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Introduction

Aplastic anemia (AA) is a rare, heterogeneous bone marrow
failure disorder, whereby patients most commonly present
with symptoms of anemia.1 Immunosuppressive therapy,
including cyclosporin and antithymocyte globulin, is used in
patients for whom bone marrow transplantation is not an
option, with response rates of 60-80%.1 However, supportive
care with red blood cell transfusions is also essential in many
patients to maintain adequate hemoglobin levels (70-80 g/L in
younger patients or >80 g/L in older patients or those with a
history of coronary artery disease),2 particularly since the
response to immunosuppressive therapy may take several
months. Iron overload can, therefore, become a significant
problem in regularly transfused patients, leading to organ
damage, particularly in the liver and heart.3 Studies of iron
chelation therapy in patients with AA have mainly focused
on efficacy in reducing tissue iron and safety.3-6

However, reports are now emerging of hematologic
improvements associated with iron chelation therapy in
patients with AA.7-10 As iron overload also has a suppressive
effect on erythroid progenitors11 and may increase transfusion
requirements,12 it is of interest to evaluate hematologic
responses in patients with AA receiving iron chelation thera-
py. The 1-year, prospective EPIC (Evaluation of Patients’ Iron
Chelation with Exjade®) study enrolled 116 iron-overloaded
AA patients.4,13 Overall, the EPIC study demonstrated a signif-

icant and clinically relevant reduction in iron overload as
assessed by serum ferritin levels. A post hoc analysis was per-
formed based on hematologic response criteria reported by
Camitta14 to evaluate the association between deferasirox
treatment and changes in hematologic parameters in iron-
overloaded patients with AA.

Design and Methods

EPIC was a prospective, multicenter, open-label, 1-year study con-
ducted by 136 investigators across 23 countries. The study design has
been reported previously.4,13 Male or female patients were enrolled
with transfusional iron overload as shown by a serum ferritin level of
1000 ng/mL or more, or less than 1000 ng/mL but with a history of
multiple transfusions (>20 transfusions or 100 mL/kg of red blood
cells) and R2 magnetic resonance imaging-confirmed liver iron con-
centration of or exceeding 2 mg Fe/g dry weight. The study was con-
ducted in accordance with Good Clinical Practice guidelines and the
Declaration of Helsinki, and was approved by an Institutional Review
Board/Independent Ethics Committee. Written, informed consent
was obtained from all patients prior to study participation.

The definition and severity of AA were assessed based on the UK
treatment guidelines as summarized here.1 For a definition of AA,
patients must exhibit two of the following parameters: i) hemoglobin
levels <100 g/L; ii) platelet count <50 x 109/L; and iii) neutrophil count
<1.5 x 109/L. Patients were classified as having severe AA if bone mar-
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row cellularity was less than 25%, or 25-50% with less than 30%
residual hematopoietic cells (determined by comparison with nor-
mal controls), and two of the following were recorded: neutrophil
count less than 0.5 x 109/L, platelet count less than 20 x 109/L or
reticulocyte count less than 20 x 109/L. Patients were assigned as
having non-severe AA if they did not meet the criteria for severe
AA. As no bone marrow data were recorded in the EPIC study, AA
severity was assessed based on hematologic parameters only.
Reticulocyte counts were also not available and, therefore, severe
AA was considered when both platelet and neutrophil criteria
were fulfilled. Hemoglobin, platelet and neutrophil responses
were assessed for patients with severe and non-severe AA accord-
ing to criteria reported by Camitta14 (Figure 1).

Serum ferritin changes from baseline to end of study were
assessed for hematologic responders and non-responders.
Transfusions were recorded during the study and pre-transfusion
blood counts were also assessed. Patients who received at least
one dose of deferasirox with both baseline and end of study
assessments were included in the analysis. Reported P values are
based on a Wilcoxon rank test.

Results and discussion
Patients’ characteristics 

Of the 116 iron-overloaded patients with AA enrolled in
the EPIC study, 72 patients were evaluable for hematolog-
ic responses according to the UK criteria; 9 (12.5%) and 63
(87.5%) were considered to have severe AA and non-
severe AA, respectively (Table 1). Forty-eight (66.6%)
patients received at least one concomitant immunosup-
pressive therapy: 7 patients with severe AA and 41 with
non-severe AA.

Hematologic responses following deferasirox therapy
No patient, with or without concomitant immunosup-

pressive therapy, achieved a complete response. Overall, a
partial hematologic response was observed in 11 of 24

(45.8%) patients not receiving concomitant immunosup-
pressive therapy and 19 of 48 (39.6%) patients who did
receive concomitant immunosuppressive therapy (Table 1,
Figure 2). In total, 42 patients (58.3%) did not have a
hematologic response (29 and 13 patients with and with-
out immunosuppressive therapy, respectively). The mean
number of transfusion sessions in the year prior to study
start was considerably higher in the non-responders com-
pared with the hematologic responders and included a
larger proportion of patients classified with severe AA
(Table 1). Completion rate was 81.8% in responders with-
out concomitant immunosuppressive therapy and 89.5%
in responders with concomitant immunosuppressive ther-
apy. In all non-responders, the completion rate was
66.7%. As immunosuppressive therapy can influence
hematologic response, analyses were focused on patients
receiving deferasirox without concomitant immunosup-
pressive therapy. Twenty-four patients (2 with severe AA
and 22 with non-severe AA) received deferasirox without
concomitant immunosuppressive therapy. All subsequent
analyses shown are for patients treated with deferasirox
without concomitant immunosuppressive therapy.

Partial hematologic response was observed in 11 of 24
(45.8%) patients with non-severe AA, all of whom
became transfusion independent during the study, defined
as at least one 8-week period without any transfusions.
Median time to response onset was 85 days (range 1-277).
Nine patients achieved a transfusion response only (medi-
an time to response 85 days, range 1-277); 4 of these
patients did not receive any transfusions during the study,
having received between four and seven transfusions in
the year prior to study entry. One patient had a transfu-
sion and an additional platelet response (time to response
111 days) and one patient had a transfusion, platelet and
hemoglobin response (time to response 83 days) as
defined by the criteria reported by Camitta.14

J.W. Lee et al.

1046 haematologica | 2013; 98(7)

Figure 1. Overview of hematologic
response criteria used in the analy-
sis.14 *Each criterion was confirmed
with no measure within 28 days that
disproved the response. †Transfusion
independence was defined as at least
one 8-week period (56 days) without
any transfusion. Patients with no
transfusions in the year prior to study
entry were excluded from transfusion
responders. 

Response Severe AA* Non-severe AA*

None Still severe

Partial

Complete
Hemoglobin normal for age; neutrophil count >1.5x109/L;

platelet count >1.50x109/L

Transfusion independent;+

no longer meeting criteria

for severe disease

Transfusion independence;†

(if previously dependent)
or doubling or
normalization of at least
one cell line
or increase of baseline 
hemoglobin of >3 g/dL
(if initially <6)
or increase of baseline 
neutrophils of >0.5x109/L
(if initially <0.5)
or increase of baseline 
platelets of >20x109/L
(if initially <20)

Worse or not meeting

criteria below
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At the end of study in the responders, mean±standard
deviation (SD) platelet count was 28.1±13.9x109/L;
mean±SD neutrophil count was 1.5±0.6x109/L, and mean
hemoglobin was 93.0±23.9 g/L.

Hematologic responses according to efficacy of iron
chelation

Mean serum ferritin levels at end of study were signifi-
cantly reduced in partial hematologic responders (n=11; 
– 3948±4998 ng/mL; baseline 6693±7014 ng/mL; percent-
age change from baseline –45.7%; P=0.0029). In non-
responders, the reduction in serum ferritin was less pro-
nounced (n=13; –2021±3242 ng/mL; baseline 4365±3063
ng/mL; percentage change from baseline –27.6%;
P=0.0171). The mean serum ferritin level at end of study
was 2744±2514 ng/mL in partial responders and
2345±1892 ng/mL in non-responders. Mean deferasirox
dose received in the responders was 19.0±3.9 mg/kg/day
(median deferasirox exposure 367 days, range 320-394)
and in non-responders was 18.4±5.50 mg/kg/day (median
deferasirox exposure 365 days, range 77-390).

Conclusions

Although reports are emerging on hematologic
improvements associated with iron chelation therapy in
patients with myelodysplastic syndromes,8,15-21 there are
only a few small studies reporting such improvements in
patients with AA.7-10 This post hoc analysis of data from the
EPIC trial presented here indicates that in addition to
reducing iron burden, treatment with deferasirox for 1
year in patients with AA is associated with improvements

in hematologic parameters, whether administered con-
comitantly with immunosuppressive therapy or not. In
patients without concomitant immunosuppressive thera-
py, hematologic responses were only observed in patients
with non-severe AA and in all cases included the develop-
ment of transfusion independence, with 2 patients having
an additional platelet/hemoglobin response. The exact
mechanism by which deferasirox treatment leads to
hematologic responses remains to be determined. One
possible hypothesis is that as deferasirox facilitates the

Hematologic responses in aplastic anemia patients
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Table 1. Demographics and baseline characteristics of patients evaluable for a hematologic response according to the UK criteria.
Characteristic Responders (n=30) Non-responders (n=42)

With immunosuppressive Without immunosuppressive 
therapy† (n=19) therapy (n=11)

Mean age, years (range) 29.9 (12-62) 36.8 (24-67) 33.9 (7-79)
Male:female, n. 11:8 5:6 24:18
Race (Caucasian: Oriental: other), n. 1:18:0 1:10:0 7:33:2
History of hepatitis B and/or C, n. (%) 1 (5.3) 2 (18.2) 1 (2.4)
Prior chelation therapy, n. (%)

None 16 (84.2) 9 (81.8) 28 (66.7)
DFO 3 (15.8) 2 (18.2) 12 (28.6)
DFO and deferiprone* 0 0 2 (4.8)

Mean number of transfusion sessions in the last year ± SD, n. 10.5±5.8 8.5±6.8 15.2±16.3
Mean transfusion history duration ± SD, years 5.7±4.0 5.1±3.8 5.0±3.9
Severity of AA, n. 

Severe 3 0 6
Non-severe 16 11 36

Baseline serum ferritin, ng/mL 3742 3630 3617
Median (range) (1124-14,024) (1280-25,346) (1240-18,635)
Mean ± SD 5205±3810 6693±7014 4727±3574

Baseline hematologic parameters
Mean hemoglobin ± SD, g/L 75.2±18.9 84.2±22.6 85.5±22.3
Mean neutrophils ± SD, x 109/L 0.81±0.42 0.95±0.47 0.74±0.36
Mean platelets ± SD, x109/L 17.6±6.9 18.2±9.0 24.2±22.9

DFO: deferoxamine; SD: standard deviation. *Deferiprone and DFO were both received, but not necessarily as combination therapy. †Immunosuppressive therapy identified by select-
ing the following preferred terms among all concomitant treatments: cyclosporin, anti-thymocyte globulin (horse or rabbit), tacrolimus, granulocyte colony stimulating factor, methyl-
prednisolone, prednisolone, dexamethasone.

Figure 2. Hematologic responses with or without immunosuppres-
sive treatment in patients with severe AA and non-severe AA. 
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reduction in iron stores, erythropoietin production is up-
regulated, resulting in a rise in hemoglobin.22 A further
possibility is that deferasirox chelation decreases reactive
oxygen species generation in the marrow microenviron-
ment, leading to greater genomic stability, as has been sug-
gested in patients with myelodysplastic syndromes.23

Based on the serum ferritin data in this analysis, hemato-
logic responses were observed in patients with greater
reductions in serum ferritin levels, suggesting that hema-
tologic response might be dependent, at least partially, on
reductions in levels of body iron overload. Interestingly,
non-responders had received a larger number of transfu-
sions in the year prior to study entry and included a higher
proportion of patients categorized with severe AA, indi-
cating more severe disease and iron overload status. It is
possible that these patients would require a longer period
of treatment to achieve hematologic response. Further
studies are still required. 

In conclusion, this analysis provides further evidence sup-
porting previous observations in case reports that
deferasirox treatment over 1 year may improve hematolog-
ic parameters in some iron-overloaded patients with AA.8-10

These findings add to the evidence in patients with AA and
other bone marrow failure conditions, such as myelodys-
plastic syndromes.15-21 There are some limitations to these
post hoc analyses. Since patients had been diagnosed with
AA for a considerable time prior to the study (as demon-

strated by a mean transfusion duration of approximately 5
years), details of the methodology used for diagnosis is not
discussed in this paper. We also acknowledge that to deter-
mine the effect of iron chelation alone on hematologic
response it is necessary to assess patients without concomi-
tant medication; however, this may not be in line with the
current treatment standards. This study is also limited by its
post hoc nature and, therefore, we acknowledge that further
prospective, controlled studies are needed to confirm these
findings and clarify the mechanisms of hematologic
improvement with deferasirox.
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