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Abstract

Transfusion-dependency is an independent prognostic factor for survival in myelodysplastic syndromes
(MDS). This negative impact is mainly due to the iron overload (IOL) consequent in large part to chronic
transfusion therapy because of its detrimental effects on cardiac, hepatic and endocrine functions. The main tools
useful for clinical diagnosis and monitoring of IOL should be serum ferritin, transferrin saturation and magnetic
resonance imaging.

If correctly evaluated, IOL is frequently observed in lower-risk MDS patients, and is more pronounced in
longer surviving individuals. A detrimental role of IOL in MDS patients has been documented in several studies,
showing a correlation with a shorter overall survival. Treatment of IOL with iron chelating therapy (ICT) has been
shown to prevent at least in part these negative effects. The goal of ICT in MDS patients is to prevent and treat

complications of IOL and to improve survival.
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Introduction

Myelodysplastic Syndromes (MDS) are a group of clonal disorders of
hematopoietic stem cells, characterized by peripheral blood cytopenias
with morphological dysplasia due to ineffective hematopoiesis, with
a variable but consistent risk of progression to acute myelogenous
leukemia (AML) [1]. MDS are one of the most common hematologic
malignancies, with an incidence varying from 3 to 12 cases per 100,000
people per year in the general population, which increase up to 15-50
cases per 100,000 in older patients (>70 years of age); the median age at
diagnosis is around 75 years in most of the series [2].

Clinical course of MDS is extremely heterogeneous; many MDS
patients have a life expectancy of several years, while others surviving
only a few months. The International Prognostic Score System (IPSS),
which is based on a combination of clinical, morphological and
cytogenetic criteria, is at present the best known and most widespread
system of prognostic classification of MDS [3]. According to the recently
revised version of this scoring system (R-IPSS), 5 different groups of
patients with an increasing risk of death or leukemic transformation
are recognized [4]. Moving from the “very-low” up to the “very-high”
risk, the median overall survival actually decreases from 8.8 years for
the “very-low” risk-group down to 0.8 years for the “very-high” risk,
respectively [4].

The clinical course of MDS is dominated by symptoms and signs
of bone marrow failure. Anemia is the most common clinical feature
of MDS: more than 50% of MDS patients at diagnosis present anemia
and actually almost all of them develop anemia during the course of
the disease [5].

Although chronic anemia is only seldom life-threatening, it can
lead to significant morbidity and it has a negative impact on both
performance status and overall survival [5]. In particular, anemia is per
se an important factor of risk for cardiovascular events that often lead
to both morbidity and death. In fact, more than 50% of MDS patients
with a “lower risk” disease actually die from causes different from MDS
itself, especially cardiac failure [5].

The majority of MDS patients during the course of the disease
develop a symptomatic anemia requiring transfusions of packed red

blood cells (PRBC), each of them containing approximately 200 mg of
elementary iron. Because of the fact that human beings are unable to
actively eliminate iron from the body, iron overload develops almost
inevitably in repetitively transfused patients, with a median assumption
of about 4 to 8 grams of iron per year; secondary emosiderosis yet
becomes evident when body iron content is above 7-14 grams, an
amount easily reached after receiving as few as 15-30 PRCB units [6].

Iron overload is associated with a worse outcome of MDS patients,
because of its negative impact on cardiac, hepatic and endocrine
functions [6,7] and its prevention and/or correction deserves particular
importance, especially in subjects with a longer life expectancy.
Although transfusion-dependency is not the only cause of iron
accumulation in aged and often frail MDS patients because iron
accumulation often starts before they became transfusion-dependent
[8], long-term transfusion therapy certainly is the most important
cause of iron overload in these patients.

In this review we critically examine the clinical impact of iron
overload on MDS patients and describe current available data
concerning its treatment, with particular interest on iron chelating
therapy (ICT).

Evaluation of iron overload

According to recent authoritative guidelines, the main tools useful
for clinical diagnosis and monitoring of iron overload should be serum
ferritin (SF), transferrin saturation and magnetic resonance (RM)
imaging [9].
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Serum ferritin is a practical, inexpensive and readily accessible
indicator of body iron burden, although additional methods are needed
for a precise diagnosis of iron overload.

The primary toxic form of iron, the non-transferrin bound iron
(NTBI), is detected when transferrin saturation exceeds 70% to 80%.
NTBI, generated when plasma iron exceeds the transferrin’s binding
capacity, combines with oxygen to form hydroxyl and oxygen radicals
that are defined as “reactive oxygen species” (ROS), and these toxic
elements cause lipid peroxidation, cell membrane protein DNA and
ultimately organ damage [8]. A particular sub-fraction of NTBI with
a strong capacity of catalyzing the generation of ROS is the so-called
labile plasma iron (LPI) [10].

NTBI and possibly LPI may be a more specific indicator of iron
overload than the SF [11], but their use in clinical practice is at present
limited. On the other hand, although SF is an acute phase reaction
protein and its levels may fluctuate in the short term in response to
different factors such as infection and inflammation, long-term trends
of SF affordably reflect underlying change in body iron stores and
provide a useful and practicable tool for monitoring iron overload [12].

A precise quantification of iron overload in a single specific
individual can be accurately obtained non-invasively by assessing
hepatic and cardiac iron content using T2* MR Imaging (T2* MRI) [13].
T2* represents the echo time necessary for a tissue to become twice as
dark. It may be thought of as a half-life, with small values representing
rapid signal loss. Alternatively, image darkening can be expressed by
R2%, its rate of darkening. Some investigators prefer to report R2* values
rather than T2* values, because R2* is directly proportional to iron
concentration [14]. T2*MRI has already been used to quantify heart,
liver and endocrine iron in transfusion-dependent MDS patients [15].
Although there is no linear correlation between hepatic and cardiac
iron overload [14], and iron toxicity may not only depend on the degree
of tissue iron accumulation but it might also be related to the extent of
chronic exposure to NTBI [16], cardiac assessment by T2* MRI allows
in vivo estimation of iron content, and, more important, is specific for
iron overload and unaffected by confounding factors.

Iron overload and Mds

If correctly evaluated, iron overload is frequently observed in
lower-risk MDS patients, especially in those patients with a long-term
history of anemia requiring chronic support of PRCB transfusions.
From a pathophysiologic point of view, long-term transfusion therapy
is certainly the most important cause of iron overload in these patients;
nevertheless, others mechanism(s) account for this phenomenon, and in
particular the role of the ineffective erythropoiesis. In MDS patients, in
fact, ineffective erythropoiesis which is seen in pure erythroid disorders
such as refractory anemia (RA) with or without ringed sideroblasts,
determines suppression of hepcidin production by hepatocytes [8].
Low hepcidin levels increase iron absorption from the intestine and
increase iron release from macrophages, which can occur even when
iron levels are already elevated [17].

The exact clinical impact of iron overload on morbidity and mortality
in regularly transfused MDS patients is not clearly demonstrated.

The effects of iron overload in MDS transfusion-dependent patients
have been analyzed in a retrospective analysis of 467 MDS patients [8].
In this study, iron overload had a relevant negative impact on clinical
outcome of this cohort of patients, in whom cardiac disease related
mortality and hepatic cirrhosis were the two more frequent cause of
death (51% and 8% respectively). Actually, MDS patients who died

from cardiac or hepatic failure had received a significantly higher
number of PRBC units than those who died from other causes. Iron
overload seems therefore to closely correlate to cardiac failure and
mortality, although it is difficult to determine how much cardiac risk
is attributable to iron overload, because MDS patients are usually older
and have several comorbidities that may precipitate cardiac risk [18].
However, experience in thalassemia major patients clearly demonstrates
that cardiac T2* is associated with systolic and diastolic ventricular
dysfunction [19]. A recent cross-sectional study in 75 consecutive
regularly transfused MDS patients assessing cardiac iron overload
by T2* RMI demonstrated a cardiac iron overload (T2* > 20 ms) in
18.2% of patients, and an inverse correlation between the number of
PRBC units transfused and cardiac T2* value was found [20]. In the
same study, the incidence of severe cardiac dysfunction as evaluated
by echocardiography was significantly higher MDS patients with T2*
>20 ms, thus indicating that iron overload impairs systolic function in
regularly transfused MDS patients [20].

Iron overload could impair survival in MDS not only through organ
damage due to iron accumulation, but also by accelerating progression
to AML [21]. An increase of toxic reactive oxygen compounds generated
by free iron has been shown to increase oxidative cellular stress and thus
probably it might contribute to ineffective hematopoiesis and genetic
instability of the MDS clone [22]. The risk of AML progression of MDS
patients was correlated with iron overload and transfusion-dependency
in a multivariate analysis evaluating the clinical factors possibly related
with leukemic evolution [23], and ICT has been shown to synergize in
vitro with vitamin D to promote monocyte differentiation in primary
AML cells. [24]

Finally, the increase in free iron that results from iron overload
conditions is a well-established risk factor for invasive fungal infection
(IFI) such as mucormycosis or aspergillosis, which account for a
significant proportion of deaths, in particular in “higher-risk” MDS
patients undergoing intensive chemotherapy or hematopoietic stem cell
transplantation [25].

Management of Iron Overload in Mds

Complications of transfusional iron overload may be prevented
and treated by an efficient ICT. Iron chelators are agents that promote
negative iron balance by binding and allowing excretion of iron in a
non-toxic form. Three iron chelators who can prevent or reduce iron
overload are at present available for clinical use: deferoxamine (DFO),
deferiprone (DFP) and deferasirox (DFX), and are utilised for ICT in
clinical practice. DFO was the first chelator introduced in the clinical
use for many years [26]. DFO retains indeed not a good compliance
because it is not orally available but requires long-term intravenous
or subcutaneous administration. DFP and DFX are oral chelators
given three and one time a day, respectively. DFP is usually avoided
in MDS patients and in individuals with aplastic anemia, due to its
potential to induce agranulocytosis [27]. Due to the proven efficacy,
oral administration and favorable pharmacokinetics, DFX is presently
recognized as the first-choice agent for ICT in several guidelines [12,28].
The starting daily dose of FDX is 10-20 mg/Kg and its dosage should be
adjusted according to the transfusional regimen, SF concentrations and
organ damage.

In general, the goal of ICT is to remove excess of iron from the body
in order to prevent or reduce its accumulation in the tissue. The benefits
of ICT for many years have been clearly demonstrated in transfusion-
dependent patients with thalassemia [29], and are more and more
convincingly reported also in MDS [30,31].
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The goal of ICT in MDS patients with iron overload is to prevent
and treat complications of iron overload and to improve survival.
At present, the role of ICT in MDS is largely speculative, due to the
absence of sufficiently large, prospective and randomized studies.
However, several small retrospective studies reported a beneficial effect
of regular ICT on survival and on the rate of leukemic transformation
in MDS patients [32,33].

Two more recent and larger clinical studies evaluated the efficacy of
DFX on 341 and 173 MDS patients, respectively [34,35]. In both these
studies data demonstrated that DFX effectively reduced serum ferritin,
hepatic damage and may contribute to increase cytopenias.

While there is therefore an increasing and quite clear evidence of
ICT efficacy on the reduction of iron overload in transfusion-dependent
MDS subjects, the effects of this treatment on overall survival of
transfusion-dependent MDS patients remain to be demonstrated. A
retrospective study conducted by Rose et al. on 97 patients with low-
risk or intermediate-1 MDS treated with ICT (mostly DFO) indeed
demonstrated a better overall survival for ICT treated patients than
untreated. The positive impact of ITC on survival of MDS patients may
not only depend on the prevention of organ damage, but also to the
decrement on infections and leukemogenesis [30].

Some emerging evidences indicate that ICT can actually improve
hematopoiesis and lead to a reduction or abolition of transfusion-
dependence in MDS patients. Positive effects on hematopoiesis were
anecdotally described in the past in subjects with MDS treated with DFO
or DFP. Actually, in 1996 Jensen et al. for the first time demonstrated
that ICT can improve the transfusion need in MDS patients [36]. In
more recent years, after the introduction of DFX in the clinical practice,
several small series or single case reports confirmed that ICT decreases
transfusion request in MDS patients [37-40]. Accordingly to these
reports, the EPIC trial, a prospective 1 year multicenter open-label
study on the effects of DFX treatment in 1744 patients with transfusion-
dependent anemias, showed that in the subset of MDS patients
erythroid responses -as defined according to IWG 2000 criteria [41]
were observed in 21.5% of patients, with a median time to response of
109 days [42].

The mechanism(s) by which ICT may lead to hematologic
improvement are unclear. The reduction of iron store induced by ICT
seems to up regulate erythropoietin response, resulting in hemoglobin
increase [43], and a recent in vitro study showed that DFX is a potent
inhibitor of nuclear factor kappa-light-chain-enhancer of activated B
cells, which is abnormally activated in MDS blast cells [44]. Other oft
target effects of DFX by which it can improve erythropoiesis are an
increase of chemosensitivity, a decrease of fungal infection rate, mTOR
inhibition [45], and a reduction of oxidative species, which are believed
to correlate with ineflicient erythropoiesis [46].

Interestingly, a recent retrospective case-control study showed that
DEFX synergizes with vitamin D to promote monocyte differentiation,
and it may increase the overall survival in elderly patients (10.4
months versus 4 months) [24]. Several recent practice guidelines
[12,28] therefore state ITC as recommended treatment in low-risk
and transfusion-dependent MDS patients with iron overload and in
patients with high-risk disease when they are responders to therapies
able to modify their life expectancy or have a HSCT in their program.
The decision to initiate ICT is usually taken after considering the
number of transfusions received as well as the measured iron burden.
The rate rather than the absolute number of PRBC units received may
be more relevant to the decision to start ICT in MDS patients. In fact,

an important consideration in deciding which patients are likely to
benefit most from ICT is the degree of transfusion-dependency. MDS
patients with significant transfusion dependency are most likely to need
ICT; in terms of iron burden, elevated SF levels or other evidence (T2*
RMI) of tissue iron overload are probably good indicators of a benefit
of ICT. Inception of ICT should not be decided uniquely on the basis of
serum ferritin level (< 1000 pg/ml) but it may be considered also after
they received just 10 to 20 red cell units. Another key consideration
includes the patient’s life expectancy. Even if in patients with a short
life expectancy ICT may not be justified because iron overload-related
complications may not have the time to emerge, it should be considered
that ICT may in many cases reverse existing complications due to iron
overload.

Conclusions

Iron overload is a problem of relevant importance in MDS patients,
especially for them with a lower-risk disease or candidate for a bone
marrow transplant.

ICT may improve quality of life and perhaps survival in MDS
patients and should be aimed at preventing cardiac and hepatic damage
due to transfusional overload in all patients with lower-risk MDS with
a life expectancy >1 year, and who have received 20 red blood cell units.

New prospective clinical studies addressing this topic are at present
ongoing and will be able to define in the near future the exact role of
ICT on the management of iron overload in patients with MDS, but still
now this treatment has to be considered as an important therapeutic
option for an optimal management of transfusion-dependent MDS
patients with iron overload.
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