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ABSTRACT

Background: Effective management of iron overload in patients receiving long-
term blood transfusion requires assessment and monitoring of both severity of 
iron overload and excessive iron chelation. We aimed to evaluate the efficacy 
and safety of Deferasirox (DFX) in chelation naive patients with transfusion 
dependent thalassemia and sickle cell disease.
Methods: Chelation naive patients with transfusion dependent thalassemia 
(TDT) and sickle cell disease (SCD), aged 2-5 years, who had received DFX 
for at least 2 years were enrolled. Safety of DFX was assessed based on alanine 
aminotransferase (ALT) and serum creatinine levels, while efficacy was assessed 
based on serum ferritin levels.
Results: The study included 93 chelation naive patients; 64 (68.82%) with 
TDT and 29 (31.18%) with SCD. Mean SF levels declined significantly from 
2297.40±1037.46 ng/ml at baseline to 1700.65±1038.7 ng/ml at the end of the 
study. The efficacy of DFX was increased with increasing DFX dose to ≥30 mg/
kg/day. The most commonly observed adverse effects were abdominal pain in 20 
(21.50%), nausea in 8 (8.60%), and vomiting in 4 (4.30%) patients, which were 
transient and mild to moderate in severity. A minor, although significant change 
in the mean serum creatinine was reported after 24 months of treatment with 
DFX compared to the baseline (75.72±7.87 vs. 71.59±11.14 mmol/L) (P<0.05). The 
mean ALT (17.69±1.44 vs. 21.75±3.37 U/L) and median height-SDS at the end of 
the study did not show significant changes compared to the baseline levels.
Conclusion: Although Deferasirox was found to be a safe, tolerable, and effective 
drug for reducing iron overload, monitoring safety markers and serum ferritin 
to ensure appropriate drug dosing can improve its efficacy.
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Introduction
Thalassemia is a common health problem in Iraq with 

a carrier rate ranging from 3.7–7.7% (1-3). In Basra, 
Southern Iraq, in addition to β-thalassemia, sickle cell 
disease (SCD) is also a common hemoglobinopathy, 
where the carrier rates for ß- thalassemia and sickle cell 
genes are 4.6% and 6.5%, respectively (4). 

Iron overload is an inevitable complication among 
patients receiving long-term blood transfusion, since 
the human body lacks a mechanism to excrete excess 
iron. Iron accumulation is toxic to many tissues causing 

heart failure, cirrhosis, growth retardation and multiple 
endocrine abnormalities (5). In patients with thalassemia 
major, iron-induced liver disease and endocrine disorders 
develop earlier compared to patients with sickle cell 
disease (SCD) (1, 6).

 Removal of stored iron is a slow and inefficient process 
because only a small proportion of body iron is available 
for chelation at any given time. Once iron is  deposited in 
the tissues, damage is often irreversible; thus chelation 
therapy should be initiated before accumulation of iron 
has reached toxic levels to help decrease the iron burden 
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and to prevent and/or delay long-term complications 
associated with iron deposition in vital organs (7, 8).

Deferasirox (DFX), an oral agent with a once-daily 
dosing of 20-40 mg/kg/day which has got its approval in 
the US, Canada and European countries, has been used in 
different Asian countries for the treatment of transfusion-
related iron overload (8).

Moreover, effective management of iron overload in 
thalassemia requires monitoring for both iron toxicity 
and the effects of excessive chelation (9). Serum ferritin 
level is the most commonly employed test to evaluate 
iron overload in patients with TDT. A target level of 
approximately 1000 ng/ml is the generally recommended 
standard practice in patients with TDT (7). Several studies 
have reported a dose-dependent effect of DFX on serum 
ferritin levels (10-12). 

In SCD, linearity exists for serum ferritin up to 1500-
2000 ng/ml or liver iron concentration (LIC) values up to 
10 mg/g dry weight of liver; however, it increases more 
slowly due to iron overload above these levels (13). 

The most common adverse events due to treatment with 
DFX were gastrointestinal disturbance, rash and mild 
increase in serum creatinine, while it may rarely result 
in renal and hepatic impairment and GI hemorrhage, but 
not agranulocytosis or growth failure (10, 14, 15).  

Due to the significance of assessing efficacy and safety 
of DFX in chelation, we aimed to evaluate DFX efficacy 
and safety in chelation naive children with transfusion-
related iron overload who were referred to the Center for 
Hereditary Blood Diseases (CHBD) in Basra, southern Iraq.

Patients and Methods
This single center descriptive study was conducted at 

CHBD in Basra on 162 multitransfused, chelation naive 
children with hereditary anemia and iron overload. The 
hereditary anemia among studied patients were TDT 
and SCD.

Ninety-three children who had received DFX for at least 
2 years were enrolled in the study and their data were 
analyzed. 

Treatment with Deferasirox 
Patients with transfusional iron overload were scheduled 

to start iron chelation when their serum ferritin (SF) 
reached ≥ 1000 ng/ml. DFX doses were adjusted 
downwards with decreasing SF levels to 500 ng/ml (7).  It 
was held when SF was consistently below 500 ng/ml (16). 

The starting dose of dispersible tablets of DFX was 
20 mg ⁄kg ⁄day, once daily, in accordance with DFX 
prescribing information. Dose escalations of DFX were 
performed based on serum ferritin levels and safety 
markers in increments of 5-10 mg ⁄ kg (17). 

Safety was assessed throughout the treatment period 
based on the incidence and type of the adverse events 
(AEs) (12, 18, 19). Assessment of adverse events included 
also the severity of AEs, mainly the gastrointestinal AEs 
and skin rash (16, 19). 

 Laboratory testing for alanine aminotransferase (ALT) 
and serum creatinine was performed by a fully automated 
chemistry analyzer, Cobas111c (Roche Cobas, Roche 

Diagnostic-USA) (6, 16). Serum creatinine and ALT 
were monitored monthly. Serum ferritin was assessed 
every 3 months using Cobas c 411 (Japan Roche 2013) and 
Ferritin Kit (Ref.No.03737551 190, Roche diagnostics, 
Deutschland, Germany).

All AEs were recorded by the treating pediatrician/ 
hematologist in the Outpatient setting. 

Assessment of growth parameters (height, weight) was 
performed at the beginning of the study, during health 
visits every 3-6 months and after 2 years at the end of the 
study and were plotted against WHO growth charts for 
healthy children (6, 16, 20). The height SDS of the patients 
was calculated against the median for healthy children 
of the same age and median change in height SDS from 
baseline and after 2 years of DFX therapy was evaluated 
using the formula: SDS = X-Y/ SD, where

(X = patient height, Y= mean height for normal children 
of the same age and gender and SD= standard deviation 
of the height for normal children of the same age and 
gender) (21). 

Transfusional iron overload was assessed based on 
daily iron intake and patients were categorized into low, 
intermediate and high transfusional iron intake groups 
(22, 23).

An informed consent was obtained from all patients 
and one of the parents before enrollment in the study. 
The study was approved by the Ethical Committee of the 
College of Medicine, Basra University.

All data were analyzed and processed using SPSS 
software, version 20 (IBM, Armonk, NY, USA). The 
safety and efficacy of DFX were assessed for patients 
who completed the 2-year period of the study.

Comparison of proportions was performed with 
crosstabs using the Chi-Square and Fisher’s exact 
test. Mean of values was expressed as mean±SD. The 
statistical comparison between means was measured by 
paired t-tests and one-way analysis of variance (ANOVA). 
A P<0.05 was statistically significant.

Results
Ninety- three patients completed at least 2 years of 

treatment with DFX of whom 52 (55.91%) were boys. 
Children with TDT comprised 68.8% of the patients. 
Of the 29 (31.18%) patients with SCD, 23 had S/β0 
thalassemia and 6 had sickle cell anemia. Nine (9.67%) 
patients were infected by hepatitis C virus (Table 1).

Transfusional Iron Overload
The annual blood transfusion ranged from 3 to 24 

transfusions/year (average 182 ml/kg/year), with a mean 
daily iron load of 0.26±0.12 mg/kg/day. 56 (60.2%) 
patients had low daily iron loading (<0.3 mg /kg/day), 
34 (36.5%) had intermediate (< 0.5 mg/kg/day) and 3 
(3.2%) had high daily iron loading (> 0.5 mg/kg/day). 

Treatment with Deferasirox 
39 (41.94%) patients started DFX with dose ≤20 mg/ kg/ 

day, 30 (32.25%) with >20 ≤30 mg/kg and 24 (25.81%) 
with a dose of ≥30 mg/ kg/day. Mean starting dose of DFX 
dose was 26.61±5.53 mg/kg/day. Dose escalation of DFX 
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was based on serum ferritin, ALT and creatinine levels. 
By the end of 24 months, 6 (6.5%) patients were 

receiving DFX with dose of ≤20 mg/kg/day, 13 (14%) 
>20 mg/kg and 74 (79.5%) ≥30 mg/kg/day, with a mean 
dose of 35.69±6.32 mg/kg/day.

Safety and Tolerability
Abdominal pain, nausea, vomiting, diarrhea were 

observed in 20 (21.50%), 8 (8.60%), 4 (4.30%), 2 (2.15%) 
patients respectively, and rash, abdominal distension and 
gastrointestinal hemorrhage each in 1 (1.07%) patient.

The gastrointestinal AEs were predominantly transient 
and mild to moderate in severity with a decreasing 
frequency after the first year; however, the gastrointestinal 
hemorrhage necessitated withholding DFX.  

In the case of severe skin rash, DFX was stopped for 1 

month, followed by reintroduction of DFX with a lower 
dose (10 mg/kg) and then escalation to the required dose 
without reappearance of the rash.

A minor, although significant, change in the mean serum 
creatinine was observed after 24 months of treatment with 
DFX (75.72±7.87 mmol/L) compared to mean baseline 
readings (71.59±11.14 mmol/L), P<0.05 (Table 2 and 
Figure 1).  

Twenty (21.50%) patients showed >33% elevation in 
creatinine from the baseline but none of them required 
interruption or dose reduction. In addition, 10 (10.75%) 
patients showed an elevation of more than the upper limit 
of normal on one reading, but none showed this for 2 
successive readings.

The mean ALT level at the end of the study did not show 
a significant change in comparison to the baseline level 

Table 1: Main clinical data of chelation naive patients receiving Deferasirox
Variable

35.00Median age at starting chelation Age (months)
36.05±12.27Mean age at starting chelation
81.54±15.27  Mean current age 
84.00Median current age 
52 (55.91%)Male Gender 
41 (44.09%)Female 
64 (68.82%)TDT Diagnosis
29 (31.18%)SCD 
3 (3.22%)Splenectomy 
9 (9.67%)HCV ab. Seropositivity
45.49±9.61Mean period of chelation (months)
46.00Median period of chelation (months)
2084.00Median S. ferritin at start
56 (60.22%)<0.3 Mean daily iron load

mg/kg/day 34 (36.56%)0.3- 0.5
3 (3.22%)>0.5

Table 2: Studied safety and efficacy markers in patients receiving Deferasirox
P valueMean±SD

(Range)
at end of study

Mean±SD
(Range)
at baseline

Variables

0.02275.73±7.87
(61-94)

71.59±11.14
(44-97)

S. Creatinine
(mmol/L)

0.99421.75±3.37*
(3-190)

17.69±1.44*
(4-54)

Serum ALT
(U/L)

0.0031700.65±1038.79
(69-4004)

2297.40±1037.46
(1027-6984)

*Serum ferritin
(ng/ml)

Figure 1: Mean serum creatinine over the 2- year study period of treatment with Deferasirox 
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(P >0.05, Table 2 and Figure 2).
Forty-six (49.4%) patients showed ALT elevation >1.5 

times the ULN for at least 1 reading, only 2 (2.15%) 
patients showed elevation of >5 fold the ULN and none 
had ALT elevation of >10 times the ULN. Only one patient 
required interruption of the treatment due to increased 
ALT to eight folds of normal upper limits. None of the 
patients with increased ALT were positive for hepatitis C.

No significant hematological AEs (anemia or leukopenia) 
were reported throughout the period of observation.

The difference in median height of male and female 
patients were compared with the WHO standard. No 
significant difference in the median height SDS was 
detected among the patients between the beginning and 
end of the study. (P>0.05, Figure 3). 

Efficacy
Transfusion was continued during the period of the 

observation and the mean daily iron load remained 
relatively stable for most of the patients (60.21%) receiving 
daily iron loading of <0.3 mg/kg/day.

By the end of the study, 17 patients achieved a serum 
ferritin level <500 ng/ml. Median serum ferritin levels 
decreased steadily with treatment during the study period 
with the greatest (633 ng/ml) decrease observed in those 
with daily iron loading < 0.3 mg /kg/day. The efficacy of 
DFX increased with increasing DFX dose to >30 mg/kg/
day. (Table 3 and Figure 4).

Mean SF levels was 2297.40±1037.46 ng/ml at 
baseline. Its levels decreased from 2687.12±1358.41 ng/
ml after 6 months to 2528.77±1581.70 ng/ml at 1 year of 
treatment, to 2202.21±1406.24 ng/ml at 18 months and to 
1700.65±1038.7 ng/ml at the end of the study.

The efficacy of DFX in decreasing SF for both TDT and 
SCD was also evaluated.

For TDT patients, SF declined significantly from 

Figure 2: Mean ALT level over the 2-year study period of treatment with Deferasirox

Figure 3: Height-SDS for the studied patients at the beginning and end of the study. P=0.210

Table 3: Average Reduction in serum ferritin in terms of daily iron loading
P value*Median

ferritin (ng/ml)
Average reduction in median 
ferritin (ng/ml)

Mean daily iron load
(mg/kg)

Daily iron load  
mg/kg/day (No)

0.0391994.006330.17±0.07<0.3 (56)
2410.501170.36±0.04<0.5 (34)
2158.00-208.50.53±0.02>0.5 (3)

*Kruskal-Wallis test. For assessment of serum ferritin median reduction between 2 groups, Mann-Whitney U test was used. For the 
groups which have DIL (<0.3 and < 0.5), P=0.010. For the groups which have DIL (<0.5 and >0.5), P>0.05
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2410.14±1288.17 ng/ml at baseline to 1847.85±1361.33 
ng/ml at the end of the study (P=0.027). A decrease 
in SF was also observed for patients with SCD, from 
2415.77±955.21 ng/ml at baseline to 1996.68±1255.01 ng/
ml at the end of the study; however, the decrease in SF 
was not significant (P>0.05). After 2 years, 17 (18.2%) 
patients achieved at least once ferritin level less than 500 
ng/ml who discontinued DFX treatment.

Discussion
The present study evaluated 64 pediatric patients with 

TDT and 29 with SCD, with a median age of 35 months 
at diagnosis, who received iron chelation therapy using 
DFX for at least two years and the results showed that 
Serum ferritin showed a steadily decreasing trend among 
patients over the study period in both TDT and SCD 
patients. Deferasirox dose adjustments were based on 
serum ferritin changes and safety markers (ALT, serum 
creatinine and clinical adverse events). The efficacy of 
DFX increased with increasing DFX dose to >30 mg/kg/
day. Furthermore, daily iron loading had a significant 
impact on serum ferritin changes; at low level of 
transfusional iron intake, achievement of iron balance 
with DFX was significantly better than with intermediate 
and high iron intake.

Children ≥2 years of age with TDT may have severe 
iron overload as estimated by serum ferritin and LIC. Iron 
chelation is important for the treatment of iron overload 
and prevention of iron accumulation and iron-induced 
end organ complications (24). 

Cappellini and colleagues, in a multicenter study, 
reported a significant decline in iron overload in pediatric 
patients on Deferasirox during 5 years of follow-up (25), 
which confirm the results of the present study.  Efficacy 
and safety of Deferasirox has also been proved in other 
studies from Taiwan and India (26, 27). Vichinisky and co-
workers reported that the median serum ferritin declined 
from 1,702 ng/ml at baseline to 1,127 ng/ml  following 5 
years of Deferasirox therapy in pediatric patients (aged 
2-6 yrs) with TDT, SCD and other rare anemias (28).  The 

results of the above-mentioned studies are consistent with 
that of ours and confirm the decreasing trend of serum 
ferritin in children receiving DFX. On the other hand, 
other studies report contrary results. In a study in Turkey, 
no significant absolute changes in serum ferritin were 
reported from baseline to the end of the study (median 
duration of the study 2.29 yrs) which contradicts the results 
of the present study; although they showed that daily iron 
loading and DFX doses had a major impact on serum 
ferritin changes (29) which is similar to the results of the 
present study. In another study in Oman, the researchers 
also reported a nonsignificant increase in serum ferritin in 
children with transfusion naïve thalassemia major in one 
year of Deferasirox therapy with lower doses of DFX (< 
25 mg/kg/day) followed by achieving safe ferritin levels 
after increasing the dose (30). 

The difference in serum ferritin decline between 
different studies can be attributed to difference in daily 
iron loading of studied patients, different drug dosages 
and the duration of follow-up.

As suggested in the present study, the efficacy of DFX 
increases with increasing dose to >30 mg/kg/day, which 
has been previously suggested as the effective dose for 
reduction of iron burden in TDT patients (31). In a recent 
study in Iraq, Basra, significant decrease in serum ferritin 
levels of patients with SCD was observed after increasing 
DFX dose to >30 mg/kg/day (32), which confirm the 
results of the present study on children. Therefore, the 
highest approved dose, 30 mg/kg/day, seems to be the 
most effective dose.

The second most important finding in the present study 
was the AEs. In the present study, Chelation therapy with 
Deferasirox was generally well tolerated the most common 
reported adverse events included GI complications, such 
as abdominal pain (transient, and mild to moderate) and 
non-progressive increase in serum creatinine. This was 
while we only had one case of skin rash. These results 
are in line with the results of the meta-analysis of studies 
that reported GI complications as the most common AEs 
of DFX (33). The predominance of GI adverse events 

Figure 4: Relation between ferritin levels and Deferasirox dose escalation
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and low rate of discontinuation of the treatment with 
Deferasirox due to safety issues was in agreement with 
previous reports from four countries including Egypt, 
Jordan, Spain and UK (34). However, other studies have 
reported different frequencies for AEs of DFX. Cappellini 
and colleagues reported increased blood creatinine 
(11.2%), abdominal pain (9.0%), and nausea (7.4%) as the 
most common AEs of DFX in patients aged ≥2 years (25).

Skin rash was reported in 48.3% of TDT patients in 
another study, and GI complications was reported as the 
second most common AEs (abdominal pain in 38.3% and 
diarrhea in 26.7%) (26). The difference in the AE rates in 
the studies could be attributed to the different formulation 
and brands of DFX used in each study (35, 36).

The current study reported a transient increase in 
serum creatinine and ALT levels that did not require 
dose adjustments (except in one patient for raised ALT). 
Similar to other AEs of DFX, each study has reported 
a different  frequency in this regard (19). Consistent 
with the results of our study, Antmen and co-workers 
showed a slight increase in serum creatinine levels, which 
remained within normal range in TDT and SCD patients 
aged 2-18 years (37). Nonetheless, another study showed 
fluctuations in liver enzymes and nonprogressive increase 
in serum creatinine as the most common AEs of DFX in 
transfusion-dependent children <5 years (29).

Also in a study in Pakistan, 69% of Pakistani children 
with β-thalassemia major on Deferasirox had abnormal 
ALT (38), while Soliman and colleagues in Qatar found a 
significant decrease in serum ALT among β-thalassemia 
major patients (with hepatitis negative screening) on DFX 
for four years (39).

None of our patients developed leucopenia, neutropenia 
or thrombocytopenia which was similar to that reported 
by Tony et al. in Oman (30).  It seems that episodes of 
neutropenia and thrombocytopenia during treatment with 
Deferasirox have occurred in patients with preexisting 
hematologic disorders such as bone marrow failure and 
even the relationship of these episodes with Deferasirox 
may be uncertain (40, 41).

Another interesting finding in our study was that 
only one patient developed skin rash during the study 
period which was quite different from most other studies  
(11, 29, 40-42). 

Pediatric linear growth continued among studied 
patients during the study period which was similar to 
the effects of Deferasirox in Italian and Turkish children 
with TDT (25, 29). Deferasirox did not impair the linear 
growth in SCD pediatric patients (32). 

One of the limitations of the present study was the 
evaluation of the efficacy of Deferasirox only through 
measuring serum ferritin levels as it was the only 
available tool in our country.

Conclusion
Deferasirox is a safe and effective drug for reducing 

transfusional iron overload in pediatric patients with 
TDT and SCD. Most of the reported adverse events were 
transient and mild to moderate. Efficacy of Deferasirox 
can be improved with appropriate dose adjustment 

according to serum ferritin levels and safety markers. 

Conflict of Interest: None declared.
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