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Safety and efficacy of a liquid formulation of deferiprone (GPO-LONE®) monotherapy among iron-overloaded young children with
transfusion-dependent thalassemia
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Abstract:
Background: Iron chelation for children aged 2-6 years is limited. Aim: Safety and efficacy of a liquid formulation of deferiprone (GPO-L-ONE) monotherapy among young children was reported. Subjects and Methods:
Deferiprone in a daily dose of 50-100 mg/kg divided in 3 doses was given to thalassemia children aged 2-12
years with transfusion-induced iron overload. Efficacy was defined as responder and nonresponder by the ≥ 15 or
< 15% reduced serum ferritin compared with the initial ferritin level. Results: Nineteen patients (7 males and
12 females) with thalassemia at the median age of 4.1 years were enrolled. The median daily iron load from
regular transfusion was 0.41 mg/kg. Eighteen and 8 of 19 patients completed the first and second year study,
respectively. The maximum daily dose of deferiprone was 100 mg/kg. The median baseline ferritin 1,470 ng/
mL changed in +633 and +64.5 ng/mL at the end of the first and second years, respectively. However, only 4
of 19 patients (21%) were defined as responders with significantly reduced serum ferritin starting from the 6th
month of treatment. Ten adverse events of transminitis (n = 3), severe neutropenia (n = 1), neutropenia (n =
2) and thrombocytopenia (n = 4) were found among 5 patients who spontaneously recovered without medical
intervention. Conclusion: A liquid formulation of deferiprone (GPO-L-ONE®) at a daily dose of 100 mg/kg was
tolerable among young children. However, efficacy was limited by responsiveness to negative iron balance in 4
of 19 patients (21%).
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นิ พนธ์ตน้ ฉบับ

ความปลอดภัยและประสิทธิภาพของการใช้ยาดีเฟอริโพรน (GPO-L-ONE®)
ชนิ ดน�้ ำชนิ ดเดียวในผูป้ ่ วยเด็กโรคธาลัสซีเมียชนิ ดพึง่ พาเลือดที่มีภาวะธาตุเหล็กเกิน
อ�ำไพวรรณ จวนสัมฤทธิ์1 เดือนธิดา ทรงเดช1 นงนุช สิระชัยนันท์1 ผกาวรรณ วงศ์วรี ะวัฒนกูร2 ประกายวรรณ เกษเกษม1
และ วีระศักดิ์ ศาสนกุล1
1

ภาควิชากุมารเวชศาสตร์ 2 ภาควิชาพยาบาลศาสตร์ คณะแพทยศาสตร์โรงพยาบาลรามาธิบดี มหาวิทยาลัยมหิดล

บทคัดย่อ
ความเป็ นมา ยาขับเหล็กส�ำหรับผูป้ ่ วยอายุ 2-6 ปี มจี ำ� กัด วัตถุประสงค์ รายงานความปลอดภัยและประสิทธิภาพของการใช้ยาดีเฟอริโพรน (GPO-L-ONE®) ชนิดน�ำ้ ชนิดเดียวในผูป้ ่ วยเด็กโรคธาลัสซีเมียชนิดพึง่ พาเลือดทีม่ ภี าวะธาตุเหล็กเกิน ผูป้ ่ วยและวิธกี าร ผูป้ ่ วย
เด็กโรคธาลัสซีเมียชนิดพึง่ พาเลือดทีม่ ภี าวะธาตุเหล็กเกินอายุ 2-12 ปี ได้รบั ยาดีเฟอริโพรนขนาด 50-100 มก./กก./วัน แบ่งให้วนั ละ
3 ครัง้ ประสิทธิภาพของการขับธาตุเหล็ก ก�ำหนดเป็ นตอบสนองหรือไม่ตอบสนองขึ้นกับการลดลงของระดับเฟอร์ริตนิ มากกว่าหรือ
เท่ากับร้อยละ15 หรือน้อยกว่าร้อยละ 15 เมือ่ เปรียบเทียบกับระดับเฟอร์ริตนิ ก่อนได้รบั ยา ผลการศึกษา ผูป้ ่ วยโรคธาลัสซีเมีย 19
ราย (ชาย 7 และหญิง 12) ทีม่ อี ายุเฉลีย่ เท่ากับ 4.1 ปี เข้าร่วมในการวิจยั ค่าเฉลีย่ ปริมาณธาตุเหล็กทีไ่ ด้รบั จากการรับเลือดสม�ำเสมอ
่
เท่ากับ 0.41 มก./กก./วัน ผูป้ ่ วย 18 และ 8 จากจ�ำนวนทัง้ หมด 19 รายได้รบั ยาเฟอริโพรนนาน 1 และ 2 ปี ตามล�ำดับ ปริมาณยา
เฟอริโพรนสูงสุดทีไ่ ด้รบั เท่ากับวันละ 100 มก./กก. ค่าเฉลีย่ ของระดับเฟอร์ริตนิ ก่อนได้รบั ยาดีเฟอริโพรนเท่ากับ 1,470 นาโนกรัม/มล.
และค่าเฉลีย่ ของระดับเฟอร์ริตนิ ทีเ่ ปลีย่ นแปลงเท่ากับ +633 และ +64.5 นาโนกรัม/มล. เมือ่ สิ้นสุดการรักษาปี ที ่ 1 และ 2 ตามล�ำดับ
อย่างไรก็ตาม มีเพียงผูป้ ่ วย 4 รายจากจ�ำนวนทัง้ หมด 19 ราย คิดเป็ นร้อยละ 21 ทีไ่ ด้รบั การวินิจฉัยเป็ นผูป้ ่ วยทีต่ อบสนองต่อยาดี
เฟอริโพรนโดยเริม่ มีระดับเฟอร์ริตนิ ลดลงอย่างมีนยั ส�ำคัญทางสถิตติ งั้ แต่เดือนที ่ 6 ของการรักษา และพบภาวะแทรกซ้อนจากการใช้
ยาดีเฟอริโพรน 10 ครัง้ ในผูป้ ่ วย 5 ราย ได้แก่ระดับเอ็นไซม์ของตับเพิม่ ขึ้น (transminitis) 3 ครัง้ จ�ำนวนเม็ดเลือดขาวต�ำกว่
่ า 500
เซลล์/ไมโครลิตร 1 ครัง้ จ�ำนวนเม็ดเลือดขาวต�ำกว่
่ า 1,500 เซลล์/ไมโครลิตร 2 ครัง้ และภาวะเกล็ดเลือดต�ำ่ 4 ครัง้ ซึง่ หายเป็ นปกติ
โดยไม่ตอ้ งรับยารักษา สรุ ป ยาดีเฟอริโพรนชนิดน�ำ้ (GPO-L-ONE) ในขนาดวันละ 100 มก./กก. มีความปลอดภัยในผูป้ ่ วยเด็ก
แต่ประสิทธิภาพในการลดภาวะธาตุเหล็กเกิน พบว่ามีการตอบสนองในผูป้ ่ วยเพียง 4 รายจากจ�ำนวนทัง้ หมด 19 รายคิดเป็ นร้อยละ 21
คำ�สำ�คัญ : l Liquid formulation l Deferiprone l Iron overload l Thalassemia
วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2564;31:47-56.
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was given to transfusion-dependent thalassemia children
aged 2 to 12 years with iron overload at the Division of
Hematology-Oncology, Department of Pediatrics, Faculty
of Medicine Ramathibodi Hospital, Mahidol University
from January 2017 to December 2019. This study
employed a single-arm prospective design with the
primary objective of safety and the secondary objective
of efficacy of the locally-produced liquid formulation of
deferiprone. Approximately 20 patients were recruited
in the current study to obtain some insight of the safety
and efficacy of locally-produced deferiprone. The study
was conducted in accordance with Good Clinical Practice Guidelines and the Declaration of Helsinki and was
approved by the Faculty Ethics Committee (ID 10-58-14)
and Thai Clinical Trial Registry (TCTR 20170907001).
Written informed consent was obtained from parents.
The diagnosis of thalassemia was confirmed by
hemoglobin typing and DNA analysis. Clinical manifestations and hematologic and molecular genetic findings
were collected from medical and electronic records.
Patients with transfusion-dependent thalassemia (> 10
transfusions within 1 year) when their serum ferritin
was ≥ 1,000 ng/mL, based on 2 consecutive values ≥ 4
weeks apart, were enrolled in the study. Complete
patient history was taken and physical examination was
conducted at each regular visit at 1- to 3-month intervals.
Leucocyte-depleted packed red cell transfusions were
regularly given at a dose of 10 to 15 mL/kg every 3 to 4
weeks to maintain the pretransfusion hemoglobin level
at > 9.0 g/dL. The severity of disease was classified
using the reported scoring system of HbE/β-thal15 based
on 6 independent parameters of hemoglobin at a steady
state, age at receiving first transfusion, requirement for
transfusion, size of spleen or splenectomy, age at thalassemia presentation and growth. The total scores, ranging
from 0 to 3.5, 4 to 7 and 7.5 to 10 were defined as mild,
moderate and severe manifestations, respectively. The
mean (SD) severity scores of the studied patients was
Subjects and Methods

A liquid formulation of deferiprone (GPO-L-ONE ) 6.2 (1.1) representing a moderate degree. All studied
in a daily dose of 50 to 100 mg/kg divided in 3 doses, patients had hepatitis A and B vaccinations. Screening

Introduction
Children with thalassemia having severe anemia and
hepatosplenomegaly usually receive medical attention
before 2 years of age. They require regular transfusion
and effective iron chelation aimed at reducing iron
overload. Iron excess will affect all tissues in the body,
primarily the liver, heart and endocrine glands1-3. Without appropriate treatment, these affected children will
experience severe failure to thrive and shortened life
expectancy4,5. They are in need of effective and affordable iron chelation to counteract transfusion-induced
iron overload. Currently, the goal of iron chelation has
shifted from treating iron overload to preventing iron
accumulation and iron-induced various organ complications to achieve complication-free survival with a
better quality of life6,7. Although both deferoxamine and
deferasirox are recommended for children aged 2 to 6
years8, patients and parents face various constraints.
The subcutaneous infusion of deferoxamine for 8 to 12
hours of 5 days weekly among young children resulted
in poor compliance with ineffective chelation9 while
the cost of deferasirox is too high for most parents and
caregivers to afford. The tablet form of deferiprone has
been another oral iron chelation alternative available for
the past 30 years10-12. The price of deferiprone is less
expensive than deferasirox. Importantly, a liquid formulation of deferiprone (Ferriprox) was introduced among
young children in 201013 and a safety profile among nine
Thai young children was also reported in 201614. The
Thai Government Pharmaceutical Organization (GPO)
has produced a liquid formulation of deferiprone (GPOL-ONE) locally since 2016.
This study reports the safety and efficacy of a liquid
formulation of deferiprone (GPO-L-ONE) monotherapy
among young thalassemia children with transfusioninduced iron overload.
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for hepatitis B, C and human immunodeficiency virus
(HIV) was performed on an annual basis. Importantly,
all patients and parents were periodically reminded
to maintain a healthy diet of rice, meat, milk, lipids,
vegetables and adequate water intake. Food with high
iron content such as liver was avoided.
Patients naïve to iron chelation received an initial dose
of deferiprone of 50 mg/kg while those with a history
of other oral liquid forms of deferiprone had a wash-out
period of 2 weeks and received a similar dose as their
previous prescription. Then the dose of deferiprone
was gradually increased to achieve the maximum daily
dose of 100 mg/kg when the serum ferritin reduced
< 15% of the initial value. Serum ferritin was the single
parameter used to assess the efficacy of iron chelation
determined by the Vitros Ferritin Assay (Ortho Clinical
Diagnostics, Johnson & Johnson, Pencoed, Bridgend,
UK) before the study and thereafter on a 3-month basis.
Compliance in taking deferiprone was checked during
every visit concerning the ingested dose and number
of consumed bottles of medication.
Complet e blood count (CBC), serum blood urea
nitrogen (BUN), creatinine (Cr), alanine aminotransferase
(ALT) and urinalysis to monitor adverse events using
standard methods were determined before the study
and thereafter every 1 to 3 months. Deferiprone
administration was terminated when the absolute neutrophil counts (ANC) fell below 0.5x109/L, and serum
Cr was above the upper limit of normal for age or
significant proteinuria (urine protein/urine Cr > 0.5 mg/
mg). When ANC fell below 1.5x109/L, deferiprone was
temporarily interrupted and a CBC was repeated within
24 hours. When neutropenia was confirmed, deferiprone
was discontinued for 4 weeks. Following this period,
provided that ANC recovered to > 2.0x109/L, deferiprone
was resumed at one half the previous dose and ANC
levels were monitored weekly. When a patient displayed
satisfactory ANC levels after 4 weeks of monitoring, the
titration was increased aiming at returning to the dose
administered before neutropenia had occurred. When

the level of ALT reach > 250 units/L, deferiprone was
discontinued for 4 weeks and re-challenged at one half
of the previous dose when the ALT fell below 100 units/L
and gradually titrated to the dose before discontinuing,
similar to neutropenia.
The efficacy of deferiprone was defined as responder
and nonresponder. Nonresponder was defined as patients
failing to achieve ≥ 15% reduced serum ferritin on the
last visit compared with the initial ferritin level despite
increasing the daily deferiprone dose to the maximum
of 100 mg/kg or the maximum tolerated dose among
patients who dropped out due to adverse events. The
remaining patients were defined as responder.
In addition, DNA was extracted from the studied
patients’ venous blood using a salting-out method. The
UDP glucuronosyltransferase 1 (UGT 1) family polypeptide
A6 (UGT1A6) of wild-type allele of *1 and mutant alleles
of *2,*3 and *4 were determined among the studied
patients and 44 additional patients with thalassemia
as control using polymerase chain reaction-restriction
fragment length polymorphism analysis16.
Statistical analysis
Demographic data and clinical characteristics of
the studied patients were summarized in term of mean
(standard deviation, SD), median (interquartile range,
IQR), range of minimum to maximum and frequency
(percent). The nonparametric analysis of Mann-Whitney
U or Wilcoxon signed rank test was used for continuous
data. The level of significance was set at p ≤ 0.05.
Results
Nineteen patients (7 males and 12 females) with
thalassemia including HbE/β-thal (n = 15), one each of
β-thal major, δβ-thal/β-thal, Hb E/δβ-thal and hemoglobin
H with Constant Spring, were enrolled at the median
age of 4.1 years (range 2.1 to 11.0). The genotype of
the β0-globin gene included codon 41/42 (-TTCT) (n =
10), codon 17 (A>T) (n = 7) and codon 7172 (+A) (n = 1)
while the δβ0-globin gene included 12 kb deletion. Only
one patient with HbE/β-thal possessed an additional
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Total volume of packed red cell transfusion in 1 year (mL) x 1.08 mg of elemental iron
Average BW in 1 year x 365 days
α-globin

gene of -α3.7 (rightward). The median age of
first transfusion was 1.4 years (range 0.7 to 9.2) and
the median duration of transfusion before deferiprone
administration was 1.9 years (range 0.7 to 9.5). The
mean (SD) pretransfusion Hb was maintained at 9.8
(1.2) g/dL. The median volume of transfused packed
red cells in 1 year before the study entry was 2,500 mL
(range 1,080 to 4,400) and equal to 139.3 mL/kg (range
112.5 to 216.6). This contained a median daily iron load
of 0.41 mg/kg (range 0.33 to 0.64) calculated using the
formula shown above17.
Thirteen patients naïve to iron chelation initially
received the daily dose of deferiprone of 50 mg/kg while
six patients with a history of oral chelation of deferiprone
(Ferriprox®) at the median age of 2.4 years (range 1.9
to 4.9) received a daily dose of deferiprone at 75 mg/
kg. Eighteen of 19 patients achieved 1 year follow-up
except 1 patient who withdrew from the study due to
adverse reactions of transminitis and neutropenia at

the ninth month of treatment. The remaining studied
patients gradually switched to deferasirox due to
adverse reactions and unresponsiveness to deferiprone
and the number of patients continuing the study reached
15 months (n = 17), 18 months (n = 14), 21 months (n
= 9) and 24 months (n = 8). The median duration to
achieve the maximum dose of deferiprone was 9 months
(range 3 to 24 months). The median maximum daily
dose of deferiprone at the end of the first and second
years was similar at 98 mg/kg (range 66 to 100). The
median pretreatment ferritin was 1,470 ng/mL (range
857 to 3,229) with the median change from baseline
of +633 ng/mL (range -1,283 to +2,915) and +64.5 ng/
mL (range -1,156 to +2,352) at the end of the first and
second years, respectively, as shown in Figures 1 and
2. The median percentage change from baseline in
serum ferritin was +30.8% (range -51.6 to +202) and +4%
(range -60 to +213) at the end of the first and second
years, respectively as shown in Figure 3.

Figure 1 Median level of serum ferritin with range among total patients; responders included patients with
reduced serum ferritin ≥ 15% from baseline value.
วารสารโลหิตวทิ ยาและเวชศาสตร์บริการโลหิต ปี ท่ี 31 ฉบับท่ี 1 มกราคม-มีนาคม 2564

52

Ampaiwan Chuansumrit, et al

Figure 2 Median change from baseline in serum ferritin with range among total patients; responders included
patients with reduced serum ferritin ≥ 15% from baseline value.

Figure 3 Median percentage change from baseline in serum ferritin; responders included patients with reduced
serum ferritin ≥ 15% from baseline value.
However, 4 of 19 patients (21%) were defined as
responders while the remaining 15 patients were defined
as nonresponders. The median level of serum ferritin
among responders at the end of the first and second
years was significantly lower than those of nonresponders
(1,314 vs. 2,385 ng/mL, p = 0.012; 785 vs. 2,683 ng/
mL, p = 0.029). The median change from baseline in
serum ferritin among responders at the end of the first
and second years was also significantly more reduced
than those of nonresponders (-209 vs. +800 ng/mL, p
= 0.056; -705 vs. +1,351 ng/mL, p = 0.029). Moreover,
the percentage change from baseline in serum ferritin

among responders at the end of the first and second
years was more reduced than those of nonresponders
(-12% vs. +32%, p = 0.127; -42% vs. +107%, p = 0.029)
as shown in Figures 1 to 3. The significantly reduced
serum ferritin levels in responders started from the sixth
month of treatment. Interestingly, the severity scores
of thalassemia, amount of transfused packed red cells,
duration to achieve the maximum dose and maximum
dose of deferiprone among responders and nonresponders
did not significantly differ.
All patients could tolerate oral deferiprone without
gastro-intestinal disturbance. Neither adverse reac-
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tions of arthralgia, arthritis or rash were found. Ten
adverse events were found among 5 patients. Transminitis was found among 3 patients with ALT of 413,
279 and 249 units/L at the 9th, 18th and 18th month of
treatment while receiving a daily dose of deferiprone
at 84, 79 and 100 mg/kg, respectively. The first
patient was switched to deferasirox as the second line
iron chelation when ALT decreased to 72 units/L after
discontinuing deferiprone for 4 weeks. The second and
third patients also discontinued deferiprone for 4 weeks
with the recovery of ALT at 53 and 24 units/L. They
could gradually tolerate the challenging deferiprone to
reach the dose before discontinuing deferiprone. Severe
neutropenia of ANC 0.32x109/L was found in 1 patient
at the 27th month of treatment while receiving a daily
dose of deferiprone at 98 mg/kg. Although the ANC
spontaneously recovered within 1 week and reached
the normal range in 4 weeks without any rescue treatment, she was switched to deferasirox as the second
line iron chelation. Neutropenia of absolute neutrophil
of 1.15x109/L and 1.03x109/L were found in 2 patients
at the 9th and 12th month of treatment while receiving
the dai ly doses of deferiprone at 84 and 96 mg/kg,
respectively. The first patient was the same patient
with transminitis at the 9th month of treatment who
switched to deferasirox although the ANC normalized
after discontinuing deferiprone for 1 week. The second
patient continued deferiprone and ANC spontaneously
recovered to 3.06x109/L within 1 week. This patient
also exhibited mild thrombocytopenia of platelet counts
at 114x109, 115x109, 141x109 and 125x109/L at the 6th,
9th, 12 th and 15th month of treatment when the daily
doses of deferiprone were at 88, 88, 89 and 96 mg/kg,
respectively compared with her baseline platelet count
of 164x109/L. Ultimately, deferiprone was terminated
in only 2 patients with severe neutropenia (0.32x109/L)
and elevated ALT (413 units/L) and discontinued for
4 weeks in the other 2 patients with elevated ALT at
279 and 249 units/L. The other adverse events were
considered so mild that deferiprone was uninterrupted.

53

All 10 events spontaneously recovered without either
patient requiring medical intervention.
The allele frequencies of UGT1A 6 of wild type *1 and
mutant alleles of *2 and *4 were found at 0.82, 0.16 and
0.02, respectively among 44 patients with thalassemia
as controls. For the studied patients, only 1 responder
patient possessed the homozygous mutant allele of
UGT1A6 of *2/*2. The remaining responder patients
had homozygous wild type of UGT1A6 of *1/*1. On the
contrary, 2 nonresponder patients were heterozygous
UGT1A6 of *1/*3 and *2/*4, respectively.
No significant increase in body weight or appetite
was reported upon increasing deferiprone dose. All
patients had normal liver and renal profiles and were
negative for hepatitis B, C virus and HIV status.
Discussion
This study employed a single-arm prospective
design. The sample size was based on the feasibility
and clinical considerations rather than statistical considerations. We understood that the protocol should
include more patients to illustrate robust effectiveness.
To our knowledge, this constitutes the first study of
the liquid formulation of deferiprone among young Thai
children with thalassemia.
The Thai health care system provides national
coverage free of charge for all Thai citizens. Patients
with thalassemia receive leucocyte-depleted packed red
cells, folic acid, multivitamin, vitamin E and iron chelation of subcutaneous deferoxamine and oral deferiprone.
Deferasirox was indicated as the second line therapy for
Thai patients aged more than 6 years unresponsive to
deferiprone or exhibiting adverse events to deferiprone.
Unresponsiveness was defined by a level of serum ferritin
> 2,500 ng/mL while receiving the maximum daily dose
of 100 mg/kg with either no change or increase in the
level of serum ferritin after receiving deferiprone for 1
year or reduced serum ferritin < 15% after receiving
deferiprone for 2 years. Adverse events include systemic
allergic reaction, ALT > 250 units/L, severe neutropenia
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of ANC < 0.5x109/L, recurrence of neutropenia (ANC
< 1.0x109/L), severe arthropathy and gastro-intestinal
disturbance after rechallenging.
When this study was initiated in January 2017, iron
chelation was limited for Thai children aged 2 to 6 years.
Deferasirox (Exjade) has not been recommended as the
first line therapy in the national coverage for thalassemia
children aged 2 to 6 years with transfusion-induced iron
overload until April 201818. These young patients were
essentially in need of oral chelation. However, the cost
of deferasirox was too high for the patients’ parents to
afford. They inevitably received the commercial liquid
formulation of deferiprone (Ferriprox) for which their
parents were able to pay the cost by themselves. When
the Thai GPO successfully produced a liquid formulation
of deferiprone in addition to the tablet form, these parents
were willing to enroll their children in the study although
clinical data were limited. It remains unknown whether
the liquid formulation of deferiprone monotherapy will
reach the efficacy of 45.2% as previously reported in
the tablet form19.
The liquid formulation of deferiprone was tolerable
among young children with thalassemia in the current
study. No arthralgia and arthritis were found as previously
reported in the tablet form19,20. The current study showed
the safety of the liquid formulation of deferiprone with few
adverse events including severe neutropenia (n = 1) and
transminitis (n = 3). Patients spontaneously recovered
by discontinuing deferiprone for 4 weeks without
rescue therapy was needed. In addition, neutropenia
(n = 2) and mild thrombocytopenia (n = 4) were so mild
that deferiprone remained uninterrupted. However, the
efficacy was unsatisfactory. Upon the end of the first
year, the median percentage change from baseline in
serum ferritin among 18 of 19 studied patients was 30%
increment while the daily iron load was rather high
at 0.41 mg/kg to maintain the median pretransfusion
hemoglobin at 9.8 g/dL. Although the median percentage
change from baseline in serum ferritin at the end of the
second year was markedly improved and reached only

4% increment, the number of enrolled patients was just
8 cases and the nonresponders were switched to the
second line therapy of deferasirox, free of charge supplied
by the government starting in April 2018. Deferiprone
is more effective among those with higher iron burden
> 3,500 ng/mL19 but not with values below 2,500 ng/
mL21-23. An increasing daily dose of deferiprone from
75 mg/kg to 100 mg/kg has been suggested24, 25. The
baseline serum ferritin in the current study was 1,470
ng/mL and was provided to the less responsive group.
but the daily dose had already increased to 100 mg/
kg. In other words, deferiprone administration among
children with transfusion-dependent thalassemia in the
current study was just the maximum needed to maintain iron homeostasis, but was unable to achieve the
negative iron balance. On the contrary, only 4 of 19
patients (21%) showed responsiveness with negative
iron balance starting from the 6th month of deferiprone
administration. The maximum dose of deferiprone of
100 mg/kg would be gradually decreased when the
levels of ferritin declined to < 500 ng/mL.
The preparation of deferiprone in the liquid formulation is not similar to the tablet formulation. The key
property of an orally active iron chelator is its ability to
be efficiently absorbed from the gastro-intestinal tract
and to cross biological membranes; thereby, gaining
access to the desired target sites such as the liver.
The limitation of the current study was the lack of a
pharmacokinetic study of deferiprone in plasma and
urine among individual studied patient. The crucial
3-hydroxyl functionality of the deferiprone for scavenging
iron is also the prime target for glucuronidation to be
the nonchelating 3-O-glucuronide conjugate26. Moreover,
the variation of batch to batch preparation depends
upon the quality assurance of the production process.
Therefore, a further comprehensive study is warranted.
The UGT1 family is involved in the hepatic glucuronidation of bilirubin and numerous drugs including
deferiprone. The allele frequency of UGT1A6*2 among
Thai thalassemia controls (0.16) was slightly lower than
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that of the healthy Thai volunteers (0.19)27 and those
Acknowledgments
The authors would like to thank the GPO for providof Japanese, white and African-American populations
(0.213, 0.274, 0.243) respectively16,28. In the current study, ing the liquid formulation of deferiprone (GPO-L-ONE®)
only 1 responder patient was homozygous *2/*2 of for the study.
Disclosure Statement
UGT1A6; he could have had a higher maximum serum
The authors state that they have no interests which
deferiprone concentration and area under the serum
deferiprone concentration-time curve from time zero might be perceived as posing a conflict or bias.
to infi nity than those of the homozygous wild type
References
(*1/*1) or heterozygous alleles (1*/*3, 2*/4*). However,
1. Wood JC, Enriquez C, Ghugre N, Duessel MO, Aguilar M, Nelson
the number of the studied patients was rather small,
MD, et al. Physiology and pathophysiology of iron cardiomyopathy
in thalassemia. Ann N Y Acad Sci 2005;1054:386-95.
so further study among a higher number of patients
2. Musallam KM, Cappellini MD, Wood JC, Motta I, Graziadei G,
is warranted.
Tamim H, et al. Elevated liver iron concentration is a marker of
Starting in April 2018, the Thai government has
increased morbidity in patients with beta thalassemia intermedia.

Haematologica 2011;96:1605-12.
provide d deferasirox (Exjade ) as the first line iron
3.
De Sanctis V, Soliman A, Yassin M. Iron overload and glucose
chelation for children aged 2 to 6 years with transfumetabolism in subjects with β-thalassaemia major: an overview.
sion-induced iron overload. Therefore, deferasirox should
Curr Diabetes Rev 2013;9:332-41.
be the first line iron chelation for children aged 2 to 6 4. Origa R. Beta-thalassemia. In: Adam MP, Ardinger HH, Pagon
RA, Wallace SE, Bean LJH, Stephens K, Amemiya A, editors.
years except some young children who could not drink
GeneReviews® [Internet]. Seattle (WA): University of Washington,
200 mL of the dissolved deferasirox completely early
Seattle; 1993-2020.
morning before breakfast. Then the liquid formulation 5. Shah FT, Sayani F, Trompter S, Draser E, Piga A. Challenges of
blood transfusion in β-thalassemia. Blood Rev 2019;37:100588.
of deferiprone would be the second choice for them, and
https://doi.org/10.1016/j.blre.2019.100588
the effectiveness should be closely monitored. Cases of 6. Brittenham GM. The red cell cycle. In: Brock JH, Halliday JW,
unresponsiveness after 6 to 12 months of administration
Pippard MJ, Powell LW, eds. Iron Metabolism in Health and
Disease. London: WB Saunders; 1994.
should be switched to deferasirox.
Apart from the budget to purchase the commercial 7. Aydinok Y, Kattamis A, Viprakasit V. Current approach to iron
chelation in children. Br J Haematol. 2014;165:745-55.
medicine29, the GPO has the urgent task to produce 8. Porter J, Viprakasit V. Iron overload and chelation. In: Cappellini
MD, Cohen A, Porter J, Taher A, Viprakasit V, eds. Guidelines for
deferas irox locally at a cheaper price. Moreover, a
the management of transfusion dependent thalassemia. 3rd edition.
liquid formulation of deferasirox is essentially required.
Nicosia, Thalassemia International Federation; 2014, p. 42-99.
In conclusion, the liquid formulation of deferiprone 9. Viprakasit V. Comprehensive management for thalassemia.
J Hematol Transf Med. 2013;23:303-20.
(GPO-L-ONE) at the maximum daily dose of 100 mg/
10.
al-Refaie FN, Hershko C, Hoffbrand AV, Kosaryan M, Olivieri NF,
kg was tolerable among young children with transfuTondury P, et al. Results of long-term deferiprone (L1) therapy:
sion-dependent thalassemia and iron overload. The
a report by the International Study Group on Oral Iron Chelators.
most serious adverse event of severe neutropenia
Br J Haematol 1995;91:224-9.
was found in 1 of the 19 studied patients while other 11. Piga A, Gaglioti C, Fogliacco E, Tricta F. Comparative effects of
deferiprone and deferoxamine on survival and cardiac disease in
adverse events were mild. However, efficacy was limited
patients with thalassemia major: a retrospective analysis. Haewith responsiveness to negative iron balance in 4 of
matologica 2003;88:489-96.
19 patients (21%).
วารสารโลหิตวทิ ยาและเวชศาสตร์บริการโลหิต ปี ท่ี 31 ฉบับท่ี 1 มกราคม-มีนาคม 2564

56

Ampaiwan Chuansumrit, et al

12. Cohen AR, Galanello R, Piga A, De Sanctis V, Tricta F. Safety
and effectiveness of long-term therapy with the oral iron chelator
deferiprone. Blood 2003;102:1583-7.
13. ElAlfy MS, Sari TT, Lee CL, Tricta F, El-Beshlawy A. The safety,
tolerability, and efficacy of a liquid formulation of deferiprone
in young children with transfusional iron overload. J Pediatr
Hematol Oncol. 2010;32:601-5.
14. Chuansumrit A, Songdej D, Sirachainan N, Wongwerawattanakoon
P, Kadegasem P, Sasanakul W. Safety profile of a liquid formulation of deferiprone in young children with transfusion-induced
iron overload: a 1-year experience. Paediatr Int Child Health
2016;36:209-13.
15. Sripichai O, Makarasara W, Munkongdee T, Kumkhaek C, Nuchprayoon I, Chuansumrit A, et al. A scoring system for the
classification of beta-thalassemia/Hb E disease severity. Am J
Hematol. 2008;83:482-4.
16. Nagar S, Zalatoris JJ, Blanchard RL. Human UGT1A6 pharmacogenetics: identification of a novel SNP, characterization of allele
frequencies and functional analysis of recombinant allozymes
in human liver tissue and in cultured cells. Pharmacogenetics.
Pharmacogenetics. 2004;14:487-99.
17. Capellimi MD, Cohen A, Eleftheriou A, Piga A, Porter J, Taher
A. Guidelines for the Clinical Management of Thalassemia: Thalassemia International Federation. Nicosis, Cyprus 2008; p 33-61.
18. National Health Security Office. Guidelines of Reimbursement
for Health Care Service. Bangkok: Sahamit Printing & Publishing
Ltd; 2019. p. 102-24.
19. Viprakasit V, Nuchprayoon I, Chuansumrit A, Torcharus K, Pongtanakul B, Laothamatas J, et al. Deferiprone (GPO-L-ONE®)
monotherapy reduces iron overload in transfusion-dependent
thalassemias: 1-year results from a multicenter prospective, single
arm, open label, dose escalating phase III pediatric study (GPOL-ONE; A001) from Thailand. Am J Hematol. 2013;88:251-60.

20. Songdej D, Sirachainan N, Wongwerawattanakoon P, Sasanakul
W, Kadegasem P, Sungkarat W, et al. Combined chelation therapy with daily oral deferiprone and twice-weekly subcutaneous
infusion of desferrioxamine in children with β-thalassemia: 3-year
experience. Acta Haematol. 2015;133:226-36.
21. Olivieri NF, Brittenham GM, Matsui D, Berkovitch M, Blendis LM,
Cameron RG, et al. Iron-chelation therapy with oral deferiprone in
patients with thalassemia major. N Engl J Med. 1995;332:918-22.
22. Hoffbrand AV, AL-Refaie F, Davis B, Siritanakatkul N, Jackson
BF, Cochrane J, et al. Long-term trial of deferiprone in 51 transfusion-dependent iron overloaded patients. Blood. 1998;91:295-300.
23. Cohen AR, Galanello R, Piga A, Dipalma A, Vullo C, Tricta F.
Safety profile of the oral iron chelator deferiprone: a multicentre
study. Br J Haematol. 2000;108:305-12.
24. Cappellini MD, Musallam KM, Taher AT. Overview of iron chelation therapy with desferrioxamine and deferiprone. Hemoglobin
2009;33(Suppl 1):S58-69.
25. Hoffbrand VA. Deferiprone therapy for transfusional iron overload.
Best Pract Res Clin Haematol. 2005;18:299-317.
26. Singh S, Epemolu RO, Dobbin PS, Tilbrook GS, Ellis BL, Damani
LA, et al. Urinary metabolic profiles in human and rat of 1,2dimethyl- and 1,2-diethyl-substituted 3-hydroxypyridin-4-ones.
Drug Metab Dispos. 1992;20:256-61.
27. Limenta LM, Jirasomprasert T, Tankanitlert J, Svasti S, Wilairat
P, Chantharaksri U, et al. UGT1A6 genotype-related pharmacokinetics of deferiprone (L1) in healthy volunteers. Br J Clin
Pharmacol. 2008;65:908-16.
28. Saeki M, Saito Y, Jinno H, Sai K, Kaniwa N, Ozawa S, et al.
Genetic polymorphisms of UGT1A6 in a Japanese population.
Drug Metab Pharmacokinet. 2005;20:85-90.
29. 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;90:435-45.

J Hematol Transfus Med Vol. 31 No. 1 January-March 2021

