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ABSTRACT

BACKGROUND
Hydroxyurea (HU) is found to be effective in sickle cell anemia and thalassemia intermedia. Its usefulness in thalassemia major
is not clearly defined. The aim of the study was to analyze effectiveness of hydroxyurea in children with beta thalassemia major.

PARTICIPANTS
Patients of thalassemia major aged 3 years to 18 years, on regular blood transfusion with proper chelation for at least two years
and in spite of that they were not able to maintain their pre-transfusion hemoglobin level of at least 8.0 gm% were selected as cases.
Parameters understudy of these patients observed six months prior to the beginning of the study were considered as controls.
Hydroxyurea (the study drug) was given at an average dose of 13.70+2.80mg/kg/d as single oral dose to all cases for one year.

RESULTS

Twenty five children were enrolled for present study. Fourteen (56%) and 23 (92%) patients out of 25 children showed response
to HU therapy when change in hemoglobin (Hb) and mean fetal hemoglobin level (HbF) levels were taken as response criteria
respectively. Out of those, 7 children (28%) showed more than 10% (good response) rise in mean hemoglobin level while 10 (40%),
6 (24%) and 2 (8%) patients showed moderate (5-10%), mild response (<5%) and no response (0%) respectively to HU.
Hydroxyurea significantly increases fetal hemoglobin levels and total hemoglobin after a duration of 3 months and 6 months
respectively. There was also a statistically significant increase in the interval between the transfusions from a mean of 19.8 (13-
30)+4.038 days to 21.68+4.413 days at 6 months and 25.76 (18-42)+6.629 days at 12 months during the study. Over study period
serum ferritin levels decreased though insignificant in all the cases from 3rd month onwards. No significant side effects were noted
at the dose used in study.

CONCLUSIONS
Hydroxyurea can be used for the treatment of transfusion dependent thalassemia patients as an effective adjunct to regular
transfusion regimen and cost and side effects can be reduced significantly.
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INTRODUCTION

Beta thalassemia is the most common single gene disorder in
the world. Worldwide prevalence of gene varies between1-
18% (Mean 9.5%) while in India its between 1-7% (Mean
3.3%).1 Nearly 8000 to 10,000 new thalassemics
(Homozygous) are born every year in India.2 Over the past
three decades, regular blood transfusions and iron chelation
has dramatically improved the quality of life and has
transformed the thalassaemia from a rapidly fatal disease in
early childhood to a chronic disease compatible with
prolonged life. Today life expectancy varies between 25-55
years, depending on the compliance with medical treatment.
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Despite increased life expectancy, complications keep
arising. These relate to inadequate transfusions, transfusion-
related infections, all sensitization, iron-overload related
cardiac, endocrine and liver disturbances and toxicities of iron
chelators.3 Limited supply of blood and risk of transfusion-
transmitted viral infections especially in resource depleted
countries like India prompted researchers to look for
alternative approaches to manage beta-thalassemia.
Hemoglobin F (HbF) augmentation using pharmacological and
non-pharmacological methods is one such concept; if gamma-
globin gene can be reactivated in postnatal life, then gamma-
globin chain synthesis will restart.

This will reduce the imbalance of alpha-beta/no alpha
globin chain ratio in red cells and ameliorate the biochemical
defects in hemoglobin molecule and partially correct the
ineffective erythropoiesis.# Hydroxyurea has been used
successfully in the treatment of sickle cell anemia and
thalassemia minor as reported by various authors, although
there is limited experience with this agent in beta thalassemia
major patients.5-7
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Based on the same knowledge we conducted the present
study with Hydroxyurea as the study drug and to observe
whether its use can decrease packed red cells transfusions in
thalassemia major patients.

METHODS
Study Design
Prospective case-control study.

Setting
Thalassemia day care center of a tertiary health care center of
North India.

Patients

This study was conducted over a period of one year (August
2008 - September 2009) at Thalassemia day care center in the
Department of Pediatrics at a Tertiary Care Teaching Institute
of North India. Twenty five patients of thalassemia major aged
3 years to 18 years registered at the thalassemia day care
center of the institute , who were on at least 2 years of regular
blood transfusion with proper chelation despite that they were
not able to maintain their pre-transfusion hemoglobin level of
at least 8.0gm% were selected as cases.

Exclusion Criteria

Patients with renal or liver disease or on interferon/cancer
therapy were not enrolled for the study. Children who could
not be followed up and in whom compliance could not be
assured were also not included.

Controls

Cases selected for the study also acted as control for
comparison of various parameters in the study. Transfusion
requirements during 6 months preceding the study were
taken as control.

Intervention

The patients were given hydroxyurea 10-20mg/kg/day as a
single dose (To nearest 250mg capsule). Hydroxyurea was
available in market in 500mg capsules only, so the drug was
re-dispensed in 250mg capsules under all aseptic precautions
in the pharmacy department of the institute.8 All patients also
received concurrent folic acid and calcium supplementation.

Follow-up

A detailed history and physical examination including age of
presentation, age at diagnosis, history of consanguinity of
parents, weight and other relevant details were recorded at
the time of enrollment. HIV, HBsAg, HCV status, complete
hemogram with absolute platelet count, liver function tests
(SGOT/SGPT, serum alkaline phosphatase), renal function
tests (Blood urea, serum creatinine), fetal hemoglobin (HbF)
and serum ferritin levels were evaluated at the time of
enrollment and then repeated at monthly interval for initial 3
months and 3 monthly thereafter for one year. Patients
continued to get regular blood transfusion along with
chelation therapy during follow-up period. If during the visit
pre-transfusion hemoglobin was recorded to be more than
10.0gm/dL, blood transfusion was withheld for next one week
and patient called for followup. On followup visit again
transfusion was decided on the basis of pre-transfusion
hemoglobin.
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Response to hydroxyurea therapy at the end of study was
arbitrarily categorized as marked (>10%), moderate (5-10%),
mild (0-5%) increase in mean hemoglobin level from the
baseline value.

Side Effects

Hematological toxicity was defined by Absolute Neutrophil
Count (ANC) less than 1.5x109/1 or platelet count less than
100x109/1. Non-hematological side effects like skin
pigmentation, facial erythema, maculopapular rash, nail
abnormalities and gastrointestinal side effects were noted if
any.

STATISTICAL ANALYSIS

Records of amount and frequency of blood transfusion were
evaluated over one year of therapy and compared with control
values using paired - T tests and correlation tests using SSPS
version 15. P values of less than 0.05 were considered
statistically significant.

RESULTS

Twenty five patients, 17 (68%) male and 8 (32%) female fulfil
the inclusion criteria at enrolment and received the study
drug. None of patients dropped out of the study during the
stipulated time. Hydroxyurea (The study drug) was given to all
patients for the period of one year at an average dose of
13.70+£2.80mg/kg/d as a single oral dose.

We observed a statistically significant decrease in the
number of transfusions during the hydroxyurea therapy. The
average number of transfusions per year before enrollment in
the study was 11.7+2.807, while after completion of one year
study period were 9.5+3.020. We also observed a statistically
significant increase in the interval between the transfusions
during the study from a mean of 19.8 (13-30)+4.038 days to
21.68+4.413 days at 6 months and 25.76 (18-42)+6.629 days
at 12 months (Table I). Though none of our patients became
transfusion independent, transfusions can be suspended for
about 4-15 days.

The mean age+SD of the subjects at the time of diagnosis
was 18.36+14.80 months, while the age at the time of
enrollment in the study was 11.7+3.95 years. All patients were
on chelation treatment for a mean duration of 7.9+3.58 years.
Chelation regime followed were highly variable among the
study subjects, depending upon the affordability and
acceptability. Fourteen (56%) patients were on oral
deferiprone, 4 (16%) on desferrioxamine and 2 (8%) were on
the new oral chelator deferasirox and 5 (20%) patients were
on combined chelation therapy of deferiprone and
desferrioxamine. The baseline epidemiological characteristics
of the patients were as shown in Table II.

A consistent and progressive increase in the hemoglobin
was observed throughout the study after 6 months of therapy
(p <0.05). The mean hemoglobin level at the time of
enrollment in the study was 6.648gm/d], ranged between 5.8
to 7.6mg/dl. The mean hemoglobin level in the preceding 6
months to the study was 6.652+0.563gm/dl (Range 5.6-
7.6gm/dl). The mean hemoglobin levels at 6 months, 9 months
and 1 year of study were 6.920+0.547gm/dl,
6.940+0.614gm/dl and 7.068+0.696gm/dl respectively
(Table 3). The increment was statistically significant that
means hydroxyurea does not lose efficacy. Patients on
hydroxyurea did not develop tolerance to it.
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At the end of the study only 7 patients (28%) showed a
marked response in mean Hb (>10% rise) in while 10 (40%)
patients, 6 (24%) patients and 2 (8%) patients showed
moderate (5-10%), mild response (<5%) and no response
(0%) respectively to HU in the present study.

The mean fetal hemoglobin level (HbF) at the time of
enrolment in the study was 61.84+11.974% (Range 40-85%).
The mean value in the preceding 6 months of the study was
62.20+11.365 (Range 47-83%). At 3 months, the mean HbF
level increased to 63.88+14.469% and this increase was
statistically significant when compared with the control value.
The mean fetal hemoglobin HbF levels at 6 months, 9 months
and 1 year of study were 66.84+14.105, 69.20+14.488 and
72.52+14.804% respectively. A statistically significant
increase was observed when these values were compared with
the value of the mean hemoglobin level at 6 months prior to
the study (p<0.05). Following HU therapy 3 (12%) patients
showed marked (40-60% rise in HbF level), 11 (44%) patients
moderate (20-40%) and 11 (44%) patients showed mild
responses (<20%) (Table III).

Original Article

The mean value of serum ferritin in our patients at the
time of enrollment to the study was 4701.232+2943.63ng/dl.

The ferritin level served as control in to the study was
4851.272+3142.79ng/dl. Over one year of study period serum
ferritin levels decreased significantly in all the cases from 3rd
month onwards. The observed means were 4636.09+2853.11,
4475.25+2627.22, 4405.18+2608.75 and
4265.34+2427.77ng/dl at 3rd, 6t 9th and 12t month of
therapy respectively (Table IV).

No significant difference was noted among patients in
terms of sex distribution, age at last follow up, age at first
transfusion, time taken to reach maximum hemoglobin,
starting dose of HU and duration of HU therapy. Only three
patients (12%) suffered the side effects of hydroxyurea during
present study. Out of them two (8%) patients developed
temporary thrombocytopenia one after 3 months and another
after 9 months of therapy and one patient (4%) developed
gastritis during 5th month of therapy.

Mean Hemoglobin Levels Mean HbF Levels
i + +
Time N(l;;l;:lil)) Range | Pvalue Bgr?:;;li])) Range P value
In 6 months prior
to the study 6.652+0.563 5.6-7.6 62.20+11.365 47-83
(control) )

At enrollment 6.648+0.635 5.8-7.6 >0.05 61.84+11.974 40-85 >0.05
At 1 month 6.656+0.534 | 5.8-7.6 >0.05 61.94+11.967 38-85 >0.05
At 2 months 6.713+0.514 | 6.0-7.8 >0.05 62.43+12.034 37-87 >0.05
At 3 months 6.728+0.596 | 6.0-8.0 >0.05 63.88+14.469 30-89 <0.05
At 6 months 6.920+0.547 | 6.0-8.2 <0.05 66.84+14.105 34-92 <0.05
At 9 months 6.940+0.614 | 6.0-8.2 <0.05 69.20+14.488 36-94 <0.05
At 12 months 7.068+0.696 | 6.2-8.2 <0.005 72.52+14.804 40-95 <0.05

Table 1: Comparative analysis of mean Hemoglobin and HbF levels pre and post hydroxyurea therapy

MeanzStandard Deviation (SD) Range
Age at enrollment (years) 11.7+3.95 5-18
Weight (kgs) 26.62+8.97 13-45
Height (cms) 125.72+14.03 99-154
Mean age at
diagnosis (Months) 18:36:14.80 772
Duration of chelation therapy (years) 7.943.58 3.5-14
No. of Patients with splenectomy 3(12%) -
Spleen size at tlm:_ozfzenrollment (cms) 4.52+0.84 3-6.3
Dose of Hydroxyurea used (mg/kg/d) 13.70+2.80 10.2-19.5

Table 2: Baseline epidemiological profile of the study subjects at enrolment

Number of Transfusions Average Inte_rv als between
. Transfusions (days
Time p- Mean * SD Range p-
Mean £ SD Range value (days) (days) value
At enrolment
(Mean of the
findings in 6 11.7+2.807 6.8-17.4 - 19.84+4.038 13-30 -
months prior to
the study)
Até m;’t‘l‘lt(}i‘; ofthe | 1068:2544 | 6.0-168 | 005 21.68+4.413 15-30 <0.005
At 12 months 0.0005
(Adjusted for 9.5+3.020 49-15.7 (<.O 05) 25.76+6.629 18-42 <0.005
controls) )

Table 3: Comparative analysis of transfusion requirement
variables pre and post hydroxyurea therapy
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Time MeanzStandard Deviation Range P value
(mg/dl)
Control value 4851.27+3142.79 987.0-12000.0 -
At enrolment 4701.23+2943.63 982.0-12784.2 0.189
At 3 months 4636.09+2853.11 978.6-11890.3 0.029
At 6 months 4475.25+2627.22 1134.7-10435.7 0.014
At 9 months 4405.18+2608.75 1045.7-9576.8 0.003
At 12 months 4265.34+2427.77 956.8-10387.8 0.005
Table 4: Comparative analysis of serum ferritin levels pre and post hydroxyurea therapy

DISCUSSION
We described responses of 25 transfusion-dependent major
beta thalassemic patients with the treatment of HU. The effects
on total Hb, transfusion requirements, and the level of ferritin
were the most significant observation of our study. The
mainstay of treatment in major (-thalassemia is regular blood
transfusion and the use of iron chelators. Pharmacologic
reactivation of y-globin genes using drugs, for example
hydroxyurea holds great promise for the treatment of
thalassemia syndromes as well as of sickle cell disease.%-12

In present study dose of hydroxyurea chosen was 10-
20mg/kg/d. Earlier studies on use of hydroxyurea favours this
dose range.1314 Hoppe C. et al. found prolonged responses as
determined by increases in total Hb and decreased transfusion
needs were achieved with low doses of HU (3-10mg/kg/day)
in thalassemia major patients. However, higher doses were
associated with mild reversible hematologic or hepatic toxicity
and no further increase in hemoglobin.15

We observed a significant decrease in blood transfusion
requirement beginning in the first three to four months of HU
therapy. Similar findings were reported by Bradi et al. and
Zamani F et al. who evaluated the long-term efficacy and safety
of hydroxyurea in major beta-thalassemic patients and
observed substantial and persistent increase in total
hemoglobin levels after first three and four months of
hydroxyurea therapy respectively.”.16 Fucharosen S. et al.
observed hematologic effects of orally administered HU in 13
patients with beta thalassemia major/HbE. Almost all patients
responded to oral dose of HU (10-20mg/kg/d) for 5 months
with a slight (10%), but statistically significant increase in
hemoglobin levels and an improved balance in o: non-a globin
chain ratios.l” In the present study none of our patients
became transfusion independent, though duration between
transfusions was significantly increased (Over up to 42 daysin
one patient). The failure to make any of the patient transfusion
free could be due to short span of therapy. Sachdeva A. et al.
observed that 25/70 (36%) patients had a complete response
as need for transfusion was obviated, 15/70 (21%) patients
had a partial response as the interval between transfusions
increased to HU therapy (Dose of 15-20mg/kg/day for a
period of 4 months to 3 years).18 Bradai M. et al. reported a
marked elevation of total Hb levels with HU that permitted
regular transfusions to be stopped in 7 children with

transfusion—dependentﬁ-thalassemia.19 The  significant
decrease of serum ferritin observed in our patientsis clinically
very important as iron overload is the main hazard to these
patients. The serum ferritin decrement is due to decrease of
blood transfusion and to a lesser extent due to increased iron
utilization by increased Hb production and also suppression of
ineffective erythropoiesis.

HU treatment was well-tolerated and it did not cause any
significant toxicity except in three patients who developed

transient thrombocytopenia which resolved after a short
period of HU cessation.

Though, present study was done on a small number of
patients within a short time period, our results indicate that
hydroxyurea significantly increases fetal hemoglobin levels
and total hemoglobin after a duration of 3 months and 6
months respectively. The drug also reduces the number of
transfusions and increases the interval between two
transfusions significantly. No significant adverse effects to the
HU therapy were observed at the dose wused, ie.
13.70+£2.28mg/kg/d over 1 year of study period. Further
studies will be required to evaluate the long term toxicity and
benefits to the patients. Although desirable but genetic profile
of patients under present study could not be done due to non-
availability of genetic diagnostic facilities in our institute, so
analysis of prediction of effectiveness of HU therapy in relation
to genotype could not be carried out.

In conclusion we can say from the present study that HU
initially increases HbF levels followed by increase in Hb, thus
leading to decreased number of transfusions which are to be
given at less frequent intervals. Thus from present study we
can conclude that HU therapy increases total hemoglobin
levels sufficiently to decrease the need for transfusions in
patients with thalassemia major. Hydroxyurea can be used for
the treatment of transfusion dependent thalassemia patients
as an effective adjunct to regular transfusion regimen and cost
and side effects can be reduced significantly. Analysis of
prediction of effectiveness of HU therapy in relation to
genotype could not be carried out, may need further studies
for the same.
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