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Aims
To develop a population pharmacokinetic model for stavudine in children and to
investigate the consistency of the currently recommended dose based on adult target
concentrations.

Methods
The pharmacokinetics of stavudine were investigated using a population approach.
Individual estimates of CL/F were used to calculate the stavudine dose required to
achieve the area under the concentration-time curve reported in adults given recom-
mended doses.

Results
Stavudine pharmacokinetics were well described by a one-compartment model with
zero-order absorption. Typical population estimates (% interindividual variability) of
the apparent distribution volume (V/F) and plasma clearance (CL/F) were 40.9 l
(32%) and 16.5 l h-1 (38%), respectively. Stavudine V/F and CL/F were similarly
related to age. Mean calculated doses (0.61 mg kg-1 for children less than 2 weeks,
1.23 mg kg-1 for children more than 2 weeks with bodyweight less than 30 kg, and
31.5 mg for children with a bodyweight between 30 and 60 kg) were in agreement
with the current paediatric doses (0.5 mg kg-1, 1 mg kg-1, and 30 mg, respectively).

Conclusions
Our findings support the current recommended paediatric dosage regimens for
stavudine, as they result in the same exposure to the drug as in adults.

Introduction
Stavudine is a nucleoside analogue used for the treat-
ment of HIV infection. It can be administered to chil-
dren as a liquid as well as a solid oral formulation,
at recommended doses of 0.5 mg kg-1 twice a day
from birth to 13 days, 1 mg kg-1 twice daily for chil-

dren older than 13 days and weighing less than 30 kg,
and 30 mg twice daily for children with a body-
weight between 30 and 60 kg. For children with a
bodyweight greater than 60 kg, the adult 40 mg twice
daily dose is recommended, and has been approved by
the FDA.
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As no pharmacokinetic-pharmacodynamic relation-
ship has been identified for stavudine, the current pae-
diatric dosage regimen was established in order to
achieve the same mean area under the concentration
time curve from time 0–12 h (AUC(0,12 h) as that
obtained in adults at the recommended dose [1]. Stavu-
dine pharmacokinetics in children have only been inves-
tigated in a small number of low powered studies, which
may have precluded the identification of covariates such
as age or bodyweight [2–5]. Accordingly, we have devel-
oped a population pharmacokinetic model for stavudine
in a large group of children in order to determine the
relationship between stavudine pharmacokinetics and
age or bodyweight, and to verify the consistency of the
current recommended paediatric dosage regimen.

Methods
Patients and treatment
The population comprised 272 paediatric patients (from
which were obtained 671 plasma samples), ranging in
age from 3 days to 16 years (median 8.15 years), and in
bodyweight from 2.1 to 76 kg (median 24 kg). Children
received stavudine for the treatment of HIV infection or
for the prevention of mother-to-child transmission, and
the median stavudine dose was 0.9 mg kg-1 (range 0.30–
4.65 mg kg-1). Plasma concentrations of antiretroviral
drugs were obtained in the context of routine drug moni-
toring. In France ethics committee approval is not
required for studies using routine drug monitoring data.
The population comprised 25 neonates younger than
13 days, 170 children older than 13 days and weighing
less than 30 kg, 71 children weighing between 30 and
60 kg, and six children weighing more than 60 kg. In
95%, 52%, and 31% of the samples, patients had been
taking stavudine with at least one nucleoside reverse
transcriptase inhibitor (NRTI), one protease inhibitor
(PI), or a non nucleoside reverse transcriptase inhibitor
(NNRTI), respectively. Sixty-four percent of the
samples corresponded to the tablet formulation. Serum
creatinine (SCr) was recorded for 158 children (301
samples), and viral load at sampling time was available
from 105 children (296 samples). Median SCr and viral
load were 54.5 mmol l-1 (range 19.3–209 mmol l-1) and
3450 copies ml-1 (range <50–540000 copies ml-1),
respectively.

Drug analysis
Plasma concentrations of stavudine were determined
using a validated HPLC-UV method. A solid-phase
extraction procedure was performed on 0.1 ml of plasma
to which had been added the internal standard
(2-acetamidophenol). The drug was separated on a sat-

isfaction C8 Plus column (5 mm; 250 ¥ 3mm) using an
elution gradient. The initial conditions were: eluant A
(0.01% trifluoroacetic acid containing 2% of methanol):
98% and eluant B (acetonitrile 95% in water): 2% which
were changed at 11 min to: A: 90% and B: 10% for
20 min. The mobile flow rate was 0.5 ml min-1 and the
column effluent was monitored at 278 nm. The assay
was linear over the concentration range 0.02–4 mg l-1,
and the limit of determination was 0.02 mg l-1. Mean
precision and accuracy were less than 13 and 15%,
respectively, over the calibration range.

Population pharmacokinetic modelling
Concentration-time data were analyzed using the first-
order conditional estimation method and by non linear
mixed effects modelling NONMEM (version V, level
1.1, double precision [6]). Several structural pharmaco-
kinetic and error models were investigated. Covariate
selection and bootstrap validation were performed as
previously described [7]. Because SCr values were not
available for all samples, the first analysis was per-
formed on the database containing the 301 samples from
patients in whom SCr had been measured. The addition of
a database for SCr to the model did not result in a
decrease in the objective function. Thus, the analysis
was performed again using the whole dataset, including
the samples for which SCr was unknown.

Calculation of the theoretical stavudine dose
Individual Bayesian estimates of CL/F were used to
calculate the stavudine dose required to achieve a value
of 1.60 mg l-1 h for AUC(0,12 h), which is the mean
value reported in adults for the 40 mg twice daily dose
[8, 9].

Results
The best fit to the data was obtained with a one-
compartment model with zero-order absorption, the
duration of the absorption phase being the estimated
parameter. This model provided a further 89 points
decrease in the objective function (OF) compared with
the one-compartment model with first-order absorption.
The two-compartment model did not improve the fit.
Inter-patient variability was described by an exponential
error model, and residual variability by a combined
exponential and additive error model. A significant cova-
riance term was found between the interindividual vari-
ability in CL/F and V/F. Inter-patient variability in the
duration of absorption could not be estimated. Although
the large standard deviation suggested that the latter
parameter was not significant, the additive residual error
had to be maintained in the model to allow a successful
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convergence. The addition of bodyweight to the CL/F
and V/F models resulted in significant decreases of -158
and -22 points, respectively, in the OF compared with
the basic model, and the addition of age resulted in
decreases of -196 and -31 points. The effect of gender
and the possibility of an influence of drug interactions on
CL/F and V/F were systematically investigated, but they
did not produce any decrease in the OF. Dosage form
showed no influence on bioavailability. When age and
bodyweight were included, a significant increase in the
OF was obtained with the deletion of age on CL/F (+44
points) and on V/F (+7 points) but not with the deletion
of bodyweight.

The final covariate models were

CL h AGE 81F 1 16 5 0 4−( ) = × [ ]. .

V F 1 40 9 0 4( ) = × [ ]. .AGE 8

The coefficient of variation of CL/F and V/F
decreased from 68% (CL/F) and 83% (V/F) in the basic
model to 38% and 32%, respectively, in the final model.
Table 1 summarizes the population parameter estimates.
A previously reported allometric weight-scaling
approach was also tested [10], but it did not improve the
fit compared with our final model.

The accuracy of the final model was evaluated by a
posterior visual predictive check obtained from 1000
simulations of the database [Figure 1].

Table 1
Population pharmacokinetic parameters
for stavudine in 272 children and the
results of the boostrap validation

Parameter

Final model

Original data set Boostrap*
Mean SE Median CI

TV (CL/F) (l h-1) 16.5 0.74 16.1 12.8–17.9
CL/F, qage 0.40 0.023 0.40 0.34–0.45
TV (V/F) (l) 40.9 2.9 39.9 33.7–46.7
V/F, qage 0.40 0.034 0.39 0.29–0.46
D (h) 1.72 0.13 1.65 0.50–2.00
w2

CL/F 0.143 0.024 0.137 0.09–0.18
w2

V/F 0.102 0.043 0.087 0.01–0.19
COVCL,V 0.090 0.030 0.081 0.02–0.14
Proportional residual

variability, s1
2

0.23 0.022 0.23 0.19–0.27

Additive residual variability,
s2

2

0.00041 0.00022 0.00037 3.7 ¥ 10–
11–0.0012

*Results of 1000 boostrap analyses; SE standard error of the estimate; TV typical
value of the corresponding PK parameter; qcovariate influential factor for covariate; D
the duration of the absorption phase; w2 interindividual variability; COVCL,V covari-
ance between hs of CL/F and V/F; CI nonparametric 95% confidence interval.
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Figure 1
Accuracy of the final model evaluated by posterior visual predictive

assessments obtained from 1000 simulations of the database. Curves

corresponded to the 5th, 50th, and 95th percentiles of simulated

concentrations, and 5.2% of the observed data were outside the

5th-95th percentiles
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As shown in Table 1, the estimates previously
obtained with the original dataset were validated by the
bootstrap results.

For the age and weight categories defined by the
dosing recommendations made by regulatory bodies, the
calculated doses were 0.61 � 0.16 mg kg-1 for neonates
younger than 2 weeks, 1.23 � 0.47 mg kg-1 for children
older than 2 weeks and weighing up to 30 kg, and
31.5 � 8.52 mg kg-1 for children weighing between 30
and 60 kg.

Discussion
The plasma pharmacokinetics of stavudine in children
were well described by a one-compartment model with
zero-order absorption, confirming the findings of others
[2].

The mean pharmacokinetic parameter estimates were
also close to the values previously reported in children
[1–5].

Approximately 40% of a stavudine dose is excreted
unchanged in the urine as a result of both glomerular
filtration and net renal tubular secretion [11]. To our
knowledge, the metabolic pathways involved in the
elimination of the remaining 60% of the dose have not
been clearly established. However, in children, both
renal and hepatic function progressively mature with age
[12]. Therefore, the presence of a relationship between
age and stavudine pharmacokinetic parameters in a pae-
diatric population was expected. Our results also indi-
cated that stavudine CL/F reaches the reported adult
value of 0.44 l h-1 kg-1 [13] at approximately 15 years of
age.

As no pharmacokinetic/pharmacodynamic relation-
ship has been reported for stavudine, the current dosing
guidelines in children were made in order to achieve the
same AUC(0,12 h) as in adults. For the current recom-
mended 40 mg twice daily adult dosage regimen mean
values for the AUC(0,12 h) of 1.25 [8] and 1.95 mg l-1 h
[9] have been reported. Therefore, we used the mean of
these two values (i.e. 1.60 mg l-1 h) as the target
AUC(0,12 h) for our population. The calculated doses
obtained from our analysis were consistent with the
current recommended dosage regimen (i.e. 0.5 mg kg-1

twice daily for children younger than 2 weeks, 1 mg kg-1

twice daily for children older than 2 weeks and with
bodyweight up to 30 kg, and 30 mg twice daily for chil-
dren with a bodyweight between 30 and 60 kg). A small
discrepancy was observed for children with a body-
weight less than 30 kg, as our model suggested about a
20% increase in the recommended dose. Furthermore,
the high interindividual variability in calculated doses,
especially for children weighing less than 30 kg, sug-

gests the need for individual dose adjustments.
However; there are no pharmacokinetic/pharmaco-
dynamic data supporting such a dose adjustment.
Since, a correlation between plasma stavudine and intra-
cellular stavudine triphosphate concentrations has been
reported [14], further studies are needed to determine
whether plasma concentration data can be used as a
guide to dose.

In conclusion, the present study, in a large paediatric
population, found that CL/F and V/F of stavudine were
similarly related to age, and supported the current dosing
guidelines in children.

This work was supported by l’Institut National de la
Santé et de la Recherche Médicale (INSERM, Contrat de
Recherche Stratégique 2002).
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