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Age is known to be a strong negative predictor of survival in
patients undergoing an allogeneic hematopoietic stem cell trans-
plantation (HSCT) for severe acquired aplastic anemia (SAA), with
higher mortality in patients .40 years of age,1 and this has been
confirmed in several large studies.2-7

SAA can also be treated with immunosuppressive therapy (IST),
with a lower risk of early complications, and first-line IST and
bone marrow transplant have been compared in different age
groups.5 Currently, the international guidelines recommend IST
first line, older than the age of 408 or 50.9 The question is: are
these age cutoff values still valid today? In previous studies,
survival after transplantation improved from48% (in the 1976-1980
cohort) to 66% (in the 1988-1992 cohort),4 and more recently
from 61% to 76% in patients grafted before 1999 or between
1999 and 200910: the latter study included both sibling (SIB) and
unrelated donor (UD) grafts as well as children and adults. Im-
proved outcome may have been the consequence of changes
in graft-versus-host disease (GvHD) prophylaxis,4 aswell as changes
in the conditioning regimens,11-15 better donor selection, and a
larger use of antithymocyte globulin (ATG).2,16 Nevertheless, for
patients older than the age of 40, transplant-related mortality
continued to be on the order of 50% in the 1999 to 2009 period. In
more recent years, supportive care has further improved and may
have reduced the risk of transplant-related complications.

We have thus compared the outcome of SAA patients older than
the age of 40 years, transplanted in 2001 to 2009 (n5 329), with
patients transplanted in 2010 to 2015 (n 5 439). Clinical char-
acteristics of patients are outlined in Table 1. The study was
approved by the Internal Review Board of the Hematology In-
stitute, Policlinico Gemelli, Rome, Italy. In the more recent pe-
riod, patients were older, with more UDs; there was a greater use
of ATG or alemtuzumab (CAMP), marrow, and fludarabine. The

statistical analysis was performed with NCSS software (NCSS 11
Statistical Software22016; NCSS, LLC, Kaysville, UT; ncss.com/
software/ncss). Comparisons between transplant groups were
carried out using the x2 test for categorical variables and the
nonparametric Mann-Whitney U test for continuous variables.
Univariate and multivariate analyses were carried out using the
Cox proportional hazard model. Actuarial survival was calculated
according to Kaplan and Meier.

Combined primary and secondary graft failure (GF) was reported
in48and47patients in the 2 timeperiods (14.5%vs 10.7%, P5 .1).
Primary GF was twice as frequent than secondary GF (8.2% vs
4.1%). Acute GvHD grade II to IV was comparable in the 2 periods
(15% vs 11%, P 5 .1), whereas chronic GvHD was reduced from
31% to 25% (P5 .01). Extensive chronicGvHDoccurred in 10% and
15% of patients grafted from identical SIBs or UD (P 5 .01).

The 5-year survival of patients grafted in 2001 to 2009 or 2010 to
2015 was 61% vs 58% (P 5 .7). In univariate analysis, significant
predictors of survival were patient’s age, the use of ATG or
CAMP, and center experience. The 5-year overall survival of
patients aged 40 to 49 years, 50 to 59 years, and.60 years was
67%, 58%, and 45%, respectively (P , .0001). When patients
receiving either CAMP or ATG (n 5 564) were compared with
patients not receiving either (n 5 161), the difference in survival
was 63% vs 48% (P , .0001). Survival of patients grafted in
centers with.3 patients in this study did significantly better than
patients grafted in centers with 1 to 3 patients in the study (65%
vs 48%, P 5 .0001). This difference was maintained in the age
group 40 to 49 years (73% vs 54%, P5 .001), in the age group 50
to 59 years (66% vs 42%, P5 .002), but not in patients.60 years
(46% vs 44%, P 5 .7). When stratifying conditioning regimens
according to the use of fludarabine, there was no significant effect
on survival: for patients receiving UD grafts, the 5-year survival
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was 58% for fludarabine-based vs 51% for non-fludarabine-
based regimens (P 5 .3). For SIB grafts, the 5-year survival was
65% vs 62% (P5 .5). Infections remain the leading cause of death
in both transplant eras (16% and 19%, respectively), followed by
GvHD (5% and 3%) and organ toxicity (7% and 4%).

A multivariate analysis confirmed the lack of improved survival in
2010 to 2015, as compared with 2001 to 2009 (hazard ratio [HR]
0.95, 95% confidence interval [CI] 0.73-1.24; P5 .7), as shown in
Figure 1, adjusted for patient’s age, the use of either ATG or
CAMP in the conditioning regimen, center experience, and
donor type (SIB vs UD). Other significant variables were the
following: patient’s age 50 to 59 vs 40 to 49 years (HR 1.16,
95%CI 0.87-1.53; P5 .2),.60 vs 40 to 49 years (HR 1.89, 95%CI
1.32-2.55; P 5 .00001); the use of ATG or CAMP vs no ATG nor
CAMP (HR 0.59, 95% CI 0.44-0.77; P 5 .0002); centers with
.3 transplants vs centers with 1 to 3 transplants (HR 0.60, 95%CI
0.47-0.77; P 5 .0001). Stem cell source and interval diagnosis-
HSCT were not predictive in the Cox analysis.

We have shown in the present study that survival has remained
unchanged in the past 15 years in patients with SAA, older
than the age of 40 years, undergoing an allogeneic HSCT: this
was true also when correcting for confounding variables such
as patient’s age, donor type, in vivo T-cell depletion with ATG

or CAMP, and center experience. Previous reports showing
improved outcome in SAA patients7,13 included children and
young adults, with an upper age limit at 55 years: it may be
that improvement is more difficult to achieve in this older

Table 1. Patients’ characteristics

Year of transplant

2001-2009 2010-2015 P

Number of patients 329 439

Sex (male/female), n (%) 160/168 (48.7/51) 236/200 (54/45) .3

Missing, n (%) 1 (0.3) 3 (1)

Median age (range), y 50 (40-69) 52 (40-77) .0009

Age group, y, n (%)
40-49 173 (53) 191 (44)
50-59 116 (35) 153 (35) .001
.60 40 (12) 95 (21)

Donor type, n (%)
HLA identical SIB 235 (71) 212 (48) ,.0001
UDs 94 (29) 227 (52)

Stem cell source, n (%)
BM 139 (42) 236 (54) .001
PB 190 (58) 203 (46)

Interval DxTx (range), d 246 (10-10 025) 313 (11-13 512) .3

Conditioning regimen, n (%) ,.0001
CY/ATG 102 (32) 90 (20)
Flu/CY/ATG or CAMP 68 (21) 169 (39)
Flu/CY/ATG or CAMP/TBI 13 (4) 77 (18)
NO Flu/NO ATG/NO CAMP 37 (11) 24 (5)
Others 50 (15) 75 (17)
Unknown 56 (17) 4 (1)

BM, bonemarrow; CAMP, Campath; CY, cyclophosphamide; F, female; Flu, fludarabine; interval DxTx, interval diagnosis-transplant; M, male; PB, peripheral blood; TBI, total body irradiation.
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Figure 1. Overall survival and transplant era. Survival of patients with acquired
aplastic anemia, aged 40 years and older, allografted between 2001 and 2009 (,2009)
(n5 329) or 2010 to 2015 (20101) (n5 439), adjusted for patient’s age, the use of either
ATG or CAMP in the conditioning regimen, donor type, and center experience.
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patient population. One single-center study shows no effect of
age for SAA patients grafted from identical SIBs11: our study is a
multicenter registry-based analysis, which may better reflect real-
life outcome. We did not see an effect of stem cell source: it
should be said that the first study on stem cell source17 had failed
to show a significant effect over the age of 20, and only a second
study had shown a positive effect of BM, also above the age of
20, in all age groups.18 It could also be a question of numbers,
because transplants under the age of 20 and 40 are far more
frequent than .40 years of age. We were impressed with the
center effect, suggesting that this rare disease should be treated
in centers with expertise, because the difference in survival is on
the order of 20%, up to the age of 60 years. GvHD prophylaxis
is another crucial variable, with significant advantage when the
program includes either ATG or CAMP. When combining the
3 positive predictors, age ,60, experienced centers, and ATG/
CAMP, the 5-year survival remains 72% and has not changed in
the most recent period.

Limitations of this study include the arbitrary choice of the
cutoff year of transplant, the fact that performance score and
HSCT comorbidity index were not available, and the role HLA
matching for UDs, which was not studied. Nevertheless, overall,
allogeneic transplants for SAA over the age of 40 years con-
tinues to carry a significant risk of mortality, which has not been
reduced in the current era, despite changes in conditioning
regimens and donor type, also in patients receiving an HLA
identical SIB transplant. This finding supports current guide-
lines, suggesting first-line immunosuppression for patients over
the age of 40 years.
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