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Summary:

We have developed a reduced-intensity conditioning
regimen for patients with severe aplastic anemia (SAA)
undergoing alternative donor transplants, which includes
fludarabine (120mg/m2), cyclophosphamide (1200mg/m2)
and antithymocyte globulin (7.5mg/kg). Graft-versus-host
disease (GvHD) prophylaxis consisted of cyclosporine
and methotrexate. We have enrolled 38 SAA patients in
this trial: median age of 14 (3–37) years, transplanted
from unrelated (n¼ 33) or family mismatched (n¼ 5)
donors, with unmanipulated marrow (n¼ 36) or peripheral
blood (n¼ 2). Seven patients (18%) had evidence of graft
failure, 11% developed grade II–III acute GvHD and
27% developed chronic GvHD. The actuarial 2-year
survival is 73%, with a median follow-up of 621 days.
Younger patients (p14 years) had a lower risk of
rejection (5%) and improved actuarial survival (84%).
Causes of death were infections (n¼ 3), graft failure
(n¼ 2), Epstein–Barr virus lymphoma (n¼ 2) and hemor-
rhage (n¼ 2). In conclusion, the actuarial 2-year survival
is encouraging in young SAA patients receiving a
radiation-free conditioning regimen. The significant risk
of graft failure in patients 15 years or older may require
modification of the conditioning regimen in adults.
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In 1988, the European Group for Blood and Marrow
Transplantation (EBMT) reported 46 patients with severe
aplastic anemia (SAA) undergoing bone marrow trans-
plantation (BMT) from mismatched family (n¼ 35) or

unrelated donors (UD) (n¼ 11),1 with 26% surviving 16–84
months post-BMT. Favorable predictors were HLA iden-
tity and the combined use of cyclosporine (CsA) and metho-
trexate (MTX). Causes of death were rejection (n¼ 15),
graft-versus-host disease (GvHD) (n¼ 13) and pneumonitis
(n¼ 5).1 Other studies reported similar results.2–11

Recently, there have been two important studies: one
from the USA12 and one from Japan.13 The first tested
de-escalating doses of radiation, from 6Gy down to 2Gy. In
all, 10 of 20 patients who received 6 or 4Gy, and eight of 13
who received 2Gy, are alive.12 The Japanese study reported
154 SAA patients undergoing a UD transplant: 11%
rejected, 20% experienced acute GvHD, 30% experienced
chronic GvHD and 64% survive.13 Unfavorable factors
for survival were older age (420 years), conditioning with-
out anti-thymocyte globulin (ATG) and a long (43 years)
interval from diagnosis to transplant. The Japanese study
included a large number of patients who received low-dose
radiation, and these had a significantly lower risk of rejection.
Radiation, however, increases the risk of second tumors.14

For this reason, the SAA Working Party of the EBMT
designed a radiation-free preparative regimen, modified
from the original fludarabine (FLU) cyclophosphamide
(CY) protocol, reported by the Houston group15 with the
addition of ATG. We are now reporting the first 38 patients
allografted with this regimen.

Materials and methods

Patients

Patients were grafted between 26.3.1998 and 25.5.2004 in
13 transplant centers reporting to the EBMT. All patients
had failed one or more courses of immunosuppressive
therapy, and all were transfusion dependent at the time
of transplant. The protocol was approved by the Ethical
Committee of the participating institutions and all
patients gave informed consent. Clinical data of patients
are outlined in Table 1.

Bone marrow donors

The donor was a UD in 33 or an HLA mismatched family
member in five. Of the UD, 28 were reported as matched at
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the allelic level at A,B,DRB1, whereas five were reported to
have mismatches at C and DQ (n¼ 3), C and DQ (n¼ 1) or
DP alone (n¼ 1). The five related donors (RD) were one
antigen mismatched at class I (n¼ 3) or two antigens at
class I (n¼ 1) or one antigen at class II (n¼ 2).

Stem cell source

The stem cell source was unmanipulated bone marrow
(BM) (n¼ 36) or unmanipulated peripheral blood (n¼ 2).

Transplant protocol

Patients received 30mg/m2 FLU on days �6, �5, �4 and
�3, 300mg/m2 CY on days �6, �5, �4 and �3 and
3.75mg/kg ATG (Thymoglobulin, Genzyme, USA) on
days �6, �5, �4 and �3. On day 0, unmanipulated BM
was infused. Prophylaxis and monitoring of viral and
fungal infections and post transplant monitoring for
CMV, Epstein–Barr virus (EBV) and Aspergillus were
carried out as per the institutional protocols in the different
centers.

Graft-versus-host disease prophylaxis

CsA was started on day �5 at a dose of 1mg/kg/day either
as a continuous intravenous infusion or as twice daily 2-h
intravenous infusion, and then increased to 2mg/kg/day
starting on day �1. Intravenous CsA was continued until
patients were able to have oral intake and then it was given
orally at a dose of 6–10mg/kg/day for at least 6 months.
MTX was given at a dose of 10mg/m2 on day þ 1, and at a
dose of 8mg/m2 on days þ 3, þ 6 and þ 11.

Graft failure

Graft failure was classified as follows: (1) primary non-
engraftment (failure to reach a neutrophil count of 0.5�
109/l after transplant); (2) rejection (decrease in blood
counts to less than 0.5� 109/l neutrophils, after achieving
a neutrophil count of 0.5� 109/l); (3) late graft failure
(decrease of blood counts beyond day þ 100 to less than
1� 109/l neutrophils and less than 30� 109/l platelets).

Statistical analysis

The Number Cruncher Statistical System (NCSS) package
was used to analyze data. The probability of survival was
estimated by the Kaplan–Meier method and the log-rank
test (Mantel–Cox) was used to assess differences between
survival curves.

Results

Engraftment, chimerism and graft failure

All patients were evaluable for engraftment. Median time
to 0.5� 109 neutrophils was day 17 (11–67) and median
time to 30� 109/l platelets was day 23 (15–126). Data on
22 patients were available for chimerism studies: average
minimum donor chimerism within day þ 100 was 90%
(range 40–100) and average maximum donor chimerism
within day þ 100 was 97% (83–100). Average donor
chimerism beyond day þ 100 was 96% (17–100), with
20/22 patients having 100% donor chimerism. Overall,
there were seven episodes of graft failure/rejection, which
could be further classified as primary nonengraftment
(n¼ 1), engraftment followed by rejection (n¼ 4) and
engraftment followed by late graft failure (n¼ 2) (Table 2).

Table 1 Clinical data of patients with acquired aplastic anemia

Number of patients 38

Donor type
HLA mismatched family members n¼ 5
Unrelated donors n¼ 33

Age, median (range) (years) 14 (3–37)
Gender: male/female 19/19

Stem cell source
Bone marrow 36
Peripheral blood 2

Nucleated cells infused (� 108/kg) 3.3 (1.3–10.0)
Interval from diagnosis to BMT (days) 590 (44–3000)
Acute GvHD, grade 0–I, II, III–IV 31, 2, 2

Chronic GvHD
No/limited/extensive/not assessed 24/7/2/2

Alive 29
Follow-up, median (range) (days) 621 (183–2218)

Deceased 9
Follow-up, median (range) (days) 122 (6–737)

100-day mortality 8%

Table 2 Clinical data and outcome of seven patients with graft rejection or graft failure

Patient number 3 15 17 21 26 36 37

Age 23 7 24 37 15 15 23
Interval Dx–Tx (days) 1115 44 496 1665 482 92 585
Donor type RD UD UD UD UD UD UD
Cells (� 108/kg) 10 8.4 4.5 1.8 4.5 ? 1.6
Rejection type Rej NoGr GF Rej Rej Rej GF
Comment 3Tx Late 2Tx 2Tx 2TX Late
Autologous recovery No Yes No No Yes No Yes
Alive (A)/dead (D) D A A D A A A
Follow-up (days) 269 985 838 165 570 204 224
Transfusion dependent — No No — No No Yes

Dx–Tx¼ interval between diagnosis and transplant; RD¼ related donor; UD¼unrelated donor; Tx¼ transplant; 3Tx¼ three transplants; 2Tx¼ two
transplants; Rej¼ rejection; NoGr¼ primary nonengraftment; GF¼ graft failure.
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Four patients received a second (in one case a third)
transplant: two of these are alive – one with full donor
chimerism, conditioned with 10mg/kg thiotepaþ 100mg/
kg CY (UPN 36) – one with autologous reconstitution,
conditioned with 200mg/kg CY alone (UPN 26). Two
patients died after a second transplant, without sustained
engraftment: one was conditioned with thiotepa and one
with TBI. Of the seven patients who rejected, five remain
alive, three with autologous reconstitution. In patients aged
14 years or less (n¼ 19), there was one rejection (5%),
whereas in 19 patients aged 15 years and over, there were
six rejections (32%) (P¼ 0.03). Patients rejecting had
similar interval from diagnosis to BMT as patients not
rejecting (both 585 days) and similar grafted cell dose
(4.5� 108/kg vs 3.5� 108/kg, respectively).

Graft-versus-host disease, survival and causes of death

Acute GvHD II–III developed in 11% and chronic GvHD
in 27% of evaluable patients. A total of 29 patients (76%)

survive with a median follow-up of 621 days and an actu-
arial 2-year survival of 73% (Figure 1): there was a trend
for improved outcome for young patients (p14 years)
(84 vs 61%) (Figure 2) and early transplants (o590 days)
(85 vs 61%). The interval from diagnosis to BMT seemed
to be more important in the older age group as compared
to younger patients: the actuarial 2-year survival in patients
414 years grafted within or beyond 590 days was 90 vs
37% (P¼ 0.07) and 79 vs 90% in younger children
(P¼ 0.5). Nine patients died at a median of 122 days
(6–737): causes of death were3 graft failure,2 EBV-related
lymphoma2 and hemorrhage.2

Discussion

We have shown in this study that a radiation-free, low-
intensity conditioning regimen can allow engraftment of
unrelated or family mismatched marrow in young patients
with acquired SAA. The overall survival is 73% at 2 years,
with a low risk of GvHD and a relatively low risk of graft
failure.

Graft failure has been of concern for many years in SAA
patients undergoing an HLA identical BMT. In some
centers, busulfan16 or low-dose TBI2 has been added to CY
to reduce graft failure; in other centers, ATG has been used
successfully to reduce graft rejection.17 In the present series
of alternative donor transplants, we have seen an overall
graft failure rate of 18%, with a significant age effect:
patients aged 15 years or over showed a graft failure rate
of 32%, which is significantly higher when compared
to younger patients (5%). One would have expected older
patients to have a longer interval from diagnosis to
transplant, due to one or more courses of immunosuppres-
sive therapy, but this was not the case (595 vs 585 days,
P¼ 0.5), nor was the cell dose lower (3.4/kg vs 3.4� 108/kg,
P¼ 0.6). Therefore, the higher risk of graft failure in young
adults over 15 years remains unclear. It is interesting to
note, however, that a significant proportion of rejecting
patients (5/7) remain alive, possibly due to the low intensity
of the conditioning regimen, which allows one to wait for
autologous recovery, or to organize a second transplant.
For patients aged 15 years and over, we are currently
exploring the addition of low-dose TBI (2Gy) to the FLU-
CY program, to test whether the graft failure rate can be
reduced and the outcome improved. Another option would
be increasing the dose of fludarabine and CY.

GvHD was not a problem in this series of patients: this
may be due to the lack of myeloablative agents, and to the
use of MTXþCsA post transplant, combined with rabbit
ATG pre-transplant for GvHD prophylaxis. Rabbit ATG
(Genzyme) was given at a dose of 3.75mg/kg� 4, for a
total dose of 15mg/kg, which can be considered a high
dose,18 and is effective in preventing acute GvHD.19 The
drawback is reactivation of EBV, reported in transplants
using ex vivo or in vivo T-cell depletion,20,21 and possibly
dependent on the total ATG dose given. The two patients
who died of EBV lymphoma in this series (5%) confirm the
significant risk of EBV-related disorders, when using high-
dose ATG in the setting of a UD transplant. Weekly
monitoring of EBV-DNA levels and early use of rituximab
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Figure 1 Actuarial survival of 38 patients with acquired SAA undergoing
alternative donor transplants.
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Figure 2 Actuarial survival of patients stratified according to age: there
is a trend for improved outcome in patients aged p14 years (84%) as
compared to patients aged 414 years (61%).
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for patients with over 1000 EBV copies20 is recommended,
if one is to maintain the 15mg/kg ATG regimen.

Finally, should patients undergo a UD graft soon after
diagnosis of acquired SAA, or should we give them a first
course of immunosuppression, and proceed to transplant
only in case of failure? Since identification of a suitable UD
may take several months, a first course of ATG and CsA
should be given, in keeping with current guidelines.22 In
patients up to the age of 40 years, however, the activation
of the UD search may start at the time of diagnosis: the
hematologic response to ATG would then dictate whether
the patient will proceed or not to transplantation.

In conclusion, this study confirms improved outcome in
SAA patients undergoing alternative donor grafts: pro-
blems such as graft failure and infections remain, and need
to be addressed by international cooperative programs.

Acknowledgements

This work was supported by Associazione Italiana Ricerca
contro il Cancro (AIRC) Milano grant to AB and Associazione
Ricerca Trapianto Midollo Osseo (ARITMO), Fondazione
Cassa di Risparmio di Genova (CARIGE), Genova.

References

1 Bacigalupo A, Hows J, Gordon Smith EC et al. Bone marrow
transplantation for severe aplastic anemia from donors other
than HLA identical siblings: a report of the BMT working
party. Bone Marrow Transplant 1988; 3: 531.

2 Kodera Y, Morishima Y, Kato S et al. Analysis of 500 bone
marrow transplants from unrelated donors (UR-BMT) facili-
tated by the Japan Marrow Donor Program: confirmation
of UR-BMT as a standard therapy for patients with leukemia
and aplastic anemia. Bone Marrow Transplant 1999; 24:
995–1003.

3 Gratwohl A, Hermans J, Baldomero H. Blood and marrow
transplantation activity in Europe 1995. European Group for
Blood and Marrow Transplantation (EBMT). Bone Marrow
Transplant 1997; 19: 407–419.

4 Tzeng CH, Chen PM, Fan S et al. CY/TBI-800 as a
pretransplant regimen for allogeneic bone marrow trans-
plantation for severe aplastic anemia using HLA-haplo-
identical family donors. Bone Marrow Transplant 1996; 18:
273–277.

5 Davies SM, Shu XO, Blazar BR et al. Unrelated donor bone
marrow transplantation: influence of HLA A and B incompati-
bility on outcome. Blood 1995; 86: 1636–1642.

6 Sanders JE, Storb R, Anasetti C et al. Marrow transplant
experience for children with severe aplastic anemia. Am J
Pediatr Hematol Oncol 1994; 16: 43–49.

7 Hows J, Szydlo R, Anasetti C et al. Unrelated donor marrow
transplants for severe acquired aplastic anemia. Bone Marrow
Transplant 1992; 10 (Suppl. 1): 102–106.

8 Gajewski JL, Ho WG, Feig SA et al. Bone marrow
transplantation using unrelated donors for patients with

advanced leukemia or bone marrow failure. Transplantation
1990; 50: 244–249.

9 Casper JT, Truitt RR, Baxter-Lowe LA, Ash RC. Bone
marrow transplantation for severe aplastic anemia in children.
Am J Pediatr Hematol Oncol 1990; 12: 434–448.

10 Camitta B, Ash R, Menitove J et al. Bone marrow
transplantation for children with severe aplastic anemia: use
of donors other than HLA-identical siblings. Blood 1989; 74:
1852–1857.

11 Bacigalupo A, Brand R, Oneto R et al. Treatment of acquired
severe aplastic anemia: bone marrow transplantation com-
pared with immunosuppressive therapy – The European
Group for Blood and Marrow Transplantation Experience.
Semin Hematol 2000; 37: 69–80.

12 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 Transplant 2001; 7: 208–215.

13 Kojima S, Matsuyama T, Kato S et al. Outcome of 154
patients with severe aplastic anemia who received transplants
from unrelated donors: the Japan Marrow Donor Program.
Blood 2002; 100: 799–803.

14 Pierga JY, Socie G, Gluckman E et al. Secondary solid
malignant tumors occurring after bone marrow transplant-
ation for severe aplastic anemia given thoraco-abdominal
irradiation. Radiother Oncol 1994; 30: 55–58.

15 Khouri IF, Keating M, Korbling M et al. Transplant-lite:
induction of graft-versus-malignancy using fludarabine-based
nonablative chemotherapy and allogeneic blood progenitor-
cell transplantation as treatment for lymphoid malignancies.
J Clin Oncol 1998; 16: 2817–2824.

16 Dulley FL, Vigorito AC, Aranha FJ et al. Addition of low-
dose busulfan to cyclophosphamide in aplastic anemia patients
prior to allogeneic bone marrow transplantation to reduce
rejection. Bone Marrow Transplant 2004; 33: 9–13.

17 Storb R, Erzioni R, Anasetti C et al. Cyclophosphamide
combined with antithymocyte globulin in preparation for
allogeneic marrow transplants in patients with aplastic anemia.
Blood 1994; 84: 941–949.

18 Bacigalupo A. Antilymphocyte globulin for graft versus host
disease prophylaxis: efficacy and side effects. Bone Marrow
Transplant 2004; 35: 225–231.

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

20 Van Esser JW, van der Holt B, Meijer E et al. Epstein–Barr
virus (EBV) reactivation is a frequent event after allogeneic
stem cell transplantation (SCT) and qualitatively predicts
EBV-lymphoproliferative disease following T cell depleted
SCT. Blood 2001; 98: 972–978.

21 Dominietto A, Tedone E, Soracco M et al. Epstein–Barr virus
reactivation after allogeneic hematopoietic stem cell transplant
based on molecular monitoring is predictive of lymphoproli-
ferative disease. Bone Marrow Transplant 2004; 33: S192.

22 Marsh JC, Ball SE, Darbyshire P et al. British Committee for
Standards in Haematology. Guidelines for the diagnosis and
management of acquired aplastic anaemia. Br J Haematol
2003; 123: 782–801.

Alternative donor transplants in acquired SAA
A Bacigalupo et al

950

Bone Marrow Transplantation


