
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Aug. 2010, p. 3280–3286 Vol. 54, No. 8
0066-4804/10/$12.00 doi:10.1128/AAC.00306-10
Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Is the Recommended Once-Daily Dose of Lamivudine Optimal in
West African HIV-Infected Children?�
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We aimed in this study to describe lamivudine concentration-time courses in treatment-naïve children after
once-daily administration, to study the effects of body weight and age on lamivudine pharmacokinetics, and to
simulate an optimized administration scheme. For this purpose, lamivudine concentrations were measured in
49 children after at least 2 weeks of didanosine-lamivudine-efavirenz treatment. A total of 148 plasma
lamivudine concentrations were measured, and a population pharmacokinetic model was developed with
NONMEM. The influence of individual characteristics was tested using a likelihood ratio test. Children were
divided into two groups, according to their pharmacokinetic parameters, thanks to tree regression analysis. For
each patient, the area under the curve was derived from estimated individual pharmacokinetic parameters. Different
once-daily doses were simulated in each group, to obtain the same exposure in children as the mean effective
exposure in adults (8.9 mg/liter � h). A two-compartment model in which the slope of distribution is assumed to be
equal to the absorption rate constant adequately described the data. Parameter estimates were standardized for a
mean standard body weight using an allometric model. Children were then divided into 2 groups according to body
weight: CL/F was significantly higher in children weighing less than 17 kg (1.12 liters/h/kg) than in children over
17 kg (0.95 liters/h/kg; P � 0.01). The target mean AUC of 8.9 mg/liters � h was obtained with a 10-mg/kg once-daily
lamivudine (3TC) dose for children below 17 kg; the recommended dose of 8 mg/kg seems to be sufficient in children
weighing more than 17 kg. These assumptions should be prospectively confirmed.

According to the latest UNAIDS estimates, nearly 90% of
the 2.5 million children infected by HIV around the world in
2007 were living in sub-Saharan Africa (21). Highly active
antiretroviral therapy (HAART) has been shown to be effec-
tive in children from industrialized countries (22) and is feasi-
ble in developing countries (8, 10). The combination of di-
danosine (ddI), lamivudine (3TC), and efavirenz (EFV) once
daily in adults showed a good antiretroviral efficacy and good
long-term tolerability (9, 15). In children, the efficacy and toler-
ance of this ddI-3TC-EFV combination remain to be shown. The
aims of the BURKINAME-ANRS 12103 trial were to estimate
the pharmacokinetics of ddI, 3TC, and efavirenz given once daily
in children from 30 months to 15 years or age and to evaluate the
efficacy and tolerance of this drug combination.

Lamivudine is rapidly absorbed following an oral dose and
has a wide distribution due to its relatively low molecular mass
(229 Da) and low plasma protein binding (�36%). The ma-
jority of lamivudine (approximately 70%) is eliminated un-
changed in the urine over 24 h (13). Approximately 5 to 10%
is metabolized to the pharmacologically inactive trans-sulfox-

ide metabolite, the majority of which is also excreted in the
urine within 12 h after a single oral dose (13).

The combination of didanosine (ddI), lamivudine (3TC),
and efavirenz (EFV) once daily is associated with better com-
pliance (9, 15). In children, maximal concentrations (Cmax) and
area under the concentration-time curve (AUC) from 0 to 24 h
were not significantly lower with a once-daily administration of
lamivudine than with a twice-daily administration (4). How-
ever, a few studies showed that younger children had a lower
lamivudine exposure than older children and may be exposed
to a subtherapeutic concentration, whether in a twice-daily or
once-daily regimen (4, 5, 13, 17). We may wonder whether this
phenomenon is due to the effect of growth (body weight)
and/or maturation (age) and which parameter should be taken
into account to perform dose adjustment.

In the present study, lamivudine population pharmacokinet-
ics was investigated in children in order to describe the con-
centration-time courses, to study the influence of covariates
(body weight and age) on pharmacokinetics, and to investigate
the relationships between drug concentrations and efficacy.

MATERIALS AND METHODS

Patients. The BURKINAME-ANRS 12103 study was an open phase II trial
evaluating the pharmacokinetics, efficacy, and toxicity of the ddI-3TC-EFV once-
daily combination in HIV-infected children. It was conducted in Bobo-Dio-
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ulasso, Burkina Faso. The study was approved by the National Ethics Committee
on AIDS from Burkina Faso and was registered in the ClinicalTrials.gov data-
base (http://clinicaltrials.gov) with the no. NCT00122538.

The patients enrolled in this study included children from 30 months to 15
years old, weighing at least 10 kg, infected by HIV-1, and naïve to all antiretro-
viral treatments (except a treatment preventing mother-to-child transmission).
They were eligible if their HIV disease was classified, according to the Centers
for Disease Control and Prevention (CDC) as meeting one of the following
clinical categories: stage C and/or CD4 count of �15% for children �5 years or
CD4 count of �200/�l for children �5 years; or stage B, A, or N and CD4 counts
of 15% � CD4 � 20% for children �5 years or 200/�l � CD4 �350/�l for
children �5 years and a viral load greater than 100,000 copies/ml.

The following baseline laboratory values were required: hemoglobin concen-
tration of 7 g/dl or greater, a platelet count of at least 50,000/�l, an amylase level
of less than 2.5 times the upper limit of normal, and aspartate aminotransferase
(ASAT) and alanine aminotransferase (ALAT) lower than 5 times the upper
limit of normal. The mother or the legal guardian provided informed consent.

Clinical evaluations were carried out each month during the follow-up period.
Children were also seen for any intercurrent diseases if necessary. Consultations,
hospitalizations, treatments, and tests were done free of charge.

Virological and biochemical measurements were performed, beyond baseline,
every trimester until 1 year after the beginning of the treatment. Plasma HIV-
RNA viral load was determined using a real-time reverse transcriptase-PCR
targeted to the long terminal repeat of HIV-1 (generic HIV viral load assay;
Biocentric, Bandol, France). The detection threshold of this assay was 300
copies/ml using 0.2 ml plasma (19). Biochemistry analyses were performed with
the Lisa 300 Plus machine (Hycel Diagnostics, Massy, France).

Treatments. Children were administered a once-daily 8-mg/kg dose of 3TC as
tablets (150 mg) or oral solution (10 mg/ml). Children were also given a once-
daily 240-mg/m2 dose of ddI and the recommended body-weight-dependent dose
of efavirenz (200 mg from 13 to �15 kg, 250 mg from 15 to �20 kg, 300 mg from
20 to �25 kg, 350 mg from 25 to �32.5 kg, 400 mg from 32.5 to �40 kg, and 600
mg above 40 kg).

All parents were instructed to administer all treatment every day at 6:00 p.m.
without food.

Sampling. The pharmacokinetic study was performed after 15 days of treat-
ment in 38 children and between 2 and 5 months of treatment in 11 children.
Children underwent blood sampling before as well as 1 and 3 h after 3TC intake
(in 39 children) or before as well as 1, 2, 3, 6, 12, and 24 h after 3TC adminis-
tration (in 10 children). The full pharmacokinetic schedule, initially proposed to
determine AUC, could not be applied to all children because it required the
presence of the child in a short period of time, beds available for 24 h in
the hospital, and children in relative good health to undergo the 7 samplings. The
time elapsed between administration and sampling time, age, body weight, and
size were carefully recorded. Blood samples were centrifuged at 3,000 � g for 10
min. Plasma samples were aliquoted and stored at �70°C until assayed for drug
concentrations. Of the 49 children enrolled, a total of 45 children were available
for pharmacokinetic evaluation; 4 children were excluded from the pharmaco-
kinetics analysis because the concentration of their sample was not available.

Analytical method. Concentrations of lamivudine in plasma were determined
using a modified version of a validated reverse-phase high-pressure liquid chro-
matography (HPLC) assay with detection by UV absorbance as initially de-
scribed by Harker et al. (11).

The lower limit of quantification was 0.025 mg/liter. The mean recovery of
lamivudine from extracted plasma samples was 81% � 8%. Two control quality
samples, prepared in human plasma at concentrations of 0.075 mg/liter and 0.75
mg/liter for lamivudine were included in each study run to monitor assay per-
formance. The intraday precision (coefficient of variation) and accuracy (mean
deviation) of the assay were less than 10% and 3%, respectively. The interday
precision and accuracy of the assay were less than 14% and 6%, respectively.

Modeling strategy and population pharmacokinetic model. Data were ana-
lyzed using the nonlinear mixed-effect modeling program NONMEM, release 2
(version VI), driven by Wings for NONMEM (http://wfn.sourceforge.net) (3)
(ICON Development Solutions, Ellicott City, MD). The first-order conditional
estimation (FOCE) was used. To handle the concentration below the limit of
quantification (BLQ), three different approaches were tried: (i) replacement of
the first BLQ observation with BLQ/2 and deletion of the following concentra-
tions below the BLQ, (ii) use of the built-in Beal M2 method, or (iii) use of the
Beal M3 method (1). Data were analyzed according to a one- or two-compart-
ment model. Since in our study, no samples were obtained during the absorption
phase, we could not estimate the first-order absorption rate constant (Ka) for the
two-compartment model; thus, first, Ka was fixed to a value from the literature
(17) and, second, we assumed a model in which Ka and the slope of the distri-

bution phase (alpha) were equal (23). Parameter estimates were standardized for
a mean standard body weight using an allometric model, Pi � PSTD � (BWi/
BWSTD)PWR, where PSTD is the standard value of parameter for a patient with
the standard body weight value and Pi and BWi are the parameter and body
weight of the ith individual. The PWR (power) exponents may be estimated from
the data. However, from allometric scaling theory, these are typically 0.75 for
clearance parameters and 1 for volumes of distribution (2).

Different error models were investigated (i.e., multiplicative and additive error
models) to describe residual variability. An exponential model was used for
intersubject variability (ISV). Only significant ISVs on pharmacokinetics were
finally kept: i.e., a minimum of a 6.63-unit decrease using a likelihood ratio test
in a backward elimination procedure. The effect of each patient covariate
(age, body weight, size, and creatinine clearance) was systematically tested via
generalized additive modeling on the basic model. For example, using CL,

CL � �CL � � CO
median (CO)�

	CO
CL

, where �CL is the typical value of clearance

for a patient with the median covariate (CO) value and 	CO
CL is the estimated

influential factor for the continuous covariate. The Galenic form was tested as a
categorical covariable (CA) on bioavailability in order to point out a difference
between the oral tablet and solution according to CL � �CL � 	CA. All of the
covariates were tested via an upward model building. A covariate was selected if
(i) its effect was biologically plausible, (ii) it produced a minimum decrease of
6.63 U (chi-square test, 1 df, P � 0.01) in the objective function value (OFV), and
(iii) it produced a reduction in the variability of the pharmacokinetic parameter,
assessed by the associated intersubject variability. Among the covariates tested
on the base model, the most significant was added in an intermediate model.
Then the other covariates were tested on this intermediate model, and the most
significant covariate was retained. This process was repeated until no more
covariate was significant (i.e., P � 0.01). For evaluation of the goodness of fit, the
following graphs were performed for the final model: observed and predicted
concentrations versus time, observed concentrations versus population predic-
tions, weighted residuals versus time, and weighted residuals versus predictions.
Similar graphs using individual predictive post hoc estimation were displayed.
Diagnostic graphics were obtained using RfN (http://wfn.sourceforge.net/) with
the R program (12).

Evaluation and validation. (i) Bootstrap evaluation. The accuracy and robust-
ness of the final population model were assessed using a bootstrap method, as
previously described in detail (18). Briefly, from the original data set of n
individuals, B bootstrap sets (B � 1,000) of n individuals are drawn with replace-
ment (resampling). For each bootstrap sample, the population pharmacokinetic
parameters are estimated, and then parameter statistics are obtained from the
whole bootstrap set. To validate the model, the parameters estimated from the
bootstrap must be close to estimates obtained from the original population set.
The entire procedure was performed in an automated fashion using Wings for
NONMEM (http://wfn.sourceforge.net/). This procedure also provided statistics
of the population parameters.

(ii) Visual predictive check (VPC) validation. 3TC concentration profiles were
simulated and compared with the observed data to evaluate the predictive per-
formance of the model. The vector of pharmacokinetic parameters from 1,000
patients was simulated using the final model. Each vector parameter was drawn
in a log-normal distribution with a variance corresponding to the ISV previously
estimated. A simulated residual error was added to each simulated concentra-
tion. All observed and simulated concentrations were standardized for a 150-mg
3TC dose as dose proportionality of lamivudine pharmacokinetics PK has pre-
viously been demonstrated (13). The 5th, 50th, and 95th percentiles of the
simulated concentrations at each time were then overlaid on the observed con-
centration data using RfN, and a visual inspection was performed. The variability
was reasonably estimated if the 95% confidence interval (95% CI) for the
proportion of observed data outside the bounds included the theoretical value
of 10%.

In addition, epsilon (ε) and eta (
) shrinkage was quantified (20). Shrinkage,
when present, adversely affected individual pharmacokinetics parameter esti-
mates.

Concentrations: effect relationships. For each patient, 3TC maximal (Cmax)
and minimal (Cmin) concentrations and area under the curve (AUC) were de-
rived from the estimated individual pharmacokinetic parameters.

The efficacy was studied following the difference in viral loads after 12 months
of treatment. The significance of the viral load decrease was tested using a
Wilcoxon nonparametric paired test. With respect to efficacy, the link between
Cmin, Cmax, AUC, and the difference in HIV-1 RNA levels between inclusion and
the time of treatment were evaluated using Spearman’s correlation tests. A tree
regression analysis for clearance (CL/F [liters/h/kg], where F represents bioavail-
ability) was performed according to body weight, and children were divided into
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two groups. Different once-daily doses were simulated in each group to obtain
the same exposure in children as the mean effective exposure in adults (Epivir:
summary of product characteristics [GlaxoSmithKline, Research Triangle Park,
NC]).

RESULTS

Demographic data. Forty-five children (17 girls and 28 boys)
and 148 plasma concentrations were available for pharmaco-
kinetic evaluation. Table 1 summarizes the patients’ character-
istics. The median lamivudine dose administered was 150 mg,
for doses ranging from 90 to 300 mg.

Clinical, immunological, and virological data. Clinically, 16
children were at stage A, 28 at stage B, and 5 at stage C of HIV
infection, according to CDC clinical category (6). Before treat-
ment, the mean percentage of CD4 was 8.62% (median, 8%;
range, 0.4 to �26%), and the average CD4 lymphocyte count
was 336/mm3 (median, 260/mm3; range, 2 to 1,510 mm3). The
median viral load was 5.5 log10 copies/ml (range, 4.6 to 6.7
copies/ml). Patients with this high degree of infection severity
were included in this trial, because these were the inclusion
criteria for HAART in Burkina Faso.

Population pharmacokinetics. Seven concentrations were
below the BLQ, corresponding to less than 5% of the total
observations. The M3 method and the built-in M2 method did
not modify the parameter estimates; thus, we kept the method
of setting those concentrations to half of the BLQ (1). A
two-compartment model in which the distribution rate con-
stant (alpha) is assumed to be equal to Ka adequately described
the data. Thus, the apparent parameters of the model were the
clearance (CL/F), the central volume of distribution (Vc/F), the
peripheral volume of distribution (Vp/F), and the intercom-
partmental clearance (Q/F), where F is the unknown bioavail-
ability. Residual variability was best described by a multiplica-
tive error model. Intersubject variability (ISV) was retained
only for apparent clearance and described by the exponential
error model. The allometric scaling of clearance (CL and Q)
and volume terms (Vc and Vp) resulted in a 9-U decrease in the
objective function value. After the inclusion of the allometric
scaling, age had no significant effect on clearance. Neither the
biological parameters (basal creatinine, amylase, ALAT,
ASAT, and total bilirubin) nor the Galenic form had a signif-
icant effect or reduced OFV by more than 6.63 U.

Figure 1 displays observed and predicted plasma 3TC con-
centrations as a function of time for the children. Table 2

summarizes the final population pharmacokinetic estimates.
All of the parameters were well estimated, given their relative
standard error (RSE %). There was no significant shrinkage:
the 
 shrinkage for CL/F was 0.07, and the ε shrinkage was
0.44, indicating that the empirical Bayesian estimates for indi-
vidual CL/F values are reliable.

Evaluation and validation. As shown in Table 2, the medians
and 95% confidence intervals (95% CIs) of parameter esti-
mates obtained from the bootstrap process (1,000 runs), were
close to the estimates previously obtained with the original
data set (Table 2). Figure 2 (VPC) shows that the average

TABLE 1. Characteristics of the 45 HIV-infected children enrolled
in the pharmacokinetic study of the BURKINAME-ANRS

12103 trial

Covariate Median
value

Minimum to
maximum values

Age (yr) 6.75 2.5–14
Body wt (kg) 17 11–37
Size (cm) 112 85–150
Serum creatinine concn (�mol/liter) 44.99 9.64–86.19
Alanine aminotransferase concn

(U/liter)
21 5–211

Aspartate aminotransferase concn
(U/liter)

54 16–457

Total bilirubin concn (�mol/liter) 6.9 1.36–66.35

FIG. 1. Observed lamivudine concentrations (E) and population-
predicted lamivudine concentrations (curve) in log scale for a child
with median body weight (16.8 kg) as a function of time.

TABLE 2. Population pharmacokinetic parameters of lamivudine
standardized for a median weight of 16.8 kg using an

allometric modela

Model type and
parameterb

Mean (RSE %)c value
for final model with

original data set

Median (95% CI)
bootstrap

valued

Structural models
CL/F (liters/h) 16.9 (8.7) 16.7 (13.5–19.8)
Vc/F (liters) 30.8 (9.3) 31.2 (26–38.3)
Vp/F (liters) 58.6 (23.5) 57.1 (35–145)
Q/F (liters/h) 4.48 (18.1) 4.60 (2.87–9.06)
Ka (h�1) 0.71 (NA)e NA

Statistical models
� 0.60 (14.8) 0.59 (0.51–0.68)
� (CL/F) 0.30 (30.6) 0.28 (0.15–0.37)

a Shown are the results from the final model and bootstrap evaluation for 45
HIV-1-infected children enrolled in the BURKINAME-ANRS 12103 study.

b The typical parameters represent a patient weighing 16.8 kg according to an
allometric model: (typical value) � (typical parameter) � (body weight/
16.8)PWR, where PWR � 0.75 for the CL and Q terms and 1 for the Vc and Vp
terms. Ka, absorption rate constant (Ka equals the rapid distribution rate con-
stant derived from the estimated pharmacokinetics parameters); CL/F, apparent
elimination clearance, Vc/F apparent central volume of distribution; Vp/F, ap-
parent peripheral volume of distribution; Q/F, intercompartmental clearance; �,
residual variability estimates; and �, interindividual variability estimates.

c RSE %, relative standard error (standard error of estimate/estimate � 100).
d Statistics from 1,000 bootstrap analyses.
e NA, not applicable.
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prediction matches the observed concentration time-courses
and that the variability is reasonably estimated. The number
(percentage) of observed points within the 90% prediction
interval was 133/148 (90%).

Drug concentrations in children and efficacy. Table 3 sum-
marizes lamivudine Cmax, Cmin AUC, and CL/F in the present
and previous studies. Viral loads at baseline and after 12
months of treatment were both available in 48 out of the 49
children included in the study; The viral load significantly de-
creased after 12 months of treatment from median (minimum
to maximum) values of 5.5 (3.6 to 6.7) to 2.5 (2.5 to 6.0) log10

copies/ml (P � 10�4). The concentration-efficacy analysis was
performed using the 45 children for which both pharmacoki-
netics and pharmacodynamics data were available. The Cmin,
Cmax, and AUC could not be correlated to the significant viral
load decrease. As we could not find a significant concentration-
effect relationship, a target AUC of 8.9 mg � h/liter associated
with its 95% CI (5.2 to 12.6) obtained in adults was used
(Epivir: summary of product characteristics [GlaxoSmithKline,

Research Triangle Park, NC]). Since only body weight was
included in our model, different body weight groups were
separated thanks to tree regression analysis. CL/F (liters/h/
kg) was significantly higher in children weighing less than 17
kg (n � 22) than that in children over 17 kg (n � 23): 1.12
liters/h/kg against 0.95 liter/h/kg (P � 0.01) (Fig. 3).

If the 45 children were really administered 8 mg/kg every
24 h (q24h), the mean AUC would be 8.1 mg � h/liter for
children weighing less than 17 kg and 9.1 mg/h/liter for chil-
dren over 17 kg. This suggests that a higher dose (in mg/kg)
should be needed in children �17 kg to reach the target AUC
of 8.9 mg � h/liter. A dose adjustment was then evaluated by
simulating for 45,000 children (1,000 replicates of the data-
base) the mean AUC after 3TC doses of 8, 10, and 12 mg/kg
(Fig. 4). The percentage of children below, inside, and above
the adult 95% CI for AUC was then evaluated for each dose
(Fig. 5). The 8-mg/kg dose once a day (q.d.) for the children
with a body weight of more than 17 kg (producing a mean
AUC of 8.9 mg/liter) and the 10-mg/kg dose q.d. for the children

FIG. 2. Evaluation of the final model: comparison between the 5th (dash line), 50th (full line), and 95th (dash line) percentiles obtained from
1,000 simulations, standardized to a 150-mg dose for all children, and the observed data (E) for lamivudine concentrations in cartesian and
logarithm scales.

TABLE 3. Comparison of 3TC-derived pharmacokinetic parameters between our study and the latest publications
of data from HIV-1-infected children

Study (reference) Group Dose
Value for parametera:

Cmin (mg/liter) Cmax (mg/liter) AUC03 (mg/liter � h) CL/F (liters/h/kg)

l’Homme et al. (14) Mean age, 6.9 yr (n � 65) 4 mg/kg q12h 0.09 1.33 �0.69� 5.42 �2.26�
Burger et al. (5) Median age, 3.8 yr (IQR,

2.5–4.8 yr) (n � 17)
4 mg/kg q12h 0.07 (0.06–0.08) 0.98 (0.82–1.43) 3.71 (3.44–6.17) 1.03 (0.67–1.22)

Burger et al. (5) Median age, 10.1 yr (IQR
8.5–12.3 yr) (n � 34)

4 mg/kg q12h 0.09 (0.07–0.11) 1.84 (1.21–2.28) 6.54 (5.21–8.58) 0.57 (0.45–0.74)

Bergshoeff et al. (4) Age, 2.1–12.8 yr (n � 19) 4 mg/kg q12h 0.067 1.11 (0.96–1.29) 4.44 (3.83–5.14) 0.90 (0.78–1.04)
Bergshoeff et al. (4) Age, 2.1–12.8 yr (n � 19) 8 mg/kg q24h 0.05 2.09 (1.80–2.42) 9.80 (8.64–11.12) 0.80 (0.70–0.92)
This study Age, 2.5–14 yr (n � 45) 8 mg/kg q24h 0.04 (0.01–0.14) 1.7 (1.34–2.01) 7.8 (4.72–14.27) 1.03 (0.55–1.62)

a Values for the study by l’Homme et al. (14) are given as means �standard deviation�. All other values are median values, with interquartile ranges (IQR) shown
in parentheses.
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with a body weight of less than 17 kg (producing a mean AUC of
9.8 mg/liter) seems to be an appropriate dosage for the sake of
efficacy. Indeed as shown in Fig. 5, these doses appear to reduce
the percentage of children below the adult 95% CI thus poten-
tially being exposed to subtherapeutic concentrations without im-
proving the percentage of children overexposed.

DISCUSSION

This paper describes pharmacokinetics for lamivudine com-
bined with efavirenz and didanosine in 45 children from 2.5 to
14 years of age. No pharmacokinetic interaction between these
drugs has previously been shown (16). 3TC concentrations
were satisfactorily described by a two-compartment model with
first order elimination in which the fast distribution rate con-
stant is assumed to be equal to the absorption rate constant.
Lamivudine freely penetrates tissue beyond the systemic cir-

culation and is able to distribute through a peripheral com-
partment (13, 17). Thanks to the infants with a full pharmaco-
kinetics profile, the two-compartment model parameters could
be used, as previously described in children (17). The following
observations support this model: (i) minimal and maximal con-
centrations and area under the curve were consistent with
previous studies (4, 5, 14) (Table 3), and (ii) the apparent
elimination clearance (CL/F � 1.03 liters/h/kg) was consistent
with previous studies (4, 5). The population model was also
used to investigate the effect of growth (body weight) and
maturation (age) on pharmacokinetic parameters. In our
model, no effect of age on clearance was observed after allo-
metric scaling of the parameters. As only body weight was
significant in our model, children were divided using tree re-
gression analysis: the clearance was significantly lower in the
group with body weights less than 17 kg. This is in agreement
with Burger et al. (5), who showed that the youngest children—

FIG. 3. Apparent elimination clearance expressed in liters/h/kg (E) as a function of body weight. The line was drawn after the equation used
in the allometric model.

FIG. 4. Mean area under the curve (f) of lamivudine and 95% CI (dashed line) following different doses based on simulations of 45,000
children divided in two body weight groups. The solid line represents the target mean AUC of 8.9 mg � h/liter, and the dotted lines represent the
95% CI seen in an adult.
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and thus the lightest—had lower exposure and would be ex-
posed to subtherapeutic concentrations due to a higher appar-
ent elimination clearance.

The increase in apparent clearance (per kg) of lamivudine
previously reported in the youngest children (4, 5, 13) could
reflect the physiological evolution of the clearance with body
weight. Thus, the allometric scale required that clearance in-
creases with body weight to the 0.75th power, but lamivudine is
usually given on a proportional mg/kg basis, which could ex-
plain the inaccurate dosing in children with the lowest body
weight. On the other hand, increased renal clearance in young
children can also be explained by an important value of their
kidney weight as a percentage of total body weight, and this
value tends to decline as body weight increases (7).

No relationship between concentration and efficacy of lami-
vudine in children had been successfully demonstrated in this
study. Thus, we considered an AUC for lamivudine of 8.9
mg � h/liter, corresponding to the level that adults would reach
if they were perfectly adherent to the standard dose regimen
and had average values for bioavailability and total body clear-
ance. The once-daily dose of 8 mg/kg was not sufficient to reach
this mean AUC in children weighing less than 17 kg. Different
once-daily doses were simulated in the �17-kg and �17-kg
groups (1,000 simulations per group). The target mean AUC
was obtained with a 10-mg/kg once-daily dose of 3TC for
children below 17 kg; the recommended dose of 8 mg/kg seems
to be sufficient in children weighing more than 17 kg. These
dose recommendations found in this study should be prospec-
tively confirmed, as conclusions were drawn from only 45 chil-
dren, and no data on toxicity are available with these increased
doses. The limit of 17 kg does not correspond to the weight
group recommended by the WHO; however, it was the statis-
tical limit obtained with tree regression analyses which discrim-
inate the clearances. On the other hand, post hoc analyses
using the weight groups recommended showed us that the 15-
to 17-kg children were a part of the 10- to 15-kg group and not
the �17-kg group for dose adjustment.

No difference in virologic responses was noted in patients
with suboptimal versus optimal exposures; however, the ques-

tion of low lamivudine exposure resulting in development of
lamivudine resistance over the long term should be addressed.

In conclusion, this study reports 3TC pharmacokinetics in
children after once-daily administration. The pharmacokinetic
parameter was consistent with previous study. The lamivudine
elimination clearance (in liters/h/kg) decreases with body
weight. According to simulations, to reach the target adult
AUC of 8.9 mg/liter � h, children weighing less than 17 kg
should receive 10 mg/kg/day, whereas the actual recommended
dose of 8 mg/kg seems to be sufficient for the �17-kg children.
These assumptions should be prospectively confirmed.
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