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Bone Marrow Failure

Introduction

Aplastic anemia is defined as peripheral blood pancytopenia
caused by bone marrow failure; the pathogenesis of this dis-
ease is thought to involve autoimmune processes.1-3 The prin-
cipal interventions responsible for improved survival in aplas-
tic anemia are bone marrow transplantation (BMT) and
immunosuppressive therapy (IST). In children, BMT from an
HLA-matched family donor (MFD) is the treatment of choice
for severe aplastic anemia (SAA).1,4-6 For children lacking an
MFD, IST with a combination of antithymocyte globulin and
cyclosporine has been used as a therapeutic option.6-10

However, this treatment approach is based on the results of
comparative studies between these therapies that were con-
ducted mainly in the 1980s, and there have been few recent
studies that compare the outcome of BMT recipients with
comparable patients receiving IST. 
The largest pediatric series in previous studies was reported

by the European Group for Blood and Marrow
Transplantation (EBMT) and included 304 children treated
from 1970 to 1988; that study indicated survival was better
following first-line BMT than after first-line IST (63% versus
48%; P=0.002) but did not compare failure-free survival after
the two therapies.6 Our previous analysis showed a significant
advantage for patients receiving BMT from an MFD as first-
line treatment in a study of 100 children with SAA who were
treated between 1984 and 1998.1 In patients who received
first-line IST, 10-year overall and failure-free survival rates
were 55% and 40%, respectively, both of which were
markedly inferior to the rates in patients who initially under-
went BMT, which was associated with 10-year overall sur-
vival and failure-free survival rates greater than 90%. Since the
1980s, the outcomes of both BMT and IST have improved,
likely due to better supportive care and advanced treatment
and transplantation protocols. A recently published Cochrane
review regarding BMT from an MFD and IST as first-line treat-
ment also pointed out that all studies included in the analysis
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The current treatment approach for severe aplastic anemia in children is based on studies performed in the 1980s,
and updated evidence is required. We retrospectively compared the outcomes of children with acquired severe
aplastic anemia who received immunosuppressive therapy within prospective trials conducted by the Japanese
Childhood Aplastic Anemia Study Group or who underwent bone marrow transplantation from an HLA-matched
family donor registered in the Japanese Society for Hematopoietic Cell Transplantation Registry. Between 1992
and 2009, 599 children (younger than 17 years) with severe aplastic anemia received a bone marrow transplant
from an HLA-matched family donor (n=213) or immunosuppressive therapy (n=386) as first-line treatment. While
the overall survival did not differ between patients treated with immunosuppressive therapy or bone marrow
transplantation [88% (95% confidence interval: 86-90) versus 92% (90-94)], failure-free survival was significantly
inferior in patients receiving immunosuppressive therapy than in those undergoing bone marrow transplantation
[56% (54-59) versus 87% (85-90); P<0.0001]. There was no significant improvement in outcomes over the two time
periods (1992-1999 versus 2000-2009). In multivariate analysis, age <10 years was identified as a favorable factor
for overall survival (P=0.007), and choice of first-line immunosuppressive therapy was the only unfavorable factor
for failure-free survival (P<0.0001). These support the current algorithm for treatment decisions, which recom-
mends bone marrow transplantation when an HLA-matched family donor is available in pediatric severe aplastic
anemia.
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had a high risk of bias due to their study design and were
conducted more than 10 years ago and may not be appli-
cable to the standard of care of today.11 Updated evidence
to aid treatment decisions in pediatric SAA is, therefore,
required. 
In children, the choice of an appropriate treatment is par-

ticularly influenced by the long-term sequelae of the dis-
ease and its therapy. Thus, failure-free survival is much
more important than survival alone when analyzing the
long-term outcomes of children with aplastic anemia. Lack
of response, relapse, and clonal evolution are problematic
in the IST setting, whereas graft failure, acute and chronic
graft-versus-host disease (GVHD), and infectious complica-
tions limit the success of BMT. In the present study, we
compared the outcomes of children with SAA who
received IST or BMT from an MFD as first-line treatment
using data from nationwide IST and BMT registries.

Methods

Patients
Between 1992 and 2009, a total of 599 consecutive children

(younger than 17 years) with acquired SAA underwent BMT from
an MFD or received IST as first-line treatment in Japan; 213
patients with an MFD underwent BMT and were registered in the
Transplant Registry Unified Management Program (TRUMP) con-
ducted by the Japanese Society for Hematopoietic Cell
Transplantation, and 386 patients without an MFD were enrolled
in two consecutive prospective multicenter trials (AA-92/97) con-
ducted by the Japanese Childhood Aplastic Anemia Study Group
and were initially treated with IST (Table 1). The disease severities
were defined as previously reported.12,13 Underlying inherited mar-
row failure disorders were excluded clinically and by chromo-
some fragility testing. Marrow cytogenetic studies were per-
formed for all patients, and patients with clonal cytogenetic
abnormalities were excluded from this study. Patients with parox-
ysmal nocturnal hemoglobinuria with clinical symptoms and pos-
itive findings on the Ham test/sucrose test were also excluded

from this analysis. All treatments were performed after obtaining
written informed consent from patients or their parents in accor-
dance with the Declaration of Helsinki.

Immunosuppressive therapy and bone marrow 
transplantation procedures
The characteristics of the treatment procedures are detailed in

Table 2. Three hundred and eighty-six patients were enrolled in
the AA-92 (n=84) and AA-97 (n=302) trials, and all the patients
were initially treated with a combination of antithymocyte glob-
ulin and cyclosporine A. Response to IST and disease relapse were
evaluated as previously reported.12 Transplantation data were col-
lected with the use of standardized forms provided by the
TRUMP. A total of 213 patients underwent BMT from an MFD as
first-line treatment following the local protocols for conditioning
regimens and GVHD prophylaxis. Patients who did not reach
neutrophil counts >0.5×109/L for 3 consecutive days after trans-
plantation were considered to have had primary graft failure.
Patients with initial engraftment in whom absolute neutrophil
counts subsequently declined to <0.5×109/L were considered to
have had secondary graft failure. Acute and chronic GVHD were
evaluated according to standard criteria.14-16 More details on meth-
ods are provided in the Online Supplementary Methods section.

Statistical analyses
The date of analysis was July 30, 2012. Survival probabilities

were estimated by the Kaplan-Meier method and compared
between different groups of patients using the log-rank test. The
influence of potential risk factors on overall survival and failure-
free survival was assessed according to first-line treatment (BMT
or IST), time period of treatment (1992-1999 or 2000-2009), age
and other variables related to each treatment. Overall survival was
defined as the time from diagnosis to death or last follow-up.
Failure-free survival was defined as survival with treatment
response. Death, primary or secondary graft failure, and second-
ary malignancy in the BMT group, and death, relapse, disease pro-
gression requiring stem cell transplantation (SCT) from an alterna-
tive donor or second IST, clonal evolution and evolution to parox-
ysmal nocturnal hemoglobinuria in the IST group were consid-
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Table 1. Patients’ characteristics.
First-line treatment

BMT IST P
n=213 n=386

Age at diagnosis, year, median (range) 10 (0-16) 9 (0-16) NS
Age at treatment, year, median (range) 11 (0-16) 9 (0-16) NS
Gender
Male / female 119/94 217/169 NS

Etiology, n. of patients (%)
Idiopathic 204 (96) 312 (81) <0.0001
Hepatitis 7 (3) 67 (17)
Others 2 (1) 7 (2)

Severity, n. of patients (%)
Very severe aplastic anemia _ 227 (59) _
Severe aplastic anemia _ 159 (41)

Interval diagnosis-treatment, days, median (range) 84 (14-4605) 15 (1-180) <0.0001
Time periods of treatment, n. of patients (%) 
1992-1999 121 (57) 155 (40) 0.0001
2000-2009 92 (43) 231 (60)

BMT: bone marrow transplantation; IST: immunosuppressive therapy; NS: not significant.



ered treatment failures. For multivariate analyses, the Cox propor-
tional hazard regression model was used. P values less than 0.05
were considered statistically significant. This study was approved
by the institutional ethics committee of the Japanese Red Cross
Nagoya First Hospital. 

Results

Patients’ characteristics
The characteristics of the 599 children are detailed in

Table 1. The groups treated first-line with BMT (n=213) or
IST (n=386) were similar with regards to age at diagnosis,
age at treatment and male/female ratio. The majority of
patients in both groups had a diagnosis of idiopathic dis-
ease, although the proportion of patients with non-idio-
pathic disease was higher in the IST group. Seven patients
(3%) in the BMT group and 67 patients (17%) in the IST
group suffered from hepatitis-associated disease. Nine
patients had drug-induced or virus-associated disease.
Information on the proportion of very severe disease was
not available for 141 patients who underwent BMT because
the severity of the SAA was not a required item for the reg-
istry. The clinical features of these patients were similar to
those of the remaining patients. In the IST group, details
regarding the severity of disease were provided for all
patients: 227 (59%) had very severe disease and 159 (41%)
suffered from severe disease. As expected, the time to treat-
ment was significantly longer in the BMT group; the medi-
an interval between diagnosis and treatment was 15 days
(range, 1-180 days) and 84 days (range, 14-4605 days) for
those treated with IST and BMT, respectively. In accor-
dance with decisions taken by the patients and the parents,

ten patients underwent BMT more than 5 years after diag-
nosis. None of the patients who received IST before BMT
from an MFD were included in the BMT group.

Immunosuppressive therapy
Response to IST at 6 months was not evaluable in 11

patients for the following reasons: early death (n=7) or
BMT from an alternative donor within 6 months of IST
(n=4). The causes of the early deaths were sepsis (n=3),
interstitial pneumonia (n=2), hemolysis of unknown cause
(n=1) and accidental ingestion (n=1). Of the patients who
underwent BMT from an alternative donor within 6
months, two patients died of graft failure or cardiac toxici-
ty related to the preconditioning regimen. Overall, 238 of
the 375 evaluable patients (63%) improved with first-line
IST and achieved a partial response (n=151) or complete
response (n=87) at 6 months. All of these patients achieved
transfusion independence.
For all 386 patients who received IST initially, the 10-

year overall survival rate was 88% [95% confidence inter-
val (CI): 86-90], as shown in Figure 1A, and the median fol-
low-up time for living patients was 106 months (range, 22-
224 months). In contrast to the high rate of overall survival,
the result regarding survival with response was unsatisfac-
tory, the 10-year failure-free survival rate being 56% (95%
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Table 2. Treatment characteristics.
Bone marrow transplantation                                                 213

Conditioning regimen, n.                                                                        
High-dose CY (200 mg/kg) -based                                                  158

CY ± low-dose irradiation                                                        86
CY + ATG ± low-dose irradiation                                           72

FLU + CY (100-120 mg/kg) -based                                                   44
FLU + CY ± low-dose irradiation                                           29
FLU + CY + ATG ± low-dose irradiation                              15

Myeloablative                                                                                        11
CY + TBI (10-12 Gy)                                                                    7
BU + CY                                                                                         4

GVHD prophylaxis, n.                                                                             
CyA + MTX                                                                                   174
CyA alone                                                                                       23
Tacrolimus + MTX                                                                       6
Others                                                                                           10

Immunosuppressive therapy                                                   386

IST trial, n.                                                                                               
AA-92                                                                                              84
AA-97                                                                                              302

IST regimen, n.                                                                                       
CyA + ATG                                                                                    140
CyA + ATG + G-CSF                                                                  246

CY: cyclophosphamide; ATG: antithymocyte globulin; FLU: fludarabine; TBI: total body
irradiation; BU: busulfan; CyA: cyclosporine; MTX: methotrexate; G-CSF: granulocyte
colony-stimulating factor.

Figure 1. Survival of 599 children with severe aplastic anemia
according to first-line treatments with immunosuppressive therapy
(IST) (n=386) or bone marrow transplantation (BMT) (n=213). (A)
Overall survival. The 10-year overall survival was 88% (95% CI: 86-
90) in the IST group and 92% (95% CI: 90-94) in MFD BMT recipients
(P=NS). (B) Failure-free survival. The 10-year failure-free survival was
56% (95% CI: 54-59) in the IST group and 87% (95% CI: 85-90) in the
BMT group (P<0.0001).
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CI: 54-59) (Figure 1B). The cause of treatment failure
included death in 12 patients [due to intracranial hemor-
rhage (n=2), pneumonia (n=1), traffic accident (n=1) and
sudden death (n=1) in addition to the seven early deaths],
relapse in 23 patients, disease progression requiring sec-
ond-line treatment in 109 patients, evolution to myelodys-
plastic syndrome in 15 patients, and appearance of parox-
ysmal nocturnal hemoglobinuria in two patients. After
failed IST, a total of 113 patients underwent SCT from an
alternative donor as second- or third-line treatment. The
10-year overall survival of these patients who received a
transplant after failed IST was 79% (95% CI: 75-83) with a
median of 435 days from diagnosis and SCT. We then ana-
lyzed the influence of potential risk factors for survival in
the IST group. The prognostic significance of the clinical
parameters is shown in Table 3. In the univariate analysis,
age younger than 10 years at diagnosis was associated with
a favorable overall survival rate [93% (95% CI: 91-95) ver-
sus 82% (95% CI: 78-86); P=0.012], and this was confirmed
in a multivariate model. However, the rate of failure-free
survival did not differ between patients in the two age
groups. No other variables were significantly associated
with survival after IST in either univariate or multivariate
analyses.

Bone marrow transplantation
In the BMT group, 209 patients (98%) achieved primary

engraftment at a median of 16 days after transplantation.
As shown in Figure 1A and 1B, the 10-year overall survival
and failure-free survival rates for all 213 patients who were

treated initially with BMT from an MFD were 92% (95%
CI: 90-94) and 87% (95% CI: 85-90), respectively. When
the analysis was applied to the patients who underwent
BMT within 180 days from diagnosis, similar results were
observed; the 10-year overall survival and failure-free sur-
vival rates were 94% (95% CI: 92-96) and 89% (95% CI:
86-92), respectively. The median follow-up time for living
patients was 101 months (range, 18-213 months). The
cause of treatment failure included primary graft failure in
two patients, secondary graft failure in ten patients, second
malignancy in one patient, and death due to other compli-
cations in 12 patients. Although both patients without pri-
mary engraftment died, nine of the ten patients with sec-
ondary graft failure remain alive; eight were saved by a sec-
ond transplant, and one recovered spontaneously. Twenty-
five of 209 patients (12%) who had achieved primary
engraftment developed grade II to IV acute GVHD, and
extensive chronic GVHD was observed in 13 of 209
patients (6%) alive 100 days after BMT. 
The prognostic significance of the clinical parameters,

including variables related to transplantation, was then
assessed. We found no association between age, gender,
etiology, interval between diagnosis and BMT, or time
period of treatment and treatment outcome (Table 3). Of
particular interest with regards to conditioning regimens is
the fact that the addition of antithymocyte globulin pro-
duced an improvement of overall survival [96% (95% CI:
92-99) versus 87% (95% CI: 84-91); P=0.021], whereas the
rate of failure-free survival was comparable. A fludarabine-
based regimen did not affect outcome after BMT from an
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Table 3. Univariate analysis of 10-year overall survival (OS) and failure-free survival (FFS), according to first-line treatment.
IST BMT

N. of OS FFS N. of OS FFS
Variable patients % (95% CI) P % (95% CI) P patients % (95% CI) P % (95% CI) P

Age at diagnosis
Younger than 10 years 219 93 (91-95) 0.012 57 (54-61) 0.754 89 95 (93-98) 0.163 92 (89-95) 0.200
10 years or older 167 82 (78-86) 55 (51-59) 124 90 (87-93) 84 (81-88)

Gender
Male 217 87 (84-90) 0.628 60 (56-64) 0.089 119 91 (87-94) 0.383 87 (83-90) 0.679
Female 169 90 (87-92) 52 (48-56) 94 94 (91-97) 88 (84-91)

Etiology
Idiopathic 312 88 (86-91) 0.661 54 (51-57) 0.185 204 92 (90-95) 0.568 87 (85-90) 0.934
Other 74 87 (83-92) 66 (60-71) 9 88 (76-99) 88 (76-99)

Severity
Very severe 227 90 (88-92) 0.600 57 (53-60) 0.965 _ _
Severe 159 85 (82-89) 56 (52-60)

Interval diagnosis-treatment
Less than median days 187 91 (88-93) 0.537 60 (57-64) 0.170 105 95 (92-97) 0.322 91 (88-94) 0.362
Median days or more 199 86 (83-89) 53 (49-56) 108 90 (87-94) 85 (82-89)

Time periods of treatment
1992-1999 155 85 (82-88) 0.119 54 (50-58) 0.545 121 91 (89-94) 0.510 87 (84-90) 0.801
2000-2009 231 92 (90-94) 59 (56-63) 92 95 (93-98) 89 (85-93)

Conditioning regimen
With ATG _ _ 87 96 (92-99) 0.021 86 (83-90) 0.648
Without ATG 126 87 (84-91) 85 (82-89)

GVHD prophylaxis
CyA + MTX _ _ 174 93 (90-95) 0.924 88 (85-91) 0.809
Others 39 93 (88-98) 86 (80-93)

ATG: antithymocyte globulin; CyA, cyclosporine; MTX, methotrexate.



MFD, although the number of patients treated with such
regimens was too small to draw any conclusions.
Multivariate analysis showed that none of the variables
significantly influenced survival.

Survival and prognostic factors
The overall outcomes of the 599 children with SAA,

stratified according to their first-line treatment, are shown
in Figure 1A and 1B. Our data clearly showed a significant
advantage for children receiving BMT from an MFD as
first-line treatment; the failure-free survival was signifi-
cantly superior in patients treated with BMT than in those
in whom IST was used (P<0.0001), whereas the overall sur-
vival of patients in these two treatment groups did not dif-
fer. Figure 2A and 2B show survival curves in all patients
treated in the two sequential time periods, 1992-1999 and
2000-2009: results were comparable over time [10-year
overall survival: 88% (95% CI: 86-90) versus 93% (95% CI:
91-95); 10-year failure-free survival: 67% (95% CI: 65-70)
versus 68% (95% CI: 66-71)], indicating no significant
improvement in the last two decades. When age groups
were considered, overall survival at 10 years in the younger
group (<10 years old) was significantly better than that in
the other age groups [93% (95% CI: 92-95) versus 85%

(95% CI: 83-88); P=0.007], although no difference in fail-
ure-free survival was observed (Figure 3A and 3B). The
favorable overall survival in the younger group may be
mostly due to that observed in the first-line IST group. In
multivariate analysis, age younger than 10 years at diagno-
sis was identified as a favorable factor for overall survival
(P=0.007), and choice of first-line BMT from an MFD was
confirmed as an independent favorable factor for failure-
free survival (P<0.0001), as shown in Table 4.

Discussion

For children with SAA, BMT and IST have been accepted
as standard treatments during the past three decades. The
current guideline recommends BMT from an MFD as the
treatment of choice for pediatric SAA17-19 based on the
results of comparative studies performed in the
1980s.1,5,6,20,21 On the other hand, recent prospective studies
with intensified IST for pediatric SAA have resulted in dra-
matic improvements in survival.22,23 For example, a study
from the EBMT showed a 100% overall survival rate at 6
years after first-line IST in 31 SAA patients younger than
20 years treated from 2002 to 2008.22 These excellent over-
all survival results after IST have led to discussion about
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Figure 2. Survival of patients according to time periods of treatment:
1992-1999 (n=276) or 2000-2009 (n=323).  (A) Overall survival. The
10-year overall survival was 88% (95% CI: 86-90) in 1992-1999 vs.
93% (95% CI: 91-95) in 2000-2009. (B) Failure-free survival. The 10-
year failure-free survival was 67% (95% CI: 65-70) in 1992-1999 vs.
68% (95% CI: 66-71) in 2000-2009.

Figure 3. Survival of patients according to age at diagnosis: <10
years (n=308) or ≥10 years (n=291).  (A) Overall survival. The 10-year
overall survival in the younger group (<10 years) was significantly
better than that in the other group [93% (95% CI: 92-95) vs. 85%
(95% CI: 83-88); P=0.007]. (B) Failure-free survival. No difference in
failure-free survival at 10 years was observed [67% (95% CI: 65-70)
vs. 63% (95% CI: 59-67)].
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the first-line treatment in children with SAA. To obtain
solid evidence on which to base treatment decisions, ideal-
ly, a randomized controlled trial is required. However,
because of the rarity of the disease, no randomized con-
trolled trials comparing IST with BMT from an MFD as
first-line treatment for SAA exist, and only retrospective
studies using data from registries or relatively small cohorts
of patients are available. Following the previous report of
304 children treated from 1970 to 1988,6 the EBMT SAA
Working Party (SAAWP) reported a consecutive study of
911 children younger than 16 years initially treated with
IST (n=304) or BMT (n=607) between 1991 and 2002,
which indicated that first-line IST gave an overall survival
rate comparable to that of first-line BMT (81% versus
79%).10 Unfortunately, the analyses had several limitations,
because the drugs used for IST varied (e.g., antithymocyte
globulin only, cyclosporine A only, or a combination of
antithymocyte globulin and cyclosporine A) and the donor
types used for BMT were not consistent (15% of the
donors were mismatched family donors or matched/mis-
matched unrelated donors, although the majority of those
were MFD). In addition, neither EBMT study provided
results on failure-free survival,6,10 which seems to be much
more important than survival alone. Recent advances in
supportive care and salvage therapies have effectively res-
cued non-responders to IST.24 On the other hand, relapse,
clonal evolution in the IST group and secondary graft fail-
ure and late malignancy in the BMT group are serious
problems in long-term survivors. That is the reason why
overall survival is no longer the only endpoint to determine
optimal first-line treatment in children with SAA. In Japan,
we have conducted consecutive prospective trials with a
unified IST regimen consisting of antithymocyte globulin
and cyclosporine A since 1992, enrolling 386 SAA patients
younger than 17 years. During the same period, 213 SAA
patients younger than 17 years underwent BMT from an
MFD and were registered into the TRUMP, which provid-
ed a unique opportunity to investigate updated evidence
for treatment decisions in pediatric SAA, although this
study also had limitations due to its retrospective nature.
This study confirmed the excellent outcomes obtained in

Japanese children with SAA treated with BMT from an
MFD or IST. Consistent with the EBMT studies,10,22 the sur-
vival of children with SAA initially treated with IST has
improved markedly since the 1980s, when first-line IST
gave greatly inferior survival (with overall survival rates of
around 40-50%) when compared with first-line BMT1,5,6,20,21;
in the current analyses, the probability of overall survival at
10 years in the patients treated first-line with IST reached
88%, which was comparable to that of the group treated
first-line with BMT. Recent significant advances in second-
line SCT, especially with a matched unrelated donor, may
contribute to this marked improvement in survival after
first-line IST.25-27 In our series, a certain number of patients
underwent SCT from an alternative donor after failed IST
as a second- or third-line treatment. When patients were
subdivided into three groups (first-line BMT from an MFD,
IST only, and SCT after failed IST groups), the 10-year
overall survival rates in these groups were 91%, 93% and
79%, respectively (P<0.0001), confirming that, in the case
of failure of IST, SCT from an alternative donor is a very
good salvage option, whereas MFD BMT and IST are
excellent first-line treatments for children with SAA.
Regarding survival with response after first-line treat-

ment, we found that the failure-free survival rate in

patients treated with IST plateaued over the past two
decades after having slightly improved since the 1980s
(from 40% in the 1980s to 56% currently).1 Thus, unlike
the overall survival results, failure-free survival in the IST
group was significantly inferior to that in the MFD BMT
group. Consistent with our observations, the EBMT group
also demonstrated no significant improvement in out-
comes in response to IST since the 1990s.10 This may sug-
gest that the IST regimen has not improved over time.
Over the past decade, with the hypothesis that more
intense IST might produce better outcomes, the addition of
newer immunosuppressive agents, such as mycophenolate
mofetil and sirolimus to antithymocyte globulin and
cyclosporine A, has been tested, but has failed to improve
responses.28-31 The combination of antithymocyte globulin
and cyclosporine A is, therefore, still regarded as the stan-
dard IST regimen. Another possibility is that we have
reached a ceiling in the percentage of patients with the
capacity to respond to IST.18 In patients refractory to IST,
the pathophysiology of the disease may be different from
that in patients responsive to IST, which is thought to
involve autoimmune processes, although there are no good
markers to routinely or reliably distinguish non-responders
from responders.13,32-34 Further studies are needed to identify
patients refractory to IST, because these patients might
benefit from prompt alternative donor SCT.
Importantly, all patients in the current analyses were

treated with horse antithymocyte globulin
(Lymphoglobulin), which has recently been withdrawn
from Asian and European markets and replaced by rabbit
antithymocyte globulin. To date, there are only limited
studies using rabbit antithymocyte globulin as first-line IST
for pediatric aplastic anemia, and thus, the effectiveness of
this form of antithymocyte globulin for pediatric patients
remains controversial.35-38 The change of product might
result in different outcomes in response to IST for children
with SAA.
Survival after BMT from an MFD in children with SAA

has exceeded 90% for the past two decades, and this has
remained unchanged when compared with our previous
observation in the 1980s. In this study, the major causes of
treatment failure were primary and secondary graft failure,
but notably, most patients with secondary graft failure
were rescued by second transplantation or careful observa-
tion. In addition to short-term complications, long-term
sequelae, such as chronic GVHD and late malignancy,
should be taken into consideration to make optimal treat-
ment decisions, especially in children. Our results showed
that acute and chronic GVHD were relatively uncommon
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Table 4. Multivariate analysis of favorable factors for survival in all 599
patients with SAA.
Overall survival                             Hazard ratio           95% CI              P

First-line treatment: BMT                        1.619                 0.881-2.977            NS
Treatment period: 2000-2009                   1.536                 0.556-2.753            NS
Age: <10 years                                            2.207                 1.240-3.927          0.007
Failure-free survival                     Hazard ratio           95% CI              P

First-line treatment: BMT                        4.497                 2.935-6.891       <0.0001
Treatment period: 2000-2009                   1.090                 0.812-1.464            NS
Age: <10 years                                            1.113                 0.833-1.488            NS

BMT: bone marrow transplantation; NS: not significant.



in the setting of BMT from an MFD for pediatric SAA,
which is consistent with recently reported results from the
EBMT SAAWP, with 11% of grade II to IV acute GVHD
and 4% of extensive chronic GVHD after BMT from an
MFD for SAA in all age groups.39 Regarding late malignan-
cy, Kikuchi et al. recently published data from 329 Japanese
children with SAA from the nationwide registry, confirm-
ing a low incidence of late malignancy after BMT from an
MFD; the cumulative incidence of late malignancy was
0.8% at 10 years and 2.5% at 20 years, respectively, which
was much lower than the cumulative incidences in reports
from western countries.40 In the present series, only one
patient developed a late malignancy (myelodysplastic syn-
drome), and was saved by second BMT. These observa-
tions suggest that this approach has been already estab-
lished as first-line treatment for children with SAA.
In conclusion, our updated data clearly demonstrate that

children receiving BMT from an MFD as first-line treat-
ment have a significant advantage over children managed
with first-line IST, given the dramatically better failure-free
survival and the lower incidence of associated long-term
sequelae in the BMT group, which supports the current

algorithm for treatment decisions that recommends BMT
for pediatric SAA when an MFD is available. On the other
hand, IST using the combination of antithymocyte globu-
lin and cyclosporine A is the treatment of choice for chil-
dren with SAA without an MFD considering the compara-
ble overall survival with BMT from an MFD, which could
possibly be ascribed to recent improvements in outcomes
after SCT from an alternative donor. In other words,
patients have an excellent chance of survival, even after
failed first-line IST, when they undergo second-line SCT
from an alternative donor. 
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