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This follow-up study of a randomized, prospective trial included 192
patients with newly diagnosed severe aplastic anemia receiving
antithymoglobulin and cyclosporine, with or without granulocyte

colony-stimulating factor (G-CSF). We aimed to evaluate the long-term effect
of G-CSF on overall survival, event-free survival, probability of secondary
myelodysplastic syndrome (MDS) or acute myeloid leukemia (AML), clinical
paroxysmal nocturnal hemoglobinuria, relapse, avascular osteonecrosis and
chronic kidney disease. The median follow-up was 11.7 years (95% CI, 10.9-
12.5). The overall survival rate at 15 years was 57±12% in the group given G-
CSF and 63±12% in the group not given G-CSF (P=0.92); the corresponding
event-free survival rates were 24±10% and 23±10%, respectively (P=0.36). In
total, 9 patients developed MDS or AML, 10 only a clonal cytogenetic abnor-
mality, 7 a solid cancer, 18 clinical paroxysmal nocturnal hemoglobinuria, 8
osteonecrosis, and 12 chronic kidney disease, without any difference
between patients treated with or without G-CSF. The cumulative incidence
of MDS, AML or isolated cytogenetic abnormality at 15 years was 8.5±3%
for the G-CSF group and 8.2±3% for the non-G-CSF group (P=0.90). The
cumulative incidence of any late event including myelodysplastic syndrome
or acute myeloid leukemia, isolated cytogenetic abnormalities, solid cancer,
clinical paroxysmal nocturnal hemoglobinuria, aseptic osteonecrosis, chronic
kidney disease and relapse was 50±12% for the G-CSF group and 49±12%
for the non-G-CSF group (P=0.65). Our results demonstrate that it is unlikely
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Introduction

Acquired aplastic anemia is a rare disease defined by
peripheral pancytopenia associated with hypocellularity
of the bone marrow. The aim of treatment of aplastic
anemia is to improve peripheral blood counts and obtain
transfusion independency. First-line treatment for
younger patients (≤40 year old) with a matched sibling
donor is allogeneic stem cell transplantation (SCT). The
standard of care for adult patients not eligible for SCT is
immunosuppressive therapy (IST), including a combina-
tion of horse antithymocyte globulin (ATG) and
cyclosporine (CSA).1 In contrast to patients undergoing
SCT, those treated with IST are not cured from their dis-
ease and are at risk of late complications such as relapse
and development of late clonal diseases, including parox-
ysmal nocturnal hemoglobinuria (PNH), myelodysplastic
syndrome (MDS) or acute myeloid leukemia (AML).2
Furthermore, the delayed recovery of peripheral blood
counts exposes patients to infectious and hemorrhagic
complications.3
Immunosuppression remains a suboptimal treatment,

since about 30% of the patients fail to respond and even
in responding patients, blood counts often remain sub-
normal, possibly requiring maintenance IST with CSA.
Efforts have been made for 40 years to improve the stan-
dard horse ATG plus CSA treatment.1 Other immunosup-
pressive combinations as well as the use of high-dose
cyclophosphamide have been evaluated, without show-
ing the expected breakthrough.4-7 Great hopes have been
placed in the development of hematopoietic growth fac-
tors. The role of granulocyte colony-stimulating factor
(G-CSF) added to standard IST with ATG and CSA, test-
ed in six small prospective randomized trials, was incon-
clusive.8-13 Therefore, in 2001 a prospective randomized
study was initiated to evaluate the short- and long-term
effects of G-CSF added to standard IST. Patients with
newly diagnosed severe aplastic anemia (SAA) were ran-
domized to treatment with ATG and CSA, with or with-
out G-CSF (NCT01163942). The study demonstrated
that G-CSF added to ATG and CSA decreases the rate of
early infectious episodes and days of hospitalization in
patients with very SAA patients, but has no significant
impact on overall survival (OS), event-free survival (EFS),
relapse, or death rates.14 The role of G-CSF in triggering
late clonal evolution to a hematologic malignancy has
been debated for years.15-18 and we lacked follow-up in
our previous study for a meaningful assessment of this
risk.14
Early death occurs secondary to infection, bleeding, or

complications of severe anemia. Limited data are avail-
able on late malignant and non-malignant complications
after IST. Today, 16 years after initiation, this random-
ized controlled study is a unique opportunity to assess
the long-term outcome of SAA patients treated with IST.
We thus aimed to evaluate the durability of response to
treatment, survival outcomes, and the risk of long-term
complications of patients treated with ATG and CSA,
with or without G-CSF.

Methods

Design
The design and methodology of the randomized study have

been described previously.14 It was an open-label, multicenter
randomized study conducted by the Severe Aplastic Anemia
Working Party of the European Group for Blood and Marrow
Transplantation (EBMT). Disease severity was assessed with the
use of standard criteria and categorized into SAA and very SAA.
Patients of any age were included, but patients with congenital
SAA, such as Fanconi anemia, as well as patients with hypoplas-
tic MDS were excluded. A total of 192 patients with newly diag-
nosed SAA, not eligible for SCT, were randomly assigned in a
multicenter trial to receive horse ATG and CSA with (49.5%) or
without G-CSF (50.5%). Patients randomized to receive G-CSF
were given a dose of 150 mg/m2/day from day 8 through day 240
except for subjects who achieved complete remission before.
Methylprednisolone (or prednisone) 1 mg/kg/day was adminis-
tered on days 1-14. After 14 days, corticosteroids were tapered
off over the subsequent 14 days. In the case of serum sickness, a
longer tapering schedule, as clinically indicated, was allowed.
Complete response was defined as transfusion independency
with a hemoglobin level ≥110 g/L, a neutrophil count ≥1.5 x109/L
and a platelet count ≥150 x109/L. Partial response was defined as
no longer meeting the criterial of SAA and no transfusion
dependence for platelets and/or red blood cells. Continuous
transfusion dependency was classified as no response. Relapse
was defined as a decrease in blood counts to values either requir-
ing transfusions or needing re-treatment of the aplastic anemia
with immunosuppression or SCT. For late complications, the par-
ticipating centers were asked to report the date of first appear-
ance of a clonal evolution to a hematologic malignancy (MDS or
AML, whichever appeared first; or an isolated cytogenetic abnor-
mality), solid cancer, clinical PNH, osteonecrosis and chronic kid-
ney disease. The diagnosis of clinical PNH was retained in
patients with a measurable PNH clone who developed either
thromboembolic complications or active intravascular hemolysis.
Chronic kidney disease was defined as persistence of abnormal
creatinine or glomerulation filtration rates more than 1 year after
randomization. The present analysis included all 192 randomized
patients (Table 1). The study was approved by the ethics commit-
tee of each center including patients in the study. All patients
gave informed written consent to inclusion in the study.

Outcome measures
Given that at the time of first publication 44 of the original 192

patients had died, the follow-up was done for the remaining 148
patients. Endpoints of the present study were OS, EFS, causes of
death, and probability of clonal evolution to a hematologic
malignancy (including secondary MDS/AML and an isolated
cytogenetic abnormality), solid cancer, clinical PNH, relapse,
avascular osteonecrosis and chronic kidney disease by 15 years,
comparing for each endpoint patients treated with or without G-
CSF. Causes of deaths were classified as related to aplastic ane-
mia (infection, bleeding, undefined), to secondary neoplasm
(MDS, AML, solid cancer), transplantation related in patients
who received SCT for treatment failure, unrelated to aplastic
anemia, or of unknown cause. We analyzed the risk of
osteonecrosis because of the use of steroids,19-21 and of chronic

that G-CSF has an impact on the outcome of severe aplastic anemia; nevertheless, very late events are common
and eventually affect the prognosis of these patients, irrespectively of their age at the time of immunosuppres-
sive therapy (NCT01163942).



kidney disease because of the treatment with ATG and CSA.22,23

Furthermore, for patients with aseptic osteonecrosis we com-
pared those who needed more than one course of ATG and were
therefore more exposed to steroids, to those treated with a single
course of ATG; for patients with chronic kidney disease we com-
pared patients who were either dependent on CSA or needed a
subsequent course of CSA to those who received a single course
of ATG without being dependent on CSA. Time to an event
started from the day of randomization, except for survival of
patients treated with SCT. For OS, patients were censored either
at the time of last follow-up or at the time of transplantation,
used as salvage therapy. For EFS analysis, events were defined as
relapse, non-response at day 120, subsequent SCT, the occur-
rence of MDS/AML, solid cancer, clinical PNH or death. 

Statistical analysis
Group differences were analyzed with the use of the Mann-

Whitney U test for continuous variables and the χ2 test for cate-
gorical variables. Survival probabilities were calculated with the

use of the Kaplan-Meier estimator. Time at risk started from the
date of randomization and ended on the date of death for OS,
and on the date of an event for EFS, or the date of last known
assessment, whichever came first. For the cumulative incidence
of a late complication, death from other cause was considered as
a competing risk. The log-rank test with a two-sided significance
level was used for comparison in the Kaplan-Meier estimates.
The time to an event was computed from the date of random-
ization to the date of death or the date of last contact. Univariate
competing risk analyses were performed using the Gray test.
Multivariate analysis was performed to calculate hazard ratios
and their 95% confidence intervals, adjusted for all covariates,
using a Cox proportional hazards regression model. Factors con-
sidered were age at randomization, severity of aplastic anemia
and the use of G-CSF. All P-values are two-sided with a type I
error rate fixed at 0.05. Statistical analyses were performed with
SPSS Statistic 25 software (IBM Corp., Chicago, IL, USA); cumu-
lative incidence curves were constructed with NCSS 2004
(Statistics and Systems, Kaysville, UT, USA).

Long-term outcome of ATG & CSA ± G-CSF in SAA
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Table 1. Characteristics of the study patients, overall and according to randomization to treatment with or without granulocyte colony-stimulating factor.
Variable                                                                                             All                            No G-CSF                               With G-CSF                          P
                                                                                                        192                                95                                           97                                  

Median age (range), years                                                                          46 (2-81)                             41 (9-80)                                         50 (2-78)                               0.322
Age group
-  <20 years                                                                                                     31 (16%)                             15 (16%)                                         16 (16%)
-  20-39 years                                                                                                   51 (26%)                             27 (28%)                                         24 (25%)                               0.362
-  40-59 years                                                                                                   51 (26%)                             29 (31%)                                         22 (23%)
-  ≥60 years                                                                                                     59 (31%)                             24 (25%)                                         35 (36%)                                   
Gender 
-  Male                                                                                                              94 (49%)                             46 (48%)                                         48 (49%)                               0.883
-  Female                                                                                                         98 (51%)                             49 (52%)                                         49 (51%)
Severity
-  Very SAA                                                                                                       70 (37%)                             39 (41%)                                         31 (32%)                               0.191
-  SAA                                                                                                               122 (63%)                            56 (59%)                                         66 (68%)                                   
Median number of days with G-CSF                                                              na                                         na                                             160 (1-544)                                 -
Patients with ≥240 days of G-CSF                                                                  na                                         na                                             21/97 (22%)                                 
Type of response at last follow-up
-  Complete remission                                                                                        71                                          35                                                      36
o After IST                                                                                                        54                                          26                                                      28
o After BMT                                                                                                     17                                           9                                                        8

-  Partial response                                                                                               29                                          13                                                      16                                     0.815
-  No response                                                                                                       5                                            3                                                        2
-  Secondary MDS/AML                                                                                        8                                            4                                                        4
-  Solid cancer                                                                                                        1                                            0                                                        1
-  Missing data                                                                                                      13                                           9                                                        4                                           
Number of deaths                                                                                         65 (34%)                             31 (33%)                                         34 (35%)                               0.723
Post-randomization complications
-  Relapse                                                                                                         48 (26%)                             21 (24%)                                         27 (28%)
-  Clonal myeloid malignancy
o MDS/AML                                                                                                  9 (5%)                                 5 (5%)                                             4 (4%)
o Cytogenetic abnormality only                                                             10 (5%)                                4 (4%)                                             6 (6%)                                 0.824

-  Solid cancer                                                                                                  7 (4%)                                 3 (3%)                                             4 (4%)                                      
-  PNH                                                                                                            18/113 (16%)                        9/52 (17%)                                      9/61 (15%)                                  
-  Aseptic osteonecrosis                                                                            8 /113 (7%)                          3 /54 (6%)                                       5/59 (8%)                                   
-  Chronic kidney disease                                                                         12/101 (12%)                        5 /53 (9%)                                      7 /48 (15%)                                 
Subsequent allogeneic SCT                                                                        28 (15%)                             16 (17%)                                         12 (12%)                               0.380
Median (95% CI) follow-up time in years since randomization*           11.7                                      11.2                                                   11.9
                                                                                                                        (10.9-12.5).                           (9.6-12.7)                                       (11.0-12.9)                             0.892
G-CSF: granulocyte colony-stimulating factor; SAA: severe aplastic anemia; na: not applicable; IST: immunosuppressive therapy; BMT: bone marrow transplantation; MDS:
myelodysplastic syndrome; AML: acute myeloid leukemia; PNH: paroxysmal nocturnal hemoglobinuria; SCT: stem cell transplantation. P values: Mann-Whitney U test for con-
tinuous variables and the χ2 test for categorical variables. *Using the reverse Kaplan-Meier method.



Results 

Overall survival and event-free survival
OS and EFS rates at 15 years for all patients were

60±9% and 24±7%, respectively. The OS rate was
57±12% for the G-CSF group and 63±12% for the non-G-
CSF group (P=0.92) (Figure 1A). The EFS rate was
24±10% for the G-CSF group and 23±10% for the non-G-
CSF group (P=0.36) (Figure 1B). At last follow-up, among
127 alive patients, 71 were in complete remission (54
after IST, 17 after subsequent transplantation), 29 in par-
tial response and five had not responded. Data on remis-
sion status of SAA were missing for 13 patients, and not
applicable in nine cases (8 with secondary MDS/AML and
1 with solid cancer). There was no difference with respect
to remission state at last follow-up between the patients
in the G-CSF and non-G-CSF groups (P=0.81). In the 65
patients who died, cause of death was infection (n=26),

bleeding (n=3), SAA not further specified (n=3),
MDS/AML (n=4), solid cancer (n=4), transplant-related
mortality (n=8), cardiovascular/aging (n=9), or unspeci-
fied (n=8). There was no difference in the causes of death
between patients treated with or without G-CSF.
The most important risk factors for OS of patients

treated with horse ATG and CSA with or without G-CSF
were age and severity of the disease at randomization:
the OS rate at 15 years was 89±12% for patients aged <20
years, 81±13% for patients 20-39 years old, 55±15% for
patients 40-59 years old, and 32±16% for patients ≥60
years old (P<0.001) (Figure 2A). The OS rate for patients
with SAA was 64±11% and that for patients with very
SAA was 52±13% (P=0.021). However, for patients sur-
viving 1 year or longer after first IST, there was no longer
any difference in survival according to disease severity:
the OS rate is 71±11% for patients with SAA and
74±16% for patients with very SAA (P=0.636) (Online
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Figure 1. Outcomes of patients with severe aplastic anemia treated with horse antithymocyte globulin and cyclosporine with or without granulocyte colony-stimu-
lating factor. (A, B) Overall survival (A) and event-free survival (B) of patients with severe aplastic anemia treated with horse antithymocyte globulin and cyclosporine
with or without granulocyte colony-stimulating factor. Events included relapse, non-response at day 120, subsequent stem cell transplantation, myelodysplastic syn-
drome/acute myeloid leukemia, solid cancer, paroxysmal nocturnal hemoglobinuria or death. G-CSF: granulocyte colony-stimulating factor.
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Supplementary Figure S1A, B).  In multivariate analysis
including age, severity and randomization for G-CSF as
variables, treatment with G-CSF was not associated with
better survival [G-CSF; relative risk (RR) 0.91, 95% confi-
dence interval (95% CI): 0.55-1.49; P=0.70]; the relative
risk was increased for very SAA (RR 1.95, 95% CI 1.19-
3.21, P=0.008) and older age (reference age <20 years; 20-
39 years, RR 1.77, 95% CI: 0.48-6.67, P=0.40; age 40-59
years, RR 4.96, 95% CI: 1.48-16.65, P=0.009; age ≥60
years, RR 9.08, 95% CI 2.78-29.73, P<0001). EFS at 15
years according to age group was as follows: 27%±17%
for patients aged <20 years, 28±16% for patients 20-39
years old, 30±14% for patients 40-59 years old, and
12±12% for patients 60 years or older (P=0.023) (Figure
2B). In multivariate analysis, age group was no longer sig-

nificantly different for EFS (Table 2), although a notable,
non-significant trend remained for patients 60 years or
older.

Relapse, non-response to immunosuppression and
need for subsequent stem cell transplantation 
We evaluated relapse, non-response to immunosup-

pression and the need for either subsequent SCT or sub-
sequent courses of IST. There was no difference between
patients treated with or without G-CSF with respect to
relapse and the need for second-line treatment: the cumu-
lative incidence of relapse for patients responding at day
120 was 30±10% for the G-CSF group, and 25±10% for
the non-G-CSF group (P=0.54) (Figure 3A). Forty patients
needed a second-line therapy for relapse (n=17), refracto-

Long-term outcome of ATG & CSA ± G-CSF in SAA
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Figure 2. Overall survival and event-free survival according to age groups. (A, B) Overall survival (A) and event-free survival (B) of patients with severe aplastic anemia
treated with horse antithymocyte globulin and cyclosporine with or without granulocyte colony-stimulating factor according to age groups at time of randomization:
patients <20 years, patients 20-39 years, patients 40-59 years, patients 60 years or older. Events included relapse, non-response at day 120, subsequent stem cell
transplantation, myelodysplastic syndrome/acute myeloid leukemia, solid cancer, paroxysmal nocturnal hemoglobinuria or death. G-CSF: granulocyte colony-stimu-
lating factor.
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ry disease (n=8), or incomplete response (cyclosporine
dependency, n=7; decreasing values but still in partial
remission, n=8), 24 in the G-CSF group, and 16 in the
non-G-CSF group (P=0.35). Sixteen patients needed a
third-line therapy for relapse (n=5), refractory disease
(n=7), or incomplete response (decreasing values but still
in partial remission, n=4), 12 in the G-CSF group, and
four in the non-G-CSF group (P=0.60). Twenty-eight
patients needed allogeneic SCT as second-line or subse-
quent treatment, 12 in the G-CSF group, and 16 in the
non-G-CSF group, because of non-response/relapse
(n=23), or MDS/AML (n=5). The cumulative probability
of being treated with SCT at 15 years was 14±8% for
patients who had been given G-CSF, and 22%±10% for
those who had not (P=0.38) (Figure 3B). The 10-year sur-
vival after transplantation was 63±18%.

Long-term follow-up
Next, we evaluated the probability of malignant and

non-malignant late complications. During the follow-up,
52 of the 192 patients developed a late complication.
Some of them developed more than one late event: 44
patients developed one, five developed two, and three
developed three or more late complications. Nine patients
developed clinical or morphological signs of MDS/AML,
ten developed isolated cytogenetic abnormalities (2 cases
with del(7q), 1 in the G-CSF group and 1 in the non-G-
CSF group, and 1 case with each of the following abnor-
malities: del(13q), del(9), loss of chromosome X in a
female patient, loss of chromosome Y in a male patient,
anomaly of chromosome 11 and translocation t(6;10); 2

cases with undefined abnormality), seven developed a
solid cancer (colon, pancreas, glioblastoma, gastric, ade-
nocarcinoma and squamous cell carcinoma of unknown
origin, unspecified, 1 of each), and 19 developed clinical
PNH. At 15 years, the cumulative incidence of MDS/AML
or isolated cytogenetic abnormalities was 8.5±3% in the
G-CSF group, and 8.2±3% in the non-G-CSF group
(P=0.90) (Figure 3C); the cumulative incidence of clinical
PNH was 10.1±5% in the G-CSF group, and 13.3±7% in
the non-G-CSF group (P=0.499). With regards to non-
clonal late complications, there were eight cases of avas-
cular osteonecrosis, and 12 of chronic kidney disease. The
cumulative incidence of chronic kidney failure at 15 years
was 13%±11% in the G-CSF group, and 16±11% in the
non-G-CSF group (P=0.51). Likewise, there was not a dif-
ference for aseptic osteonecrosis, although there were not
enough events to provide an estimate. Patients needing
longer CSA treatment had a higher risk of chronic kidney
disease (6/22; 27%) compared to patients who received a
single course of CSA (6/79; 7.6%; P=0.021). In contrast,
patients needing more steroids (1/13; 7.7%) did not have
a higher risk of osteonecrosis than patients needing
steroids only for one ATG course (7/100;6.2%; P=0.453).
The cumulative incidence of all late events at 15 years
(i.e., including MDS/AML, isolated cytogenetic abnor-
malities, solid cancer, clinical PNH, osteonecrosis, kidney
disease, relapse) was 50±12% in the G-CSF group, and
49±12% in the non-G-CSF group (P=0.65) (Figure 3D).
We also evaluated a possible effect of duration of treat-

ment with G-CSF on long-term events. Patients random-
ized to receive G-CSF, were given the growth factor for a
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Table 2. Multivariate analysis for overall survival and event free-survival. 
                                                                                            Hazard ratio 95% Confidence interval                                        P
                                                                                                                                            Lower                              Higher                                      

Overall survival

G-CSF randomization
-  No G-CSF (ref)                                                                                           1                                                   -                                                -
-  With G-CSF                                                                                                0.91                                             0.55                                          1.49                                             0.703
Age group at randomization
-  <20 years (ref)                                                                                           1                                                   -                                                -                                                   -
-  20-39 years                                                                                                 1.77                                             0.47                                          6.67                                             0.400
-  40-59 years                                                                                                 4.96                                             1.49                                         16.65                                           0.009
-  ≥60 years                                                                                                    9.08                                             9.09                                         29.73                                          <0.001
Severity of aplastic anemia
-  SAA (ref)                                                                                                       1                                                   -                                                -                                               0.008
-  Very SAA                                                                                                      1.95                                             1.19                                          3.21

Event free survival

G-CSF randomization
-  No G-CSF (ref)                                                                                           1                                                   -                                                -                                               0.250
-  With G-CSF                                                                                                0.81                                             0.56                                          1.16
Age groups at randomization
-  < 20 years (ref)                                                                                          1                                                   -                                                -                                                   -
-  20-39 years                                                                                                 0.83                                             0.46                                          1.49                                             0.525
-  40-59 years                                                                                                 0.93                                             0.53                                          1.64                                             0.805
-  ≥60 years                                                                                                    1.61                                             0.96                                          2.73                                             0.080
Severity of aplastic anemia
-  SAA (ref)                                                                                                       1                                                   -                                                -                                               0.215
-  Very SAA                                                                                                      1.27                                             0.87                                          1.83

G-CSF: granulocyte colony-stimulating factor; SAA: severe aplastic  anemia.



median of 160 days (range, 1-544 days). Of these patients,
21 received G-CSF   for ≥240 days. Patients who received
G-CSF for ≥240 days were not more likely to develop
MDS/AML, isolated cytogenetic abnormalities, second
solid cancers, clinical PNH, aseptic osteonecrosis or
chronic kidney disease. 

Discussion

G-CSF had been shown to reduce infections and days
of hospitalization in the first 3 months of its administra-
tion in patients with SAA.14 The expectation from adding

G-CSF to standard IST was to improve the long-term out-
come and sustainability of remission, as has been envis-
aged recently with the use of eltrombopag.24 We show
here that the addition of G-CSF to horse ATG and CSA
has no impact on the long-term outcome of patients with
acquired SAA: OS, EFS, non-response, relapse and need
for a subsequent SCT were similar in the groups that did
or did not receive G-CSF. G-CSF treatment during IST is
an option of effective supportive care, possibly to combat
or prevent infectious complications, even if it does not
have any beneficial effect as an adjunct to standard IST in
the long-term.25 Clonal malignant evolution was always a
concern with the use of G-CSF in SAA patients receiving

Long-term outcome of ATG & CSA ± G-CSF in SAA
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Figure 3. Cumulative incidence of late complications of patients with severe aplastic anemia treated with horse antithymocyte globulin and cyclosporine with or
without granulocyte colony-stimulating factor. (A) Cumulative incidence of relapse of patients with severe aplastic anemia (SAA) treated with horse antithymocyte
globulin (ATG) and cyclosporine (CSA) with or without granulocyte colony-stimulating factor (G-CSF). (B) Cumulative probability of being transplanted (death without
transplant is the competing event) of patients with SAA treated in first-line with horse ATG and CSA with or without G-CSF. (C) Cumulative incidence of clonal evolution
to a hematologic malignancy (myelodysplastic syndrome/acute myeloid leukemia or isolated cytogenetic abnormality) of patients with SAA treated with horse ATG
and CSA with or without G-CSF. (D) Cumulative incidence of any late event (relapse, myelodysplastic syndrome/acute myeloid leukemia, isolated cytogenetic abnor-
mality, solid cancer, clinical paroxysmal nocturnal hemoglobinuria, aseptic osteonecrosis, chronic kidney disease) of patients with SAA treated with horse ATG and
CSA with or without G-CSF.
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IST. We could not demonstrate a higher risk for the devel-
opment of MDS/AML or cytogenetic abnormalities in
patients randomized to receive G-CSF. Patients were ana-
lyzed for the risk of clonal evolution to a hematologic
malignancy according to their initial randomization
group (i.e. with or without G-CFS). However, data on
patients in the non-G-CSF group who eventually received
G-CSF (dose and duration) later in the course of their dis-
ease are not available. Thus, it is fair to state that G-CSF
given as part of the initial treatment within this random-
ized clinical trial does not seem to increase the risk of
clonal evolution to MDS/AML. Patients with SAA had a
baseline risk of developing clonal evolution to a hemato-
logic malignancy; this risk was not increased for patients
treated with G-CSF, when compared to those in the non-
G-CSF arm. 
The strength of our trial is the prospective, random-

ized design with a follow-up time (median 11.7 years)
that is longer than the interval, 10 years after IST,15 with-
in which secondary MDS/AML usually occur. Previous
studies were less powerful to investigate this issue for
various reasons. They were either retrospective,15,18,26 not
randomized, randomized without a non-G-CSF arm16,17

or had a lower number of patients and shorter follow-
up.10,12 However, it is not obvious why few among these
studies showed a relationship between the use of G-CSF
and a clonal evolution to MDS/AML. Factors explaining
the difference from our results could be patient selection
(more patients with pre-existing clonal karyotype at
diagnosis of SAA).18 ethnic reasons, differences in dose
and duration of G-CSF,16 or the retrospective nature of
the analysis.15 The present study goes a step further in
the long-term observation than most of the previous
studies on SAA patients treated with ATG and CSA. We,
too, could not demonstrate a higher risk of clinical PNH
(the archetype of a benign clonal evolution), second solid
cancer or non-malignant late events such as chronic kid-
ney disease and aseptic osteonecrosis in the G-CSF
group. Second solid cancers in SAA patients treated with
immunosuppression have been shown to be more fre-
quent than expected in a general population27 and to
affect OS strongly.15 However, we found that G-CSF has
no impact on the development of second solid cancers.
This study highlights two significant messages. First,

G-CSF is unlikely to be linked with an increased risk of
clonal transformation into a hematologic malignancy;
however, available clinical data do not support the rou-
tine unse of G-CSF along with IST. G-CSF can be consid-
ered as an effective supportive care to combat or prevent
infectious complications.25 Second, irrespectively of G-
CSF, SAA patients receiving IST are particularly vulnera-
ble to a number of late malignant and non-malignant
complications, either because of an intrinsic pre-cancer-
ous nature of the disease or alternatively because of long-
term stressed hematopoiesis and prolonged immunosup-
pression. Severity of the disease and age of the patient at
first IST are the most important risk factors for survival.
Interestingly, severity seems to have an impact only dur-
ing the early phase after treatment, due to the higher risk
of death from infections. In patients surviving 1 year or
longer severity no longer has any impact on survival. It is
somewhat disappointing that in this carefully followed
cohort, irrespective of the age, less than 25% of patients

are alive and event-free 15 years after initial treatment,
and about 20% of them required an allogeneic SCT.
Among the late events, relapses remain the most com-
mon, since, quite surprisingly, they continue to occur for
at least 10 years after the initial treatment. Despite an
excellent OS, young adults, have a similar risk of malig-
nant and non-malignant complications after IST as older
patients. The only difference is that the mortality rate in
younger patients (aged <40 years) is lower, likely due to
other salvage treatment options (mostly SCT) which are
associated with different mortality based on age.28
Our study has a number of limitations. Firstly, despite

it being the largest randomized study on the use of G-CSF
in patients treated with horse ATG and CSA, because of
the slow accrual for this rare disease and the withdrawal
of horse ATG in Europe, the EBMT was forced to close
the study early.14 However, it is unlikely that a larger
number of patients would have changed the findings.
Secondly, we do not have the cumulative dose of G-CSF,
particularly for non-responding and relapsed patients
who have been retreated with immunosuppression. The
study design is based on the principle of an intention-to-
treat analysis in order to provide unbiased assessments of
treatment efficacy.29 Thirdly, not all late events have the
same impact on the outcome of the patients. The occur-
rence of secondary malignancy, MDS, AML or solid can-
cer, strongly affect-OS.2 Relapse of aplastic anemia does
not have the same poor prognosis as relapse of a malig-
nant disease. Although relapse is common, the majority
of relapsed patients respond to the reintroduction of IST
and relapse does not influence survival.30 Finally, another
limitation of our work is the non-exhaustiveness of the
cytogenetic analysis in the context of clonal evolution,
mainly related to failure to obtain results and also because
the long-term evaluation had not been part of the original
protocol.
Taken together, our data suggest that G-CSF added to

standard IST has no impact on long-term outcome of
patients with acquired aplastic anemia and is not directly
related with late effects. However, regardless of the use of
G-CSF, SAA patients treated with immunosuppression are
particularly vulnerable to a number of late malignant and
non-malignant complications. In particular, SAA patients
treated with IST continue to relapse even at 10 years after
initial treatment; therefore, alternative non-transplant
treatment strategies are more than welcome.  The addi-
tion of eltrombopag on top of standard IST resulted in an
increased response rate in a phase II study31,32 and is
presently being evaluated in a randomized trial (EudraCT
number 2014-000363-40). Furthermore, given the dramat-
ic improvement of outcome after SCT, the possibility of
early front-line SCT with an alternative donor might be
considered for selected young patients who lack a
matched sibling donor.33 Clinical trials in this setting
remain the only opportunity to investigate the best strate-
gies to improve the rate of cure in SAA, possibly minimiz-
ing the risk of early and late events that affect survival.
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