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Abstract Blood transfusions represent a main component
of supportive care in myelodysplastic syndromes (MDS).
To avoid organ damage caused by transfusion-dependent
iron overload, an adequate iron chelation therapy is
required. Recently, a new oral iron chelator deferasirox
(ICL670, Exjade®) has become available. A study was
conducted to demonstrate the efficacy and tolerability of
deferasirox in transfusion-dependent iron-overloaded
patients with MDS. The efficacy of deferasirox was
monitored by changes in serum ferritin, bone marrow iron,
and liver iron concentration (LIC), as determined by T2*-
weighted magnetic resonance imaging. Twelve patients
with MDS of different subtypes (median age 76 years,
range 53–91) were enrolled. Deferasirox administered in a

once-daily dose of 20–30 mg/kg for 12 months was
effective in reducing median ferritin concentration from
1,515 µg/L (range 665–6,900) to 413 µg/L (range 105–
3,052). Within the first 4 weeks of treatment before the
continuous decline of ferritin levels, the values markedly
rose in eight of 12 patients. The median LIC declined from
315 to 230 µmol/g (p=0.02) at the end of study,
accompanied by a reduction of bone marrow siderosis.
The most common adverse events were mild and transient
gastrointestinal disturbances, skin rash, nonprogressive
transient increases in serum creatinine and urine β2-micro-
globulin, and a temporary reduction of the creatinine
clearance. The renal parameters normalized after end of
treatment. No hematologic toxicities were observed. Defer-
asirox proved to be effective in transfusion-dependent iron
overload in MDS by mobilizing iron deposits in liver and at
least stabilizing iron stores in bone marrow.
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Abbreviations
MDS myelodysplastic syndromes
LIC liver iron concentration
MRI magnetic resonance imaging
RA refractory anemia
RARS refractory anemia with ringed sideroblasts
RCMD refractory cytopenia with multilineage dysplasia
RAEB-I refractory anemia with excess of blasts
RBC red blood cells
AML acute myeloid leukemia
ALAT alanine aminotransferase
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Introduction

The myelodysplastic syndromes (MDS) are clonal disorders
of hematopoiesis which are characterized by dysplasia in
one or more cell lineages and peripheral cytopenia. For the
management of MDS patients, blood transfusions represent
the main component of supportive care. Ninety percent of
all MDS patients with permanent anemia become depen-
dent on blood transfusions to maintain their quality of life
and to survive. With every unit of transfused blood, the
patients receive approximately 200 to 250 mg iron [1]. As
there is no physiological mechanism to remove an excess of
body iron, regular blood transfusions inevitably lead to an
accumulation of iron in various tissues in these individuals.
If untreated, iron overload may cause damages in liver,
heart, pancreas, brain, joints, and endocrine tissues [2–4],
increasing morbidity and the risk of early death [1]. As
phlebotomy is not an option in MDS, the only way to
remove toxic iron and to prevent complications of
transfusion-dependent iron overload is, to date, rigorous
iron chelation therapy [5].

The current standard in iron chelation therapy is
deferoxamine mesylate (Desferal®). Long-term data col-
lected since the drug was introduced in the early 1960s
have demonstrated its safety and high efficacy in reducing
stored iron and the complications of iron burden, resulting
in decreased mortality in iron-overloaded subjects [6, 7].
Unfortunately, deferoxamine has a short plasma half-life
and an insufficient oral bioavailability. These features
require an intravenous or subcutaneous application of the
drug over a period of 8 to 12 h, usually five to seven times
a week. Alternatively, deferoxamine can be administered as
a subcutaneous bolus injection [8]. As a consequence of the
cumbersome administration, the compliance of the deferox-
amine therapy is often poor, resulting in limited efficacy. In
MDS patients, the applicability of deferoxamine is further
limited by the fact that the anemia is often associated with
severe thrombocytopenia and neutropenia in these individuals.

Due to the risk of bleeding and infection, orally
applicable iron chelators are of particular interest in
transfused MDS patients. The first oral iron chelator
deferiprone (Ferriprox®), introduced already 20 years ago,
did not fulfill the expectations. The license of the drug
remained limited to second-line therapy of patients with
thalassemia major, bearing the risk of neutropenia and
agranulocytosis in a frequency of about 0.5–1% [9–11].

Deferasirox (ICL670, Exjade®) is a once-a-day orally
active iron chelator formulated as a dispersible tablet with
high iron-binding potency and iron selectivity [12–14].
Deferasirox binds iron in a 2:1 ratio before being excreted
primarily in the bile [15]. A series of studies have
demonstrated its efficacy and safety in patients with
thalassemia major in a daily dose ranging between 20 and

30 mg/kg [12, 16–21]. So far, experiences regarding
treatment with deferasirox in individuals with diseases
other than thalassemia are only limited [20–22].

The aim of the present study was to investigate the
efficacy and tolerability of deferasirox in transfusion-
dependent iron-overloaded patients with MDS.

Patients and methods

The phase-II study was carried out between March 2004
and November 2006 in the III. Medizinische Universitätskli-
nik, Mannheim, Germany. The aim of the study was to
investigate the tolerability and effectiveness of deferasirox
(ICL670, Exjade®) in MDS patients with transfusion-induced
iron overload. The efficacy of deferasirox was monitored by
changes in serum ferritin, bone marrow iron, and liver iron
concentration (LIC), the latter parameter determined quanti-
tatively by magnetic resonance imaging (MRI).

MDS patients who received at least 20 blood trans-
fusions and who had a ferritin concentration >500 µg/L
were enrolled into the study, irrespective of prior chelation
therapy, age, and MDS subtype. Reasons for exclusion
were: alanine aminotransferase (ALAT) >250 U/L, increased
serum creatinine concentration (>1.3 mg/dL), proteinuria
>1,000 mg/day, acute or chronic viral hepatitis, HIV,
prolonged corrected QT interval, AV block II–III°, a history
of ocular toxicity related to iron chelation therapy, gastroin-
testinal conditions preventing absorption of an oral medica-
tion, alcohol abuse, or chemotherapy. The diagnosis of MDS
was performed according to the World Health Organization
(WHO) recommendations [23] by morphological evalua-
tions of a May–Grünwald–Giemsa-stained peripheral blood
and bone marrow smears, Prussian blue staining of bone
marrow, immunotyping, and cytogenetic analysis.

Treatment with deferasirox was started in all patients at a
dose of 20-mg/kg body weight. The drug was given once
daily each morning as a suspension in water, half an hour
before breakfast. The dose was escalated for 5 mg/kg every
3 months if the ferritin level decreased less than 10%
during this period. The maximal allowed dose was 30 mg/
kg. The therapy was discontinued when ferritin decreased
below 350 µg/L and reinstituted at 20 mg/kg when ferritin
concentration exceeded 500 µg/L again. Treatment was
scheduled for 12 months but could be extended at the
physicians’ discretion when patients had achieved a
reduction of iron overload. Clinical response was defined
as a reduction of ferritin concentration of at least 10% as
compared to baseline values. Blood transfusions were
regularly administered during the study period according
to the patient’s requirement.

Assessments for safety and efficacy were performed at
baseline, weekly in the first month after study initiation and
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after each dose escalation and at monthly intervals
afterwards. The check included physical examination and
extended laboratory testing including complete blood cell
count, serum analysis of electrolytes, zinc, copper, liver
enzymes, creatinine, β2-microglobulin, and urine analysis
of protein, creatinine, and β2-microglobulin. Iron parame-
ters tested included the serum analysis for ferritin, iron,
transferrin, transferrin saturation, and soluble transferrin
receptor. The serum ferritin concentration (normal value
35–310 μg/L for men, 25–210 μg/L for women) was
measured by an enzyme immunometric assay (Access
Ferritin immunoassay, Beckmann-Coulter, Krefeld, Ger-
many) based on enhanced luminescence. Electrocardio-
grams and ophthalmologic and auditory examinations were
performed every 3 months.

Iron stores were monitored by assessment of the iron
content in the bone marrow, liver, and heart at baseline and
every 3 months during the study. Bone marrow iron stores
were assessed semiquantitatively on Prussian-blue-stained
marrow smears according to the following scale: grade 0=
absent; 1=decreased; 2=normal; 3=increased; 4=markedly
increased; 5=massively increased. LIC was determined
quantitatively by T2*-weighted MRI as described previ-
ously [24–26]. An LIC >35-µmol/g liver tissue was
considered as iron overload. The changes in myocardial
siderosis were quantified by myocardial T2* MRI [27, 28].
The lower the T2* value in milliseconds (ms), the greater
the myocardial iron load (normal value >35 ms; pathologic
<25 ms, standard deviation ±20) [29, 30].

All statistical analyses were performed using the Graph-
Pad Prism (Version 4.0) statistical package for Windows.
Testing for statistical significance between baseline and
end-of-study values was performed using the Wilcoxon
matched pairs test, p values<0.05 were considered to be
statistically significant. Correlation coefficients were deter-
mined by Pearson’s correlation test.

The study was approved by the local ethics committee
and followed the Helsinki Declaration of 1975, as revised in
1983. Written informed consent was given by all patients.

Results

Twelve MDS patients (RA=4, RARS=1, RCMD=2,
RAEB-1=1, 5q–syndrome=4) with transfusion-dependent
iron overload were enrolled in this study. The median age
of the patients (four males, eight females) was 76 years
(range 53–91); nine patients (75%) were older than 70 years.
All patients were in a stable-disease phase when entering
the study. Median time from diagnosis of MDS to study
entry was 15.5 months (range 2–182). From time of
diagnosis to study entry, the patients received a median of
36 units (range 20–214) of red blood cells (RBC).

Patient characteristics are shown in Table 1. The
individual values of serum ferritin concentration, number
of RBC transfusions, dose of deferasirox, LIC, and bone
marrow iron in the course of the study are demonstrated in
Fig. 1.

Seven patients (nos. 1–7) were treated for 12 months
with deferasirox. In the remaining five patients, the study
had to be stopped after a median time of 4.7 months (range
1.0–7.5) due to reasons most probably not related to
deferasirox therapy. A 54-year-old patient (no. 8) was
withdrawn from the study 7.5 months after start of the
therapy for allogeneic stem cell transplantation. Another
patient (no. 9) developed acute myeloid leukemia
4.9 months after start of the treatment. An 80-year-old
woman (no. 10) died from pneumonia 1 month after start
with deferasirox. Two patients (nos. 11 and no. 12) died 4.7
and 2.2 months after initiation of the study from fatal
bleeding. The bleeding was the result of a nonprogressive
thrombocytopenia in one case; the other patient, a 91-year-
old male patient (no. 11), died from gastrointestinal
bleeding caused by sigma diverticulosis with normal
platelet counts. None of the fatal cases was considered as
study-drug-related.

In three of the seven patients who completed the study,
the deferasirox medication had to be discontinued for
adverse events. In one case (no. 1), treatment was
interrupted due to pneumonia for 2 weeks. In another
patient (no. 5), study medication was stopped for 1 week
because of a mild skin rash, which resolved spontaneously.
In another case (no. 7), deferasirox was withdrawn after
10 months as this patient developed a severe persistent
osteomyelitis of the humerus following an osteosynthesis
1 year before study entry. In the remaining patients, no
clinically apparent infection were observed.

Adverse events observed were infrequent and of mild
intensity. Nausea was seen in two patients; two patients
developed diarrhea occurring early after start of treatment
or dose escalation. These symptoms resolved spontaneously
without dose interruption in all cases. One patient devel-
oped a self-limiting atrial tachycardia after 2 months of
treatment at a daily deferasirox dose of 20 mg/kg. Two
patients developed a mild hyperbilirubinemia (1.26 and
1.87 mg/dL) which resolved without discontinuation of the
study medication. One patient showed a progressive
elevation in transaminase levels (ALAT maximal 426 U/L),
which lasted for 2 weeks. No abnormalities in serum
concentrations of potassium, sodium, or calcium were
observed. Serum copper and zinc levels fluctuated during
study without decreasing markedly. Hematological param-
eters were not significantly changed during the study
period.

Increased serum creatinine levels (normal 0.7–1.3 mg/dL)
were detected in seven patients during the study period,
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with a maximum of 1.56 mg/dL occurring 1 to 20 weeks
after start of treatment at a dose of deferasirox of 20 mg/
kg (n=5) and 25 mg/kg (n=2), respectively. Three of these
patients were the only study participants with a prether-
apeutic decreased creatinine clearance below 60 mL/min
(nos. 5, 11 and 12). The observed creatinine increase was
dose independent and transient without requiring any dose
adjustment. Eight of 12 patients had a serum creatinine
clearance below 100 mL/min at the start of study. During
the study period, all patients showed a serum creatinine
clearance below 100 mL/min at least at one laboratory
check, seven patients a value below 60 mL/min. In all
cases, the creatinine clearance returned to at least prether-
apeutic values at one of the subsequent revaluation under
continued deferasirox treatment.

Eleven patients showed an increase of urine β2-micro-
globulin at least once in the course of the study. In eight
patients, the increase persisted during the whole study. The

values observed in the individual patients showed an
enormous variability even with unchanged deferasirox dose
and normalized in all patients within a few weeks after the
study medication was terminated. The median β2-micro-
globulin concentration in the urine obtained 3 months after
study initiation was significantly higher when compared to
the baseline value (2,605 vs. 200 mg/L; p=0.02).

The median serum ferritin concentration of all patients at
start of study was 1,575 µg/L (range 665–6,900). Within
the first 4 weeks, in eight of 12 patients (67%), an increase
of the ferritin concentration was observed from a median of
1,382 µg/L (range 665–6,900) to a median of 1,834 µg/L
(range 1,093–6,975; p=0.4). In six of these individuals, the
increase was detected already at the first control after
1 week of treatment. The highest ferritin levels were
measured 4 weeks after the initiation of treatment, being
increased by 26.4% (range 8.4–165) when compared to the
pretreatment values.

Table 1 Clinical and laborato-
ry characteristics of all study
participants (n=12). Values are
presented as median (range)

Patient characteristics

Median age (years) 76 (53–91)
Gender (female; male) 8; 4
Units of RBC transfusions prior to study 36 (20 – 214)
Units of RBC transfusions during study 23 (6 – 50)
Serum ferritin (μg/L)
Baseline 1,575 (665–6,900)
Week 4 1,483 (455–6,975)
Month 3 1,449 (105–6,634)
Month 6 1,544 (689–4,968)
Month 9 1,108 (646–2,211)
Month 12 528 (327–3,052)
LIC (micromole iron per gram liver tissue, normal<35)
Baseline 315 (189–350)
Month 3 270 (190–350)
Month 6 230 (80–310)
Month 9 160 (56–270)
Month 12 230 (0–350)
Myocardial iron (normal>35 ms)
Baseline 26 (15–35)
Month 3 31 (21–43)
Month 6 33 (21–46)
Month 9 28 (22–34)
Month 12 29 (19–38)
Bone marrow iron (scale 0–5)
Baseline 5 (4–5)
Month 6 4 (1–5)
Month 12 3 (1–5)
Adverse effects (number of patients)
Increase of serum creatinine (>1.3 mg/L) 7/12
Rise of β2-micorglobuline in urine (>300 μg/L) 11/12
Decrease of creatinine clearance (<60 ml/min) 7/12
Increased transaminases (>2× normal value) 1/12
Hyperbilirubinemia 2/12
Diarrhea 2/12
Nausea 2/12
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In the seven patients receiving deferasirox for 12 months,
the median ferritin values decreased by a median of 67.5%
(range 20.0–94.7) from 1,575 µg/L (range 665–6,900) to
413 µg/L (range 105–3,052). The observed reduction was
not significant due to the rise of ferritin within the first

4 weeks of treatment. However, when comparing the
baseline values with the ferritin values obtained after the
first 4 weeks of treatment, the difference became significant
(1,483 µg/L, range 577–6,975; p=0.017). There were no
consistent changes in the levels of other iron tests such as
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serum iron, transferrin, transferrin saturation, or soluble
transferrin receptor.

Treatment had to be discontinued after 4.7 months in one
patient (no. 6) who showed an excellent response to
deferasirox at a dose of 20 mg/kg, with a decrease of ferritin
to 190 µg/L. After withdrawal of the chelation therapy due to
iron depletion, the serum ferritin rose subsequently to

515 µg/L. This process was paralleled by an increase of iron
deposits in bone marrow and liver (Table 1 and Fig. 1).

Bone marrow storage quantified by Prussian blue
staining showed a continuing reduction from the median
scale of grade 5 (range 4–5) to 3 (range 1–5, p=0.002) at
month 12. A decrease of hemosiderin was observed in six
of seven patients who received deferasirox for 12 months
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and in one other case who received chelation therapy for
6 months.

LIC as determined by T2*-weighted MRI fell signifi-
cantly from pretreatment values of 315-µmol/g liver tissue
(range 180–350) to 230-µmol/g liver tissue (range 0–350;
p=0.015) at month 12. Within the first 6 months, LIC
decreased by an average of 13% (range 0–55%). There was
no correlation found between serum ferritin levels and the
LIC.

In six of eight patients with available cardiac data, the
T2* relaxation time increased as a marker of improvement
in myocardial iron loading. In two of these patients, values
even normalized (T2* relaxation time >35 ms) within
12 months. The lowest cardiac iron concentration was
observed after 6 months of the treatment.

Discussion

The presented results show that deferasirox is an effective
oral alternative for iron chelation therapy in MDS patients
with secondary hemosiderosis. This is obvious from
dynamics of serum ferritin and LIC in the individual
patients.

Serum ferritin concentration mirrors the total body iron
load and is a well-established test to monitor the effect of
chelation therapy in transfusional iron overload. In all but
one of our MDS patients who finished the study as planned
and were treated with deferasirox for 12 months, ferritin
concentrations at the end of the study were below baseline
values. There was, however, a surprising phenomenon
observed during the initiation of treatment: instead of a
decrease, there was rather an increase of ferritin observed in
about 70% of the patients during the first 4 weeks of
deferasirox therapy. The rise was mostly detectable already
1 week after the medication was initiated. The highest
ferritin values were measured after 4 weeks, being
increased by 26.4% on average when compared to the
pretreatment values. A continuous decline of the ferritin
right from the start of study without an intermittent rise was
observed only in one patient with a low iron load, as
demonstrated by a low initial ferritin of 743 mg/L, only
moderately increased LIC of 230 µmol/g, and the lack of
transfusion requirement during the first 3 months of study.

The initial increase of ferritin observed in our study is of
general interest for the management of patients with iron
chelation therapy—at least for those receiving deferasirox.
Normally, an increase of ferritin in serum leads to dose
escalation as it is interpreted as a lack of efficacy. This was
also the case in our study design, where the deferasirox
dose had to be escalated when the ferritin levels did not
decline by at least 10% compared to the ferritin levels
obtained at the previously administered dose. Based on our

results, which showed a continuous decline of ferritin in
responders not before 6–8 weeks after start of treatment, we
recommend dose adjustment not until the third month of
treatment. This does not only apply for the initial therapy
but also for dose escalations later on.

The measurement of LIC by highly T2*-weighted MRI
was demonstrated to correlate well with the iron content
assessed by invasive liver biopsy [24, 27, 31]. Iron
determination by MRI is a reproducible, sensitive, and
noninvasive method that can reduce the need for liver
biopsies to assess liver iron content especially in thrombo-
cytopenic patients. The changes of LIC during the course of
our study confirm the high efficacy of deferasirox to
mobilize iron deposits from liver tissue [12, 32, 33]. Given
the fact that the primary goal of chelation therapy is to
reduce iron deposits, LIC assessment by MRI seems to be
the ideal tool to monitor the efficacy of chelation. In
contrast to ferritin, which only indirectly reflects the iron
stores and which is influenced by inflammation and liver
disorders and obviously also by the chelation therapy itself,
the MRI reliably allows a direct control of LIC. Regarding
our results which show a LIC decline in responders already
after 3–6 months, it is obviously possible to check the
success of treatment by this method as early as 3–6 months
after start of chelation therapy. From the clinical point of
view, before escalating the dose of deferasirox, it may be
recommendable to reevaluate body iron by LIC instead of
relying on the course of ferritin only.

MRI is not only of interest to determine LIC. A number
of studies have demonstrated that by measurement of T2*
relaxation time MRI may also be eligible to measure iron
overload in the heart, the most critical organ in this respect
[28, 34, 35]. Deferasirox is assumed to be inferior to
deferoxamine and deferiprone for the removal of excess
cardiac iron [36–38], but there are no comparative data that
exist in this regard. Removal of cardiac iron was shown
experimentally in animals with high doses of deferasirox
(100 mg/kg daily) but not in patients at doses of 10–
40 mg/kg [37, 38]. In our study, six out of eight patients
with available cardiac data showed a decline of myocardial
iron by the end of study. Interestingly, the lowest cardiac
iron values were observed at month 6. At this time, seven
of the eight patients improved when compared to baseline;
in four patients, the iron amount even normalized. The
reason for an increase of cardiac iron concentration in most
cases during the second half of our study despite dose
escalation of deferasirox remains unclear.

The most frequent adverse events with suspected
relationship to repeated administration of deferasirox con-
sisted of transient WHO grades I–II gastrointestinal
symptoms such as nausea and diarrhea, similarly found in
other studies [18, 21, 39, 40]. These common side effects
may be partly caused by the presence of lactose in the
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formulation of deferasirox [33] and did not require
treatment discontinuation in our patients.

Infectious complications observed in our study were
most probably not related to the study drug but rather the
result of the bone marrow suppression in MDS. Previous
studies on thalassemia patients have demonstrated that
infections were similarly frequent in iron chelation therapy
with deferasirox and deferoxamine [33]. The induction of
infections through iron chelation therapy would be rather
surprising, as a withdrawal of iron is considered as a
nonspecific defense mechanism and a common response to
systemic infections or generalized inflammatory disorders
[41].

Preclinical trials indicated that the kidney would be the
organ at risk for deferasirox toxicity. The main toxic effects
described were changes of renal tubular cells. The
nephrotoxicity was regarded to be caused by decompart-
mentalization of chelated iron and had been observed in
animals that were not heavily iron-overloaded [15]. Based
on these observations, a creatinine clearance of <60 mL/
min was determined as an exclusion criterion for defer-
asirox treatment as recommended by the manufacturer. This
is no problem in the cases of young thalassemia patients but
of concern in patients with MDS, which is primarily a
disease of the elderly, with a median age of 65–75 years
[42]. The creatinine clearance is mostly reduced due to a
physiological reduction of kidney weight and a reduced
number of glomerula. Several studies have shown that the
creatinine clearance allows only a poor estimation of renal
function in older individuals. Renal function is often
underestimated by this parameter [43–45] due to erroneous
urine sampling, reduced muscle mass because of reduced
physical activity, and low calorie intake in elderly people.

In concordance with studies on patients with thalassemia
[13, 16–19, 21, 39], we have shown that the renal function
is not permanently affected by deferasirox even in elderly
patients with MDS. This was the case in patients both with
normal renal function and with initially reduced creatinine
clearance. Even in patients with a creatinine clearance of
<60 mL/h at baseline, further impairment of the renal
parameters was only transitional, with parameters at the end
of the study being comparable to pretherapeutic values.

The determination of the β2-microglobulin levels in the
urine, considered to be a sign of tubular damage, proved to
be especially problematic in this context. Increased values
were found in almost all study participants, showing an
enormous day-to-day variability with the same deferasirox
doses. At the end of the study, the concentrations
normalized. Thus, the value of the β2-microglobulin
measurement as a sign of tubular damage during defer-
asirox therapy remains debatable.

Which is the optimal deferasirox dose for treatment of
iron overload in patients with MDS? The required dose

obviously depends primarily on the number of transfusions
required to maintain a stable hemoglobin level. As our
results show, a deferasirox dose of 20 mg/kg daily can
reduce LIC in many patients who need up to four RBC
units per month. There is no reason not to start chelation
therapy with this low dose to minimize costs and possible
side effects. An increase of the dose by 5 mg/kg is
justifiable only after a period of 3 months as described
above. The maximum dose of 30 mg/kg as recommended
by the manufacturer should not be exceeded, as the use of
higher doses in our experience is not necessary.

In contrast to other studies [5], we could not observe any
significant changes in hemoglobin levels and RBC require-
ments, no patient became transfusion independent. The lack
of improvement of the erythropoietic activity is possibly
explained by the relatively low number of patients in our
study. Furthermore, the relatively short period of chelation
treatment may also contribute to this result, as the
hematological improvement was reported to become evi-
dent mostly after 12 months [5].

The question of which patients should receive chelation
therapy is a matter of debate, which is of course influenced
by clinical and economical aspects [46]. Since iron
overload has no positive effect but impairs organ functions,
chelation therapy has to be considered necessary for all
patients whose life expectancy is longer than the time
period required for a measurable decrease in tissue iron
overload. In light of our data, which show a significant
reduction of LIC after 1 year of chelating therapy, there is
no reason why patients with a life expectancy of more than
1 year should be deprived of iron chelators beside
economical considerations. The consensus conference of
Nagasaki [47] recommends chelation therapy for all
patients with ferritin levels exceeding 1,000–2,000 μg/L.

In summary, deferasirox is an oral alternative for iron
chelation in MDS patients. The drug is well tolerated and
effective in decreasing iron overload and in mobilizing iron
deposits from liver tissue. The starting dose is 20 mg/kg;
dose escalation should be considered not before 3 months
of treatment. Suitable parameters of treatment efficacy are
serum ferritin and assessment of liver iron by MRI.

References

1. Porter JB (2001) Practical management of iron overload. Br J
Haematol 115(2):239–252

2. Britton RS, Leicester KL, Bacon BR (2002) Iron toxicity and
chelation therapy. Int J Hematol 76(3):219–228

3. Kushner JP, Porter JP, Olivieri NF (2001) Secondary iron
overload. Hematology Am Soc Hematol Educ Program
2001:47–61

4. McLaren GD, Muir WA, Kellermeyer RW (1983) Iron overload
disorders: natural history, pathogenesis, diagnosis, and therapy.
Crit Rev Clin Lab Sci 19(3):205–266

308 Ann Hematol (2009) 88:301–310



5. Jensen PD, Heickendorff L, Pedersen B, Bendix-Hansen K, Jensen
FT, Christensen T et al (1996) The effect of iron chelation on
haemopoiesis in MDS patients with transfusional iron overload. Br J
Haematol 94(2):288–299

6. Aessopos A, Farmakis D, Hatziliami A, Fragodimitri C,
Karabatsos F, Joussef J et al (2004) Cardiac status in well-
treated patients with thalassemia major. Eur J Haematol 73
(5):359–366

7. Wolfe L, Olivieri N, Sallan D, Colan S, Rose V, Propper R et al
(1985) Prevention of cardiac disease by subcutaneous deferox-
amine in patients with thalassemia major. N Engl J Med 312
(25):1600–1603

8. Borgna-Pignatti C, Franchini M, Gandini G, Vassanelli A, De
Gironcoli M, Aprili G (1998) Subcutaneous bolus injection of
deferoxamine in adult patients affected by onco-hematologic
diseases and iron overload. Haematologica 83(9):788–790

9. Ceci A, Baiardi P, Felisi M, Cappellini MD, Carnelli V, De S V,
Galanello R, Maggio A, Masera G, Piga A, Schettini F, Stefano I,
Tricta F (2002) The safety and effectiveness of deferiprone in a
large-scale, 3-year study in Italian patients. Br J Haematol 118
(1):330–336

10. Cohen AR, Galanello R, Piga A, Dipalma A, Vullo C, Tricta F
(2000) Safety profile of the oral iron chelator deferiprone: a
multicentre study. Br J Haematol 08(2):305–312

11. Hoffbrand AV, Cohen A, Hershko C (2003) Role of deferiprone in
chelation therapy for transfusional iron overload. Blood 102
(1):17–24

12. Cappellini MD, Cohen A, Piga A, Bejaoui M, Perrotta S, Agaoglu
L et al (2006) A phase 3 study of deferasirox (ICL670), a once-
daily oral iron chelator, in patients with beta-thalassemia. Blood
107(9):3455–3462

13. Cappellini MD (2005) Iron-chelating therapy with the new oral
agent ICL670 (Exjade). Best Pract Res Clin Haematol 18(2):289–
298

14. Hershko C, Konijn AM, Nick HP, Breuer W, Cabantchik ZI, Link
G (2001) ICL670A: a new synthetic oral chelator: evaluation in
hypertransfused rats with selective radioiron probes of hepatocellular
and reticuloendothelial iron stores and in iron-loaded rat heart cells in
culture. Blood 97(4):1115–1122

15. Nick H, Acklin P, Lattmann R, Buehlmayer P, Hauffe S,
Schupp J et al (2003) Development of tridentate iron chelators:
from desferrithiocin to ICL670. Curr Med Chem 10(12):1065–
1076

16. Galanello R, Piga A, Forni GL, Bertrand Y, Foschini ML,
Bordone E et al (2006) Phase II clinical evaluation of deferasirox,
a once-daily oral chelating agent, in pediatric patients with beta-
thalassemia major. Haematologica 91(10):1343–1351

17. Galanello R, Piga A, Alberti D, Rouan MC, Bigler H, Sechaud R
(2003) Safety, tolerability, and pharmacokinetics of ICL670, a
new orally active iron-chelating agent in patients with transfusion-
dependent iron overload due to beta-thalassemia. J Clin Pharma-
col 43(6):565–572

18. Nisbet-Brown E, Olivieri NF, Giardina PJ, Grady RW, Neufeld
EJ, Sechaud R et al (2003) Effectiveness and safety of ICL670 in
iron-loaded patients with thalassaemia: a randomised, double-
blind, placebo-controlled, dose-escalation trial. Lancet 361
(9369):1597–1602

19. Piga A, Galanello R, Forni GL, Cappellini MD, Origa R, Zappu A
et al (2006) Randomized phase II trial of deferasirox (Exjade,
ICL670), a once-daily, orally-administered iron chelator, in
comparison to deferoxamine in thalassemia patients with transfu-
sional iron overload. Haematologica 91(7):873–880

20. Porter J (2007) Clinical evaluation of deferasirox (Exjade((R)),
ICL670). Semin Hematol 44(2):16–20

21. Porter JB (2006) Deferasirox: an effective once-daily orally active
iron chelator. Drugs Today (Barc) 42(10):623–637

22. Goldberg SL (2007) Novel treatment options for transfusional iron
overload in patients with myelodysplastic syndromes. Leuk Res
31(Suppl 3):16–22

23. Jaffe ES, Harris NL, Stein H, Vardiman JW (2001) Pathology and
genetics of tumours of haematopoietic and lymphoid tissues.
IARC, Lyon

24. Gandon Y, Olivie D, Guyader D, Aube C, Oberti F, Sebille V et
al (2004) Non-invasive assessment of hepatic iron stores by
MRI. Lancet 363(9406):357–362

25. Wood JC, Enriquez C, Ghugre N, Tyzka JM, Carson S, Nelson
MD et al (2005) MRI R2 and R2* mapping accurately estimates
hepatic iron concentration in transfusion-dependent thalassemia
and sickle cell disease patients. Blood 106(4):1460–1465

26. Alexopoulou E, Stripeli F, Baras P, Seimenis I, Kattamis A, Ladis
V et al (2006) R2 relaxometry with MRI for the quantification of
tissue iron overload in beta-thalassemic patients. J Magn Reson
Imaging 23(2):163–170

27. Pennell DJ, Berdoukas V, Karagiorga M, Ladis V, Piga A,
Aessopos A et al (2006) Randomized controlled trial of
deferiprone or deferoxamine in beta-thalassemia major patients
with asymptomatic myocardial siderosis. Blood 107(9):3738–
3744

28. Wood JC, Otto-Duessel M, Aguilar M, Nick H, Nelson MD,
Coates TD et al (2005) Cardiac iron determines cardiac T2*, T2,
and T1 in the gerbil model of iron cardiomyopathy. Circulation
112(4):535–543

29. Tanner MA, Galanello R, Dessi C, Smith GC, Westwood MA,
Agus A et al (2007) A randomized, placebo-controlled, double-
blind trial of the effect of combined therapy with deferoxamine
and deferiprone on myocardial iron in thalassemia major using
cardiovascular magnetic resonance. Circulation 115(4):1876–1884

30. Westwood MA, Firmin DN, Gildo M, Renzo G, Stathis G,
Markissia K et al (2005) Intercentre reproducibility of magnetic
resonance T2* measurements of myocardial iron in thalassaemia.
Int J Cardiovasc Imaging 21(5):531–538

31. Rose C, Vandevenne P, Bourgeois E, Cambier N, Ernst O (2006)
Liver iron content assessment by routine and simple magnetic
resonance imaging procedure in highly transfused patients. Eur J
Haematol 77(2):145–149

32. Greenberg PL (2006) Myelodysplastic syndromes: iron overload
consequences and current chelating therapies. J Natl Compr Canc
Netw 4(1):91–96

33. Vichinsky E, Onyekwere O, Porter J, Swerdlow P, Eckman J,
Lane P et al (2007) A randomised comparison of deferasirox
versus deferoxamine for the treatment of transfusional iron
overload in sickle cell disease. Br J Haematol 136(3):501–508

34. Mavrogeni SI, Markussis V, Kaklamanis L, Tsiapras D, Paraskevaidis
I, Karavolias G et al (2005) A comparison of magnetic resonance
imaging and cardiac biopsy in the evaluation of heart iron
overload in patients with beta-thalassemia major. Eur J Haematol
75(3):241–247

35. Pennell D (2006) MRI and iron-overload cardiomyopathy in
thalassaemia. Circulation 113(11):43–44

36. Kontoghiorghes GJ (2007) Deferasirox: uncertain future follow-
ing renal failure fatalities, agranulocytosis and other toxicities.
Expert Opin Drug Saf 6(3):235–239

37. Wood JC, Otto-Duessel M, Gonzalez I, Aguilar MI, Shimada H,
Nick H et al (2006) Deferasirox and deferiprone remove cardiac
iron in the iron-overloaded gerbil. Transl Res 148(5):272–280

38. Kontoghiorghes GJ (2005) Effects of ICL670 (deferasirox) on
cardiac iron concentrations. Lancet 366(9488):804

39. Maggio A (2007) Light and shadows in the iron chelation
treatment of haematological diseases. Br J Haematol 138
(4):407–421

40. Porter J, Galanello R, Saglio G, Neufeld EJ, Vichinsky E,
Cappellini MD et al (2007) Relative response of patients with

Ann Hematol (2009) 88:301–310 309



myelodysplastic syndromes and other transfusion-dependent
anaemias to deferasirox (ICL670): a 1-yr prospective study. Eur
J Haematol 80:168–176, PMID 18028431

41. Weiss G (2002) Pathogenesis and treatment of anaemia of chronic
disease. Blood Rev 16(2):87–96

42. Aul C, Germing U, Gattermann N, Minning H (1998) Increasing
incidence of myelodysplastic syndromes: real or fictitious? Leuk
Res 22(1):93–100

43. Burkhardt H, Bojarsky G, Gretz N, Gladisch R (2002) Creatinine
clearance, Cockcroft-Gault formula and cystatin C: estimators of true
glomerular filtration rate in the elderly? Gerontology 48(3):140–146

44. Waller DG, Fleming JS, Ramsey B, Gray J (1991) The accuracy
of creatinine clearance with and without urine collection as a
measure of glomerular filtration rate. Postgrad Med J 67(783):42–
46

45. Walser M (1998) Assessing renal function from creatinine
measurements in adults with chronic renal failure. Am J Kidney
Dis 32(1):23–31

46. Tefferi A (2006) Iron chelation therapy for myelodysplastic
syndrome: if and when. Mayo Clin Proc 81(2):197–198

47. Abstracts of the 8th International Symposium on Myelodysplastic
Syndromes. Nagasaki, Japan (2005) Leuk Res 29(1):1–78

310 Ann Hematol (2009) 88:301–310


	Deferasirox in MDS patients with transfusion-caused iron overload—a phase-II study
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


