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Successful Engraftment with Fludarabine,
Cyclophosphamide, and Thymoglobulin Conditioning

Regimen in Unrelated Transplantation for Severe
Aplastic Anemia: A Phase II Prospective

Multicenter Study
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Antithymocyte globulin (ATG) has been used in severe aplastic anemia (SAA) as part of the conditioning reg-
imen. Among the many kinds of ATG preparations, thymoglobulin had been found to be more effective for
preventing graft-versus-host disease (GVHD) and the rejection of organ transplants. After the promising
results of our preliminary study, we conducted a phase II prospective multicenter clinical trial using a fludar-
abine (Flu), cyclophosphamide (Cy), and thymoglobulin conditioning regimen to allow good engraftment in
patients who underwent unrelated transplantation for SAA. Twenty-eight patients underwent bone marrow
(N 5 15) or mobilized peripheral blood (N 5 13) transplantation from HLA-matched unrelated donors with
Cy (50 mg/kg once daily intravenously (i.v.) on days 29, 28, 27, and 26), Flu (30 mg/m2 once daily i.v. on days
25, 24, 23, and 22), and thymoglobulin (2.5 mg/kg once daily i.v. on days 23, 22, and 21). Donor-type he-
matologic recovery was achieved in all patients. The estimated survival rate (SR) was 67.9%, and all the events
were treatment-related mortality (TRM), which included thrombotic microangiopathy (N 5 2), pneumonia
(N 5 1), myocardiac infarction (N 5 1), posttransplantation lymphoprolifarative disease (N 5 3), and chronic
GVHD-associated complications (N 5 2). The SR of patients who received bone marrow (60.0%) was not
different from that of patients who received mobilized peripheral blood (76.9%) (P 5 .351), but the SR of
patients who received more than 15 units of red blood cells before transplantation (45.5%) was significantly
lower than that of the other patients (82.4%) (P 5.048). The Flu, Cy, and thymoglobulin conditioning regimen
achieved promising results for successful engraftment, but the TRM was high. This study was registered
at www.clinicaltrials.gov (NCT00737685), and now we are performing a new multicenter study
(NCT00882323) to decrease the TRM by reducing the dose of Cy.
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INTRODUCTION

Hematopoietic stem cell transplantation (HSCT)
with a matched related donor is a curative therapy for
severe aplastic anemia (SAA), and cyclophosphamide
(Cy)-based conditioning with or without antithymocyte
globulin (ATG) is known to be optimal for HSCT with
a matched related donor [1,2]. However, many patients
have no appropriate related donor, and they need
another treatment such as immunosuppressive therapy
(IST) and/or stem cell transplantation (SCT) with an
alternative donor. Transplantation with a matched
unrelated donor (MUD) is associated with a high
incidence of rejection, and the conditioning regimen
for related donor transplantation is insufficient for
HSCT with an MUD [3]. Two kinds of strategies
have been developed to improve the engraftment by in-
creasing the immunosuppressive activity of the condi-
tioning regimen, but only 2 multicenter prospective
studies have been conducted on this. One multicenter
study in United State was conducted with adding total
body irradiation (TBI) to Cy and ATG [4,5], and
another was done by the European Group for Blood
and Marrow Transplantation Severe Aplastic Anemia
Working Party (EBMT-SAAWP) using the
combination of fludarabine (Flu), Cy, and ATG [6].

These 2 studies included ATG, which has been
commonly used for SAA as a part of the conditioning
regimens. Among the many kinds of ATG, thymoglobu-
lin (a rabbit-derived antithymocyte polyclonal antibody)
is known to be more potent than the other available
preparations, and it has been found to be more effective
for preventing GVHD and the rejection of organ
transplants [7-9]. Previously, we have reported the
promising preliminary results of a Flu, Cy, and
thymoglobulin conditioning regimen in matched
unrelated transplantation for SAA [10]. After the prom-
ising results of our pilot study, the phase II prospective
multicenter clinical trial was first conducted in Asia
witha Flu, Cy, and thymoglobulin conditioning regimen
to achieve good engraftment in unrelated transplanta-
tion for SAA.
PATIENTS AND METHODS

Patient and Donor Selection

From February 2006 to May 2008, 28 patients with
SAA received HSCT from HLA matched unrelated
donors at multicenter in Korea. Those patients, with
the diagnosis of SAA, patients without prior HSCT,
patients who had ECOG 0-2 performance status,
patients who were free of significant functional deficits
in major organs, and patients without any active viral
infections or active fungal infection, were included in
this study. Pregnant or nursing woman, patients with
a malignant or nonmalignant illness that was uncon-
trolled or whose control had been jeopardized by com-
plications of study therapy, patients with a psychiatric
disorder that would preclude compliance, and patients
with congenital AA including Fanconi anemia, were
excluded. Transplantation performed at median 13
(3-210) months after the diagnosis of SAA. The clinical
characteristics of patients are summarized in Table 1.
The selection of donors was based on HLA serologic
typing performed for class I antigens and HLA
molecular typing for the DRB1 loci. HLA-A, -B, -C,
and -DRB1 were confirmed by a high-resolution
molecular method for all patients and donors. All
patients received the designed conditioning regimen
after obtaining informed consents from them or their
guardians. This study was approved by the institutional
review board of each center and registered at www.
clinicaltrials.gov (NCT00737685).

Conditioning Regimen

The conditioning regimen was the same as that of
the previous pilot study; the regimen was composed of
Cy (50 mg/kg once daily intravenously [i.v.] on days
29, 28, 27, and 26), Flu (30 mg/m2 once daily i.v.
on days 25, 24, 23, and 22), and thymoglobulin
(SangStat, Lyon, France and Genzyme, Cambridge,
MA) (2.5 mg/kg once daily i.v. on days 23, 22, and
21) [10]. Patients received adequate hydration during
the conditioning chemotherapy, and they also received
mesna to prevent hemorrhagic cystitis. Unmanipu-
lated bone marrow (BM) or mobilized peripheral
blood (PB) harvest was infused on day 0 of the
conditioning regimen.

Graft-versus-Host Disease (GVHD) Prophylaxis
and Supportive Care

We allowed the use of each institution’s protocol for
GVHD prophylaxis. Patients received combination of
cyclosporine (CsA) or tacrolimus (FK), and methotrex-
ate (MTX), with or without posttransplant low-dose
thymoglobulin (pATG: 1.25 mg/kg once daily i.v. on
days 7, 9, and 11) (Table 2) [11,12]. Supportive care
was done according to the guidelines for each
institution.

Assess Engraftment and Toxicities

Myelogenous engraftment was defined as the first
of 3 consecutive days with an absolute netrophil count
(ANC) of 0.5 � 109/L, and platelet recovery was
defined as the day the platelet count was 20 � 109/L
without platelet transfusions. The BM was examined
for morphology and cellularity at 1, 3, and 6 months,
and 1 year after transplantation. Hematopoietic chime-
rism was evaluated by molecular analysis. Secondary
graft failure was defined as engraftment followed by se-
vere neutropenia (ANC\0.5 � 109/L) or the absence
of donor cells in the BM or blood as demonstrated by
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Table 1. Clinical Characteristics of Enrolled Patients

Median age, Years (range) 13.5 (1-30)
Sex, No. (%)

Male 17 (60.7)
Female 11 (39.3)

Interval from diagnosis to transplantation, No. (%)
<1 year 13 (46.4)
$1 year 15 (53.7)

History of pervious IST, No. (%)
Yes 14 (50.0)
No 14 (50.0)

History of RBC transfusion, No. (%)
<15 units 17 (60.7)
$15 units 11 (39.3)

IST indicates immune suppressive therapy (with regimens including
antithymocyte globulin); RBC, red blood cells.
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a chimerism assay without subsequent improvement
occurring either spontaneously or after treatment
with growth factor. BM or PB stem cell (PBSC) reinfu-
sion, which was carried out at any time after day 0 be-
cause of inadequate hematopoietic function, was
taken as a definitive indication of graft failure regardless
of ANC values and BM cellularity. The regimen-
related toxicity until 42 days after transplantation was
graded according to the NCI Common Toxicity Crite-
ria for BM transplant (BMT) recipients (CTC 2.0).

Statistics

This trial was designed to detect improvement of the
engraftment rate and a 2-stage optimal design proposed
by Simon was used for this trial (P 5 .05, power 80%).
The engraftment rate in treatment groups was estimated
by the proportion of the responders and the target
engraftment rate was 95% (a 15% increases over the
Table 2. Transplantation Data of Patients Received Bone Marrow (

Stem cell sources

Infused cells dose, (range)
TNC, �107/kg
CD34, �105/kg

HLA disparity, 8/8 (HLA-A, B, C and DR by high-resolution molecular method)
0/8
1/8
3/8

GVHD prophylaxis
CsA + MTX + pATG*
CsA + MTX
FK + MTX

Engraftment, median days (range)
ANC of more than 0.5 � 109/L

Regimen related toxicities†
Grade III-IV

Acute GVHD
Grade II
Grade III
Grade IV

Chronic GVHD/patients survived 100 days
Limited
Extensive

CsA indicates cyclosporine; CMV, cytomegalovirus; FK, FK506/tacrolimus; GVH
tation lymphoproliferative disease; TNC, total nucleated cell.
*pATG: posttransplantation low-dose thymoglobulin (1.25 mg/kg once daily i.v
†Toxicities assessed 42 days after transplantation.
‡Estimated by cumulative incidence.
historic rate of 80%) [13]. If 7 or fewer engraftments
were observed among 9 patients in first stage, accrual
would stop with the conclusion that the regimen did
not hold promise for further study. Otherwise, accrual
continued to a total of more than 29 patients. At the
end of second stage if the engraftment rate is #26/29,
the regimen was considered to have no benefit of
engraftment potential. Differences between categoric
variables were analyzed by chi-square test, Fisher’s
exact test, or linear by linear association test. Differences
between means of continuous variables were calculated
with Student’s t-test. Cumulative incidences (CI) were
estimated for acute GVHD (aGVHD), chronic
GVHD (cGVHD), cytomegalovirus (CMV) infection,
Epstein-Barr virus (EBV) infection, and treatment-
related mortality (TRM) to take competing risks into ac-
count. Kaplan-Meier method and log-rank univariate
comparisons were used to estimate the probability of
survival. Cox propotional hazard regression model was
used for the multivariate analysis of prognostic factors
affecting survival. SPSS version 17.0 was used for all sta-
tistical analyses and statistical significance was accepted
for P\.05.
RESULTS

Engraftment Data

The median infused cell dose of nucleated cells
and CD34-positive cells were 6.8� 108/kg (1.3-39.9�
108/kg) and 5.2 � 106/kg (1.2-27.0 � 106/kg), respec-
tively. The median number of days required for ANC
BM) and Mobilized Peripheral Blood (PB)

BM (N 5 15) PB (N 5 13) P-Value

.000
3.1 (1.3-9.6) 17.0 (6.8-26.5)
2.5 (1.2-6.3) 8.6 (4.7-23.8)

.244
9 10
5 3
1

.014
9 2
4 5
2 6

.000
16 (14-32) 12 (10-15)

.433
11 7

.699‡
6 4
1 1
1

.065‡
3/12 1/13
3/12 1/13

D, graft-versus-host disease; MTX, methotrexate; PTLD, posttransplan-

. on days 7, 9, and 11).



Table 3. Regimen-Related Toxicities

Body System Grade I Grade II Grade III Grade IV

Bladder
Hematuria 3 3 6 1

Cardiac
Pericardiac effusion 1 1

CNS
Depressed level of

consciousness
1 1

Seizure 3
Coagulation

Thrombotic microangiopathy 2
Constitutional

Weight gain 1
GI

Diarrhea 8 3 1
Vomiting 6 5 6 1
Stomatitis 4 5 3

Hepatic
Bilirubin 11 2 1
SGOT/SGPT 10 1 4

Infection
Febrile neutropenia 7 2
Infection (documented

microbiologically) with
neutropenia

3* 1†

Catheter-related infection 1 1
Pulmonary

Dyspnea 1 2
Pneumonitis/pulmonary

infiltrates
2 1 2

Renal
Proteinuria 2 2
Creatinine 2 3 2 1

Skin
Rash/desquamation 4 3 1

CNS indicates central nervous system; GI, gastrointestinal.
Data assessed 42 days after transplantation according to the NCI Com-
mon Toxicity Criteria (CTC 2.0).
*Respiratory syncytial virus, Pseudomonas aeruginosa, Stenotrophomonas
maltophilia.
†Streptococcus pneumoniae.
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of more than 0.5� 109/L and 1.0� 109/L were 15 days
(10-35 days) and 16 days (11-40 days), respectively.
Spontaneous platelet recovery to more than 20 �
109/L required a median of 22 days (22-182 days)
except for 1 patient who died before recovery. Myelog-
enous engraftment in the mobilized PBSC transplanta-
tion (PBSCT) was significantly faster than that in the
BMT (P \.001) (Table 2). All patients become
transfusion independent, and they achieved donor-
type hematologic recovery (donor-type chimerism of
.90%). Until the day of analysis (November 2009),
there was no report of secondary graft failure.

GVHD and Prophylaxis

Among the 3 kinds of GVHD prophylaxis, FK was
administered more frequently to the PBSCT than the
BMT (P 5 .014) (Table 2). Grade II–IV aGVHD
occurred in 13 patients and the CI was 46.4%, with
the majority being grade II. Grade III-IV aGVHD oc-
curred in only 3 patients and the CI was 10.9%. The
CI of grade II-IV aGVHD in patients receiving BM
(53.3%) was not significantly different from that of
patients who received PB (38.5%) (P 5 .699).

cGVHD occurred in 8 patients and the CI was
34.8%. Extensive cGVHD occurred in 4 patients and
CI was 17.4%. The CI of cGVHD in patients received
BM (54.6%) was not significantly different from that of
patients who received PB (16.7%) (P 5 .065).

Toxicity

No patients experienced veno-occlusive disease,
but grade III-IV regimen-related toxicity until 42
days after transplantation occurred in 18 (64%) pa-
tients. Grade IV pulmonary toxicity with pneumoni-
tis/pulmonary infiltrates and dyspnea occurred in 2
patients, including 1 with proven respiratory syncytial
virus infection. Grade IV SGOT/SGPT elevation
occurred in 4 patients but was not associated with
aGVHD. Grade IV diarrhea, vomiting, bilirubin,
and skin rash occurred in a patient with grade IV
aGVHD confirmed by biopsy. Toxicities are pre-
sented in Table 3.

Infection and TRM

CMV infection developed in 19 patients with
69.1% of the CI, and CMV disease occurred in 2 pa-
tients (pneumonia and enteritis) with 7.3% of the CI.
Five patients developed posttransplantation lympho-
proliferative disorder (PTLD) with 22.5% of the CI
and 2 of them developed after the treatment of
GVHD. The CI of PTLD in patients with previous
history of IST before SCT (16.4%) was not different
from that of others (29.1%) (P 5 .696). Patients
received treatment including rituximab for PTLD.

Nine patients died of TRM and the CI was 32.1%.
The causes of TRM were thrombotic microangiopathy
(N 5 2), pneumonia (N 5 1), myocardiac infarction
(N 5 1), PTLD (N 5 3), and cGVHD-associated
complications (N 5 2). Myocardiac infraction oc-
curred in a 14-year-old female at 75 days after trans-
plantation diagnosed by the echocardiogram and
cardiac enzymes, but the cause was not proven. The
cause of death associated with PTLD was progressive
disease in 2 patients and sepsis after chemotherapy for
lymphoma in 1 patient. One patient who received 8
doses of rituximab for steroid refractory cGVHD
(NCT00472225) died of fungal sepsis and another
died of pulmonary complication of cGVHD.
Survival Data

The estimated survival rate (SR) of 28 patients was
67.9% (Figure 1). The SR of 13 patients who received
PB (76.9%) was not different from that of the others
who received BM (60.0%) (P 5 .351), and the SRs ac-
cording to each GVHD prophylaxis regimen (CsA 1

MTX 1 rATG: 72.7%, CsA 1 MTX: 66.7%,
FK 1 MTX: 62.5%) were not significantly different
(P 5 .946). The SR of 19 patients with 8/8 HLA



Figure 1. The survival data. (A) The estimated survival rate (SR) of enrolled 28 patients was 67.9%. (B) The SR of patients who received more than
15 units of RBC before transplantation (45.5%) was lower than that of the other patients (82.4%), significantly (P 5 .048).
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matched by a high-resolution molecular typing
(68.4%) was not different from that of mismatched
patients (66.7%) (P 5 .731). The SR of 14 patients
with the history of IST (57.1%) was not significantly
different from that of patients who received first-line
unrelated SCT (78.6%) (P 5 .162). The interval from
diagnosis (\1 year: 76.9%, $1 year: 60.0%) did not
affect survival (P 5 .366). Yet, the SR of 11 patients
who received more than 15 units of RBC before trans-
plantation (45.5%) was lower than that of the other
patients (82.4%), significantly (P 5 .048) (Figure 1).
Among the factors affecting the outcomes, including
the stem cell source, history of previous IST, and the
interval from diagnosis to SCT, only the amount of
transfusion before transplantation ($15 units) was
a significant prognostic factor for survival on multivar-
iate analysis (Table 4). The amount of transfusion
before transplantation ($15 units) was not associated
with the interval from diagnosis to SCT (P 5 .934)
DISCUSSION

The data on matched unrelated transplant in SAA is
still insufficient with the previous studies showing
a 28% to 94% of overall survival (OS), and the optimal
conditioning regimen has not yet been established
[13,14]. Intensification of the conditioning regimens
by the addition of irradiation has improved the
Table 4. Multivariate Analysis of Factors Affecting Survival

Outcome measure
(number of patients) Relative Risk (95% CI) P-Value

RBC transfusion $15 units 5.767 (1.212-27.434) .028
History of IST 3.167 (0.702-14.289) .134
HLA mismatch $1/8 2.060 (0.472-8.933) .337
Diagnosis to transplant $1 year 0.706 (0.123-4.129) .706
Stem cell source: BM versus PB 0.355 (0.059-2.134) .258

BM indicates bone marrow; IST, immune suppressive therapy; PB, mobi-
lized peripheral blood; CI, confidence interval; RBC, red blood cell.
outcome with enhanced engraftment rate [4,5,15-17],
and a recent systemic review presented the use of
radiation in the majority of patients [18]. Yet radiation
has a deteriorative effect on growth, development, en-
docrine function, fertility, and so on [19,20], and the
incidence of secondary malignancy is higher for the
irradiation-containing conditioning regimen [21,22].
To avoid these problems, the nonradiation fludarabine-
based conditioning regimen has been studied with
promising results [6,10,23-25]. Among the studies
that have used Flu, Cy, and ATG for unrelated stem
cell transplantation (SCT) in SAA, our previous
preliminary report and an EBMT-SAAWP study
used the same kind of ATG preperation, namely,
thymoglobulin [6,10].

The rationale for the selection of thymoglobulin
was presented in our previous report [10]. Briefly, thy-
moglobulin had been found to be more effective and
potent than the other anti-T cell antibody prepara-
tions for preventing GVHD and graft failure, and it
was used as part of a conditioning regimen for aplastic
anemia with promising results [6,7,15,26,27].

In our previous preliminary study and our present
phase II multicenter study, a total of 33 patients
achieved donor type engraftment, which implies that
engraftment can be successfully achieved without radi-
ation [10]. The study of EBMT-SAAWP reported
18% of graft failure. Although these studies used the
same combination of Flu, Cy, and thymoglobulin, we
started our study before the report of the EBMT-
SAAWP using a higher dose of Cy (200 mg/kg versus
1,200 mg/m2) and a lower dose of thymoglobulin (7.5
mg/kg versus 15 mg/kg) than that of the EBMT-SAA
study, although the dose of Flu was same (120 mg/m2).

The characteristics of the present study were the
relatively younger age of the enrolled patients, a high
proportion (46%) of PBSCT, we allowed each institu-
tion’s GVHD prophylaxis regimen, we allowed
first-line HSCT, we included only matched (6/6 in se-
rologic typing for HLA A/B and low-resolution
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molecular typing of HLA DR) unrelated transplant,
and we excluded mismatched related transplantation.

The recipient age has been proven to be a potential
prognostic factor in many studies, and the younger pa-
tients showed better engraftment and outcomes [18].
Although the majority of patients in our study were
young as this was a multicenter study of the Korean
Society of Pediatric Hematology-Oncology, 4 patients
were over the age of 18 years and 3 of them alive now
including a 30 years old female. This result implied
that similar conditioning regimen could be applicable
to adults.

Worse outcomes and more cGVHD were reported
when performing transplantation with PB than BM in
HLA-matched sibling donor transplants for young pa-
tients with SAA [28], and the use of BM as a stem cell
source rather than PB has been strongly recommended
for SAA as the GVL effect is not necessary [14]. In our
study, the results of transplant with PB and BM were not
different and FK was administered more frequently to
the PBSCT patients than to the BMT patients. FK
has been known to be more potent than CsA in prevent-
ing GVHD [29], and it has been shown superior survival
in the setting of unrelated BMT [30]. Recently, many
donors have preferred PB rather than BM, owing to
the convenience after the official allowance of unrelated
PBSCT by the government in Korea. Although BM is
strongly recommended for transplantation to treat
SAA, if only PB donor is available, it should not be
avoided, and the use of intense GVHD prophylaxis
agents such as FK might improve the outcome of
PBSCT for SAA, and this should be clarified in future.

First-line unrelated transplants were performed
without previous IST in half of our enrolled patients.
Although IST has remained first-line therapy for
patients without a matched related donor, IST has
achieved limited improvement in survival and with
the development of transplantation technique, promis-
ing results of unrelated transplantation (first-line or
salvage after failure of IST) that were comparable to
those of transplantation from a matched related donor
were reported in SAA [31,32]. Early intervention was
recommended for better outcomes, whatever the
first-line therapy, owing to the improvement of both
first-line-related and unrelated transplantation [33].
We decided not to exclude first-line HSCT for pa-
tients with appropriate unrelated donors as IST could
increase the number of the required transfusions,
which might induce allo-immunization and effects
that are deteriorative to the success of unrelated
HSCT. As HSCT with a matched related donor has
become a standard therapy for SAA after the develop-
ment of an excellent regimen, matched unrelated
HSCT could become one of standard options for those
patients without a matched related donor if optimal
conditioning regimens and GVHD prophylaxis are
developed.
Among the factors affecting the outcomes, the
amount of RBC transfusion was significant in this
study, but not the interval from diagnosis to transplan-
tation. Multitransfused AA patients are known to have
increased rates of graft rejection after HSCT because
of alloimmunization, which adversely impacts survival
rates [34,35]. But the amount of transfusion did not
affect engraftment in our study. Iron overload by
transfusion is known to increase complications,
infections, and TRM after HSCT [36,37]. Although
we did not assess the exact amount of iron overload
before transplantation, it might have affected the
outcome of our study. As reported previously,
introduction of intensive iron chelating therapy
before SCT could improve the outcome [37].

The engraftment was successful in our study and
veno-occlusive disease did not occur. But high-grade
regimen-related toxicities were observed in more
than half of patients and incidence of the CMV infec-
tion and PTLD were also high, which implies that our
conditioning regimen might have been somewhat too
intensive. After we achieved statistically significant
engraftment potential of our conditioning regimen,
we closed this study before the planned enrollment
of 29 patients.

Now we are performing a newly designed multi-
center study (NCT00882323) to decrease the TRM
by reducing the dose of Cy (120 mg/kg) with the
hope of achieving better outcomes of unrelated trans-
plantation for SAA.
ACKNOWLEDGMENTS

Financial disclosure: This work was sponsored by the
Korean Society of Pediatric Hematology-Oncology
and supported by grant of the Korea Healthcare Tech-
nology R&D Project, Ministry of Health, Welfare and
Family affairs, Republic of Korea (A070001), and
Grant No. 03-2007-020 from SNUH Research Fund.
REFERENCES

1. Storb R, Etzioni R, Anasetti C, et al. Cyclophosphamide com-
bined with antithymocyte globulin in preparation for allogeneic
marrow transplants in patients with aplastic anemia. Blood. 1994;
84:941-949.

2. Champlin RE, Perez WS, Passweg JR, et al. Bone marrow trans-
plantation for severe aplastic anemia: a randomized controlled
study of conditioning regimens. Blood. 2007;109:4582-4585.

3. Deeg HJ, Anasetti C, Petersdorf E, et al. Cyclophosphamide
plus ATG conditioning is insufficient for sustained hematopoi-
etic reconstitution in patients with severe aplastic anemia trans-
planted with marrow from HLA-A, B, DRB matched unrelated
donors. Blood. 1994;83:3417-3418.

4. Deeg HJ, Amylon ID, Harris RE, et al. Marrow transplants from
unrelated donors for patients with aplastic anemia: minimum
effective dose of total body irradiation. Biol Blood Marrow Trans-
plant. 2001;7:208-215.

5. Deeg HJ, O’Donnell M, Tolar J, et al. Optimization of condi-
tioning for marrow transplantation from unrelated donors for



1588 Biol Blood Marrow Transplant 16:1582-1588, 2010H. J. Kang et al.
patients with aplastic anemia after failure of immunosuppressive
therapy. Blood. 2006;108:1485-1491.

6. Bacigalupo A, Locatelli F, Lanino E, et al. Fludarabine, cyclo-
phosphamide and anti-thymocyte globulin for alternative donor
transplants in acquired severe aplastic anemia: a report from the
EBMT-SAA Working Party. Bone Marrow Transplant. 2005;36:
947-950.

7. Remberger M, Svahn BM, Hentschke P, Lofgren C, Ringden O.
Effect on cytokine release and graft-versus-host disease of
different anti-T cell antibodies during conditioning for
unrelated haematopoietic stem cell transplantation. Bone
Marrow Transplant. 1999;24:823-830.

8. Zuckermann AO, Grimm M, Czerny M, et al. Improved long-
term results with thymoglobuline induction therapy after cardiac
transplantation: a comparison of two different rabbit-
antithymocyte globulines. Transplantation. 2000;69:1890-1898.

9. Hardinger KL, Rhee S, Buchanan P, et al. A prospective, ran-
domized, double-blinded comparison of thymoglobulin versus
Atgam for induction immunosuppressive therapy: 10-year
results. Transplantation. 2008;86:947-952.

10. Kang HJ, Shin HY, Choi HS, Ahn HS. Fludarabine, cyclophos-
phamide plus thymoglobulin conditioning regimen for unre-
lated bone marrow transplantation in severe aplastic anemia.
Bone Marrow Transplant. 2004;34:939-943.

11. Bacigalupo A, Oneto R, Lamparelli T, et al. Pre-emptive ther-
apy of acute graft-versus-host disease: a pilot study with antith-
ymocyte globulin (ATG). Bone Marrow Transplant. 2001;28:
1093-1096.

12. Bacigalupo A, Lamparelli T, Milone G, et al. Pre-emptive treat-
ment of acute GVHD: a randomized multicenter trial of rabbit
anti-thymocyte globulin, given on day17 after alternative donor
transplants. Bone Marrow Transplant. 2010;45:385-391.

13. Georges GE, Storb R. Allogeneic hematopoietic cell transplan-
tation for aplastic anemia. In: Blume KG, Forman SJ,
Appelbaum FR, editors. Thomas’ Hematopoietic Cell Transplanta-
tion. Oxford: Blackwell Publishing Ltd; 2004 p. 981-1001.

14. Fuhrer M. Risk-adapted procedures for HSCT from alternative
donor in children with severe aplastic anaemia. Bone Marrow
Transplant. 2008;42(Suppl 2):S97-S100.

15. Kojima S, Inaba J, Yoshimi A, et al. Unrelated donor marrow
transplantation in children with severe aplastic anaemia using
cyclophosphamide, anti-thymocyte globulin and total body irra-
diation. Br J Haematol. 2001;114:706-711.

16. Vassiliou GS, Webb DK, Pamphilon D, Knapper S, Veys PA.
Improved outcome of alternative donor bone marrow transplan-
tation in children with severe aplastic anaemia using a condition-
ing regimen containing low-dose total body irradiation,
cyclophosphamide and Campath. Br J Haematol. 2001;114:
701-705.

17. Kim SY, Lee JW, Lim J, et al. Unrelated donor bone marrow
transplants for severe aplastic anemia with conditioning using
total body irradiation and cyclophosphamide. Biol Blood Marrow
Transplant. 2007;13:863-870.

18. Peinemann F, Grouven U, Kroger N, Pittler M, Zschorlich B,
Lange S. Unrelated donor stem cell transplantation in acquired
severe aplastic anemia: a systematic review. Haematologica. 2009;
94:1732-1742.

19. Eapen M, Ramsay NK, Mertens AC, Robison LL, DeFor T,
Davies SM. Late outcomes after bone marrow transplant for
aplastic anaemia. Br J Haematol. 2000;111:754-760.

20. Sanders JE. Chronic graft-versus-host disease and late effects af-
ter hematopoietic stem cell transplantation. Int J Hematol. 2002;
76(Suppl 2):15-28.

21. Socie G, Henry-Amar M, Cosset JM, Devergie A, Girinsky T,
Gluckman E. Increased incidence of solid malignant tumors
after bone marrow transplantation for severe aplastic anemia.
Blood. 1991;78:277-279.

22. Socie G, Henry-Amar M, Bacigalupo A, et al. Malignant tumors
occurring after treatment of aplastic anemia. European Bone
Marrow Transplantation-Severe Aplastic Anaemia Working
Party. N Engl J Med. 1993;329:1152-1157.

23. Chan KW, Li CK, Worth LL, et al. A fludarabine-based condi-
tioning regimen for severe aplastic anemia. Bone Marrow Trans-
plant. 2001;27:125-128.

24. Kumar R, Prem S, Mahapatra M, et al. Fludarabine, cyclophos-
phamide and horse antithymocyte globulin conditioning regi-
men for allogeneic peripheral blood stem cell transplantation
performed in non-HEPA filter rooms for multiply transfused
patients with severe aplastic anemia. Bone Marrow Transplant.
2006;37:745-749.

25. Novitzky N, Thomas V, du Toit C, McDonald A. Reduced-
intensity conditioning for severe aplasia using fludarabine and
CY followed by infusion of ex vivo T-cell-depleted grafts leads
to excellent engraftment and absence of GVHD. Bone Marrow
Transplant. 2009;43:779-785.

26. Bacigalupo A, Lamparelli T, Bruzzi P, et al. Antithymocyte glob-
ulin for graft-versus-host disease prophylaxis in transplants from
unrelated donors: 2 randomized studies from Gruppo Italiano
Trapianti Midollo Osseo (GITMO). Blood. 2001;98:2942-2947.

27. Remberger M, Storer B, Ringden O, Anasetti C. Association be-
tween pretransplant Thymoglobulin and reduced non-relapse
mortality rate after marrow transplantation from unrelated
donors. Bone Marrow Transplant. 2002;29:391-397.

28. Schrezenmeier H, Passweg JR, Marsh JC, et al. Worse outcome
and more chronic GVHD with peripheral blood progenitor cells
than bone marrow in HLA-matched sibling donor transplants
for young patients with severe acquired aplastic anemia. Blood.
2007;110:1397-1400.

29. Nash RA, Antin JH, Karanes C, et al. Phase 3 study comparing
methotrexate and tacrolimus with methotrexate and cyclospor-
ine for prophylaxis of acute graft-versus-host disease after
marrow transplantation from unrelated donors. Blood. 2000;96:
2062-2068.

30. Yagasaki H, Kojima S, Yabe H, et al. 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. Biol Blood Marrow Transplant. 2009;15:
1603-1608.

31. Kennedy-Nasser AA, Leung KS, Mahajan A, et al. Comparable
outcomes of matched-related and alternative donor stem cell
transplantation for pediatric severe aplastic anemia. Biol Blood
Marrow Transplant. 2006;12:1277-1284.

32. Maury S, Balere-Appert ML, Chir Z, et al. Unrelated stem cell
transplantation for severe acquired aplastic anemia: improved
outcome in the era of high-resolution HLA matching between
donor and recipient. Haematologica. 2007;92:589-596.

33. Locasciulli A, Oneto R, Bacigalupo A, et al. Outcome of patients
with acquired aplastic anemia given first line bone marrow trans-
plantation or immunosuppressive treatment in the last decade:
a report from the European Group for Blood and Marrow
Transplantation (EBMT). Haematologica. 2007;92:11-18.

34. Champlin RE, Horowitz MM, van Bekkum DW, et al. Graft
failure following bone marrow transplantation for severe aplastic
anemia: risk factors and treatment results. Blood. 1989;73:
606-613.

35. Gajewski JL, Johnson VV, Sandler SG, Sayegh A, Klumpp TR.
A review of transfusion practice before, during, and after hema-
topoietic progenitor cell transplantation. Blood. 2008;112:
3036-3047.

36. Armand P, Kim HT, Cutler CS, et al. Prognostic impact of
elevated pretransplantation serum ferritin in patients undergo-
ing myeloablative stem cell transplantation. Blood. 2007;109:
4586-4588.

37. Lee JW, Kang HJ, Kim EK, Kim H, Shin HY, Ahn HS. Effect of
iron overload and iron-chelating therapy on allogeneic hemato-
poietic SCT in children. Bone Marrow Transplant. 2009;44:
793-797.


	Successful Engraftment with Fludarabine, Cyclophosphamide, and Thymoglobulin Conditioning Regimen in Unrelated Transplantation for Severe Aplastic Anemia: A Phase II Prospective Multicenter Study
	Introduction
	Patients and Methods
	Patient and Donor Selection
	Conditioning Regimen
	Graft-versus-Host Disease (GVHD) Prophylaxis and Supportive Care
	Assess Engraftment and Toxicities
	Statistics

	Results
	Engraftment Data
	GVHD and Prophylaxis
	Toxicity
	Infection and TRM
	Survival Data

	Discussion
	Acknowledgments
	References


