
Clinical Research: Pediatric

Comparison of Outcomes for Pediatric Patients With Acute
Myeloid Leukemia in Remission and Undergoing Allogeneic
Hematopoietic Cell Transplantation With Myeloablative
Conditioning Regimens Based on Either Intravenous Busulfan
or Total Body Irradiation: A Report From the Japanese Society
for Hematopoietic Cell Transplantation

Hiroyuki Ishida 1,2,*, Motohiro Kato 3, Kazuko Kudo 4, Takashi Taga 5, Daisuke Tomizawa 6,
Takako Miyamura 7, Hiroaki Goto 8, Jiro Inagaki 9, Katsuyoshi Koh 10, Kiminori Terui 11,
Atsushi Ogawa 12, Yoshifumi Kawano 13, Masami Inoue 14, Akihisa Sawada 14, Koji Kato 15,
Yoshiko Atsuta 16, Takuya Yamashita 17, Souichi Adachi 18

1Department of Pediatrics and Blood and Marrow Transplantation, Matsushita Memorial Hospital, Moriguchi, Japan
2Department of Pediatrics, Kyoto Prefectural University of Medicine, Kyoto, Japan
3Department of Pediatrics and Cell Therapy and Transplantation Medicine, University of Tokyo, Tokyo, Japan
4Department of Pediatrics, Fujita Health University School of Medicine, Aichi, Japan
5Department of Pediatrics, Shiga University, Graduate School of Medicine, Otsu, Japan
6Division of Leukemia and Lymphoma, Children’s Cancer Center, National Center for Child Health and Development, Tokyo, Japan
7Department of Pediatrics, Osaka University, Graduate School of Medicine, Suita, Japan
8Devision of Hemato-Oncology/Regenerative Medicine, Kanagawa Children’s Medical Center, Yokohama, Japan
9Department of Pediatrics, National Kyushu Cancer Center, Fukuoka, Japan
10Department of Hematology/Oncology, Saitama Children’s Medical Center, Saitama, Japan
11Department of Pediatrics, Hirosaki University Graduate School of Medicine, Hirosaki, Japan
12Department of Pediatrics, Niigata Cancer Center Hospital, Niigata, Japan
13Department of Pediatrics, Kagoshima University Medical and Dental Hospital, Kagoshima, Japan
14Department of Hematology/Oncology, Osaka Medical Center and Research Institute for Maternal and Child Health, Osaka, Japan
15Department of Hematology/Oncology, Children’s Medical Center, Japanese Red Cross Nagoya First Hospital, Nagoya, Japan
16 Japanese Data Center for Hematopoietic Cell Transplantation and Department of Healthcare Administration, Nagoya University Graduate School of Medicine,
Nagoya, Japan
17Department of Hematopoietic Stem Cell Transplantation, National Cancer Center, Tokyo, Japan
18Human Health Sciences, Graduate School of Medicine, Kyoto University, Kyoto, Japan

Article history:
Received 25 April 2015
Accepted 6 August 2015

Key Words:
Acute myeloid leukemia
Children
Hematopoietic stem cell
transplantation
Busulfan
Total body irradiation

a b s t r a c t
Pediatric patients with acute myeloid leukemia (AML) mainly receive myeloablative conditioning regimens
based on busulfan (BU) or total body irradiation (TBI) before allogeneic hematopoietic cell transplantation
(allo-HCT); however, the optimal conditioning regimen remains unclear. To identify which of these regimens
is better for pediatric patients, we performed a retrospective analysis of nationwide registration data
collected in Japan between 2006 and 2011 to assess the outcomes of patients receiving these regimens before
a first allo-HCT. Myeloablative conditioning regimens based on i.v. BU (i.v. BU-MAC) (n ¼ 69) or TBI (TBI-MAC)
(n ¼ 151) were compared in pediatric AML patients in first or second complete remission (CR1/CR2). The
incidences of sinusoid obstruction syndrome, acute and chronic graft-versus-host disease, and early non-
relapse mortality (NRM) before day 100 were similar for both conditioning groups; however, the incidence of
bacterial infection during the acute period was higher in the TBI-MAC group (P ¼ .008). Both groups showed a
similar incidence of NRM, and there was no significant difference in the incidence of relapse between the
groups. Univariate and multivariate analyses revealed no significant differences in the 2-year relapse-free
survival rates for the i.v. BU-MAC and TBI-MAC groups in the CR1/CR2 setting (71% versus 67%, P ¼ .36;
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hazard ratio, .73; 95% CI, .43 to 1.24, respectively). TBI-MAC was no better than i.v. BU-MAC for pediatric AML
patients in remission. Although this retrospective registry-based analysis has several limitations, i.v. BU-MAC
warrants further evaluation in a prospective trial.

� 2015 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Intensive combination chemotherapy results in a 52% to

75% probability of survival for childhood and adolescent
patients with acute myeloid leukemia (AML); however, more
than 30% of patients relapse [1-4]. Although allogeneic he-
matopoietic cell transplantation (allo-HCT) is the most prom-
ising therapy for intractable disease (eg, cytogenetically
unfavorable disease and relapsed disease), the conditioning
regimen (as well as effective control of graft-versus-leukemia
effects) plays an important role in reducing the incidence of
relapse after transplantation [5]. Although pediatric AML
patients often receive myeloablative conditioning (MAC) reg-
imensbasedon totalbody irradiation (TBI) orbusulfan (BU),no
optimal regimen has been devised.

Myeloablative TBI conditioning regimens are associated
with late complications, which manifest as growth retarda-
tion, neurocognitive effects, cataracts, hypothyroidism,
gonadal dysfunction, infertility, and a significantly increased
risk of a second malignancy [6,7]. Myeloablative BU condi-
tioning regimens can also result in some of these late com-
plications, although the incidence of growth retardation,
neurocognitive effects, cataracts, thyroid dysfunction, and
second malignancies may be lower [7-10]. Recent studies
show treatment of adult AML patients with i.v. BU results in
better survival than treatment with TBI [11,12]; however, few
reports have examined these regimens in children. Sisler
et al. [13] showed conditioning regimens that include TBI
have no additional benefit of over those that include BU in
pediatric patients beyond first complete remission (CR1). A
report by de Berranger et al. [14] demonstrated that disease-
free survival was significantly better after BU and cyclo-
phosphamide (CY) than after TBI and CY. However, it should
be noted that the patients in these studies received both i.v.
and oral BU as a MAC regimen. Also, approximately half of
the patients in the latter study received HCT before 2000. On
the other hand, another study showed that i.v. BU failed to
provide a significant survival advantage in children with
acute leukemia when compared with oral BU [15].

The efficacy and adverse events associated with i.v.
BU-MAC regimens are unclear, particularly when used to
treat pediatric AML patients. Therefore, the present study
aimed to compare the outcomes for pediatric AML patients
after i.v. BU-MAC or TBI-MAC.

METHODS
Patients and Transplantation

Pediatric patients (aged <18 years) with de novo AML (excluding
AML-M3) who underwent a first allo-HCT after either i.v. BU- or TBI-based
MAC in CR1 or second CR (CR2) between January 2007 and December
2012 were recruited for the study. Patients were prospectively enrolled in
the Japanese Data Center for Hematopoietic Cell Transplantation. Patients
with Down’s syndrome, Fanconi anemia, or neurofibromatosis type 1 and
thosewho received a graft after ex vivoTcell depletion or CD34þ selection or
a graft from an HLA-haploidentical donor were excluded. Patients who
received combination regimens comprising TBI and BU were also excluded.
Finally, data from consecutive patients who received HCT after myeloa-
blative TBI combined with cytotoxic drugs (TBI-MAC) or myeloablative i.v.
BU combined with cytotoxic drugs (BU-MAC) were examined. MAC regi-
mens were defined as regimens that included either fractionated TBI >8 Gy
or i.v. BU >6.4 mg/kg [16].

Unfavorable cytogenetics/genetics were defined as either 7-/7q-, 5q-,
complex karyotype, t(6;11), t(6,9), t(16;21), t(9:22), or as fms-like tyrosine
kinase receptor 3 internal tandem duplication. Favorable genetics were
defined as either t(8;21) or inv(16). Intermediate genetics were defined as
neither unfavorable nor favorable [17,18]. Graft-versus-host disease (GVHD)
was graded according to previously published and accepted criteria [19].
Nonrelapse mortality (NRM) was defined as death during continuous
remission, and relapse-free survival (RFS) was defined as survival without
any relapse of the underlying hematological malignancy or death from any
cause.

Statistical Analysis
Pair-wise comparisons of patient, disease, and transplant characteristics

(covariates)wereperformedusingFisher’s exact test (forcategoricalvariables).
Variables considered in the analysis included year of transplantation (2007 to
2009 versus 2010 to 2012), gender, age at the time of transplantation (<10
versus�10), FAB classification (M0, M1, andM2 versusM4 andM5 versus M6
and M7), disease status (CR1 versus CR2), cytogenetics/genetics risk category
(favorableversusothers), extramedullary/centralnervous system involvement
(negative versus positive), donor status (matched sibling donor versus others),
graft source (bone marrow versus peripheral blood stem cells versus cord
blood), donorerecipient HLA-A, -B, and -DR antigen matching (match versus
mismatch to GVH direction), donorerecipient ABO group matching (major
matching versus major mismatching), donorerecipient gender matching (fe-
male-to-male versus other combinations), donorerecipient cytomegalovirus
status (negative-to-negative versus other combinations), GVHD prophylaxis
(cyclosporine-based prophylaxis versus others), performance status (<2
versus�2), comorbidity index (<2 versus �2), and conditioning regimen (i.v.
BU-MAC versus TBI-MAC). Survival was estimated using the Kaplan-Meier
method and log-rank tests, whereas the cumulative incidence between
groups was analyzed using Gray’s test.

Risk factors associated with relapse, NRM, RFS, and conditioning group
were assessed using multivariate Cox and Fine-Gray proportional-hazard
models. Parameters with P < .2 on univariate analysis were included in the
model. NRM was the competing event for relapse, and relapse was the
competingevent forNRM.Any incidenceofdeathor relapsewas thecompeting
event for GVHD onset.

Statistical analyses were performed using STATA 12 (Stata Corp., TX) and
EZR data analysis programs [20]. Statistical significance was set at P < .05.
The present study had 71% power for detecting a 15% difference in the 2-year
survival rate between the i.v. BU-MAC and TBI-MAC groups with an error
(2-sided) of .05 [20]. The study was approved by the institutional review
boards of Matsushita Memorial Hospital and by the Japanese Society for
Hematopoietic Cell Transplantation committee.

RESULTS
Patient Characteristics

Data from 220 patients who received either i.v. BU-MAC
(n ¼ 69) or TBI-MAC (n ¼ 151) were analyzed in detail. Intra-
venous BU-MAC comprised BU plus CY or BU plus melphalan
(MEL) either with or without another cytotoxic drug (n ¼ 13
andn¼52, respectively) orothermiscellaneous combinations,
including BU (n¼ 4), whereas TBI-MAC comprised TBI plus CY
or TBI plus MEL either with or without another cytotoxic drug
(n ¼ 107 and n ¼ 42, respectively) or other miscellaneous
combinations, including TBI (n ¼ 2). Preliminary analyses
revealed thatRFSafterTBI andCY�anothercytotoxicdrugwas
similar to that after TBI and MEL � another cytotoxic drug
(2-year-RFS: 65%versus 71%, respectively; P¼ .51) and thatRFS
after i.v. BUandCY�another cytotoxic drugwas similar to that
after i.v. BUandMEL� anothercytotoxicdrug (2-year-RFS:71%
versus 71%, respectively; P ¼ .87). We therefore compared the
outcomes after i.v. BU-MAC with those after TBI-MAC.

Table 1 summarizes patient characteristics, comorbidities,
and transplant procedures for each conditioning group.
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