Comparison of the Mean Serum Ferritin Levels in Thalassaemia

Major Patients after Giving Deferasirox and Deferoxamine

Seema Aftab!, Amber Kamran?, Shahina Hanif?,
Ghulam Murtaza* Naveen Fatima®, Noor un Nisa Masqati®

Abstract

Objective: To compare the mean serum ferritin levels in thalassaemia major patients after giving
deferasirox and deferoxamine. This is a randomised control trial conducted at the Department of Pae-
diatrics, Civil Hospital, Karachi from 29" January 2014 to 28" July 2014.

Methods: A total of 160 patients of either gender, with age between 1 to 14 years, who received blood
transfusion at least once a month for one year and had serum ferritin >1000 mcg/L were included.
Each enrolled patient was randomly allocated to group-A (deferoxamine) or group-B (deferasirox). Pre-
and post-treatment iron profile was done in both groups to assess the iron status in the body. De-
scriptive statistics were applied to calculate mean and standard deviation for the quantitative vari-
ables. Frequencies and percentages were calculated for the qualitative variables. Independent
sample t-test was applied to compare mean change in serum ferritin level in both groups. Effect
modifiers were controlled by stratification. Paired t-test was also applied post stratification and p-
value<0.05 was considered as significant.

Results: Overall there were 96 male and 64 female patients. The overall mean age of study subjects
was 7.54 = 4.21 years. In the deferasirox group, mean age was 6.35 = 4.11 years, mean weight was
18.01 * 6.74 kg, mean height was 102.04 + 19.48 cm, and mean duration of transfusion was 7.48 %
3.99 months/year. In the deferoxamine group, mean age was 8.74 = 3.97 years, mean weight was
20.44 + 6.77 kg, mean height was 102.19 + 20.85 cm, and mean duration of transfusion was 8.14 +
3.55 months/year. In the deferasirox group, before treatment mean serum ferritin level was 1385.73 +
117.01 mcg/L. After treatment mean serum ferritin level was reduced to 1047.59 = 117.08 mcg/L. In
the deferoxamine group, before treatment mean serum ferritin level was 1362.58 + 134.42 mcg/L. Af-
ter treatment mean serum ferritin level was reduced to 1124.36 + 134.52 mcg/L. Post-treatment the
serum ferritin level between two groups was significantly different with p<0.01. The mean difference in
serum ferritin level in pre- and post-treatment among two groups was highly significant with p<0.01.
Conclusion: Deferasirox is an effective, safe and tolerable chelation therapy for the treatment of
thalassaemia major with iron overload due to its ability to provide constant chelation coverage and
potential to improve compliance.
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Introduction

Thalassaemia is a genetic disease
characterised by the inability of the body to pro-
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duce an adequate amount of haemoglobin in red
blood cells. The probability for a child to have
thalassaemia major is 25% in conditions where
both the parents are carrier of the disease. The
treatment of this condition is a huge economical
and psychological burden on both the family and
the government?.

Thalassaemia is perhaps the most common
genetic disorder in Pakistan with over 100,000
thalassaemia patients and about eight million carri-
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ers and life expectancy can be as low as 15 to 20
years!. The number of children suffering from
thalassaemia major in Pakistan is approximately
40,000 and about 5000 are added each year, which
shows that the disease burden is really high in this
part of the world?3,

A large number of complications in
thalassaemia major are mainly due to iron overload
as a result of frequent blood transfusions. Extra iron
gets accumulated in different tissues and organs of
the body especially in the heart, liver and endocrine
cells*. This chronic iron overload in thalassaemia
patients leads to multiple organ failure and is a ma-
jor cause of death if chelation therapy is not pro-
vided appropriately to these patients>6. Within a
few years of regular blood transfusion initiation in
children with thalassaemia, serum ferritin levels and
liver iron concentration (LIC) levels increase, and
therefore, require chelation. Studies have shown
that when iron chelation therapy is given in an ad-
equate dose, it reduces iron-related complications
and improves quality of life and overall survival’.
Deferoxamine is an iron chelator and binds with
iron tightly to form iron-deferoxamine complex which
is excreted in both urine and stool. The standard
dose used for removing this extra iron is by subcu-
taneous infusion over 8-12 hours in 5 to 7 days
each week because of the short half-life in plasma&.
Another drug used is deferasirox, which represents
a comparatively new class of iron chelators. Since
the half-life of deferasirox is up to 16 hours, there-
fore once daily dose is acceptable to maintain an
effective plasma level of the drug®. In a group of
thalassaemia patients mean change in serum fer-
ritin level in deferoxamine group was (337 * 0)%
which units, another study of deferasirox showed
mean change in serum ferritin level (235 + 44.39)%
which units.

Deferasirox, due to its oral route and once
daily dosing, is pain-free, less time-consuming and
more cost-effective properties, will be more feasible
for the patients to take, as compared to
deferoxamine. Literature also shows preference for
deferasirox due to its longer half-life'?. Since there

is limited comparative data available in Southeast
Asia and due to difference in prevalence of
thalassaemia major in eastern and western popula-
tion, we want to see the comparative effect of
deferasirox and deferoxamine on serum ferritin
level.

Patients and Methods

The study was conducted at paediatrics depart-
ment, Civil Hospital, Karachi. The duration of the
study was six months from 29" January 2014 to
28™ July 2014. It was a randomised clinical trial. A
total of 160 thalassaemia patients were included in
the study; 80 patients in each group. This sample
size was calculated using OpenEpi software, taking
mean change in serum ferritin level in deferoxamine
group (337 = 0)1°and (235 + 44.39)* for deferasirox
group. By taking above statistics, Cl= 95% and
power of study is 80%, and then at least 160
sample size required. Non-probability consecutive
sampling technique was used for this study.

The inclusion criteria were; patients diagnosed
with thalassaemia major of ages between 1-14
years, of either sex and receiving blood transfusion
(atleast once a month) with serum ferritin
>1000mcg/L. The exclusion criteria were; patients
having anaemia other than thalassaemia, patients
who were already using any iron chelating agents
and patients who had any sensitivity or allergy to
either deferasirox or deferoxamine and thalassaemic
children with complications.

The data collection was started after an ap-
proval from the institutional ethical committee. The
patients were recruited through department of paedi-
atrics, Civil Hospital, Karachi. A total of 160 pa-
tients, after fulfilling the inclusion criteria were
included in the study. After explaining the purpose
and procedure of the study, a written and oral in-
formed consent was taken from guardians of the
patients. Each enrolled patient was randomly allo-
cated by lottery method to either group A or group
B. Group A received deferoxamine, while deferasirox
was given to group B. Pre-treatment and post-treat-
ment ferritin profile was done in both the groups to
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assess the iron status in the body. Blood tests
were also done for haemoglobin. All the data were
entered into a prescribed pro forma. Confounding
variables as well as bias was controlled by strictly
following the inclusion and exclusion criteria.

The data was entered and analysed with
SPSS 19. The quantitative variables like age,
weight, height, and serum ferritin at baseline and
after 6 months were expressed as mean * standard
deviations, whereas the frequency and percentages
were calculated for qualitative variables i.e. gender.
T-test was applied to compare mean change of se-
rum ferritin in both groups. The p-value of less than
or equal to 0.05 was considered as statistically sig-
nificant. Confounders were controlled through strati-
fication of age, gender, weight, height, and duration
of blood transfusion received to see the impact of
these on outcome variables using t-test taking
p<0.05 as significant.

Results

The results showed that overall there were 96
male and 64 female patients. The mean age of
study subjects was 7.54 + 4.21 years. The mean
weight was 19.22 * 6.84 kg. The mean height was
105.11 + 20.35 cm. Mean duration of transfusion
was 7.81 + 3.78 months.

Age, weight, height, and duration of transfu-
sion was stratified into two groups. The results
showed that 89 patients were <7 years and 71 were
>7 years of age. 80 patients weighed <19 kg and
80 weighed >19 kg. 76 patients were <105 cm in
height and 84 were >105 cm. 81 patients had un-
dergone<7 years of transfusion and 79 had under-
gone >7 years of transfusion.

The frequency of patients with respect to gen-
der and stratified groups of age, weight, height, and
duration of transfusion was also calculated accord-
ing to two treatment groups.

The serum ferritin levelsbefore and after treat-
ment were observed according to two treatment
groups. In the deferasirox group, before treatment
mean serum ferritin level was 1385.73 + 117.01 ng/

ml. The minimum level was 1129 ng/ml and the
maximum level was 1574 ng/ml. After treatment
mean serum ferritin level was reduced to 1047.59 +
117.08 ng/ml. The minimum level was 789 ng/ml
and the maximum level was 1234 ng/ml. In the
deferoxamine group, before treatment mean serum
ferritin level was 1362.58 + 134.42 ng/ml. The mini-
mum level was 1133 ng/ml and the maximum level
was 1609 ng/ml. After treatment mean serum ferritin
level was reduced to 1124.36 = 134.52 ng/ml. The
minimum level was 894 ng/ml and the maximum
level was 1370 ng/ml.

Post-treatment the significance of serum fer-
ritin level was observed through t-test. The results
showed that post treatment the serum ferritin level
between two groups is significantly different with
p<0.01.

The detailed results for comparisons of mean
change of serum ferritin level among the deferasirox
and deferoxamine groups are presented in Table 1
and Table 2.

Discussion

Thalassaemia is recognised as the most preva-
lent genetic blood disorder in Pakistan'. However,
thalassaemia, is the most common autosomal
single-gene disorder worldwide, and is found in
more than 60 countries, with a carrier population of
up to 150 milliont314,

Iron overload is an unavoidable complication
suffered by thalassaemia major patients as a con-
sequence of multiple blood transfusions. It is so
common that it has been referred to as a "second
disease" during treatment of the first!>16, Serum
ferritin is an easy and inexpensive indirect measure-
ment of iron burden, however, a single measure
may not provide a reliable indication of iron levels.
The new non-invasive methods of measurement iron
storage in the body such as magnetic resonance
imaging (MRI) or superconducting quantum interfer-
ence device (SQUID) have greater sensitivity, but
they have limited use in developing countries such
as Pakistan because of cost and complexity.
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Table 1. Mean difference of serum ferritin level (ng/ml) pre- and post-treatment indeferasirox group.

*T=T value
df= frequency of distribution

Paired Difference T df p-value

Mean SD
Gender Male (n= 54) 338.074 1.330 1868.393 53 0.001

Female (n= 26) 338.269 1.079 1598.299 25 0.001

Age Groups <7 (n=52) 338.173 1.294 1884.036 51 0.001
(years) >7 (n= 28) 338.071 1.184 1510.760 27 0.001
Weight <19 (n=52) 338.115 1.263 1931.016 51 0.001
Groups (kg) >19 (n=28) 338.179 1.249 1432.994 21 0.001
Height Groups <105 (n= 50) 338.120 1.256 1903.796 49 0.001
(cm) >105 (n=30) 338.167 1.262 1468.000 2 0.001
Duration of transfusion <7 (n=47) 338.000 1234 1878.432 46 0.001
(months) >7 (n= 33) 338.333 1.267 1534.536 K7 0.001
Table 2. Mean difference of serum ferritin level (ng/ml) pre- and post-treatment in deferoxamine group

Paired Difference T df p-value

Mean SD
Gender Male (n= 42) 238.333 0.928 1663.830 41 0.001

Female (n= 38) 238.079 0.941 1559.627 37 0.001

Age Groups <7 (n=37) 238.162 0.958 1512.482 K'S 0.001
(years) >7 (n=43) 238.256 0.928 1683.185 2 0.001
Weight <19 (n= 28) 238.357 0911 1383.848 27 0.001
Groups  (kg) >19 (n=52) 238.135 0.950 1807.000 51 0.001
Height <105 (n= 26) 238.308 0.884 1374.515 25 0.001
Groups (cm) >105 (n= 54) 238.167 0.966 1801.978 53 0.001
Duration of transfusion <7 (n=34) 238.206 1.008 1377.354 K¢ 0.001
(months) >7 (n= 46) 238.217 0.892 1810.752 45 0.001

Table 3. Comparison of post-treatment mean difference of
serum ferritin level (ng/ml) amongdeferasirox and deferoxamine groups

Mean SD p-value
Deferasirox 104759 111.08 0.001
Deferoxamine 112436  134.52

Independent sample t-test was applied.
p-value < 0.05 considered as significa

The importance of chelation therapy can be ap-
preciated from the fact that levels of ferritin are in-
versely linked to the survival in thalassaemia major
patients’®. To sustain children affected with B -
thalassaemia, monthly blood transfusions accompa-
nied by iron chelation therapy is needed, and
requirements for treating one annual birth cohort for
one year are 90,000 units of blood plus 22 million

dollars' worth of deferoxamine'*'’. Many studies
concluded that cirrhosis of liver is associated with
increase in serum ferritin level16-21,

A study conducted in Islamabad, showed that
the mean serum ferritin level in patients with beta
thalassaemia was 3390 ng/ml?l. As excessive iron
can lead to organ damage, chelation therapy is em-
ployed to lower its levels'®. Borgna-Pignatti et al.
reported that a lower ferritin concentration predicted
longer survival, and reduced risk of various compli-
cations'®. The importance of chelation therapy can
be appreciated from the fact that levels of ferritin
are inversely linked to the survival in thalassaemia
major patients®.

Iron chelation therapy is a lifelong requirement
for transfusion dependent patients with f-
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thalassaemia, but to date, long-term efficacy and
safety data from prospective clinical trials in paedi-
atric and adult patients are limited®2.

In a study®®, 79 cases of beta thalassaemia
major were analysed. Among them, 46 (58.2%)
were male while 33 (41.8%) were females. The
mean age was 10.8 + 4.5 years. The mean serum
ferritin level was 4236.5 ng/ml, which is markedly
higher than normal (12-122 ng/ml)'>23, As ex-
pected, serum ferritin values were much lower
(3319.6 + 1925.8 ng/ml) in the group who received
chelation therapy as compared to those who did not
use the medication (5514.8 + 2383.0 ng/ml)*®.

In another study, results confirmed the efficacy
of deferasirox in reducing serum ferritin level in a
patients with  -thalassaemia major from base line
2836 + 456 ng/ml to 2000 + 535.1 ng/ml after one
year of therapy (serum ferritin from base line -
835ng/ml with p-value<0.001). This gives information
to monitor ferritin levels every 3-6 months. Our re-
sults became significant statistically only after 6
months of therapy which is explained by redistribu-
tion of iron between reticuloendothelial system and
hepatic iron in first 3-6 months of therapy making
no significant statistical change. The reduction of
serum ferritin in present study is higher than the re-
sult done by Capellini.

Another prospective study reported long-term
monitoring of the efficacy and safety of iron chela-
tion with deferasirox in both paediatric and adult pa-
tients with thalassaemia. It also represents the first
report of observed long-term effects on paediatric
growth and adolescent sexual development for any
oral iron chelation therapy. Overall, two-thirds of pa-
tients completed the 5-year study??.

Growth of paediatric patients and sexual devel-
opment of adolescent patients with  -thalassaemia
is of particular relevance, because multiple factors,
including iron toxicity, can lead to reduced stature
and delayed puberty in this population. Although the
prevalence has decreased since iron chelation
therapy has become available, many patients con-
tinue to experience complications of growth and
sexual development, which are often associated
with poor compliance to deferoxamine?®?.

Deferasirox did not show an adverse effect on
paediatric growth or adolescent sexual development
in paediatric patients, who are prone to growth re-
tardation as a result of iron overload. Appropriate
dose adjustments led to clinically relevant de-
creases in LIC and serum ferritin, highlighting the
necessity for dose titration to achieve negative iron
balance. Deferasirox, with dosing tailored to indi-
vidual patient requirements, is therefore an effective
long-term treatment for transfusional iron overload in
patients with B -thalassaemia??.

In our study, more patients were male and the
mean age of study subjects was 7.54 + 4.21 years.
In the deferasirox group, before treatment mean se-
rum ferritin level was 1385.73 + 117.01 ng/ml and it
was reduced to 1047.59 + 117.08 ng/ml. In the
deferoxamine group, before treatment mean serum
ferritin level was 1362.58 + 134.42 ng/ml and after
treatment this was reduced to 1124.36 + 134.52 ng/
ml. The reduction in serum ferritin level is signifi-
cant, which proves that deferasirox is more effective
than deferoxamine in both male and female patients
of age 1-14 years.

The main limitations of the present study in-
clude a single centre experience, low female repre-
sentation in the study cohort and a non-randomised
study design, small sample size and urban environ-
ment therefore, the results might not be generalised
to larger populations.

Conclusion

Deferasirox is effective, safe and tolerable che-
lation therapy in treatment of B-thalassaemia major
with iron overload due to its ability to provide con-
stant chelation coverage and potential to improve
compliance due to its easy administration.
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