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Abstract

Objectives: To examine the efficacy of deferasirox (DFX) by comparison with deferoxamine

(DFO) in managing iron overload in patients with sickle cell anaemia (SCA).

Methods: Online databases were systematically searched for studies published from January

2007 to July 2022 that had investigated the efficacy of DFX compared with DFO in managing iron

overload in patients with SCA.

Results: Of the 316 articles identified, three randomized clinical trials met the inclusion criteria.

Meta-analysis of liver tissue iron concentration (LIC) showed that iron overload was not signif-

icantly higher in the DFX group compared with DFO group (WMD, �1.61mg Fe/g dw (95% CI

�4.42 to 1.21). However, iron overload as measured by serum ferritin was significantly lower in

DFO compared with DFX group (WMD, 278.13 mg/l (95% CI 36.69 to 519.57). Although meta-

analysis was not performed on myocardial iron concentration due to incomplete data, the original

report found no significant difference between DFX and DFO.

Conclusion: While limited by the number of studies included in this meta-analysis, overall,

the results tend to show that DFX was as effective as DFO in managing iron overload in patients

with SCA.
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Introduction

Sickle Cell Anaemia (SCA) is the most
common monogenic inheritable blood
disorder and can result in multiple life-
threatening complications such as end-
organ damage, kidney disease, increased
stroke risk, increased susceptibility to infec-
tions and pulmonary problems.1–3 The
most common type of sickle cell disease is
the result of the inheritance of two alleles
(haemoglobin [Hb] SS) which causes the
production of an abnormal form of beta
(b)-globulin.4,5 Blood transfusion is one of
the key practices in the management of
patients with SCA. Despite its value,
blood transfusion is also associated with
iron overload which is a cause of significant
morbidity in these patients.6,7

Over the past 40 years, deferoxamine
(DFO) has been the treatment of choice
for iron overload,8 and its efficacy is well
established in patients with sickle cell dis-
ease.9–11 However, the need for overnight
infusion and issues such as infection at the
injection site, have been identified as limi-
tations that can lead to low compliance.
Deferasirox (DFX) is an orally absorbed
iron chelator that has been shown to be
effective in reducing iron overload in
patients with SCA.4,12 While previous sys-
tematic reviews have compared the efficacy
and safety of DFX with DFO, the chelation
regimens have focused on patients with
thalassemia.13–16 An area that requires
additional research is the comparative effec-
tiveness of DFX and DFO in managing
iron overload in patients with SCA.

Therefore, we conducted a systematic
review and meta-analysis according to

PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analyses)

guidance17 to compare the iron overload

reduction capacity of DFX relative to

DFO in patients with SCA.

Methods

The electronic databases and libraries of

PubMed Central (PMC), Google Scholar,

Embase, Medline, and Cochrane Library

were used to search and extract articles that

were published from January 2007 to July

2022 that had compared the efficacy of

DFX with DFO in reducing iron overload

in patients with SCA. Emphasis was put on

Random Control Trials (RCTs), cross-

sectional research, and experimental research.

Articles that could not be retrieved from the

databases were extracted from other online

libraries and archives using the title name or

DOI numbers. MeSH-related English words

such as “sickle cell anaemia”, “iron over-

load”, “deferasirox”, and “deferoxamine”

were used in the search. In addition to the

database search, we also reviewed reference

lists of retrieved studies to identify other

studies that met the inclusion criteria (i.e.,

‘snowballing approach’).
For a published report to be included in

the meta-analysis, it had to have measured

iron concentration in liver tissues, serum

ferritin, and/or myocardial iron concentra-

tion. Studies that focused on outcomes

other than iron overload and those that

focused on patients with thalassemia were

excluded from the analysis. Only English-

language publications were included.
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Two independent reviewers extracted the
data from the identified reports after first
performing a risk of bias analysis as recom-
mended by the Cochrane Handbook
Version 5.1.0.18 The following items were
extracted from the articles: first author;
study type; publication year; efficacy out-
comes; subgroup analysis. The two reviewers
selected the articles and a third researcher
resolved any differences of opinion. The
study was registered on the PROSPERO
online system (ID CRD42022350535).

Statistical Analyses

The meta-analysis was performed using
Review Manager software version 5.4
(RevMan 5.4). The data were pooled, and
intervention efficacy was performed for the
DFX and DFO groups. Mean difference,
standard deviation and 95% confidence inter-
vals (CI) were used to describe the data. The
level of evidence quality of each study was
estimated according to the guidelines of
Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE).18

The I2 statistic was used to assess statisti-
cal heterogeneity and the effect of pooling
each study. If I2 statistic �50% and
P< 0.05, a random effects model was
applied to the data. If no heterogeneity was
observed, a fixed effect model was to be
used. Forest plots were used to summarise
the pooled studies. A P-value <0.05 was
considered to indicate statistical significance.

Results

Of the 316 articles identified, 167 were
excluded due to duplication (Figure 1).
A further 68 articles were eliminated for
being non-English or animal studies,
24 were excluded due to being non-RCTs,
non-relevance to SCA, lack of intervention
measures, and failing to meet other inclu-
sion criteria and for seven studies the data
were not retrievable. Therefore, three

studies were included in the systematic
review (Table 1).19–21 All included studies
were RCTs, multicentre and were published
between 2007 and 2020. The number of par-
ticipants in each included study varied from
195 to 393.

The RCTs were assessed to determine
their value in the systematic review and
meta-analysis. Risk of bias was assessed
according to seven categories outlined in
assessment of risk of bias18 and according
to the risk of bias table (Figure 2) method-
ological quality of the included studies was
moderate

Iron overload was measured as serum
ferritin in all three studies,19–21 liver tissue
iron concentration in two studies19,21 and
myocardial iron concentration in one
study (Table 2).21 Other outcomes that
were assessed included, adverse events,
compliance and pharmacokinetic evalua-
tions but are not included in this meta-
analysis. Period of follow-up ranged from
24 to 52 weeks. Based on iron concentration
outcomes, there were no large or unex-
plained findings indicating that the incon-
sistency quality of the GRADE approach
was rated up.22

Of the two studies that assessed liver
tissue iron concentration only one study
was included in the analysis19 because of
missing SD data in the other study.
Overall, iron overload was not significantly
greater in the DFX group compared to the
DFO group (WMD, �1.61mgFe/gdw (95%
CI �4.42 to 1.21mgFe/gdw; P¼ 0.26)
(Figure 3). Heterogeneity was significant
(I2¼ 72%, P¼ 0.03). Further inspection of
the data showed that liver iron concentra-
tion showed no statistical difference for the
overall group of patients, weighted mean
difference (WMD) �0.20mgFe/g dw (95%
CI �2.98 to 2.58mgFe/g dw) nor for the
sub-group of patients receiving simple
transfusions (WMD, �0.20mg Fe/g dw
(95% CI �1.97 to 1.57mgFe/gdw).
However, for the sub-group of patients
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receiving exchange transfusions, the DFO-

treated patients showed a higher, statistically

significant reduction in liver tissue iron con-

centration (WMD�5.2mgFe/gdw (95% CI

�8.56 to �1.84mgFe/gdw).
Of the three studies that assessed serum

ferritin reduction, only two were included in

the statistical pooling,19,20 because of incom-
plete data in the other study. Overall, the

iron overload of the participants in the
DFO group, as measured by serum ferritin,

was significantly lower than those in the
DFX group (WMD, 278.13mg/l (95% CI

36.69 to 519.57mg/l; P¼ 0.02) (Figure 4).

Figure 1. Flow diagram of study selection.
Abbreviation: RCT, randomised controlled trial.
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No heterogeneity was observed (I2¼ 0%,
P¼ 0.02).

Myocardial iron concentration was only
recorded in one study.22 Meta-analysis was
not performed on this measure because of

insufficient data for our analysis but the
authors had reported no significant difference
between DFX and DFO in myocardial iron.

Discussion

Regularly transfused patients with SCA
are exposed to transfusion-related iron

overload. DFO has been the treatment
of choice for iron overload for the past
40 years.8 However, compliance concerns
and adverse complications associated with
DFO have increased interest in alternative
therapies. Orally administered DFX
offers an opportunity to improve outcomes
for patients through improved adher-
ence.23,24 Previous systematic reviews have
evaluated DFX by comparison with DFO
in their capacity to reduce iron overload but
have focused on patients with thalasse-
mia13–16 and so there is a need to evaluate

Table 1. Characteristics of the three studies included in the meta-analysis.

Study Countries

DFX

(n)

DFO

(n) Duration Dosage (DFX)

Vichinsky et al. 2007 19 USA, France, Italy,

UK, and Canada

135 68 52 weeks 10mg/kg/day

Vichinsky et al. 201320 Canada and USA 132 63 24 weeks 20mg/kg/day

Maggio et al. 202021 Italy, Egypt, Greece,

Albania, Cyprus,

Tunisia, and the UK

199 194 52 weeks 5–10mg/kg/day

(to a maximum

daily dose of 40mg/kg)

Abbreviations: DFX, deferasirox; DFO, deferoxamine.

Figure 2. Risk of Bias (RoB) graph as recommended by the Cochrane Handbook Version 5.1.0.18
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these iron chelating agents in patients

with SCA.
Although limited by the number of stud-

ies included in the review, the results of this

present meta-analysis showed that liver

iron concentration showed no difference

between DFX and DFO. A significant dif-

ference in serum ferritin was observed

between groups in favour of DFO, and

although meta-analysis was not performed

on myocardial iron concentration due to

incomplete data, the original report found

no significant difference between DFX and

DFO. Therefore, overall, the results tend to

show that DFX was as effective as DFO in

managing iron overload in patients with

SCA. These results are in agreement with

previous findings in thalassemia studies

that showed noninferiority of DFX com-

pared with DFO.25,26

The current study had several limitations.

For example, only three studies were includ-

ed in the meta-analysis, thus reducing the

pooling effect. However, large numbers of

patients were involved in these multicentre

studies. In addition, the meta-analysis

focused on efficacy measures (iron overload)

and so data on long-term safety of these iron

chelating agents needs to be evaluated.

Furthermore, the three studies were heterog-

enous in their different dosing regimens and

lengths of assessment periods.

Figure 3. Forest plot – Weighted mean difference of liver iron concentration (LIC) values in the defer-
asirox (DFX) and deferoxamine (DFO) groups.
a, LIC (overall population); b, LIC (subgroup receiving simple transfusions); c, LIC (subgroup receiving
exchange transfusions); total, number of patients.
Abbreviations: SD¼ standard deviation; IV¼weighted mean difference; CI¼ confidence interval;
df¼ degrees of freedom; Chi2¼ chi-square statistic; I2¼ I-square heterogeneity statistic; Z¼Z statistic.

Figure 4. Forest plot – Weighted mean difference of iron overload (serum ferritin) values in the defer-
asirox (DFX) and deferoxamine (DFO) groups.
Abbreviations: SD¼ standard deviation; IV¼weighted mean difference; CI¼ confidence interval;
df¼ degrees of freedom; Chi2¼ chi-square statistic; I2¼ I-square heterogeneity statistic; Z¼Z statistic.
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Chronic iron overload is a complication

that affects patients with SCA and other

haemoglobinopathies. Additional large,

multicentre, investigator sponsored studies

that focus on DFX by comparison with

DFO and other iron chelators are necessary

for the understanding of the efficacy and

safety of DFX in people with SCA. In addi-

tion, studies that examine different dosing

schedules and/or in sickle cell disease as a

whole, are also required.

Acknowledgments

The author would like to thank Mr. Ammar

Khojah and Mr. Anwar Refaei for their partic-

ipation in extracting the data.

Declaration of conflicting interests

The author declares that here are no conflicts of

interest.

Funding

This work received no external funding.

ORCID iD

Talal Qadah https://orcid.org/0000-0002-8425-

1119

References

1. Miller AC and Gladwin MT. Pulmonary

complications of sickle cell disease. Am J

Respir Crit Care Med 2012; 185: 1154–1165.
2. Inusa BPD, Hsu LL, Kohli N, et al. Sickle

Cell Disease-Genetics, Pathophysiology,

Clinical Presentation and Treatment. Int J

Neonatal Screen 2019; 5: 20.
3. Wood JC, Cohen AR, Pressel SL, et al.

Organ iron accumulation in chronically

transfused children with sickle cell anaemia:

baseline results from the TWiTCH trial. Br J

Haematol 2016; 172: 122–130.
4. Cancado R, Olivato MC, Bruniera P, et al.

Two-year analysis of efficacy and safety of

deferasirox treatment for transfusional iron

overload in sickle cell anemia patients. Acta

Haematol 2012; 128: 113–118.

5. Serjeant GR and Vichinsky E. Variability of

homozygous sickle cell disease: The role of

alpha and beta globin chain variation and

other factors. Blood Cells Mol Dis 2018;

70: 66–77.
6. Ballas SK, Zeidan AM, Duong VH, et al.

The effect of iron chelation therapy on over-

all survival in sickle cell disease and beta-

thalassemia: A systematic review. Am J

Hematol 2018; 93: 943–952.
7. Fung EB, Harmatz P, Milet M, et al.

Morbidity and mortality in chronically

transfused subjects with thalassemia and

sickle cell disease: A report from the multi-

center study of iron overload. Am J Hematol

2007; 82: 255–265.
8. Fortin PM, Fisher SA, Madgwick KV, et al.

Interventions for improving adherence to

iron chelation therapy in people with sickle

cell disease or thalassaemia. Cochrane

Database Syst Rev 2018; 5: CD012349.
9. Sridharan K and Sivaramakrishnan G.

Efficacy and safety of iron chelators in

thalassemia and sickle cell disease: a multiple

treatment comparison network meta-analysis

and trial sequential analysis. Expert Rev Clin

Pharmacol 2018; 11: 641–650.
10. Wu D, Wen X, Liu W, et al. Comparison of

the effects of deferasirox, deferoxamine, and

combination of deferasirox and deferox-

amine on an aplastic anemia mouse model

complicated with iron overload. Drug Des

Devel Ther 2018; 12: 1081–1091.
11. Calvaruso G, Vitrano A, Di Maggio R, et al.

Deferiprone versus deferoxamine in sickle

cell disease: results from a 5-year long-term

Italian multi-center randomized clinical

trial. Blood Cells Mol Dis 2014; 53: 265–271.
12. Kattamis A, Kwiatkowski J, Tricta F, et al.

PB2231: Rationale for the use of combina-

tion chelation therapy in patients with thal-

assemia syndromes or sickle cell anemia: a

systematic literature review. HemaSphere

2022; 6(suppl): 2101–2102.
13. Li J, Lin Y, Li X, et al. Economic

Evaluation of Chelation Regimens for

beta-Thalassemia Major: a Systematic

Review. Mediterr J Hematol Infect Dis

2019; 11: e2019036.
14. Maggio A, Filosa A, Vitrano A, et al.

Iron chelation therapy in thalassemia

8 Journal of International Medical Research

https://orcid.org/0000-0002-8425-1119
https://orcid.org/0000-0002-8425-1119
https://orcid.org/0000-0002-8425-1119


major: a systematic review with meta-
analyses of 1520 patients included on ran-
domized clinical trials. Blood Cells Mol Dis

2011; 47: 166–175.
15. Kuo KH and Mrkobrada M. A systematic

review and meta-analysis of deferiprone
monotherapy and in combination with
deferoxamine for reduction of iron overload
in chronically transfused patients with beta-
thalassemia. Hemoglobin 2014; 38: 409–421.

16. Li J, Wang P, Li X, et al. Cost-Utility Analysis
of four Chelation Regimens for beta-
thalassemia Major: a Chinese Perspective.
Mediterr J Hematol Infect Dis 2020; 12:
e2020029.

17. Page MJ, McKenzie JE, Bossuyt PM, et al.
The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews.
Syst Rev 2021; 10: 89.

18. Higgins J, Green S. Cochrane Handbook for
Systematic Reviews of Interventions Version
5.1.0 [updated March 2011]. Available from
https://handbook-5-1.cochrane.org/; 2011.

19. Vichinsky E, Onyekwere O, Porter J, et al. A
randomised comparison of deferasirox
versus deferoxamine for the treatment of
transfusional iron overload in sickle cell dis-
ease. Br J Haematol 2007; 136: 501–508.

20. Vichinsky E, Torres M, Minniti CP, et al.
Efficacy and safety of deferasirox compared
with deferoxamine in sickle cell disease: two-
year results including pharmacokinetics and

concomitant hydroxyurea. Am J Hematol

2013; 88: 1068–1073.
21. Maggio A, Kattamis A, Felisi M, et al.

Evaluation of the efficacy and safety of
deferiprone compared with deferasirox in
paediatric patients with transfusion-
dependent haemoglobinopathies (DEEP-2):
a multicentre, randomised, open-label, non-
inferiority, phase 3 trial. Lancet Haematol

2020; 7: e469–e478.
22. Guyatt GH, Oxman AD, Kunz R, et al.

GRADE guidelines: 7. Rating the quality
of evidence–inconsistency. J Clin Epidemiol

2011; 64: 1294–1302.
23. Cheng WY, Said Q, Hao Y, et al. Adherence

to iron chelation therapy in patients who
switched from deferasirox dispersible tablets
to deferasirox film-coated tablets. Curr Med

Res Opin 2018; 34: 1959–1966.
24. Locke M, Reddy PS and Badawy SM.

Adherence to Iron Chelation Therapy among
Adults with Thalassemia: A Systematic
Review. Hemoglobin 2022; 46: 201–213.

25. Dou H, Qin Y, Chen G, et al. Effectiveness
and Safety of Deferasirox in Thalassemia
with Iron Overload: A Meta-Analysis. Acta
Haematol 2019; 141: 32–42.

26. Pennell DJ, Porter JB, Piga A, et al. A 1-year

randomized controlled trial of deferasirox vs
deferoxamine for myocardial iron removal
in beta-thalassemia major (CORDELIA).
Blood 2014; 123: 1447–1454.

Qadah 9

https://handbook-5-1.cochrane.org/

	table-fn1-03000605221143290
	table-fn2-03000605221143290



