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Abstract: Iron overload may play an important role in increasing morbidity and mortality in patients with
thalassemia major.In transfusion-dependent thalassemia, iron-chelation therapy is themain choice to decrease
iron burden. Deferasirox (DFX) and desferrioxamine (DFO) were recognized as main chelators in the novel
history of iron chelation therapy in thalassemic patients. Deferasirox was the latest up to date iron chelation
drug, which was given orally, while parenteral desferrioxamine was the first used one historically. This study
aimed to evaluate iron chelation performance of DFX in comparison with DFO in beta-thalassemia major
patients. Throughout a 12 months’ period, beta- thalassemia major patients whom were regularly followed up
in the biggest thalassemia center in Iraq were studied retrospectively, and divided into two categories according
to iron chelating drug used.Patients on DFX and DFO were 1083 and 317, respectively. Serum ferritin
reduction after one year was comparable for both groups, but a significant lowering in LIC was achieved by
DFX. Again; non-significant results of LVEF were found. Patients decided to stop taking DFO more
significantly than DFX. We reached a conclusion that deferasirox had a higher potential as an iron chelation
therapy when matched with desferrioxamine.
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. Introduction

Thalassemias are inherited disorders that result in the decreased synthesis or complete absence of the
beta or alpha globin chains of hemoglobin. Patients required chronic blood transfusions, which in turn may lead
to chronic iron overload, that if left without a possible management could drive the road to chronic morbidity,
and mortality, as iron accumulation is unavoidable event in thalassemia major patients.[1,2]lron burden is the
main cause of complications in transfusion-dependent thalassemia (thalassemia major), including cirrhosis of
the liver, endocrine, and heart problems. [2,3]Liver iron concentration (LIC) levels and serum ferritin readings
are good reflection to iron overload, which are usually evident after a single or a couple of years following
regular blood transfusion initiation. [4,5]A great improvement in the survival of patients with thalassemia had
been linked to iron chelation therapy[6], where the body has no active mechanism to excrete accumulated iron,
which leads to tissue damage. [7,8]Deferasirox is a member of a new class of tridentates iron chelators, given
orally once daily, has a half-life (t;,)of 8 — 16 hours.Glucuronidation with hepatobiliary excretion into stool is
the usual path by which metabolism and elimination of the drug with iron chelate have taken place. Deferasirox
enters cells to remove iron. [9,10]

Desferrioxamine (DFO)mesylate (or sometimes called deferoxamine) isa naturally occurring
trihydroxamic acid produced by Streptomyces pilosus, iron excretion is stimulated into urine in patients with
thalassemia major. It has a positive effect on morbidity and mortality in iron overloaded thalassemia patients.
Nevertheless; patients are poorly adhered to treatment because it has to be given by slow subcutaneous or
intravenous infusion (through a pump) over 8 to 12 hours, 5 to 7 nights a week. [10,11]In Iraq, according to our
observations, all hereditary anemia centers were used to use desferrioxamine (DFQO) as a sole iron chelation
therapy till late 2010, where deferasirox (DFX) was recently started for some patients, and since that time, this
drug is involved in practice progressively as it was orally administered rather than previous iron chelator which
was given parenterally.[12]

1. Aim of the study
Trying to investigate the ability of deferasirox and desferrioxamine in terms of iron chelation and
related parameters.
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I11. Patients & Methods

Beta-thalassemia major patients whom regularly visited Hereditary Anemia Center at Ibn Albaladi
Hospital in Baghdad were evaluated for 12 months in this retrospective, single center study which started on 1%
of July 2016 and ended on 30" of June 2017.All patients should be >2 years old, andreceived regular (frequent)
red blood cell transfusions (at least once each 5-6 weeks).Patients were divided into 2 groups according to iron
chelation type; first group contained patients taking deferasirox (Exjade, Novartis), while patients on
desferrioxamine (desferal,Novartis) were representing the second group, both drugs were supplied free of charge
through Iragi ministry of health.At the start of this study, all involved patients had serum ferritin levels >1000
ug/L, free of renal complications (serum creatinine less than upper normal limit (UNL) through laboratory
parameters), and with normal platelet count (150000 — 400000 /mm3).

Echocardiography study readings were documented; measurements of left ventricular ejection fraction
(LVEF) were categorized according to Westwood criteria: lower normal limit 59 for males, and 63 for females.
[13]Patients whom had alanine aminotransferase (ALT) levels more than 5 times the upper normal limit were
out of the study from the start.Total iron overload was monitored by measuring serum ferritin levels before and
3-monthly after starting iron chelation therapy, and liver iron concentration (LIC) measured through magnetic
resonance imaging (MRI), done at baseline and after one year.In both groups, dose of deferasirox was 20 - 40
mg/kg/day orally, and for desferrioxamine, it was 30 — 60 mg/kg/day subcutaneously over 8 — 12 hours, 5- 7
times per week,depending on number of transfusions and pre- dose serum ferritin levels according to attending
physician’s decision, in line with TIF (Thalassemia International Federation) guidelines. [14]Every patientwas
monitored monthly by a complete medical history, and physical examination,accomplished by attending
hematologist.Compliance of registered patients was assessed by mandatory return back of empty packages and
direct interview with the treating physician, which was documented in medical files.Statistical work was
analyzed using SPSS (Statistical Package for the Social Sciences), version 22,all required tests were used as
needed during analysis process. To reach a level of statistical significance, p- value should be < 0.05.

V. Results
Total number of patients on deferasirox was 1406, while patients who met our inclusion criteria were
1083; 585 (54.02%) were males, and 498 (45.98%) were females. The other group of patients on
desferrioxamine whom in parallel with above criteriahad 317 patients out of a total 423 patients, 169 (53.31%)
were males, and 148 (46.69%) were females.Patients from both groups had comparable general characteristics
without touching a statistical significance (p value > 0.05), such as age, male : female ratio, pre-transfusion
hemoglobin level, and other parameters mentioned in Table (1).

Table (1): General characteristics of patients

. Deferasirox group (1083), | Desferrioxamine group )
Variable, mean = SD n (%) (317), n (%) P- value
Age (years) 15.6 £3.4 16.1+3.2 0.0198
Male : female (%) 54.02 : 45.98 53.31: 46.69 0.8236
Pre-transfusion hemoglobin 784009 75+08 0.1688
(g/d)
Total transfusions received
during study period 147+1.2 149+14 0.0122
Previous combination iron 0 o
chelating therapy, n (%) 55 (5.08%) 26 (8.20%) 0.0365

Serum ferritin in deferasirox (DFX) group was started with a level of 1924ug/L to reach 1384 at the end of
study period (EOS). Desferrioxamine (DFO) group ranged from 2341 till 1747ug/L after one year.Doses of
DFX and DFO were between 35.6, 49.7, at the start, and 38.6, 56.2, at the end of study (EOS), respectively.

More details are in Table (2).

Table (2): Time table of serum ferritin with doses of DFX and DFO

Deferasirox . .
(DFX) group: Desferrioxamine
Ti ' DFX dose, mg/ kg/ (DFO) group: mean DFO dose, mg/ kg/
ime mean serum o
. day, mean + SD serum ferritin, ug/L day, mean + SD
ferritin, ug/L (317)
(1083)
Baseline 1924 +38.8 356+12 2341 £57.9 49.7+0.9
3 months 2037 +35.6 39.3+16 2118 +485 53.4+0.3
6 months 1857 £42.3 38417 2019 £52.1 57.8+04
9 months 1572 +374 37.8+15 1853 +53. 4 55.6 £ 0.5
12 months 1384 £33.2 38.6+18 1747 £43.2 56.2+0.8
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Statistically significant (p value < 0.0001) net reduction in serum ferritin in deferasirox (DFX) group was 540
(28.07%) ug/L, while other group of desferrioxamine (DFO) had also a significant net reduction (p value <
0.0001), which was 594 (25.37%) ug/L. However; p- value between the groups was (0.3436) using paired t- test,
whichcould not reach statistical significance, so; no drug was superior over the other one in serum ferritin
reduction, with some favorability towards DFX. These resultsare simplifiedin figure (1).
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Fig. 1: Net reduction of serum ferritin in both groups of patients

Liver iron concentration (LIC), in mg/ g Fe dry weight measured by Magnetic Resonance Imaging
technique (MRI), was decreased in DFX group from 16.7 to reach 11.4 after one year. Patients treated with DFO
showed LIC of 13.2 at the end of our study out of a baseline reading of 16.1. Based on these LIC values that
were illustrated in figure (2); DFX had a statistically significant power (p < 0.0001) to lower iron in the liver
more than DFO, when applying a matched samples t-test.
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Fig. 2: LIC mean (mg/ gram Fe dry weight) at baseline and end of study period

Left ventricular ejection fraction (LVEF) measurements after one year (EOS) treatment with DFX and
DFO were close to each other, without a statistical significance, in spite of a slight increase in frequency of
patients < lower limit described byWestwood [12], where odds ratio > 1, as shown in Table (3), which pointed
out to more patients who had < lower limit of LVEF within deferasirox group.

Table (3):Comparison of LV ejection fraction after DFX, and DFO treatment

Left ventricularejection .
- DFX group DFO group - 95% CI (confidence )
fraction after: ?%.year (EOS). (1083), n (%) (317), n (%) Odds ratio interval) P-value
e <lower limit* 174 (16.07%) 47 (14.83%) 1.0996 0.7752 to 1.5600 0.5944
o >lower limit* 909 (83.93%) 270 (85.17%) 0.9094 0.6410 to 1.2901

“ Westwood criteria: lower normal limit is 63 for females, and 59 for males.
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Table (4) is concerned with compliance of our patients, regarding interim or constant drug stoppage.
Patient™s own viewpoint was a statistically significant cause after which DFO was halted more frequently, while
physician’s saw (whatever the cause was) did not reach significance.

Table (4):Causes of temporary pause in iron chelation therapy

. DFX group .
Cause of transient therapy DFO group . 95% CI (confidence )
cessation, n (%): (lo(f/f)) n (317), n (%) Odds ratio interval) P- value
. .. fan’ 54 (4.99% 14 (4.42% 1.1358 0.6223 to 2.0729 0.6783
e  Physician’s
decision, n (%)
g .05% .30% . . to 0. <0.
*  Patient's own 33(3.05%) | 39 (12.30% 0.2240 0138310 0.3628 0.0001
opinion, n (%)
V. Discussion

This study discussed the use of deferasirox (DFX) and desferrioxamine (DFO) in the management of
iron overload in beta-thalassemia major.It is important to have a glance on the Iraqi experience putting in mind
the available resources, as there are no published papers about Iraqgi patients yet, and even at other parts of the
world with such a big number of patients involved.Desferrioxamine (DFO) was the only used iron chelation
therapy in Iraq for many years,but compliance with the parenteral desferrioxamine (DFO) has proved struggling
to all patients with transfusional iron overload.[10,15]Recent development of deferasirox (DFX) as it wasgiven
orally rather than by injections, had made a revolution in the management of iron overload in these patients.
[10,16]In the current study, patients who took deferasirox (DFX) and desferrioxamine (DFO) had alike
(statistically non-significant) general features, including age, sex ratio, pre-transfusion hemoglobin
concentration, total transfusions received during study period, and previous combination iron chelating therapy,
this may be important to decrease any bias regarding iron overload appeared results. The presence of more than
one iron chelator would give a treating physician more options to respond to different iron overload
requirements, so that; having a similar effect on different body organs when using different chelators, was
considered as avital issue of concern. Advances in treatment approaches led to a closer survival rate of
thalassemia major cases to that of thalassemia intermedia.[17,18]

Our results corroborated the above opinions, when talking about serum ferritin and LIC, which
reflected patient’s body iron overload response to chelation therapy. [14,19]Less magnitude of serum ferritin
was noted in deferasirox group of patients; however; it did not catch significance. This was also mentioned by
another investigator [20], where deferasirox was more effective in eliminating iron load than desferrioxamine in
hemolytic anemias. [21,22]Some authors suggested that treatment adherence with deferasirox may be better than
that of desferrioxamine (DFO), and thus it should have led to improved long-term outcomes in transfusional
hemosiderosis [23].Even less optimistic authors said that deferasirox (DFX) had been shown to be as effective
as desferrioxamine(DFO) with a favorable safety profile in patients with different hemoglobinopathies.[20,24-
26]LIC (liver iron concentration) was used to assess severity of iron burden in thalassemic patients, it correlated
with serum ferritin, but also considered as a bad predictor of ferritin in some types of thalassemia, even in
transfusional dependent patients.[5,27]Deferasirox patients in our sample had lower LIC readings after one year
of chelation, proved by a statistical significance, animal research reports [28], as well as human’s data [29],
moved forward with our results, but other workers stated a contradictory view, with lower serum ferritin
measures and LIC when using DFO. This might be justified by lower starting ferritin readings in DFO group of
patients more than DFX within their published data. [L7]MRI T2* technique used to measure cardiac iron
accumulation [30], was not widely available in our center, echocardiography evaluation to measure left
ventricular diastolic function as an early sign of cardiac iron overload, was monitored instead. [13,29]Analogous
results of LVEF were found, which means both chelators had a good impact on myocardial iron load. This was
supported by other writers.[13,31]

From our statistically significant point of view, patients preferred to stop taking DFO more than DFX,
which might be related to DFO parenteral method of administration, affecting their compliance, efficacy, and
overall performance. [10,32,33]Standing on above details when comparing DFX with DFO in thalassemia
patients; “a trend toward superiority for deferasirox” was felt by authors of CORDELIA study, while Al-
Kuraishyetal. published a clear statement that favored deferasirox over desferrioxamine regarding iron
chelation. [22,31]

VI. Conclusion
A more potent, stable, and tolerable removal of excess body iron was fulfilled using deferasirox, rather than
desferrioxamine.
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