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ABSTRACT

Background: Thalassaemia is a hereditary blood disorder characterised by defective globin chains,
which results in haemolysis and impaired erythropoiesis. Routine blood transfusion is required,
which may lead to iron overload in a long run. Deferoxamine (DFO) provides effective iron chelation
in thalassaemia patients, however, challenges were faced among patients, especially in ensuring
proper drug administration techniques. Objective: The study aim is to describe the current DFO
administration practice, common administration errors, patient compliance towards iron chelation
therapy and to identify factors associated with serum ferritin levels. Methods: A cross-sectional
study among adult thalassaemia patients was done from January 2019 until November 2020. Patients
were assessed for DFO injection practices and compliances. A DFO score was used to assess steps
of dilution and administration of DFO, categorised as good (score 75-100%), satisfactory (score 60-
74%), and fail (score <60%). Compliance was assessed using a validated 7-questions survey; a score
of less than 27 marks dictated non-compliance. A multivariate linear regression was used to identify
factors associated with high serum ferritin level (>1000 pg/L). Results: Twenty-four patients were
included in the study. For administration practice, 79.2% were able to administer independently.
Abdomen was the most favoured injection site and most patients administered DFO at night.
Although 75% of the patients had a good DFO score, DFO administration errors persist. The
compliance rate was low (29.2%), and majority reported more than 4 times per month of missed
doses. Working status (4664.13, 95% CIl 1609.41-7718.86, p=0.005) and frequent missed dose
(1152.39, 95% CI 382.18-1922.6, p=0.005) were identified as factors associated with serum ferritin
level, controlling for other factors. Conclusion: DFO administration errors persist among
thalassaemia patients. Patients who are working and non-compliant were identified to be associated
with high serum ferritin level. Effective counselling method may be needed to properly educate
patients on DFO administration and improve patients’ compliance.

INTRODUCTION

and approximately 200,000 people are annually born as

Thalassaemia is a hereditary blood disorder characterised by
defective synthesis of globin chains, namely a and B globin
chains which function as oxygen carrier in the haemoglobin [1].
The absence of haemoglobin subunit o or B synthesis will cause
imbalance of the globin chains which results in haemolysis and
impaired erythropoiesis [2]. Approximately 240 million people
worldwide who are detected as B-thalassaemia heterozygous
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homozygotes [3]. The highest prevalence of B-thalassaemia is
reported in Cyprus, Sardinia, and Southeast Asia. It is also
common in populations of Middle East, Central Asia, African
heritage and Indian Subcontinent [4]. Lately, thalassaemia is
also common in Europe, South America, North Central, and
Australia due to worldwide migration [5]. Thalassaemia
patients often req uire routine blood transfusion as part of
mainstaytherapy in  managing thalassaemia. Frequent
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transfusion subsequently may lead to iron overload due to
gradual iron accumulation over the time, since the naturally

occurring physiological mechanism of iron removal is impaired.

Therefore, life-long treatment of iron chelation therapy is
necessary in thalassaemia patient to prevent mortality and
morbidity associated with iron accumulation in the body [6].

Iron overload causes devastating effects towards organ
functions. lron accumulation can be toxic to most of human
tissues in the body and may cause complications such as
cardiomyopathy, liver cirrhosis, stunted growth and endocrine
abnormalities [7]. One of the means to monitor iron status is by
measuring serum ferritin. Ferritin is a protein substance that
encapsulates the iron stores in the body. However, serum
ferritin is a non-specific marker, which can be elevated in
various clinical conditions such as malignancy, iron overload,
arthritis, and hemophagocytic lymphohistiocytosis [8]. In the
absence of inflammation, the ferritin concentration is positively
correlated with total iron stores [9].

Serum ferritin is relatively inexpensive and widely available in
healthcare facilities, which makes it a preferred marker among
clinicians to monitor iron stores. Several studies had
demonstrated an association between serum ferritin level and
clinical outcome. A study found that high serum ferritin was a
significant predictor for cardiac mortality [10]. Another study
found that serum ferritin of <1000 ng/mL was significantly
associated with lower incidence of heart failure and prolonged
survival [11]. A Cochrane review was reported on the accuracy
of ferritin concentrations towards detection of iron deficiency
and iron overload. The study concluded that blood ferritin
concentration was reasonably sensitive in detecting iron
deficiency, however for iron overload, it is very low certainty
that high serum ferritin was sensitive for iron overload [12].
Nevertheless, serum ferritin is still relevant in the current
practice, as suggested by recent study which mentioned that
serum ferritin is a good predictor for hepatic iron overload in
TDT [13].

Deferoxamine (DFO) is the oldest standard iron chelation
therapy in managing iron overload. It is administered through
subcutaneous or intravenous infusion, typically 8-12 hours per
day for 5-7 days per week [14]. This medication works by
protecting the cell from iron mediated toxicity in two ways
which are through removal of excess iron as well as
neutralization of free iron in the body. Long term chelation by
DFO has proven to improve functional complication due to
iron accumulation such as liver fibrosis, arrhythmias and
abnormalities detected by echocardiogram. However, it might
not be effective to reverse the complications due to extensive
tissue damage, like frank diabetes, hypothyroidism and
myocardial sclerosis [15]. Introduction of DFO has provide a
longer and better quality of life of thalassaemia patients in
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comparison to few decades ago whereby patients died even
before or during adolescence due to various complications.
However, there are several limitations on DFO administration.
The time-consuming nature of DFO administration has
imposed several restrictions on patient’s life including work,
social activities, sleep, and emotional well-being especially in
adult patient. This leads to suboptimal compliance which in
turn increases risk of iron overload complications and poor
prognosis [6, 16]. Furthermore, repeated daily administration
of DFO may cause emotional burden as well as economic
burden in patients who cannot afford such therapy.

Oral iron chelators such as Deferasirox (DFX) is expensive
which causing accessibility issue [17]. DFX is one of the iron
chelators that allows once daily administration, which is
convenient to patients. A report showed that patients who
received DFX had a significantly higher rate of compliance
compared to those who were treated with DFO, however it was
not shown to improve patient satisfaction [18]. There were
several reports that prove the efficacy of DFX in reduction of
serum ferritin, liver iron concentration (LIC) [19-22], as well
as improvement in cardiac magnetic resonance imaging T2*
(MRI T2*) [23]. However, the cost of drug remains a concern
among healthcare professionals.

In clinical practice, DFO is self-administered at home. On the
first encounter, patients were taught on subcutaneous injection
technique, administration, and handling of DFO. Most of the
thalassaemia patients, particularly those transfusion-dependent
thalassaemia (TDT) was already started on DFO during
childhood. As a result, they might be still dependent on their
caretakers when they grew up. In thalassaemia clinic, patients
were periodically assessed on the injection techniques to ensure
proper administration of the medication. However, there is a
paucity of information on how patients prepare and administer
DFO at home, and some of the administration errors might not
be encountered by the healthcare providers. Based upon our
literature search, there are no studies that thoroughly describe
DFO administration practice and identify common
administration errors among thalassaemia patients. Some of the
studies reported mainly on the compliance of DFO but did not
elaborate specifically on the administration technique [14, 16,
24, 25]. Therefore, it is crucial to identify the current DFO self-
administration practice among thalassaemia patients at home.
Besides compliance, administration techniques are also
important to ensure success of medication therapy. In this study,
besides identifying the current DFO administration practices
among thalassaemia patients and common errors made during
administration have also been studied. In addition, patient
compliance towards iron chelation therapy and factors
associated with high serum ferritin levels were also
investigated.
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METHODS

Study Design

This is a cross-sectional study, including all adult thalassaemia
patients using DFO as iron chelators from Thalassaemia
Medication Adherence Clinic (TMTAC) in Hospital Tengku
Ampuan Afzan (HTAA) Kuantan. Potential samples were
screened using Pharmacy Information System (PhlS). Data
were traced from January 2019 until November 2020 and a
registry was generated from the system. Patients were
identified during thalassaemia clinic follow-up.

We used Raosoft Sample Size Calculator for sample size
calculation [26]. According to Malaysian Thalassaemia
Registry Report, there were a total of 2084 patients who were
on DFO therapy in Malaysia [27]. However, based on the
registry in Pahang, only 95 patients were on DFO therapy [28].
With margin of error (E) set at 0.05 and response rate (r) set at
0.5, the minimum sample size of 77 is needed to represent the
state. However, we did not perform a multicentre study, hence
inadequate samples.

Purposive sampling method was used. This is a population
study, all identified patients were included. After the initial
screening, a total of 40 patients were included in the registry.
All adult thalassaemia patients who were followed-up in adult
thalassaemia clinic and prescribed with DFO from January
2019 until November 2020 were included. Patients who were
not on DFO for more than 6 months and newly started DFO for
less than a month were excluded. Data collection form was
used to collect patient characteristics, details of DFO
administration, and patient compliance assessment.

There were two main parts in the data collection. First part was
patient characteristics, DFO injection practices and DFO
dilution steps. The second part was a validated questionnaire
for compliance assessment, adapted from Ramli et al. [29]. The
interview session was conducted for 10-15 minutes. Informed
consent was obtained from the patients. The interview of DFO
administration practice at home was carried out according to
the checklist in Thalassaemia Medication Adherence Clinic
(TMTAC) Protocol, Ministry of Health (MOH) Malaysia.

Questions asked including drug dose, frequency, DFO injection
independence, dilution of drugs, injection site, injection
technique, needle handling, DFO machine settings, infusion
duration and steps taken prior administration. DFO dilution
steps was adapted from DFO administration guide by Northern
California Comprehensive Thalassaemia Centre [30]. Patients
were asked to describe on step-by-step approach in DFO
administration, each of the correct step were given 1 mark.
There were 15 steps in total, and total marks were calculated as
percentages. The scores were defined as good (score 75-100%),
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Assessed for eligibility
(n=40)

Passed away (n=2) |

Selected to enter the study
(n=38)

Excluded (n=14)
Refused to participate (n=2) ||
Unable to reach (n=12)

Completed questionnaire
(n=24)

Interviewed during Interviewed by
TMTAC phone call

(n=16) (n=8)

Figure I. Study Flow.

satisfactory (score 60-74%), and fail (score <60%). No
validation was involved, as the guide was only for checklist
purpose to assess patient’s knowledge in DFO administration.

The second part was compliance assessment. For this part, a
validated questionnaire consisting of seven questions was
given, and patients were required to answer all seven questions.
The questionnaire was validated in previous study, mentioning
that it has good internal consistency and reliability [29]. Patient
compliance was assessed based on the answers provided, and
scores were calculated. Patients were considered compliant to
medications when the compliance score obtained was at least
27 out of 28. For patients whose clinic appointment falls
outside of data collection period, the session was completed
through a phone call. Figure I outlined the flow of study.

Ethical Approval and Consent to Participate

This study had obtained ethical approval from the Head of
Medical Department, the Hospital Director, and the National
Medical Research and Ethics Committee (MREC) of the
Ministry of Health (MOH) Malaysia. The study was conducted
in compliance with ethical principles outlined in the
Declaration of Helsinki and Malaysian Good Clinical Practice
(GCP).

Statistical Analysis

The study data were analysed using the SPSS statistical
software version 25. Descriptive statistics were used for
demographic data. All categorical data were presented as
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Table I. Patient demographic data. TDT, transfusion-dependent thalassaemia. “Mann-Whitney U test, "Fisher’s Exact test.

Variables Compliance Statistical Test p Value
Yes (n=7) No (n=17)
Median age, years (IQR) 22 25 -0.383* 0.702
(21 to 43) (23 t0 28.5)
Gender, n (%)
Male 2 (28.6) 6(35.3) 0.101° 1.00
Female 5(71.4) 11 (64.7)
Median Weight, kg (IQR) 45.5 (41.25 t0 49.75) 50.4 (45.5t0 57.4) -1.508* 0.132
Working Status, n (%)
Yes 2 (28.6) 8 (47.1) 0.697° 0.653
No 5(71.4) 9(52.9)
Median Income, RM (IQR) 600 (0 to 2225) 600 (0 to 1875) -0.25% 0.802
Education, n (%)
Secondary and below 3(42.9) 6 (40) 0.016° 1.00
Tertiary and above 4(57.1) 9 (60)
Diagnosis, n (%)
B-Thalassaemia Major 1(14.3) 4(23.5) 2.262° 0.495
Hb E B-Thalassaemia 5(71.4) 12 (70.6)
HbH Constant Spring 1(14.3) 0(0)
Splenectomy, n (%)
Yes 5(71.4) 10 (58.8) 2.246° 0.193
No 2 (28.6) 6(35.5)
TDT, n (%)
Yes 7 (100) 15 (88.2) 0.457° 1.00
No 0 (0) 1(5.9)

Table IL. Iron overload status and total iron chelators used. IQR, interquartile range; MRI T2*, magnetic resonance imaging T2*. aMann-Whitney U

test, bFisher’s Exact test, *significance at <0.05.

Variables Compliance Statistical p Value
Test
Yes No
(n=7) (n=17)
MRI T2* Heart, n (%)
Normal 2(28.6) 10 (58.8) 0.245
Moderate 0(0) 0(0)
Severe 2 (28.6) 2(11.8)
MRI T2* Liver, n (%)
Normal 2(28.6) 1(5.9) 0.782° 1.00
Moderate 2 (28.6) 6 (35.3)
Severe 4(57.1) 4(23.5)
Serum ferritin range, n (%)
<1000 pg/L 3(42.9) 4(23.5) 2.03° 0.425
1000 — 2500 pg/L 2 (28.6) 3(17.6)
>2500 pg/L 2(28.6) 10 (58.8)
Median serum ferritin, mcg/L (IQR) 1358 5244.3 -2.537* 0.011*
(239.9 to 3361.4) (1929.55 to 8318.45)
Number of iron chelators used, n (%)
1 2(28.6) 3(17.6) 0.728° 0.816
2 4(57.1) 11 (64.7)
3 1(14.3) 2 (11.8)
RESULTS

frequencies and percentages, whereas continuous data were
presented as median and interquartile range. Univariate
analyses were performed using Mann-Whitney, Chi-square test
and Fisher’s exact test, as appropriate. Univariate linear
regression was used to identify factors associated with high
serum ferritin levels, and multivariate linear regression (MLR)
was performed for significant variables. P values <0.05 were
considered as statistically significant

Demographic Data

A total of 38 patients were identified. Out of 38 patients, only
24 were able to complete the study. Fourteen patients were
excluded, 2 refused to join the study, and 12 were unreachable.
Summary of demographic data is shown in Table I. Majority of
patients were female (16, 66.7%), median age of 24.5 years old
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(interquartile range (IQR) 21 to 43). Most of the patients had
tertiary education level (13, 54.2%), had median income of RM
600 per month (IQR 0 to 1625), and more than half were not
working (14, 58.3%). The most common diagnosis was Hb E
B-Thalassaemia (17, 80%), with half of the patients underwent
splenectomy. Majority of the patients were transfusion
dependent thalassaemia (TDT) (22, 91.7%). Sixteen percent
had severe cardiac MRI T2*, and 8 (25%) had severe LIC. Half
of the patients had serum ferritin of >2500 pg/L, with median
serum ferritin of 3361.4 pg/L (IQR 1385.9 to 6214.55).
Majority of the patients received at least 2 iron chelators (15,
72.75%). A significant difference was found in the median
serum ferritin between compliant and non-compliant patients
(U=15, z=-2.537, p=0.011). Summary of iron overload status
and total iron chelators used are shown in Table II.

Deferoxamine Injection Practice

Median of mean daily dose (MDD) of DFO received by the
patient per day was 18.63 mg/kg (IQR 11.7 to 47.5). In terms
of DFO practice, most of the patients administered the drug
independently (19, 79.2%) with more than half applied eutectic
mixture of local anaesthetics (EMLA®) cream before injection
(15, 62.5%). The most common injection site was abdomen (19,
79.2%), followed by arm (3, 12.5%) and outer thigh (2, 8.3%).
Majority of the patients administered DFO at night (23, 95.8%).
Most of them missed dose more than four times per month (10,
41.6%). Summary of DFO injection practice is as shown in
Table II1.

Common Administration Errors

Most of the patients made errors during administration of DFO
(22, 91.7%). Common DFO practice errors found were divided
into three parts which are dilution error, administration error
and disposal error. Among these 3 errors, the most common
error was dilution error (83.3%), followed by administration
error and disposal error. Overall, 18 (75%) of the patients had
good DFO score, however majority of the patients treated with
DFO were non-compliant (17, 70.8%). These are the examples
of dilution errors identified:

e Dilution of DFO with smaller amount of diluent which
resulted in concentrated DFO solution and may cause
irritation during infusion.

e Did not fully syringe out DFO solution from the vials,
which cause inadequate dose administered.

e Administration of DFO without waiting for the drug
powder to fully dissolve, which may cause precipitation.

e Wrong method of dilution: using one of the reconstituted
DFO to dilute another vial, instead of using pure water for
injection (WFI) to reconstitute all vials. This may lead to

e inaccurate measurements and incomplete dissolution of
drug powder.

Mal J Pharm 9 (2) 2023, 20-28

Table III. DFO injection practice and common administration errors.
DFO, deferoxamine; EMLA, eutectic mixture of local anesthetics; IQR,
interquartile range. "Mann-Whitney U test, "Fisher’s Exact test.

Variables Compliance Statistical p Value
Yes No Test
(n=7) (n=17)
18.63 (11.7 19.9 (17.68 to 0.000* 1.00
Median MDD DFO,  to 47.5) 27)
mg/kg/day (IQR)
EMLA® cream
application, n (%)
Yes 4 (57.1) 11 (64.7) 0.974° 0.393
No 3(42.9) 6(35.3)
Injection Site, n (%)
Arm 0(0) 3(17.6) 1.774% 0.406
Abdomen 7 (100) 12 (70.6)
Thigh 0 (0) 2(11.8)
Time setup, n (%)
Morning 0(0) 1(5.9) 0.43 1.00
Night 7 (100) 16 (94.1)
Errors made, n (%)
Yes 1(14.3) 16 (94.1) 0.458° 0.507
No 6(85.7) 1(5.9)
DFO score, n (%)
Good 5(71.4) 13 (76.5) 1.50° 0.587
Satisfactory 2 (28.6) 2(11.8)
Fail 0(0) 2(11.8)

Factors Associated with Serum Ferritin Level

Univariate linear regression was performed on each variable to
identify factors associated with serum ferritin level. Variables
included were age, gender, working status, income, education
level, MRI T2* liver, MRI T2* cardiac, number of iron
chelators, injection site, and frequency of missed dose.
Variables that showed a trend towards significance were
selected for MLR which are working status, MRI T2* liver,
injection site, and frequency of missed dose in a month.
Compliance was not included for MLR due to its relationship
with frequency of missed dose in a month. Summary of linear
regression is shown in Table IV. MLR was done using stepwise
method, and the results showed that MRI T2* liver and
injection site were not statistically significant (p >0.05).

However, the results revealed that there was a statistically
significant interaction between working status and frequency
of missed dose. Result shows that 57.4% of the variance in
serum ferritin can be accounted for by two predictors, F (2,11)
=9.773, p=.004. In this model, interaction was found between
working and frequency of missed dose. The predicted serum
ferritin is equal to 3475.48 + (1152.39 x frequency of missed
dose) + (-5557.06 x working status) - 1637.28 (working status
x frequency of missed dose), per one unit increase in each
factor. No multicollinearity was found, and the final model met
all the assumptions.
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Table IV. Factors affecting serum ferritin level among adult thalassaemia patients. DFO, deferoxamine; CI, confidence interval; MDD, mean daily
dose; MRI T2*, magnetic resonance imaging T2*; TDT, transfusion-dependent thalassaemia. ®Method: Multivariate logistic regression, stepwise

method, *variables that were included for multivariate linear regression.

Variables Univariate Linear Regression Multivariate Linear Regression
B 95% ClI p Value B2 95% CI p Value
Age -28.37 -363.44 to 306.7 0.861 - - -
Gender -1692.8 -6288.87 to 2903.27 0.450 - - -
Working Status
Yes 5044.88 1365.2 to 8724.55 0.010* 4664.13 1609.41 to 7718.86 0.005
No
Income 0.32 -1.078 t0 1.722 0.629 - - -
Education - - -
Primary -6399.59 -14928.89 to 2129.71 0.131
Secondary -5700.93 -13487.08 to 2085.22 0.140
Tertiary
MRI T2* Cardiac - - -
Normal 3083.85 -2992.97 t0 9160.67 0.293
Severe
MRI T2* Liver - - -
Normal -15640.31 -21938.63 t0 -9341.99 <0.001*
Moderate -16986.56 -23491.44 to -10481.68 <0.001*
Severe
Number of Iron Chelators 538.226 -3060.5 to 4136.95 0.758 - - -
Injection Site - - -
Arm -8799.68 -15118.97 to -2480.39 0.009*
Abdomen -10332.05 -18785.44 to -1878.66 0.019*
Thigh
Frequency of missed dose in a month 1107.57 284.18 — 1930.95 0.011* 1021.51 341.84 t0 1701.17 0.005

DISCUSSIONS

Median serum ferritin was 3361.4, which is more than usual
target in most facilities that requires serum ferritin level to be
less than 2500 pg/L. Half of the patient had serum ferritin level
of more than 2500 pg/L. A study reported mean serum ferritin
of 2767.52 pg/L, which is lower than our current findings [31].
Another study reported mean serum ferritin level of 4236.5
pg/L among thalassaemia major patients, which are expected
to have higher levels than HbE B-thalassaemia [32].

The high median serum ferritin could be explained by its
association with compliance status, as majority of the patients
were non-compliant to iron chelation. As a result, 16.7% of the
patients had severe cardiac iron overload, and 25% had severe
liver iron overload, based on MRI T2* findings. These findings
were correlated with high prevalence of non-compliance
among the patients studied. A systematic review revealed that
serum ferritin levels were achieved with increased adherence to
iron chelators [33].

There were several benefits gained by achieving low level of
serum ferritin. A report by Liu et al. mentioned that, those
patients who had serum ferritin level of less than 2500 pg/L
would have cardiac disease free survival outcome of 91% after
15 years of chelation with DFO, compared to patients who had
serum ferritin of 2500 pg/L and above [34]. Another report
showed lower serum ferritin of less than 1000 pg/L were
significantly associated with reduction in heart failure event

and prolonged survival [11].

Our findings showed a significant association between median
serum ferritin and compliance status, whereby patients who had
higher serum ferritin level were associated with non-
compliance. This association can be explained by a direct effect
of iron chelators in reducing iron burden, which is showed as
reduction serum ferritin levels. Similar findings were
demonstrated by other study which showed significantly higher
serum ferritin level, cardiac and severe liver iron overload
among non-adherent patients [24]. Although serum ferritin is
not accurate to determine patient iron overload status and MRI
T2* is preferred, it can be used as a surrogate marker to
represent iron overload. A study showed that cardiac and
hepatic MRI T2* had significant correlation with serum ferritin
level [35]. This was supported by another study that
demonstrated higher serum ferritin can predict the severity of
cardiac and liver iron overload [36]. Another study also found
that serum ferritin was highly predictive for hepatic iron
overload and fairly predictive for myocardial iron overload [13].

In this study, we were unable to identify number of iron
chelators as a predictive factor that may contribute to serum
ferritin level, which is related to patient compliance. This
finding is similar to results from Cochrane systematic review
that was also unable to ascertain whether medication
interventions such as DFX will have impact on adherence. It
was also uncertain whether patients who received combination
therapy would affect their compliance differently compared to
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monotherapy. There was only one trial in the review that
reported combination of DFX plus DFO may improve
adherence compared to combination of DFP plus DFO [25].
The review advocates for more real-world studies to investigate
adherence issues, as the adherence in clinical trials may be

contributed to increased attention and involvement of clinicians.

Overall adherence reported in the systematic review was high,
ranged from 70% to 100% [25]. In contrast, our study reported
medication adherence rate of only 29.2%, which is very low.

In MLR analysis, working status and frequency of missed dose
were identified as factors that were associated with serum
ferritin level. Interaction was found between these two
variables; this interaction can be explained by patients who are
working tend to miss dose more frequently due to busy
schedule, compared to those who did not work. A qualitative
study had explored lack of integration of routine as one of the
barriers towards medication adherence, whereby participants
claimed that they were unable to inject DFO due to busy
schedule [37]. This could also explain why patients still low
compliance have despite having good knowledge on DFO
administration.

We would like to highlight common administration errors
among patients recruited. While performing the interview, a
few of injection practices that were unexplored before was
revealed, such as cleaning the needle with hot water to be used
again for next administration, injecting DFO less than 45°, did
not fully syringe out DFO solution from the vials, dilution for
DFO which was too concentrated, and administered DFO
without waiting for the drug to dissolve properly. The same
qualitative study explored the barriers of medication adherence
towards iron chelation therapy. Five barriers had been
classified in the study: patient-related, medication-related,
sociocultural-related, patient-provider relationship, and
environmental context. For patient-related barriers, lack of
knowledge was reported to be one of patient-related barriers,
apart from negative attitude, negative emotion, and lack of
integration into routine [37].

Having a good insight on the disease is very important to ensure
that patient is aware on the complications of iron overload,
hence will appreciate the value of medicine and adhere to them.
In our results, although most of the patients made errors, they
still had good insight on DFO injection. However, the
compliance rate was low. Another study similarly found no
correlation between disease knowledge and adherence to iron
chelation therapy [24]. In contrast, another study found positive
association between knowledge and treatment adherence [38].
There are a lot of other factors other than knowledge that were
reported in previous studies, such as socioeconomic status,
number of siblings who had thalassaemia, age, and
thalassaemia complications [33]. Hence, we cannot deduce that
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patients who had good insight of the disease and medication
will have greater compliance.

The limitations of this study mainly were small sample size, as
we did not proceed with multicentre study. Furthermore, we
were having limited face-to-face sessions due to postponement
of clinic visits due to COVID-19 pandemic. Although we
shifted the strategy to phone calls, it is more difficult to obtain
data compared to face-to-face sessions. There were limited
number of patients ongoing DFO therapy; some of them
stopped taking a long time ago, and a few of the patients newly
started on DFO. Most patients who refused to participate in the
study were those who were contacted through phone calls.
Furthermore, the self-reported compliance may be potential for
recall bias among patients.

CONCLUSIONS

As a conclusion, DFO administration errors persist among
thalassaemia patients. Dilution error was the most common
error among thalassaemia patients. Although most of the
patients had good DFO administration practice, the overall
compliance rate was low. Patients who are working and non-
compliance were identified to be associated with high serum
ferritin level. Effective interventions such as support groups,
educational interventions, are needed to improve DFO
administration and patients’ compliance. Further studies are
needed to identify in depth about working status and non-
compliance to medications.

CONFLICT OF INTEREST

None

ACKNOWLEDGEMENTS

Not available.

REFERENCE

[1] Chapin J, Giardina P. Thalassemia Syndromes. 2018. p. 546-70.e10.
https://doi.org/10.15850/amj.v9n4.2730

[2] Muncie HL, Jr., Campbell J. Alpha and beta thalassemia. Am Fam
Physician. 2009;80(4):339-44. Epub 2009/08/15. PubMed PMID:
19678601.

[3] Cao A, Saba L, Galanello R, Rosatelli MC. Molecular Diagnosis and

Carrier Screening for B Thalassemia. JAMA. 1997;278(15):1273-7.
doi: 10.1001/jama.1997.03550150077039.

[4] Origa R. B-Thalassemia. Genet Med. 2017;19(6):609-19. Epub
2016/11/05. doi: 10.1038/gim.2016.173. PubMed PMID: 27811859.
https://doi.org/10.1038/gim.2016.173

[5] Cao A, Kan YW. The prevention of thalassemia. Cold Spring Harb
Perspect Med. 2013;3(2):a011775-a. doi:
10.1101/cshperspect.a011775.  PubMed  PMID:  23378598.
https://doi.org/10.1101/cshperspect.a011775

26


https://doi.org/10.15850/amj.v9n4.2730
https://jamanetwork.com/journals/jama/article-abstract/418396#:~:text=10.1001/jama.1997.03550150077039
https://doi.org/10.1038/gim.2016.173
https://doi.org/10.1101/cshperspect.a011775

Yusoff. M. N. et al.

(6]

[71

8l

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Porter J, Bowden DK, Economou M, Troncy J, Ganser A, Habr D, et
al. Health-Related Quality of Life, Treatment Satisfaction,
Adherence and Persistence in B-Thalassemia and Myelodysplastic
Syndrome Patients with Iron Overload Receiving Deferasirox:
Results from the EPIC Clinical Trial. Anemia. 2012;2012:297641.
doi: 10.1155/2012/297641. https://doi.org/10.1155/2012/297641
Porter J, Viprakasit V. Iron Overload and Chelation Nicosia (CY):
Thalassaemia International Federation; 2014. 3rd:[Available from:
https://www.ncbi.nlm.nih.gov/books/NBK269373/.

Moore C, Jr., Ormseth M, Fuchs H. Causes and significance of
markedly elevated serum ferritin levels in an academic medical
center. J Clin Rheumatol. 2013;19(6):324-8. Epub 2013/08/24. doi:
10.1097/RHU.0b013e31829ce01f. PubMed PMID: 23965472
https://doi.org/10.1097/rhu.0b013e31829ce01f

World Health Organization. WHO guideline on use of ferritin
concentrations to assess iron status in individuals and populations
Geneva2020. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK569877/.

Hahalis G, Kourakli A, Gerasimidou I, Kalogeropoulos AP, Sitafidis
G, Papageorgiou U, et al. Cardiac mortality in {beta}-thalassemia
major: resting but not dobutamine stress echocardiography predicts
mortality among initially cardiac disease-free patients in a
prospective 12-year study. Eur J Heart Fail. 2009;11(12):1178-81.
Epub 2009/11/06. doi: 10.1093/eurjhf/hfp152. PubMed PMID:
19889689. https://doi.org/10.1093/eurjhf/hfp152

Borgna-Pignatti C, Rugolotto S, De Stefano P, Zhao H, Cappellini
MD, Del Vecchio GC, et al. Survival and complications in patients
with thalassemia major treated with transfusion and deferoxamine.
Haematologica. 2004;89(10):1187-93. Epub 2004/10/13. PubMed
PMID: 15477202. https://doi.org/10.1196/annals.1345.006
Garcia-Casal MN, Pasricha SR, Martinez RX, Lopez-Perez L, Pena-
Rosas JP. Serum or plasma ferritin concentration as an index of iron
deficiency and overload. Cochrane Database Syst Rev.
2021;5(5):CD011817. Epub 2021/05/25. doi:
10.1002/14651858.CD011817.pub2. PubMed PMID: 34028001;
PubMed Central PMCID: PMCPMC8142307.
https://doi.org/10.1002/14651858.cd011817.pub2

Kurban LA, Almarri BK, Alshamsi MH, Abdelrahman SS, Alwahshi
SG, Alhorani Q, et al. Optimized serum ferritin prediction of iron
overload in transfusion-dependent thalassemia: likelihood ratio and
age-adjustment approach. Ann Saudi Med. 2023;43(2):90-6. Epub
2023/04/10. doi: 10.5144/0256-4947.2023.90. PubMed PMID:
37031371; PubMed Central PMCID: PMCPMC10082945.
http://dx.doi.org/10.5144/0256-4947.2023.90

Trachtenberg F, Vichinsky E, Haines D, Pakbaz Z, Mednick L,
Sobota A, et al. Iron chelation adherence to deferoxamine and
deferasirox in thalassemia. Am J Hematol. 2011;86(5):433-6. Epub
2011/04/28. doi: 10.1002/ajh.21993. PubMed PMID: 21523808;
PubMed Central PMCID: PMCPMC4599708.
https://researcherprofiles.org/profile/1484539

Prabhu R, Prabhu V, Prabhu RS. Iron overload in beta Thalasemia—
a review. J Biosci Tech. 2009;1:20-31.
https://www.researchgate.net/publication/229044245_lron_overloa
d_in_beta_Thalasemia-a_review

Hatzipantelis ES, Karasmanis K, Perifanis V, Vlachaki E, Tziomalos
K, Economou M. Combined Chelation Therapy with Deferoxamine
and Deferiprone in -Thalassemia Major: Compliance and Opinions
of Young Thalassemic Patients. Hemoglobin. 2014;38(2):111-4. doi:
10.3109/03630269.2013.867407.
https://doi.org/10.3109/03630269.2013.867407

Viprakasit V, Lee-Lee C, Chong QT, Lin KH, Khuhapinant A. Iron
chelation therapy in the management of thalassemia: the Asian
perspectives. Int J Hematol. 2009;90(4):435-45. Epub 2009/10/29.
doi: 10.1007/s12185-009-0432-0. PubMed PMID: 19862602.
https://doi.org/10.1007/s12185-009-0432-0

Haghpanah S, Zarei T, Zahedi Z, Karimi M. Compliance and
satisfaction ~ with  deferasirox (Exjade®) compared with
deferoxamine in patients with transfusion-dependent beta-
thalassemia. Hematology. 2014;19(4):187-91. doi:
10.1179/1607845413Y.0000000121.
https://doi.org/10.1179/1607845413y.0000000121

Cappellini MD, Bejaoui M, Agaoglu L, Canatan D, Capra M, Cohen
A, etal. Iron chelation with deferasirox in adult and pediatric patients

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Mal J Pharm 9 (2) 2023, 20-28

with thalassemia major: efficacy and safety during 5 years' follow-
up. Blood. 2011;118(4):884-93. doi: 10.1182/blood-2010-11-
316646. https://doi.org/10.1182/blood-2010-11-316646

Daar S, Pathare A, Nick H, Kriemler-Krahn U, Hmissi A, Habr D, et
al. Reduction in labile plasma iron during treatment with deferasirox,
a once-daily oral iron chelator, in heavily iron-overloaded patients
with beta-thalassaemia. Eur J Haematol. 2009;82(6):454-7. Epub
2009/02/05. doi: 10.1111/j.1600-0609.2008.01204.x. PubMed
PMID: 19191863; PubMed Central PMCID: PMCPMC2730549.
Taher A, El-Beshlawy A, Elalfy MS, Al Zir K, Daar S, Habr D, et al.
Efficacy and safety of deferasirox, an oral iron chelator, in heavily
iron-overloaded patients with beta-thalassaemia: the ESCALATOR
study. Eur J Haematol. 2009;82(6):458-65. Epub 2009/02/04. doi:
10.1111/j.1600-0609.2009.01228.x. PubMed PMID: 19187278;
PubMed Central PMCID: PMCPMC2730551.
https://doi.org/10.1111/j.1600-0609.2008.01204.x

Taher A, Elalfy MS, Al Zir K, Daar S, Al Jefri A, Habr D, et al.
Achieving treatment goals of reducing or maintaining body iron
burden with deferasirox in patients with -thalassaemia: results from
the ESCALATOR study. Eur J Haematol. 2011;87(4):349-54. Epub
2011/06/15. doi: 10.1111/j.1600-0609.2011.01661.x. PubMed
PMID: 21668501; PubMed Central PMCID: PMCPMC3229710.
https://doi.org/10.1111/j.1600-0609.2011.01661.x

Pennell DJ, Porter JB, Cappellini MD, Chan LL, El-Beshlawy A,
Aydinok Y, et al. Deferasirox for up to 3 years leads to continued
improvement of myocardial T2* in patients with 3-thalassemia major.
Haematologica. 2012;97(6):842-8. Epub  2012/01/25. doi:
10.3324/haematol.2011.049957. PubMed PMID: 22271905;
PubMed Central PMCID: PMCPMC3366648.
https://doi.org/10.3324%2Fhaematol.2011.049957

Sidhu S, Kakkar S, Dewan P, Bansal N, Sobti PC. Adherence to Iron
Chelation Therapy and Its Determinants. Int J Hematol Oncol Stem
Cell Res. 2021;15(1):27-34.  Epub  2021/02/23.  doi:
10.18502/ijhoscr.v15i1.5247. PubMed PMID: 33613898; PubMed
Central PMCID: PMCPMC7885136.
https://doi.org/10.18502/ijhoscr.v15i1.5247

Fortin PM, Fisher SA, Madgwick KV, Trivella M, Hopewell S,
Doree C, et al. Interventions for improving adherence to iron
chelation therapy in people with sickle cell disease or thalassaemia.
Cochrane Database Syst Rev. 2018;5:CD012349. Epub 2018/05/09.
doi: 10.1002/14651858.CD012349.pub2. PubMed PMID: 29737522;
PubMed Central PMCID: PMCPMC5985157.
https://doi.org/10.1002/14651858.cd012349.pub2

Calculator. Raosoft Sample Size Calculator 2004. Available from:
http://www.raosoft.com/samplesize.html.

Mohd Ibrahim H, Muda Z, Othman IS, Mohamed Unni MN, Teh KH,
Thevarajah A, et al. Observational study on the current status of
thalassaemia in Malaysia: a report from the Malaysian Thalassaemia
Registry. BMJ Open. 2020;10(6):e037974. Epub 2020/07/01. doi:
10.1136/bmjopen-2020-037974. PubMed PMID: 32601117;
PubMed Central PMCID: PMCPMC7328811.
https://doi.org/10.1136%2Fbmjopen-2020-037974

Mohd Ibrahim H, Alias H, Muda Z, Gunasagaran K, Osman R.
Annual Report of the Malaysian Thalassaemia Registry: Ministry of
Health, Malaysia; 2019. Auvailable from:
https://www.moh.gov.my/moh/resources/Penerbitan/Perkhidmatan
%200nG%20&%20Ped/THALASSAEMIA/3._Annual_Report_of
the_Malaysian_Thalassaemia_Registry_2019 .pdf.

Ramli A, Ahmad NS, Paraidathathu T. Medication adherence among
hypertensive patients of primary health clinics in Malaysia. Patient
Prefer Adherence. 2012;6:613-22. Epub 2012/09/13. doi:
10.2147/ppa.S34704. PubMed PMID: 22969292; PubMed Central
PMCID: PMCPMC3437910. https://doi.org/10.2147/ppa.s34704
Northern California Comprehensive Thalassemia Center. Treating
Thalassemia: Chelation - Comprehensive Desferal Guide Oakland,
CA: UCSF Benioff Children's Hospital Oakland. Available from:
https://thalassemia.com/treatment-chelation-desferal-guide-
administer.aspx.

Mishra AK, Tiwari A. Iron overload in Beta thalassaemia major and
intermedia patients. Maedica (Bucur). 2013;8(4):328-32. PubMed
PMID: 24790662.

Riaz H, Riaz T, Khan MU, Aziz S, Ullah F, Rehman A, et al. Serum
ferritin levels, socio-demographic factors and desferrioxamine

27



https://doi.org/10.1155/2012/297641
https://www.ncbi.nlm.nih.gov/books/NBK269373/
https://doi.org/10.1097/rhu.0b013e31829ce01f
https://www.ncbi.nlm.nih.gov/books/NBK569877/
https://doi.org/10.1093/eurjhf/hfp152
https://doi.org/10.1196/annals.1345.006
https://doi.org/10.1002/14651858.cd011817.pub2
http://dx.doi.org/10.5144/0256-4947.2023.90
https://researcherprofiles.org/profile/1484539
https://www.researchgate.net/publication/229044245_Iron_overload_in_beta_Thalasemia-a_review
https://www.researchgate.net/publication/229044245_Iron_overload_in_beta_Thalasemia-a_review
https://doi.org/10.3109/03630269.2013.867407
https://doi.org/10.1007/s12185-009-0432-0
https://doi.org/10.1179/1607845413y.0000000121
https://doi.org/10.1182/blood-2010-11-316646
https://doi.org/10.1111/j.1600-0609.2008.01204.x
https://doi.org/10.1111/j.1600-0609.2011.01661.x
https://doi.org/10.3324%2Fhaematol.2011.049957
https://doi.org/10.18502/ijhoscr.v15i1.5247
https://doi.org/10.1002/14651858.cd012349.pub2
http://www.raosoft.com/samplesize.html
https://doi.org/10.1136%2Fbmjopen-2020-037974
https://www.moh.gov.my/moh/resources/Penerbitan/Perkhidmatan%20OnG%20&%20Ped/THALASSAEMIA/3._Annual_Report_of_the_Malaysian_Thalassaemia_Registry_2019_.pdf
https://www.moh.gov.my/moh/resources/Penerbitan/Perkhidmatan%20OnG%20&%20Ped/THALASSAEMIA/3._Annual_Report_of_the_Malaysian_Thalassaemia_Registry_2019_.pdf
https://www.moh.gov.my/moh/resources/Penerbitan/Perkhidmatan%20OnG%20&%20Ped/THALASSAEMIA/3._Annual_Report_of_the_Malaysian_Thalassaemia_Registry_2019_.pdf
https://doi.org/10.2147/ppa.s34704
https://thalassemia.com/treatment-chelation-desferal-guide-administer.aspx
https://thalassemia.com/treatment-chelation-desferal-guide-administer.aspx

Yusoff. M. N. et al.

[33]

[34]

[35]

[36]

[37]

[38]

therapy in multi-transfused thalassemia major patients at a
government tertiary care hospital of Karachi, Pakistan. BMC Res
Notes. 2011;4:287. Epub 2011/08/13. doi: 10.1186/1756-0500-4-
287. PubMed PMID: 21834969; PubMed Central PMCID:
PMCPMC3162919. https://doi.org/10.1186/1756-0500-4-287
Reddy PS, Locke M, Badawy SM. A systematic review of adherence
to iron chelation therapy among children and adolescents with
thalassemia. Ann Med. 2022;54(1):326-42. Epub 2022/02/02. doi:
10.1080/07853890.2022.2028894. PubMed PMID: 35103514;
[PubMed Central PMCID: PMCPMC(C8812788.
https://doi.org/10.1080/07853890.2022.2028894

Liu P, Olivieri N. Iron overload cardiomyopathies: new insights into
an old disease. Cardiovasc Drugs Ther. 1994;8(1):101-10. Epub
1994/02/01. doi: 10.1007/bf00877096. PubMed PMID: 8086319.
https://doi.org/10.1007/bf00877096

Khadivi Heris H, Nejati B, Rezazadeh K, Sate H, Dolatkhah R,
Ghoreishi Z, et al. Evaluation of iron overload by cardiac and liver
T2* in B-thalassemia: Correlation with serum ferritin, heart function
and liver enzymes. J Cardiovasc Thorac Res. 2021;13(1):54-60.
Epub 2021/04/06. doi: 10.34172/jcvtr.2021.18. PubMed PMID:
33815703; PubMed Central PMCID: PMCPMC8007896.
https://doi.org/10.34172%2Fjcvtr.2021.18

Sobhani S, Rahmani F, Rahmani M, Askari M, Kompani F. Serum
ferritin levels and irregular use of iron chelators predict liver iron
load in patients with major beta thalassemia: a cross-sectional study.
Croat Med J. 2019;60(5):405-13. Epub 2019/11/07. doi:
10.3325/cm;j.2019.60.405. PubMed PMID: 31686454; PubMed
Central PMCID: PMCPMC6852133.
https://doi.org/10.3325%2Fcmj.2019.60.405

Chong CC, Redzuan AM, Sathar J, Makmor-Bakry M. Patient
Perspective on Iron Chelation Therapy: Barriers and Facilitators of
Medication Adherence. J Patient Exp. 2021;8:2374373521996958.

Epub 2021/06/29. doi: 10.1177/2374373521996958. PubMed PMID:

34179377; PubMed Central PMCID: PMCPMC8205330.
https://doi.org/10.1177/2374373521996958

Lee YL, Lin DT, Tsai SF. Disease knowledge and treatment
adherence among patients with thalassemia major and their mothers
in Taiwan. J Clin Nurs. 2009;18(4):529-38. Epub 2009/02/05. doi:
10.1111/j.1365-2702.2007.02150.x. PubMed PMID: 19192002.
https://doi.org/10.1111/j.1365-2702.2007.02150.x

Mal J Pharm 9 (2) 2023, 20-28

28


https://doi.org/10.1186/1756-0500-4-287
https://doi.org/10.1080/07853890.2022.2028894
https://doi.org/10.1007/bf00877096
https://doi.org/10.34172%2Fjcvtr.2021.18
https://doi.org/10.3325%2Fcmj.2019.60.405
https://doi.org/10.1177/2374373521996958
https://doi.org/10.1111/j.1365-2702.2007.02150.x

