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ABSTRACT

Background

Non-transfusion dependent beta thalassaemia is a subset of inherited haemoglobin disorders characterised by reduced production of the
beta globin chain of the haemoglobin molecule leading to anaemia of varying severity. Although blood transfusion is not a necessity for
survival, it is required when episodes of chronic anaemia occur. This chronic anaemia can impair growth and affect quality of life. People
with non-transfusion dependent beta thalassaemia suffer from iron overload due to their body's increased capability of absorbing iron
from food sources. Iron overload becomes more pronounced in those requiring blood transfusion. People with a higher foetal haemoglobin
level have been found to require fewer blood transfusions. Hydroxyurea has been used to increase foetal haemoglobin level; however, its
efficacy in reducing transfusion, chronic anaemia complications and its safety need to be established.

Objectives

To assess the effectiveness, safety and appropriate dose regimen of hydroxyurea in people with non-transfusion dependent beta
thalassaemia (haemoglobin E combined with beta thalassaemia and beta thalassaemia intermedia).

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group's Haemoglobinopathies Trials Register, compiled from electronic
database searches and handsearching of relevant journals. We also searched ongoing trials registries and the reference lists of relevant
articles and reviews.

Date of last search: 30 April 2016.

Selection criteria

Randomised or quasi-randomised controlled trials of hydroxyurea in people with non-transfusion dependent beta thalassaemia
comparing hydroxyurea with placebo or standard treatment or comparing different doses of hydroxyurea.
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Data collection and analysis

Two authors independently applied the inclusion criteria in order to select trials for inclusion. Both authors assessed the risk of bias of
trials and extracted the data. A third author verified these assessments.

Main results

No trials comparing hydroxyurea with placebo or standard care were found. However, we included one randomised controlled trial (n =
61) comparing 20 mg/kg/day with 10 mg/kg/day of hydroxyurea for 24 weeks.

Both haemoglobin and foetal haemoglobin levels were lower at 24 weeks in the 20 mg group compared with the 10 mg group, mean
difference -2.39 (95% confidence interval - 2.8 to -1.98) and mean difference -1.5 (95% confidence interval -1.83 to -1.17), respectively. Major
adverse effects were significantly more common in the 20 mg group, for neutropenia risk ratio 9.93 (95% confidence interval 1.34 to 73.97)
and for thrombocytopenia risk ratio 3.68 (95% confidence interval 1.13 to 12.07). No difference was reported for minor adverse effects
(gastrointestinal disturbances and raised liver enzymes). The effect of hydroxyurea on transfusion frequency was not reported.

The overall quality for the outcomes reported was graded as very low mainly because the outcomes were derived from only one small
study with an unclear method of allocation concealment.

Authors' conclusions

Thereis no evidence from randomised controlled trials to show whether hydroxyurea has any effect compared with controls on the need for
blood transfusion. Administration of 10 mg/kg/day compared to 20 mg/kg/day of hydroxyurea resulted in higher haemoglobin levels and
seems safer with fewer adverse effects. It has not been reported whether hydroxyurea is capable of reducing the need for blood transfusion.
Large well-designed randomised controlled trials with sufficient duration of follow up are recommended.

PLAIN LANGUAGE SUMMARY

Hydroxyurea for reducing blood transfusion in non-transfusion dependent beta thalassaemias
Review question

We wanted to find out if giving hydroxyurea to people with non-transfusion dependent beta thalassaemia would reduce the need for blood
transfusion.

Background

Thalassaemia is a genetic blood disorder causing defective adult haemoglobin (the oxygen carrying component of red blood cells). This
causes anaemia with different degrees of severity. People with non-transfusion dependent beta thalassaemia do not depend on regular
transfusions for survival, but may require blood transfusion from time to time. Persistent anaemia affects growth, may delay puberty and
reduce quality of life. However, transfusion should be avoided, if possible, because it leads to excess iron being deposited in various organs
affecting how they function.

People with non-transfusion dependent beta thalassaemia have higher levels of foetal haemoglobin (the main form of haemoglobin found
during the development of a baby before birth). After birth, foetal haemoglobin gradually disappears and is replaced by the defective adult
haemoglobin. A small amount of foetal haemoglobin remains after birth and is often present in people with non-transfusion dependent
beta thalassaemia. The higher the level of foetal haemoglobin the less transfusion could be needed.

Hydroxyurea is an anti-cancer treatment which increases the level of foetal haemoglobin. Therefore, it might reduce the need for blood
transfusion in people with non-transfusion dependent beta thalassaemia. However, it is not known whether hydroxyurea is effective and
safe and if so, which is the best dose and at which age treatment should start.

Search date
The evidence is current to 30 April 2016.
Study characteristics

We did not find any randomised controlled trials (where people taking part in the trial have equal chances of being in the treatment or
the control group) comparing hydroxyurea with a placebo (a dummy drug) or usual care. However, we found one randomised controlled
trial comparing two different doses of hydroxyurea (10 mg/kg/day versus 20 mg/kg/day given for 24 weeks) and included it in this review.
A total of 61 people took part in this trial.

Key results

The lower dose of hydroxyurea appeared to increase levels of foetal haemoglobin, but the higher dose did not. We found some evidence
that the higher dose was harmful, particularly to the bone marrow. The trial did not look at whether blood transfusions could be given
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less often or whether the effects of the anaemia were reduced. In the short term, the lower dose does not appear to have any side effects.
The trial duration was very short and we need to know what might happen if treatment with hydroxyurea is continued for a longer period
of time.

Quality of the evidence

We graded the quality of the evidence as very low. This was because our key results are based on only one small trial. In addition we can
not be sure whether the trial methods were of high quality because the authors have not completely described them.

Hydroxyurea for reducing blood transfusion in non-transfusion dependent beta thalassaemias (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Hydroxyurea versus placebo or standard care for non-transfusion dependent beta thalassaemia

Hydroxyurea compared with placebo for people with non-transfusion dependent beta thalassaemia

Patient or population: people with non-transfusion dependent beta thalassaemia
Intervention: hydroxyurea

Comparison: placebo or standard care

Outcomes Illustrative comparative risks (95% Cl) Relative effect  No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Placebo Hydroxyurea
Frequency of transfusion No trials found.
Major adverse effects No trials found.
Quality of life No trials found.
Mean Hb F (g/dL) No trials found.

Cl: confidence interval; Hb F: foetal haemoglobin.

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

Summary of findings 2. Different doses or dose regimens of hydroxyurea compared

Different doses or dose regimens of hydroxyurea compared

Patient or population: people with non-transfusion dependent beta thalassaemia
Settings: specialised outpatient clinic
Intervention: 20 mg/kg/day hydroxyurea versus 10 mg/kg/day
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Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
10 mg/kg/day 20 mg/kg/day
Frequency of transfu-  Outcome not reported.
sion
Major adverse effects  Study population RR9.93 61 B0 Not downgraded for lack of blinding be-
- Neutropenia (1.34t0 73.67) (1 trial) very low1,2,3 cause outcome considered to be objec-
31 per 1000 310 per 1000 tive.
(42 to 1000)
Major adverse effects  Study population RR 3.68 61 O Not downgraded for lack of blinding be-
- Thrombocytopenia (1.12 t0 12.07) (1 trial) very low1,23 cause outcome considered to be objec-
94 per 1000 345 per 1000 tive.
(105 to 1000)
Quality of life Outcome not reported
Mean Hb F at 24 The mean Hb F at 24 weeks (g/dL) in the intervention group 61 300 Not downgraded for lack of blinding be-
weeks (g/dL) was 1.5 lower (1.83 to 1.17 lower) (1 trial) low?,2 cause outcome considered to be objec-

tive.

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; Hb F: foetal haemoglobin; RR: risk ratio.

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: we are very uncertain about the estimate.

1 Downgraded one level for unclear allocation concealment
2 Downgraded one level because conclusions based on one small trial
3 Downgraded one level for extremely wide Cl
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BACKGROUND

Description of the condition

Non-transfusion dependent thalassaemia (NTDT) refers to a group
of thalassaemias not needing regular blood transfusion for survival,
but where the anaemia is severe enough to cause clinical
manifestations, whereas the carrier state (or trait) is asymptomatic
(Camaschella 1995; Weatherall 2001). The types of thalassaemia
that present as NTDT include beta (R) thalassaemia intermedia,
haemoglobin E (Hb E) combined with R thalassaemia (Hb E/
R thalassaemia) and haemoglobin H (Hb H) disease. In Hb E/R
thalassaemia and 13 thalassaemia intermedia, the R haemoglobin
chain is affected; whereas Hb H disease affects the alpha
(a) haemoglobin chain. Collectively, NTDT affects nearly 70,000
children annually, about one quarter of the total thalassaemia
burden (Weatherall 2012). It is an inherited disease found mainly
in populations originating from Africa, Asia and the Mediterranean,
but which has spread globally due to population migration (Kohne
2010; Weatherall 2012).

In this review, R thalassaemia intermedia and Hb E/f% thalassaemia
will be collectively referred to as non-transfusion dependent
thalassaemia (NTDRT) as these are major contributors to NTDT.
People with NTDRT have an extremely diverse clinical spectrum
of chronic anaemia. This diversity arises from multiple genetic
differences which affect the amount of haemoglobin produced,
its functional properties and its stability which determines the
lifespan of the haemoglobin molecule. Together, these factors
ameliorate or worsen the chronic anaemia (Kohne 2011; Weatherall
2001). Another factor is the persistence of foetal haemoglobin
(Hb F) which has some functional properties in postnatal life.
If the function of Hb F is greater than the other haemoglobins
produced by an individual with NTDRT, then its persistence might
create a milder presentation (Musallam 2012a; Pourfarzad 2013;
Weatherall 2001). However, the proportion of Hb F produced in
any individual with NTDRT varies even within one genetic group
(Italia 2009). The reasons for this are not clearly understood, but
it may be due to other independent genetic factors (Menzel 2007;
Pandey 2012; Panigrahi 2005; Sankaran 2008). All these factors
contribute to the severity of the clinical picture manifesting as poor
growth, bone deformities, extramedullary haemopoietic pseudo-
tumour, pulmonary hypertension and thrombotic hypercoagulable
episodes presenting mainly as leg ulcers and pulmonary
hypertension (Aessopos 2001; Matta 2013; Taher 2006).

The iron deposition pathophysiology in NTDRT differs from that
seen in thalassaemia major. In thalassaemia major, which is
a condition where the individual is dependant on transfusion
for survival, iron deposition occurs as a result of frequent
transfusions. In NTDRT iron deposition may occur if frequent
transfusion is required, but there is also greater gut iron absorption
and greater iron release by the reticuloendothelial system, the
normal iron storage sites (Pippard 1979). The deposited iron
tends to accumulate in the organs causing endocrinopathies, liver
cirrhosis, hepatocarcinoma and cardiac siderosis, just as is seen in
thalassaemia major (Taher 2006; Weatherall 2001).

Treatment of non-transfusion dependent beta thalassaemia

Transfusion of red cells remains the mainstay of treatment to
minimize chronic anaemia and its complications (Musallam 2012a).
The OPTIMAL CARE study found that transfusion reduced the

complications caused by the anaemia (Taher 2010). However,
while transfusions are beneficial in reducing the complications
of chronic anaemia, they will exacerbate the existing problem of
iron deposition. Chelating agents can be used to remove excessive
iron deposition, but they in themselves bring further additional
problems (Fisher 2013). The decision to initiate chelation therapy
depends on the degree of overload, the rate of further iron
accumulation and on the availability of resources to detect body
iron concentration. The body iron is best measured by magnetic
resonance imaging (MRI) using either R2 (1/T2) or R2* (1/T2*) pulse
sequences on the liver. This has been validated against liver biopsy
(St Pierre 2005). Alternatively serum ferritin can be used but is
less accurate (Baynes 1986; Musallam 2012; Musallam 2012c; Origa
2007). Suggested values derived from retrospective studies suggest
initiation of chelators at liver iron concentrations of five to seven
mg Fe / dry weight or serum ferritin reaches 500 to 800 pg/l or above
(Musallam 2011; Taher 2009). Multiple transfusion carries risks of its
own, including exposure to serious blood-transmitted infections,
red cell antibody formation and hypersensitivity reactions; and this
needs to be taken into consideration in the treatment of these
individuals. In children, the frequency of transfusion is determined
by clinical criteria such as poor growth, poor school performance,
and clinical evidence of extramedullary erythropoiesis. Adults are
transfused if they undergo transient stressful conditions such as
pregnancy or are at a high risk of complications from chronic
anaemia (Taher 2010; TIF 2013a; TIF 2013b; TIF 2013c).

Splenectomy has been used in an attempt to reduce transfusion
frequency by reducing the removal of abnormal red cells.
However, it has a known risk of infection and is also associated
with an increase in thrombotic events (Borgna-Pignatti 2007;
de Montalembert 1990; Musallam 2012b). A further suggested
treatment option is the use of drugs to increase the production of
Hb F; hydroxyurea is one such option.

Description of the intervention

Hydroxyurea (or hydroxycarbamide) is a drug that has been
identified to have Hb F-inducing properties. Its usage has been
widely studied in people with sickle cell disease, but this is a
relatively new therapy for people with NTDRT.

A Cochrane systematic review has found that hydroxyurea appears
to be safe and effective in reducing transfusion in sickle cell disease
(Jones 2001). In both sickle cell disease and NTDRT the dose used
varies widely and is guided both by the therapeutic response and
the onset of toxicity, which are both dose-dependant. Therefore,
the initial dose is incrementally increased to achieve the greatest
possible increase in Hb F production without adverse effects. A
response should be evident within three to six months of treatment
(Italia 2010; Strouse 2012). Monitoring is continued every six to
12 months to ensure the response is maintained and to look for
adverse effects. At present, there is little information on how long
hydroxyurea needs to be continued in people with NTDRT(Kinney
1999; Ware 2011; Zimmerman 2004). It has been reported that
when hydroxyurea is taken for more than 12 months, a decline
in its effectiveness may occur (Mancuso 2006; Rigano 2010). It
has been postulated that this could be because of the myelotoxic
effect of hydroxyurea (de Paula 2003; Fucharoen 1996). Due to this
possible decline in efficacy, combining hydroxyurea with other co-
interventions has been suggested, which might sustain or induce
further production of foetal haemoglobin. The co-interventions
used with hydroxyurea which have been found in the literature are
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L-carnitine (Karimi 2010), sodium hydroxybutyrate (Hoppe 1999;
Singer 2005a; Singer 2005b) and erythropoietin (Elalfy 2013).

The most important adverse effect reported in the literature
is neutropenia, but other reported adverse effects include
thrombocytopenia, oligospermia, skin rashes and nail changes
(Zimmerman 2004). These adverse effects are reversible (Strouse
2008). A study by Taher (who observed 584 participants from
six thalassaemia care centres where 34% of the participants
were on hydroxyurea), reported that hydroxyurea was associated
with an increased risk of hypogonadism but protective for
extramedullary haemopoiesis, pulmonary hypertension, leg ulcers,
hypothyroidism and osteoporosis (Taher 2010). No long-term
adverse effects were reported in a 20-years follow up of individuals
with sickle cell disease (Steinberg 2010; Ware 2002).

The dose of hydroxyurea used for NTDRT is generally lower than
that used for sickle cell disease and ranges from 3 mg/kg/day to 20
mg/kg/day. It reaches its peak plasma level within one to four hours
after ingestion and is mainly metabolized by the liver. It has been
reported to have been used in children with NTDRT as young as four
years of age (Bradai 2007); however, there are no data to suggest
the optimum age to start treatment with hydroxyurea.

Other factors influencing the response to hydroxyurea include age,
pre-treatment Hb F level, B globin genotype and haplotype, co-
inheritance with a thalassaemia and the degree of iron overload
(Musallam 2013).

How the intervention might work

Hydroxyurea has the capability of increasing the level of Hb
F (Bauer 2012; Borgna-Pignatti 2007). Its exact mechanism of
action remains unclear, but could be due to stress erythropoiesis
(Pourfarzad 2013). Since Hb F has some functional properties, an
increase in its concentration might reduce the long-term effects
of chronic anaemia and the requirement for transfusion (Italia
2010). If transfusion is reduced then iron deposition may be less
severe and the transfusion-related risks might also be reduced.
Several small studies and individual case reports have reported
reduced extramedullary haemopoiesis (Meo 2008). Response to
hydroxyurea is a complex matter. Laboratory work by Pourfarzad
suggested that individuals with a low baseline Hb F level respond
better to hydroxyurea; but the Hb F which is induced, although
greater in quantity, is less functional and hence results in a lower
overall rise in haemoglobin (Pourfarzad 2013).

Why it is important to do this review

An evaluation of the benefits and harms of hydroxyurea and
its appropriate dosage are urgently needed since it is already
being used for people with NTDRT. Reports show that it is
widely used in India and the Middle East (Borgna-Pignatti 2007,
Kosaryan 2009; Kosaryan 2014). In addition, its use has been
recommended for people with NTDRT in a guideline produced by
the Thalassaemia International Federation (TIF 2013a; TIF 2013b;
TIF 2013c). If hydroxyurea was found to be safe and effective in
reducing transfusion requirements, it could bring benefits at little
cost to those with NTDRT; even a small reduction in transfusion
requirement might be beneficial.

OBJECTIVES

To assess the effectiveness, safety and appropriate dose regimen
of hydroxyurea in people with NTDRT (Hb E/R thalassaemia and 13
thalassaemia intermedia).

METHODS

Criteria for considering studies for this review
Types of studies

Randomised and quasi-randomised controlled trials.

Types of participants

People of any age with thalassaemia who have been defined
as having NTDRT, either R thalassaemia intermedia or Hb E/R
thalassaemia.

Since there is a wide range of transfusion dependency ranging from
occasional to regular transfusion during certain circumstances,
NTDRT is difficult to define. For this review, we have considered
non-transfusion dependence to be present when an individual has
one of these conditions and transfusion is based on circumstances
such as poor growth, excessive extramedullary haemopoiesis and
pregnancy.

We specified the ages of the included participants.

Types of interventions

1. The use of hydroxyurea in any dose or duration longer than
three months compared with a standard management protocol
or placebo.

2. One dose or dose regimen of hydroxyurea compared with
another different dose or dose regimen.

At the review stage we made a post hoc decision to include studies
comparing different doses of hydroxyurea.

Types of outcome measures
Primary outcomes

1. Frequency of blood transfusion measured by the volume
transfused per kg per year (units transfused per kg per year (if
sufficient data available) or other similar measures)

2. Transfusion-free interval (in months)

3. Haemoglobin level (in g/dl or equivalent at intervals after
commencing the intervention (e.g. every three to six months)

Secondary outcomes

1. Thalassaemia- and transfusion-related complications
a. liver and spleen size

b. pubertal stage (for boys: testicular size in ml, for girls:
breast enlargement according to Tanner staging) and growth
velocity in cm per year

c. paraspinal extramedullary haemopoiesis, pulmonary
hypertension, cardiovascular complications, leg ulcers and
thrombotic events

d. iron deposition (in the heart and liver measured by
quantifiable methods or serum ferritin in ng/mL or pmol/L)

e. endocrine dysfunction (e.g. male and female reproduction
organ dysfunction (subfertility), diabetes)
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2. Adverse effects or toxicity
a. major (e.g. neutropenia due to myelosuppression)

b. minor (e.g. gastrointestinal disturbances)

3. Hb F level (in per cent of total haemoglobin or equivalent at
intervals after commencing the intervention (e.g. every three to
six months)

4, Quality of life (QoL) (measured by validated instruments
or scales such as health-related QoL tool (HRQoL) or
health outcome rating scales, or self-reported satisfaction or
dissatisfaction)

Search methods for identification of studies
Electronic searches

We identified relevant studies from the Cystic Fibrosis and Genetic
Disorders Group's Haemoglobinopathies Trials Register using the
terms: (thalassaemia OR (haemoglobinopathies AND general) AND
hydroxyurea).

The Haemoglobinopathies Trials Register is compiled from
electronic searches of the Cochrane Central Register of Controlled
Trials (CENTRAL) (updated each new issue of The Cochrane
Library) and weekly searches of MEDLINE. Unpublished work
is identified by searching the abstract books of five major
conferences: the European Haematology Association conference;
the American Society of Hematology conference; the British Society
for Haematology Annual Scientific Meeting; the Caribbean Health
Research Council Meetings; and the National Sickle Cell Disease
Program Annual Meeting. For full details of all searching activities
for the register, please see the relevant section of the Cochrane
Cystic Fibrosis and Genetic Disorders Group Module.

Date of most recent search: 06 July 2016.

We additionally searched PubMed from 1966 and Embase from
1980 using the search strategies detailed in the appendices
(Appendix 1; Appendix 2). No language or publication status
restrictions were applied. If we had encountered non-English
language studies, we planned to attempt to source a translation to
see any possibility of including these studies in the review.

Date of most recent search: 30 April 2016.

To capture ongoing or unpublished trials, we used clinicaltrials.gov
(www.clinicaltrials.gov) and WHO ICTRP (www.who.int/ictrp) using
the keywords: hydroxyurea AND (thalassaemia OR thalassemia).

Date of most recent search: 4 May 2016.

Searching other resources

We scanned the reference lists for relevant articles retrieved by
the electronic searches to assess any identified trials for possible
inclusion. If we had found any ongoing trials, we planned to contact
the principal investigators for trial information. We contacted the
authors of the RCTs we identified in our search for information on
any other potential trials for inclusion in the review.

Data collection and analysis
Selection of studies

Two authors (WCF, CKL) independently screened the results (titles
and abstracts) of the literature search for potentially relevant

trials. We retrieved full reports of the potentially relevant trials
and independently determined if they met the review's predefined
inclusion criteria using a pre-tested eligibility form. If we were
unable to ascertain the relevance, we resolved contentious issues
by discussion. We resolved any further disagreements through
discussion and consensus with a third review author (JJH or V). We
consulted an editor within the Cochrane Cystic Fibrosis and Genetic
Disorders Group with regards to the change in inclusion criteria for
the review (seeDifferences between protocol and review below),
which resolved the issue of trial eligibility for the only included
trial. If required, we would have contacted the trial authors for
further information if trial eligibility was unclear; however it was
not necessary to do this for the only included trial. We have listed
all excluded trials and documented the reason for excluding them
(Higgins 2011a; Higgins 2011b).

Data extraction and management

We extracted data from the included trial onto a specially designed
data collection form. Two authors (WCF and CKL) independently
collected trial details and outcome data. The authors then entered
the information into the agreed form, compared results and
resolved any disagreements by discussion, and by consultation
with a third review author (JJH). Where available we extracted the
following details:

1. general information (title, authors, source, country, year of
publication, setting);
2. trial characteristics (design, risk of bias);

3. participant characteristics (inclusion and exclusion criteria, type
of NTDRT, severity of anaemia, indication for hydroxyurea,
ongoing standard management protocol including the
indication for blood transfusion, sample size, losses to follow up,
baseline characteristics such as age, ethnic group, pre-existing
co-morbidities, duration of transfusion, prior splenectomy and
iron chelation);

4. intervention (data regarding the usage of hydroxyurea, e.g.
amount, frequency of delivery, timing from diagnosis, length of
treatment, participant responsiveness);

5. comparison (data regarding standard management protocol
with or without a placebo; in trials using placebo, we collected
data on amount and frequency of delivery);

6. outcomes (as specified under Types of outcome measures); and

7. additional data (adverse events, QoL measurements and
outcomes not described above).

If we had found it necessary, we planned to contact the original
investigators in an effort to obtain any data needing further
clarification or that were not reported.

We planned to group outcome data into those measured at up to
six months, up to one year, up to three years, up to five years and
up to 10 years. If outcomes were measured at other time periods,
we would have considered whether to include these as well. For the
one included trial, we reported outcomes at time points up to 24
weeks.

Assessment of risk of bias in included studies

Two review authors (WCF, CKL) independently assessed the risk of
bias of eachincluded trial using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011c).
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We resolved any disagreements by discussion with a third review
author (JJH or W) or by correspondence with the trial authors.

For each trial included, we assessed the following criteria.

1. Sequence generation

We described the method used to generate the allocation sequence
in terms of sufficient details and appropriateness. We assessed the
method as:

« low risk of bias (any truly random process, e.g. random number
table; computer random number generator);

« highrisk of bias (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number); or

« unclear risk of bias.

2. Allocation concealment

We described the method used to conceal allocation to
interventions prior to assignment to judge whether the
intervention allocation could have been foreseen in advance of, or
during recruitment, or changed after assignment. We assessed the
method as:

« low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);

« high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth);

« unclear risk of bias.

3. Blinding of clinician (person delivering the treatment),
participant and outcome assessors to treatment allocation

We described the methods used, if any, to blind participants and
personnel from knowledge of which intervention a participant
received. We made a judgement on whether the blinding was
adequate. We considered that trials are at low risk of bias if they
were blinded, or if we judged that the lack of blinding would
be unlikely to affect results. We assessed blinding separately
for different outcomes or classes of outcomes. We assessed the
methods as:

low, high or unclear risk of bias for participants;
low, high or unclear risk of bias for personnel;
low, high or unclear risk of bias for outcome assessors.

4. Completeness of the outcome data, checking for possible
attrition bias through withdrawals, loss to follow up and
protocol violations

We described whether there are significant missing outcome data
based on the number of participants recruited or randomised and
the number analysed for each outcome at the end of the trial
period. If the percentage loss to follow up had exceeded 10%, we
would have made a decision about using appropriate sensitivity
analysis. We assessed methods as:

« low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);

« high risk of bias (e.g. numbers or reasons for missing
data imbalanced across groups; 'as treated' analysis done
with substantial departure of intervention received from that
assigned at randomisation);

« unclearrisk of bias.

5. Selective reporting bias, checking that all of a trial’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported

We attempted to describe how we investigated the possibility of
selective outcome reporting bias and what we found including non-
significant results that were not reported adequately or missed
important outcome variables. We assessed the methods as:

« lowriskof bias (whereitis clear thatall of the trial's pre-specified
outcomes and all expected outcomes of interest to the review
have been reported);

« high risk of bias (where not all the trial's pre-specified outcomes
have been reported; one or more reported primary outcomes
were not pre-specified; outcomes of interest were reported
incompletely and so cannot be used; trial failed to include
results of a key outcome that would have been expected to have
been reported);

« unclear risk of bias.

6. Other sources of bias in the included trials

Wedescribed any important concerns we have about other possible
sources of bias. If we had found cross-over trials, we planned to
assess the risk of bias related to any possible carry-over effect as
well as assess the effect of the duration of the intervention and
follow up on outcomes. We assessed whether each trial was free of
other problems that could put it at risk of bias:

« low risk of other bias;
« high risk of other bias;
« unclear whether there is risk of other bias.

7. An overall risk of bias assessment was made based on the
items above

We made explicit judgements about whether trials are at high risk
of bias, according to the criteria given in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011c). With reference
to (1) to (6) above, we assessed the likely magnitude and direction
of the bias and whether we considered it is likely to impact on
the findings. We explored the impact of the level of bias through
undertaking sensitivity analysis.

Measures of treatment effect

We anticipated that one of our primary outcomes (frequency of
transfusion) may be reported as rates. If we had encountered
this, we planned to calculate rate ratios with 95% confidence
intervals (Cl). We calculated risk ratios (RR) and their associated
95% ClI for all dichotomous outcomes. For continuous outcomes,
where outcomes were measured in the same way between trials,
we planned to report the mean relative change from baseline
or the mean post-intervention value as well as the difference in
means between treatment groups or by combining the baseline
and post-intervention data, and their 95% Cls. Where publications
present the mean difference (MD) and standard error (SE), we
planned to calculate the standard deviation (SD). Where outcomes
were reported on different scales, such as QoL scales, and we
judged them to be reporting the same thing, we planned to use
standardised mean difference (SMD).
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Unit of analysis issues

We treated the participant as the unit of analysis.

For this intervention cross-over trials are possible. Cross-over trials
might be useful for short-term effects such as some adverse effects.
Ifin future we encounter cross-over trials, we will include them and
analyse them separately by following the methods in the Cochrane
Handbook for Systematic Reviews of Interventions when analysing
and incorporating the trials for meta-analysis (Higgins 2011d).
First we will carefully consider the washout period.The half life of
hydroxyurea is between two to four hours. Studies done on people
with sickle cell disease have shown a recovery of marrow effects
such as blood counts within one to two weeks after withholding
hydroxyurea (Strouse 2012; Ware 2011). If individual patient data is
available or the cross-over trials are analysed appropriately using
a paired analysis and the SD for participant-specific differences is
present or can be obtained, we will incorporate such trials into
the meta-analysis. If not, we will use the data from the first period
if available. We will not attempt to impute missing SDs. Besides,
the clinical status of NTDRT is not stable over time, e.g., pre-
pubertal children require less transfusion than pubertal individuals
or pregnant females and trials recruiting pre-pubertal children
might continue from pre-puberty into puberty.

We did not encounter cluster RCTs. If in the future we do, we plan
to follow the methods described in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011b). We will use an
estimate of the intra-cluster correlation co-efficient (ICC) derived
from the trial (if possible), or from another source. If we use ICCs
from other sources, we will report this and conduct sensitivity
analyses to investigate the effect of variation in the ICC.

Dealing with missing data

If we had encountered missing or unclear data, we planned to
contact the primary investigators for up to three attempts after
which the data will be determined missing or unclear data. We
planned to assess data on the number of participants who entered
the trial and the availability of data at the time of follow up, and
those who completed the trial for each outcome. If there had been
a difference, we planned to calculate the percentage change and
report it. We also attempted to establish whether the primary study
used an intention-to-treat analysis, such as the participants were
analysed in the groups to which they were randomised. We have
contacted the trial investigator (Bohara 2014) for more information
on the number of participants in each group at each time point. We
have tried twice and have to date not received a response. In future,
if we encounter trials in abstract format we will contact the authors
for any full reports (Higgins 2011d).

Assessment of heterogeneity

If in future we are able to include more than one trial, we plan to
test for heterogeneity between trials using the 12 statistic and the
Chi2 test (both of which are automatically calculated in the Review
Manager software (RevMan 2014)). We will regard heterogeneity as
substantial if an |2 value is greater than 80%. We will note a low P
value (less than 0.10) in the Chi? test and interpret it in the light of
the number of included trials. We will explore any heterogeneity by
subgroup analysis.

Assessment of reporting biases

We attempted to minimize publication and reporting bias by
conducting a comprehensive search. If we had obtained sufficient
number of trials (at least 10), we planned to assess publication bias
by constructing a funnel plot and reviewing its symmetry. If we had
found any funnel plot asymmetry, we planned to consider whether
this could be due to publication bias (Sterne 2011).

Data synthesis

We have presented the data from the single included trial. If
no meta-analysis had been possible, or if we had encountered
substantial heterogeneity (as defined above), we would have
given a descriptive, qualitative critical appraisal of the outcome
information from the included trials (Deeks 2011). We analysed the
data reported in the included trial which are relevant to the primary
and secondary outcomes of this review using the Review Manager
software (RevMan 2014).

If we are able to include more trials in the future and they are
clinically and methodologically comparable, we plan to carry out
meta-analyses initially using a random-effects model.

Subgroup analysis and investigation of heterogeneity

If we had identified substantial heterogeneity, we planned to
investigate it using subgroup analyses. We would have considered
whether an overall summary was meaningful, and if it was, we
would have used a random-effects analysis to produce it. We
planned to only carry out subgroup analysis for the primary
outcome, considering the following subgroup analyses:

1. dose of hydroxyurea used (for trials included in Comparison 1,
hydroxyurea versus placebo or standard care);

2. type of NTDRT (Hb E/R thalassaemia,
intermedia, other) (for both comparisons);

3. baseline Hb F (high or low) (for both comparisons).

R thalassaemia

Sensitivity analysis

We planned to conduct sensitivity analyses to assess the
robustness of our review results by repeating the analysis with the
following adjustments, exclusion of trials with:

« unclear or high risk of bias regarding allocation concealment;

« unclear or high risk of bias regarding blinding of outcomes
assessment;

« unclear or high risk of bias regarding completeness of follow up.

We also planned to use a sensitivity analysis to test the robustness
of our choice of model used for meta-analysis (Deeks 2011).

Summary of findings table

We used GRADE to reflect the quality of evidence and used
GRADEPro software (GRADE 2015) to create a summary of findings
(SoF) table. The SoF table had the following components:

o summarised key findings (participants, comparison and
baseline information, outcome) (Schiinemann 2011);

« summarised statistical results;

« summarised quality of evidence, magnitude of the effect
including the source of any external information used in the
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‘Assumed risk’ column or any departures from the standard RESULTS
methods, and reasons behind the decisions.

Description of studies
We included the following outcomes in our SoF table:
Results of the search

» frequency of transfusion; All searches combined identified 461 citations, including 74

duplicates. After title and abstract screening, we retrieved the full-
« Qol; text of 53 records. Among them were six randomised controlled
« foetal haemoglobin (Hb F) level. trials (seven records), but only one trial could be included in this
review (Bohara 2014) (Figure 1).

« major adverse effects;
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Figure 1. Study flow diagram.

461 records
identified
through
database
searching

387 records screened after 334 tecords excluded by
duplicates removed title and abstract

46 studies excluded by study type

« 16 observational studies
« 9 cross sectional or case series

53 records were
* 10 case reports

screened by full
—  «6reviews ?

text

* 4 studies with participants not meeting

inclusion criteria
1 controlled clinical trial

2 studies excluded due to
intervention reasons and 1
due to participants

1 study listed as awaiting

6 randomised controlled trials L )
classification pending

7 records) screened
( ) further information

1 study listed as on-going to
be assessed upon

completion
1 study (2 records) included in the
meta-analysis: Comparison
between two different doses of
hydroxyurea
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Included studies

We did not find any randomised controlled trials comparing
hydroxyurea with a placebo or standard care. The only included
trial was a randomised controlled trial comparing x10 mg/kg/
day with 20 mg/kg/day of hydroxyurea at a single centre in India
(Bohara 2014). Treatment was stopped if participants developed
adverse effects or if they failed to respond to the allocated
treatment, but they remained in the trial until trial completion at
24 weeks. The participants (n = 61) had NTDRT of thalassaemia
intermedia phenotype. The primary outcome was to assess the
difference in responses to the different doses of hydroxyurea. The
secondary outcomes were assessment of tolerability and safety of
hydroxyurea at different doses.

Excluded studies

We excluded three trials (three unique records) (Biswas 2014; Elalfy
2013; Karimi 2010). Two trials compared hydroxyurea alone with
hydroxyurea and another foetal haemoglobin inducer as a co-
intervention (Elalfy 2013; Karimi 2010). The third trial, available
only in abstract format, was excluded because the participants
had severe transfusion dependent Hb E/R thalassaemia (mean
transfusion about 13 to 14 per year) (Biswas 2014). Details of

these excluded trials can be found in the tables (Characteristics of
excluded studies).

Studies awaiting classification

One identified trial is awaiting classification (Huang 2016). The
full paper is published only in Chinese with a short abstract in
English; we will assess the trial once we have obtained a translation.
The abstract describes a prospective trial with two groups of
participants with B-thalassaemiaintermedia, but does not mention
if the trial was randomised. The intervention is either hydroxyurea
or no hydroxyurea. Further details can be found in the tables
(Characteristics of studies awaiting classification).

Ongoing studies

One trial is still ongoing, but has completed recruitment of
participants (Haghpanah 2015). It is comparing a herbal product
(resveratrol) to hydroxyurea and placebo or to resveratrol
and placebo in people with in non-transfusion dependent R-
thalassaemia intermedia. Further details can be found in the tables
(Characteristics of ongoing studies).

Risk of bias in included studies

Risk of bias of the included study is summarised in Figure 2.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Bohara 2014 2| ? ?
Allocation Blinding
Sequence generation Theincluded trial did not report of any blinding of the participants,

The Bohara trial generated a random sequence by using a random
number table (Bohara 2014). We judged this trial to have a low risk
of bias for this criterion.

Allocation concealment

Allocation concealment was not reported in the trial; therefore, we
judged it to have unclear risk of bias for this criterion (Bohara 2014).

treating physicians and outcome assessors (Bohara 2014). The
authors did not describe whether there was blinding of the
intervention and control. Therefore, we judge there to be an unclear
risk of bias for this criterion.
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Incomplete outcome data

The participants were analysed in their allocated group irrespective
of the treatment received. All participants were accounted for at
the end of the trial and all participants were included in the final
analysis (Bohara 2014). Therefore, we judge there to be a low risk of
bias for this criterion.

Selective reporting

Although the 'Methods' section stated that participants were
interviewed regarding their sense of well being and state of energy,
these results were not reported. This could be selective outcome
reporting. Therefore, this trial was judged to have an unclear risk
of reporting bias. The trial was not registered prospectively on a
clinical trials register (Bohara 2014).

Other potential sources of bias

The baseline characteristics between the two groups in the
included trial showed no significant difference in age, gender, R
genotype, reticulocytes and mean haemoglobin, Hb F and Hb E
(Bohara 2014). However, there was a significant difference in the
mean of the mean corpuscular volume (MCV) levels, which was said
to be non-influential to hydroxyurea response. Therefore, this trial
was judged to have low risk for any potential sources of bias.
Effects of interventions

See: Summary of findings 1 Hydroxyurea versus placebo or
standard care for non-transfusion dependent beta thalassaemia;
Summary of findings 2 Different doses or dose regimens of
hydroxyurea compared

Hydroxyurea versus placebo or standard care

No trials were included.

10 mg/kg/day hydroxyurea versus 20 mg/kg/day hydroxyurea

One trial involving a total of 61 participants was included (Bohara
2014).

Primary outcomes
1. Frequency of blood transfusion

Frequency of blood transfusion was not reported (Bohara 2014).

2. Transfusion-free interval

Transfusion-free interval was not reported (Bohara 2014).

3. Haemoglobin level

Thetrial authors reported that mean haemoglobin was significantly
lower in the 20 mg/kg/day group at six, 12 and 24 weeks; our
analysis shows a MD at 24 weeks -2.39 g/dL (95% Cl -2.80 to -1.98)
(Analysis 1.1).

Secondary outcomes
1. Thalassaemia- and transfusion-related complications

None of our prespecified complications were reported in the
included trial (Bohara 2014).

2. Adverse effects or toxicity

The major adverse effects reported were neutropenia (defined
by the authors as absolute neutrophil count below 0.5 x
103/uL), leukopenia (white cell count below 3 x 103/uL) and
thrombocytopenia (platelet count below 50 x 100/uL) (Bohara
2014). The 20 mg/kg/day group had a higher risk of the pre-
specified major adverse effects: neutropenia, RR 9.93 (95% CI 1.34
to 73.67); and thrombocytopenia, RR 3.68 (95% Cl 1.12 to 12.07)
(Analysis 1.2).

There was no significant difference between the two groups for
minor adverse effects (gastrointestinal disturbances and raised
liver enzymes) (Analysis 1.3).

3. Foetal haemoglobin (Hb F) level

At 24 weeks, the mean foetal haemoglobin was significantly lower
in the 20 mg/kg/day group, MD -1.50 g/dL (95% CI -1.83 to -1.17)
(Analysis 1.4).

4. Quality of life

No data on quality of life were reported (Bohara 2014).

Summary of findings for the main comparisons

We have summarised the findings for the main comparisons in
relevant tables (Summary of findings 1; Summary of findings 2).

DISCUSSION

Summary of main results

We did not find any trials comparing hydroxyurea with a control
(placebo or standard care), so we are not able to answer the
question about whether hydroxyurea has an effect on our primary
outcomes. However, the single included trial comparing two doses
of hydroxyurea found that haemoglobin was significantly higher in
the group that received the lower hydroxyurea dose (10 mg/kg/day)
at 24 weeks (and also at six and 12 weeks, as reported in the original
trial). The higher dose group (20 mg/kg/day) did not experience
any change from baseline in haemoglobin and Hb F at 24 weeks,
whereas the lower dose experienced a significant increase in both
compared to baseline (P <0.000). In addition to the poorer response
to treatment, there were more major and minor adverse events in
the 20 mg/kg/day group.

Results from this single trial suggest that a dose of 10 mg/kg/day of
hydroxyurea is safer and more effective than a higher dose.

Overall completeness and applicability of evidence

The major weakness of this review is that it does not include
any trials comparing hydroxyurea with placebo or no treatment.
Although the only included trial had relevant participants,
interventions and outcomes, all participants received hydroxyurea
and therefore lacked a usual care control group (Bohara 2014).
It was observed that better outcomes were found with the lower
dose; the poorer outcome with the higher dose may be due to the
known adverse effects that hydroxyurea has on the bone marrow
(de Paula 2003; Fucharoen 1996). We do not know whether even
better outcomes and fewer adverse effects might be achieved with
doses lower than 10 mg or even without hydroxyurea. There are
no data from randomised controlled trials on the frequency of
transfusion and the duration of transfusion free intervals. It should
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be noted that any observed improvement in haemoglobin or foetal
haemoglobin (Hb F) may not result in a reduction in transfusion
requirement.

Quality of the evidence

The single included trial has a small sample size (61 participants)
and we judged allocation concealment to be unclear (Bohara 2014
). Our analysis showed extremely wide confidence intervals for
adverse events. Therefore, data from two of the three laboratory
outcomes were judged to be from very low quality evidence and the
data for mean Hb F was judged to be low quality.

Potential biases in the review process

At protocol stage, we had intended to include either randomised
or quasi-randomised trials comparing the efficacy and safety of
hydroxyurea compared to placebo or no treatment for people with
non-transfusion dependent beta thalassaemia (NTDRT). During our
search we found one trial comparing two doses of hydroxyurea.
We noted that this trial met our objectives, so we made a post hoc
change to our inclusion criteria by adding a second comparison.
We do not think this post hoc change weakens the findings of this
review. We also excluded two other randomised controlled trials
comparing hydroxyurea alone with hydroxyurea in combination
with another foetal haemoglobin enhancer, L-carnitine (Karimi
2010) and erythropoietin (Elalfy 2013).

Agreements and disagreements with other studies or
reviews

As stated previously, a Cochrane review found that hydroxyurea
was effective in reducing transfusions in sickle cell disease (Jones
2001). The dose used in the two included studies in that review
was high (15 mg/kg/day and 20 mg/kg/day) and the investigators
continued to increase the dose beyond this until there was evidence
of bone marrow depression. The only included trial in this review
suggested that doses in this range were less effective than a
low dose (10 mg/kg/day) (Bohara 2014). During our search we
found a number of observational studies with a dose of 10 mg/
kg/day reporting significant increases in haemoglobin (Amoozgar
2011; Dixit 2005; El-Beshlawy 2014; Fucharoen 1996; Karimi
2005; Karimi 2010a) and foetal haemoglobin levels (Amoozgar
2011). An improvement in the haemoglobin concentrations after
hydroxyurea treatment was also reported as a modest but
significant increase in a meta-analysis using before and after
studies, and case reports. The authors of that review reported that
they did not find any RCTs (Kosaryan 2014a).

While the trial included in this review showed unfavourable
outcomes with 20 mg/kg/day hydroxyurea treatment (Bohara

2014), observational studies successfully used a dose of 20 mg/kg/
day without any adverse effects (Ansari 2011; Bradai 2007; de Paula
2003; Dixit 2005; Fucharoen 1996). However, this observational data
should be treated cautiously.

Haematological adverse effects, namely neutropenia, leukopenia
and thrombocytopenia, were the main major adverse effects noted
especially with the 20 mg/kg/day hydroxyurea in the included
trial (Bohara 2014. This corresponds to the observational studies
(Bradai 2007, Dixit 2005; Fucharoen 1996). One study observed 143
participants with a hydroxyurea dose of 8 mg/kg/day to 12 mg/
kg/day for a median of 5.7 years did not encounter bone marrow
depression (Karimi 2010a). Other adverse effects, hepatotoxicity
and gastrointestinal disturbances found in this review have been
reported in other observational studies (Dixit 2005; Karimi 2010a;
Taher 2010).

AUTHORS' CONCLUSIONS

Implications for practice

There is no evidence from randomised controlled trials to show
whether hydroxyurea has any effect compared with controls on
the need for blood transfusion. Therefore, we cannot currently
recommend its use outside of the setting of a randomised
controlled trial. We are also unable to conclude whether 10 mg/kg/
day hydroxyurea is the appropriate dose, but could caution users to
be aware of adverse effects at a higher dose. There is no evidence
from randomised controlled trials as to whether hydroxyurea is
capable of reducing the need for blood transfusion through a rise
in the haemoglobin and Hb F levels.

Implications for research

Hydroxyurea appears to have found an established role in the
treatment of NTDRT without adequate evaluation. Therefore, there
is an urgent need for large well-designed randomised controlled
trials comparing hydroxyurea with placebo or standard care. Such
trials should have a sufficiently long follow-up period to study
the effect of hydroxyurea on the complications of the disease and
from blood transfusion. Trials should also closely monitor adverse
events from the drug and complications of both the disease and
blood transfusion. Different doses and dosing schedules need to be
compared. Research is also required to test whether there is any
benefit of combining hydroxyurea with other Hb F enhancers.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Bohara 2014

Study characteristics

Methods Randomised controlled trial.
Single centre in India.

Participants 61 participants aged 8 years and above with Hb E/R thalassaemia with the phenotype of R thalas-
saemia intermedia.
Gender split: 31 males and 30 females.
10 mg/kg/day hydroxyurea group (n = 32) mean (SD) age 16.68 (6.05) years.
20 mg/kg/day hydroxyurea group (n =29) mean (SD) age 16.17 (5.75) years.

Interventions 10 mg/kg/day hydroxyurea (designated control in this review) versus 20 mg/kg/day hydroxyurea.
There were no participants on either placebo or standard care in the study.
If any participant presented with adverse events (e.g. a fall in haemoglobin > 0.5 g/dL which led to a
need for transfusion, ANC < 1.5 x 103/mL, platelet count <50 x 103/mL, significant hepatic or renal dys-
function) hydroxyurea therapy was withheld for 1 week. Therapy (at 5 mg/kg/day lower than the dose
at which the toxicity had occurred) to be restarted after the resolution of the toxicity. These partici-
pants then "resumed the therapy as per study protocol".
For any participant deemed to be non-responsive (when hydroxyurea caused a rise in haemoglobin of
<0.5 g/dlin 12 weeks or a drop in haemoglobin from pre-hydroxyurea value), therapy was permanent-
ly withheld. This was the case for 5 participants from the 10 mg/kg/day group and 12 participants in 20
mg/kg/day group.
The number of participants remaining on hydroxyurea on each arm declined markedly as the study
progressed. At the end of the study, there were 25 participants still receiving the lower dose of hydrox-
yurea while 13 participants were still on the higher dose.

Outcomes Haemoglobin and Hb F were measured at baseline, 6, 12 and 24 weeks. Adverse effects (neutropenia,
thrombocytopenia, gastrointestinal disturbances and raised liver enzymes) were reported.
Response rates (good response, intermediate response and no response) based on arbitrary criteria
were also reported.

Notes No funding statement. The trial was not registered prospectively on a clinical trials register.
Available as published abstract and full text publication.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Patients were randomised ... using a random number table."

tion (selection bias)
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Bohara 2014 (continued)

Allocation concealment Unclear risk Allocation concealment was not reported.

(selection bias)

Blinding of participants Unclear risk Blinding of participants or trial personnel was not reported.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Blinding of outcome assessors was not reported.

sessment (detection bias)

All outcomes Note: The primary outcomes were laboratory assessments and it is possible
that they were blinded.

Incomplete outcome data  Low risk Although not all participants received the intervention that they were assigned

(attrition bias) for the full duration of the trial, all enrolled participants were analysed in the

All outcomes group they were assigned to "irrespective of how long they received hydrox-
yurea therapy".

Selective reporting (re- Unclear risk In the methods section of the published report, participants were reported to

porting bias) have undergone an interview regarding their sense of well being and state of
energy and this was not reported in the results.
Comment: the authors were unsure whether this was evidence of reporting
bias since this outcome, although related to QoL, was not one of our pre-speci-
fied outcomes.
No protocol was available and other evidence of selective reporting was de-
tected.

Other bias Low risk The baseline characteristics between the 2 groups had no significant differ-

ence in age, gender, 3 genotype, reticulocytes and mean haemoglobin, Hb F
and Hb E. However, there was a significant difference in the mean of the MCV
levels, judged to not influence response to hydroxyurea.

ANC: absolute neutrophil count

Hb E: haemoglobin E
Hb F: foetal haemoglobin

MCV: mean corpuscular volume

QoL: quality of life
SD: standard deviation

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Biswas 2014

This is randomised study, available in abstract only, which evaluated the efficacy of hydroxyurea
against valproic acid among transfusion dependent Hb E/R thalassaemia patients.

Elalfy 2013

This 15-month trial randomised young people with R thalassaemia into 2 groups, either hydrox-

yurea alone or hydroxyurea in combination with erythropoietin. Erythropoietin induces production
of red blood cells.

Karimi 2010

This is a randomised controlled trial carried out over 6 months to assess the effect of combination
therapy of hydroxyurea with L-carnitine and magnesium chloride. The participants received either
hydroxyurea alone, hydroxyurea and L-carnitine, hydroxyurea and magnesium chloride, or a com-
bination of all 3 drugs. Both hydroxyurea and L-carnitine are foetal haemoglobin enhancers, while
magnesium chloride is known to stabilize erythrocytes' membrane and morphology.
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Characteristics of studies awaiting classification [ordered by study ID]

Huang 2016
Methods Prospective study with two groups of participants. Allocation and randomisation not mentioned.
Participants Participants with beta-thalassaemia intermedia.
Interventions Hydroxyurea or no hydroxyurea. No further details available.
Outcomes Haemoglobin levels, reticulocytes percentage, serum ferritin, blood transfusion dependency and
adverse effects.
Notes Full paper only available in Chinese (awaiting translation). Information above obtained from Eng-

lish language abstract.

Characteristics of ongoing studies [ordered by study ID]

Haghpanah 2015

Study name Comparison of the efficacy and safety of a herbal product (resveratrol) with hydroxyurea in non-
transfusion dependent & thalassemia intermedia.

Methods Convenience sampling randomisation using block randomisation.

Participants Participants with 3-thalassaemia intermedia who were not transfused and did not receive Hb F in-
ducer for 6 months prior to the study. Those with abnormal liver or kidney function tests were ex-
cluded.

Interventions The participants will be receiving either hydroxyurea and herbal product (resveratrol), hydroxyurea
and placebo or resveratrol and placebo.

Outcomes The primary outcomes are haemoglobin and Hb F levels. The secondary outcomes are safety and
adverse effects of either resveratrol or hydroxyurea or both.

Starting date 23 August 2015.

Contact information Sezaneh Haghpanah (haghpanah@sums.ac.ir).

Notes An ongoing study which has completed recruitment of participants.

DATA AND ANALYSES

Comparison 1. 20 mg/kg/day versus 10 mg/kg/day hydroxyurea

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.1 Mean haemoglobin (g/dL) 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
1.1.1 At 24 weeks 1 61 Mean Difference (IV, Fixed, 95% Cl) -2.39[-2.80,-1.98]
Hydroxyurea for reducing blood transfusion in non-transfusion dependent beta thalassaemias (Review) 23
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.2 Major adverse effects (at 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

24 weeks)

1.2.1 Neutropenia 1 61 Risk Ratio (M-H, Fixed, 95% Cl) 9.93[1.34,73.67]

1.2.2 Thrombocytopenia 1 61 Risk Ratio (M-H, Fixed, 95% Cl) 3.68[1.12,12.07]

1.3 Minor adverse effects (at 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

24 weeks)

1.3.1 Gastrointestinal distur- 1 61 Risk Ratio (M-H, Fixed, 95% CI) 3.31[0.99, 11.06]

bances

1.3.2 Raised liver enzymes 1 61 Risk Ratio (M-H, Fixed, 95% CI) 2.76[0.58, 13.14]

1.4 Mean foetal haemoglobin 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only

(g/dL)

1.4.1 At 24 weeks 1 61 Mean Difference (IV, Fixed, 95% Cl) -1.50[-1.83,-1.17]

Analysis 1.1. Comparison 1: 20 mg/kg/day versus 10 mg/kg/day hydroxyurea, Outcome 1: Mean haemoglobin (g/dL)

20 mg/kg/day 10 mg/kg/day Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 At 24 weeks
Bohara 2014 6.73 0.9 29 9.12 0.7 32 100.0% -2.39[-2.80, -1.98] .
Subtotal (95% CI) 29 32 100.0% -2.39 [-2.80, -1.98] ‘

Heterogeneity: Not applicable
Test for overall effect: Z = 11.49 (P < 0.00001)

Test for subgroup differences: Not applicable _:4 _:2

Favours 10 mg

0 2 4
Favours 20 mg
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Analysis 1.2. Comparison 1: 20 mg/kg/day versus 10 mg/kg/
day hydroxyurea, Outcome 2: Major adverse effects (at 24 weeks)

20 mg/kg/day 10 mg/kg/day Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Neutropenia
Bohara 2014 9 29 1 32 100.0% 9.93[1.34, 73.67] _._
Subtotal (95% CI) 29 32 100.0% 9.93 [1.34, 73.67] ‘
Total events: 9 1

Heterogeneity: Not applicable
Test for overall effect: Z = 2.25 (P = 0.02)

1.2.2 Thrombocytopenia

Bohara 2014 10 29 3 32 100.0% 3.68[1.12,12.07]
Subtotal (95% CI) 29 32 100.0% 3.68 [1.12, 12.07]
Total events: 10 3

Heterogeneity: Not applicable
Test for overall effect: Z = 2.15 (P = 0.03)

—M-
o

Test for subgroup differences: Chi2 = 0.00, df = 1 (P < 0.00001), 12 = 0% 0.61 0?1
Favours 20 mg

Analysis 1.3. Comparison 1: 20 mg/kg/day versus 10 mg/kg/
day hydroxyurea, Outcome 3: Minor adverse effects (at 24 weeks)

1 10

100

Favours 10 mg

20 mg/kg/day 10 mg/kg/day Risk Ratio Risk Ratio

Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.3.1 Gastrointestinal disturbances

Bohara 2014 9 29 3 32 100.0% 3.31[0.99, 11.06]
Subtotal (95% CI) 29 32 100.0% 3.31[0.99, 11.06]
Total events: 9 3

Heterogeneity: Not applicable
Test for overall effect: Z = 1.95 (P = 0.05)

1.3.2 Raised liver enzymes

Bohara 2014 5 29 2 32 100.0% 2.76 [0.58 , 13.14]
Subtotal (95% CI) 29 32 100.0% 2.76 [0.58 , 13.14]
Total events: 5 2

Heterogeneity: Not applicable
Test for overall effect: Z = 1.27 (P = 0.20)

-
>

-
o

Test for subgroup differences: Chi? = 0.00, df = 1 (P < 0.00001), I = 0% 0.002 o
Favours 20 mg

110

500

Favours 10 mg
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Analysis 1.4. Comparison 1: 20 mg/kg/day versus 10 mg/kg/
day hydroxyurea, Outcome 4: Mean foetal haemoglobin (g/dL)

20 mg/kg/day 10 mg/kg/day Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.4.1 At 24 weeks
Bohara 2014 1.7 0.9 29 3.2 0.1 32 100.0%  -1.50[-1.83,-1.17]
Subtotal (95% CI) 29 32 100.0% -1.50 [-1.83, -1.17] ‘

Heterogeneity: Not applicable
Test for overall effect: Z = 8.93 (P < 0.00001)

Test for subgroup differences: Not applicable ,:2 _:1 0 i 2
Favours 10 mg Favours 20 mg

APPENDICES

Appendix 1. PubMed search strategy
#1 hydroxyurea

#2 hydroxycarbamide

#3 oncocarbide

#4 hydrea

#5 droxia

#6 #1 OR #2 OR #3 OR #4 OR #5

#7 beta-thalassemia[tw]

#8 beta-thalassaemia[tw]

#9 b-thalassemia[tw]

#10 b-thalassaemia[tw]

#11 "Thalassemia"[Mesh]

#12 #7 OR#8 OR #9 OR #10 OR #11
#13 randomised controlled trial[pt]
#14 controlled clinical trial[pt]

#15 randomised[ab]

#16 placebo[ab]

#17 drug therapy[sh]

#18 randomly[ab]

#19 trial[ab]

#20 groups|ab]

#21 #13 OR#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20
#22 animals[mh] NOT humans[mh]

#23 #21 NOT #22
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#24 #6 AND #12 AND #23

Appendix 2. EMBASE search strategy

#1 beta-thalassemia: abti

#2 beta-thalassaemia: ab,ti

#3 b-thalassemia: ab,ti

#4 b-thalassaemia: ab,ti

#5 THALASSEMIA/exp

#6 #1 OR #2 OR #3 OR #4 OR #5

#7 (hydroxyurea/exp OR hydroxyurea OR hydroxycarbamide/exp OR hydroxycarbamide OR oncocarbide/exp OR oncocarbide OR hydrea/
exp OR hydrea OR droxia/exp OR droxia).ti,ab,tn

#8 hydroxyurea:tn,ab,ti

#9 hydroxycarbamide:tn,ab,ti

#10 oncocarbide:tn,ab,ti

#11 hydrea:tn,abti

#12 droxia:tn,ab,ti

#13 #8 OR#9 OR #10 OR#11 OR #12
#14 hydroxyurea/exp

#15#13 OR #14

#16 #7 OR #14

#17 cross over procedure/exp

#18 cross over clinical trial:ab,ti
#19 allocat™*:ti,ab

#20 doubl* ADJ blind*:ti,ab

#21 trial*:ti

#22 placebo™:ti,ab

#23 random*:ti,ab

#24 double blind procedure/exp
#25 crossover*:ti,ab

#26 single blind procedure/exp

#27 randomised controlled trial/exp
#28 #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27
#29 #6 AND #15 AND #16 AND #28

WHAT'S NEW

Date Event Description

24 March 2023 Amended Notification of new review that has superseded this review (see
Published Notes).
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HISTORY

Protocol first published: Issue 3, 2015
Review first published: Issue 10, 2016

CONTRIBUTIONS OF AUTHORS
Title development: WCF and VV.
Title registration: WCF drafted the proposal with substantial input from JJH and CKL along with some comments from VV.

Protocol: WCF drafted the protocol with substantial input from JJH and CKL.

Roles and responsibilities

TASK WHO WILL UNDERTAKE THE TASK?
Protocol stage: draft the protocol WCF with input from all authors
Review stage: select which trials to include (2 people) WCF, CKL

Review stage: extract data from trials (2 people) WCF, CKL

Review stage: enter data into RevMan WCF

Review stage: carry out the analysis WCF, CKL, JJH

Review stage: interpret the analysis All authors

Review stage: draft the final review WCF with input from all authors
Update stage: update the review All authors
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

At the stage of conducting our search we made a post hoc adjustment to the sections 'Objectives' and 'Types of interventions' to allow an
additional comparison for different doses or dose regimens of hydroxyurea.

INDEX TERMS

Medical Subject Headings (MeSH)

beta-Thalassemia [blood] [*drug therapy]; Blood Transfusion [*statistics & numerical data]; Hematinics [*administration & dosage];
Hemoglobin A [analysis]; Hydroxyurea [*administration & dosage]; Randomized Controlled Trials as Topic

MeSH check words

Humans
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