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Introduction

Abnormal hemoglobin, also referred to as “hemoglobinopathy,”
is a relatively common condition prevalent among 7% of
the global population[1]. Major causes of common hemoglobino-
pathies include beta-thalassemia and sickle cell disease.
Unfortunately, a definitive cure has not been found yet for several
of these blood disorders. Consequently, the patients become
blood transfusion-dependent relatively early in their lives, becom-
ing vulnerable to the dangerous side effects of chronic iron over-
load due to the need of repeated blood transfusions[1].

A 2008 World Health Organization (WHO) report estimated
that each year more than 40 000 babies are born with beta-
thalassemia, of which approximately 25 500 suffer with transfu-
sion-dependent beta-thalassemia (TBT). In addition, approxi-
mately 1.5% of individuals worldwide carry beta-thalassemia.
Southeast Asia and the Eastern Mediterranean region have rela-
tively high beta-thalassemia prevalence and carrier rates. But
given the recent surge in immigration to the USA and Europe,
it could potentially be on the rise there as well[2]. These statistics
indicate an increasing global burden in the general population
due to increasing prevalence in addition to needs of continuous
blood transfusions and prolonged follow-ups.

The lack of physiologic mechanisms to remove excess iron in
the body renders transfusion-dependent patients prone to the
development of transfusional hemosiderosis, which in turn can
result in deposition of iron into heart muscle cells. Excess deposi-
tion can in turn lead to adverse effects on cardiac function such
as cardiac arrythmia and cardiomyopathy[3].

Currently, three oral iron chelators have been in use for the
management of transfusional iron overload in adults, including
deferiprone, deferasirox, and deferoxamine[1]. Deferiprone is
approved in over 60 countries for the treatment of transfusional
iron overload in adult and pediatric patients. Deferiprone tablets
are available for treatment in children aged 8 years and older in
the USA, and patients aged 3 years and older can use an oral
solution[3]. Recently, further trials have been conducted for its
use in infants and children.

Deferiprone’s mechanism of specifically targeting surplus iron
for its removal makes it a cornerstone in the treatment of
iron overload due to frequent blood transfusions. Mechanism of
action has been shown in Fig. 1. Children under 10 with transfu-
sion-dependent anemia and iron overload often benefit from defer-
iprone’s well-tolerated oral form. Despite its efficacy in efficiently
reducing excess iron, the necessity for further long-term safety and
efficacy studies especially in young children is emphasized. In the
realm of infants reliant on transfusions, deferiprone stands out due
to its promising iron-chelating abilities[4].

Methods

Data for this Review were identified by searches of PubMed,
Google Scholar, and references from relevant articles using the
search terms “deferiprone,” “iron chelation,” “transfusion,”
“iron overload,” “hemoglobinopathies,” and “thalassemia.”
Only randomized controlled trials (RCTs) published in English
between 2010 and 2023 were included.

Results

A total of three RCTs were included in this review, and 521
patients of pediatric population were included in the studies.
A total of 480 children had beta-thalassemia, 27 had sickle cell
disease, 5 had thalassemia drepanocytosis, and 6 had other hemo-
globinopathies. Few limitations of the included trials are small
sample size, lack of inclusion of several doses ranging from mini-
mum to maximum approved doses to determine an optimum dose,
and long-term effects of the iron chelation therapies on individuals.

First, the START trial (a prospective, multicenter, rando-
mized, double-blind, placebo-controlled trial) showed great pro-
mise for the use of early-start deferiprone in infants and children
with TBT. The trial showed promising results with an iron load
lower than the current serum ferritin (SF) threshold before
initiation of chelation therapy significantly more compared to
placebo, 66% compared to 38%, respectively. Furthermore,
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the deferiprone group exhibited statistically superior results in
various secondary outcomes. These included a longer time to
reach the SF iron overload threshold, a faster time to reach
a transferrin saturation (TSAT) value ≥60%, and a higher
mean TSAT compared to the placebo group.

No life-threatening complications or deaths were observed in
the study; therefore, the safety profile was satisfactory. Adverse
effects observed included pyrexia being the most common fol-
lowed by nasopharyngitis (34%), decreased neutrophil count
(28%), and gastroenteritis (16%), etc. There was also no statis-
tical difference seen in growth parameters (weight and height
Z-scores), creatinine, and prolactin in children of both groups,
highlighting deferiprone safety in growing children[5].

In another trial, the DEEP-2 study,[1] (a phase 3 non-inferiority
trial), the effectiveness and safety of deferiprone and deferasirox
were directly compared in pediatric patients with hemoglobino-
pathies that require transfusions. The trial successfully demon-
strated the non-inferiority of deferiprone compared to
deferasirox, with a similar proportion of patients achieving treat-
ment success in both groups. Furthermore, there were no discern-
ible variations between the two groups in terms of serious adverse
events or side effects related to the medication.

In another trial,[6] the efficacy of early-start deferiprone was
compared with delayed chelation therapy. In current clinical prac-
tice, chelation therapy in patients with transfusion-dependent
hemoglobinopathy is usually delayed until SF levels reach ≥1000
μg/L[7]. This is done to minimize the risk of iron depletion observed
with deferoxamine[8,9]. However, this delayed therapy leads to

iron accumulation in various organs of the body,[10,11] increasing
the risk for iron overload in future transfusions. The trial’s find-
ings showed that early start of deferiprone therapy at 50 mg/kg/
day significantly delays the onset of iron overload symptoms in
young children with newly diagnosed transfusion-dependent tha-
lassemia, which would otherwise occur after 5–10 blood transfu-
sions. Additionally, no serious side effects such as agranulocytosis,
neutropenia, or arthralgia were observed in this particular trial.

Discussion

In the above trials, deferiprone clearly demonstrates signifi-
cant effectiveness in reducing body iron levels comparable to
the therapies currently in use with minimal side effects.
Deferoxamine, administered through subcutaneous or intra-
venous infusion, is well-regarded for its efficacy in iron chela-
tion therapy. In contrast, deferasirox, an oral iron chelator, is
recognized for its convenient administration compared to
deferoxamine[12]. Deferiprone’s oral administration provides
advantages for infants averse to injections, while deferoxa-
mine typically involves subcutaneous or intravenous routes,
demanding cautious administration in infants[13].

Despite these considerations, deferiprone stands out as an iron
chelator with comparatively minimal side effects. The observed
neutropenia, gastrointestinal issues, and joint problems asso-
ciated with deferiprone, while existing, are generally well-toler-
ated, and there is no evidence suggesting a significant increase in
mortality or severe adverse events compared to its alternatives.

Figure 1. Deferiprone mechanism of action.
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Challenges in iron chelation therapies

Iron chelation therapy is essential for managing iron overload in
beta-thalassemia patients, but it presents several challenges that
need to be addressed to optimize treatment outcomes. Patient
compliance is among the most common challenge faced by
physicians when treating beta-thalassemia patients. As the iron
chelation therapy comprises of complex regimens often requir-
ing multiple daily doses or prolonged subcutaneous infusions,
which can be burdensome for patients.[14]

Adverse effects such as gastrointestinal disturbances, joint
pain, and skin reactions can also deter patients from adhering
to their prescribed regimen. Long-term use of some chelators can
cause toxicity in several organs such as the liver, kidneys, and
auditory and ocular systems. Certain chelators can also lead to
neutropenia or agranulocytosis, increasing the risk of infections.
Nausea, vomiting, and abdominal pain are common side effects
that can affect patient compliance. Furthermore, it can cause
heavy metal toxicities as well[15].

Variable response is also seen due to genetic differences which
can lead to differences in drug metabolism and response to
chelation therapy. Additionally, disease severity of iron overload
and the underlying thalassemia genotype can influence the effec-
tiveness of chelation therapy[16].

Strategies to improve compliance and minimize adverse
effects

Several strategies can be used to work on these challenges and
provide relief to these patients effectively. First, providing com-
prehensive education about the importance of chelation therapy,
its benefits, and how to manage side effects can empower
patients. In addition, developing chelators with longer half-
lives that require less frequent dosing can enhance compliance.
For example, long-acting oral formulations or depot injections
could reduce the treatment burden. Using a combination of
chelators with complementary pharmacokinetic profiles can
improve efficacy and reduce the required doses of each drug,
potentially minimizing side effects.

Advances in genes research can potentially now make it pos-
sible to identify genetic markers that predict response to chela-
tion therapy can help tailor treatments to individual patients,
optimizing efficacy and reducing adverse effects. On the other
hand, regular monitoring of biomarkers such as SF, liver iron
concentration, and hepcidin levels can provide adjustments in
chelation therapy to maintain optimal iron levels with minimal
toxicity and adverse effects. Developing chelators that specifi-
cally target iron-loaded tissues or cells can enhance efficacy and
reduce systemic toxicity. Nanoparticle-based delivery systems
are a promising area of research. Designing chelators that can
bind both free and protein-bound iron may offer more compre-
hensive iron clearance with fewer side effects.

Routine monitoring for early signs of organ toxicity, cytope-
nias, and other adverse effects allows for timely intervention and
dose adjustments. Moreover, utilizing magnetic resonance ima-
ging (MRI)-based techniques to noninvasively measure liver and
cardiac iron concentrations can provide accurate assessments of
iron overload and guide chelation therapy adjustments.

By addressing these challenges through a combination of
education, support, personalized medicine, novel therapies,
and comprehensive care, the management of iron overload in
beta-thalassemia patients can be significantly improved.

Risks of misdiagnosis and complications

To diagnose iron deficiency anemia (IDA) in a patient with
no underlying malignancy or inflammation, the test with high-
est specificity is detection of ferritin levels, which would be
<30 µg/L[17]. As it is an acute-phase reactant, ferritin levels
vary in the body, and its sole use for detection of iron overload
or iron deficiency states can result in misdiagnosis and potential
inadequate treatment. Literature shows that iron overload can
precipitate malignancy formation in postmenopausal women;
therefore, adequate diagnosis and treatment of iron overload
must be sought. Transferrin is also an acute-phase reactant
which decreases in iron overload and increases in iron deficiency,
and is therefore a more reliable marker for IDA. In one study,
the transferrin levels were measured in multiple patient popu-
lations, one of which were patients with iron overload[17]. The
difference in transferrin levels for this patient population was
significant for both cancer-related anemia and functional iron
deficiency.

In addition, the differentiation between a case of pure IDA
versus beta-thalassemia can be challenging, and although multi-
ple indices such as Mentzer index have been formulated, correct
diagnosis of either condition can prove to be a dillemma. In
one study, the use of Laser-assisted Optical Rotational Cell
Analyzer (LoRRca) ektacytometer has allowed the additional
use of osmotic gradient ektacytometry (OGE), which can detect
the osmotic gradient, cell hydration, and deformability of red
blood cells. All parameters of the Osmoscan curve were shown
to be statistically significant between IDA and beta-thalassemia
except one. This study provides evidence in favor of the use of
LoRRca and OGE for diagnosis IDA or beta-thalassemia[18].

Other recent studies (up to date) and research
developments

Other emerging chelators such as ferroportin inhibitors are
being investigated for their promising effects seen in recent
studies. Ferroportin inhibitors, which block iron export from
cells, are a new class of iron chelators. Ferroportin inhibitors act
by reducing iron absorption and promoting the retention of iron
within enterocytes and macrophages, thus decreasing systemic
iron levels[19]. Additionally, deferasirox advancements have been
made with new formulations of deferasirox, such as film-coated
tablets, have been developed to improve gastrointestinal toler-
ance and patient adherence. These formulations have shown
comparable efficacy to traditional forms but with fewer gastro-
intestinal side effects[20].

The application of combination therapies is another area
under investigation for the treatment of this disorder. A recent
clinical trial has investigated the combination of deferasirox and
deferiprone, showing that this combination can be more effec-
tive in reducing liver and cardiac iron compared to monother-
apy. This approach leverages the complementary mechanisms of
action of both chelators[1]. Furthermore, triple chelation therapy
has also been studied in exploring the efficacy of combining all
three major chelators (deferoxamine, deferiprone, and defera-
sirox) in patients with severe iron overload, showing potential as
well for more rapid and effective iron removal[21].

Gene therapy and gene editing are novel treatments being
applied to various diseases with the aim of curing patients.
Clinical trials are currently underway for beta-thalassemia
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patients as well, exploring the potential of these advanced thera-
pies. First, the CRISPR/Cas9 therapy is being ransacked in
ongoing clinical trials to edit the HBB gene mutation in beta-
thalassemia patients. The trials have shown encouraging results.
Early-phase trials have demonstrated the potential to increase
hemoglobin production and reduce the need for transfusions,
thereby mitigating iron overload[22].

Another gene therapy, which introduces a functional beta-
globin gene into the patient’s hematopoietic stem cells, has
shown promise in recent studies. Patients treated with
LentiGlobin BB305 have achieved transfusion independence,
reducing iron overload and the need for chelation therapy[23].

Hepcidin Mimetics and Modulators are another alternative
being investigated as they play an important role in iron meta-
bolism. Rusfertide, a hepcidin mimetic, is currently in clinical
trials and has shown promising results in regulating iron home-
ostasis. By mimicking the action of hepcidin, rusfertide can
decrease iron absorption and mobilization, effectively reducing
iron overload in polycythemia vera patients and could poten-
tially be able to treat beta-thalassemia patients with further
research[24]. Synthetic mini-hepcidins are also being developed
to treat iron overload. These small peptides have demonstrated
efficacy in preclinical studies in mice by increasing hepcidin
activity, leading to reduced iron absorption and improved iron
homeostasis[25].

Noninvasive monitoring including new MRI techniques, such
as T2* and R2* imaging, offer more precise quantification of
iron in the liver and heart. These methods provide a noninvasive
and accurate assessment of iron overload, enabling better mon-
itoring and adjustment of chelation therapy[26].

Recent studies have identified novel biomarkers, such as
serum hepcidin and erythroferrone levels, which can provide
insights into iron metabolism and guide personalized chelation
therapy[27].

Personalized medicine approaches are a relatively new
approach to handle this ailment. Advances in pharmacogenomics
are helping to tailor chelation therapy based on individual genetic
profiles. Research has identified genetic variants that affect che-
lator metabolism and efficacy, enabling more personalized and
effective treatment plans. Moreover, implementing TDM for
chelation therapy allows for precise dose adjustments based on
drug levels in the blood, optimizing efficacy and minimizing
toxicity[28].

Therefore, the field of iron chelation therapy for beta-
thalassemia is evolving rapidly, with significant advancements
in chelator development, combination therapies, gene therapy,
hepcidin modulation, and personalized medicine. Recent studies
underscore the importance of patient-centered care and the use
of advanced monitoring techniques to optimize treatment out-
comes. By staying abreast of these developments, health-care
providers can offer the most effective and up-to-date care for
beta-thalassemia patients, ultimately improving their quality of
life and long-term health outcomes.

Conclusion

In conclusion, deferiprone emerges as a promising solution for
effectively managing iron overload in infants undergoing trans-
fusions. Its oral administration and favorable safety profile posi-
tion it as a viable option for addressing excess iron in this

vulnerable population. However, careful consideration of its
benefits and potential risks by health-care professionals, coupled
with close monitoring during transfusion therapy, is crucial.
Further investigations and clinical trials are imperative to com-
prehensively grasp deferiprone’s long-term effectiveness and
safety in this patient group. This ongoing pursuit will refine
treatment approaches, enhance outcomes, and ultimately benefit
pediatric patients with transfusion-dependent conditions.
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