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Hematopoietic Stem Cell Transplantation for Familial Hemophagocytic
Lymphohistiocytosis and Epstein—Barr Virus-Associated
Hemophagocytic Lymphobhistiocytosis in Japan
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Background. Post-transplant outcomes of hemophagocytic lym-
phohistiocytosis (HLH) patients were analyzed in Japan where
Epstein—Barr virus (EBV)-associated severe forms are problematic.
Methods. Fifty-seven patients (43 familial HLH [12 FHL2, 11 FHL3,
20 undefined], 14 EBV-HLH) who underwent stem cell trans-
plantation {SCT) between 1995 and 2005 were enrolled based on the
nationwide registration. Results. Fifty-seven patients underwent
61 SCTs, including 4 consecutive SCTs. SCTs were employed using
atlogeneic donors in 93% of cases (allo 53, twin 1, auto 3). Unrelated
donor cord blood transplantation (UCBT) was employed in half of
cases (21 FHL, 7 EBV-HLH). Reduced intensity conditioning was
used in 26% of cases. The 10-year overall survival rates
(medianSE%) were 65.0+7.9% in FHL and 85.7+£9.4% in
EBV-HLH patients, respectively. The survival of UCBT recipients
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was >65% in both FHL and EBV-HLH patients. Three out of four
patients were alive with successful engraftment after second UCBT.
FHL patients showed a poorer outcome due to early treatment-
related deaths (<100 days, seven patients) and a higher incidence of
sequelae than EBV-HLH patients (P= 0.02). The risk of death for FHL
patients having received an unrelated donor bone marrow transplant
was marginally higher than that for a related donor SCT (P=0.05)
and that for UCBT (P=0.07). Conclusions. EBV-HLH patients had a
better prognosis after SCT than FHL patients. FHL patients showed
either an equal or better outcome even after UCBT compared with
the recent reports. UCB might therefore be acceptable as an alternate
SCT source for HLH patients, although the optimal conditioning
remains to be determined. Pediatr Blood Cancer
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INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is an immunohe-
matologic emergency, characterized by fever, cytopenias, hepatos-
plenomegaly, hyperferritinemia, and disseminated intravascular
coagulopathy (DIC) [1,2]. HLH comprises primary form of familial
hemophagocytic lymphohistiocytosis (FHL) and secondary form
occurring in association with infections, malignancies, and
rheumatic diseases. FHL has currently been classified into FHL1
linked to chromosome 9, FHL2 with PRFI mutation, FHL3 with
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UNC13D mutation, and FHL4 with STX1] mutation, although more
than half of patients have no mutations of these genes [1]. HLH
could also be a presenting symptom in patients with the other
inherited disorders including X-linked lymphoproliferative
disease (XLP), Griscelli syndrome, Hermansky—-Pudlak syndrome,
Chediak-Higashi syndrome and primary immunodeficiency
diseases. HLH accounts for the common basis of hypercytokinemia
arising from excessive immune activation, in which activated
lymphocytes and hemophagocytosing-macrophages without malig-
nant morphology infiltrate into systemic organs, including the bone
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marrow (BM), liver, spleen, lymph nodes, skin, and central nervous
system (CNS) [3,4]. FHL is a fatal disease if allogeneic
hematopoietic stem cell transplantation (SCT) has not been
successfully performed.

Epstein—Barr virus (EBV)-associated HLH (EBV-HLH) is a
severe form of secondary HLH more frequently occurring in Asian
children {5-7). Activated EB V-infected CD8" T cells account for
the disease process of EBV-HLH [8], however no predisposing
factors have yet been clarified. EBV-HLH patients mostly respond
to immunochemotherapy, but a small fraction of patients experience
a fatal course without SCT. Therefore, although numbers were still
small, SCT has been included in the salvage for refractory EBV-
HLH cases [9—11]. The optimal timing of SCT, the source of donor
cells and the conditioning are critical, particularly for young HLH
patients. In this setting, the appropriate SCT for HLH patients needs
to be established.

This study analyzed the outcomes of patients with FHL or EBV-
HLH who underwent SCT in Japan over the past 10 years, in order to
address the issues in the transplant-related problems including
engraftment, late sequelae as well as to find out if there are distinct
transplant strategies for FHL and EBV-HLH patients.

PATIENTS AND METHODS
Data Collection

The HLH/LCH Committee in the Japanese Society of Pediatric
Hematology (JSPH) sent the first questionnaires to the hospitals
administered by JSPH members based on the SCT registry in JSPH,
asking if SCT was performed for any HLH patients between 1995
and 2005. The second questionnaires were sent to 57 hospitals with
SCT cases, asking the patients’ characteristics, treatment prior to
SCT, donor sources, conditioning regimens, complications, and
outcome, Of the 47 responses (recover rate 82%), 61 definite SCT
cases from 33 hospitals were eligible for the study (mean 1.7 case/
hospital, Supplemental Table). Forty-three FHL patients underwent
46 SCT, while 14 EBV-HLH patients underwent a total of 15 SCT.
The majority of SCT (EBV-HLH 87%, FHL 89%) were performed
between 2000 and 2005.

Diagnosis and Classification

AN 57 patients fulfilled the diagnostic criteria of HLH [12]. FHL
was diagnosed when the patient had a genetic abnormality, positive
family history, and/or other evidence such as impaired natural killer
cell activity [13]. The genetic study of FHL 2, 3, and 4, approved by
the ethics committee of Kyushu University, Japan (No. 45), was
partly completed postmortem according to our methods [14-17].
FHL2 and FHL3 determined by PRFI or UNCI3D mutations
accounted for 28% (n = 12), and 26% (n = 11), respectively, in this
group. In addition, a total of eight patients were found with siblings
diagnosed as having HLH. EBV infection might be associated with
the development of HLH in four FHL patients (one FHL2, one
FHL.3, and two familial). These cases were classified as FHL, not as
EBV-HLH. Other types of primary HLH such as XI P were excluded
in this study.

EBV-HLH was diagnosed when a non-FHL patient had a
primary infection or reactivation of EBV at the onset of HLH. EBV
infection was assessed by the detection of EBV DNA and/or
the pattern of serum EBV-specific antibody titers [18]. Cases
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with secondary HLH occurring in a chronic active EBV infection
[19], and/or a histologically confirmed EBV-related lymphoma
were excluded in this study. CNS involvement was determined when
patients showed neurological manifestations, clinically as well as
with any evidence of abnormality in the cerebrospinal fluids (CSF),
neuroimagings (CT/MRI), and/or electroencephalography (EEG).

Prior Treatment to SCT

Treatment was based on the HLH-94 protocol using a
combination of corticosteroid, cyclosporine-A (CSA), and etopo-
side (VP16) for both groups [20,21]. As the multidrug chemo-
therapy, CHOP-VP16-based regimen (VP16, vincristine,
cyclophosphamide [CY], doxorubicin, and prednisolone) was
chiefly employed. SCT was performed for all FHL patients, but
limited for EBV-HLH patients who were resistant to any other
treatments.

SCT

Allogeneic SCT was performed in 53 of the 57 patients (93%).
Autologous SCT and identical-twin donor SCT were performed in
three and one sporadic patients, respectively, because the molecular
diagnosis was not available at the time of SCT. Donor sources,
infused cell doses, conditioning regimens, and other SCT-related
data are summarized in Table I. Allogeneic donor sources for EBV-
HLH were HLA-matched sibling peripheral blood (PB) 1,
haploidentical parent BM/PB 2, HLA-matched unrelated BM 1,
HLA-matched unrelated cord bloed (UCB) 2, and HLA-mis-
matched UCB 5, and those for FHL were HLA-matched related BM
7 (sibling 6), haploidentical parent BM/PB 2, HLA-matched
unrelated BM 12, HLA-matched UCB 9, and HLA-mismatched
UCB 12. All CBs were obtained from unrelated donors registered in
the Japanese Cord Blood Bank Network. All unrelated donor
BMs were obtained from the Japanese Marrow Donor Program.
Myeloablative conditioning for EBV-HLH included VP16/busulfan
(BU)/CY in § patients (4 in UCB transplantation [UCBT]) and other
regimens in 3 patients, while those for FHL were VP16/BU/CY plus
or minus anti-thymocyte globulin (ATG) in 23 patients (10 in
UCBT) and others in § patients. Reduced intensity conditioning
(RIC) for EBV-HLH included melphalan (MEL)/fludarabine (FLU)
plus or minus thoracoabdominal irradiation in three patients (two in
UCBT), and those for FHL were MEL/FLU plus or minus low-dose
total body irradiation plus or minus ATG in eight patients (four in
UCBT) and others in three patients. Donor chimerism was assessed
by using short tandem repeats or sex chromosome analyses.

Evaluation of Late Sequelae

Long-term survivors were further questioned concerning their
physical growth, endocrinological status, and neurological deficits.
Neurological development including cognitive functions was
assessed by Karnofsky score, developmental quotient and/or school
performance.

Statistical Analysis

The 10-year overall survival (OS) rate with 95% confidence
intervals were estimated by the Kaplan~Meier method. The OS was
calculated for the period from the day of SCT until the death of any
cause or the final observation. All results were updated to May 31,
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TABLE L Profiles of Patients Who Underwent Hematopoietic Stem Cell Transplantation

EBV-HLH FHL P-value
Number, male:female 14, 4:10 43, 23:20 0.37
Age at onset (median, range) 5.5y, 6m-18y 0.5y, 6d—-12y <0.0001
Age at SCT (median, range) 59y, 1.4-18y 1.2y, 0.4-15y 0.0002
Observation period (median, range) 5.5y, 0.3-16y 4.8y, 0.2-19y 0.94
Manifestation at diagnosis (%)
Fever 100 95 >0.99
Hepatosplenomegaly 86 86 >0.99
Lymphadenopathy 36 21 0.30
Skin eruption 7 14 0.67
Respiratory failure 36 14 0.12
DIC 50 33 0.26
Treatment prior to SCT (%)
HLH94 only 36 (5/14) 60 (25/42) 0.14
Multidrug chemotherapy 57 (8/14) 19 (8/42) 0.017
Diagnosis to SCT (median, range) 5.8m, 1.8-24m 7.5m, 1.6—-84m 0.18
SCT (n)
Allogeneic 11 42
Auto/Identical twin 3 1
Nucleated cell doses (x 108/kg) 1.3 (0.2-6.6) 2.5(0.1-12.7) 0.14
Donor
UCB 7 21 0.94
Others 7 22
HLA disparity no 4 28 0.09
HLA disparity yes (>1 locus®) 7 14
Conditioning
Myeloablative® 1 31 >0.99
RIC® 3 11
Irradiation yes 4 i1 0.73
Irradiation no 9 31
ATG yes 0 8 0.18
ATG no 14 34
CNS abnormality (%)
At diagnosis 29¢ (4/14) 214 (9/42) 0.72
Before SCT 57 (8/14) 67 (28/42) 0.52
CSF pleocytosis 25 (2/8) 32 (7/122) >0.99
MRI abnormality 36 (5/14) 51 (20/39) 0.36
Convulsion 43 (6/14) 41 (17/41) 0.93
Disturbed consciousness 36 (5/14) 24 (10/41) 0.49
Post-transplant state (n)
Early death (<100 days) 2 7 0.48
Alive 12 29 031
Neurological deficit (%) g¢ (1/12) 299 (7/24) 0.22
Late sequelae® (%) 8 (1/12) 52 (11/21) 0.022

ATG, anti-thymocyte globulin; BU, busulfan; CNS, central nervous system; CSF, cerebrospinal fluid; CY,
cyclophosphamide; DIC, disseminated intravascular coagulopathy; EBV, Epstein~Barr virus; FHL, familial
hemophagocytic lymphohistiocytosis; FLU, fludarabine; HLH, hemophagocytic lymphohistiocytosis;
MEL, melphalan; MRI, magnetic resonance imaging; SCT, hematopoietic stem cell transplantation; TAI,
thoracoabdominal irradiation; TBI, total body irradiation; UCBT, unrelated donor cord blood trans-
plantation; VP16, etoposide. Parenthesis means the positive number of patients per the evaluable number of
patients. The observation period means the time from the onset to the last visit or death. “Human leukocyte
antigen (HLA) disparity was assessed by the serotyping data of HLA-A, -B, and -DR; "Myeloablative
conditionings for EBV-HLH were VP16/BU/CY 8 (4 in UCBT) and others 3, and those for FHL were VP16/
BU/CY +ATG 23 (10 in UCBT) and others 8; “Reduced intensity conditionings (RIC) for EBV-HLH were
MEL/FLU 4 TAI3 (2in UCBT), and those for FHL were MEL/FLU + low dose TBI+ ATG 8 (4 in UCBT)
and others 3; “The proportion of patients having neurological abnormality was lower in survived patients
with EBV-HLH (P = 0.0015). Survived patients were neurodevelopmentally assessed at the last visit to the
hospital; “Late sequela(e) in EBV-HLH was hemiparesis (n = 1), and those in FHL were short stature (n = 5),
endocrinological abnormality (n=1), psychomotor retardation with or without seizure (n=25), brain -
atrophy (n= 1), and hearing difficulty (n = 1).
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2008, An analysis of the risk factors for SCT outcome was possible
for FHL, but not for EBV-HLH because of the small number of
subjects. Age at onset of HLH or at the SCT, duration from the onset
to SCT, CNS disease before SCT, donor sources, and the type of
conditioning were tested using the log-rank method. Cox propor-
tional-hazard model was employed to examine the association
between selected clinical variables and the risk for death. A logistic
regression model was used to investigate factors associated with
neurological sequelae. Chi-square test or Fisher’s exact test were
employed in other comparisons. P values less than 0.05 were
considered to be significant.

RESULTS
Profiles of EBV-HLH and FHL Patients

A comparison of the clinical profiles (Table I) revealed that the
ages at disease onset and at the time of SCT were each higher in
EBV-HLH than in FHL patients (P < 0.0001, P =0.0002, respec-
tively). No clinical manifestations differed between the two groups
during the disease course, including respiratory failure as well as
CNS abnormalities at diagnosis. The proportion of patients who
failed VP16 and CSA therapy including HLH94 protocol and
needed combination chemotherapy such as CHOP-VP16 before
planning SCT was higher in EBV-HLH patients than FHL patients
(57% vs. 19%, P =0.0168).

Quticomes of SCT

Engraftment and survival. Post-transplant outcomes of 43
FHL patients and 14 EBV-HLH patients are summarized in
Figures 1 and 2. The 10-year OS rates (median 1= SE%) of FHL
and EBV-HLH patients were 65.0+7.9% and 85.7+9.4%,
respectively (P =0.24; Fig. 3). In the allogeneic SCT cases with
FHL (Fig. 1), 29 attained engraftment, 6 had rejection or graft
failure, and 7 were undetermined. On the other hand, in EBV-HLH
(Fig. 2), seven were engrafted, three were rejected, and one was
undetermined. Of all 29 FHL patients engrafted after the first SCT,
26 were alive with no HLH relapse, but 3 died of treatment-related
mortality (TRM). Seven engrafted patients with EBV-HLH were
alive and well at the final follow-up. Among the nine rejection/graft
failure patients (six FHL, three EBV-HLH), a second UCBT was
successful in three of the four patients (three FHL, one EBV-HLH).
Twelve of the UCBTrecipients for FHL that received a graft with the
first UCBT and two that received a second UCBT were alive at the
last follow-up; while seven died; six were due to TRM and one was
due to active HLH disease. Six of the seven UCBT recipients for
EBV-HLH were alive and well at the last follow-up, while only one
died of active HLH disease on day 18 post-transplant. A total of
29 FHL survivors after allogeneic SCT(s) had 17 complete donor
chimera (2 patients after second UCBTs), 3 mixed chimera (1 had
42% donor chimera in remission 18 months after SCT, 2 attained
>90% donor chimera until 6 months after SCT), 8 undefined, and
1 graft failure with CNS disease. Ten EBV-HLH survivors after
allogeneic SCT attained eight coraplete donor chimera (seven
patients after the first SCT and one patient after second SCT
[UCBTY]), and two with autologous recovery. Two of three EBV-
HLH patients who rejected allogeneic cells were alive and disease
free more than 6 years post-transplant. One of two EBV-HLH
patients who underwent autologous SCT was alive and well 13 years
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Fig. 1. Cohort diagram for the clinical outcome of 43 patients with
familial hemophagocytic lymphohistiocytosis (FHL) who underwent
stem cell transplantation (SCT). Of 42 patients after allogeneic SCT, 29
achieved engraftment (18 complete, 3 mixed) and 6 failed to engraft,
One (#) with graft failure was alive with central nervous system disease
12 years after SCT. A total of 29 patients (67%) were alive after SCT.
The underlined data indicate the number of deceased patients. Seven
patients died within 100 days post-SCT (parenthesis). Asterisk (¥)
means UCB. R, related; U, unrelated; BM, bone marrow; PB, peripheral
blood; CB, cord blood; ADF, alive with the disease free state; AOD,
alive on disease; Rej/GF, rejection or graft failure; TRM, treatment-
related mortality.

post-transplant [22]. One EBV-HLH patient was alive and well
10 years after the identical twin donor BMT.

Causes of death. Of 14 deceased FHL patients, 12 died of
TRM, including 3 chronic GVHD while 2 died of recurrent HLH.
Seven patients experienced early death from TRM within 100 days
after SCT (Fig. 1). One patient, later diagnosed with FHIL.2, died of
CNS disease 5 years after autologous SCT [14]. Two EBV-HLH
patients died of recurrent HLH within 50 days after SCT (Fig. 1).
No TRM-related deaths were noted among the EBV-HLH patients.

Engraft, & ADF 7 [6%]
Allo. 11 / ADF 1#

R-BM/PB 3 Rej/GF<
uBM 1 3

U-CB 7% \ Relapse <
2

Undetermined ., pied of HLH 1*

ADF 1#

2nd UCB & ADF 1

(<50 days)
Auto/Syng. 3 ADF 2
Auto 2 <
T Died of HLH 1
ID-Twin 1 “vays)

Fig. 2. Cohort diagram for the clinical outcome of 14 patients with
Epstein—Barr virus-associated hemophagocytic lymphohistiocytosis
(EBV-HLH) who underwent SCT. Among 11 patients after the first
allogeneic SCT, 7 achieved successful engraftment and 3 failed to
engraft, A total of 12 patients (86%) were alive after SCT. Two patients
(#) were alive and well more than 6 years after SCT failure. The
underlined data indicate the number of deceased patients. Two patients
died within 50 days post-SCT (parenthesis). Asterisk (*) means UCB.
Auto/Syng: autologous/syngeneic, ID: identical.
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Fig. 3. Cumulative probability of post-transplant overall survival of
FHL (solid line) and EBV-HLH patients (dashed line) who underwent
SCT. Closed circle and open triangle represent deceased and alive
patients, respectively. Each value indicates the 10-year overall survival
rate plus or minus standard error assessed by the log-rank test.

SCT for FHL and EBV-HLH in Japan 5

Analysis of Prognostic Factors in FHL

A log-rank test on the OS rate did not show any significant
difference in terms of age at SCT (<2 years vs. >2 years), time of
SCT from HLH treatment (<6 months vs. >6 months), conditioning
regimens (myeloablative vs. RIC) and various donor sources (R-PB/
BM vs. UCBT vs. UBM,; Table II). The Cox hazard model with
adjustment for gender and age at engraftment indicated that the risk
of death for UBM might be higher than that for R-PB/BM (adjusted
hazard ratio=10.07, 95% confidence interval [CI]=0.01-1.02,
P =0.05) and that for UCB (0.27, 95% CI=0.07-1.09, P =0.07;
Table II). No significant variables were found to predict the
risk of early death within 100 days post-transplant, or the risk of
neurological sequelae.

CNS Abnormalities and Late Sequelae

Table I shows that the frequency of CNS abnormalities at onset
and the time of SCT did not differ between the EBV-HLH and FHL
patients. Whereas, post-transplant CNS abnormalities were signifi-
cantly higher in the FHL patients (P = 0.0015). Eleven FHL patients
(52%) have had late sequelae including neurological as well as
endocrinological problems, in comparison to only one EBV-HLH
patient with left hemiparesis (P =0.022). Late sequelae of FHL

TABLE II. Association Variables Influencing on the Risk of Mortality in FHL Patients

(A) Log-rank analysis
Variables No. Survival (OS %) P-value
Age
<2 years 30 66.2+8.7 0.56
>2 years 12 75.04+12.5
Time from HLH treatment
<6 months 14 6294133 0.65
>6 months 28 714485
Conditioning
Myeloablative 31 71082 0.50
RIC 11 60.6£15.7
Donor sources
R-PB/BM, a 9 88.94+10.5 avs.b 0.22
UCB, b 21 65.6+10.6 avsc 0.15
UBM, ¢ 12 5834+14.2 bvsc 0.61
(B) Cox’s model analysis
Variables No. Adjusted hazard ratio 95% CI lower—upper limit P-value
Stem cell source
Unrelated BM 12 1.00 Reference
Unrelated CB 21 0.27 0.07-1.09 0.07
Related PB/BM 9 0.07 0.01-1.02 0.05
Conditioning
Reduced intensity 11 1.00 Reference
Myeloablative 31 0.48 0.09-2.47 0.38
Radiation
No 31 1.00 Reference
Yes 11 0.52 0.11-2.52 0.41
Use of ATG
No 34 1.00 Reference
Yes 8 0.91 0.18-4.70 091
HLA disparity
No 28 1.00 Reference
Yes (>1 locus) 14 2.79 0.75~10.38 0.13

Both analyses (A, B) were performed for 42 FHL patients who underwent the first allogeneic SCT. The Cox
mode] analysis was performed with adjustment for selected variables including sex and age at engraftment.

Pediatr Blood Cancer DOI 10.1002/pbe



6 Ohga et al.

included psychomotor retardation with or without seizures (n =15),
brain atrophy (n=1), hearing difficulty (n=1), short stature
(n=35), and impaired sexual development (n==1).

DISCUSSION

No underlying immunodeficiency has yet been identified for
idiopathic EBV-HLH, which has been recognized to be distinct from
familial or inherited disease-related HILH like FHL. However, EBV
also acts as a trigger in the development of HLH episodes in FHL
patients. Therefore, caution must be exercised in the differentiation
of the two types of HLH disease. Strict use of the renewed diagnostic
criteria for the registered cases in Japan enabled an analysis of the
SCT results of 43 FHL and 14 EBV-HLH patients. The data first
revealed a high survival rate in UCBT recipients in either type of
HLH, indicating that CB could be preferable BM as the unrelated
donor source in SCT for pediatric patients with refractory HLH. In
addition, SCT in FHL patients was more problematic than that in
EBV-HLH, where it was associated with a high incidence of post-
transplant early death rate as well as late sequelae including
neurological deficits. The EBV-HLH patients showed no apparent
sequelae even if they had CNS involvement at diagnosis.

Information concerning SCT for HLH patients has been
accumulated mostly in FHL, but little has been published in EBV-
HLH except for sporadic case reports [10,11]. Previously published
major studies on SCT in FHL patients are summarized in Table IIL.
Because of the historical changes in the available genetic analyses,
supportive care practices, donor sources and conditioning, the pre-
2000 studies [23-27] might not be comparable to the current data.
Henter et al. [21] showed the improved survival of patients treated
with HLH-94 followed by BMT, in which the 3-year post-BMT
survival was 62%. Horne et al. [28] noted significant TRM due to
venoocclusive disease (VOD) after myeloablative conditioning, and
that an active disease status at SCT was associated with a poor
prognosis. Ouachee-Chardin et al. {29] reported 59% of OS in a
series of 48 patients including 60% of haploidentical SCT, and
indicated a high TRM due to VOD associated with young age.
Recently, Baker et al. [30] reported that BU/CY/VP16 plus or minus
ATG-conditioning provided a cure in 53% of patients after unrelated
donor BMT, but a high mortality rate at day 100 (32 of 50 [64%]
deceased patients). The present study showed a comparably high OS
rate (69%) and similarly high incidence of early death until day 100
(7 of 13 [54%] deaths after allogeneic SCT) in Japan. Probably, the
major distinction of the current study from the other reports is a
higher usage of UCBT (50%) and RIC (26%). Unfortunately, the
combined usage of RIC-UCBT was applied only in eight cases
(14%) in this study, which was insufficient to fully evaluate its
effectiveness. With regard to RIC-SCT with or without UCBT for
FHL, Cooper et al. [31] reported a high disease free survival (75%)
in 12 HLH patients (including 5 FHL) who underwent RIC-SCT
from matched family/unrelated or haploidentical donor, in which 3
of 9 survivors had mixed chimerism but remain free of disease. The
most recent report by Cesaro et al. [32] analyzed 61 cases including
an appreciable number of RIC (18%) and UCBT (10%), but did not
document the superiority of RIC-UCBT. In the present study, UCBT
had a tendency to yield a more favorable outcome than UBMT,
although the difference was not statistically significant, FHL infants
received SCT early; however the fact that survival of FHL patients
who underwent SCTat <2 years of age was not better than later SCT
mightrefiect the difficulty in determining the optimal timing of SCT
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Refs.
[24]
[25]
[26]
27]
[33]

Causes of death

TR, HLH
TR, HLH
TR, HLH
TR, HLH

No

Engraft. (%)
100
72
90

OS (%)
44.0
66.0
45.0

Source
BM (T cell depleted)

BM
BM
BM
BM

Donor

MRD/MMRD/haplo
MRD/MUD/haplo

MSD/URD (80%)

MMRD/MUD

Major conditioning regimen
Myeloab VP16/BU/CY +anti-LFAl

Myeloab NR
Myeloab VP16/BU/CY, ATG/BU/CY

Myeloab VP16/BU/CY
NR  Mpyeloab VP16/BU/CY £ATG, TBI

Myeloab VP16/BU/CY +ATG

FH
(%)
45
48
30
36
42

SCT (months)

Median age at

TABLE III. Reports on the Clinical Qutcome of Patients With HLH Who Underwent Allogeneic Hematopoietic Stem Cell Transplantation

pts

No.

65
100
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100
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pry g e g ey ey )
ES8AARES
g SR
E & 88
g < oo
- 25
o ZRR
o0 O
EEEH
FEEHMEEH
o
IB28Reuex
coonogao
00(‘1@00‘0‘0(‘10\
v \0 n~<t\O\p
<t <
ana
00 -
NP o~ o~
gg_ sef
IS geuo
o0 2] Somm
EEBRCRRA
SS8S355
mAEm/amMmaMma

MRD/URD/haplo
MRD/URD/haplo
MRD/URD/haplo
MSD/URD/baplo
FLU/MEL +BUS, FLU/2GyTBI MRD/URD/haplo
MRD/MMRD/URD
MRD/MMRD/URD

URD

VP16/BU/CY +ATG, TBI
Myeloab VP16/BU/CY, ATG/BU/CY

RIC
NR Myeloab VP16/BU/CY £ATG

RIC (18%) VP16 or MEL/BU/CY +ATG

Myeloab  VP16/BU/CY £ATG
RIC (26%) VP16/BU/CY £ATG, TBI

Myeloab

34
35
17
20
55

31

AML, acute myelogeneous leukemia; BM, bone marrow; BU, busulfan; CB, cord blood; CY, cyclophosphamide; FHL, familial hemophagocytic lymphobistiocytosis; FH, family history; FLU,

fludarabine; MEL, melphalan; MMRD, HLA-mismatched related donor; MRD, HLA-matched related donor; MSD, HLA-matched sibling donor; MUD, HLA-matched unrelated donor; NR, not

recorded; PB, peripheral blood; RIC, reduced intensity conditioning; TBI, total body irradiation; TR, transplantation-related events; URD, unrelated donor; VP16, etoposide. *Sixty four of 65 patients

studied by Henter et al. [21] were included in 86 patients by Horne et al. [28].



orintroducing appropriate RIC regimens in young infants. In UCBT,
a major obstacle was thought to be early graft failure, but once
engrafted no late graft failure could not be seen [29]. We confirmed
this finding in our UCBT cases.

Diirken et al. {33] reported that six HLH patients with CNS
disease underwent allogeneic BMT and three of them had no
persistent neurological problems after transplant. More recently,
SCT is thought to be preferable for FHL patients at the early stage of
CNS disease with variable presentation [34,35]. Fludarabine-based
RIC has been preferred in SCT for FHL patients in order to reduce
late sequelae [36,37]. Since CNS disease itself had no impact on the
OS in the current study, but nearly half of the long-term survivors of
FHL had late sequelae associated with growth and development,
further prospective studies should be focused on how to reduce late
sequelae in SCT for FHL patients.

In the treatment of refractory EBV-HLH, no consensus has yet
been reached concemning the treatment of patients who fail to
respond to the HLH-2004 protocol type immunochemotherapy.
Several reports documented that SCT led to a complete remission in
suchcases [8,10,11,28,38,39]. The present study revealed that use of
pre-SCT combination chemotherapy might be associated with a
better therapeutic impact on subsequent SCT in patients with EBV-
HLH. Furthermore, long-term survival, that is, a probable cure,
could be obtained even after autologous SCT [22] or identical
twin donor BMT, suggesting that a reconstitution of allogeneic
hematopoietic stem cells was not essential in the successful SCT for
EBV-HLH patients as described in the autologous PBSCT success
for lymphoma-associated HLH [40]. In addition, long-term survival
even after graft failure or post-transplant relapse in EBV-HLH
patients might suggest the possibility of resetting the adaptive
immune response to the virus as postulated in autologous SCT for
the treatment of autoimmune diseases [41,42]. Moreover, successful
syngeneic SCT may imply that EBV-HLH is not a monogenic
disease, since Chen et al. [43] observed that a primary infection of
EBV incited HLH in a pair of the twins, but not in the identical twin
counterpart. These observations implied that the genetic influence in
patients with EBV-HLH might be distinct from that in patients with
FHL on precipitating the excessive immune activation. Further
prospective studies should therefore be directed toward not only the
optimization of UCBT-RIC to improve survival of FHL patients, but
to better understanding of the pathological interaction between
cytotoxic granule disorders and EBV.
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Tacrolimus/Methotrexate versus Cyclosporine/
Methotrexate as Graft-versus-Host Disease
Prophylaxis in Patients with Severe Aplastic Anemia
Who Received Bone Marrow Transplantation from
Unrelated Donors: Results of Matched Pair Analysis
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Tacrolimus (FK) and cyclosporine (CsA) have been shown to be effective in the prophylaxis of graft-versus-
host disease (GVHD). However, no comparative studies have yet been conducted to examine the efficacy of
FK/methotrexate (MTX) and CsA/MTX in patients with severe aplastic anemia (SAA) given unrelated donor
bone marrow transplantation (U-BMT). We used matched-pair analysis to compare FK/MTX with CsA/MTX
in patients with SAA who received U-BMT through the Japan Marrow Donor Program. Forty-seven pairs
could be matched exactly for recipient age and conditioning regimens. Forty-five patients achieved engraft-
ment in the FK group and 42 patients in the CsA group. The probability of grade II-IV acute GVHD (aGVHD)
was 28.9% in the FK group and 32.6% in the CsA group (P =.558). The probability of chronic GYHD
(cGVHD) was 13.3% in the FK group and 36.0% in the CsA group (P =.104). The 5-year survival rate was
82.8% in the FK group and 49.5% in the CsA group (P =.012). The study shows the superiority of FK/
MTX over CsA/MTX in overall survival because of the lower incidence of transplantation-related deaths.
A prospective randomized study comparing FK/MTX and CsA/MTX is warranted.

Biol Blood Marrow Transplant 15: 1603-1608 (2009) © 2009 American Society for Blood and Marrow Transplantation

KEY WORDS: Tacrolimus, Cyclosporine, Graft-versus-host disease, Prophylaxis, Aplastic anemia, Unrelated
bone marrow transplantation

INTRODUCTION young adults with severe aplastic anemia (SAA) [1,2].
However, HLLA-matched related donors are available
for <30% of patients in developed countries. Immuno-
suppressive therapy (IST) has been used as an alternative
treatment for patients without a HLLA-matched related
donor [3,4]. For nonresponders to IST, BMT from
an unrelated donor (U-BMT) has been indicated [5].
Acute and chronic graft-versus-host disease (aGVHD,
c¢GVHD) contribute to much of the morbidity and mor-
tality associated with U-BMT. Effective prevention of
these complications is therefore crucial for the success
of U-BMT.

A combination of cyclosporine (CsA) and a short
course of methotrexate (MTX) is the standard pharma-
cologic regimen for the prophylaxis of GVHD after
BMT from both HLA-matched siblings and HLA-

Bone marrow transplantaton (BMT) from a
human-leukocyte antigen (HLA)-matched related
donor is the treatmment of choice for children and
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matched unrelated donors [6,7]. Tacrolimus (FK),
a potent macrolide lactone immunosuppressant, in-
hibits T cell activation by forming a complex with
FK binding protein-12, which blocks the serine-
threonine phosphatase activity of calcineurin [8].
Although the mechanism of action is similar to that
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of CsA, the potency of FK in vitro is more than 100
times that of CsA [9]. This suggests that FK might
also be more effective than CsA as GVHD prophylaxis
in high-risk settings. In fact, in randomized studies of
GVHD prophylaxis after matched related and unre-
lated BMT, the incidence of aGVHD was reduced in
the treatment group receiving a combination of FK
and a short course of MTX (FK/MTX) compared to
the control group who received CsA/MTX [10-12].
However, although the number of deaths from
GVHD was lower, an increased incidence of relapse
was observed in the FK group, resulting in no differ-
ence in overall survival (OS) rate between the 2 groups.
Nevertheless, because there is no risk of relapse in pa-
tients with nonmalignant disease, the results might be
different in studies of malignant versus nonmalignant
disease. Accordingly, FK/MTX could be associated
with a lower incidence of aGVHD/cGVHD and better
survival compared to CsA/MTX in patients with ac-
quired SAA who received U-BMT.

METHODS

Patients and Controls

We collected U-BMT data from SAA patients
who received FK/MTX for the prophylaxis of GVHD
through the Japan Marrow Donor Program JMDP)
database. Forty-seven patients were recruited who un-
derwent BMT between July 1997 and December
2002. For each patient receiving FK/MTX, we
selected a control padent who received CsA/MTX
for the prophylaxis of GVHD during the same period.
Because our previous study identified that recipient age
and conditioning regimens were the most important
variables associated with treatment failure, we selected
control patients matched for these 2 variables [13].

Transplantation data were collected using stan-
dardized forms provided by the JMDP. Baseline infor-
mation and follow-up reports were submitted at 100
days, 6 months, 1 year, and then annually after trans-
plantation. Analysis of patient outcome was performed

using data from the last reported follow-up or the date
of death.

Recipient-Donor HLA Matching

HLA matching between the recipient and donor
was based on HLA serotyping according to the stan-
dard technique. In 69 (73 %) of the 94 recipient-donor
pairs, molecular analyses of HLA-A, -B, and -DRB1
loci were performed using DNA-based methods.

Transplantation Procedures

Various preconditioning regimens were used by
individual transplantation centers and classified into

6 categories (Table 1): (1) cyclophosphamide (Cy;

Biol Blood Marrow Transplant 15:1603-1608, 2009

Table |. Patient/donor Characteristics and BMT Procedure

Tacrolimus  Cyclosporine P
Patient number 47 47
Age (year) 962
<i0 1 H
1-29 28 27
>30 8 9
Sex 396
Male 31 27
Female 16 20
Recipient/donor sex 71
Male/male 19 19
Female/female 7 10
Male/female 12 8
Female/male 9 10
HLA matching by DNA typing .029
A, B, DRBI match 20 34
A mismatch 4 3
B mismatch 7 0
DRBI mismatch 7 6
2 alleles mismatch 3 2
Unknown* [ 2
Duration of disease before BMT 359
| year or less 6 H
I-3 year 17 17
3 year or more 24 19
RBC transfusions before BMT |
<20 7 7
20 or more 38 38
Unknown 2 2
Platelet transfusions before BMT 651
<20 9 7
20 or more 36 36
Unknown 2 4
Conditioning regimens |
Cy +TBI +LFl + ATG 3 3
Cy + TBI +LF 6 6
Cy + TBI + ATG 18 8
Cy + TBI 1 1t
Cy+LFI+ATG 3 3
Cy +LFI 6 6
Marrow cell dose 764
<3x 10%kg 14 13
3 x 10%/kg or more 30 32
Unknown 3 2

BMT indicates bone marrow transplantation; Cy, cyclophosphamide;
TBI, total body irradiation; LFl, local field irradiation; ATG, antithymo-
cyte globulin; RBC, red biood cell.

*HLA was serologically matched or i-antigen mismatched in these
donor-recipient pairs.

120-200 mg/kg) + total body irradiation (TBI; 2-10
Gy) + limited field irradiation (LFL; 5-8 Gy) + antith-
ymocyte globulin (ATG), (2) Cy+ TBI + LFI, (3)
Cy+TBI+ATG, (4 Cy+TBI, (5) Cy+LFI-
+ ATG, and (6) Cy + LFL For the prophylaxis of
GVHD, FK was started at a dose of 0.03 mg/kg
from day -1 and administered through continuous
24-hour i.v. infusion. Patients were converted from in-
travenous 1.v. to oral intake when it could be tolerated
ataratio of 1:3 in 2 divided doses per day based on the
last intravenous dose. Standard doses of CsA were 3
mg/kg by iv. infusion and 6 mg/kg by oral intake.
The MTX doses were 15 mg/m? on day 1 and 10
mg/m’ on days 3, 6, and 11 after transplantation in
both the FK and CsA groups.
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Definitions and Statistical Analysis

Engraftment was defined as achievement of a pe-
ripheral blood (PB) absolute neutrophil count (ANC)
of more than 0.5 x 10°/L for 3 consecutive days. In
evaluation of engraftment, patients who died before
day + 22 without engraftment were not considered
evaluable. aGVHD and ¢cGVHD were evaluated ac-
cording to the standard criteria [14,15]. Patients who
died before engraftment were excluded from the anal-
ysis of aGVHD. For analysis of cGVHD, only those
who survived 100 days after transplantation were
included. The probabilities of overall survival and
aGVHD and ¢cGVHD were estimated from the time
of transplantation accordin% to the Kaplan-Meier
product-limit method. The ” test and log-rank statis-
tics were used to assess significance of differences in
variables and outcomes between the 2 groups. All
probability values were 2 sided, and P < .05 was con-
sidered significant.

RESULTS

Patient, Donor, and Transpiantation
Characteristics

Patient, donor, and transplantation characteristics
of the study population are summarized in Table 1.
There was an imbalance in HLA-A, -B, and -DRB1
allele mismatches, with 21 of the mismatch pairs ob-
served in the FK group and 11 in the CsA group
(P = .029). Other variables were comparable between
the 2 groups.

Engraftment

Engraftment took place in 45 patients (96%) in the
FK group and 42 patients (89%) in the CsA group.
Three patients, 1 in the FK group and 2 in the CsA
group, died before day 21 and were considered not
evaluable for engraftment. One of the 46 evaluable pa-
dents in the FK group and 3 of the 45 evaluable
patients in the CsA group failed to engraft. Another
patient in the CsA group experienced late graft failure.
The median time to neutrophil recovery was 18 days in
the FK group (range: 10-28 days) and 17 days in the
CsA group (range: 12-26 days) (P = .400).

aGVHD

The probability of grade II-IV aGVHD was
28.9% (range: 15.3%-42.5%) in the FK group and
32.6% (range: 18.4%-46.8%) in the CsA group at
100 days (Figure 1; P = .558). aGVHD developed at
a median of 30 days (range: 7-76 days) in the FK group
and 13 days (range: 5-28 days) in the CsA group after
transplantation. The distribution of GVHD grade
and organ involvement is presented in Table 2. De-
spite the imbalance in HLA disparity, the incidence
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Figure |. The probability of grade ll-IV 2GVHD in the FK/IMTX group
and the CsA/MTX group (28.9% versus 32.6%, P =.558).

of grade II-IV aGVHD in the FK group was equal to
that in the CsA group.

cGVHD

Thirty-eight patients in the FK group and 35 in the
CsA group were evaluable for cGVHD. Five patients
in the FK group developed ¢cGVHD at a median pe-
riod of 4 months (range: 3-5 months) and 10 patients
in the CsA group developed cGVHD at a median pe-
riod of 4 months (range: 2-40 months). Overall, the
probability of cGVHD was 13.3% (range: 2.1%-
24.5%) in the FK group and 36.0% (range: 15.2%-
56.8%) in the CsA group (Figure 2; P = .104). Three
patients in the FK group and 4 in the CsA group devel-
oped an extensive type of cGVHD.

Survival

Of 47 patients in each group, 39 in the FK group
survived at 4 to 61 months (median: 26 months),
whereas 25 in the CsA group survived at 3 to 61
months (median: 38 months) after transplantation.
The OS at 5 years was 82.8% (range: 71.9%-93.6%)
in the FK group and 49.5% (range: 32.5%-66.4%) in
the CsA group (Figure 3; P = .012). Eight patients in

Table 2. Distribution of Grade and Organ Involvement in
Acute GVHD

Tacrolimus (n = 47) Cyclosporine (n = 47)

Grade
0 22 (47%) 26 (55%)
| 7 (15%) 3 (6%)
It 8 (17%) 7 (15%)
I 4 (8%) 6 (13%)
v 2 (5%) 1 (2%)
unevaluable 4 (8%) 4 (8%)
Organ involvement
skin 5 (38%) 3 (21%)
skin + gut 6 (46%) 7 (50%)
gut + liver | (8%) 0 (0%)
skin + gut + liver | (8%) 4 (29%)
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Figure 2. The probability of cGVHD in the FK/MTX group and the
CsA/MTX group (13.3% versus 36.0%, P =.104).

Probability of chronic GVHD (%)

the FK group and 22 in the CsA group died from trans-
plantadon-related toxicides (P = .002). Causes of
death are summarized in Table 3. Graft failure and
bacterial/fungal infection were the major causes of

death.

DISCUSSION

Analyses of registration data suggest that the out-
come of U-BMT in AA patients has substantially im-
proved over the past 10 years. In analysis of 498
patients registered to the European Group for Blood
and Marrow Transplantation (EBMT), 5-year survival
increased from 32% = 8% before to 57% *+ 8% after
1998 [16]. Similarly, Maury et al. [17] analyzed the
outcome of 89 patients in the French registry and
found that S-year survival increased from 29% * 7%
before and 50% = 7% after 1998. An optimum condi-
toning regimen, GVHD prophylaxis and better donor
selection may be responsible for these improvements.

In the late 1990s, HLA typing using molecular
methods was introduced into clinical use. Matching
for 10 alleles by high resolution technology replaced

100

FK+MTX

]
o
|

[e2]
o
1

CsA+MTX

Survival rate (%)
8
) ]

™
(=4
g

[=d

T T T 1
20 40 60 80

Months after U-BMT

Figure 3. Kaplan-Meier estimates of OS in the FK/MTX group and the
CsA/MTX group (82.8% versus 49.5%, P =.012).
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Table 3. Primary Causes of Death

Tacrolimus (n=47)  Cyclosporine (n = 47)

&S

Bacterial/fungal infection
Graft failure

Acute GYHD
Interstitial pneumonitis
Hemorrhage

EBLPD

Heart failure

Others

Total

WO — — O — —
N W RN — — RS

a4

EBLPD indicates Epstein Barr virus associated lymphoproliferative disor-
der; GVHD, graft-versus-host disease.

matching for 6 antigens by low resolution technology.
A French study revealed that improved survival was as-
sociated with high-resolution HLA matching, suggest-
ing that better donor selection might be a2 major factor
in improving prognosis [17]. Recent attempts to im-
prove the outcome in SAA patients include the use of
low-dose TBI or a nonirradiation-fludarabine (Flu)-
based regimen. In a prospective multicenter study
sponsored by the National Marrow Donor Program
(NMDP) using low-dose TBI, a low graft rejection
rate of 5% and S-year survival of 55% were achieved
in 87 patients [18]. Moreover, a study by the EBMT us-
ing Flu, low-dose Cy and ATG showed a lower inci-
dence of aGVHD and ¢cGVHD and 5-year survival of
73% [19]. Although these novel pretransplant condi-
tioning regimens are promising, all analyses failed to
show the contribution of new regimens to the improved
outcomes because of the small number of patients.

Different from patients with hematologic malig-
nancies, there is no obvious benefit of GVHD for pa-
tients with AA. In fact, many studies have indicated
adverse effects of aGVHD on the outcome of AA pa-
tients, suggesting that the most effective prophylactic
regimen for GVHD should be employed for patients
with AA. However, trials involved with lessening se-
vere GVHD are limited in patents with AA. In a small
number of studies, ex vivo T cell depletion by mono-
clonal antibodies (mAbs) or in vivo use of alemtuzu-
mab instead of ATG has been attempted with
encouraging results {20,21]. Although pharmacologic
prevention with CsA/MTX is used as GVHD prophy-
laxis in the majority of AA patients, the role of alterna-
tive pharmacologic agents remains undetermined.
Although previous randomized studies comparing
CsA/MTX and FK/MTX did not show any survival
benefits of FK despite a reduction in the incidence of
aGVHD, most patients had malignant disease and
only a few with AA were included [10-12].

The aim of the present study was to compare FK
and CsA in the prophylaxis of GVHD using matched
pair analysis. One drawback was the imbalance of HLA
disparity between the 2 groups, with 21 mismatched
pairs in the FK group and 11 in the CsA group. Our
previous study showed that allelic mismatching of
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HLA-A and -B antigens, but not HLA-DRBI is the
most crucial risk factor for survival of AA patients
who received transplants from an unrelated donor
[13]. More HLA class I mismatched pairs (HLA-A;
4, HLA-B; 7) were included in the FK group than in
the CsA group (HLA-A,; 3). Despite this disadvantage
in terms of HLA disparity, the probability of grade
II-IV aGVHD did not differ between the 2 groups.
"The probability of cGVHD tended to be marginally
less in the FK group than in the CsA group
(P =.104). The duraton of CsA or FK after U-BMT
may affect the incidences of cGVHD. However, we
did not compare the difference of duration in this study
because the actual duration of administration of these
Immunosuppressants was not available in our database.

The duration of follow-up in the FK506 group is
less than in the CSP group. Although it may introduce
a significant bias in the analysis, the current study
showed that 5-year survival was significantly higher
in the FK group than in the CsA group. Patients in
the FK group showed a significant reduction in treat-
ment-related mortality (TRM), resulting in better
OS. To date, results of 3 previous randomized studies
comparing FK and CsA have indicated a significantly
lower incidence of aGVHD among patients receiving
FX, but with no survival benefits having been demon-
strated [10-12].

Yanada et al. [22] conducted a retrospective study
comparing an FK-based regimen and CsA-based regi-
men for the prophylaxis of GVHD using registration
data of the Japan Society for Hematopoietic Cell Trans-
plantation JSHCT). In their study, 777 patients who
underwent BMT from an unrelated donor were ana-
lyzed (FK group: n = 191, CsA group; n = 586). Al-
though the distribution of different diseases was not
specified, the majority of the patients appeared to have
hematologic malignancies. FK significantly reduced
the risk of aGVHD and TRM without any increase in
relapse, thus improving OS.

In conclusion, our matched pair analysis showed
the superiority of FK/MTX over CsA/MTX in OS.
However, our study was retrospective and a further
study comparing FK/MTX and CsA/MTX as a pro-
phylaxis of GVHD in AA patients who will receive
U-BMT may be warranted.
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Japan National Registry of Hematopoietic Stem Cell Transplantation in Japan 1983-2005:
Analysis of Hematopoietic Stem Cell Transplantation According to Donor and Stem Cell Source

Ken TaBuch,'” Hisato KiGasawa,” Ayami YoSHIML' Yoshiko ATSUTA,™ Souichi AbacH,' Keiichi Isovama,’
Masami INoUE,' Koji KaTo,' Hirofumi Kawano,' Akira KikucHi,' Ryoji KoBavasHi,' Shigeru TSUCHIYA,'
Yasuo HorikosHI,' Masahiro YABE,' Arata WATANABE' and Shunichi KaTo'

! The Japanese Society of Pediatric Hematology, Hematopietic Stem Cell Transplantation Committee
* Japan Society for Hematopoietic Cell Transplantation, Office of Nationwide Survey

Abstract The Hematopoietic Stem Cell Transplantation Committee of the Society conducted an annual registry of
hematopoietic stem cell transplantation (HSCT) in children in Japan from 1983 until 2005. 8,889 transplants were re-
ported to the registry. This report describes the results of the main disease after transplantation between 1998 and
2005. Among patients with acute myeloid leukemia who underwent transplants in first complete remission (CR), the
5-year disease-free survival probabilities (5y-DFS) are 65.9% [95% confidence interval (CI): 56.5-76.9] for bone mar-
row transplantation (BMT) from HLA identical sibling donors (n=288), 60.9% (95%CI: 49.9~74.2) for BMT from un-
related donors (7=065), and 60% (95%CIL: 46.3-77.8) for cord blood transplantation from unrelated donors (n=42).
Among patients with acute lymphoblastic leukemia who underwent transplants in first CR, the 5y-DFS are 69.5%
(95%CI: 60.6-79.7) for BMT from HLA identical sibling donors (#=95), 68.1% (95%CI: 59.4-78.2) for BMT from
unrelated donors (n= 105) and 58.7% (95%CI: 49-70.3) for cord blood transplantation from unrelated donors (n=88).
Among patients with aplastic anemia who received allogeneic BMT, the 5y-DFS are 83.2% (95%CI: 76.3-90.6) for
HLA identical sibling donors (n=110), 90.7% (95%CI: 81.2-100) for other related donors (»=33) and 78.1% (95%
CI: 70.2-86.9) for unrelated donors. HLA-identical siblings were used as donors for less than 30% of the recipients.
The prognosis of patients transplanted using bone marrow from unrelated donors is comparable and satisfactory. Cord
blood transplant is avaluable alternative source of HSCT in children with acute leukemia in first or second CR.

2 B HANEMEFSENMMERBEEERTE, 19835052006 5T, HF, bIEONRKES
o EMBMIBESGEN 21T - CTE, 8,880 OBEHNEHS i, FHTIL, 1998 &H 5 2005 £
FTORFROMBEEBOUEBTRF LA, B 1 EEY (CR) 0BRUSREANFBOBHEERR s £
REFERIE, HLA —HERESHEE (1=288) 65.9% [95%IEHEXM (CD) 56.5~76.9], EMBEMEWE
T (1=65) 60.9% (95%CL 49.9~74.2), FMZEEEFMBIE (n=42) 60% (95%CI: 46.3~77.8) Th -
o, BICR oBM Y v AR OBEERS s EERLEFRG, HA —HEEEEHEE (k=95
69.5% (95%CI: 60.6~79.7), JEMBEEEWIEHE (n=105) 68.1% (95%CL: 59.4~782), FEMEGEMEEMm
BHE (n=88) 58.7% (95%CL 49~703) TH -, BARBUBMOKIER s EEBELEEFERIL, HLA —H
BB HZE (1=110) 83.2% (95%CL 76.3~90.6), % OO MBEMBEHHEE (1=233) 90.7% (95%CL
81.2~100), FRMBZERBRBEE (n=109) 78.1% (95%CL: 70.2~86.9) TH - fc. HLA —HKEERBHE A,
EEBEO 30%REE EH 5 IcBE L. FNBEMERBEE, BLASOREBEREENEST, HLA
Eggﬂﬂfg%ﬁﬁt:& CEELABREE EF 2L -T W, BHOBER, F1~2CR 02O MmET
) Th 5.

Key words: hematopoietic stem cell transplantation, unrelated bone marrow transplantation, unrelated cord blood
stem cell transplantation, allogeneic peripheral stem cell transplantation
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Table 1 i, B& X N BHEREH & BER B E R
T, F=9X-2poRETCEILEERIT166E8TH
D, 2005 F£& TIEREBEE ST O 1,098 TH -
fz. BEF-7DAT, REEHAYR2ELTRES
HEBEELHETI L, 5ET 13.6% (95%CL 12.8~
14.4), 10 ££T 14.3% (95%CL 13.5~15.1), 204 T
14.8% (95%CL: 13.9~15.7) TdH - 7%.
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(25.9%), E£BLL « 1B 208 & (16.6%), BFEH 665
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2. BHEEROEKNEE

BRI BB, BEECLOBEBENER T
Table 2 KRS, BHEREFHIE 1981 FiT b THE 1]
BT H - 7chs, 1986 £ 105 #F, 1994 £F 521 ¥, 2001 &
643 &I 748, ®FOBREEMERICH 3.

FEEBEc BT 2 HLA —~HEREEHEE0ESE,
1985 LIS 80% LI L% ¥, 1988 £EIT 88.8% & ¥ — 7
KL fH, 2000 ELIEE 20% 20 F £ TR L, KH
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Table 1 Total transplants registered

First Second Third Forth or
Type of transplant sCcT SCT SCT  laerscT  Total
BM 2,013 146 7 0 2,166
HLA-id sibling PB 134 89 15 5 243
CB 29 7 0 0 36
BM 626 100 14 3 743
Related donor other than HILA-id sibling PB 201 118 20 4 343
CB 16 7 1 1 25
Svngeneic BM 43 9 2 0 54
s PB 4 0 0 0 4
BM 1,235 128 12 3 1,378
PB 2 0 0 0 2
Unrelated donor CB 546 104 17 3 670
Fetal liver 5 0 0 0 5
Autologous BM 989 103 14 8 1,114
g PB 1,806 255 29 10 2,100
Others or unknown 3 2 ! 0 6
Subtotal 7,652 1,068 132 37 8,889
Not registrated 24 11 2 0 37
Total 7,676" 1,079” 134 37 8,926
Registered retransplants 1,237
Retransplants containing not registered transplants 1,250

" Number of total patients registered. ” Number of patients with multiple stem cell transplants. BM: bone marrow, PB: pe-

ripheral blood stem cell, CB: cord blood.
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Table 2 Trend of all transplants listed by donor type and stem cell source

Related donor
other than
Year of  py Aid sib.  HLA-id sib. Syngeneic Unrelated Autologous  Others Total
transplant ~ P8 CB BM PB CB BM PB BM PB CB Feal BM PB Allo Auto Syn Total
iver
-1979 2 0 0 1 0 0 0 0 0 0 0 2 0 0 .0 5 0 0 S

1980 3 0 0 0 0 0 2 0 0 0 0 1 1 0 0 4 1 2 7
1981 4 0 O 0 0 0 1 0 0 0 0 2 4 0 0 6 4 i 11
1982 13 0 0 3 0 0 1 0 0 0 0 0 9 0 0 16 9 1 26
1983 19 0 0 7 0 0 5 0 1 0 0 0 7 0 0 27 7 5 39
1984 25 0 O 7 0 0 3 0 0 0 0 0 6 0 0 32 6 3 41
1985 46 0 0 11 0 O 2 0 0 0 0 0 19 0 0 57 19 2 78
1986 52 0 0 14 0 0 2 0 1 0 0 0 36 0 0 67 36 2 105
1987 56 0 0 13 0 O 1 0 0 0 Q 0 25 3 0 69 28 1 98
1988 69 0 0 12 0 0 1 0 0 0 0 0 38 10 0 81 48 1 130
1989 103 0 0 12 0 O 0 0 1 0 0 0 58 19 0 116 77 0 193
1990 117 0 06 24 0 0O 2 0 0 0 0 0 75 56 0 141 131 2 274
1991 129 0 0 29 0 0O 3 0 6 0 0 0 88 64 0 164 152 3 319
1992 127 0 0 33 0 0 4 0 10 0 0 0 100 88 0 170 188 4 362
1993 129 1 0 35 0 0 10 0 34 0 0 0 105 132 0 199 237 10 446
1994 181 0 2 44 0 O 3 0 49 0 0 0 80 162 0 276 242 3 521
1995 1499 5 4 48 16 1 2 0 93 0 0 0 71 164 0 316 235 2 553
1996 163 19 6 67 24 3 1 0 121 0O 0 0 65 168 0 403 233 1 637
1997 140 18 3 54 33 0 4 2 114 0 11 0 57 152 0 373 209 6 588
1998 111 12 4 34 36 7 2 1 114 0 S0 0 56 166 0 368 222 3 593
1999 109 24 4 39 23 3 1 0 110 0 77 0 49 174 0 389 223 1 613
2000 890 45 6 28 26 4 1 1 139 1 106 0 37 162 1 444 199 2 646
2001 70 42 3 38 39 2 1 0 150 0 93 0 34 170 1 437 204 1 643
2002 64 37 1 39 50 1 i 0 143 0 79 0 26 108 0 414 134 1 549
2003 68 21 1 49 42 2 1 (] 101 1 92 0 31 109 2 377 140 1 520
2004 69 9 0 47 27 1 0 0 115 0 85 0 15 95 0 353 110 0 463
2005 59 10 2 55 27 1 0 0 76 0o 77 0 22 98 2 307 120 0 429
Total 2,166 243 36 743343 25 54 4 1378 2 670 S 1,114 2,100 6 5,611 3,214 58 8,889

BM: bone marrow, PB: peripheral blood stem cell, CB: cord blood, Auto: autologous, Allo: allogeneic, Syn: syngeneic.

BEEBER, 2000 FLIREEHEEBA . ENBSE
Mg 50 2 BEFMEEOSE L, BHm v 7 RE
BELEIMUL, 2005 i B¥EHICELL.
BEIRITEAEE 1981 ELETOBEHRTH 3. HEBLU
FREEMBEE, BRashTwRY, :

1998~2005 iz & W 5 I EIRIESE 2,552 b,
HLA EEMERBEE 602 4 (23.6%), HLA @iad o
DEHBE L AN MIABELEbE LR 718 4
(28.1%) TH 20 LT, FOBREMERLIE 44
# (33.1%), FNZEMETMBE 4 Q10w T
Bote., i, PIEBEBE 1,107 4%, BFREHBE
227 ¥ (20.5%), BFEFRAGMESFEIATEAE 880 14+ (79.5%)
Th -z,

3. EMRMEEEOER

Table 3 I #][ElE MBI EOBIE 2 ERBICRT
SR B 2RRBOBIGOEEEA 5 -, BUHEHR

HaMmE (AML) 12, 1990~1997 EHIZLBED 206
%% GO RD, 1998~2005 EHIT I 158%ICIET, #1
ERIIBE (CRD R 127%5 5 1.6%E TERmLE. &
Hy v l/ImE (ALL) i3, 1990~1997 ZEfRIC 4 30.3
%A GBI, 1998~2005 FEHIT I 26.1% EETF L %,
EHETHRESE (MDS) & 1990~1997 D 4.2%H5
5 1998~2005 FEHAIT 1T 4.8% £ THWML, & wEFEH
BRESEOFR OMML) i 0.7%5 5 1.9%% TR0
L., BHY v 0B, 1990~1997 EHBIT 7.3%b 5
1998~2005 FEHIT 4.8% & THD, & ICREAE B 18
HWis—% o by vosER, 14%5 5 04% SR L 1.
BHEEHEGImE (CML) 3, 1993 %, 5 2003 EE T
IZERM 10 R Lo FRBHESITh N T E 85, 2003 F
25 2005 0 3 EHOFHRBEOEST T 18 &b L
. BEEEE, ERIECETHEML, 1998 £L1
B 26 0% e Rty voAMBEB AL, &k
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Table 3 Trends of indication for first transplant by disease

. ; ~-1989 1990-1997 1998-2005 Total
Disease or disease status No. % o, % o, % o %
Acute myeloid leukemia 137 19.9 680 20.6 579 15.8 1,396 18.2

CR1 84 122 419 12.7 280 7.6 783 10.2

CR2 28 4.1 114 3.5 109 3.0 251 33
NeitherCR1 nor CR2 22 32 141 43 174 4.7 337 4.4
Unknown status 3 0.4 6 0.2 16 0.4 25 0.3
Acute lymphoblastic leukemia : 170 24.6 998 303 958 26.1 2,126 218
CR1 44 6.4 342 10.4 371 10.1 757 9.9

CR2 66 9.6 369 11.2 286 7.8 721 9.4
NeitherCR1 nor CR2 55 8.0 284 8.6 274 7.5 613 8.0
Unknown status S 0.7 3 0.1 27 0.7 35 0.5
Chronic myeloid leukemia 36 5.2 100 3.0 93 2.5 229 3.0
CP1 23 33 74 22 68 1.9 165 22
Not-CP1 13 1.9 26 0.8 25 0.7 64 0.8
Myelodysplastic syndrome/Myeloproliferative disorders 14 2.0 138 42 176 48 328 43
MDS(RA/RARS) 1 0.1 36 1.1 36 1.0 73 1.0
MDS(RAEB) 2 0.3 21 0.6 35 1.0 58 0.8
MDS(RAEB in t) 4 0.6 35 1.1 20 0.5 59 038
MDS(CMMoL) 2 03 17 0.5 10 0.3 29 0.4
MDS(JMML) 5 0.7 24 0.7 70 1.9 99 1.3
Other MDS/MPD 0 0.0 S 0.2 5 0.1 10 0.1
Other lenkemia 0 0.0 3 0.1 22 0.6 25 0.3
Malignant lymphoma 51 7.4 240 73 177 4.8 468 6.1
Non-Hodgkin lymphoma (T/B-precursor) 31 4.5 145 44 112 31 288 38
Non-Hodgkin tymphoma (mature B/Burkitt) 17 2.5 47 14 16 04 80 1.0
Non-Hodgkin lymphoma (Ki-1) 1 0.1 29 0.9 23 0.6 53 0.7
Non-Hodgkin lymphoma (others) 0 0.0 3 0.1 11 03 14 0.2
Hodgkin disease 2 0.3 16 0.5 15 04 33 0.4
Solid tumors 136 19.7 729 22.1 955 26.0 1,820 23.8
Neuroblastoma 71 10.3 348 10.6 297 8.1 716 9.4
Rhabdomyosarcoma 7 1.0 119 3.6 141 38 267 3.5
Ewing sarcoma family tumor 5 0.7 54 1.6 106 2.9 165 2.2
Hepatoblastoma 4 0.6 28 0.9 58 1.6 90 1.2
Wilms tumor i 0.1 8 02 26 0.7 35 05
Osteosarcoma 3 0.4 i3 0.4 18 0.5 34 0.4
Retinoblastoma 6 0.9 7 0.2 19 0.5 32 0.4
Germ cell tumor 7 1.0 36 1.1 33 0.9 76 1.0

CNS tumor (Medulloblastoma/PNET) 3 0.4 34 1.0 103 2.8 140 1.8

CNS tumor (Germ cell tumor) 1 0.1 17 0.5 23 0.6 41 0.5
Other CNS tumor 22 32 21 0.6 80 2.2 123 1.6
Other solid tumors 6 0.9 44 1.3 51 1.4 101 1.3
Bone marrow failure 102 14.8 274 83 369 10.1 745 9.7
Aplastic anemia (without congenital disease) 92 133 229 7.0 273 7.4 594 7.8
Fanconi anemia (not MDS/AML) 5 0.7 17 0.5 49 13 71 0.9

Pure Red Cell Anemia 2 0.3 16 0.5 23 0.6 41 0.5
Kostmann disease 1 0.1 8 0.2 10 0.3 19 0.2
Other bone marrow failure 2 0.3 4 0.1 14 04 20 03
Chronic active EBV 0 0.0 3 0.1 44 1.2 47 0.6
HLH/LCH 3 0.4 17 0.5 53 1.4 73 1.0
Hemophagocytic lymphohistiocytosis 1 0.1 12 0.4 39 1.1 52 0.7
LCH/Other histiocytosis 2 0.3 5 0.2 ‘14 0.4 21 0.3
Congenital metabolic disease 10 1.4 54 1.6 94 2.6 158 2.1
MPS-II(Hunter disease) 0 0.0 16 0.5 30 0.8 46 0.6
Adrenoleukodystrophy 1 0.1 10 0.3 36 1.0 47 0.6
Other congenital metabolic disease 9 1.3 28 0.9 28 0.8 65 0.8
Primary immune deficiency 31 45 56 1.7 135 3.7 222 29
SCID 27 3.9 30 0.9 49 1.3 106 1.4
Wiskott-Aldrich syndrome 3 0.4 15 0.5 40 1.1 58 0.8
Hyper IgM syndrome 0 0.0 1 0.0 13 0.4 14 0.2
Chronic granulomatous disease 0 0.0 3 0.1 20 0.5 23 0.3
Other primary immune deficiency 1 0.1 7 0.2 13 0.4 21 0.3
Autoimmune disease 0 0.0 1 0.0 11 0.3 12 0.2
Others 0 0.0 1 0.0 2 0.1 3 0.0
Total 690 100 3,294 100 3,668 100 7,652 100

MDS: myelodysplastic syndrome, MPD: myeloproliferative disorders, IMML: Juvenile Myelomonocytic Leukemia, CNS: central nerve sys-
tem, PNET: primitive neuroectodermal tumor, CR1: first complete remission, CR2: second complete remission, CP1: first chronic phase.
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S#3F0E - PNET (primitive neuroectodermal tumor) % off
DR TIRMEZEECHBMIEFRT, 56%EhdHk.
JrEMER TR, ARYENREE, BUEHEEB v 1
v 2 BEERE (CAEBV), [MEREAMY v/ #Er X524
H4 b—2R (HLH)/Z v 7 v v 2ERaREERE (LCHD,
SERUERBES, RREREREENLE, NEFFOEK
Boighinl .

4, EEJNBEEEBIERE

AIETR, 1998 EH 5 2005 EfTb i PIEBHED
BOUESY - BERENEERER~E. B0
E2{3 Table 4A~4D IR L7,

26& LTABEBENONERED 5 FIRRER
#& (5y-DFS) #% % &, HLA —HK[EaM%HE (n=600)
i, 65.6% (95%CL 61.7~69.7) T, ThiFthoBiEE
LB LTHERLEY., RnT, EMNBERERBE
(n=841) i3, 58.6% (95%CIL 55.2~62.3) T&H v, HLA
—HEEEHBEMN OB ERE - LB L CERELS
W, HLA —EREISRRAE M MIEBIE (h=115), HLA
—HEE Y+ - DA ONBERMEMHEE (h=201), &
BMBE (=531 B, £0Fh 48.4% (95%CI: 39.9~
58.8), 52.5% (95%CI: 46.5~59.2), 47.8% (95%CI: 43.5
~524) T¥ 1, HLA —ERILIS o EE RR M
BUlafEE (h=158) 13, 28.5% (95%CL 22~36.9) &
HOBEEELVERICEVEERICEE 545, CD34
IS RIRA Lo FEEZET 5 &, NEE (1=62)
13 19% (95%CL: 11.3~31.9) T, FEMIBE (n=96) @
34.5% (95%ClL: 25.7~46.3), LHELTEHEEIEY (=
0.0031). HLA —EREalifA coBH|BEICE VT,
WIBEE (n=16) 31.2% (95%CL: 15.1~64.6) 3, FEMLEE
BE (n=245) 53.8% (95%CI: 47.7~60.7), L D HEBEIIE
W (p=0.0072).

1) AML

AML 5 1 Ef#1 (CRD 0fIEHHE (n=280) OB
b 1 HE% Sy-DFS THET 5 &, HLA —HKEJR &S
A (n=88) 65.9% (95%CI: 56.5~76.9), FEMBEM
BRIBHE (=65 60.9% (95%ClL: 49.9~742), FEMi#
EMBEHOBE (h=42) 60% (95%CL 46.3~778) T
by, ChoofcIEEEZZRDUEML >/, HLA—
KEBERHENSBEREE =100 & 80% (95%CL
58.7~100) T&» 1, ThlUAomEEHAHmE
MAaBE (1=18) W 42.4% (95%CL 24.4~738) &,
HLA —HEPEBEBELFRILE -~ TV, &2 8
HEHR (CR2) O#IEBIE (n=109) OBHED Sy-DFS i,
HLA —HEMEHBE =17 » 642% (95%CL
448~919), FMBEMBHMBE (r=34) #3552%

(95%CI: 40.6~75.1), FEMBEMBHFMOBE (=27)
55 49.2% (95%CL: 32.8~73.9) THbhH, ThOHDEIS
HEEZ2AD U, -

% 1~2 EfRE (CR1-2) DA OYIEZEE (=174
D 5y-DFS &, FMBEMBHMBE (h=46) 253%
(95%CIL: 153~41.9), FEMBHHEFTMHEE (h=47)
24.8% (95%CI: 14.9~41.1) T& ~ 7z, HLA —EREfaLl
AomBEMORBEORMABEBE =27 & 111%
(95%CL 3.8~323), EIEHMBEHE (=17 & 11.8%
(95%CL: 3.2~432) TH » 1z, HEI DIV, HLA
—HEIIEERBIE (v=18) W 50% (95%CL 31.5~
794) Thv, thoMBEMBELENZERET DB
HEREEEZRD . HLA —KERERFA mEMmia
B (n=10) & 30% (95%CL: 11.6~77.3) Th -1,

2) ALL

ALL-CR] o @RI (n=371) O 5y-DFS i&, HLA
—HEEBBE =95 69.5% (95%CI: 60.6~79.7),
EMBEMBHBE =105 68.1% (95%CL: 594~
78.2), EMBEMBEHMBE (n=288) 58.7% (95%CL
49~703) THYH, INOOMICIEEREELEDL, -
f2. CR2 OFIEIFEHE (n=286) @ Sy-DFS i3, HLA —
HEEMEHBE (1=63) 53.8% (95%CIL 42~69),
HLA —HREBERENRMAIEERE =20 55%
(95%CL: 37~81.8), ZOMMBEWBEWUBHE (=24
56.3% (95%CI: 39~81.4), FJEMEEMWEMHEIE (n=288)
54% (95%CL 44.2~66), FMBEBMBEFOEE =
57) 51.7% (95%ClL: 39.7~672) T, ThoHicbBEE%
iR A0 R rll

CRI-2 PIAADHIEBAE (n=174) @ 5y-DFS i3, HLA
—HEEIEREE (h=35) 24.1% (95%CI: 12.6~45.8),
EIARME MM MITETE (1=19) 27.8% (95%CL: 13.2~58.5),
ZoRMmBERENEE (=31) 24.2% (95%CL: 12.5~
46.6), FBIFRBOBHMIATE (r=26) 7.7% (95%CL: 2~
20.1), HMBEMBEMEE (=89 283% (95%CL
196~41), FMBEMBHOBEE (=64 151%
(95%ClL: 8.3~27.6) Th b, HLA —HEELUAOME
EHRRH MR EETE S ENGEEBTNSER, HLA
—HEREREECENSEMENBEL v ERICEL,
CD34 Hifasi({LIEMEEE (n=13) O 5y-DFS & 15.4%
(95%CL: 43~55) TH -1, LEE h=13) 1£F
1 HELRERT L,

Ph [5# ALL ® CR1 TOHEEME (»=80) @ Sy-DFS
id, HLA —HEIAEEHEE (1=23) 40.5% (95%CL
24~68.3), FEMBEHEWHBE (n=29) 52.1% (95%CI:
358~76), EMEEWETMOEE (=14 551%



