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Statistical analysis
Statistical analyses were performed using spss statistical
software (SPSS Co.. Tokyo. Japan). OS was calculated by
the Kaplan-Meier method.

This retrospective analysis was performed in accordance
with the Helsinki Declaration of 1975.

Results
Engraftment

All 18 patients showed engraftment. The median
number of days until the neutrophil count
exceeded 500/uL was 16 (range 11-21). The
median number of days until the reticulocyte
count exceeded 10% was 20 (range 9-89), and the
median number of days until the platelet count
exceeded >350000 was 28 (range 15-170).
Among the 18 who achieved neutrophil recovery,
one subsequently experienced a sustained decline
in the neutrophil count. He received a second
transplant from the same donor (HLA-matched
sibling) after conditioning including ATG + -
CY + Flu. Tacrolimus and MTX were given as
GVHD prophylaxis.

Complications

GVHD

Grade 2-4 acute GVHD occurred in five patients
(grade 3 in 4, grade 4 in 1). The day-100
probability of grade 2-4 acute GVHD was
27.8%. Limited and extensive cGVHD occurred
in three and three patients, respectively, at a
median of 10 months (4-25). The five-yr proba-
bility of ¢cGVHD was 16.7%. One died from
interstitial pneumonia complicated with exten-
sive cGVHD. One developed extensive cGVHD
as scleroderma followed by mild arthrogryposis
in his extremities. The remaining one patient with
extensive cGVHD and three patients with limited
¢GVHD recovered completely. Other complica-
tions were neutropenic fever in 15, hemorrhagic
cystitis in four, and thrombotic microangiop-
athy, posterior reversible encephalopathy syn-
drome, and nephrotic syndrome in one each.

Infectious complications

Infectious complications included viral cystitis in
two, central venous catheter-related MRS infec-
tion in one, fungal pneumonia in one, and zoster
in one patient. All recovered without sequelae. In
a deceased patient with cGVHD, the cause of
interstitial pneumonia was not determined.

Survival

The surviving patients were followed-up for a
median of 46 months (range 10-153). None died
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within 100 days after BMT. One patient died
because of interstitial pneumonia complicated
with ¢GVHD at five months post-BMT. The
five-yr probability of OS with a median follow-
up of 42 months was 94% (95% CI: 83-105)
(Fig. 1). KPS in most of the surviving patients
was 100. One patient had a score of 50, and two
had a score of 90. The patient who had a KPS of
50 had congenital AA complicated with cerebral
palsy and mental retardation prior to BMT. Her
KPS did not change with BMT.

Discussion

In general, it would be preferable to enroll
patients with AA in clinical trials to improve
the outcome of the disease. However, clinical
trials take time and the advances in transplant
procedures can be quite rapid. Where clinical
trials are not feasible, data from observational
studies may be the best-available evidence to
guide practice (1). Therefore, we treated our
patients with a best-available evidence strategy,
le., treatment was based on the best donor
source, conditioning regimen, GVHD prophy-
laxis, and supportive care at the time of trans-
plant. Because almost all Japanese are covered by
public medical insurance, it was possible to
choose a best-available evidence strategy.

We report here the clinical outcome for allo-
geneic BMT in 18 consecutive children with
AA. Because OS at five yr was good, this best-
available evidence strategy was acceptable. The
probability of FFS at 10 yr in children with AA
who received an allogeneic BMT from an HLA-
matched family donor between 1984 and 1998
was reported to be 97% (9). Kojima et al. also
reported an excellent result for BMT from an
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Fig. 1. OS in children undergoing BMT for AA.



unrelated donor in the Nagoya area (7), which is
compatible with our findings. However, in a
multi-center trial conducted between 1994 and
2004, FFS in 33 children who received BMT
from an HLA-matched sibling was reported to be
69.7% when these patients received IST with
ATG and CsA prior to BMT (10). In another
study conducted between 1997 and 2004, FFS in
31 children who received BMT [rom an alterna-
tive donor was reported to be 83.9% (11), which
is also compatible with our results. We obtained
a good outcome based on various advances
regarding BMT for AA, as described later.
High-resolution HLA typing has improved the
outcome for matched unrelated donor BMT in
patients with AA, and long-term survival has
reached 61% (12). Maury et al. reported that
survival after unrelated SCT for severe AA has
improved significantly over the past 15 yr,
mainly because of better HLA matching (13).
The results for young patients who are fully
HLA-matched with their donor at the allelic level
are comparable to those observed after SCT
from a related donor (13). One of our patients
who was transplanted in 1997 died because of
interstitial pneumonia complicated with chronic
extensive GVHD. This patient received serolog-
ically matched unrelated BM. Because we did not
have a technique for matching HLA based on
DNA typing at that time, this patient might have
received mismatched marrow by DNA typing.
Since the end of 1997, we have been able to type
HLA based on a DNA technique. This could
support our good outcome for BMT thereafter.
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Bone marrow transplantation for aplastic anemia

As shown in Fig. 2, we started BMT with low-
dose irradiation regimens in 1992. We shifted to
non-irradiation-based conditioning regimens in
2003 based on reports by Chan (14) and others
(6, 15). Later, this was also supported by a report
by Kahl (16). In 2004, we used Flu as a
conditioning regimen for the first time. This
particular patient developed severe AA after
acute hepatitis, and she did not have an HLA-
matched sibling or unrelated donor. Therefore,
she received BMT from her HLA-mismatched
mother. At that time, a Flu-based conditioning
regimen was adopted based on the report by
Chan. Meanwhile, we started BMT with an
unrelated donor using a Flu-based conditioning
regimen in 2006. There have been several reports
regarding Flu-based conditioning regimens that
showed promising results, with good engraft-
ment, tolerable toxicity, and minimal GVHD
(17-21). This seems to be a consistent finding in
BMT [rom alternative donors based on our
experience and these other reports (12, 22).
Although no report has shown that Flu-based
conditioning is definitely superior to others, it
would be reasonable to choose this approach to
avoid possible toxicities by irradiation. Cur-
rently, we choose an HLA-matched sibling as a
donor with CY + ATG conditioning. If an
HLA-matched sibling is not available, an HLA-
mismatched family donor or HLA-maitched
unrelated donor with a Flu-based conditioning
regimen is chosen.

A previous report demonstrated that survival
after SCT from alternative donors is significantly
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Fig. 2. Changes in donor sources, conditioning regimens, and GVHD prophylaxis. Open circle, related donor; open square,
unrelated donor; F, graft failure; T. tacrolimus; 2, second transplant: . dead patient: a. received additional ATG; b, received

additional Flu + ATG.
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lower, with five-yr survival rates of 56% in the
largest study from Japan with 158 patients
including children, in contrast to family donors,
(23) and survival rates of 39% and 36% were
reported for matched unrelated and mismatched
unrelated donors in the Center for International
Blood and Marrow Transplant Research, respec-
tively (24). However, several recent reports have
shown an improved outcome for alternative
donor transplantation. In 2006, Kennedy-Nasser
et al. reported that alternative donor transplan-
tation was as effective as matched sibling donor
transplantation (25). Perez-Albuerne et al. also
reported that unrelated donor transplantation is
an acceptable alternative for children; early
referral for transplantation and identification of
an HLA-matched (allele-level) donor offer the
best outcome (26). Kosaka et al. reported excel-
lent results in BMT from alternative donors as a
second-line therapy after initial IST failed (11).
Since 2006, we have transplanted five patients
from unrelated donors (Fig. 2). Four of these five
were successfully transplanted even from mis-
matched unrelated donors. This success is likely
because of the use of Flu-based conditioning, as
mentionedearlier.

The present best-available evidence strategy
was acceptable, and most patients benefited rom
this strategy. A better understanding of the HLA
combinations for GVHD or the type of amino
acid substitution in HLA molecules (27) or
antibody screening for HLA (28) should lead to
further success in BMT from alternative mis-
matched donors.
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