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Abstract
Objectives To assess the efficacy and safety of dual oral iron chelation therapy (deferiprone and deferasirox) in
decreasing iron overload status, using serum ferritin and liver and cardiac MRI as indicators, in transfusion depen-
dent thalassemic children.
Methods This was a prospective observational study conducted in a tertiary care hospital for a period of one year.
Children with thalassemia between 2 and 18 y of age with serum ferritin above 1500 ng/ml were started on oral
deferiprone and deferasirox. They were followed up for one year. Serum ferritin and MRI quantification of liver and
cardiac iron concentration was done at enrolment and end of 12 mo. They were also monitored monthly for any
adverse effects.
Results Twenty one thalassemic children with mean age of 7.8 y (range 4–12 y) and a mean ferritin value of 3129 + 1231.5 ng/ml
were enrolled. Mean serum ferritin decreased by 1226.3 ng/ml (p = 0.047, 95% CI =10.2, 1504.3) with 16.8% fall from baseline.
The reduction in ferritin correlated significantly with the initial ferritin level (spearman’s rho = 0.742, p = 0.001). Mean liver iron
concentration and myocardial iron concentration did not change significantly. Red color urine, transient rise in creatinine and
liver enzymes were noted during the study period.
Conclusions Combined oral chelation with deferiprone and deferasirox significantly decreases the serum ferritin level in children
with severe iron overload. The drugs were tolerated well without any serious adverse effects.
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Introduction

Adequate chelation therapy is the cornerstone of managing
iron related complications and thereby improving quality
of life and mortality in children with thalassemia.
Deferoxamine is the first efficient iron chelator studied in
thalassemia patients. But, it has to be administered paren-
terally. The other two main chelators are deferasirox and

deferiprone; both are oral iron chelators. In patients whose
iron overload is not controlled with monotherapy, combi-
nat ion chelat ion therapy with deferoxamine and
deferiprone was found to be effective and safe. However,
it is difficult to continue deferoxamine for long term due to
prolonged parenteral infusion periods. Hence, combination
chelation therapy with the two oral iron chelators-
deferiprone and deferasirox is emerging as a new treatment
for severe iron overload. Studies have shown that this com-
bined oral chelation reduces serum ferritin and is also more
efficacious than either of the drugs used alone [1]. Still, the
data available is very limited and we need further evidence
regarding efficacy and safety of this novel combination
therapy. Hence, this study was planned in authors’ centre
to assess the efficacy and safety of dual oral iron chelation
therapy in decreasing iron overload status, using serum
ferritin and liver and cardiac MRI as indicators, in transfu-
sion dependent thalassemic children.
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Material and Methods

This study was conducted in the Department of Pediatrics,
JIPMER from July 2017 to July 2019 in collaboration with
the Department of Radiodiagnosis. Study was approved by
Institute Ethics Committee (JIP/IEC/2017/0292) and was reg-
istered in clinical trials registry of India (CTRI/2018/02/
012134). Sample size was calculated using the Openepi online
tool with expected change in ferritin of 36%, change in liver
iron concentration of 18.7% and change in cardiac iron con-
centration of 19% after one year, derived from available liter-
ature [2], with power of 80% and alpha error at 5% and attri-
tion of 20%. The expected sample size for change in ferritin,
liver iron concentration (LIC) and myocardial iron concentra-
tion (MIC) were 14, 18 and 11 respectively.

Children with thalassemia of age 2–18 y and serum ferritin
≥1500 ng/ml who reported to the pediatric hematology clinic
for regular follow up were enrolled consecutively. Children
with serum creatinine more than two times the upper limit for
age, serum aspartate amino transferase and alanine amino
transferase more than five times the upper limit for age, abso-
lute neutrophil count (ANC) less than 1500/mm3, platelets
less than 1 lakh/mm3, significant proteinuria defined by pro-
tein creatinine ratio more than 0.5, cardiac failure secondary to
myocardial iron toxicity and previous history of allergic reac-
tion to deferiprone or deferasirox were excluded.

As baseline workup, anthropometry, serum ferritin, urea,
creatinine, aspartate amino transferase (AST), alanine amino
transferase (ALT), absolute neutrophil count, platelet count,
screening for human immunodeficiency virus (HIV), hepatitis
B and C viruses, echo, visual (visual acuity and fundus exam-
ination) and auditory (audiometry) evaluation was done for all
children who were enrolled. All children were encouraged to
maintain pre-transfusion hemoglobin of 9.0 g/dl by transfus-
ing at regular intervals of 3–4 wk. The children under study
who were on monotherapy were started on the other drug, oral
deferiprone at 75 mg/kg/d in three divided doses or
deferasirox at 30 mg/kg/d. Children who were already on dual
therapy were advised to continue drugs. It was planned to
increase deferasirox to 40 mg/kg/d if serum ferritin levels
remained above 2500 ng/ml after three months of dual chela-
tion; further to increase deferiprone to 100 mg/kg/d if serum
ferritin was persistently high in next three months. If serum
ferritin falls <1000 ng/ml, deferiprone was planned to be
stopped. Patients were clearly counselled about the impor-
tance of taking the drugs adequately and advised to maintain
drug diary. Compliance was assessed monthly by verifying
the drug diary and also by counting the remaining pills. Any
child defaulted for more than a week in one month was con-
sidered as poor compliance.

Every month they were reassessed clinically for gastroin-
testinal symptoms (nausea, vomiting, abdominal distension,
hematemesis and melena), joint pain or swelling, reddish/

brown colored urine and skin rash. Monthly monitoring of
urea, creatinine, AST, ALT, absolute neutrophil count, plate-
let count and urine protein creatinine ratio were done. At the
end of 12 mo all baseline workup was repeated, change in
serum ferritin levels, cardiac and liver iron concentration
levels were assessed and annual blood transfusion rate and
iron overload rate were calculated. In case of rise in liver
transaminases over five times the upper limit for age or rise
in creatinine levels more than 33% from baseline, deferasirox
was planned to be withheld till these parameters normalise.
Deferiprone was planned to be discontinued if ANC falls less
than 1500/mm3 or in case of arthropathy not responding to
NSAIDS.

MRI study was done in SIEMENS AVANTO 1.5 Tesla
machine. Estimation of LIC and MIC was performed using
T2* multi-echo sequence. It was performed using a single
thick slice T2* sequence through the centre of the liver in
axial plane and a similar sequence through the mid short
axis of heart, scanned at 8 different echo times. T2* image
analysis was performed using T2* analysis spread sheet
downloaded from ironcalculator.com. It provided
calculated iron concentrations based on previous published
data and their correlation in ms/Hz to direct iron measure-
ments by biopsies [3, 4].

All data were analysed using SPSS software version 23.0.
Normality of data was tested by using the Shapiro-Wilk test
for normality. Categorical variables were expressed as fre-
quencies with percentages. Continuous, normal data was
expressed as mean ± SD and continuous, non-normal data as
median with inter quartile range. Comparison of continuous
data at the beginning and end of study was done by paired
student’s t test and Wilcoxon signed rank test for normal and
non-normal data respectively. Correlation of continuous non-
parametric data was done by calculating spearman’s rho.

Results

Twenty three children with transfusion dependent thalassemia
fulfilling the inclusion criteria were assessed for eligibility and
enrolled. One child underwent bone marrow transplantation
from a private centre and continued follow-up there. One child
had unexplained sudden death at home. Hence, the remaining
twenty one children were followed up for a period of one year.

The mean age of children enrolled was 7.8 (+ 2.5) y. There
were 14 (67%) males and 7 (33%) females. Nine (43%) chil-
dren were stunted and 11 (52%) were underweight. All pa-
tients tested negative for HIV, hepatitis B and C viruses. Two
of the children had undergone splenectomy prior and one
child underwent splenectomy during the study period. The
mean pre-transfusion hemoglobin during the study period
was 7.4 + 0.8 mg/dl. Mean annual blood transfusion rate
was 193 + 17 ml/kg. At enrolment, there were two groups of
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patients. Group A had 10 (48%) children taking deferasirox
alone and group B had 11 (52%) children on both deferiprone
and deferasirox therapy. None of the children were on
deferiprone monotherapy. The mean duration of prior chela-
tion therapy in the children was 46 mo; Group A received for
37 mo whereas group B received for 10 mo. The mean ferritin
level in group Awas 2473 ng/ml which reduced to 2196 ng/ml
after one year whereas in group B it was 3480 ng/ml at base-
line which decreased to 2532 ng/ml. At recruitment, 10 chil-
dren (5 each in group A and B) received deferasirox at
40 mg/kg, and 8 (group B) received deferiprone at 100 mg/kg.
During the study period, deferasirox dose was increased in 6
children at 3 mo (2 in group A and 4 in group B) and
deferiprone was increased in 5 children (3 children at 3 mo
and for 2 children at 6 mo only in group A). On the other hand,
deferiprone dose was decreased in only one child in group B
whereas defarasirox was not reduced in anyone.

The severity and change in iron overload markers are given
in Tables 1 and 2. Serum ferritin at the end was higher than
baseline for six children, in which four patients had poor com-
pliance to drugs.When there was no supply of chelation drugs
from authors’ hospital, these parents could not able to procure
drugs regularly due to economic constraints. They defaulted
for three to four months. Other two children were taking the
drugs regularly according to their mothers. One child had
increase in serum ferritin of 223 ng/ml and other child had
an increase of 205 ng/ml, and their annual transfusion volume
was 215 ml/kg and 190 ml/kg respectively. Analysis of the 17
children who were compliant to therapy revealed a better re-
duction in serum ferritin.

The reduction in ferritin was found to correlate significant-
ly with the initial ferritin level (spearman’s rho = 0.742, p =
0.001). No significant correlation was observed between total
transfusion volume and pre-transfusion hemoglobin with
change in serum ferritin.

Cardiac and liver iron quantification was done for nine
children who were cooperative for the MRI study. Both car-
diac and liver iron levels showed a falling trend, but the chang-
es were not found to be statistically significant. No significant
correlation was noted on comparing the change in ferritin with
either liver or heart iron concentration.

The most common symptom noted in the study population
was passing red colored urine (86%). Other side effects ob-
served are shown in Table 3. Thrombocytosis, indicated by
platelet counts above 4.5 lakhs/mm3 was seen in three chil-
dren, who had undergone splenectomy.

Two children had ophthalmic abnormalities on screening.
One child had superficial punctate keratitis and one child had
bilateral zonular cataract. Child with zonular cataract
underwent bilateral cataract surgery on follow-up. Cataracts
were reported to be associated with deferiprone and deferox-
amine use. However, this child was taking only deferasirox,
and was never on deferiprone or deferoxamine prior to the
study. It is possible that the cataract was due to free radical
damage due to iron toxicity. Child with superficial punctate
keratitis normalised on follow-up.

Hearing assessment and myocardial function assessed by
echocardiography were normal at enrolment and at the end of
study for all children. One child developed osteomyelitis of
left tibia and another child had acute watery diarrhea requiring
hospitalisation during the study period. All 6 (29%) patients
had only mild thrombocytopenia (1–1.5 lakhs/mm3), which
recovered spontaneously. None developed any serious com-
plication requiring the stoppage of chelation drugs.

Discussion

Tissue iron overload results in significant mortality and mor-
bidity in children with thalassemia. Dual oral iron chelation

Table 1 Severity and change in
iron overload markers Parameter Severity At enrolment

n (%)

End of 12 mo

n (%)

Ferritin (ng/ml)

n = 21

< 1500 0 4 (19)

1500 to 3000 11 (53) 12 (57)

3001 to 5000 8 (38) 4 (19)

> 5000 2 (9) 1 (5)

Myocardial iron concentration (mg/g)

n = 9

No (< 1.16) 7 (78) 7 (78)

Light (1.16–1.65) 1 (11) 1 (11)

Moderate (1.66–2.71) 0 1 (11)

Severe (>2.71) 1 (11) 0

Liver iron concentration (mg/g)

n = 9

No (< 2) 2 (22) 3 (33)

Light (2–7) 4 (45) 5 (56)

Moderate (>7–15) 3 (33) 1 (11)

Severe (>15) 0 0
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will not only reduce the iron overload but also improve com-
pliance. Previous studies on dual chelation have been done
mainly on adolescent or adult population [1, 2, 5–8] whereas
the present study population is predominantly dominated by
younger children with mean age of 7.8 y (range of 4–12 y).

Ferritin decreased by a mean value of 1226.3 ng/ml from
the baseline ferritin of 3129 ng/ml. Previous researchers have
shown the mean change in ferritin to be ranging from 1070 to
3275 ng/ml [1, 5, 6, 9]. The authors observed a strong corre-
lation between the initial ferritin level and the change in ferri-
tin. There was a mean percentage change in ferritin of 31.4%
in patients who were compliant. Elalfy et al. and Parakh et al.
have reported percentage changes of 36.59% and 34.99% re-
spectively [2, 6].

Combination of deferiprone and deferoxamine is proven to
be effective in reversing cardiac iron overload by ‘iron shuttle’
mechanism [10]. Cardiac iron loading occurs mainly from non
transferrin bound iron pool and hence its control depends on

duration of exposure to chelation [11]. Combination of
deferiprone and deferasirox reduced the cardiac iron overload
significantly higher than deferiprone and deferoxamine com-
bination in adolescent population in Egypt [2]. MRI based
cardiac iron assessment done in five children on dual iron
chelation therapy in north India showed that there was no
significant change at the end of one year and the change was
comparable to monotherapy with deferiprone or deferasirox
[1]. In the present study authors observed that mean cardiac
iron concentration determined by T2* did not have any sig-
nificant change after one year of chelation. But seven out of
nine children in present study did not have cardiac iron over-
load at beginning. This relates to the fact that cardiac iron
overload is usually delayed and tissue iron overload increases
with age [12]. One child had severe cardiac iron overload
which decreased to moderate range and another child had light
iron overload that decreased to no iron overload. This obser-
vation shows that the combination may be effective in revers-
ing myocardial iron load and studies on patients with signifi-
cant cardiac iron load may reveal this effect well. However,
one child with no cardiac iron overload developed light iron
overload while on regular chelation. Also, the children with
myocardial iron overload in present study did not have any
clinical or echocardiographic features of myocardial dysfunc-
tion. This reconfirms that myocardial iron toxicity may be
clinically silent and routine MRI quantification can help in
identifying the children at risk earlier [13].

Hepatic iron loading occurs mainly by transferrin mediated
uptake and hence its control is more dependent on dose of
chelation received. The authors observed a mean fall in LIC
by 23%, which was not found to be statistically significant,
probably due to inadequate sample size. Serum ferritin has
been found to correlate with hepatic iron concentration in an

Table 2 Change in iron overload markers

Parameter At enrolment End of 12 mo Percentage
change %

Mean change 95% Confidence
interval

p value

Ferritin in children with good
compliance in ng/ml (n = 17)

3235.9 + 1332.2 2009.6 + 763 −31.4 757.3 + 1641.1 (488, 1964.6) 0.003a

Ferritin in all enrolled children
in ng/ml (n = 21)

3129.2 + 1231.5 2371.9 + 1116.2 −16.8 1226.3+ 1435.9 (10.2, 1504.3) 0.047a

T2* Heart in Ms (n = 9) 24.6 + 7.88 25.7 + 7.22 −3.6 −1.14 + 6.29 0.6a

R2* Heart in Hz (n = 9) 36.9 (31.6, 50.25) 42 + 14.4 −1.8 1.4 (−5.1,15.35) 0.514b

Myocardial iron concentration
in mg/g (n = 9)

0.86 (0.7, 1.12) 0.95 (0.73, 1.11) +3.49 0.04 (−0.18, 0.325) 0.722b

T2* Liver in Ms (n = 9) 7.3 (3.9, 15.7) 9.5 (4.75, 29.7) +57 −2.1 (−11.6, 0.15) 0.066b

R2* Liver in Hz (n = 9) 137.4 (70.2, 254.7) 105.3 (33.65, 210.8) −22.5 23.6 (−5.4, 106) 0.110b

Liver iron concentration
in mg/g (n = 9)

4.27 (2.16, 8.48) 3.36 (1.05–6.59) −23.1 1.06 (−0.145, 3.62) 0.110b

All values are depicted as mean ± SD, median (IQR); p value <0.05 are given in bold face
a Paired student t test,
bWilcoxon signed rank test

Table 3 Adverse effects
noted during the study
period

S. No Parameter Subjects

n (%)

1 Red urine 18 (86)

2 Rise in creatinine 10 (48)

3 AST elevation 10 (48)

4 ALT elevation 9 (43)

5 Proteinuria 6 (29)

6 Thrombocytopenia 6 (29)

7 Urea elevation 3 (14)

ALT Alanine amino transferase; AST
Aspartate amino transferase
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observational study done on sixty thalassemic patients, where-
as cardiac iron concentration did not correlate with both ferri-
tin and hepatic iron concentration [14]. The present study
showed no correlation between serum ferritin and hepatic
and cardiac iron concentration.

Arthropathy and gastrointestinal symptoms were the pre-
dominant symptoms noted in previous studies and were re-
ported to be in the range of 12.5% to 22.2% in different studies
[1, 2, 5, 6]. However, no arthropathy or significant gastroin-
testinal effects were observed in present patients.

Deferiprone can cause neutropenia and agranulocytosis
that is usually reversible on stopping the drug [15].
Neutropenia was noted in five of the 49 patients studied by
Elalfy et al. and in one patient studied by Karami et al. [2, 8],
while other studies on combination chelation therapy have not
reported any agranulocytosis or neutropenia [1, 5, 7].
Neutropenia was not observed in any of present subjects.
Six patients (29%) had transient thrombocytopenia (1 to 1.5
lakhs/mm3) in present study, which recovered within a max-
imum period of three months. This may also be attributed to
sequestration in spleen.

Transient hepatic enzyme elevation is a commonly noted
side effect of deferasirox. Totadri et al. [5], EPIC trial on
deferasirox [16] and Viprakasit et al’s. [17] observation on
deferiprone showed elevation in AST or ALT above five
times the upper limit for age, requiring stopping of therapy
to be around 10 to 16%. But in the present study only one
child had elevation in ALT just above five times the upper
limit for age. Even it resolved within a month without chang-
ing the drug regimen.

Transient and permanent elevation of creatinine is an ex-
pected side effect of deferasirox [9]. But long term follow up
(10 y) of patients who received prolonged duration of
deferasirox has not shown any significant progressive renal
dysfunction [18]. In the present study all the patients were
already on deferasirox (mean duration of 45 mo). Transient
elevation of creatinine above baseline was seen in ten children
(48%). None of them had raise in eGFR above 33% of their
baseline, requiring withholding of drugs. All of them had re-
covery of creatinine to baseline within three months.

Thalassemia is a hyperfiltration state and proteinuria can be
seen on patients normally and it is recommended to start in-
tervention if urine PCR is above 0.6 or 0.7 [9]. Deferasirox
can cause significant renal dysfunction and proteinuria [19].
In the present study, proteinuria was seen in six children
(29%). Four patients had transient proteinuria that resolved
during the study period. Two children had persistent protein-
uria. But none of them had urine PCR above 0.5, possibly
indicating proteinuria due to the thalassemic disease state rath-
er than due to drugs.

This study evaluated prospectively for the efficacy of com-
bined oral chelation in decreasing iron overload in thalassemic
children. The authors also studied cardiac and liver MRI at

baseline and after one year in significant proportion of chil-
dren apart from serum ferritin. The main limitation is that
required sample size for hepatic iron concentration by MRI
was not fulfilled as many children did not cooperate.

Conclusions

This study showed that combined oral chelation with
deferiprone and deferasirox will help in decreasing the iron
overload in thalassemia children on regular transfusions. No
significant effect was noted in cardiac overload. Though there
was a fall in hepatic iron status, it was not statistically signif-
icant. All the children who received the combined oral chela-
tion tolerated the drugs well.
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