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Abstract

Background: Different drugs with different mechanisms have been used to remove iron overload in
thalassemia patients. This study aimed to compare the effects of Nanojade and Deferoxamine in
reducing serum ferritin levels.

Methods: This randomized clinical trial was conducted on 41 major thalassemia patients. The selected
patients were allocated to two groups by the permuted block randomization method. The first group
was treated with Deferasirox (Nanojade) and the second group was treated with Deferoxamine
(Desferal). All patients received the drugs at 14 mg/kg. Blood samples were collected at baseline,
after 3 and 6 months after intervention. Chi-square test, Mann-Whitney U-test, and Friedman test
were used for analytical statistics at the significance level of 0.05.

Results: 51.9% of patients in the Nanojade group and 40% in the Desferal group were females.
Before the intervention, no difference was observed in terms of basic and demographic information.
Before the intervention, as well as 3 months, and 6 months after the intervention, none of the blood
parameters in the studied groups were significantly different (p> 0.05). The overall mean ferritin
levels had a significant decrease, in both groups, 6 months after the intervention (PDeferasirox =
0.001 vs PDeferoxamine = 0.043); However, in the comparison between the two groups, no
significant difference was observed between the levels of ferritin and creatinine at any of the time
points (p> 0.05).

Conclusions: Deferasirox oral tablet (Nanojade®) is as effective as an injectable form (deferoxamine
(Desferal®)) in reducing serum ferritin in patients with beta-thalassemia major without causing
nephrotoxic effects. Therefore, it can be a suitable alternative to its injectable form.
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1- INTRODUCTION

Thalassemia syndromes are the most
common heterogeneous group of inherited
single-gene blood disorders characterized
by partial or complete deficiency of a-
globin (alpha-thalassemia) or [-globin
(beta-thalassemia) chain of hemoglobin
(Hb) production, resulting in anemia
ranging from severe to clinically
asymptomatic  individuals (1). The
prevalence of this disorder in the world is
estimated to be about 1.5% (80-90 million
people) and the highest prevalence of this
disorder is seen in the Mediterranean
countries, Middle Eastern and Asian
populations (2).

The survival of patients with beta-
thalassemia major is dependent on the
lifetime blood transfusion, which leads to
iron overload and its toxicity effects on
various organs. Complications of this
disease in untreated cases include growth
retardation, hepatosplenomegaly,
hyperbilirubinemia, gallstones, endocrine
disorders, cardiomyopathy, liver disorders,
and ultimately premature death (3-5).

Iron overload is the main cause of
pathogenesis in thalassemia patients.
Diagnosis of iron overload is done by
measuring the high level of serum ferritin
or non-invasive imaging (6, 7). Ferritin
levels above 300 ng/ml in men and more
than 150-200 ng/ml in women during
menstruation indicate iron overload (8).
Suggested therapeutic strategies for this
disease include using iron chelators, iron
metabolism modifiers such as hepcidin,
correcting the balance of globin chains by
bone marrow and hematopoietic stem cell
transplantation, gene therapy and cell
therapy, and gamma-globin  drug
induction. The conventional treatment of
this disorder is the use of iron chelators
like Deferoxamine (DFO), Deferiprone
(DFP) and Deferasirox (DFS) (3, 9).

Deferoxamine with the brand name
Desferal is one of the most well-known

iron chelators, used for more than 4
decades. Despite the occurrence of a small
amount of cataracts, deafness, growth
arrest and local skin reactions including
urticaria, this drug is relatively non-toxic
(10-12). However, despite the wide
availability of DFO, some patients do not
choose this drug due to its mentioned side
effects (13). Based on the studies, the
indication for starting treatment with
subcutaneous DFO is after 10 to 20 blood
transfusions or an increase in ferritin levels
to more than 1,000 pg/l. Time-to-treatment
initiation with chelators is 2 years after the
start of blood transfusion and this process
can take between 3 and 5 years (14).

Deferasirox has been evaluated in more
than 45 clinical trials (Since 2003) and
other studies have shown promising results
(15, 16). It has been shown in many
clinical studies that single daily doses of
10-40 mg/kg DFS cause a decrease in liver
iron concentration, compared to DFO, and
chronic blood transfusion in adults and
children. DFS is generally well tolerated in
adults, adolescents, and children 2 years of
age and older (17, 18). DFS is available in
some forms, including Exjade® (DFS -
dispersible tablets, PO, once daily,
completely dissolved in liquids), Jadenu®
(DFS - granule formulation), and
Nanojade® (a new film-coated tablet
formulation of Deferasirox) in Iran
pharmaceutical market (19, 20). In other
studies, the method of combining two
chelators such as Deferiprone with DFO or
DFS was used and the results indicated an
increase in life expectancy and a decrease
in pathogenicity in people with iron
overload (21, 22). Researchers are still
searching for a drug that can be a suitable,
less invasive, and cheaper alternative to
DFO to reduce the economic burden and
suffering imposed on the health system
and society, along with increasing the life
expectancy of affected patients.

Despite the mentioned information about
the problems of thalassemia major patients
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in removing iron overload, to the best of
our knowledge, only a limited number of
studies has been conducted in this regard,
particularly in Iran. Considering the
availability —of the Iranian  brand
Deferasirox  (Nanojade®) and its
reasonable price, this study was designed
to compare DFS (Nanojade®) and DFO
(Desferal®) on serum ferritin  level
changes in  beta-thalassemia  major
patients.

2- MATERIALS AND METHOD
2-1. Design and Participants

This randomized, parallel-group, un-
blinded clinical trial was conducted on
patients with beta-thalassemia major in
Vali-e-Asr Hospital, the largest center for
thalassemia patients in Birjand affiliated
with  Birjand University of Medical
Sciences, Iran. Study samples were
selected among thalassemia patients
referred to Vali-e-Asr Hospital in Birjand,
Birjand. The clinical trial protocol also
follows the CONSORT checklist (Fig. 1).

2-1.1. Inclusion criteria and Exclusion
criteria

All patients, over 2 years of age, with
major beta-thalassemia were eligible for
inclusion in the trial if they had these
conditions: history of more than 10 blood
transfusions or receiving more than 100
cc/kg of blood, serum ferritin above 1000
micrograms per liter, normal serum
creatinine levels, absence of proteinuria,
normal transaminase levels of Hepatic, not
having hearing or vision problems, and
willingness to participate in the study.

The exclusion criteria were as follows:
Pregnancy and breastfeeding, any type of
cardiac, hearing or vision problem,
recurrent unexplained cytopenia in the
patient, an increase of more than 30% of
the baseline level in serum ferritin and its
persistence for 3 months despite the
appropriate dose of the drug, migration, or

non-compliance  with  the
treatment.

protocol

2-1.2. Sample size calculation

According to the study of Rafati et al. (12)
and based on the average ferritin at the end
of the first two months in two groups, the
sample size wusing the formula of
comparing the averages in  two
independent groups considering type one
error (a) of .05, effect size (d) of 0.9, and
power of 80%. The calculation yielded a
sample size of 21 for each group. Finally,
23 patients were determined for each
group with consideration of a 10% attrition
rate.

2-2. Procedure
2-2-1. Interventions

The first group was treated with
Deferasirox (Nanojade®) + Deferiprone
(L1) and the second group was treated
with  Deferoxamine  (Desferal®) +
Deferiprone (L1). All patients received
drugs at 14 mg/kg, on an empty stomach
and before breakfast with water or fruit
juice.

2-2.2. Study implementation

After obtaining the necessary criteria to
participate in the study, in case of
informed consent regarding the treatment,
the patients were allocated to 2 groups
receiving Deferasirox and Deferoxamine.
The available sampling method was used
for sampling, and due to the special
conditions of drug consumption, the
allocation of patients to two groups was
random. Patient information was collected
by direct observation, clinical
examinations by a specialist, and
laboratory tests. A general questionnaire
including demographic information and
treatment, transfusion, and medication
history was completed for each patient.
Patients were treated with the mentioned
drugs for 6 months. The required blood
tests including CBC, ferritin and creatinine
were checked and recorded in the
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checklists of each patient before the
intervention, as well as 3 months, and 6
months after the intervention. Average
blood parameters in patients using
Nanojade and Desferal have been
compared before and after the start of the
intervention.

Serum ferritin and creatinine levels were
considered as the outcome of this study.

2-2. Randomization

The selected samples were randomly
assigned to the intervention (Deferasirox)
and control groups (Deferoxamine). To
randomize patients into two equal groups,
we used the permuted block randomization
method; these blocks were designed
randomly in Excel software, assigning (a)
to the intervention group and (b) to the
control group.

2-3. Data analysis

Data was analyzed using SPSS 21 (SPSS
Inc., Chicago, IL, USA) software.
Descriptive statistics were presented as
mean, standard deviation, frequency, and
percentage. As a result of the non-
normality of the data, as indicated by
Kolmogorov-Smirnov test results, the chi-
square test, Mann-Whitney U-test, and
Friedman test were used for analytical
statistics. The significance level was
considered to be 0.05.

3- RESULT

In this study, 41 beta-thalassemia
major patients were selected in two groups
(Nanojade, n=21; Desferal, n=20) with an
average age of 18.09+9.04 years (The
minimum age was 3 years and the
maximum was 35 years). Of the total
participants, 21 (51.2%) were female, and
most were in the age group of less than 15
years (43.9%). More details are presented
in Table 1.

Based on the data included in Table 2, the
averages of none of the blood parameters
in the investigated groups significantly

differ from each other. The results showed
that three months after the start of the
intervention, there was no significant
difference between the averages of any of
the blood parameters.

As shown in Table 3, the comparison of
the mean ferritin level in the Nanojade
group and Desferal group in any of the
times before the intervention, and 3
months, and 6 months after the
intervention, did not show any significant
difference. It was observed that the mean
ferritin level in the Nanojade group
increased sharply three months after the
intervention; and finally, in the sixth
month, it decreased sharply and reached
lower than the baseline level (P=0.001).
The comparison of the mean ferritin level
in the Desferal group showed significant
changes (P=0.043), so that the mean
ferritin level, unlike the Nanojade group,
was  continuously  decreasing  for
consecutive months.

The mean creatinine levels in the Nanojade
group and Desferal group were compared
at different times before the intervention,
as well as 3 months, and 6 months after the
intervention. The results revealed no
significant difference between the two
groups in any of the mentioned times. In
addition, the comparison of changes in the
mean creatinine level in each group in
different time points showed no significant
difference between the changes in the
mean creatinine level in any of the studied
groups (More details are shown in Table
4).

4- DISCUSSION

The present clinical trial was designed
to compare the effects of Nanojade (a new
film-coated  tablet  formulation  of
Deferasirox) and Desferal (Deferoxamine)
on serum ferritin level changes in patients
with beta-thalassemia major, as the most
important ~ complication  of  blood
transfusion, in South Khorasan province,
Iran.
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Enrollment ]

Assessed for eligibility (n=60)

Excluded (n=14)
- Not meeting inclusion criteria (n= 14)

A 4

- Declined to participate (n=0)
- Other reasons (n=0)

Randomized (n= 46)

Y

[ Allocation

Allocated to intervention (n= 23)

Received allocated intervention (n=21)
Did not receive allocated intervention (give
reasons) (n=2)

)

Allocated to intervention (n= 23)
Received allocated intervention (n= 21)

Did not receive allocated intervention (give
reasons) (n=2)

Follow-Up

Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons)
(n=0)

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=1)

Analysis

)

Analysed (n=21)
Excluded from analysis (give reasons)
(n=0)

Analysed (n=21)
Excluded from analysis (give reasons) (n=0)

Fig. 1: The CONSORT 2010 Flow Diagram

Table-1: Demographic characteristics of patients with B-thalassemia major

. Nanojade Desferal «
Variable N (%) N (%) P value
Male 8 (38.1) 12 (60)
Sex Female 13 (51.9) 8 (40) 0.16
<15 10 (47.6) 9 (42.8)
Age 15-25 7 (33.3) 8 (38.1) 0.87
>25 4 (19.1) 4 (19.1)
* Chi-square test
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Table-2: Comparison of blood parameters of patients with B-thalassemia major at baseline,
after 3 months and 6 months after intervention

Parameters Nanojade Desferal p-value*
Mean + SD Mean + SD
Before 3.39+041 3.34+£0.5 0.65
RBC After 3 m 3.34+0.3 3.35+0.3 0.94
After 6 m 3.25+0.27 3.28+0.5 0.37
Before 9.63+0.92 94415 0.56
Hb After 3m 9.92 +0.87 9.81+0.8 0.54
After 6 m 9.78 £0.77 9.52+1.3 0.85
Before 274 +£5.72 27.1+45 0.89
HCT After 3m 31.4+12.3 28.3+25 0.36
After 6 m 27.8+2.32 26.7+4.3 0.88
Before 27.8+0.8 28.1+1.1 0.5
MCH After 3 m 28.6 + 0.7 285+1.1 0.82
After 6 m 29.6+1.9 28.0+1.3 0.05
Before 33.7x15 33.96+1.1 0.62
MCHC After 3 m 33.44 +0.82 34.25+0.8 0.1
After 6 m 34.75 + 1.65 33.92+1.3 0.35

* Mann-Whitney U-test

Table-3: Comparison of the mean ferritin level of patients with B-thalassemia major at

baseline, after 3 months, and after 6 months of intervention

Ferritin Baseline After 3 months After 6 months P-Value*
Mean + SD Mean + SD Mean + SD
Nanojade 3873.8 + 2750.99 5979.47 + 1286.09 2882.28 + 2166.71 0.001
Desferal 4746.3 £ 3941.39 4010.4 + 3264.87 3496.35 * 2455.59 0.043
P-Value** 0.62 0.51 0.42 -

* Friedman test
** Mann Whitney U-Test

Table-4: Comparison of the mean creatinine level of patients with B-thalassemia major at

baseline, after 3 months, and after 6 months of intervention

Creatinine Baseline After 3 months | After 6 months P-Value*
Mean + SD Mean + SD Mean + SD
Nanojade 0.69 +0.17 0.65+ 0.10 0.63£0.13 0.16
Desferal 0.73+0.19 0.71+£0.15 0.68 + 0.16 0.28
P-Value** 0.46 0.30 0.43

* Friedman test
** Mann Whitney U-Test
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The results showed that Deferasirox oral
tablet (Nanojade®) is as effective as an
injectable form (deferoxamine
(Desferal®)) in reducing serum ferritin in
patients with beta-thalassemia major
without causing nephrotoxic effects.

The most important action in the treatment
of patients with thalassemia major, after
blood transfusion, is to reduce excess iron
deposition and its consequences in the
patient (14). In this study, we measured the
serum ferritin level to measure iron
overload. Although the measurement test
of serum ferritin is non-specific and
changes during various infections, tissue
inflammations, liver diseases, hepatitis,
and vitamin C deficiency, this test is the
most common method of assessing iron
overload and reflects tissue iron stores (23-
25). If the serum ferritin level is more than
1000 pg/L  after 10 to 20 blood
transfusions, treatment with chelators is
started (26). Common chelators include
deferoxamine, deferiprone, and
Deferasirox (27). The role of this progress
of science in the fields of prevention, and
permanent and temporary treatments
cannot be ignored; as the life expectancy
of these patients has increased from 17
years to more than 50 years during the last
5 decades (28).

In the comparison of serum ferritin levels
between the two groups, no significant
difference was observed between the mean
ferritin levels of the patients at any of the
time points at the beginning of the
intervention, as well as 3 months and 6
months after the intervention.

Similar results were obtained in the study
performed by Malik Hassan et al., about
the effect of two drugs Deferoxamine and
Deferasirox on serum ferritin  level
changes in beta-thalassemia patients in
Cairo, Egypt. Although the brand of the
studied drugs was not mentioned, after 12
months of taking the drugs, no significant
difference was observed between the
serum ferritin levels of the patients (29).

In comparing the mean ferritin level
changes of patients in each group
according to time, it was observed that in
the Deferasirox group, the mean ferritin
level of the patients increased sharply three
months after the intervention, and in the
6th month after the intervention, it
decreased significantly and reached lower
than the baseline level before the
intervention (P=0.001). In the study
of Cappellini et al., patients were treated
with different doses of Deferasirox
(Exjade®). In low therapeutic doses (10
mg/kg/day), the mean ferritin level of the
patients increased slightly in the first 18
months of treatment, but this value
generally decreased in the next five years.
In this study, the serum ferritin level of
patients who were treated with higher
doses of Deferasirox (20 and 30
mg/kg/day) the trend of changes was
decreasing in the 5 year-period (30). In
another study by Ahmed et al., patients
with beta-thalassemia major were treated
with Deferoxamine for 12 months and
their serum ferritin levels were checked at
three-month intervals. The results of that
study showed that the mean serum ferritin
of the patients decreased so that the ferritin
level before the treatment  with
Deferoxamine was significantly higher
than the ferritin level after 12 months,
which was similar to the results of our
study (31). So far, limited studies have
been done regarding the new film-coated
tablet  formulation of  Deferasirox
(Nanojade®, Iranian brand) which was
examined in this study. In a study on 80
beta-thalassemia major patients, Falahati et
al. compared the mean ferritin of cases at
0, 3, 6, and 9 months in the groups
receiving different brands of Deferasirox
(Nanojade and Exjade) (20). Contrary to
our findings, this study showed that the
trend of ferritin changes was continuously
decreasing in both groups, and no
significant  difference was observed
between the ferritin levels of the two
groups (20). A possible justification for
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their findings about these continuous
changes in serum ferritin levels could be
the use of a higher dose in the research
(20, 32).

In addition to iron, chelating drugs can
bind to and remove some of the metals
your body needs, such as calcium, copper,
and zinc. This can lead to a deficiency of
these important substances. Some people
treated with chelation have low blood
calcium levels and kidney damage (33,
34). Creatinine levels of patients, which is
a way to diagnose kidney damage caused
by increased iron overload in the body,
were investigated in this study. The results
of similar studies also did not show a
significant difference between the average
creatinine of the two groups (20). In the
study by Unal et al., in the examination of
the creatinine level of patients receiving
Deferasirox, it was even observed that the
trend of changes in the mean creatinine
level of the patients was always downward
(35).

4-1. Limitations of the study

The results of our study need to be
confirmed by other studies with larger
sample sizes, because one of the
limitations of this study was the small
sample size due to the limited number of
patients with beta-thalassemia in Birjand
city.

5- CONCLUSION

Based on the research findings, it is
concluded that the general trend of
decreasing ferritin levels in patients treated
with Nanojade can indicate the proper
efficiency of this drug in reducing serum
ferritin.  The comparison of ferritin
between the two groups also showed no
significant difference at 3 or 6 months.
Therefore, it can be concluded that the oral
form of Deferasirox (Nanojade), can be as
effective as the injectable form of
Deferoxamine (Desferal) in reducing
serum ferritin. A comparison of creatinine
levels in patients also showed no

significant difference between the studied
groups. Therefore, it can be concluded that
none of the oral and injectable forms do
not have nephrotoxic effects. Therefore,
Nanojade as a more accessible brand for
Iranian thalassemia patients, less invasive
and cheaper than Deferoxamine, can be
effective in reducing the economic burden
and increasing the life expectancy of
patients.

6- ETHICAL CONSIDERATION

The present study was registered in
the ethics committee of Birjand University
of Medical Sciences (Birjand, Iran) with
the code IR.BUMS.REC.1401.263 and the
clinical trial of Iran with the code
IRCT20190817044550N4. After
explaining the goals and procedures,
written consent was obtained from the
patients and it was explained that they
could withdraw from the study if they
wish.
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