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Advances in our understanding 
of pathophysiology of SAA

Acquired SAA has been regarded as an immune-mediated 
destruction of hematopoietic cells, as suggested by in vitro 
data and by clinical response to immunosuppressive ther-
apies [1]. Recently, other potential mechanism leading to 
exhaustion of the stem-cell pool has been identified. TERC 
and TERT mutations, associated with short telomeres, were 
described in some patients with acquired aplastic anemia, 
suggesting a wide spectrum of telomeropathies and con-
firming the association with cytopenia [2, 3]. Interestingly, 
sex hormones increase telomerase activity and this results 
in elongated telomeres in vitro [4], and, possibly, in vivo: 
this may explain the clinical effect of androgen therapy in 
patients with aplastic anemia [5]. Short telomeres can serve 
as predictors of response to IST: in 113 children with SAA, 
short telomeres, and the lack of glycosil-phosphatydil-
inositol (GPI) negative cells were negative predictors of 
response to IST and survival [6].

Finally, next-generation sequencing and array-based kar-
yotyping have highlighted a number of somatic mutations 
in 30 % of SAA patients [7]: these mutations can be then 
identified as positive or negative predictors of survival, the 
latter especially if they occur in candidate genes for myelo-
dysplastic syndromes, acute myeloid leukemia, or both.

Advances in immunosuppressive treatment

ATG + CSA

The standard regimen for the first-line IST remains ATG 
and CSA, which produces hematological recovery in 
50–70 % of cases and excellent long-term survival among 

Abstract Standard front-line treatment for acquired aplastic 
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from an HLA identical sibling. Whereas long-term survival 
is comparable with either treatment, important differences 
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consequence of changes in the IST and BMT protocols.
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responders, as shown in several large international stud-
ies [8–11]. The survival of patients given a conventional 
ATG + CSA regimen, has improved over the years, from 
57 to 73 % after year 1999 (Fig. 1). The mechanisms by 
which severe pancytopenia may persist after one or two 
courses of IST, remain elusive. In some patients, stem-cell 
numbers may be too low to reconstitute adequate hemat-
opoiesis, even after removal of an acute immune. Other 
possible explanations for failure to respond to ATG include 
a non-immune etiology, inadequacy of current immuno-
suppressive agent, negative regulation of hematopoie-
sis by stromal elements, or an underlying telomeropathy. 
Interventions, such as androgens, eltrombopag, and novel 
immunosuppressants, are being tested.

Eltrombopag

An oral thrombopoietin mimetic that binds to c-MPL 
(eltrombopag-EPAG) promotes megakaryocytopoiesis and 
the release of platelets from mature megakaryocytes. It 
was initially approved in the US and Europe for treatment 
of patients with chronic immune thrombocytopenic pur-
pura (ITP). Thrombopoietin (TPO) levels are significantly 
elevated in patients with SAA, but EPAG may activate dif-
ferent metabolic pathways as compared to TPO: indeed 
EPAG binds to the membrane-spanning region outside the 
ligand-binding pocket of c-MPL, and activates JAK-STAT 
and MAPK pathways.

There are several evidences that EPAG could be effec-
tive in the setting of SAA; TPO-receptors, c-MPL, are pre-
sent on hematopoietic stem cells [12] and TPO has a role in 

stem-cell survival, self-renewal and expansion, and in regu-
lating quiescent stem cell [13–15]. Congenital Amegakary-
ocytic thrombocytopenia is caused by bi-allelic mutations 
in c-MPL, and is characterized by a high risk of developing 
AA [16]; a homozygous non-sense mutation in Mpl gene 
has been reported in association with familial aplastic ane-
mia [17].

Eltrombopag alone, used as a single agent, has pro-
duced trilineage hematologic response in 40 % of refrac-
tory SAA patients [18]: a long-term follow of 43 patients 
has confirmed EPAG efficacy in 40 % of patients. Clonal 
cytogenetic abnormalities developed in 8 out of 44 patients 
(19 %), among these patients, 6 were non-responding to 
EPAG and 5 patients developed chromosome 7 abnormali-
ties. If TPO mimetic drug can potentially stimulate clonal 
expansion is still unclear [19]. Previous in vitro study 
showed that EPAG can increase megakaryocytic prolifera-
tion when added to mononuclear cell from patients with 
AML and MDS, but in the majority of samples inhibited 
blast cell proliferation [20]. EPAG has also been used 
upfront together with the conventional ATG + CSA in 
88 patients. There were 3 study cohorts: they all received 
EPAG at a daily dose of 150 mg from day 14 until 6 months 
(cohort 1), until 3 months (cohort 2), and in the cohort 3, 
EPAG was introduced from day 1. The overall response at 
3 and 6 months was 80 and 85 %, with CR rates of 28 and 
34 %, respectively, significantly higher when compared to 
historical controls (p < 0.001), together with faster neutro-
phil and platelet recovery. Cytogenetic abnormalities and 
clonal evolution to myelodysplasia occurred at a similar 
frequency compared to standard IST.

1971 -1998; n=1756

1999-2009; n=639
73%

57%

P<0.0001

IMMUNOSUPPRESSIVE TREATMENT

1971 -1998; n=1973

1999-2009; n=1895
76%

P<0.0001

BONE MARROW TRANSPLANTATION

61%

Fig. 1  Actuarial 10-year survival of patients receiving the first-line immunosuppressive treatment (IST) or bone marrow transplantation from an 
HLA identical sibling (BMT), stratified according to the year of treatment (<1999≥). A significant improvement is seen for both groups
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These data suggest that early institution of EPAG may 
accelerate the rate and quality of hematopoietic recovery 
[21] and results of IST may further improve.

Advances in bone marrow transplantation

The outcome of patients treated with bone marrow trans-
plantation (BMT) has improved with time, from 61 to 76 % 
at 10 years (EBMT data base) [22–25] (Fig. 1). This figure 
includes transplants from HLA identical siblings (SIBS), 
HLA A, B, C, and DRB1-matched unrelated donors (UD), 
but also less well-matched UD, showing that overall there 
has been a very significant change in transplant protocols, 
and possibly also a better selection of UD, with high-reso-
lution HLA typing. One should also consider that alterna-
tive donor transplants are performed in the vast majority of 
cases after having failed at least one course of IST: never-
theless, mortality in UD transplants has been halved, from 
59 to 30 % overall, before or after 1998 (EBMT database).

Therefore, we have witnessed a significant progress in 
survival for both patients receiving the first-line IST as well 
as the first-line BMT from HLA identical siblings. The 
question is how do these two forms of the first-line treat-
ment compare in the last decade.

BMT versus IST

The choice between immunosuppressive therapy (IST) 
and bone marrow transplantation (BMT), for the treat-
ment of patients with acquired severe aplastic anemia 
(SAA), is not always straight forward, and depend on 
variables, such as patients age, severity of the disease, 
and availability of a matched donor [24]. A study of the 
European Group for Blood and Marrow Transplantation 

(EBMT), looked at failure free survival (FFS) (death, a 
second course of IST, marrow transplantation after failed 
IST or chronic GvHD), in patients receiving the first-
line BMT from an HLA identical sibling or the first-line 
IST [25]. Failure free survival was superior in young 
patients (<20 years) with a low neutrophil count (<200/
cmm) receiving BMT, whereas the opposite was true in 
older patents (>40), with a higher neutrophil count (>500/
cmm). An intermediate group of patients (aged 21–40) 
with average neutrophil counts could be identified, with 
comparable FFS, irrespective of the first-line therapy, 
BMT, or IST. That study also showed that the advantage 
of BMT in young patients with low neutrophil counts, 
increased with time, due to the emergence of clonal disor-
ders in IST-treated patients [26].

The question is: are these results still valid, in a more 
recent era, with the advances we have witnesses in both 
transplantation and IST? We have thus studied 6293 
patients with SAA from the EBMT Registry of the SAA 
Working Party, to test the outcome of patients in 2 different 
time periods, with a cut off in year 1999.

Patients

Clinical characteristics are shown in Table 1. Patients 
receiving IST first-line, were younger in the most 
recent period (≥1999), were treated earlier, at a median 
of 27 instead of 31 days, and had comparable sever-
ity of the disease, stratified as very severe (vSAA) (<0.2 
neutrophils/10^9/L), severe (SAA) (0.2–0–5 × 10^9/L), 
and non-severe (nSAA) (>0.5 × 10^9/l). Patients receiving 
the first-line HLA identical BMT had more patients over 
40 years in the most recent period (p < 0.001), comparable 
severity, and were treated somewhat later, with a median of 
86 versus 66 days between diagnosis and transplant.

Table 1  Clinical 
Characteristics of SAA patients 
treated with either IST or BMT 
first-line

vSAA very severe aplastic anemia, SAA severe aplastic anemia, nSAA non-severe aplastic anemia, Int Dx Tx 
interval diagnosis transplant in days

IST p BMT p

<1999 >1999 <1999 >1999

Number of patients 2131 802 1598 1732

 Severity

  vSAA 41 % 41 % 50 % 41 %

  SAA 26 % 24 % 27 % 25 %

  nSAA 33 % 35 % 0.4 23 % 34 % 0.002

 Age

  0–20 40 % 45 % 52 % 50 %

  21–40 35 % 30 % 42 % 36 %

  >40 25 % 25 % 0.01 6 % 14 %  <0.0001

Int Dx Tx (days) 31 27 0.08 66 86  <0.0001

Undergoing a BMT 14 % 44 % 0.0000 100 % 100 %
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Univariate analysis

Figure 2 depicts the actuarial 10-year survival for patients 
aged 1–20 years, treated first-line with either IST or BMT 
in the two time periods: both curves (Fig. 2a, b) show 
higher early mortality in the BMT group, which is compen-
sated by higher late mortality in the IST group. The prob-
ability of being alive at 10 years in the period ≥1999 is 
really identical in both groups.

Figure 3 outlines survival for patients aged 21–40 years 
in the 2 time periods. In the earlier period, there is a clear 
advantage for patients receiving IST at all time points 
(Fig. 3a). If one compares this results with the most recent 
decade (Fig. 3b), there is now no difference due to the sig-
nificant improvement of the transplant group, from 58 to 

76 %, whereas the IST group has remained at the same sur-
vival (62 versus 65 %).

Figure 4 shows survival of the older patients aged over 
40 years: no significant difference between IST and BMT 
before 1999 (Fig. 4a), but a significant survival advantage 
for IST over BMT in the most recent period (Fig. 4b).

Multivariate analysis on survival

A multivariate Cox on survival was run with the following 
variables: age (0–20, 21–40, >40 years); interval diagnosis 
transplant (Dx-Tx) (<100 days; ≥100 days), first-line treat-
ment (IST, BMT), year of treatment (>1999; ≥1999); and 
severity of the disease (<0.20; 0.21–0.5; >0.5 × 10^9/L 
neutrophils). Results are shown in Table 2.

BMT; n= 834

IS; n=850

Year < 1999 Year > 1999

BMT; n= 870

IS; n=379

P=0.8
P=0.09

67%

60%

86%

84%

a b

Fig. 2  Comparison of IST versus BMT in patients aged 1–20 years, before (Fig. 2a) or ≥1999 (Fig. 2b)

BMT; n= 669

IS; n=750

Year < 1999

P=0.002

62%

58%

Year > 1999

BMT; n= 636

IS; n=241

P=0.6

7 6%

65%

a b

Fig. 3  Comparison of IST versus BMT in patients aged 21–40 years, before (Fig. 3a) or ≥ 1999 (Fig. 3b). The advantage of IST is no longer 
seen in the last decade
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When year of treatment was entered as a categorical varia-
ble (<1999; ≥1999), this proved highly significant, with a RR 
of death of 0.69 for patients treated in the most recent period. 
Other positive predictors of survival were a less severe dis-
ease, younger age, and early treatment (<100 days). Similar 

results were seen when looking at patients treated before 
1999. When testing whether things had changed in the most 
recent period (≥1999), we found that severity of the disease 
was no longer significant, whereas patients’ age and interval 
between diagnosis and treatment remained predictive.

BMT; n= 95

IS; n=531

Year < 1999

P=0.6

4 6 %

42%
BMT; n= 226

IS; n=202

P=0.006

56%

58%

Year > 1999a b

Fig. 4  Comparison of IST versus BMT in patients over 40 years of age, before (Fig. 4a) or ≥1999 (Fig. 4b). There is a significant survival 
advantage for patients receiving the first-line IST in the last decade

Table 2  Multivariate Cox 
analysis

Baseline value Compared value RR Confidence p interval

All patients

 Year of treatment <1999 ≥1999 0.69 0.0000

 Patients age (years) 0–20 21–40 1.18 0.02

21–40 2.11 0.0000

 Interval Dx Tx (days) <100 ≥100 1.56 0.0000

 Treatment IST BMT 0.90 0.11

 Severity of SAA vSAA SAA 0.69 0.0000

nSAA 0.58 0.0000

Patients treated <1999

 Patients age (years) 0–20 21–40 1.09 0.2

21–40 2.00 0.0000

 Interval Dx Tx (days) <100 ≥100 1.54 0.0000

 Treatment IST BMT 0.90 0.18

 Severity of SAA vSAA SAA 0.67 0.0000

nSAA 0.56 0.0000

Patients treated ≥1999

 Patients age (years) 0–20 21–40 2.14 0.0003

21–40 3.12 0.0000

 Interval Dx Tx (days) <100 ≥100 1.77 0.002

 Treatment IST BMT 0.79 0.18

 Severity of SAA vSAA SAA 0.78 0.26

nSAA 0.77 0.21
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Discussion

The first finding of this study is a very significant improve-
ment in survival, for patients with severe aplastic anemia 
treated ≥1999, as compared to patients treated before 
1999 (Fig. 1): it does not really matter if this has occurred 
because of improvement in BMT or IST, what matters are 
that both IST and BMT show a 15 % improved survival. 
This is probably the most relevant result, since it shows 
improvement in a population-based analysis, and of course, 
this is important for the patient being admitted for the first-
line therapy today.

The second finding is that more patients treated with 
the first-line IST, subsequently, received a BMT in the 
most recent period (44 %), as compared to patients treated 
with IST before 1999 (14 %). We do not believe this is 
because more patients failed IST beyond 1999: rather, 
there was probably a larger unrelated donor pool, in more 
recent years, and particularly improved results of UD grafts 
[27–30] must have encouraged hematologist to refer non-
responders for UD transplants. If receiving a transplant 
after IST is considered a failure, then failure free survival 
(FFS) of IST has decreased in the most recent period: 
indeed 10-year FFS was 40 % before 1999 and it is 16 % 
in the most recent period (p < 0.001). From another per-
spective, one could also say that the improved survival in 
patients receiving the first-line IST has derived from more 
patients being transplanted and improved outcome, espe-
cially for alternative donor grafts.

However, this brings us to the question: is survival or 
failure free survival more important? One should always 
think of counselling patients: if a first round of IST is not 
going to be significantly detrimental for a subsequent BMT, 
and this is probably true for UD grafts, then why not start 
with IST. This is relevant especially for patients over the 
age of 40: in this age group, Fig. 4b shows that starting 
with IST is possibly the best choice, since it results in sig-
nificantly superior survival, as compared to patients receiv-
ing the first-line HLA identical sibling BMT. With the 
advent of eltrombopag, things may further change in the 
near future, in favor of IST first -line for patients over the 
age of 40 years.

The third finding is that age and interval between diag-
nosis and treatment remain very significant predictors of 
survival: older patients continue to do worse than younger 
patients, and this has not changed with time. This is rather 
extraordinary: we are now grafting patients over the age of 
70 with acute leukemia or myelodysplastic syndromes, and 
we cannot figure out successful regimens for SAA patients 
over the age of 40, for whom we are still facing a transplant 
mortality of 40 %. On the other hand, we can try and treat 
our patients as soon as possible, since it seems crucial to 

intervene within 100 days from diagnosis, whatever treat-
ment one chooses, and for the older patients, IST remains 
the standard first-line.

Finally, severity of the disease: patients with a very low 
count (< 0.2 × 10^9/L neutrophils) or very severe aplastic 
anemia have always done poorly as compared to patients 
with a higher count: this seems to be less true currently, 
again possibly due to the fact that more patients are getting 
transplanted.

In conclusions, this study shows very encouraging out-
come data in a large cohort of patients with SAA. Results 
are gradually improving and current advances, such as the 
use of eltrombopag in IST, and better platforms for alterna-
tive donor transplants, including better donor selection, are 
paving the way for further improvement in patients treated 
beyond 2010.
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