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Background
Bone marrow has been shown to be superior to peripheral blood, as a stem cell source, in young
patients (<20 years of age) with acquired aplastic anemia undergoing a matched sibling transplant.
The aim of this study was to test whether this currently also holds true for older patients with
acquired aplastic anemia.

Design and Methods
We analyzed 1886 patients with acquired aplastic anemia who received a first transplant from a
human leukocyte antigen identical sibling between 1999 and 2009, with either bone marrow
(n=1163) or peripheral blood (n=723) as the source of stem cells.

Results
In multivariate Cox analysis negative predictors for survival were: patient’s age over 20 years (RR
2.0, P<0.0001), an interval between diagnosis and transplantation of more than 114 days (RR 1.3,
P=0.006), no anti-thymocyte globulin in the conditioning (RR 1.6, P=0.0001), a conditioning reg-
imen other than cyclophosphamide (RR=1.3, P=0.008) and the use of peripheral blood as the
source of stem cells (RR 1.6, P<0.00001). The survival advantage for recipients of bone marrow
rather than peripheral blood was statistically significant in patients aged 1-19 years (90% versus
76% P<0.00001) as well as in patients aged over 20 years (74% versus 64%, P=0.001). The advan-
tage for recipients of bone marrow over peripheral blood was maintained above the age of 50
years (69% versus 39%, P=0.01). Acute and chronic graft-versus-host disease were more frequent
in peripheral blood transplants. Major causes of death were graft-versus-host disease (2% versus
6% in bone marrow and peripheral blood recipients, respectively), infections (6% versus 13%),
and graft rejection (1.5% versus 2.5%). 

Conclusions
This study shows that bone marrow should be the preferred stem cell source for matched sib-
ling transplants in acquired aplastic anemia, in patients of all age groups. 

Key words: aplastic anemia, allogeneic transplantation, bone marrow transplants, peripheral
blood transplants. 
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Introduction

Graft-versus-host disease (GvHD) and graft rejection have
been major issues for successful allogeneic bone marrow
transplantation in patients with acquired severe aplastic
anemia.1 With the advent of peripheral blood (PB) as a stem
cell source, it was thought that rejection would be reduced:
however, in 2007, a first comparison by the European
Group for Blood and Marrow Transplantation
(EBMT)/Center for International Blood and Marrow
Transplant Research (CIBMTR) between bone marrow
(BM) and PB failed to confirm this hypothesis, and showed
a significant survival advantage for recipients of BM rather
than PB.2 In that study, which included 692 patients, the sur-
vival advantage for BM recipients was statistically signifi-
cant for patients under the age of 20, but not for older
patients, although the survival advantage was similar: this
diversity was, perhaps, due to smaller numbers of patients
in the older groups. 

A second study by the CIBMTR recently compared differ-
ent stem cell sources – granulocyte-colony stimulating fac-
tor (G-CSF)-stimulated BM (n=78), unstimulated BM
(n=547), or PB progenitor cells (n=134) in sibling grafts
between 1997 to 2003.3 Grade II-IV and III-IV acute GvHD,
and chronic GvHD were significantly more frequent after
PB transplants than after BM ones. The mortality rate was
lower after transplantation of unstimulated BM than after
transplantation of G-CSF-stimulated BM or PB progenitor
cells. This study concluded that BM is the preferred stem
cell source for HLA-matched sibling transplants for severe
aplastic anemia.3

Despite these results, PB is still being used as a source of
stem cells for patients with acquired aplastic anemia: a
recent survey by the Aplastic Anemia Working Party of the
EBMT (WPSAA-EBMT) found that, in 2009, 40% of trans-
plants were from PB (unpublished data). This is difficult to
understand, particularly because of the significantly greater
risks of both acute and chronic GvHD following PB grafts,4

which may have short-and long-term consequences on
morbidity and mortality, without the potential added value
of a graft-versus-leukemia effect.5 The justification for the
use of PB, despite the higher risk of GvHD, is the propensity
of patients with severe aplastic anemia to reject their grafts,
and it is thought that PB may reduce this risk. However,
there is little evidence that this is the case: indeed, in the
2007 study,2 the risks of primary graft failure (9% versus 9%)
and secondary graft failure (6% versus 7%) were identical in
patients receiving BM or PB grafts. Based on data available
in the literature, it would currently seem that PB grafts
expose patients with severe aplastic anemia to a higher risk
of mortality because of more GvHD, without the benefit of
lowering the risk of rejection .

To assess whether more recent findings confirm or dis-
prove these data, we have now analyzed 1,886 patients
with severe aplastic anemia transplanted between 1999 and
2009 and report our findings here.

Design and Methods

Patients
Patients were treated in 303 EBMT Centers (see Appendix) and

their data entered into the WPSAA-EBMT Registry in accordance
with standard procedures. Patients were selected as having
acquired aplastic anemia, a first transplant from an HLA identical

sibling between 1999-2009, with the graft consisting of stem cells
from BM or PB. PB stem cells were collected from the sibling
donors after mobilization with G-CSF according to standard proce-
dures. Patients receiving combined BM/PB or BM/cord blood trans-
plants were excluded, as were those with constitutional marrow
failure and with donors other than HLA-identical siblings.

GvHD prophylaxis, was heterogeneous: however, the major
aggregations were cyclosporine alone, cyclosporine + other agents,
cyclosporine + methotrexate, cyclosporine + methotrexate +
another agent. Because cyclosporine + methotrexate was the pre-
dominant regimen, and because in univariate analysis it proved to
offer a survival advantage, patients were ultimately divided into
those receiving cyclosporine + methotrexate and those receiving all
other regimens. 

Conditioning regimens were also heterogeneous: cyclophos-
phamide 200 mg/kg was the regimen used in the large majority of
patients; radiation was used in 114 patients as total lymphoid irra-
diation, in 31 as total body irradiation, and in 7 as thoraco-abdom-
inal irradiation. 

The severity of the aplasia was recorded in 487 patients as very
severe (n=192), severe (n=114) and non-severe (n=181).

Table 1 presents the clinical characteristics of the patients. The
percentages of patients receiving PB grafts in the 10-year period
were as follows: 36.2% in 1999-2001, 36.8% in 2002-2003, 39.3%
in 2004-2005, 40.5% in 2006-2007 and 38.8% in 2008-2009.

There were significant differences between recipients of BM or
PB grafts (Table 1): the latter were older, were grafted more recent-
ly, more frequently had cytomegalovirus-positive donors, were
grafted after a longer interval from diagnosis, more frequently
received a conditioning regimen other than cyclophosphamide 200
mg/kg (including regimens with radiation), more frequently had
GvHD prophylaxis other than cyclosporine + methotrexate, and
were less likely to have been given anti-thymocyte globulin (ATG)
in the conditioning regimen; they also had a shorter follow-up
(Table 1) .

Acute and chronic GvHD were diagnosed according to standard
criteria and recorded. 

Marrow vs. blood transplants in aplastic anemia
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Table 1. Clinical characteristics of the patients.
Source Bone Peripheral P

marrow blood value
n= (n=1163) (n=723)

Age, years, median (range) 18 (1-68) 24 (1-69) <0.0001
Severity : very severe AA 36% 38% 0.9
Female donor  in male recipient 21% 23% 0.1
Year of transplant (median) 2004 2005 0.01
Donor CMV+ 50% 62% 0.004
Recipient CMV+ 61% 68% 0.09
Transplants >114 days Dx Tx 42% 62% <0.0001
Previous immunosuppressive therapy 11% 9% 0.2
Donor CMV-/Recipient CMV+ 15% 13% 0.8
ATG in the conditioning 41% 36% 0.01
Not CY 200 in conditioning 12% 27% <0.0001
Radiation in conditioning 3% 10% <0.0001
CsA+MTX prophylaxis 45% 34% <0.0001
Follow-up, days (surviving patients) 752 732 0.9
Follow-up, days (all patients) 556 343 <0.0001

AA: aplastic anemia; CMV: cytomegalovirus; ; Dx TX: interval between diagnosis and
transplant; 114 days being the median interval; ATG: anti-thymocyte globulin; CY 200
condit: cyclophosphamide 200 mg/kg; CsA: cyclosporine A; MTX: methotrexate.
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Statistical analysis
The patients’ data were analyzed with the NCSS package.

Comparisons were carried out using the χ2 test for categorical vari-
ables and the non-parametric Mann-Whitney test for continuous
variables. The end-point for the survival analysis was death from
any cause. Univariate and multivariate survival analyses were per-
formed out using the Cox proportional hazard model. 

Results

Engraftment
It was reported that engraftment did not occur in 5.5%

and 7.2% of the BM and PB recipients, respectively (P=0.1);
the BM and PB transplants engrafted in 90.7% and 89.9% of
cases, respectively (P=0.5), and 1.3% and 1.4% of the BM
and PB recipients lost their grafts (P=0.2).

The median day for neutrophil engraftment was day 20
(range, 3-156) for BM recipients and day 15 (range, 5-68) for
patients given a PB graft (P<0.0001). The median day for
platelet engraftment was day 27 (range, 4-305) for BM recip-
ients and day 15 (range, 5-68) (P<0.0001) for the PB recipi-
ents. 

Graft-versus-host disease
Acute grade II-IV GvHD developed in 11%  and 17% of

patients receiving BM and PB grafts, respectively (P=0.001),
while the corresponding percentages for acute grade III-IV
GvHD were 4% and 7%, respectively (P=0.005). Chronic
GvHD developed in 11% of BM recipients and in 22% of
the patients given a PB graft (P<0.00001). Extensive chronic
GvHD developed in 4% and 8% of the BM and PB recipi-
ents, respectively (P=0.0004) (Figure 1).  

The use of anti-thymocyte globulin reduced the risk of
acute grade II-IV GvHD from 16% to 8% (P=0.0001) and
that of chronic GvHD from 17% to 12% (P=0.001). 

Univariate analysis
In univariate analysis there were six negative predictors of

survival in the whole cohort of patients: age ≥ 20 years, an
interval between diagnosis and transplantation of more than
114 days (the median), a preparative regimen without anti-
thymocyte globulin, a conditioning regimen other than

cyclophosphamide 200 mg/kg, peripheral blood as the
stem cell source, GvHD prophylaxis with a regimen other
than cyclosporine + methotrexate and the use of radiation
in the conditioning regimen (Table 2). Donors’ age and
gender, recipients’ gender, including female donors for
male recipients, previous immunosuppressive therapy,
cytomegalovirus status and year of transplant, were not
statistically significant. 

The overall actuarial 10-year survival for the entire popu-
lation was 74%. Survival rates for patients transplanted
within 144 days of diagnosis or after were 84% and 72%,
respectively (P<0.0001) (Figure 2A); those for patients aged
1-20 years or over 20 years were 87% and 70%, respective-
ly (P<0.00001) (Figure 2B). With regards to the preparation
regimen, the survival rates in patients given cyclophos-
phamide 200 mg/kg or other regimens were 80% and 72%,
respectively (P=0.0004) (Figure 2C). Survival rates were
higher in patients receiving anti-thymocyte globulin in the
condition regimen that in those not (84% versus 74%,
respectively; P=0.0001) (Figure 2D) and in patients given
cyclosporine + methotrexate compared to those give other
GvHD prophylaxis (81% versus 75%, respectively;
P=0.004), whereas they were lower in patients who
received irradiation than in those who did not (61% versus
78%, respectively; P<0.001). 

Age and stem cell source
In univariate analysis the actuarial survival of patients

receiving BM or PB was 84% versus 68%, respectively
(P<0.00001): the survival or patients stratified according to
age (< or ≥ 20 years) and stem cell source is depicted in
Figure 3. Under the age of 20 the advantage conferred by
BM over PB was demonstrated by the survival rates of 90%
versus 76%, respectively (P<0.00001); the advantage was
still present in patients aged ≥20 years (74% versus 64%,
respectively; P=0.001) and in patients over the age of 50, the
advantage of BM (n=58) over PB (n=76) was 69% versus
39% (P=0.01).

a. Bacigalupo et al.
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Table 2. Univariate and multivariate analyses of survival.
Univariate Multivariate 

RR P RR (95%CI) P

Age >20 years 2.4 <0.00001 2.0 (1.6-2.6) <0.00001
Int. DxTx > 114 days 1.7 0.0001 1.3 (1.09-1.7) 0.006 
No ATG in condit. reg. 1.6 0.0001 1.6 (1.2-1.9) 0.0004
Condit. Reg. other than CY200 1.47 0.0004 1.3 (1.08-1.6) 0.0087
Use of PB vs. BM 2.1 <0.00001 1.6 (1.2-2.0) <0.00001 
CsA+MTX vs. other 0,76 0.004 0.9 (0.7-1.1) 0.3
Radiation in conditioning 1.3 0.001 1.17 (0.8-1.6) 0.3
Female donor/male recipient 1.0 0.7
Previous immunosuppressive
therapy 1.2 0.1
CMV D-/R+ 0.8 0.2

RR: risk ratio ; Condit.Reg.: conditioning regimen; PB: peripheral blood; BM: bone marrow.
ATG: antithymocyte globulin; Int. DxTx. interval between diagnosis and transplantation;
CY200: cyclophosphamide 200mg/kg; CsA+MTX: cyclosporine+methotrexate; CMV D-
/R+: donor cytomegalovirus seronegative, recipient cytomegalovirus seropositive.

Figure 1. Incidences of acute and chronic GvHD expressed as per-
centages. Patients receiving peripheral blood (PB-hashed bars)
transplants had significantly higher risks of acute GvHD grade II-IV,
III-IV, overall chronic GvHD and extensive chronic GvHD, as compared
to patients receiving bone marrow (BM-black bars). 
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Survival: multivariate analysis
Variables significant in univariate analysis were entered

into a multivariate model, and five proved to be independ-
ent negative predictors (Table 2): older age, longer interval
between diagnosis and transplantation, no anti-thymocyte
globulin in the conditioning regimen, a regimen other than
cyclophosphamide 200 mg/kg and PB as the source of stem
cells. 

Survival: identification of different risk groups
We then wanted to assess the effect of stem cell source in

patients with different risks of mortality: for this purpose
the four negative predictors, diagnosis–transplant interval,
age, anti-thymocyte use and conditioning regimen, were
used to identify three groups of patients with significantly
different outcomes: low-risk (0-1 negative predictor;  n=631;
actuarial survival 89%), medium-risk (2 negative predictors;
n=654; survival 78%) and high-risk (3-4 negative predictors;
n=601; survival 64%) (Figure 4A). The actuarial survival
rates of BM versus PB graft recipients in the low-risk group
were 92% versus 80% (P=0.0001) (Figure 4B), in the interme-
diate-risk group they were 84% versus 74% (P=0.02) (Figure
4C) and in the high-risk group they were 72% versus 59%
(P=0.006) (Figure 4D).

Causes of death
Table 3 presents the causes of death in patients receiving

BM or PB grafts: in the PB group there were more deaths
due to GvHD  (2% versus 6%, P=0.00001) and infections

(6% versus 13%, P<0.00001). Rates of mortality related to
rejection were comparable, with a trend for a greater risk in
PB graft recipients (1.5% versus 2.5%, respectively; P=0.07)
(Table 3). 

Centers and stem cell source
Three hundred and five Centers contributed data for this

study (see Appendix): 116 Centers did not use PB as a stem
cell source in any of their transplants, 38 used PB in 1-25%
of their transplants, 53 Centers used PB in 26-50% and 98
Centers used PB for more than 50% of their grafts. The
average crude survival rate in Centers never using PB was
84%, for Centers using PB grafts in 1-25% of cases it  was
80%, for Centers using PB in 26-50% of cases it was 78%,
and in Centers using PB in more than 50% of cases it was
72%. We then looked at patients contributed by each
Center and use of PB grafts: of the large Centers contribut-
ing data from more than 20 patients each, only one Center
never used PB and 30% of these Centers used PB grafts in
more than 50% of cases, irrespective of their size.  Sixty-
two Centers never used BM as a source of stem cells for
their transplants. 

Discussion

In this large, EBMT registry-based study, we have shown
that patients with acquired aplastic anemia, grafted from
HLA identical siblings, have a survival advantage when

Marrow vs. blood transplants in aplastic anemia
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Figure 2. Actuarial survival for the whole cohort of patients stratified, in univariate analysis, according to: (A) the interval between diagnosis
and transplantation (</≥ 114 days, median) (B) age (</≥ 20 years); (C), use of antithymocyte globulin (ATG) (yes/no) (D) and type of prepar-
ative regimen (cyclophosphamide 200 mg/kg/other). A significant difference in survival can be seen for all four variables.
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given BM as compared to PB transplants. This holds true for
all age groups, suggesting that BM should be the preferred
source of stem cells for these patients. We have also shown,
or confirmed, that other predictors of survival are patients’
age, the use of anti-thymocyte globulin in the conditioning
regimen, a longer interval between diagnosis and transplan-
tation and the use of a conventional cyclophosphamide 200
mg/kg conditioning regimen.

In the previous joint EBMT/CIBMTR study on stem cell
source,2 the survival advantage for BM over PB was 12% in
patients under 20 years of age, and 12% in patients over 20
years, but was statistically significant only in the younger
patients. In the present analysis the difference is similar,
14% in young patients and 10% in older patients, but highly
significant in both groups because of the large number of
patients. 

There were differences in the characteristics of the BM
and PB recipients, which would argue for a selection of
more difficult patients in the PB group: indeed recipients of
PB grafts were older, were grafted later after diagnosis, and
had more frequently received a conditioning regimen other
than cyclophosphamide 200 mg/kg, including radiation; on
the other hand they had been transplanted more recently. In
order to determine the effect of these differences we first
conducted univariate and multivariate analyses showing
that unfavorable predictors of outcome were older age, no
anti-thymocyte globulin in the conditioning regimen, more
than 114 days (the median interval) between diagnosis and
transplantation, and the use of a conditioning regimen other
than cyclophosphamide 200 mg/kg. We then assigned a
score of 1 for each of these unfavorable factors: three risk
groups could be identified, with 0-1, 2 and 3-4 risk factors,
with significantly different actuarial survival rates (89%,
78%, and 64%, respectively). Having identified the patients
who would be expected to do worse, we then looked at the
use of BM and PB in these different risk groups: the survival
advantage for BM recipients was evident in all three groups,
thus not supporting the hypothesis that PB grafts produce
better results in difficult patients. We also looked at the very
old patients (>50 years of age), and also here BM recipients
did significantly better than PB recipients. These results
were confirmed in a multivariate Cox model, in which stem
cell source was included as a variable: in this model, after
correcting for known negative predictors, the relative risk of
death of PB transplant recipients was 1.6 (P<0.00001). The
recent CIBMTR study3 confirms these results. When look-

ing at a Center effect, we could subdivide Centers into four
groups on the basis of their use of PB as the stem cell source:
never (0%), in 1-25% of cases, in 26-50% of cases and in 51-
100% of cases. The worst survival rates were seen in
patients treated in the Centers in the last group, using a high
proportion of PB grafts, while the best survival rates were
found in the first group. However, we could not show that
large Centers were using more BM, since only one Center in
the ten reporting data from over 20 patients never used PB.
Therefore, a large number of small Centers, contributing
one or two patients each, used BM only. In our opinion this
makes the result still more striking.

But why should PB transplant recipients do worse than
BM transplant recipients? We found more deaths due to
GvHD, and infections, which are often combined causes of
failure. Interestingly, despite faster neutrophil and platelet
engraftment, we found no differences in the proportions of
patients recorded as having engrafted, in the proportions of
patients who lost their graft, or in a reduction of deaths clas-
sified as due to rejection (1.5% in BM recipients and 2.5%
in PB recipients), in keeping with previously reported data
from the EBMT/CIBMTR study.2 Thus PB grafts fail to
reduce the incidence and mortality due to graft failure, but
increase the risk of GvHD, thus exposing the patient to
increased morbidity and mortality. In particular, we found
twice as much chronic GvHD in PB graft recipients than in
BM recipients (22% versus 11%), without the need for a
graft-versus-leukemia effect. This being the case, it is likely
that unrelated PB transplants will also yield similar inferior
results when compared to BM transplants for aplastic ane-

a. Bacigalupo et al.
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Figure 3. Actuarial sur-
vival of patients receiv-
ing peripheral blood
(PB) or bone marrow
(BM) transplants, and
stratified by age: (A)
<20 years or (B) ≥20
years of age. The dif-
ference is statistically
significant in both
groups.

Table 3. Causes of death.
Source Bone marrow Peripheral blood

Number 1163 723
Alive 1003 530
Died  n. (%) 160 (13.7%) 193 (26.6%)
Causes of death

GvHD 2% 6%
Interstitial pneumonia 1.6% 2.0%
Infections 6.0% 13.5%
Rejection 1.5% 2.5% 
Other 4.1% 5.1%
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mia: a preliminary analysis of 451 BM and 153 PB grafts sug-
gests a 20% survival advantage for BM recipients (68% ver-
sus 48%) in the period 1999-2009 (WPSAA-EBMT Registry
2011; unpublished data). In keeping with these results, the
CIBMTR has recently published a paper showing that BM
grafts offer a survival advantage over grafts of stem cells
derived from PB in patients with aplastic anemia receiving
transplants from unrelated donors.5

There is, therefore, currently no good reason to collect PB
cells for transplants in patients with aplastic anemia: there
are no advantages for the donors, exposed to a significantly
greater risk of severe adverse events when donating PB,6 or
for the recipients. It is, therefore hoped that the current
propensity of Centers to collect PB, both related and unre-
lated, for this particular indication may be overcome by the
evidence provided in this report as well as in others.

In addition to stem cell source, transplant strategies are
also relevant to the optimal outcome: in this study the use
of anti-thymocyte globulin in the conditioning regimen was
associated with statistically improved survival in univariate
and multivariate analyses, possibly because of the known
effects of anti-thymocyte globulin on reducing acute and
chronic GvHD and improving engraftment.8-11 It should be
noted that a previous prospective randomized trial had
failed to show a significant advantage from the use of anti-
thymocyte globulin in the conditioning regimen:12 the anti-
thymocyte globulin-related survival advantage was 6% in
that trial, whereas in our study it is 10%, but in a larger

number of patients, and is, therefore, highly significant.
Thus, the conventional use of cyclophosphamide 200
mg/kg and anti-thymocyte globulin remains the standard of
care, as advocated many years ago by the Seattle group.1

and confirmed with long-term follow-up:13,14 this is also true
for transplants in developing countries.15 An alternative to
anti-thymocyte globulin is alemtuzumab, as shown in a
recent retrospective multicenter study16 in which alem-
tuzumab, combined with fludarabine and low-dose
cyclophosphamide, produced a low incidence of chronic
GVHD and very encouraging survival rates. Of note, also in
that study the overall survival was worse in patients who
received PB grafts than in those who received BM grafts. 

The hypothesis that conditioning regimens, including flu-
darabine,17 will overcome the negative effect of age,18 should
be tested prospectively before one can advocate their use as
a standard of care: the Seattle group has recently published
encouraging results on conventional cyclophosphamide
conditioning in patients over 40 years of age.19

Finally, patients grafted earlier, in our case within 4
months of diagnosis (114 days being the median interval
between diagnosis and transplantation), do better than
patients grafted later. This is an important result which has
emerged repeatedly in many analyses of transplantation for
aplastic anemia,20 but it should not be underestimated: in
this study the longer the interval the poorer the outcome,
with survival rates for patients grafted beyond 1 year being
25% lower than those for patients grafted within 4 months.

Marrow vs. blood transplants in aplastic anemia
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Figure 4. (A) Actuarial survival of all patients stratified by negative predictors of survival: interval diagnosis-transplant (Dx-Tx) ≥114 days,
recipients’ age ≥20 years, no anti-thymocyte globulin (ATG) in the conditioning, a conditioning regimen other than cyclophosphamide 200
mg/kg. Three groups were identified: low risk (survival 89%), intermediate risk (survival 78%) and high risk (survival 64%). (B) Actuarial sur-
vival for BM vs PB graft recipients in the low risk group (P=0.0001); (C)  Actuarial survival for BM vs. PB graft recipients in the intermediate
risk group (P=0.02); (D) Actuarial survival for BM vs. PB graft recipients in the high risk group (P=0.006).
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The general hematologist should be aware that early referral
of these rare patients to a transplant center will improve the
chances of cure for a given patient: this is probably particu-
larly important when the patient has an HLA identical sib-
ling willing to donate stem cells. 

In conclusion, this study shows that BM is the stem cell
source of choice for patients of any age with acquired severe
aplastic anemia. It also proves that prophylaxis of acute and
chronic GvHD with anti-thymocyte globulin, and the use of
cyclophosphamide 200 mg/kg significantly improve sur-
vival. Whether newer conditioning regimens, with low-
dose fludarabine and cyclophosphamide, can reduce mortal-

ity in the older age group remains to be proven in prospec-
tive trials. 
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