 65 (30) 66 (26)

FK506+short MTX 5(8) 15 (4) 20 (5) 00 84 8(3)
Standard risk

Median age, 10.5 [4-17] 8.0 [1-18] 0.13 8.0 [1-18] 12.0 [0-17] 9.0 [0-18] 0.12 9.0 [0-18]

years [range]

Sex (male/female) 15/13 144/75 0.29 159/88 9/9 108/76 0.64 117/85
High risk

Median age, 11.0 [5-18] 8.0 [0-18] <0.01 9.0 [0-18] 9.0 [1-16] 10.0 [0-17] 0.89 10.0 [0-17]

years [range]
Sex (male/female) 18/14 78/54 0.93 96/68 5/7 24/12 0.23 29/19

ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; BM, bone marrow; PBSC, peripheral blood stem cell; TBI, total body
irradiation; CSA, cyclosporine; MTX, methotrexate. Standard-risk disease includes ALL in first or second complete remission (unless Philadelphia
chromosome positivity or mixed-lineage leukemia gene rearrangement was present) and AML in first or second complete remission. High-risk
disease includes all other diseases statuses. Values are given as n (%).
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significantly faster neutrophil recovery than BMT in total ALL, ALL
SR, ALL HR, total AML and AML SR.

As shown in Figure 1, for the ALL group, the median times to
recovering a platelet count of >50 X 10°/L after PBSCT and BMT
were 19 and 28 days, respectively (P =0.0008). For the ALL SR
subgroup, the times after PBSCT and BMT were 19 and 28 days,
respectively (P = 0.0403), while for the ALL HR subgroup, the times
were 21 and 29 days, respectively (P = 0.0075). For the AML group,
these times after PBSCTand BMTwere 19.5 and 28 days, respectively
(P =0.0848), while the times for the AML SR subgroup were 18 and
26.5 days, respectively (P =0.0013). For the AML HR subgroup,
these times were 30 and 35 days, respectively (P = 0.8885). Thus,
PBSCTwas associated with significantly faster platelet recovery than
BMT in the ALL group, ALL SR, ALL HR and AML SR.

Relapse Rate, Disease-Free Survival and Overall Survival
Associated With PBSCT and BMT in ALL and AML

As shown in Supplementary Figure 1, the RR after PBSCT and
BMT did not differ significantly for ALL and AML or their SR and
HR subgroups (total ALL, P =0.0663; ALL SR, P=0.0977; ALL
HR, P=0.7708; total AML, P=0.1549; AML SR, P=10.4334;
AML HR, P=0.9871).

PBSCT and BMT in the ALL group were associated with 5-year
DEFS values 0of 40.6% and 57.1%, respectively (P = 0.0257; Fig. 2A)
and with OS values of 42.4% and 63.7%, respectively (P = 0.0032;
Fig. 2A). Inthe AML group, PBSCT and BMT were associated with
S-year DFS values of 52.9% and 67.4%, respectively (P = 0.0677;
Fig. 2D) and OS values of 49.8% and 71.1%, respectively
(P=0.0163; Fig. 2D). In ALL SR, PBSCT and BMT were
associated with 5-year DFS values of 59.1% and 70.5%,

>

respectively (P =0.2584; Fig. 2B) and OS values of 58.2% and
76.9%, respectively (P =0.0579; Fig. 2B). In ALL HR, PBSCT and
BMT were associated with 5-year DFS values of 23.0% and 34.0%,
respectively (P =10.2930; Fig. 2C) and OS values of 28.8% and
40.1%, respectively (P = 0.2507; Fig. 2C). In AML SR, PBSCT and
BMT were associated with 5-year DFS values of 71.8% and 72.5%,
respectively (P=10.8519; Fig. 2E) and OS values of 68.6% and
77.3%, respectively (P = 0.6297; Fig. 2E). In AML HR, PBSCT and
BMT were associated with 5-year DFS values of 25.0% and 40.0%,
respectively (P =0.4275; Fig. 2F) and OS values of 22.2% and
43.2%, respectively (P =0.1339; Fig. 2F).

As shown in Table II, multivariate Cox analysis revealed that
PBSCT was significant risk factor for a poorer DFS (HR =1.37;
95% CI, 1.01-1.88; P =0.044) and OS (HR =1.51; 95% CI, 1.09-
2.09; P =0.013). In addition, having HR disease was found to be a
significant adverse risk factor for DFS (HR =3.32; 95% CI, 2.59-
4.26; P<0.001) and OS (HR=3.58; 95% CI, 2.73-4.70;
P <0.001).

Acute GvHD Associated With PBSCT and BMT in ALL
and AML

As shown in Supplementary Figure 2, PBSCT was associated
with higher cumulative incidences of grades I[I-IVacute GVHD than
BMTonly in AML HR (57.6% vs. 23.2%, P = 0.0264) but not in the
ALL group (31.2% vs. 21.8%, P =0.0826), ALL SR (26.0% vs.
19.7%, P =0.4255), ALL HR (34.9% vs. 25.4%, P =0.1784), the
AML. group (33.9% vs. 18.0%, P =0.0506) and AML SR (15.4%
vs. 17.1%, P =0.8503). Six patients died of grade IV acute GVHD:
one patient with ALL after PBSCT, two patients with ALL after
BMT and three patients with AML after BMT.
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Fig. 2. Disease free survival and overall survival. A: total ALL; (B) ALL standard-risk; (C) ALL high-risk; (D) total AML; (E) AML standard-risk;
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TABLE II. Multivariate Model of Prognostic Risk Factors for Disease Free Survival and Overall Survival
Disease free survival Overall survival
Hazard 95% Hazard 95%

Variable ratio conf. interval P-value ratio conf. interval P-value
Diagnosis: AML vs. ALL 0.91 0.70-1.18 0.470 1.03 0.78-1.36 0.849
Risk group: HR vs. SR 3.32 2.59-4.26 <0.001 3.60 2.74-4.72 <0.001
Stem cell source: peripheral 1.38 1.01-1.88 0.044 1.51 1.09-2.09 0.013

blood vs. bone marrow

AML, acute myeloid leukaemia; ALL, acute lymphoblastic leukaemia; HR, high-risk; SR, standard-risk; HLA, human leucocyte antigen.

As shown in Supplementary Figure 2, the camulative incidences
of grades III-IV acute GvHD was similar for PBSCT and BMT in
the ALL group (9.1% vs.7.7%, P =0.7741), ALL SR (0% vs. 4.8%,
P=0.3027), ALL HR (16.2% vs. 12.6%, P =0.5896), the AML
group (15.7% vs. 8.5%, P=0.3268), AML SR (9.1% vs. 8.3%,
P =0.9534) and AML HR (27.1% vs. 9.8%, P =0.1729).

Chronic GvHD Associated With PBSCT and BMT in
ALL and AML

Shown in Figure 3, PBSCT was associated with a higher
cumulative incidence of any grade of chronic GvHD than BMT for
the ALL group (52.6% vs. 19.6%, P = 0.0002), ALL SR (39.7% vs.
18.3%, P =0.0007), ALL HR (48.8% vs. 21.6%, P =0.0949), the
AML group (56.3% vs. 23.1%, P=0.0002), AML SR (40.2% vs.
21.0%, P =0.0905) and AML HR (81.8% vs. 39.7%, P =0.0027).
Similarly, as shown in Figure 3, the cumulative incidence of
extensive chronic GvHD was significantly higher in PBSCT than

BMT for the ALL group (26.0% vs. 9.9%, P=0.0066), ALL SR
(24.3% vs. 8.3%, P=0.0059), the AML group (41.6% vs. 11.1%,
P <0.0001), AML SR (30.6% vs. 9.9%, P =0.0215) and AML HR
(56.4% vs. 23.5%, P =0.0046). However, the difference observed
in ALL HR did not achieve statistical significance (36.4% vs.
12.7%, P=0.3225). In addition, as shown in Figure 3, the
cumulative incidence of limited chronic GvHD was higher after
PBSCT than after BMT for the ALL group (34.6% vs. 10.6%,
P =0.0172) and ALL SR (39.0% vs. 10.8%, P = 0.0419), but it was
similar for ALL HR (18.1% vs. 9.9%, P =0.1812), the AML group
(23.1% vs. 13.2%, P=0.3273), AML SR (12.8% vs. 12.0%,
P =0.9658) and AML HR (54.5% vs. 20.6%, P =0.2462).

Transplantation-Related Mortality Associated With
PBSCT and BMT in ALL and AML

As indicated by Figure 4, for the ALL group, cumulative
incidences of TRM in PBSCT and in BMT were 5.1% and 4.0% at
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Fig. 4. Cumulative incidence of transplantation-related mortality. A: total ALL; (B) ALL standard-risk; (C) ALL high-risk; (D) total AML; (E)

AML standard-risk; and (F) AML high-risk.

100 days, 8.8% and 9.6% at 1 year and 28.2% and 15.3% at 3 years,
respectively (P=0.2162). For the AML group, cumulative
incidences of TRM in PBSCT and in BMT were 3.3% and 1.8%
at 100 days, 21.6% and 6.0% at 1 year and 33.7% and 12.7% at
3 years, respectively (P =0.0100). Thus, for both ALL and AML,
PBSCT and BMT were associated with similar TRM incidences
early after transplantation, PBSCT is associated with higher TRM
incidences later after transplantation, only for the AML group and
AML HR (ALL SR, P=0.3956; (ALL SR, P=0.3956; ALL HR,
P=0.7926; AML SR, P=09837; AML HR, P=0.0072;
Supplementary Table I). :

DISCUSSION

This retrospective study compared the outcomes of allogeneic
HSCT using two stem cell sources, namely BM or PBSC, in 661
Japanese children with acute leukaemia. The stem cell donors were
HLA-matched sibling donors and the study was based on data
acquired between January 1996 and December 2007. It was
observed that PBSCT was associated with more rapid haemato-
poietic recovery than BMT, as has also been shown in most previous
studies with adult patients [3,4,9,11-15] and paediatric
patients [20]. The OS and DFS were significantly lower after
PBSCT than after BMT.

Multivariate analysis revealed that the use of peripheral blood
allografts was an adverse risk factor for OS and DFS. Similarly,
while previous studies of adults with acute leukaemia suggest that
PBSCT and BMT were associated with equivalent survival
rates [9,11,15], the IBMRT study of children and adolescents
reported that PBSCT was associated with lower survival and higher
TRM [21]. The higher mortality observed in children after PBSCT
is likely to be due to the higher incidences of chronic GvHD. This

Pediatr Blood Cancer DOI 10.1002/pbc

has been reported in younger patients with acquired severe aplastic
anemia [22]. Thus, peripheral blood allografts in younger recipients
may be associated with a higher risk of mortality and chronic
GvHD, which suggests that caution should be exercised when
considering the use of PBSC in paediatric patients.

It should be noted that this is a retrospective study, which has a
number of limitations. In particular, we could not exclude the
possibility that unidentified confounding variables could affect the
transplant outcomes and could not adjust the data for unknown or
unmeasured factors. Thus, the results presented here should be
interpreted with caution. Nevertheless, these observations suggest
that BM should be the preferred stem cell source for children with
acute leukaemia who have HILA-matched sibling donors. It
remains to be seen whether these conclusions can be extrapolated
to alternative donors, namely HLLA-mismatched related donors and
HL A-identical unrelated donors. At present, there are no guide-
lines regarding the preferred source of stem cells (PBSC or BM)
from unrelated volunteer donors. However, the biggest risk
associated with selecting PBSC over BM concerns the fact that
higher numbers of T cells are infused, which increases the risk of
chronic GvHD and transplantation-related mortality. This risk may
be greater with unrelated volunteer donors than with sibling
donors. Indeed, it has been shown that when using unrelated
donors, a single HLA mismatch increases the risk of GvHD more
significantly if the transplant involves PBSC than if it involves
BM [23]. Since a bank that stores PBSC from unrelated volunteer
donors is now available in Japan, it is likely that peripheral blood
allografts will be used more frequently for allogeneic transplanta-
tion in children. However, before such widespread clinical changes
take place, the risks and benefits of the various allografts that are
available should be considered. In cases of PBSC will be used
more frequently such as active infections at SCT, mycophenolate
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mofeti of GvHD prophylaxisis. More detailed analyses and future
trials may reveal that BM stem cells and PBSC are suitable for
different situations.

PBSCT did not differ from BMT in terms of the incidence of
grades III-IV acute GvHD for the total ALL and total AML groups
(and all of their SR and HR subgroups). This has also been observed
in several studies with adult patients [3,12-14] and paediatric
patients [20], even though there are 10-fold more T cells in the
peripheral blood than in the BM. This may relate to the use of G-
CSF [24,25]. However, the AML HR subgroup was observed to
develop grades II-IV acute GvHD significantly more often after
PBSCT than after BMT. It is possible that the acute GvHD
experienced by the PBSC recipients in the AML HR subgroup
reflects the induction of a graft-versus-leukemia effect. However,
arguing against this is that the RR after PBSCT and BMT in the
AML HR subgroup was similar. The observation that allogeneic
PBSCT is not associated with a higher incidence of acute GVHD
does not appear to extend to chronic GvHD. As observed in other
studies with adult patients [3,9,11,13,26,27], PBSCT was associat-
ed with a significantly higher incidence of chronic GvHD than BMT
in the total ALL and total AML groups (and the ALL SR and AML
HR subgroups). In particular, PBSCT was associated with a
significantly higher incidence of extensive chronic GvHD in the
total ALL and total AML groups along with all SR and HR
subgroups apart from ALL HR. Although we were not able to
investigate organ injury in detail, another study has shown that
chronic GVvHD after PBSCT involves higher numbers of organs and
requires longer and multiple courses of immunosuppressive
therapy [28].

While a meta-analysis has demonstrated that allogeneic PBSCT
is associated with a significant decrease in relapse in both early and
late stage patients [29], our study found that the RR after PBSCT
and BMT did not differ significantly for ALL and AML. This was
also observed by a study analysing the IBMTR/EBRT registry data
of adult patients with leukaemia [10], as well as by the IBMTR
study of children and adolescents with acute leukaemia [21]. The
allogeneic graft-versus-leukaemia effect varies from one disease to
another and depends on the stage of the disease and donor
histocompatibility. In our study, which only assessed paediatric
patients with acute leukaemia, increases in the incidence of
extensive chronic GVHD did not lead to a concomitant decrease in
the RR. It will be necessary to examine the relationship between
GvHD and relapse in the future.

In summary, our study demonstrates that while the use of
peripheral blood allografts from HLA-matched sibling donors in
Japanese paediatric patients with ALL or AML leads to faster
engraftment, it is also associated with poorer survival and quality of
life due to chronic GvHD.
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Abstract Mutations in Wilms tumor 1 (WTI) have been
reported in 10-22 % of patients with cytogenetically nor-
mal acute myeloid leukemia (CN-AML), but the prognostic
implications of these abnormalities have not been clarified
in either adults or children. One hundred and fifty-seven
pediatric AML patients were analyzed for W71 mutations
around hotspots at exons 7 and 9; however, amplification of
the WTI gene by the reverse transcriptase-polymerase
chain reaction was not completed in four cases (2.5 %). Of
the 153 evaluable patients, 10 patients (6.5 %) had a
mutation in WTI. The incidence of WTI mutations was

H. Sano - A. Shimada - C. Murata - M. Park - K. Ohki -
M. Sotomatsu - Y. Hayashi (<)

Department of Hematology/Oncology, Gunma Children’s
Medical Center, 779 Shimohakoda, Hokkitsu, Shibukawa,
Gunma 377-8577, Japan

e-mail: hayashiy-tky @umin.ac.jp

H. Sano - R. Kobayashi
Department of Pediatrics, Sapporo Hokuyu Hospital, 6-6
Higashi-Sapporo, Shiroishi-ku, Sapporo 003-0006, Japan

A. Shimada

Department of Pediatrics/Pediatric Hematology & Oncology,
Okayama University Graduate School of Medicine, Dentistry
and Pharmaceutical Sciences, 2-5-1 Shikatacho, Kita-ku,
Okayama 700-8558, Japan

K. Tabuchi

Department of Hematology, Kanagawa Children’s Medical
Center, 2-138-4 Mutsugawa, Minami-ku, Yokohama,
Kanagawa 232-8555, Japan

T. Taki

Department of Molecular Diagnostics and Therapeutics, Kyoto
Prefectural University of Medicine, Graduate School of Medical
Science, 465 Kajii-cho, Kawaramachi-Hirokoji, Kamigyo-ku,
Kyoto 602-8566, Japan

significantly. higher in CN-AML than in others (15.2 vs.
4.5 %, respectively, P = 0.03). Of the 10 WTI-mutated
cases, eight (80 %) had mutations in other genes, including
FLT3-ITD in two cases, FLT3-D835 mutation in two, KIT
mutation in three, MLL-PTD in three, NRAS mutation in
one, and KRAS mutation in two (in some cases, more than
one additional gene was mutated). The incidences of KIT
and FLT3-D835 mutations were significantly higher in
patients with than in those without WT mutation. No
significant differences were observed in the 3-year overall
survival and disease-free survival; however, the presence
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of WT'I mutation was related to a poor prognosis in patients
with CN-AML, excluding those with FLT3-ITD and those
younger than 3 years.

Keywords Acute myeloid leukemia - WT'/
mutation - Cytogenetically normal acute myeloid
leukemia - Prognosis

Introduction

The prognosis of pediatric acute myeloid leukemia (AML)
patients has improved markedly over the past decade, with an
overall survival rate of about 60-70 % according to the
results of various clinical trials; however, relapse remains a
major cause of treatment failure, occurring in 3040 % of
patients in their first complete remission (CR) [1-6]. Several
study groups have shown that chromosome abnormalities are
independent and strong predictors of the outcome in both
childhood and adult AML [1, 4, 7]. On the other hand,
cytogenetically normal acute myeloid leukemia (CN-AML)
is the largest cytogenetic subgroup of AML, representing
approximately 40 % of pediatric AML patients [7]. Recently,
CN-AML has been recognized as highly heterogeneous
molecularly, since several abnormalities were discovered,
including mutations in FLT3, NPMI, CEBPA, and MLL
genes and aberrant expression of BAALC, ERG, and MNI
genes [8]. These alterations have been associated with the
treatment outcome and serve as a basis for risk assessment in
CN-AML [8, 9]. Discovering novel genetic markers may
lead to an improvement in molecular risk stratification and
allow a more accurate prediction of the response to therapy.

Wilms tumor 1 (WTI) is located at chromosome 11p13
[10] and encodes a transcription factor capable of activat-
ing or repressing gene transcription, depending on the cell
type, WT1 protein isoform, and target gene [11]. Although
initially considered a tumor suppressor gene [12], WTI has
also been demonstrated to act as an oncogene [11, 13-15].
Mutations of the WT'I gene have been reported in 10-22 %
of cases of CN-AML in both adults [16-18] and children
[19]. WTI gene mutations cluster to exons 7 and 9, and are
associated with induction failure and/or relapse in adults
and children [16-22]. However, there have been few
reports on WTI gene mutation in pediatric AML patients.
Thus, we performed mutational analysis of W7 in pedi-
atric AML patients who were treated on the Japanese
Childhood Cooperative Study Group Protocol, AML99 [5],
and demonstrated that W7/ mutations were related to a
poor prognosis in patients older than 2 years with CN-
- AML excluding those with FLT3-ITD. Furthermore, we
analyzed the association between WT1 mutations and other
gene aberrations including RAS and KIT mutations, FLT3-
ITD, FLT3-D835, and MLL-PTD.

@ Springer

Materials and methods
Patients

The diagnosis of AML was based on the FAB classification,
and cytogenetic analysis was performed using a routine
G-banding method. From January 2000 to December 2002,
318 patients were newly diagnosed with de novo AML. Of
these, samples from 157 patients were available for
molecular analysis, including 13 with FAB-M3 and 10 with
Down syndrome (DS), who were treated on different
treatment protocols [5, 23-25]. There were no significant
differences between the 134 patients without FAB-M3 or
DS and the 106 non-analyzed patients in terms of the age
[median 6 years (range O-15 years) vs. 6 years (range
0-15 years), respectively] and initial WBC count [median
24.8 x 10°/L (range 1.65-621.0 x 10°/L) vs. 13.8 x 10°/L
(range 1.0-489.0 x 109/L, P = 0.08), respectively].
Patients who were younger than 2 years or had an initial
WBC count <100,000/uL. were treated using the induction
A regimen [etoposide (VP-16), cytarabine, and mitoxan-
trone (MIT), (ECM)]. Patients who were older than 2 years
and had an initial WBC count > 100,000/uL. were treated
using the induction B regimen [VP-16, cytarabine, and
idarubicin (IDA), (ECI)]. If patients achieved a complete
remission (CR), they were classified into three risk groups
(62 low, 57 intermediate, and 10 high) according to the
results of cytogenetic analyses or the achievement of CR
after the 2 initial courses of chemotherapy [5, 23-25]. AML
patients with t(8;21)(q22;q22) (except for those with WBC
counts >50,000/uL) or inv(16)(p13q22) were classified into
the low-risk (LR) group. Patients with monosomy 7, 5q-,
t(16;21), or Philadelphia (Ph) chromosome were classified
into the high-risk (HR) group. Patients were treated with
additional chemotherapy or allogeneic hematopoietic stem
cell transplantation (allo-HSCT) in each risk group.
Informed consent was obtained from the patients or their
parents, according to guidelines based on the tenets of the
revised Helsinki protocol. The institutional review board of
Gunma Children’s Medical Center approved this project.

Detection of W7/ mutations

Total RNA (4 pg) extracted from the bone marrow or
peripheral blood samples at diagnosis was reverse tran-
scribed to cDNA with a c¢cDNA Synthesis Kit (GE
Healthcare Japan Corporation, Tokyo, Japan). Mutations of
exons 7 and 9 of the WTI gene were directly sequenced
using the following primers: exon 7 WT1-1s 5'-TACG
AGAGCGATAACCACAC-3"; exon 7 WTl-4as 5'-GTC
CTTGAAGTCACACTGGT-3'; exon 9 WT1-3s 5'-ACCA
GTGTGACTTCAAGGAC-3'; exon 9 WT1-2as 5'-TCAA
AGCGCCAGCTGGAGTT-3'.
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Table 1 Ten cases with WT/ mutation in this study

No.  Age (year) Sex Karyotype  WT/ mutation FLT3-ITD  KITMt NRASMt KRASMt MLL-PTD  WTI mRNA Outcome
or Mt expression [observation
(copies/ugRNA)  period (year)]
1 14 M Normal (1) 7 bp ITD in exon 7* D835Y Wt Wt G12D Wt 65,000 5.64+°
(2) H357R
F Normal (1) R462W Wt Wt Wt Wt PTD 21,000 14
3 8 F (8;21) (1) W395X Wt A814S Wt Wt Wt 1,400 3.0
(2) 101 bp deletion in exons 9 to 10%
13 F t(8;21) (1) 16 bp insertion in exon 9° Wt Wt Wt Wt Wt 32,000 4.7+
5 14 M Other® (1) 115 bp deletion in exons 7 to 8" D835Y Wt Wt Wt Wt 16,000 4.2+
(2) 137 bp insertion and 110 bp
deletion in exon 7%
(3) S381X
12 M Other® (1) 11 bp ITD in exon 7* Wt Wt Wt Wt PTD 7,000 4.5+
7 13 M Normal (1) P376L and 3 bp insertion and 8 bp  ITD V474 Wt Wt PTD 18,000 4.4+
ITD in exon 7°
8 10 M Normal (1) 3 bp deletion and 4 bp insertion ITD Wt Wt Wt Wt 14,000 1.7
in exon 7%
9 3 F Inv(16) (1) 7 bp deletion and 2 bp insertion Wt Wt G12D Wt Wt 12,000 3.6+
in exon 7%
10 6 M Normal (1) 157 bp deletion in exons 8 to 10 Wt V540L Wt G13D Wt 23,000 0.6

M male, F female, Mt mutation, Wt wild-type
# Resulting in the frameshift and premature stop codon
® Non-CR- > off study, but surviving

¢ 46,XY[2/8) 46,XY,del(6)(q15q21),-7,-9,-10,+3mar[1/8)/ 46,XY,2del(3)(p25)[1/8)/ 47,XY,-5,-8,-10,add(12)(q24.1),-16,-18,+6mar[1/8)/ 46,XY,-2,-6,-8,+3mar[1/8)/ 46,XY,-8,+mar[1/8)/

46,Y,%dd(X)(p11.2)[1/8]
4 46,XY,1(1;7;11)(q32;p15;p15)[14/20)/ 46,XY[6/20]

TV otnerpad ur uopenu 77

(194
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Detection of FLT3-ITD, FLT3-D835, MLL-PTD, KIT,
and RAS mutations

Mutation analysis of internal tandem duplication (ITD)
within the JM domain and D835 mutation (D835Mt) within
the TK2 domain of FLT3 was performed as previously
reported [23, 25-27]. Mutation analysis of partial tandem
duplication (PTD) of MLL was performed using the primer
pair 6.1 (located in exon 9) and E3AS (located in exon 4),
as previously reported [25]. Mutation analysis of the kinase
domain, extracellular domain, and transmembrane domain
of the KIT gene was performed with the reverse trans-
criptase-polymerase chain reaction (RT-PCR) followed by
direct sequencing, as previously reported [23]. Mutation
analysis of the RAS gene around hot spots at codons 12, 13,
and 61 was performed as previously reported [28].

Detection of WI'l mRNA expression by quantitative
RT-PCR (qRT-PCR)

WT1 expression at diagnosis was measured using the qRT-
PCR system, as previously reported [29]. We determined
the cut-off value of WT'I expression to be 2,500 copies/pug
RNA, because the value for the 90th percentile of W71
expression in normal bone marrow samples was 2,519
copies/pg RNA [29].

Statistical analysis

The x> test was used to compare the frequencies of muta-
tions. Fischer’s exact test was used when data were sparse.
The survival distribution was assessed using the Kaplan—
Meier method, and differences were compared using the
log-rank test [30]. Overall survival (OS) was defined as the
time from diagnosis until death owing to any cause or the

last follow-up. Disease-free survival (DFS) was defined as
the time from the date of complete remission until relapse
or death; patients alive and relapse-free at last follow-up
were censored. Multivariate analyses were performed to
investigate whether WT'I mutation might serve as a prog-
nostic factor in 130 AML patients, excluding those with
FAB-M3 and Down syndrome. FLT3-ITD, FLT3-D§35,
MLL-PTD, KIT, RAS, and WTI mutation were examined
whether these alterations influenced about the 3-year OS
and DFS. Karyotypic abnormalities were not included in
analytic variables since they were apparently confounded
with aforementioned genomic alterations. These statistical
analyses were based on Dr. SPSS II for Windows (release
11.0.1J, SPSS; Japan, Inc.).

Results
WTI mutations

Of the 157 analyzed pediatric AML patients, amplification
of the WTI gene by RT-PCR was not completed in 4
(2.5 %) cases. Therefore, the following analyses were
conducted with the 153 evaluable cases excluding these
four.

Ten (6.5 %) of the 153 cases had an activating mutation
(Table 1). In 7 cases (70 %) with WT'I mutation, two or
more mutations were detected in the WTI gene (Table 1).
There was no significant difference in the age, sex, WBC
count at diagnosis, or frequency of extramedullary infil-
tration of leukemic cells between patients with and without
WTI1 mutations; however, the frequency of allo-HSCT was
significantly higher in patients with than in those without
WT1 mutation (70.0 vs 35.7 %, respectively, P = 0.03)
(Table 2).

Table 2 Clinical characteristics

of 153 evaluable patients with All patients WIT-Mt WIT-Wt
and without WTI mutations Age, median (years) 6 (0-15) 11 (3-14) 6 (0-15)
>3 113 10 103
<3 40 0 40
WBC count, median (x10°/L) 20.7 (1.0-620.0) 35.1 (3.6-440.0) 20.5(1.0-620.0)
Male/female 87/66 6/4 81/62
Patients with Down syndrome 10 (6.5 %) 0 10 (7.0 %)
Patients who underwent allo-HSCT 58 (37.9 %) 7 (70.0 %) 51 (35.7 %)
Total 153 10 143
Risk group (excluding FAB-M3 and Down syndrome)
Low 58 (44.6 %) 2 (20.0 %) 56 (46.7 %)
WT1-Mt patients with WTT Intermediate 57 (42.5 %) 6 (60.0 %) 51 (41.1 %)
mutation, WT'I-Wt patients High 10 (7.5 %) 1 (10.0 %) 9 (7.3 %)
lacking WTI mutation, HSCT Non-CR 5.7 %) 1 (10.0 %) 4 (3.2 %)
hematopoietic stem cell Total 130 10 120
transplantation
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Table 3 FAB classification, other genomic alterations, and karyo-
typic abnormalities of 153 evaluable patients with W71 mutations

All patients WTI-Mt

FAB classification

MO 5 0

M1 24 3 (12.5 %)

M2 a4* 4(9.1 %)

M3 13 0

M4 21 1 (4.8 %)

M5 24 14.2 %)

M6 1 0

M7 19* 0

Unclassified 2 1 (50.0 %)
Other genomic alterations

FLT3-ITD 17 2(11.8 %)
FLT3 D835 mutation 8 2 (25.0 %)
KIT mutation 11 3(27.3 %)
MLL-PTD 21 3(14.3 %)
NRAS 11 1.1 %)
KRAS 18 2 (11.1 %)
Total 153 10 (6.5 %)
Karyotypic abnormalities (excluding Down syndrome)

Normal 33 5(15.2 %)

t(8;21) 44 2 (4.5 %)

11g23 abnormality 19 0

t(15;17) 13 0

inv(16) 7 1(14.3 %)

Others 25 2 (8.0 %)

Unknown 2 0
Total 143 10 (7.0 %)

WT1-Mt patients with WT'/ mutation

4 Of 10 cases with Down syndrome, 9 were classified into FAB-M7
and 1 into FAB-M2. None of them had W71 mutations

The incidence of mutations in W71 was significantly
higher in pediatric CN-AML (15.2 vs. 4.5 %, respectively,
P = 0.04) (Table 3, in which DS patients were not inclu-
ded in karyotypic abnormalities).

Correlations between WI'/ mutations and other gene
aberrations

The incidence of mutations in KIT was significantly higher
in patients with than in those without the W7 mutation (30
vs. 5.6 %, respectively, P < 0.01). Moreover, the incidence
of FLT3-D835 mutation was also significantly higher in
patients with than in those without the W71 mutation (20.0
vs. 4.2 %, respectively, P = 0.03). The distribution of
FLT3-ITD, MLL-PTD, and mutations in NRAS and KRAS
was not different from those without WTI mutation
(Table 3).

Correlation between W71 mutation and W7/ mRNA
expression

A higher WT1 expression (>2,500 copies/ug RNA) was
detected in 9 (90 %) of 10 cases with WTI mutation
(Table 1). On the other hand, a higher WT'] expression was
detected in 113 (77 %) of 147 cases without WT'I mutation.
The difference was not significant (P = 0.33).

Clinical outcome and prognostic significance of WT1
mutations

There were no differences in the 3-year OS and DFS
between those with and without W7/ mutation in 130
evaluable AML patients, excluding those with FAB-M3
and DS (Fig. 1). The frequency of W7/ mutation was not
different between patients with and without CR after
induction therapy (6.7 vs. 20.0 %, respectively, P = 0.13).
Among patients with a normal karyotype, WT'/ mutation
tended to be related to a poorer 3-year OS and DES than
those without WT mutation, although the differences were
not significant (P = 0.38 and P = 0.45, respectively)
(Fig. 2).

WTI mutations were not randomly distributed over the
different cytogenetic subgroups. The frequency of WTI
mutation in CN-AML was higher than in other cytogenetic
subgroups (P = 0.04). This trend was similar to previous
pediatric reports [19, 21, 22]. Moreover, the frequency of
WTI mutation in patients <3 years was lower than in
patients aged 3 years or older; however, this difference was
not significant (0 vs. 8.6 %, respectively, P = 0.06). In
other pediatric reports, the frequency of WI'I mutation was
significantly lower in patients <3 years old than in patients
aged 3 years or older [19, 21, 22]. Furthermore, FLT3-ITD
in AML was too strong a prognostic factor to assess
whether or not W7/ mutation has a prognostic impact [25].
Thus, we analyzed the clinical impact of WTI mutation in
patients with CN-AML excluding those with FLT3-ITD and
<3 years. In patients with a normal karyotype, aged
3 years or older, and showing no evidence of FLT3-ITD,
WT1 mutation was related to a poorer prognosis based on
the 3-year OS and DFS (P = 0.17 and P < 0.01, respec-
tively) (Fig. 3). WI'l mutation was not a significant risk
factor on 3-year OS and DFS by multivariate analyses
(Tables 4, 5).

Discussion
Although several papers reported the differences in clinical
outcome between patients with and without WT'/ mutation,

we could not identify any differences between them in this
study. However, other studies demonstrated that these

@ Springer

— 255 —



