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Disorders of Erythropoiesis • Brief Report

Little is known about the pharmacokinetics of hydroxyurea in patients with sickle cell
disease (SCD). Our aims were to evaluate bioequivalence between standard hydrox-
yurea capsules and a new formulation of 1,000 mg coated breakable tablets in adults
and to compare pharmacokinetic parameters in adults and children with SCD. Fifteen
adults received hydroxyurea capsules and tablets in a randomized cross-over study.
Eleven children received hydroxyurea tablets. The results showed bioequivalence
between capsules and tablets in adults. Pharmacokinetic parameters were not signifi-
cantly different between adults and children. Considerable inter-individual variability
was noted.
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Hydroxyurea stimulates the produc-
tion of fetal hemoglobin in patients
with sickle cell disease (SCD), which

inhibits sickling.1 In a randomized placebo-
controlled study of adults with SCD,
hydroxyurea decreased the rates of vaso-
occlusive crisis, acute chest syndrome, and
blood transfusion,2 leading the Food and
Drug Administration to approve hydroxy-
urea for the treatment of SCD in adults. In
children with SCD, hydroxyurea treatment
significantly reduced the number of days
spent in hospital.3 Subsequent studies con-
firmed this beneficial effect.4-8 In addition to
increased production of fetal hemoglobin,
decreased endothelial adhesiveness and
increased bioavailability of nitric oxide may
mediate the therapeutic effects of hydrox-
yurea.9 The widespread use of hydroxyurea
to treat SCD contrasts with the dearth of
pharmacological data in this condition. Most
pharmacokinetic studies of hydroxyurea
were done in patients with cancer given
hydroxyurea intravenously10-13 or orally.12,14,15

Only two studies assessed the pharmacoki-
netics of hydroxyurea capsules in patients
with SCD,1,16 and both were confined to
adults. A single study assessed the pharma-
cokinetics of a liquid hydroxyurea formula-
tion in SCD infants aged 12 to 18 months.17

The paucity of data is all the more trouble-
some since clinical responses to hydroxyurea
treatment vary widely. Dosage adjustments
for body weight are difficult with current
hydroxyurea capsules, especially in children.
Coated breakable 1,000 mg tablets have
been developed and are under review by
European regulatory authorities. The aims of

our study were to compare the bioequiva-
lence of hydroxurea tablets and capsules in
adults with SCD and to compare pharmaco-
kinetic parameters of hydroxyurea tablets in
adults and in children with SCD.

Design and Methods

Patients
Patients with a definite diagnosis of

homozygous SCD or S/β0 thalassemia were
enrolled if they had been taking hydroxy-
urea capsules for at least 3 months, with a
stable daily dosage for the last month or
longer. Women of childbearing potential had
to use effective contraception and to have a
negative urine pregnancy test. Exclusion cri-
teria were total white blood cell count
<2.5×109/L or platelet count <100×109/L,
serum alanine aminotransferase more than
twice the upper limit of normal, serum crea-
tinine level >120µmol/L, and infection or
blood transfusion within the last month. We
included 15 adults and 11 children aged 4 to
18 years. Written informed consent was
obtained from legal representatives for chil-
dren, from children able to understand, and
from adults. The study was approved by the
ethics committee of the Kremlin-Bicetre
Hospital.

Study design
A two-way cross-over design was used in

adults, who were allocated at random to
capsules (500 mg, Hydrea®, Bristol Myers
Squibb Laboratories) or tablets (1,000 mg
coated, breakable into parts of 250 mg each;
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Siklos®, OTL-Pharma Laboratories) taken at home from
day 1 to day 7. Pharmacokinetic variables were meas-
ured on day 8 after administration of the last dose at the
study center. After collection of the last blood sample on
the morning of day 9, patients returned to their usual
hydroxyurea capsule regimen for 14 to 28 days, when
they switched to the other study drug, using the same
procedures. Children took hydroxyurea tablets at home
from day 1 to day 13. Pharmacokinetic variables were
measured on day 14 after administration of the last dose
at the study center.

Pharmacokinetic studies
Patients arrived at the study center between 7.30 and

8.30 a.m after overnight fasting. The investigator evalu-
ated compliance with the hydroxyurea regimen, record-
ed concomitant medication and vital signs, and checked
that no criteria for study withdrawal had developed.
Each patient underwent baseline blood sampling then
took a hydroxyurea dose in the presence of a member
of the study staff. Breakfast was served 30 minutes later.
Further blood samples were collected 45, 90, 120, 150,

180, 240, 360, and 480 minutes after hydroxyurea
administration. The patient then spent the night at
home and returned to the center for collection of the last
blood sample on next morning, when adverse events
and changes in concomitant medications were record-
ed. Each blood sample consisted of venous blood drawn
into a heparin-coated tube, centrifuged immediately,
and frozen at –80°C at the study center. Urine was col-
lected from 0 to 4 h, 4 to 8 h, and 8 to 24 h after the
hydroxyurea dose. For each urine collection, total vol-
ume was recorded, the urine was stirred, and four
aliquots were frozen at –80°C.
Hydroxyurea in plasma and urine was assayed by

high-performance liquid chromatography using the
modified method of Manouilov et al.18 The equipment
consisted of a Surveyor® chromatographic system
(Thermoelectron, Les Ulis, France) coupled with
Chromquest acquisition software®. The wavelength for
detection was set at 449 nm. Compounds were separat-
ed by reverse-phase chromatography on a Nucleosil
C18, 250-4.6 column (5-µm particle size, Macherey-
Nagel, Hoerdt, France) filled to a pre-column Nucleosil
8-4.6. The mobile phase was 13% water (Millipore, St
Quentin en Yvelines, France) and 87% acetonitrile at a
flow rate of 1.2 mL/min. Detection was linear between
7 to 1,000 µM. Intraday and interday coefficients of
variation were both <10%. Accuracy ranged from 97.7
to 103.9%. The limit of detection was 5 µM and the
limit of quantification was 7 µM.

Data analysis
Pharmacokinetic parameters were computed by non-

compartmental analysis using the WinNonLin® soft-
ware version 3.0. The terminal-phase rate constant

(β[reciprocal hours]) was determined as the slope of the
terminal monoexponential decline in concentration in
plasma using the least-squares method. The terminal
half-life (t1/2β) was calculated as t1/2β=0.693/β. The area
under the concentration-time curve (AUC) from time
zero to time t of the last sample was calculated as AUC
0→t=Ct /βwhere Ct was the drug plasma concentration in
the last blood sample taken at time t. Total clearance
(CLT) from plasma was calculated as CLT=dose/AU0→t

where AUC0→t is the AUC between two doses at steady
state. The apparent volume of distribution (V) was
determined as V=CLT/β. The apparent volume of distri-
bution at steady state (Vss) was Vss=MRT (dose/AUC).
Maximum plasma concentration (Cmax) and time to Cmax

(Tmax) were experimental values. In adults, pharmacoki-
netic variables for hydroxyurea capsules and tablets
(Cmax, AUC0→t, AUC0→inf) were analyzed by two-way
analysis of variance (ANOVA). Wilcoxon’s paired test
was used to evaluate Tmax. As recommended by Health
Canada and the United States Food and Drug
Administration, criteria for bioequivalence were p val-
ues smaller than 0.05 for the comparisons of AUC0→t and
Cmax with a 90% confidence interval of the mean ratio of
these parameters between tested and reference products
between 0.8 and 1.25 for log-transformed data
(Schuirmann’s bilateral t-test). Pharmacokinetic parame-
ters in adults and children were compared using the
non-parametric Mann-Whitney test.

Results and Discussion

The 15 adults had a mean age of 30.1±8.9 years
(range, 21-49) and a mean body weight of 61.0±7.6 kg
(range, 42-71). The diagnosis was homozygous HbSS in
13 patients and S/β0 thalassemia in two patients. The
mean daily hydroxyurea dosage was 20.9±5.6 mg/kg
(range, 15-35). The mean age of the 11 children was
10.2±5.5 years (range, 4-19) and their mean body
weight was 35.5±15.6 kg (range, 16-55); ten children
had homozygous HbSS and one had S/β0 thalassemia.
Their mean daily hydroxyurea dosage was 21.9±7.2
mg/kg (range, 14-36.5). No significant differences were
found between adults and children regarding hydroxy-
urea dosage normalized for body weight. Concomitant
medications in children were folic acid and phe-
noxymethylpenicillin (n=11), deferoxamine (n=1),
insulin (n=1) and fluticasone with salmeterol (n=1). The
adults were taking folic acid (n = 15), oral contraceptives
(n=3), enalapril (n=1), molsidomine (n=1), ketoprofen
(n=1) and allopurinol (n=1).
In adults, Cmax and AUC did not differ significantly

between patients taking hydroxyurea tablets and cap-
sules (26.5 and 26.1 mg/L for Cmax and 121.1 and 127.3
mg/h/L for AUC, respectively) (Figure 1). Pharmaco-
kinetics parameters with the tablet in adults and in chil-
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dren are shown in Figure 2 and Table 1; no significant
differences were noted except for an earlier Tmax in chil-
dren, possibly related to the different blood sample
times in the two populations. Coefficients of variation
were 45% and 39% for Cmax, 44% and 136% for Cminand
40 and 45 % for AUC in adults and children, respective-
ly. Responses to hydroxyurea treatment vary widely
across patients, for reasons that remain unclear. We
found large coefficients of variation for hydroxyurea
pharmacokinetic parameters, suggesting that differ-
ences in pharmacokinetics might contribute to the dif-
ferences in clinical responses. Polymorphisms in genes
involved in hydroxyurea metabolism are being investi-
gated.19

We used a new 1,000 mg coated breakable tablet for-
mulation currently under European regulatory review.
Our first aim was to evaluate bioequivalence between
this formulation and the standard capsules that were

used in efficacy studies in adults and children.2,3 To min-
imize blood-sample volume in children, we confined
the bioequivalence study to adults. Our results indicate
bioequivalence of the tablet and capsule form in adults
with SCD.
We then compared tablet pharmacokinetics in adults

and children. The only previous study of hydroxyurea
pharmacokinetics in pediatric patients investigated a
liquid formulation in infants aged 12 to 18 months.17 We
studied children and adolescents aged 4 to 19 years. Cmax

and Tmax were similar in the two populations. The medi-
an AUC and half-life were greater in children (112.2
mg/h/L and 6.3 h) than in infants (67.2 mg/h/L and 1.7
h), suggesting age-related differences in drug metabo-
lism. The pharmacokinetics of hydroxyurea tablets was
not different between adults and children with SCD in
our study. Thus, pharmacokinetic factors cannot explain
the greater reported efficacy of hydroxyurea treatment
in children (all patients in the Duke pediatric cohort
responded)7 compared to adults (half the adults in the
Multicenter Study of Hydroxyurea showed nearly
unchanged fetal hemoglobin levels after 2 years, despite
identical treatment protocols).20

We are planning population pharmacokinetic studies
with the goal of modeling hydroxyurea pharmacokinet-
ics in patients with SCD. We hope to identify clinical
and biological parameters that correlate with treatment
efficacy.
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Figure 1. Bioequivalence. Mean concentrations (SD) of hydroxy-
urea in 15 adults receiving capsules (squares) or tablets (circles).

Figure 2. Hydroxyurea tablets in adults and children. Mean con-
centrations (SD) of hydroxyurea in 15 adults (squares) and 11 chil-
dren (circles) receiving tablets.

Table 1. Pharmacokinetic parameters of hydroxyurea tablets.

Parameters Children Adults
Median Median

(1st and 3rd quartiles) (1st and 3rd quartiles)

Cmax (mg/L) 24,5 (22.6-38.5) 26.5 (18.3-37.0)
Cmin (mg/L) 0.63 (0.42-0.76) 0.72 (0.63-1.24)
Tmax (h) 0.75 (0.75-0.75)* 0.86 (0.75-2.0)
AUC0-24 (mg/h/L) 111.2 (91.8-153.4) 121.1 (102.9-152.9)
AUC0-∞ (mg/h/L) 115.8 (95.2-156.3) 128.4 (105.6-157.9)
T1/2 (h) 6.3 (5.6-8.8) 6.3 (5.2-7.5)
V (L/kg) 1.98 (1.54-2.39) 1.58 (1.05-1.86)
Total clearance (L/h) 4.5 (3.6-10.8) 9.4 (8.1-11.8)

Cmax: maximum concentration; Cmin: minimum concentration; Tmax: time to
maximum concentration in plasma; AUC0-24: area under the concentration-time
curve from time zero to time 24 h; AUC0-∞ :area under the concentration-time
curve from time zero to infinity; T1/2 : terminal half-life; V: apparent volume of
distribution; *p<0.05.
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