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Background. Hydroxyurea (HU) has been found to be beneficial in sickle cell disease (SCD), reducing the occurrence of severe
manifestations of the disease such as painful crises and blood transfusions. Although a standard of care for SCD in the developed countries
of the world, limited data are available on its use in Africa.

Objectives. To review indications of the use of HU, laboratory monitoring and outcome in children with SCD.

Methods. A retrospective review of 74 patients treated with HU (15 - 30 mg/kg/day) for a minimum of 6 months. The main outcome
measures were indications for use of HU, haemoglobin level (Hb), packed cell volume (PCV), white cell count (WBC), absolute neutrophil
count (ANC), serum alanine aminotransferase (ALT) and creatinine. Descriptive statistics were expressed as means *2 standard deviations.
Data were compared pre and post HU therapy, using the chi-square and Student’s ¢-test as appropriate.

Results. The 74 patients constituted 7.26% of the SCD clinic population and were aged 2.25 - 16 years (mean (SD) 8.48 (3.67)) and were
on HU therapy for 0.5 - 4.8 years (mean (SD) 1.72 (1.12)). The haemoglobin genotypes were Hb SS 72 (98.7%); Hb SC and Hb SS+F 1
(1.35%) each. Indications for HU use were abnormalities of transcranial Doppler ultrasound (TCD) 39 (52.7%), multiple vaso-occlusive
crises (VOC) 18 (24.3%), strokes 14 (18.9%), as well as repeated blood transfusions 9 (12.2%) and hospital admissions 7 (9.5%). Some
patients had more than one indication. There were significantly fewer TCD abnormalities, VOC, strokes, splenic sequestrations, blood
transfusions and hospital admissions following use of HU. The mean Hb and PCV increased while WBC and ANC decreased. Occurrence
of acute chest syndrome, priapism, serum creatinine, ALT and platelet levels were not affected.

Conclusions. Hydroxyurea therapy reduces the occurrence of severe manifestations and improves laboratory parameters in children with SCD.
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The drug hydroxyurea (HU) has been found to be beneficial in sickle
cell disease (SCD).[*! Systematic reviews of the effectiveness of HU
have shown the drug to reduce the rate of painful crises, acute chest
syndrome, number and duration of hospital attendances and admissions;
blood transfusions and mortality in SCD; as well as reducing abnormal
transcranial Doppler ultrasound (TCD) values towards normal, thus
decreasing the risk of stroke.?* In addition, trials have shown it is well
tolerated, does not impair growth or development in children, and can
safely be used from the age of 9 - 18 months.™!

There is limited use of HU for SCD in Africa® although there
are now a number of ongoing clinical trials investigating its
effectiveness and safety.*”) Furthermore, the care guidelines for
some African countries including Nigeria recommend the use of
HU for certain clinical conditions."®! Despite long-term use of the
drug for SCD in more developed parts of the world,"" its use is not
yet a standard of care in Africa,””! where the burden of SCD is high,
owing to lack of, or inadequate availability, cost and access to the
drug, as well as physician/health facility capacity to manage and
monitor people on the medication.® In Nigeria, the use of HU for
SCD is low.1%l
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The present report on the use of HU in children with SCD is
intended to raise awareness of the potential use of the medication.
The objectives are to discuss patient selection, laboratory monitoring
and the outcome of children with SCD after a minimum of 6 months
of HU therapy.

Methods

This is a retrospective review of children aged 2 - 16 years with SCD
attending the paediatric sickle cell clinic of the National Hospital,
Abuja, Nigeria, over a 4-year period from January 2010 - January
2014. Their haemoglobin genotype was determined by cellulose
acetate haemoglobin electrophoresis.

The routine protocol of care for children with SCD in this hospital
includes a 2 - 3-monthly clinical review in the outpatient clinic,
counselling, immunisations, monitoring of laboratory parameters
(full blood count (FBC), serum alanine aminotransferase (ALT)
and creatinine), folic acid supplementation, administration of
proguanil anti-malarial (Nigeria is holoendemic for malaria) and
penicillin prophylaxis. In addition, children with the following
severe manifestations of SCD were placed on HU therapy:
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« 3 or more episodes of severe vaso-occlusive
crises (VOC), hyperhaemolytic crises,
blood transfusions or hospital admissions
in the preceding 12 months

o at least 1 episode of stroke, acute chest
syndrome (ACS), sequestration crises or
priapism

o abnormalities of transcranial Doppler
ultrasound studies (TCD) (cm/sec.) -
high >200, conditional (170 - 199) and
discrepant (>50% difference between both
sides).

Parents, caregivers and children as
appropriate were counselled about the use of
HU. The medication was started at 15 mg/kg as
a daily single dose, increasing to a maximum
of 30 mg/kg. Increments in drug dosage were
done by 5 - 10 mg/kg every 2 months until
the maximum tolerated dose was achieved.
Follow-up was after 2 weeks, then monthly
for 2 months and then every 3 months.
A full clinical evaluation was performed at
each visit, and specific questions relating to
the potential side-effects of HU were asked.
Haemoglobin (Hb), packed cell volume
(PCV), white cell count (WBC), (absolute
neutrophil count) ANC, platelet count,
serum alanine aminotransferase (ALT) and
creatinine were done before commencement
of HU and at each follow-up visit or as
required by the physician. The HU dosages
were approximated to the available capsule
sizes of 100 mg, 250 mg and 500 mg, and
compounded as needed. All blood samplings
and TCD evaluations were done when the
children were in steady state.®! A repeat
evaluation of the indication for HU was done
after 6 months.

During the period, 74 children were treated
with HU. In the same period, a total of 537
children were seen at the SCD clinic of the
hospital. Hospital records of the 74 patients
were reviewed.The results were presented
as simple frequencies and percentages and
shown in tables. Descriptive statistics were
expressed as means * 2 standard deviations.
Associations between variables were done
by the chi-square test and Student’s ¢-test as
appropriate. A p-value <0.05 was considered
statistically significant.

Results

There were 42 boys and 32 girls (M:F =
1:1.3) aged 2.25 - 16 years, (mean (SD)
8.48 (3.67) years) and constituted 7.26%
of the children seen at the SCD clinic.
The haemoglobin genotypes were Hb SS 72
(97.3%), and Hb SC and HbSS + F 1 each
(1.35%). The duration of use of HU was
0.5 - 4.8 years (mean (SD) 1.72 (1.12) years).
Indications for HU use were abnormalities
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of TCD studies 39 (52.7%), multiple vaso-
occlusive crises 18 (24.3%), strokes 14
(18.9%) and repeated blood transfusions 9
(12.2%) (Table 1). Some children had more
than one indication, as shown in Table 1.

There were significantly fewer children
(p<0.005) with abnormalities on TCD, as
well as decreased number of episodes of the
following clinical events post HU therapy:
VOG, strokes, splenic sequestrations, blood
transfusions and hospital admissions. There
was no difference in the occurrence of ACS
and priapism post HU therapy (Table 2).

The pre- and post-HU haemoglobin (Hb)
(g/dL) concentrations were 5 - 10.7 (mean
(SD) 7.64 (1.13)) and 5.7 - 11.9 (mean (SD)
8.66 (1.24)) respectively, (p=0.000). PCV was
16 - 30% (mean (SD) 23.01 (3.14)%) pre HU
and 18.7 - 34% (mean (SD) 26.28 (3.53)%)
post HU (p=0.000), indicating significant
increases in the mean Hb and PCV levels
post HU therapy (p<0.05). One child had a
decrease in Hb and PCV levels and 5 children
had no change in these parameters.

Pre- and post-HU WBC (x10°/L) were
3 - 28.7 (mean (SD) 13.01 (6.05)); and 2.4 -
19.5 (mean (SD) 9.829 (3.75)), respectively
(p=0.000). Pre- and post-HU ANC were 622
- 14673 (mean (SD) 5 732.84 (2 948.61)) and
506 - 10 974 (mean (SD) 4 334.08 (2 111.95))
respectively, (p=0.0363), indicating that

the mean post-HU WBC and ANC were
significantly lower than the pre-HU levels.

Pre- and post-HU platelet counts (10°/L)
were 43.1 - 820 (mean (SD) 333.02 (169.6)
and 97 - 659 (mean (SD) 289.24 (124.4))
respectively, (p=0.084). Four children had a
decreased platelet count (x 10°/L) to <150,
and 2 with platelet counts <100 post HU
therapy. These children were asymptomatic.

Pre- and post-HU serum creatinine
(mmol/L) were 7 - 97 (mean (SD) 32.07
(13.32)) and 15 - 167 (mean (SD) 38.77
(22.45)) respectively, (p=0.037). However, the
mean serum creatinine levels were higher post
HU but remained within the normal range of
values. One child with markedly elevated®!
serum creatinine levels (167 mmol/L) post
HU therapy had been previously diagnosed
with sickle cell nephropathy. Serum ALT
(mmol/L) pre and post HU were 2 - 89 (mean
(SD) 20.04 (15.41)) and 4 - 372 (mean (SD)
30.25 (53.24)) respectively, (p=0.143). Two
children had markedly elevated"®! ALT levels
post HU.

Discussion

The use of HU, though a standard of care
in high-income countries, is not routine
in less-developed parts of the world.® In
the present report, only a small proportion
of children with SCD attending the

Table 1. General characteristics of study participants and indications for

hydroxyurea therapy
Age (years)
0-<5 5-<10 10-<15 215 Total

Sex

Male 9 18 12 3 42

Female 4 19 8 1 32
Total 13 37 20 4 74
HU duration in years

<2 12 24 7 0 41

>2 1 13 13 4 31
Total 13 37 20 74
Indications for HU*

Abnormalities of TCD ultrasound 7 18 13 1 39

Multiple VOC 3 11 4 0 18

Stroke' 1 10 2 1 14

Recurrent blood transfusions 3 3 2 1 9

Splenic sequestration 3 3 0 0 6

Multiple ACS 0 2 3 0 5

Priapism 0 0 2 1 3

Recurrent hospital admissions 1 6 0 0 7

Others 1 1 1 2 5
Total 19 54 27 6 106

HU = hydroxyurea; TCD = transcranial Doppler; VOC = vaso-occlusive crises; ACS = acute chest syndrome.

Others: nephropathy 2, visual loss 2, thrombocytosis 1.
*Multiple indications occurred in some children.

Stroke — either refused or were irregular with chronic blood transfusion therapy.
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Table 2. Pre- and post-HU transcranial Doppler results and clinical events
(vaso-occlusive crises, stroke, splenic sequestration, blood transfusions, hospital
admissions, acute chest syndrome and priapism)

Pre Post-  Chi-
-HU HU square df p-value
TCD ultrasound (cm/sec), n=39
Normal <170 0 27 46.2 3 0.000
Conditional 170 - 199 16 10
Abnormal >200 17 1
Discrepant >50% difference 6 1
Stroke (n = 14)
0 0 9 15.7 2 0.000
1 8 5
2 6 0
Vaso-occlusive crises (n=18)
0-1 0 13 22.3 3 0.000
2-3 5 3
4-5 7 2
=6 6 0
Repeated blood transfusions (1n=9)
0 0 2 11.1 3 0.011
1-2 1 6
3-4 1 0
>5 7 1
Recurrent hospital admissions (n=7)
0 0 1 10.8 3 0.013
1-2 0 5
3-4 4 1
=5 3 0
Splenic sequestrations (n=6)
0 0 2 8.8 2 0.012
I, 2 1 4
3,4 5 0
Priapism (n=3)
0-1 2 3 1.6 1 0.206
2-4 1 0
Acute chest syndrome
0 0 3 7.33 3 0.062
1 1 2
2 3 0
>2 1 0
Others (n=5)
Nephropathy 2 2
Visual loss 2 0
Thrombocytosis 1 0

HU = hydroxyurea; TCD = transcranial Doppler.

outpatient clinic received HU; this may be
due to physician/caregiver inexperience
regarding patient selection for the use of HU.
Furthermore, HU was not readily available or
accessible at the time and was expensive. This
scenario is similar to previous reports from
sub-Saharan Africa,”” including Nigeria,*!!
where HU is seldom used for several reasons
such as lack of (or inadequate) availability, the
cost and access to the drug, and physician/
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health facility capacity. It is hoped that with
increasing information and availability, the
drug will be considered for use in SCD
in the region. The duration of follow-up
varied between 0.5 and 4.8 years (mean
1.72 years). It may be that this time period
was insufficient to ascertain the efficacy of
HU, especially as it relates to clinical events.
However, a minimum period of 6 months is
expected to show the effects of HU.!"

Indications for HU wuse were mainly
severe SCD complications based on
available evidence.*” In addition, limited
physician and parent/caregiver capacity and
experience in the use of the drug might have
contributed to this patient selection as it
was easier for both parents and physicians
to agree on the use of the medication after
a complication had occurred. This scenario
is similar to other reports from Nigeria;!'-**!
however, it may be a limitation to the
interpretation of the study results, as the
efficacy of HU cannot be wholly established
from such a small part of the clinic size.
HU indications in the present report were
a reflection of the complications of SCD
encountered in the outpatient clinic but are
similar to other reports.!>>811]

In the present report, HU therapy was
shown to significantly decrease the rates
of severe complications of SCD such as
VOG, repeated blood transfusions, hospital
admissions and sequestration crises
(p<0.05), but not priapism or ACS. In
addition, there was an improvement in TCD
values towards normal, as well as a decrease
in occurrence of stroke. HU has previously
been shown to be beneficial in reducing
these severe complications of SCD in both
children and adults."*>!""33] Qur results are
similar to previous reports in this regard.

HU has been shown to decrease the
occurrence of ACS in SCD,*? and is indeed
suggested as an indication for use of the
drug by the Nigerian national guidelines for
control and care of SCD,® but the present
report did not show such benefit. A recent
report also did not support the use of HU
for ACS.") Although HU has no role in
the management of acute priapism, its use
has been suggested to prevent recurrences
of this clinical event.'*!*) One case study
reported recovery of erectile function
with HU therapy in an adolescent with
sickle cell anaemia following a prolonged
episode of priapism and subsequent severe
erectile dysfunction, as well as prevention
of priapism episodes.”! Another report
has indicated prevention of recurrence of
stuttering priapism by HU.'® The small
number of patients with ACS and priapism
in the present report makes it difficult to
come to any definite conclusions regarding
the role of HU in these complications.
Furthermore, the dose and duration of HU
treatment might be a contributory factor,
although all children had been on the drug
for upwards of 6 months, and indeed both
children with ACS for up to 3 years.

Identifying children with SCD at risk
of stroke by TCD abnormalities enables
primary prevention of the event.>>!314
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In the present report, HU has been shown to reverse conditional
and high TCD values towards normal, thus decreasing the risk of
stroke, which is similar to previous reports?*'*!4l and underscores
the importance of routine screening with TCD in SCD.

Strokeisa devastating complication of SCD, and TCD abnormalities
identify children at risk. Several reports have shown that HU reduces
the risk of stroke in children with SCD by improving the TCD
velocities.>*!>14 In the present report, HU therapy is shown to
reduce the occurrence of stroke in SCD. Reports from Nigeria**!
and Jamaica”! have shown similar findings. However, 5 of the 14
children in our report had 1 recurrence of stroke despite HU therapy
for up to 1 year, as mentioned in other reports.!"'*!”) As children with
stroke are prone to reccurrences,!!! this factor may create bias in the
results of HU use in these patients. However, some reports!!>!417]
have indicated that although HU may not be the treatment of
choice for prevention of secondary stroke in SCD, it is preferable
to supportive care alone, especially in sub-Saharan Africa, where
chronic blood transfusion therapy might not be feasible. Four of
6 patients with splenic sequestration had 1 repeat episode while on
HU. Sequestration crisis is not a frequently reported indication for
HU therapy, and it has been suggested that the drug may not be
beneficial in this regard."”

Monitoring the effects of HU has always been a concern for both
the healthcare provider as well as caregivers of children with SCD.
We were unable to monitor either Hb F levels or mean cell volume
(MCV), which are measures of response to HU as well as compliance
with therapy."”) Our results showed there were improvements in Hb
and PCV levels following use of HU, as in other reports.#*2%! The
significant decrease (p<0.05) in mean WBC and ANC measures of
drug toxicity!™ are similar to previous reports.'"*'l HU is reported
to be potentially toxic to both the liver and kidneys."” However, at
the doses used in SCD, such toxic effects are uncommon.!””! In the
present report, there was no elevation of ALT with HU therapy, as
in previous reports. Although there were no differences in serum
creatinine levels pre and post HU therapy, the overall mean levels did
increase; this was due to an extremely high value in one child with
previously diagnosed sickle cell nephropathy on follow-up, and may
not be a true reflection of the study population.

Based on the results from the present study, the following
indications are proposed for use of HU in SCD in Africa:
abnormalities of TCD studies, >3 vaso-occlusive crises, 3 hospital
admissions or blood transfusions withiin 12 months, at least 1
sequestration crisis and at least 1 stroke episode.

Conclusion

Hydroxyurea therapy appears to be beneficial in children with
SCD in the study setting, with improvements in clinical events and
minimal side-effects from treatment. Drug compliance which is
required for optimal effects of the drug was not assessed in the study.
Healthcare providers should consider using this drug in children
with SCD. Further studies on side-effects and long-term use of the
drug are necessary.
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