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Abstract The outcomes of children with relapsed acute
myeloid leukemia (AML) are known to be poor, but remain
obscure. We retrospectively analyzed 71 patients who had
relapsed following first-line treatment under the AML99
protocol. We investigated the time and site of recurrence,
response to re-induction therapy, and performance of
hematopoietic stem cell transplantation (HSCT) in relapsed
cases, and performed a multivariate analysis to identify
prognostic factors. The 5-year overall-survival (OS) rate
after relapse was 37 %. Of 71 patients, three died without
any anti-leukemic therapy and two underwent allogeneic
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HSCT. The remaining 66 patients received re-induction
chemotherapy, and 33 (50 %) achieved second CR (CR2).
Twenty-two of 25 (88 %) late relapse patients and 11 of 41
(27 %) early relapse patients achieved CR2 (P < 0.001).
Twenty-nine CR2 cases and 35 non-CR2 cases underwent
allogeneic HSCT. The 5-year OS rate was significantly
higher in patients who underwent HSCT in CR2 than those
in non-CR2 (66 vs. 17 %, P < 0.000001). Multivariate
analysis indicated that early relapse (P < 0.05) and the
positivity of the FMS-like tyrosine kinase 3—internal
tandem duplication (P < 0.05) were adverse prognostic
factors for survival. In conclusion, the etiology of relapsed
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pediatric AML needs to be elucidated and effective che-
motherapy should be administered to obtain CR2.

Keywords Acute myeloid leukemia (AML) - Relapse -
Children - Hematopoietic stem cell transplantation
(HSCT) - Second complete remission (CR2)

Introduction

The treatment of childhood acute myeloid leukemia (AML)
in Japan has led to a complete remission (CR) rate of
approximately 90 % and 5-year overall-survival rate (OS)
of approximately 70 % [1, 2]. Western studies reported a
3040 % relapse fraction among children with AML and
the OS rate for these relapsing children was 24-36 % [3—
9]. Relapsed AML in children appears to have some
common characteristics in that the median relapse time is
approximately 10 months and OS after relapse is less than
40 % in spite of various chemotherapy protocols in dif-
ferent countries [3—9]. Treatment strategies for recurrent
AML children in Japan have been left to the discretion of
each medical institution, and neither unified treatment
guidelines nor nationwide clinical trials have been
accomplished until now. To clarify the prognosis of
relapsed pediatric AML, we retrospectively analyzed
relapsed cases in the AMLO99 protocol of the Japanese
Childhood AML Cooperative Study. In the AML99 pro-
tocol, children with newly diagnosed de novo AML were
treated with continuous cytarabine-based induction therapy
(Induction A, B, or C regimens, details have been described
below) and stratified into three risk groups based on the
initial treatment response, age, WBC, and cytogenetics [1].
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Three or four courses of consolidation chemotherapy
included high-dose cytarabine. Allogeneic hematopoietic
stem cell transplantation (HSCT) was only indicated for
intermediate-risk (IR) patients with a matched related
donor and for high-risk (HR) subsets.

Although molecular data were not used for stratifying
patients in AML99 protocol, we have analyzed the prog-
nostic factors with several gene alterations such as FMS-
like tyrosine kinase 3 (FLT3)—internal tandem duplication
(ITD) in addition to the clinical characteristics.

Patients

A total of 240 children younger than 18 years with newly
diagnosed de novo AML were registered in the AML99
protocol between January 2000 and December 2002. The
Institutional Review Board approved the protocol and
written informed consent was obtained from their parents
or guardians. Of 209 patients who achieved CR, 73 had
relapsed by December 2005. Two patients were excluded
from our analysis because of insufficient data. Therefore,
the total number of relapsed patients examined in the
present study was 71.

Methods

Each medical institution diagnosed recurrence indepen-
dently. We investigated the time and site of recurrence,
response to re-induction therapy, the performance of HSCT
after relapse, and cause of death in relapsed cases. Each
institution chose treatment procedures for recurrent
patients individually. When considering these procedures,
we defined “re-induction therapy” as a single course of
chemotherapy according to one of the AML99 induction
regimens (Induction A, B or C; see below). Other treatment
regimens and two or more courses of chemotherapy were
classified as “Miscellaneous”.

AML99 Induction A (ECM) regimen: etoposide (VP-16)
150 mg/m?* x 5 days, cytosine arabinoside (Ara-C)
200 mg/m?* x 7 days and mitoxantron (MIT) 5 mg/m?> x
5 days.

AML99 Induction B (sqECI) regimen: VP-16 100 mg/
m’ x 3 days, [Ara-C 500 mg/m2 + idarubicin (IDA)
8 mg/m?] x 3 days and [VP-16 200 mg/m” + Ara-C
500 mg/m?] x 3 days.

AML99 Induction C (CIEC) regimen: [Ara-C 500 mg/
m? + IDA 8 mg/m*] x 3 days and [VP-16 200 mg/
m? 4+ Ara-C 500 mg/m?] x 3 days.

The length of first CR (CR1) was calculated as the time
from CRI1 to the first relapse. Early relapse was defined as
relapse within 1 year of entering CR1, and late relapse was
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defined as relapse after more than 1 year in CR1. OS after
relapse or HSCT was defined as the period from relapse or
HSCT to death by any cause. Disease-free survival (DFS)
was the time from second CR (CR2) to a second relapse or
death by any cause. Surviving patients were censored on
the last date when they were known to be alive at each
medical institution. Statistical analysis using > tests was
performed in order to assess the relationship between
various clinical characteristics and CR2 by chemotherapy.
We used the Kaplan—Meier method to estimate survival
rates and the Cox proportion hazards model for the mul-
tivariate analysis of prognostic factors. All statistical
analyses were performed with EZR (Saitama Medical
Center, Jichi Medical University, Japan) [10], a graphical
user interface for R (The R Foundation for Statistical
Computing), or more precisely, a modified version of R
commander designed to add statistical functions frequently
used in biostatistics.

Genetic alterations and Wilms tumor 1 mutation (WT1)
mRNA expression were examined in 40 relapsing indi-
viduals from the diagnostic BM samples. Mutation analysis
for ITD within the JM domain and D835 mutation
(D835Mt) within the TK2 domain of FLT3 were performed
as previously described [11, 12]. Mutation analysis of the
KIT gene was performed with real-time polymerase chain
reaction (RT-PCR) followed by direct sequencing as pre-
viously reported [13]. Mixed-lineage leukemia (MLL)—
partial tandem duplication (PTD) was examined by simple
first round RT-PCR with 35 cycles using the primer pair as
previously described [14—16]. Exon 2 and 3 of the N-RAS
and K-RAS genes were amplified by RT-PCR and directly
sequenced using primer pairs as previously reported [17].
Total RNA extracted from the BM samples was reverse
transcribed to cDNA Synthesis Kit (Amersham Bioscience,
Tokyo, Japan). WT1 mRNA expression was measured
using RT-PCR system (ABI 7700, Applied Biosystems)
with primers and controls as previously reported [18].

Results

Relapse occurred in 71 cases 34 to 1,156 days (median
312 days) after achieving CR1. The median follow-up after
relapse in all survivors was 9.5 (range 7.5-12.2) years.
Table 1 shows the clinical characteristics of the 71 patients
examined in the present study. A total of 6 patients
underwent allogeneic HSCT in CRI, including 3 IR
patients and 3 HR patients. In 45 out of 71 patients
(63.4 %), relapse occurred within 1 year after entering
CR1 (early relapse), whereas late relapse occurred in 26
patients (36.6 %).

Figure 1 shows the clinical outcomes of all cases. Of 71
patients analyzed in this study, three patients died without
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Table 1 Clinical characteristics (n = 71)
Characteristics Number %
Age at AML diagnosis (year)

<2 19 27

2-9 28 39

>10 24 34
Male sex 36 51
WBC >100 x 10°/uL 13 18
FAB; M7 6 9
Extramedullary infiltration 19 27
Initial induction response; M1 marrow 63 89
Risk group in the AML99 protocol

Low 29 41

Intermediate 34 48

High 8 11
Relapse site; BM only 62 87
Relapse after allogeneic HSCT in CR1 6 9
Early relapse (CR1 <1 year) 45 63

AML acute myeloid leukemia, WBC white blood cell count, FAB
French American British classification, M1 marrow bone marrow blast
<5 % of the total nuclear bone marrow cell count, BM bone marrow,
HSCT hematopoietic stem cell transplantation, CR complete remis-
sion, CRI first CR

any anti-leukemic therapy and two patients proceeded to
allogeneic HSCT skipping chemotherapy. The other 66
patients received re-induction chemotherapy and 33 chil-
dren (50 %) achieved CR2. Twenty-nine cases in CR2 and
a total of 35 cases in non-CR2 underwent subsequent
allogeneic HSCT. One patient remained in long-term CR
after missing HSCT due to a severe infection. Of the 47
cases that died, 42 were in relapse or the refractory phase.
Three cases died in CR2 due to multiple organ failure
caused by sepsis on day 13 of HSCT, a hemothorax
6 months after HSCT, and sudden death of an unknown
cause 9 years after HSCT. Two patients died in third CR
(CR3) due to graft-versus-host disease after the second
HSCT.

The overall CR2 rate by heterogeneous re-induction
regimens was 50 %. As described in detail in Table 2, CR2
rate of late relapse patients was significantly higher than
that of early relapse patients (88 vs. 27 %, P < 0.001).
Most of late relapse patients received ECM or sqECI reg-
imens as re-induction chemotherapy, which were the same
as the initial induction chemotherapy in the AML99 pro-
tocol. On the other hand, CR rate of various chemotherapy
regimens (miscellaneous) for early relapse patients was
21 %. No patient achieved CR2 by chemotherapy for
relapse after allogeneic HSCT in CR1.

As summarized in Table 3, CR2 rate and 5-year OS rate
were 69 and 46 % in favorable cytogenetic risk group
(n=13), 39 and 31 % in intermediate-risk group,
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Fig. 1 Clinical outcomes of 71 relapsed cases following initial
therapy with the AML99 protocol. Thick border indicates surviving
patients and thin border shows deceased patients. CR2 second

Table 2 Re-induction chemotherapy and CR2 rates (n = 66)

1 patient died

] iended |

29 patients died
17 refractory
11 refractory after 2"d HSCT
1 CR2 after HSCT

1 patient died

A4 A2
|CR2, n=2 | |CR2, n=1 |

complete remission, CR3 third complete remission, HSCT hemato-
poietic stem cell transplantation

Total Early relapse Late relapse

Number CR2 (%) Number CR2 (%) Number CR2 (%)
ECM = Induction A of AML99 17 13 (77) 2 (67) 14 11 (79)
sqECI = Induction B of AML99 15 10 (67) 2 (29) 8 8 (100)
CICE = Induction C of AML99 7 2 (29) 2 (29) - -
Miscellaneous 27 8 (30) 24 521 3 3 (100)
All 66 33 (50) 41 11 (27) 25 22 (88)

Early relapse was defined as relapse within 1 year of entering CR1, and late relapse was defined as relapse after more than 1 year in CR1

CR2 second complete remission, ECM AML99 Induction A, etoposide 150 mg/m? x 5 days + cytosine arabinoside 200 mg/m? x
7 days + mitoxantron 5 mg/m? x 5 days, sgECI AML99 Induction B, etoposide 100 mg/m> x 3 days + [cytosine arabinoside 500 mg/m? -
+ idarubicin 8 mg/m?] x 3 days + [etoposide 200 mg/m> + cytosine arabinoside 500 mg/m?] x 3 days, CIEC AML99 Induction C, [cytosine
arabinoside 500 mg/m” + idarubicin 8 mg/m*] x 3 days, [etoposide 200 mg/m> + Ara-C 500 mg/m?] x 3 days

respectively, and there were no statistically significant
differences among three risk groups [19-21]. However, it
should be noted that nearly half of the patients having
t(8;21) or inv(16), who had been treated without allogeneic
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HSCT in CR1 following AML99 protocol, were rescued by
allogeneic HSCT even after relapse.

The 5- and 10-year OS rates were 36.6 % (95 % CI
25.6-47.7) and 32.9 % (95 % CI 22.0-44.2) for 71 cases
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(Fig. 2a). The 5-year OS rate correlated with the initial risk
group: 56.8 % in the LR, 34.8 % in the IR, and 0 % in the
HR groups (P < 0.0001, Fig. 2b), respectively. Regarding
the 5-year OS rates, significant differences were observed
between an age older and younger than 10 years (25.0 vs.
42.6 %, P = 0.023), FAB-M7 and others (16.7 vs. 38.5 %,
P = 0.025), initial induction response: M1 and others (41.3
vs. 0 %, P < 0.0001), relapse after allogeneic HSCT in
CR1 and others (0 vs. 40.0 %, P < 0.00001), and early and
late relapse (22.2 vs. 61.5 %, P < 0.0001).

Based on genomic data in diagnostic BM samples from
the AML99 study, we calculated CR2 rate and 5-year OS

Table 3 Cytogenetic risk group and CR2 and 5-year OS rates after
relapse (n = 71)

Risk group Karyotype n CR2 (%) 5-year
OS (%)

Favorable 13 9 (69)* 46%*
t(8;21)(q22;q22) 12 8(67) 42
Inv(16) 1 1(100) 100

Intermediate 51 20 (39)*  31%**
Normal 22 6(27) 23
11g23-non-adverse risk 14 8 (57) 29
Trisomy 8 2 00 0
Other abnormalities 13 6 (46) 54

Adverse 6 3 (50)* 50%*
t(6;11)(q27;923) 2 1(50) 50
Complex 1 1(100) 100
1(6;9)(q23;q34) 1 0 0
t(7;12)(q36;p13) 1 1(100) 100
79- 1 0( 0

No data 1 1(100) 100

p value, among three risk groups 0.135% 0.251%%*

n number, CR2 second complete remission, OS overall survival

There were no statistically significant differences among three risk
groups in CR2 rate (*) and 5-year OS (**)

of 40 relapsed cases with analysis for C-KIT, N-RAS,
K-RAS, FLT3-ITD, D838Mt, MLL-PTD and WT1 muta-
tion >10,000 copies (Table 4). CR2 rate of patients with

A 10
0.8
£ 06 - 5-y 0S: 36.6% (25.6 - 47.7)
o 10y-0S: 32.9% (22.0 - 44.2)
3
a 04
0.2
0.0 -
T T T T T T
0 2 4 6 8 10 12
. Years after relapse
Number at risk 33 26 26 22 9 1
B 10+
3 P<0.0001
08 |}
;E' 0.6 Low; 5y-0S=51.7% (32.5 - 67.9)
-(% +H+H+
e}
[ ot +
o 04
""""""""""""""" + -+
02 4 IR; 5y-0S=32.4% (17.6 — 48.0)
00 -
T T T T T T

0 2 4 6 8 10 12

Years after relapse
Number at risk

High 8 0 0 0 0 0 0
IR 34 15 1 1" 10 6 0
Low 29 18 15 15 12 3 1

Fig. 2 a The 5- and 10-year overall-survival (OS) rates for 71 cases.
b The 5-year OS rate correlated with the initial risk group in AML99
(n ="71): 56.8 % in the LR, 34.8 % in the IR, and 0 % in the HR
groups (P < 0.0001)

Table 4 Molecular abnormalities related to CR2 and 5-year OS rates (n = 40)

Molecular abnormalities Number CR2 (%) P value 5-year OS, % (95 % CI) P value
C-KIT 7 5(71) 0.226 42.9 (9.8-73.4) 0.466
N-RAS 2 0(0) 0.488 0 0.303
K-RAS 5 4 (80) 0.172 40.0 (5.2-75.3) 0.67
FLT3-ITD 7 0 (0) <0.01 0 3.15e—07
FLT3-D835Mt 1 0 (0) 0.475 0 0.978
MLL-PTD 10 4 (40) 0.721 30.0 (7.1-57.8) 0.846
WT1 >10,000 18 5 (28) <0.05 27.8 (10.1-48.9) 0.107

CR?2 second complete remission, OS overall survival, CI confidence interval, C-KIT proto-oncogene tyrosine-protein kinase kit (CD117), N-RAS
neuroblastoma-rat sarcoma gene, K-RAS Kirsten-rat sarcoma gene, FLT3-ITD FMS-like tyrosine kinase 3 gene internal tandem duplication,
D835Mt D835 mutation within the tyrosine kinase domain of the FLT3 gene, MLL-PTD mixed-lineage leukemia (MLL)-partial tandem

duplication, WT'/ Wilms tumor 1 mutation
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Table 5 Prognostic factors for 5-year OS rates by multivaria

te analyses (n = 40)

Comparison Hazard ratio 95 % CI P value
Age >10 years <10 years 2.35 0.74-7.47 0.149
FAB; M7 Non-M7 1.38 0.40-4.76 0.612
Cytogenetics; non-CBF CBF 1.28 0.38-4.28 0.686
Induction response; M2 or M3 M1 1.01 0.21-4.98 0.987
Relapse after allo-HSCT in CR1 Others 1.26 0.29-5.42 0.756
Early relapse (CR1 <1 year) Late relapse 3.06 1.09-8.60 <0.05
FLT3-ITD positive Negative 5.88 1.27-27.15 <0.05

OS overall survival, n number, CI confidence interval, HR hazard ratio, FAB French American British classification, CBF core-binding factor,
M?2 bone marrow blasts >5 and <25 % of the nuclear bone marrow cell count, M3 bone marrow blasts >25 % of nuclear bone marrow cell count,
HCST hematopoietic stem cell transplantation, Early relapse relapse within 1 year of first complete remission, CR/ first complete remission,

FLT3-ITD FMS-like tyrosine kinase 3 internal tandem duplication

Fig. 3 a The 5- and 10-year OS ]
after HSCT in patients with A 10 p<0.000001
CR2 by re-induction H
chemotherapy (n = 29) and in 80 - CR2 (n=29)
those with non-CR2 (n = 35) S-y OS: 65.5 % (45.4-79.7)
(65.5 vs. 17.1 %, 65.1 vs. oy :
9.5 %, P < 0.000001). b The s 901 10-y 0S: 65.5 % (45.4-79.7)
5-year OS by the stem cell =
source after HSCT following g 1
(n = 64). No significant 2 404 ¢
difference by stem cell sources g y Non-CR2(n=35)
in CR2 patients (P = 0.923) 3 Yo
and non-CR2 patients 20 - e Sy 95_:‘17.1%(7.0-31.1)
(P = 0.801). HSCT freemee by s
hematopoietic stem cell 10-y 0S: 9.5 % (2.2-23.5)
transplantation, OS overall 0
survival, CR2 second complete 0 é ,; é é 1'0 1'2
remission, non-CR2 non-second Years after HSCT
complete remission, CI Number at risk
confidence interval, BM bone CR2 29 22 19 19 15 5 0
marrow, PB peripheral blood, Non-CR2 35 7 6 6 5 2 Y
UCB umbilical cord blood
B 107y *p= *okpy—
p=0.923, **p=0.801
08
: ; BMin CR2; 5y-0S 68.4% )
i n
2z 05 : R PB in CR2; 5y-0S 66.7%
'-_g 'l:g UCB in CR2; 5y-0S 57.1% ]
ne. 04 :Ill
N PB in non-CR2: 5y-OS 25.0% —
02 prormrmem +
i UCB in non-CR2: 5y-OS 20.0%
. - deae - .+
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Number at risk
BMinCR2 19 14 13 13 10 4 0
PBinCR2 3 2 2 2 2 1 0
UCBIin CR2 7 6 4 4 3 0 0
BMinnon-CR2 17 3 2 2 1 1 0
PBinnon-CR2 g 2 2 2 2 0 0
UCB in non-CR2 10 2 2 2 2 1 0
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Table 6 Literature review of relapsed AML in children
References [3] [4] [6] [7] [8] This study
First-line treatment MRC- LAMES9/91 NOPHO88/  BFM87/98 TACL AML99
AMLI10 93
Number of cases 125 106 146 379 99 71
Time to relapse (months) 10 10 11 12 10 11
Early relapse (%) 65 62 55 51 61 63
Relapse site; BM only (%) 82 79 87 79 78 87
Risk group; good/low (%) 34 N.D. N.D. N.D. 18 29
Second therapeutic attempt (%) 70 91 84 83 91 96
CR2 (%) 70 71 77 63 62 50
HSCT in CR2 (%) 51 60 62 40 N.D. 88
5-year OS rate (%) 24 (3 years) 33 34 23 29 37
Prognostic factors by multivariate analysis for OS N.D. aHSCT-CR1 N.D. aHSCT-CR1  aHSCT-CR1 Early
relapse
Early Early relapse  Early FLT3-ITD
relapse relapse
Age
>() years
Cytogenetics

MRC Medical Research Council, LAME Leucémie Aigé Myéloide Enfant, NOPHO the Nordic Society for Pediatric Hematology and Oncology,
BFM Berlin Frankfurt Muenster study group, TACL a Therapeutic Advances in Childhood Leukemia, BM bone marrow, CR2 second complete
remission, OS overall survival, aHSCT-CRI allogeneic hematopoietic stem cell transplantation in first CR, ND no data, FLT3-ITD FMS-like

tyrosine kinase 3 internal tandem duplication

FLT3-ITD and WT1 mutation >10,000 copies were sig-
nificantly low (P < 0.05). However, only positivity for
FLT3-ITD correlated with a significantly poor OS after
relapse (P = 3.15e—7).

We selected age at diagnosis (older than 10 years), FAB
classification (M?7), cytogenetics (core-binding factor;
CBF), initial induction response, relapse phase (after allo-
geneic HSCT), early/late relapse and FLT3-ITD for mul-
tivariate analyses for OS in order to identify prognostic
factors after the relapse of AML (Table 5). Only an early
relapse and positivity of FLT3-ITD were identified as
adverse prognostic factors for survival (Cox regression).

The 5- and 10-year OS rates were significantly higher in
patients who underwent HSCT in CR2 than those in non-
CR2 (65.5 vs. 17.1 %, P < 0.0000001; 65.5 vs. 9.5 %,
P < 0.0000001, Fig. 3a). The 5-year DFS rate in CR2 was
65 %. No significant difference was observed in the 5-year
OS rate in CR2 and non-CR2 with regard to the stem cell
source (Fig. 3b).

Discussion

This study showed that the CR2 rate by heterogeneous re-
induction regimens was 50 % and 5-year OS was 37 %.
Western studies reported that the CR2 rate by chemother-
apy was 62-77 % and 5-year OS rate was 23-36 % in

childhood AML (Table 6), respectively [3-9]. The per-
centage of patients that relapsed early (63 %) was consis-
tent with previous findings, whereas the performance rate
of HSCT following the first relapse was higher (CR2 cases,
88 %:; all cases, 90 %), which may have contributed to the
salvage of many cases. Although low-risk (LR) patients
having t(8;21) or inv(16) were treated without allogeneic
HSCT in CR1, half of the recurrent patients in LR could be
rescued by allogeneic HSCT even after relapse (Table 6).

The CR2 rate of early relapse patients was lower than
that of late relapse patients, which was in agreement with
the findings of non-Japanese studies [3-9]. The combina-
tion of fludarabine, Ara-C and granulocyte-colony stimu-
lating factor (FLAG) with or without an anthracycline has
induced CR2 rates of 58-78 % [4, 6, 7, 9, 22, 23]; how-
ever, we identified only one patient that was treated with
FLAG + idarubicin and achieved CR2. Furthermore, no
patient in this study received gemtuzumab ozogamicin [24,
25] or clofarabin [26, 27] as re-induction therapy. As many
frontline AML chemotherapy protocols include a total
anthracycline dose exceeding 350 mg/m?, effective che-
motherapy without anthracyclines [28, 29] should be
introduced to obtain CR2.

No relationship was observed between the cytogenetic
risk classification at initial diagnosis and CR2 or 5-year
OS. FLT3-ITD mutations are known to be a strong prog-
nostic factor, independent of other factors including genetic
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chromosomal abnormalities [30-34]. However, FLT3-ITD
was not available as a stratification factor in the AML99
protocol. We had not only molecular abnormality analysis
at diagnosis of all cases, but also cytogenetic data at
relapse. In recent protocols using FLT3-ITD as a high-risk
factor, allogeneic HSCT in CR1 for AML patients with
FLT3-ITD is recommended. On the other hand, high WT1
expression after induction chemotherapy was reported to
be a poor prognostic factor [34]. Cytogenetic and molec-
ular studies at relapse as well as diagnosis may be able to
more precisely predict the prognosis of patients.

OS after HSCT in CR2 was 68 % for allogeneic BMT
and 57 % for UCB transplant; therefore, the stem cell
source did not appear to be relevant [35, 36]. UCB trans-
plants for AML patients younger than 16 years have been
performed in approximately 289 cases in Japan, and their
5-year OS rates in CR1 and CR2 were 67.3 and 61.4 %
[37]. This source for HSCT might facilitate a timely
transplant.

There were some limitations in this study. We only
analyzed relapses that occurred during the first 3 years
from the end of the AML99 study. Another limitation may
be that each participating institution diagnosed recurrence
independently without a central confirmation. In conclu-
sion, further clinical trials with cytogenetic and molecular
data are necessary in order to verify the genetic or
molecular background of relapsed pediatric AML, and the
swift introduction of new promising drugs [28, 29] is
imperative for relapsed AML children to obtain CR [38].

Most of the results of the present study were presented at
the 48th Annual Meeting of the Japan Pediatric Society of
Hematology (November 2006, Osaka) and the 9th Child-
hood Leukemia Symposium (April 2014, Prague).
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