
| 1312 | haematologica | 2009; 94(9)

Brief Report
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Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
from an HLA-identical sibling donor is the first-line treatment
of choice for newly diagnosed patients with severe acquired
idiopathic aplastic anemia (SAA) if they are younger than 30-
40 years.1,2 However, for older patients aged 30-40 years or
over, the decision whether to treat with immunosuppressive
therapy (IST), namely antithymocyte globulin (ATG) and
cyclosporine, or to transplant upfront with an HLA-identical
sibling donor remains a key question. Two large studies from
the Seattle group3 and the European Group for Blood and
Marrow Transplantation (EBMT) SAA Working Party4 that
examined survival by age group did not show an advantage
for either HSCT or IST in older patients. This was notably

related to a lower long-term survival after HSCT for older
patients, i.e. over 40 years in the Seattle cohort3 and over 20
years in the European study.4 The negative impact of older age
at transplant has been further confirmed in several other stud-
ies.5-7 In one of those published more recently,7 recipient’s
older age was identified as one factor associated with a lower
survival in multivariate analysis, with 54% of patients older
than 30 years surviving long term.

The standard conditioning regimen for HLA identical sibling
HSCT relies on cyclophosphamide (Cy) combined or not with
ATG. In order to improve survival in patients older than 30-40
years, the use of less cytotoxic but more immunosuppressive
regimens including low-dose cyclophosphamide (below the
standard dose of 200 mg/kg) in combination with ATG, while
adding fludarabine (Flu), might be an option to explore with
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Older age is a limitation for HLA-identical sibling
hematopoietic stem cell transplantation (HSCT) as first-
line therapy for severe acquired idiopathic aplastic anemia
(SAA). Fludarabine (Flu)-based conditioning might improve
outcome in older patients. We analyzed retrospectively 30
patients older than 30 years receiving such reduced-inten-
sity conditioning HSCT according to recommendations of
the European Group for Blood and Marrow Transplant-
ation (EBMT) and compared their outcome to a control
group receiving the standard regimen (cyclophos-
phamide+/-antithymocyte globulin) over the same study
period (1998-2007). Patients conditioned with Flu had a
higher probability of overall survival than the control group
(p=0.04) when adjusting for recipient’s age. This might be
related to a trend towards a reduced incidence of graft fail-
ure in patients receiving Flu (0% vs. 11%, p=0.09), while no
difference was observed regarding graft-versus-host dis-

ease incidence. Flu-based conditioning regimen may reduce
the negative impact of age in older patients with SAA
receiving an HLA-identical sibling HSCT.
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ABSTRACT



the aim of reducing transplant-related mortality.8,9 Such
Flu-based regimens have been explored in various non-
malignant diseases without conferring a significant sur-
vival advantage when compared to conventional mye-
loablative regimens.10 In patients with SAA specifically,
several previous case reports11,12 or non-comparative
studies13-16 have reported encouraging results in the set-
ting of HLA-matched related HSCT. The EBMT SAA
working party has recently reported a favorable experi-
ence using Flu-based HSCT in SAA patients transplant-
ed with unrelated (n=33) or family mismatched (n=5)
donors.17 In combination with ATG and very low-dose
Cy (1200 mg/m2, i.e. approximately 20 mg/kg), such a
preparative regimen provided a 2-year actuarial survival
of 73%. In view of these encouraging results, and given
the need to improve outcome for older patients after
HLA-identical sibling HSCT, the SAA Working Party of
the EBMT proposed to apply such a conditioning regi-
men in patients older than 30 years receiving a matched
related HSCT.  Here we analyze 30 patients older than
30 years treated according to this protocol and compare
their outcome to a control group of similar patients reg-
istered in the EBMT database receiving the standard Cy
± ATG regimen over the same study period (1998-2007).

Design and Methods

In the Flu group, all but 4 patients received the condi-
tioning regimen according to the EBMT SAA-WP recom-
mendation associating Flu (30 mg/m2/day x 4 days), low-
dose Cy (300 mg/m2/day x 4 days,) and ATG (Thymo-
globulineTM 3.75 mg/kg/day x 4 days), in 6 different cen-
ters. The 4 other patients, all from an additional center,
received Flu combined with Cy but without ATG. The
control group comprised patients older than 30 years
receiving a first transplant using Cy alone (n=121) or Cy
+ ATG (n=118) in 109 European centers. Update of data
was performed as of August 2008. 

Patients’ and transplant characteristics of the 2 groups
are compared in Table 1. No significant difference was
observed regarding the detection of a PNH clone, the
median interval between diagnosis and HSCT, or  the
proportion of patients who received a course of immuno-
suppressive therapy prior to HSCT, the source of stem
cells and graft-versus-host disease (GVHD) prophylaxis.
However, patients in the Flu group were significantly
older at the time of HSCT (46 vs. 39 years, p<0.01).
Additionally, 5 patients in the Flu group were included
after failure of a first standard allogeneic HSCT from the
same donor. These received conditioning with Cy (200
mg/kg) combined with ATG (n=4) or TBI (n=1, 8 Gray in
3 fractions) for their first transplant. Differences in cate-
gorical variables were evaluated by χ2 analysis. The
Fisher’s exact test was also used to confirm the χ2 test,
when at least one factor modality related to less than 5
individuals. Comparisons of continuous variable medians
were performed using a Mann-Whitney test. Probabilities
of overall survival were estimated from the time of trans-
plantation according to the Kaplan-Meier product-limit
method and compared using the log rank statistic.
Probabilities of overall survival adjusted for recipient age

were estimated according to a Cox regression model. All
tests were two-sided.

Results and Discussion

With comparable median follow-up of surviving
patients of 49 and 51 months, respectively, patients
receiving a Flu-based regimen had a non-significant
higher 5-year probability of survival than the control
group (77±8% vs. 60±3%, p=0.14 by the log-rank test).
As the 2 groups differed significantly by age, outcome is
presented in a Cox regression model adjusting for recip-
ient’s age and graphically as age-adjusted survival curves
(Figure 1 and Footnote). Adjusted for age, the Flu group
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Table 1. Patients’ characteristics and outcome according to condi-
tioning regimen.

Conditioning regimen
Flu+Cy±ATG Cy±ATG p

(n=30) (n=239) value

Male sex, n (%) 19 (63) 127 (53) NS
Median age, years (range) 46 (31-66) 39 (30-67) 0.002

30-39, n (%) 9 (30) 128 (54) 0.02
40-49, n (%) 12 (40) 78 (33)
≥ 50, n (%) 9 (30) 33 (14)

PNH clone detected, n (%) 1 (3) 28 (12) NS
ATG course before HSCT, n (%) 12 (40) 82 (34) NS
Median interval from 9 (1-250) 6 (0-293) NS
diagnosis to HSCT,
months (range)
N. of graft, n (%) <0.001

first 25 (83) 239 (100)
second 5 (17) 0 (0)

Source of stem cells, n (%) NS
marrow 20 (67) 158 (66)
peripheral blood 10 (33) 81 (34)

GVHD prophylaxis, n (%) NS
CsA-MTX 21 (70) 157 (66)
other 9 (30) 82 (34)

Engraftment, n (%)
Primary graft failure 0 (0) 26 (11) 0.09
Secondary graft failure 1 (3) 3 (1) NS

Acute GVHD, n (%) NS
0-I 27 (90) 190 (81)*
II-IV 3 (10) 45 (19)

Chronic GVHD, n (%) NS
limited 3 (13) 31 (19)
extensive 3 (13) 21 (13)

Deaths, n (%) 7 (23) 86 (36) NS
Causes of death, n (%)

infection 5 (17) 45 (19)
GVHD 13 (5)
cardiac failure 3 (1)
multi-organ failure 1 (3) 3 (1)
related to graft failure 16 (7)
secondary malignancy 1 (3) 1
other 5 (2)

Median follow-up, 49 (13-82) 51 (0.8-158) NS
months (range)

*n=235.
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had a significant lower relative risk (RR) of death com-
pared to the control group (RR=0.44 [95% CI, 0.20-
0.97], p=0.04). Of note, age entered as a continuous vari-
able was highly significantly associated with survival,
even in this selected group of patients over the age of 30
(p=0.002).

Possible reasons for better survival in the Flu group
were found in a trend towards a lower incidence of pri-
mary graft failure in comparison with the control group
(0% vs. 11% of cases, p=0.09, Table 1). This was noted
despite the fact that 5 out of the 30 patients receiving a
Flu-based regimen had previously experienced graft fail-
ure following a standard conditioning HSCT from the
same donor. All of these patients primarily fully engraft-
ed (one experienced secondary graft failure with autolo-
gous reconstitution), suggesting that the addition of Flu
had reduced the host-versus-graft reaction, as previous-
ly reported in such patients,16 even when heavily immu-
nized after repeated transfusions.13 This effect of Flu
should also be further explored in light of a recent study
which failed to demonstrate a significant contribution of
ATG in reducing graft failure.18 All surviving patients in

the Flu group were transfusion independent or inde-
pendent from other SAA specific treatment at last fol-
low-up.

Conversely, no difference was observed regarding the
incidence of acute and chronic GVHD between the 2
groups of patients (Table 1). Of note, all but 2 patients
among those who received Flu and engrafted long term
(29 out of 30) had full donor chimerism as determined
by molecular or karyotypic analyses. These last 2 had
persistent mixed chimerism, indicating that in this set-
ting, as also reported after standard HSCT,19 persistent
mixed chimerism may be accompanied by normal blood
cell counts. Seven out of 30 patients died in the Flu
group, 6 of those being older than 40 years. Figure 2
shows survival in the Flu group by age (< and > 40
years). The main cause of death was infection (5 out of
7). Specific attention should be given to potential
Epstein-Barr virus (EBV) reactivation in these patients
since one of these died of EBV-associated lymphoprolif-
erative disease, as also previously reported in a 62-year
old patient receiving the same conditioning regimen.12

In conclusion, we show in this comparative study that

Figure 1. Age-adjusted comparison of overall survival in SAA
patients older than 30 years receiving either a Flu-based (n=30)
or conventional (Cy±ATG) HSCT (n=239) from an HLA-matched sib-
ling donor. Probabilities of overall survival adjusted for recipient
age were estimated from the time of HSCT according to a Cox
regression model. 

Figure 2. Overall survival in SAA patients receiving a Flu-based
HSCT from an HLA-matched sibling donor according to recipient
age at HSCT.
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Footnote to Figure 1. Relative risk of death in patients older than 30 years receiving a Flu-based (n=30) vs. standard (Cy±ATG) HSCT (n=239)
from an HLA-matched sibling donor for severe aplastic anemia.

No adjustment Adjusted for recipient age
Risk factors Relative risk 95% CI p Relative risk 95% CI p

Conditioning regimen
Standard 1 1
Fludarabine-based 0.55 0.24-1.26 NS 0.44 0.20-0.97 0.04
Recipient age* 1.040 1.015-1.065 0.002

*as a continuous variable.



a Flu-based regimen might be a way to improve out-
come of older SAA patients after HLA-matched related
HSCT, as also suggested for unrelated HSCT.17 These
results reinforce encouraging survival estimates
observed in previously reported studies without a com-
parative group, using such  Flu-based regimens inde-
pendently of patient age.13-16 In older patients, the com-
parison of Flu-based to standard HSCT will certainly
need to be further evaluated in a still larger number of
patients to allow a definitive conclusion to be drawn.
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