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Meta-analysis on effectiveness of
hydroxyurea to treat transfusion-dependent
beta-thalassemia
Karim Bayanzay1, Ramsha Khan2

1University of California, Davis, USA, 2Gulf Medical University, Ajman, United Arab Emirates

Objective: To determine the efficacy of hydroxyurea therapy on transfusion-dependent beta-thalassemia
patients.
Methods: This study collected articles from databases, applied inclusion and exclusion criteria, and
analyzed them for bias. The effects of hydroxyurea on transfusion requirements were categorized
according to the following definitions. ‘Good responders’ were participants who became transfusion
independent after treatment. ‘Moderate responders’ were participants who were still transfusion
dependent, however, experienced a significant decline in their transfusion requirements. ‘Poor
responders’ were defined as participants who did not respond to hydroxyurea.
Results: A total of 13 studies met all the inclusion and exclusion criteria providing a total of 1196 study
participants. The weighted average of the odds ratio using the random effect model (P< 0.001) was
determined to be 0.493 for good responders, 0.270 for moderate responders, and 0.229 for poor responders.
Discussion: Until now, there has not been any double-blinded placebo-controlled studies performed looking
at the effectiveness of hydroxyurea with this regard, and this substantially limits this meta-analysis. More
studies should be conducted to determine whether hydroxyurea preferentially treats particular type of
mutations over others.
Conclusion: This study suggests that hydroxyurea provides some benefit to patients, and therefore, in certain
clinical situations, it may be understandable to start a trial therapy of hydroxyurea to qualifying patients.
However, a double-blinded placebo-controlled studies should be performed before its efficacy can be
considered established.
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Introduction
Beta-thalassemia syndromes are characterized by a
genetic defect in the synthesis of beta-globin chains
of the hemoglobin protein. This hereditary disorder,
in the homozygous state, causes beta-thalassemia
major, a severe hemolytic disorder that renders the
patient blood transfusion dependent. The heterozy-
gous state, also known as beta-thalassemia minor,
may produce symptoms ranging from mild to moder-
ate anemia. These patients may require blood transfu-
sions as well, depending upon the severity of their
anemia. Despite iron chelation therapy, iron-overload
greatly reduces the life expectancy and quality of life of
the patients.
The use of hydroxyurea to induce the production of

fetal hemoglobin in patients with sickle cell anemia
has been successful in relieving their symptoms.

Using this principle, studies have been conducted to
determine whether the use of hydroxyurea in patients
with beta-thalassemia will provide similar benefit.
Some studies have shown significant reduction in the
need for blood transfusions and iron chelators, while
others have shown little effect. Therefore, currently
there is no conclusive study validating or falsifying
whether hydroxyurea can reduce or abolish the trans-
fusion and chelation requirements in patients with
beta-thalassemia. Thus, the inclusion of hydroxyurea
in the management of thalassemia remains in doubt.
An aggregated analysis of the data available may
allow us to draw definitive conclusion on the efficacy
of hydroxyurea to reduce transfusion requirements in
patients with transfusion-dependent beta-thalassemia.
If it is found to be effective in reducing the frequency
of transfusions, it could substantially reduce the trans-
fusion-related morbidity and mortality, and signifi-
cantly improve the quality of life of the patients
suffering from thalassemia.Correspondence to: Karim Bayanzay. Email: kbayanzay@gmail.com
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Methodology
Study design
Through a systematic methodology, this study col-
lected, identified, and assessed online articles and
applied various statistical approaches to combine
the results from the multiple studies in an effort to
improve the precision and accuracy of individual
findings and/or resolve conflicts or uncertainties
between contradicting studies. The study design
incorporated the methods and guidelines proposed
by MOOSE1 and PRISMA2 in the execution of
this meta-analysis.
The articles analyzed in this meta-analysis are inter-

ventional clinical trials administering hydroxyurea to
transfusion-dependent patients diagnosed with beta-
thalassemia. In these studies, the patient’s transfusion
requirements prior to the application of hydroxyurea
therapy serve as the control and the change in transfu-
sion requirement after hydroxyurea therapy is the
dependent variable. Unless the study specifically men-
tioned a change in transfusion protocol between pre-
treatment and post-treatment, this meta-analysis
assumed that the protocols were consistent
throughout.

Article collection
The guidelines established in the PRISMA 2009 flow
diagram presented by the PRISMA Group2 were
applied during the article collection process.

Identification
An initial sample of articles was derived by using the
search words ‘thalassemia hydroxyurea’ in the search
engine ‘Google Scholar’ (http://scholar.google.com).
As of June 2014, exactly 6250 peer-reviewed articles
were generated from various journals, reports, books,
and other documents. Identical searches through
MEDLINE and Cochrane did not produce any
additional results. Our initial sample was confined
completely to Internet searches, and it was not necess-
ary to contact the authors directly.

Screening
Titles of approximately 650 articles from the initial
sample of 6250 articles were screened, and any
articles containing the words ‘thalassemia’ and
‘hydroxyurea’ in the title were selected for further
investigation.

Eligibility
Inclusion
The following inclusion criteria were applied. Articles
that did not meet the following inclusion criteria were
removed from qualitative and quantitative analysis:

1. Human trials – only human-based trials were
accepted;

2. Clinically based – all studies must have been per-
formed in a clinical setting;
3. Interventional studies – only studies providing
patients with hydroxyurea and examining its effects
prospectively were used in this study.

Exclusion
Any article that met the following exclusion criteria
was excluded from quantitative analysis:
1. Missing information: articles missing any of the fol-

lowing information were excluded from this study:
(1) dosage;
(2) status of transfusion dependence of patients before
intervention;
(3) change in transfusion requirements after interven-
tion, categorized as good, moderate, and poor
responders (or similar) with their definitions compa-
tible with the definition provided by this study.

2. Transfusion independent: studies done solely with
transfusion independent subjects were excluded.
Any studies that contained both dependent and inde-
pendent subjects, but were placed in separate groups,
were still included; however, only the information rel-
evant to the transfusion-dependent group was
extracted;

3. Other interventions: articles that combined the use of
hydroxyurea with another therapy (EPO, phenylbu-
tyrate, etc.) were also be excluded;

4. Coexisting diseases: articles studying patients with
other blood or bone marrow diseases (sickle cell,
etc.) were excluded from the analysis. When the
author did not mention other medical conditions, it
was assumed that the patients did not have co-exist-
ing conditions;

5. Less than five patients: articles that consisted of less
than five patients, including case studies, were
excluded;

6. Drug dosage: studies with hydroxyurea dosages
ranging outside 10–20 mg/kg/day were excluded;

7. Languages other than English: articles that were in
languages other than English were excluded from
this study;

8. Bias: bias was assessed at the study level. Articles that
did not receive 4 out of 4 stars from the
Newcastle–Ottawa Quality Assessment Scale for
Case Control Studies3 were excluded from the study.

Analytic approach
Efficacy of hydroxyurea therapy is measured by the
degree of decreased blood transfusion requirements
of patients. Hemoglobin values were not used as a
measurement of treatment efficacy, because pre-treat-
ment blood transfusions artificially elevate the pre-
treatment hemoglobin levels. Since pre-treatment
hemoglobin values can not serve as a historical
control, they were not included in the statistical
analysis.
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The effects of hydroxyurea on transfusion require-
ments were categorized according to the following
definitions:
1. Good responders – patients became transfusion inde-

pendent or experienced a decrease in transfusion rate
greater than 70% after treatment with hydroxyurea;

2. Moderate responders – patients were still transfusion
dependent; however, there was a significant decline in
their transfusion requirements after hydroxyurea
administration;

3. Poor responders – patients did not respond to hydro-
xyurea treatment or experienced a very minimal
response to treatment (less than 40%).

Patients from all included studies were distributed
into the applicable group, and subsequent statistical
modeling was performed.

Statistical approach
An initial summary statistics were calculated using the
observation ratio of each of the three groups: good
responders, moderate responders, and poor respon-
ders. Subsequently, the overall treatment effect ratio
as a weighted average of the summary statistics was
calculated. The weighted average was calculated
using the random effects model by the statistical soft-
ware application, OpenMeta[Analyst].4 The random
effect model was preferred over the fixed effects
model, as it accounts for heterogeneity between the
different studies, primarily geographical and genetic
differences.

Results
Article selection
After eliminating articles, from the 650 identified
articles (Table 1), which did not contain the words
‘hydroxyurea’ and ‘thalassemia’ in their titles, only
85 articles remained for further screening. Of the 85
articles, 31 articles did not meet the inclusion criteria
provided in the methodology section, leaving 54
articles. After applying the exclusion criteria
(Table 2) outlined in the methodology section, only
13 articles remained for quantitative analysis (Table 3).
A total of 13 studies met all the inclusion and exclu-

sion criteria, providing a total of 1196 patients. When
the tabulated information of all the studies was com-
bined, 572 patients were good responders, 393 patients
were moderate responders, and 231 were poor respon-
ders (Table 4). The weighted average using the random

effect model (P< 0.001) was determined to be 0.493
(95% confidence interval (CI), 0.387–0.599) for good
responders (Fig. 1), 0.270 (95% CI, 0.166–0.375) for
moderate responders (Fig. 2), and 0.229 (95% CI,
0.136–0.323) for poor responders (Fig. 3).
Aggregation of the good and moderate responders
generates a fourth category called ‘responders’. A
total of 965 patients were aggregated into this
category, and the weighted average using the random
effect model (P< 0.001) was calculated to be 0.771
(95% CI, 0.677–0.864) (Fig. 4).

Discussion
This meta-analysis was conducted in order to draw
conclusions from existing studies on the efficacy of
hydroxyurea therapy in reducing the number of trans-
fusions needed in thalassemia patients. The results of
each of the studies were divided as good, moderate,
and poor responders depending upon the degree of

Table 1 Number of articles included in meta-analysis

Number of articles remaining

Identification 650
Screening 85
Eligibility inclusion 54
Included 13

Table 2 Excluded articles

Exclusion criteria (n) Article name

1. Missing information (7) Ansari et al. (2007)7

Ehsani et al. (2009)8

Karimi (2009)9

de Paula et al. (2003)10

Taher and Sheikh-Taha
(2006)11

Kattamis (2007)12

Bohara et al. (2014)13

2. Transfusion independent (2) Dixit et al. (2005)14

Italia et al. (2009)15

3. Other interventions (6) de Franceschi et al. (1996)16

Hoppe et al. (1999)17

Karimi et al. (2009)18

Dover (1998)19

Elalfy et al. (2013)20

Mokhtar et al. (2009)21

4. Coexisting disease (13) Loukopoulos et al. (2000)22

Koren et al. (1999)23

Rigano et al. (1997)24

Loukopoulos et al. (1998)25

Atweh and Loukopoulos
(2001)26

Rigano et al. (2001)27

Panigrahi et al. (2005)28

Voskaridou et al. (1995)29

Italia et al. (2010)30

Singer et al. (2005)31

Fathallah et al. (2009)32

Elalfy et al. (2013)20

Maggio et al. (2004)33

5. <5 Patients (9) Arruda et al. (1997)6

Saxon et al. (1998)34

Karimi et al. (2014)35

Kohli-Kumar et al. (2002)36

Cario et al. (2002)37

Cianciulli et al. (2000)38

Zeng et al. (1995)39

Chik et al. (2006)40

Rashid (2012)41

6. Drug dosage (1) Choudhry et al. (1997)42

7. Languages other than
English (2)

Hajfath et al. (2004)43

Yavarian et al. (2007)44

8. Bias (1) Bradai et al. (2003)5

Bayanzay and Khan Hydroxyurea to treat transfusion-dependent beta-thalassemia

Hematology 2015 VOL. 20 NO. 8 471

D
ow

nl
oa

de
d 

by
 [

K
ar

im
 B

ay
an

za
y]

 a
t 1

0:
58

 2
8 

Fe
br

ua
ry

 2
01

6 



decrease in blood transfusion requirements. Data on
the levels of hemoglobin before and after hydroxyurea
administration were not extracted, since pre-treatment
hemoglobin levels were artificially elevated due to
blood transfusions. The meta-analysis showed that
49.3% of the cumulative patient population were
‘good responders’. This is consistent with the study
published in the American Society of Hematology’s
journal titled, ‘Hydroxyurea can eliminate transfusion
requirements in children with severe B-thalassemia.’5

This study followed seven children with transfusion-
dependent B-thalassemia major in whom the need
for blood transfusions was completely abolished
after treatment with hydroxyurea. Another case
study published in the New England Journal of
Medicine titled, ‘Successful use of hydroxyurea in
B-thalassemia major’6 followed a 20-year-old male
in whom blood transfusions were no longer effective
due to the complications. After a year of therapy
with hydroxyurea, the patient no longer required
blood transfusions. Although both of these studies
demonstrate the effects of hydroxyurea, their
sample sizes were too small to make any
generalizations.

The meta-analysis also showed that 27.0% of the
study population were ‘moderate responders’.
Although not eliminated, their need for transfusions
decreased significantly, avoiding many of the side
effects caused by their transfusion dependence.
Many of the studies also mentioned decline in some
of the other common complications of thalassemia.
This illustrates the potential of hydroxyurea therapy
in reducing thalassemia-associated complications and
reducing the side effects of frequent blood
transfusions.

The smallest proportion of the study population,
only 22.9%, comprised of ‘poor responders’. A study
published in the Journal of Pediatric Hematology/
Oncology titled, ‘Efficacy of hydroxyurea in providing
transfusion independence in b-thalassemia’7 had
similar results, where the smallest proportion of their
study population, 20%, was of poor responders.

A fourth category, ‘responders’ was derived by com-
bining the ‘good responders’ and ‘moderate respon-
ders’ and included 77.1% of the study population.
This category shows the likelihood of a transfusion-
dependent beta-thalassemia patient of showing sub-
stantial improvement after starting hydroxyurea
therapy. It would be sensible for patients belonging
to this group to continue with their hydroxyurea
therapy.

A number of limitations of this study can be high-
lighted. Firstly, none of the studies included in this
meta-analysis were double-blinded placebo-controlled
trials. Up until the publishing of this article, no such
study has been performed. Although this limits the
ability of this study to draw definitive conclusions, it
does help in suggesting the possible benefits of initiat-
ing hydroxyurea therapy on a trial basis. It is also
hoped that this will help the initiation of double-
blinded placebo-controlled studies in the future. The
possible side effects of hydroxyurea on patients were
not addressed in the meta-analysis. Some patients
included in the studies experienced side effects to
such an extent, they had to discontinue the drug;
however, these cases were minimal.

Table 3 Included articles with extracted information

Article
name n Good Moderate Poor

Study
duration
(months)

1 Yavarian
et al.
(2004)45

133 81 31 21 4

2 Kosaryan
et al.
(2009)46

248 111 137 0 75

3 Karimi
et al.
(2005)47

120 83 23 14 72

4 Alebouyeh
et al.
(2004)48

36 25 1 10 84

5 Koren et al.
(2008)49

16 14 0 2 24

6 Bradai
et al.
(2007)50

45 20 9 16 60

7 Zamani
et al.
(2009)51

49 12 32 5 12

8 Karimi
et al.
(2012)52

126 86 25 15 156

9 Ansari
et al.
(2011)53

119 33 57 29 60

10 Hashemi
et al.
(2009)54

91 17 21 53 24

11 Bordbar
et al.
(2014)55

95 37 33 25 14

12 Sachdeva
et al.
(2002)56

64 25 15 24 36

13 Bradai
et al.
(2006)57

54 28 9 17 29

Total 1196 572 393 231 —

Table 4 Weighted averages using random effects model
(P< 0.001)

Results Estimate
Lower
bound

Upper
bound n

Good responders 0.493 0.387 0.599 572
Moderate

responders
0.270 0.166 0.375 393

Poor responders 0.229 0.136 0.323 231
Responders 0.771 0.677 0.864 965
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Most of the included articles described their transfu-
sion protocol. Generally, patients were transfused
when hemoglobin levels were measured below 7 g/dl.
When patients’ hemoglobin levels measured between
7 and 9 g/dl, additional clinical and laboratory

criteria were considered before making the decision
to transfuse. This threshold was lowered to 6 g/dl in
certain regions experiencing shortages of blood pro-
ducts. Most authors considered the patient ‘transfu-
sion independent’ if they were able to maintain their

Figure 1 Good responders

Figure 2 Moderate responders

Figure 3 Poor responders
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hemoglobin level above 9 g/dl. None of the articles
specifically mentioned that the pre-treatment and
post-treatment transfusion protocol was kept consist-
ent. If the transfusion protocol was changed before
or after treatment, this may adversely influence the
results of study to show either an elevated or reduced
effect of the hydroxyurea treatment. Since a change
in transfusion protocol was not mentioned in any of
the included articles, this meta-analysis assumed that
they were kept consistent.
More studies need to be performed to help under-

stand why some patients do not respond to hydro-
xyurea. Current attention has been focused on
specific mutations, which may be more responsive to
hydroxyurea treatment than others. Isolating the
responsive mutations will help better identify the
patients who will benefit from this therapy, and will
help develop a better understanding of the underlying
mechanism of hydroxyurea.
The duration of the included studies ranged

from 4 to 156 months. In responding patients,
effects of hydroxyurea were generally seen within
6 months. After years of treatment, some patients
experienced transient dips in hemoglobin levels
below 9 g/dl, a few being associated with flu-like
symptoms. After a temporary period of increased
transfusions, all patients were able to return to
hydroxyurea treatment and maintain their hemo-
globin level as they were before. This highlights
the importance of continued monitoring of patients
undergoing hydroxyurea therapy. Of the included
studies, none of the authors mentioned the develop-
ment of tolerance to hydroxyurea, even after years
of ongoing treatment.
Although not included in this meta-analysis, many

of the studies reviewed did mention significant
increase in quality of life for patients showing response
to hydroxyurea. These included more energy, better
growth, and endurance.

Conclusion
This study suggests that there is a possible benefit to
the use of hydroxyurea in patients with beta-thalasse-
mia. Overall, the side effects of hydroxyurea are
minimal, and the possible advantages are tremendous.
Therefore, in certain clinical scenarios, it is under-
standable if a physician would like to start a trial
therapy of hydroxyurea to patients with transfusion-
dependent thalassemia, in particular, those who are
unable to continue blood transfusions. Even if patients
do not become completely transfusion independent, it
may decrease the frequency of transfusions enough to
avoid some of the transfusion-related complications.

In order to decisively conclude that hydroxyurea is
effective in patients with transfusion-dependent beta-
thalassemia, a comprehensive placebo-controlled
double-blinded study should be performed.
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