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A B S T R A C T

Few reports have focused on adolescent and young adult (AYA) patients with acute myeloid leukemia (AML)
treated with hematopoietic stem cell transplantation (HSCT). We performed a retrospective analysis based
on data obtained from a Japanese nationwide registration database to compare HSCT outcomes in AYA pa-
tients with AML with those in children with AML. An analysis of the 2973 patients with de novo AML who
received allogeneic HSCT from 1990 to 2013 showed inferior 5-year overall survival (OS) (54% versus 58%,
P < .01) and increased treatment-related mortality (TRM) (16% versus 13%, P = .02) in AYA patients. Multivari-
ate analysis for both OS and TRM showed a significant negative impact on AYAs. However, the negative impact
of older age lost its significance in an additional analysis focusing on 1407 recent transplant recipients with
high-resolution HLA typing (2000 to 2013). Finally, we analyzed the impact of transplantation center type
on HSCT outcomes in 317 adolescent patients (15 to 18 years old) and found no difference in outcomes between
patients treated at a pediatric or an adult hospital. Higher age was a strong predictive factor for inferior OS
resulting from increased TRM, which can be eliminated with better donor selection using high-resolution HLA
typing.

© 2017 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Acute leukemia is a major type hematological malignan-

cy in both children and adults. However, in children younger
than 15 years, acute lymphoblastic leukemia (ALL) predomi-
nates. Acute myeloid leukemia (AML) comprises only one-
fourth of all leukemia cases in this population and has an
incidence of 8 cases per 1,000,000 children [1]. The incidence
of AML gradually increases with age; hence, AML is the most
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common type of leukemia in adults. Leukemia is one of the
major types of cancer diagnosed in adolescents and young adults
(AYA) commonly defined as individuals between the ages of
15 and 29 or 39 years [2]. Evidence is increasingly showing
the superiority of the pediatric approach for the manage-
ment of AYA patients with ALL. However, the data on AML are
very limited [3] and only a few retrospective studies of AYA
patients with AML have compared pediatric and adult ap-
proaches [4-9]. Although allogeneic hematopoietic stem cell
transplantation (HSCT) is an important curative option for
both children and adults with AML, only a few reports have
examined the procedure in AYA patients with AML [10,11].
Furthermore, AYA patients, especially adolescents, may undergo
transplantation at either a pediatric or an adult transplantation
center, depending on their referral pattern, and the differences
in practices and attitudes between pediatric and adult phy-
sicians might influence HSCT outcomes. We, therefore,
conducted a retrospective analysis using data obtained from
a national database in Japan.

PATIENTS AND METHODS
Patients

Information was collected from the nationwide HSCT registry of the Japan
Society of Hematopoietic Cell Transplantation. The patients were selected
according to the following criteria: (1) patients with AML (those with acute
promyelocytic leukemia, Down syndrome, and/or secondary AML were ex-
cluded); (2) ages 0 to 29 years at the time of transplantation; (3) received
their first allogeneic HSCT either in their first or second complete remis-
sion (CR), first relapse, or primary induction failure; and (4) between 1990
and 2013. Patients were allocated to either of 2 groups by age at transplan-
tation: patients 15 to 29 years of age were allocated to the AYA group while
those 0 to 14 years of age were allocated to the child group. In addition, pa-
tients 15 to 18 years old were specifically defined as adolescents. All aspects
of the current study were approved by the Transplant Registry Unified Man-
agement Program committee of the Japan Society of Hematopoietic Cell
Transplantation (number 1-10) and the ethical committee of the National
Center for Child Health and Development (number 979).

Statistical Analysis
Analyses in this study were performed in 3 steps: first, the HSCT outcome

of the AYA group was compared to that of the child group using data from
the total cohort (all transplant recipients from 1990 to 2013); second, the
comparative analysis was restricted to recent transplant recipients (2000
to 2013) and cases for which data on high-resolution typing at 6 alleles of
HLA A, B, and DRB1 for both the recipient and donor were available; and
finally, adolescent patients were extracted from the total cohort and their
HSCT outcomes were compared by transplantation center type.

Variables in this study were defined as follows: low-risk AML cytoge-
netics as t(8;21)(q22;q22)/RUNX1-RUNX1T1 and inv(16)(p13.1q22) or
t(16;16)(p13.1;q22)/CBFB-MYH11, high-risk AML cytogenetics as monosomy
7, deletions of 5q, t(6;9)(p23;q34)/DEK-NUP214, t(16;21)(p11;q22)/FUS-
ERG, and complex karyotypes (3 or more chromosome abnormalities in the
absence of one of the recurring translocations or inversions designated by
the World Health Organization’s classification). Other abnormalities were
defined as intermediate-risk. The conditioning regimen was regarded as
myeloablative (MAC) if the total dose of busulfan exceeded 9 mg/kg (MAC-
BU) or the total dose of fractionated total body irradiation (TBI) exceeded
8 Gy (MAC-TBI). Other regimens were defined as reduced-intensity [12]. In
the first and third steps of the analysis, a donor was regarded as HLA matched
if all 6 antigens (HLA-A, B, and DR) were identical to the recipient’s HLA ,
whereas other donors were regarded as HLA mismatched. However, in the
second step of the analysis with high-resolution HLA typing involving the
cohort of recent transplant recipients (transplant recipients from 2000 to
2013, hereafter termed recent recipients), the following criteria were used:
as for a familial donor, an HLA allele match was defined as 0 or 1 disparity
between the donor and the recipient at 6 loci (HLA-A, B, and DRB1) and an
HLA allele mismatch was defined as 2 or more disparities; for unrelated donors,
a good HLA allele match was defined as no disparities, a partial mismatch as
1 disparity, and a mismatch as 2 or more disparities.

The baseline characteristics and the clinical course of patients were ana-
lyzed using the chi-square test or Fisher’s exact test for categorical variables
and the Wilcoxon rank-sum test for continuous variables. Disease-free sur-
vival (DFS) was defined as the length of time from the HSCT to the last follow-
up or first event (failure to achieve CR, relapse, secondary malignancy, or

death from any cause). Overall survival (OS) was defined as the length of time
from the HSCT to death from any cause. The survival curves for DFS and OS
were estimated using the Kaplan-Meier method. The cumulative incidence
of relapse (RR) was estimated with relapse after the HSCT as the event of
interest and death from any cause before relapse and secondary malignant
neoplasm as the competing risks. Treatment-related mortality (TRM) was es-
timated with nonleukemia mortality after HSCT as the event of interest and
any leukemia mortality, relapse, or secondary malignant neoplasm as com-
peting risks. The cumulative incidence of acute graft-versus-host disease
(GVHD) was estimated with acute GVHD as the event of interest, and the
cumulative incidence of chronic GVHD was estimated with chronic GVHD
as the event of interest for patients who survived 100 days or longer after
transplantation. Death and the recurrence of leukemia before develop-
ment of GVHD were considered competing risks. Cox proportional hazards
regression was used to identify the risk factors associated with the DFS and
OS rates, and Fine and Gray competing risk regression was used to identify
risk factors associated with RR and TRM. Variables including age at HSCT,
year at HSCT, AML cytogenetic abnormalities, status at HSCT, donor, condi-
tioning, and GVHD prophylaxis were included in the models. Year at HSCT
and GVHD prophylaxis were excluded in the second step of the analysis. Type
of HSCT center, AML cytogenetic abnormalities, donor, and conditioning were
included for the final step of the analysis. The variables significantly asso-
ciated with the DFS, OS, RR, and TRM were then identified by a significance
level of .05. All P values were 2-sided and no statistical adjustment was made
for multiple testing. All data analyses were performed by an academic bio-
statistician using SAS statistical software (version 9.2; SAS Institute, Cary,
NC).

RESULTS
Patient Characteristics

In total, 2977 patients were identified. Four patients were
excluded because the dates of the events were incompatible
(n = 2) or their survival status was unknown (n = 2). Data on
the remaining 2973 patients (the total cohort), comprising
1123 patients in the child group and 1850 in the AYA group,
were further analyzed. The patient characteristics of the 2
groups are shown in Table 1. There was a higher percentage
of French-American-British classification M0, M1, and M2 mor-
phology in the AYA group while M5 and M7 were less common
than in the child group. In addition, the AYA group had a higher
percentage of intermediate-risk AML cytogenetic abnormali-
ties and a lower percentage of high-risk AML cytogenetic
abnormalities. More patients in the AYA group received HSCT
at primary induction failure, had an HLA-matched related
or unrelated donor, or underwent MAC-TBI conditioning and
GVHD prophylaxis with cyclosporine and methotrexate (MTX).
In contrast, a higher percentage of patients in the child group
received a transplant from an HLA-mismatched related donor
or an unrelated cord blood donor and received MAC-BU or
reduced-intensity conditioning and GVHD prophylaxis with
tacrolimus plus MTX or MTX only for matched sibling donors.
Details of the conditioning regimen used in both cohorts are
listed in Supplemental Table S1.

Transplantation Outcomes of the Total Cohort
(All Transplant Recipients from 1990 to 2013)

The OS, DFS, RR, and TRM curves of the AYA and the child
groups are shown in Figure 1. The 5-year OS and DFS rates
were significantly poorer among AYAs than among children
at 54% (95% confidence intervals [CI], 51% to 56%) and 58%
(95% CI, 55% to 61%) (P < .01) and 48% (95% CI, 46% to 51%)
and 53% (95% CI, 50% to 56%) (P = .03), respectively. Five-year
RR did not differ between the 2 groups at 34% (95% CI, 32% to
36%) and 33% (95% CI, 31% to 36%) (P = .99), respectively.
However, 5-year TRM was significantly higher in AYAs at 16%
(95% CI, 14% to 17%) versus 13% (95% CI, 11% to 15%) (P = .02)
in the child group. When the patients were subdivided into
the 0 to 9-year-old, 10 to14-year-old, 15 to 18-year-old, and
19 to 29-year-old age groups, the OS rate decreased while
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