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Abstract 
Background: Deferasirox (DFX), Deferoxamine (DFO), and Deferiprone (DFP) are iron chelators that can be 
used in thalassemic patients with iron overload. 
Materials and Methods: This clinical trial was performed on 108 thalassemic patients who were randomly 
divided into group A (n=54) and B (n=54). Group A received combination of DFX and DFP, and group B 
received DFO and DFP for six months. Serum ferritin level was measured at the beginning of the study, 3, and 6 
months after the treatment; The heart and liver iron deposition rates were also measured at the beginning of the 
study, and 6 months after the treatment  in both groups and compared using Magnetic Resonance Imaging T2 
plus (MRI T2*).  
Results: The mean age of patients in group A and B was 17.29±4.3 and 17.89±5.61 years old, respectively. 
Serum ferritin level significantly reduced after the treatment (Serum ferritin level at baseline, 3, and 6 months 
after the treatment in Group A: 2476.25±1289.32, 2089.62±1051.64 and 1290.22±724.78 ng/ml, respectively; in 
Group B: 2044.63±989.82, 1341.30±887.62 and 1229.41±701.22 ng/ml, respectively) (p<0.01, for both groups). 
MRI T2* heart and liver was also improved at the end of the study in both groups (p<0.01, for both groups). 
However, the combination of DFO/DFP significantly decreased severity grades of liver iron deposition in 
comparison to DFX/DFP regimen after six months (p<0.01). 
Conclusion: The results of the present study indicated that both combination therapies of DFO/DFP and 
DFX/DFP could improve heart and liver MRI T2*. However, DFO/DFP combination therapy was more 
effective in reducing the severity grades of liver iron deposition.       
Keyword: Beta-thalassemia, Heart, Iron chelating agents, Iron overload, Liver  

 
 

Introduction 
β-thalassemia major is the homozygous 
form of β-thalassemia. This severe and 
progressive hemolytic anemia begins 
usually in the second six-month of life 
when hemoglobin β chains start to 
synthesize and replace the fetal 
hemoglobin. Upon the beginning of the 
hemolytic anemia, these patients require 
repeated blood transfusions for survival (1-
3). In the absence of iron chelators, iron is 
gradually accumulated in the patients’ 
body (5 gram per year) (4). Therefore, 

these patients need to iron chelators to 
prevent hemosiderosis and damage to 
various organs such as the heart, liver, and 
endocrine glands (5).  
Deferoxamine (DFO) as an iron chelator is 
the first line of treatment in β-thalassemic 
patients affected with an increase in iron 
levels due to the blood transfusion. DFO 
infuses through a subcutaneous (SC) pump 
for 8-12 hours at a dose of 20-40 mg/kg 
and increases urinary iron excretion (5-8). 
Although DFO is effective in controlling 
liver iron load, SC injection of DFO is not 
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able to prevent iron deposition in the heart 
of all patients; and Deferiprone (an oral 
iron chelator) is more effective than DFO 
in this regard (5). 
Deferiprone (DFP) is an oral iron chelator 
that induces the excretion of 70-90% of 
iron through urine (9) and it is more 
effective in controlling heart iron load than 
DFO in thalassemic patients (5). 
Therefore, Due to the higher effect of DFO 
in reducing liver iron deposition and DFP 
in reducing heart iron deposition, 
combination therapy with DFO and DFP is 
a selective treatment for thalassemic 
patients with high iron deposition in the 
heart and liver (10, 11). 
Deferasirox (DFX) is another iron chelator 
that was introduced in 2006. DFX is the 
oral form of deferoxamine approved by the 
U.S. Food and Drug Administration (FDA) 
and European Medicines Agency (EMA) 
for treatment of iron overload (12-14). 
DFX induces the excretion of 84% of iron 
through the stool and 8% of iron through 
the urine (14). This oral iron chelator is 
accepted by majority of patients, and has 
similar effects as DFO on iron removal 
(15). 
These drugs in spite of the therapeutic 
effects have side effects. They also can 
increase level of serum creatinine and liver 
enzymes that should be considered during 
treatment (10-17). 
The effect of combination therapy with 
DFO and DFP in thalassemic patients with 
high iron deposition in different organ has 
been proven in many studies (18). Oral 
combination therapy with DFX and DFP 
has been considered in these patients in 
recent years, but few studies have been 
carried out in this regard (19, 20), and 
more details have been needed.  
Therefore, the aim of the present study was 
to compare the effects of DFX and DFP 
combination therapy with the conventional 
treatment (DFO and DFP) in reducing the 
severity grading of the heart and liver iron 
deposition in β-thalassemia patients with 
frequent blood transfusion. 
 

Materials and Methods 
Study design and population 
This clinical trial was carried out on the 
blood transfusion dependent β-thalassemia 
patients treated in the thalassemic ward of 
Omid hospital affiliated with Isfahan 
University of Medical Sciences. This study 
was conducted April to October 2018. . In 
this study, all patients were under blood 
transfusions every 3/4 weeks. 
Methods 
The sample size was set as 50 each group 
considering 80% power and a 5% level of 
significance and using following equation: 
 

 
 
We recruited 108 eligible thalassemia 
patients in the study and randomly 
assigned them to group A and B. Two 
groups were then matched for age and 
gender, laboratory findings, and 
pretreatment heart and liver iron load 
based on Magnetic Resonance Imaging T2 
plus (MRI T2*). Demographic 
characteristics of patients were recorded in 
a questionnaire. Cell Blood Count (CBC), 
level of serum ferritin, liver function test, 
Creatinine (Cr), and a urine sample were 
measured for each patients at the 
beginning of the study. 
Group A (n=54) were treated with DFX at 
a dose of 20-40 mg/kg/day/Oral (Tab: 125, 
250, 500 mg, Osveah pharma. Iran) half an 
hour before breakfast and DFP at a dose of 
75 mg/kg/day/PO (Tab 500 mg, Avicenna 
Laboratories Inc. Iran) for six months. 
Group B (n=54) were also treated with 
DFO at a dose of 20-50 mg/kg/day (Vial 
Desfonak 500 mg/ Ronak pharma. Iran) 
subcutaneously via an infusion pump 
during 8-12 hr and DFP at a dose of 75 
mg/kg/day/PO for six months. 
Patients were visited once a month and 
examined in terms of gastrointestinal side 
effects, joint pain, skin rash, elevated level 
of serum AST, ALT, and Cr, proteinuria, 
neutropenia, agranulocytosis, and 
thrombocytopenia. Ferritin levels were 
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also measured in the third and sixth month 
of treatment (Figure 1). Heart and liver 
iron deposition were measured using MRI 
T2* at Noor MRI Center in Tehran before 
and six months after treatment. Based on 
this method, the heart and liver relaxation 
time (msec), which indicates the relative 
amount of iron deposition in the heart and 
liver, was measured and the severity of 
iron deposition was graded from normal to 
severe (Table I) (15). 
Serum ferritin level was measured by 
chemiluminescence immunoassay method 
(IRMA Kit, Padtan Gostar Isar, Iran). 
Serum ALT and AST levels were 
measured by autoanalyzer and Pars 
Azmoon Kits (Karaj, Iran). Serum 
creatinine level was measured by Jaffe 
method (Delta Drman Part, Iran). Cells 
blood was counted by automated 
hematology analyzer Sysmex KX-21N. 
Inclusion and exclusion criteria 
Inclusion criteria 
The inclusion criteria were as follows:  

1. A confirmed diagnosis of major β-
thalassemia (21), 

2. age more than 10 years, 
3. serum ferritin more than 1000 

ng/ml, 
4. mild, moderate, or severe iron 

deposition level in heart or liver 
according to MRI T2*, 

5. not using combination therapy 
before entering the study, 

6. having liver and renal with normal 
function, 

7. and absence of digestive problems 
before entering in the study. 

Exclusion criteria  
Exclusion criteria were as follows: 

1. Abnormal serum level of AST and 
ALT, 

2. serum creatinine levels more than 
normal levels, 

3. presence of protein in urine sample, 
4. having history of gastrointestinal 

problems, 
5. having history of drug sensitivity to 

iron chelators,  

6. and presence of neutropenia (˂ 
1500 per microliter) or 
thrombocytopenia (Platelet count 
<150000 per microliter) in CBC. 

 
Ethical consideration 
This study was approved by the local 
Ethics Committee of Isfahan University of 
Medical Sciences (Ethical code: IR. 
IUMS. REC. 397106) and registered on 
the Iranian Registry of Clinical Trials 
website (IRCT20190106042262N1). In 
addition, a written informed consent was 
obtained from each of the participants. 
Statistical Analysis 
All recorded data were entered into the 
Statistical Package for Social Sciences 
version 18.0 (SPSS Inc, Chicago, Illinois, 
USA). Paired t-test, and independent t-test 
were used to analyze the difference 
between the values obtained at baseline 
and six months after the treatment. Non-
parametric test was also used when the 
assumptions of the t-tests were seriously 
violated. Changes in serum ferritin level in 
each group during the study were analyzed 
using one way repeated measures ANOVA 
test. Two way repeated measures ANOVA 
test was used for comparing serum ferritin 
level and MRI T2* values between two 
groups. The categorical measures were 
analyzed with chi-square test. In all tests, 
p<0.05 was considered the significance 
level. 

 
Results 
A total of 107 patients (53 males and 54 
female) with a mean age of 17.59±4.9 
years (ranging from 10 to 26) were 
included in this study. Patients were 
divided to two groups of A and B. 
Group A included 54 patients with the age 
range of 10 to 26 years old. Only one 
patient in group A did not continue the 
treatment. Regarding age, 23 patients were 
males and 30 ones were females. Group B 
included 54 patients (30 males and 24 
females) who aged 12 to 25 years old. 
Demographic and basic laboratory findings 
of the patients in two groups are shown in 
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Table II. As seen, the patients had no 
significant differences at baseline. 
Effect of combination therapy on serum 
ferritin levels  
Six months after treatment, mean± SD 
level of serum ferritin was significantly 
decreased in comparison with the baseline 
in both groups (P<0.01) according to one 
way repeated measures ANOVA test. 
However, two way repeated measures 
ANOVA test didn't show any significant 
difference between two groups in terms of 
the level of serum ferritin reduction 
(Figure 2).  
Reducing effect of combination therapy 
on heart and liver iron load 
Paired t-test indicated that liver and heart 
relaxation time in Group A and B 
significantly increased six months after the 
treatment (P<0.01 for both groups). 
However, two way repeated measures 
ANOVA test did not show significant 
difference between groups in term of 
increasing time of heart and liver 
relaxation (Table III). 
Effect of combination therapy on severity 
grading of the heart and liver iron 
deposition  
As shown in Figure 3, there was no 
significant difference between two groups 
(A and B) in terms of the baseline severity 

grading of iron deposition in the liver 
(P=0.268) and heart (P=0.694). 
At the end of treatment, the severity 
grading of the liver iron deposition led to 
significant difference between two groups 
(P<0.01). However, there was no 
significant difference between two groups 
in terms of reducing the severity grading 
of iron deposition in heart at the end of 
study (P= 0.558). 
Side effects and drug tolerance 
The most frequent complaints in group A 
were gastrointestinal problems, nausea, 
and abdominal pain (n=7, 13.2%). all of 
these side effects were transient and 
patients did not require any further 
treatments. In group B, injection site 
problems, including burning, rash, and 
swelling were the most common 
complaints (n=21, 38.8%). Two patients 
(3.7%) had a complaint of gastrointestinal 
problems in group B. Mild arthralgia was 
reported in three patients (5.6%) in group 
A and two patients (3.7%) in group B.  
Mild neutropenia developed in two 
patients (3.7%) of group B at the end of 
the study, so DFP was discontinued.  
 Increase level of serum liver enzymes, 
serum creatinine, proteinuria, 
thrombocytopenia, and agranulocytosis 
were not seen in any of the patients. 

 

 
 

Figure 1. The three-stage study design flowchart. 
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Figure 2. Line graph represent means ± SEM of serum ferritin level in A and B groups (n= 53 in 
group A and 54 in group B). Group A received Deferasirox and Deferiprone; group B received 
Deferoxamine and Deferiprone for 6 months. Serum ferritin level was evaluated on: 0, 3 and 6 months 
after treatment.** P <0.01 significantly different within group A and B. P= 0.121 no significant 
difference in decreasing the level of serum ferritin between the two groups 
 
 
 

 
 
Figure 3. Bars represent severity the Grade of iron deposition in the heart (A) and liver (B) before 
treatment (n= 53 in group A and 54 in group B)and severity the Grade of iron deposition in the heart 
(C) and liver (D)  six month after treatment (n= 53 in group A and 54 in group B). * P <0.01 
significantly different between group A and B 
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TableI: Severity grading in heart and liver iron deposition 

 

 

 

 

 

Table Π: Demographic and basic laboratory findings of the patients in two groups 

Abbreviation: DFX, Deferasirox; DFP, Deferiprone; DFO, Deferoxamine; MRI T2*, Magnetic Resonance Imaging T2 Plus, 
¥: Resulted from independent sample t-test 

 

 Table Ш: Heart and Liver MRI T2* values at the baseline and six months after treatment 

 
 

 
 

Severity grading Heart T2* MRI value Liver T2* MRI 
value 

Normal (msec) >20 >6.3 

Mild (msec) 14-20 2.8-6.3 

Moderate (msec) 10-14 1.4-2.7 

Severe (msec) <10 <1.4 

Variable DFX and DFP Group 
N=53 

 

DFO and DFP 
Group  
 N=54 

P-Value¥ 

Age(year) 
mean±SD 

 
17.29±4.3 

 
17.89±5.61 

 
0.260 

Ferritin (ng/ml) 
mean±SD 

 
2476.25±1289.32 

 
2044.63±989.82 

 
0.104 

Aspartate transaminase(U/L) 
mean±SD 

 
 

 
 

 

23.48±3.46 

 
 

 
 

 
 

23.29±4.53 

 
 

 
 

 
 

0.217 

Alanine transaminase(U/L) 
mean±SD 

 
 

 
 

 

18.32±4.21 

 
 

 
 

 

17.39±6.7 

 
 

 
 

 

0.354 

Creatinine (mg/dl) 
mean±SD 

 
 

 
 

0.5±0.2 

 
 

 
 

0.6±0.15 
 
 

0.221 

Heart  MRI T2* Value (msec) 
mean±SD 

 
 

 
 

13.22±6.15 

 
 

 
 

13.18±3.42 

 
 

 
 

 

0.933 

liver  MRI T2* Value (msec) 
mean±SD 

 
 

 
 

 
 

 
 

2.63±1.35 

  
 

 
 

 
 

 
 
 

 3.62±3.60 

 
 

 
 

 
 

 
 
 

 

0.155 

Variable Baseline At Sixth month P-Value© 

Heart MRI T2* value 
(msec) Mean±SD 

DFX and DFP 
Group 

13.22±6.15 22.74±10.23 <0.01 

DFO and DFP 
Group 

13.18±3.42 23.89±8.65 <0.01 

P-valueTime
®

 0.318  

P-valueIntervention
®

 0.302  

P-valueTime*Intervention
® 0.240  

Liver MRI T2* value 
(msec) Mean±SD 

DFX and DFP 
Group 

2.63±1.35 4.87±3.98 <0.01 

DFO and DFP 
Group 

3.62±3.60 6.23±4.22 <0.01 

P-valueTime
® 0.350  

P-valueIntervention
® 0.215  

P-valueTime*Intervention
® 0.150  
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Discussion 
The findings of this study showed 
combination of DFX/DFP could improve 
MRI T2* value in liver and heart. This 
combination therapy reduced the severity 
grading of heart in thalassemia patients; 
however, in reducing the severity grading 
of the liver, DFO and DFP combination 
therapy was more effective than the other 
combination.  
A previous study demonstrated that DFX 
(20-40mg/kg/day) exhibited a similar 
effect to that of DFO (20-50 mg/kg/day) 
on removing iron (15). However, the effect 
of the combined therapy was much greater 
than the effect of each drug alone (22-24). 
DFX and DFP can be a good alternative to 
conventional combination of DFO (SC) 
and DFP (PO) because both of them are 
oral chelators accepted by the majority of 
patients. Therefore, DFX and DFP 
combination therapy was used in the 
current study. Nevertheless, as far as we 
know, the effect of combination therapy on 
the severity grading of the heart and liver 
iron deposition has not investigated yet. 
Therefore, this study was attempted to 
evaluate the effect of DFX and DFP 
combination therapy on reduction of the 
severity grading of the heart and liver iron 
deposition in thalassemic patients. 
In previous reports, level of serum ferritin 
was reduced by using combination therapy 
with DFX and DFP (14, 19-20). In these 
studies, the improving effect of DFX and 
DFP combination on MRI T2* value in the 
liver and heart of these patients was the 
same as that of DFO and DFP regimen 
.The findings of these reports are in 
accordance with those of current study, 
revealing that DFX and DFP combination 
could ameliorate MRI T2* value in the 
liver and heart.  
The adverse reactions of these drugs were 
also evaluated in previous studies (1, 14) 
.Gastrointestinal complications with 
prevalence of 15% were the most common 
complication in patients treated with DFX 
(14). In the present study, transient 
gastrointestinal complication was also 

observed in patients treated with 
DFX/DFP combination therapy, but in 
accordance to pervious study, this 
complaint did not require any further 
treatment. In patients treated with 
DFO/DFP combination, injection site 
problems, including burning, rash, and 
swelling were the most common 
complications. 
Gastrointestinal complications and 
injection site problems were the most 
common complications in group A and B, 
respectively. This difference can be 
attributed to different modes of 
administrations. However, DFX and DFP 
combination seems to have a reasonable 
safety comparison to the DFO and DFP 
combination, because both of them are oral 
chelators (25). 
Finding of the present study showed that 
DFO and DFP combination therapy 
significantly reduced the severity grading 
of liver iron deposition in comparison with 
DFX and DFP combination therapy. 
Pustika et al., (2018) indicated that DFP 
was more effective than DFX and DFO in 
controlling heart iron deposition, and DFO 
was more effective than DFP in 
controlling the liver iron deposition (13). 
The effect of DFO was much greater than 
the effect of DFX and DFP in controlling 
liver iron deposition (26). The findings off 
these reports are in accordance with those 
off current study, demonstrating that DFO 
and DFP combination therapy significantly 
decreased severity grading of the liver iron 
deposition. 
Based on the findings of the present study, 
it seems that DFO and DFP are more 
effective than DFX and DFP combination 
therapy in controlling the severity grading 
of the liver iron deposition, so patients 
with high-grade liver iron deposition 
(severe liver iron deposition) may be 
qualified candidates for DFO and DFP 
combination therapy.  
In the future, more studies should be done 
investigating the effect of DFX and DFO 
on the severity grading of the liver iron 
deposition. Therefore, clinical trials are 
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recommended to determine the effects of 
combination therapy on the severity 
grading of heart and liver iron deposition 
in thalassemia patients. 
 

Conclusion 
The findings of the present study indicated 
that combination therapy with DFX and 
DFP was effective in reducing the level of 
serum ferritin and improving MRI T2* 
value in the heart and liver in β-
thalassemia patients. Both combination 
therapy improved the severity grading of 
the heart iron deposition; however, in 
reducing the severity grading of liver DFO 
and DFP combination therapy dose being 
more effective than another group. Based 
on our findings, DFO and DFP 
combination therapy can be a potential 
candidate for the improvement of 
complications induced by iron deposition 
in the liver of patients with thalassemia. 
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