
Pharmacokinetics and safety of a new paediatric fixed-dose
combination of zidovudine/lamivudine/nevirapine in HIV-infected
children

Kulkanya Chokephaibulkit1,*, Tim R Cressey2,3,4, Edmund Capparelli5, Virat Sirisanthana6,
Petronella Muresan3, Suchat Hongsiriwon7, Chaiwat Ngampiyaskul8, Chanin Limwongse1,
Orasri Wittawatmongkol, Linda Aurpibul6, Bill Kabat9, MariPat Toye10, Mary Elizabeth
Smith11, Achara Eksaengsri12, Kenneth McIntosh3,13, and Ram Yogev9 the IMPAACT P1069
Team†

1Department of Pediatrics, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand 2Program for HIV Prevention and Treatment (PHPT), Division of Medical Technology,
Faculty of Associated Medical Sciences, Chiang Mai University, Chiang Mai, Thailand 3Harvard
School of Public Health, Boston, MA, USA 4Institut de Recherche pour le Développement (IRD),
Marseille, France 5Department of Pediatric Pharmacy and Drug Discovery, University of
California, San Diego, La Jolla, CA, USA 6Research Institute for Health Sciences, Faculty of
Medicine, Chiang Mai University, Chiang Mai, Thailand 7Department of Pediatrics, Chonburi
Hospital, Chonburi, Thailand 8Department of Pediatrics, Prapokklao Hospital, Chantaburi,
Thailand 9Children’s Memorial Hospital, Chicago, IL, USA 10Baystate Medical Center, Springfield,
MA, USA 11Pediatric Medicine Branch, Division of AIDS, National Institute of Allergy and
Infectious Diseases, MD, USA 12Thai Government Pharmaceutical Organization, Bangkok,
Thailand 13Division of Infectious Diseases, Children’s Hospital, Boston, MA, USA

Abstract
Background—Alternatives to the available stavudine-containing paediatric fixed-dose
combination (FDC) tablets are rapidly needed due to concerns regarding the cumulative toxicity of
long-term stavudine exposure. We report the bioavailability and short-term safety of a novel
paediatric FDC tablet of zidovudine (ZDV)/lamivudine (3TC)/nevirapine (NVP; 30/15/28 mg) in
HIV-infected children.

Methods—In this Phase I/II open-label pharmacokinetic study, 42 children weighing 6–30 kg
treated with NVP-based HAART for ≥4 weeks were randomized to receive the FDC tablets (GPO-
VIR Z30) or the liquid formulations. Dosing was weight-based. Intensive 12-h blood sampling
was performed after 2 weeks; subjects then crossed-over to the alternate formulation at equal
doses and sampling repeated 2 weeks later. Pharmacokinetic parameters were determined by non-
compartmental analysis. Buccal-swab samples were collected for cytochrome P450 (CYP)2B6
polymorphism analysis.
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Results—With the FDC tablet, the geometric mean (90% CI) area under the curve (AUC) for
ZDV, 3TC and NVP was 1.58 (1.49–1.68), 7.78 (7.38–8.19) and 68.88 (62.13–76.36) μg•h/ml,
respectively. Rules for NVP therapeutic inadequacy were defined a priori, and despite lower NVP
exposure with the tablet (P<0.001), the levels remained therapeutically adequate. ZDV AUC was
similar between formulations. 3TC exposure was significantly higher with the tablet but
comparable to historical data in adults and children taking branded tablets. While receiving the
tablet, NVP AUC in children with CYP2B 516 GG (45%), GT (45%) and TT (10%) genotypes
were 67.0, 74.5 and 106.4 μg•h/ml, respectively (P=0.04).

Conclusions—Disparities in drug exposure between formulations were observed; however, the
FDC tablet delivered therapeutically adequate exposures of each drug and could well play an
important role in simplifying antiretroviral treatment for children.

Introduction
In 2008, an estimated 2.1 million children <15 years old were living with HIV [1]. The
introduction of affordable paediatric fixed-dose combination (FDC) tablets would expand
antiretroviral treatment programs throughout the world. Indeed, the availability of
antiretroviral FDCs for adults has simplified the treatment of HIV/AIDS and improved long-
term drug adherence. Due to the absence of appropriate paediatric formulations, adult FDCs
have been administered to children in many resource-limited settings. Although studies have
demonstrated that cutting the adult FDC tablets resulted in acceptable drug levels and
clinical response [2-4], effective and affordable paediatric FDCs are urgently needed [5].

As for adults, the first FDC tablets developed for children contained stavudine (d4T),
lamivudine (3TC) and nevirapine (NVP). Several d4T/3TC/NVP paediatric FDC tablets
have been developed [6], including a chewable tablet developed by the Thai Government
Pharmaceutical Organization (GPO) [7]. In 2008, the World Health Organization (WHO)
Paediatric Antiretroviral Working Group highlighted the need for affordable, safe and high-
quality antiretroviral FDC formulations for paediatric use and proposed several priority FDC
combinations to be developed [8]. In response, the Thai GPO developed a new paediatric
FDC tablet, called GPO-VIR Z30, replacing d4T with zidovudine (ZDV), using a ratio of
ZDV:3TC:NVP of 30:15:28 mg, in accordance with the initial ratio proposed by the WHO
[5].

Access to paediatric FDC tablets that contain ZDV is timely as the WHO has recently
recommended that countries phase out d4T and develop plans to move towards ZDV- or
tenofovir-based first-line regimens [9]. In Thailand, antiretroviral treatment guidelines have
already been modified to include ZDV in the preferred first-line non-nucleoside reverse
transcriptase inhibitor-based HAART regimens for children [10].

We report the relative bioavailability and short-term safety of this novel paediatric FDC
tablet in comparison to the individual branded liquid formulations in HIV-infected Thai
children. Also, as accumulating evidence indicates that single nucleotide polymorphisms in
the cytochrome P450 (CYP)2B6 gene affect NVP drug disposition [11] and clinical
response in children [12], we assessed the influence of CYPB2B6 polymorphisms on NVP
exposure.

Methods
The International Maternal Pediatric Adolescent AIDS Clinical Trial (IMPAACT) P1069
study (clinicaltrials. gov identifier NCT00672412) was a Phase I/II two-arm randomized
open-label multiple dose pharmacokinetic (PK) cross-over study in HIV-infected Thai
children ≥5 months to <13 years of age. HIV-infected children, clinically stable on NVP
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plus two nucleoside reverse transcriptase inhibitors (NRTIs) and receiving a maintenance
dose of NVP for ≥4 weeks, were screened after the parent or legal guardian provided
informed consent. Assent from the child was age-based and obtained following local ethical
guidelines at each of the four clinical sites: ≥7 years old (two sites), ≥10 years old (one site)
and exempt for all subjects (one site). Children who provided assent must have had their
HIV status disclosed to them before the study was discussed with them. Children were
excluded if, within 14 days prior to entry, there was a documented history of immunological
failure or any of the following laboratory abnormalities: haemoglobin ≤8 g/dl (<2 years of
age), haemoglobin ≤9 g/dl (≥2 years of age), platelets ≤75,000 mm3, aspartate
aminotransferase or alanine aminotransferase or alkaline phosphatase >3× the upper limit of
normal, creatinine >1 mg/dl, any other grade 3 or above laboratory toxicity, acute hepatitis
due to any cause, pregnancy, chemotherapy, vomiting or diarrhoea above grade 2 within 30
days prior to entry, or active opportunistic infections. The study was approved by the ethics
committees at the four participating hospitals, the Thai Ministry of Public Health and
University of California (San Diego, La Jolla, CA, USA).

Study design
Children were stratified into four dosage groups based on their weight at study entry: group
1 included those ≥6–8 kg, group 2 >8–16 kg, group 3 >16–23 kg and group 4 >23–30 kg. At
entry, children were randomized into one of two treatment arms: arm A received GPO-VIR
Z30 paediatric tablets (ZDV/3TC/NVP; 30/15/28 mg/tablet) orally every 12 h and arm B
received ZDV (Retrovir®), 3TC (Epivir®) and NVP (Viramune®) liquid formulations orally
every 12 h. Weight band dosing was designed to achieve ZDV (360–480 mg/m2/day) and
3TC (4 mg/kg) dosing as close as possible to the recommended doses, while maintaining the
NVP dose within the recommended range of 300–400 mg/m2/day (Table 1). For each child,
the drug doses of the liquid formulations were equal to the individual drug components in
the GPO-VIR Z30 tablets. At 2 weeks after randomization, intensive PK blood sampling
was performed at the hospital. Prior to each PK blood sampling, the last six drug doses were
closely monitored for drug adherence. During the 24 h immediately prior to each PK blood
sampling, direct observed therapy was performed by a health care worker, while for the
previous 48 h, drug adherence was confirmed via telephone by study staff. During the PK
blood sampling, children were required to fast for ≥2 h before and 1 h after study drug
administration. Blood samples (2 ml each) were collected at predose and 0.5, 1, 2, 4, 8 and
12 h post-dose. Immediately following the PK sampling, children were crossed-over to the
alternate formulation at equal doses and identical blood sampling was performed 2 weeks
later. Following the second PK study the children resumed the same antiretroviral drugs they
received prior to enrolment and were followed for an additional 4 weeks to monitor safety.
The Division of AIDS Table for Grading the Severity of Adult and Pediatric Adverse Events
(version 1.0) was used to grade all adverse events.

Antiretroviral drug level measurement and analysis
Blood samples were centrifuged and the plasma stored at -70°C. All plasma samples were
sent to the PHPT-IRD Laboratory at the Faculty of Associated Medical Sciences, Chiang
Mai University (Chiang Mai, Thailand) for drug level measurement using validated high
performance liquid chromatography (HPLC) methods. NVP plasma levels were measured
with a lower limit of quantification of 50 ng/ml [13]. A combined HPLC assay was used to
measure ZDV and 3TC plasma levels and the lower limit of quantification was 25 ng/ml.
The PHPT-IRD laboratory participates in the AIDS Clinical Trial Group, Pharmacology
Quality Control programme [14]. PK analysis was performed with WinNonLin software
(Version 5.2; Pharsight, Sunnyvale, CA, USA) using non-compartment methods. Individual
area under the curve (AUC0–12; μg•h/ml) was determined by the linear trapezoidal rule and
the maximum concentration (Cmax; μg/ml) and time to maximum concentration (h) were
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defined as the highest observed concentration and the time it occurred. The minimum
concentration (Cmin; μg/ml) was defined as the lowest observed concentration within the
intensive sampling period. Terminal elimination half-life (t½) was estimated for ZDV and
3TC using the equation t½ =Ln2/Kel (where Kel is the elimination rate constant), and oral
clearance (CL/F) was calculated using the equation CL/F=AUC/dose. The NVP terminal t½
was not calculated due to the short duration of blood sampling (that is, <5 t½) and
subsequently the apparent volume of distribution was not estimated.

Pharmacogenomic study
A buccal swab sample was collected from each child using a sterile cytobrush. DNA was
extracted using a DNeasy kit (Qiagen, Valencia, CA, USA) and PCR amplifications were
performed using two primer pairs corresponding to exon 9 and 4 of the CYP2B6 gene [15].
Restriction fragment length polymorphism RFLP analysis was performed using BglII for
CYP2B6*6 (516G>T) and BsrI for CYP2B6*5 (1459C>T). Positive and negative controls
were analysed in parallel. To verify the restriction fragment length polymorphism analysis,
automated sequencing was performed.

Statistical methods
In determining therapeutic adequacy of the paediatric FDC tablet, a greater emphasis was
placed on NVP, since the plasma concentrations of ZDV and 3TC are not precise surrogates
for the active intracellular NRTI-triphosphate concentrations or virological response, and
low NVP plasma concentrations are associated with poor virological suppression [16].
Sample size calculations were based on achieving therapeutically adequate exposures of
NVP with the FDC tablet and it was required that the 90% CI for NVP AUC with the tablet
lay completely within ±15% of the mean adult exposure (estimated by Boehringer Ingelheim
at 63.6 μg•h/ml with a sd of 1.33). Accrual of 35 children would provide >80% power of
affirming the tablets if the true NVP AUC was 63.6 μg•h/ml. To ensure that all weight
ranges were represented, the enrolment was stratified by weight: group 1 ≥6–8 kg (n=5–8),
group 2 >8–16 kg (n=9–12), group 3 >16–23 kg (n=9–12) and group 4 >23–30 kg (n=8–12).

Also, rules were defined a priori for NVP therapeutic inadequacy. If the 90% CI for the
geometric mean NVP AUC lay either entirely below 70% of the reported adult NVP
exposure of 63.6 μg•h/ml (that is, an AUC equivalent to 44.5 μg•h/ml) or entirely above the
symmetrical upper boundary on a log10 scale (equivalent to 90.9 μg•h/ml) the NVP
exposure delivered by the FDC tablet was declared therapeutically inadequate. The lower
target of 70% was based on achieving a drug exposure equivalent to an average NVP
concentration of 3.4 μg/ml, which is the recommended minimum trough level [17]. Given
the absence of recommended minimum plasma NRTI concentrations, no a priori therapeutic
inadequacy thresholds were defined for ZDV and 3TC. Historical drug exposure data in
adult studies receiving branded tablets at the recommended dose were used as reference
exposures for therapeutic adequacy. Wilcoxon signed rank tests were utilized to compare PK
parameters of each drug between formulations. Among CYP2B6 genotype variants, NVP
AUCs were compared using a general linear model analysis.

Results
A total of 42 children (18 males) were enrolled: 6 children in the lowest weight group (≥6–8
kg) and 12 children in each of the other three stratified weight groups. Within each weight
group, equal numbers of children were randomized to each initial treatment arm. At
baseline, the median (range) age was 6 years (0.5–12), weight 19 kg (6–29), CD4+ T-cell
percentage was 32% (8–50), and absolute CD4+ T-cell count was 1,102 cells/mm3 (398–
4,640). The median duration of NVP-based HAART prior to entry was 38.6 months (range
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1.5–80). Drug dosing was by weight bands as shown in Table 1. Overall, 41 children
completed both PK assessments (1 child discontinued the study drugs after the first PK
study due to neutropaenia while taking GPO-VIR Z30). All children had 100% adherence in
the 72 h prior to each of the PK blood samplings.

Plasma concentration–time curves for ZDV, 3TC and NVP administered using GPO-VIR
Z30 tablets or the liquid formulations are shown in Figure 1. PK parameters for each
formulation are presented in Table 2 alongside historical reference drug exposure data in
adults using branded tablets. The AUC for ZDV was not significantly different between
formulations and was within the range previously reported in adults. For 3TC, the AUC and
Cmax were significantly higher with the GPO-VIR Z30 tablet compared to the liquid (Table
2); nevertheless, the 3TC exposure achieved with the tablet was within the range of values
reported in adults using the branded 3TC tablets (Table 2).

NVP PK parameters were significantly lower with the FDC tablet; however, the rules
defined a priori for NVP therapeutic inadequacy were not met, that is, the 90% CI for the
NVP AUC of 62.1–76.4 μg•h/ml lay entirely within the defined therapeutic target (44.5–
90.9 μg•h/ml), and well within adult reference range. Also, although an apparent sequence
effect for NVP PK parameters was found, with a higher NVP AUC (and Cmax) observed in
the group who received the liquid formulations before receiving GPO-VIR Z30 tablets
(P=0.01), the geometric mean NVP AUC remained significantly lower with GPO-VIR Z30
tablets after taking into account the sequence effect. With the FDC dosing strategy used, a
regression analysis of log transformed NVP AUC (controlling for sequence effect) revealed
a significant association between NVP exposure and age (P=0.04) characterized by a 3%
increase per year of age. Eight children had an NVP Cmin<3.0 μg/ml while taking the FDC
tablet (range 0.53–2.94 μg/ml); six of these children also had a low NVP Cmin while taking
the liquid formulation (range 0.9–2.95 μg/ml). These children were distributed across all
weight strata (one ≥6–8 kg, two >8–16 kg, three >16–23 kg and two >23–30 kg). Of these
children with low Cmin, six had the CYP2B6 516 G/G genotype and two children had the G/
T genotype. All eight children received an NVP dose >300 mg/m2/day (range 312–419). Of
note, the child receiving 312 mg/m2/day had the lowest Cmin (0.53 μg/ml) while receiving
the FDC and the liquid formulation (0.90 μg/ml). The child receiving the highest NVP dose
(419 mg/m2/day) had a Cmin of 2.74 μg/ml with the FDC and 3.53 μg/ml with the liquid.
Geometric mean tablet/liquid AUC ratios were 0.99 (0.92–1.06) for ZDV, 1.79 (1.68–1.90)
for 3TC and 0.85 (0.81–0.88) for NVP. We found no relationship between the length of
NVP treatment and NVP AUC (r=0.2; P=0.21).

CYP2B6 genotype results were available for all 42 children. The G/G, G/T and T/T alleles
were found in 19 (45%), 19 (45%) and 4 (10%) children, respectively. For both the
formulations, children with the CYP2B6 T/T genotype had significantly higher NVP AUC
compared to the other genotypes. For the FDC tablet the NVP AUC for the G/G, G/T and T/
T genotypes were 67.0, 74.5 and 106.4 μg•h/ml (P=0.04), respectively, and for the liquid
formulation 75.4, 90.7 and 122.6 μg•h/ml (P=0.01), respectively (Figure 2).

Safety
Five children had grade 3 or 4 toxicities: two children had hyperamylasemia, one child had
eyelid oedema, and two children had neutropaenia. None of these events were considered to
be related to the study drugs, with the exception of a grade 4 neutropaenia that occurred in
one child after receiving the FDC tablet. This child subsequently stopped GPO-VIR Z30 (at
the time of the crossover into the liquid formulation) and did not start the liquid
formulations; the neutropaenia resolved to grade 1 a week later. Mild gastrointestinal events
were reported in five children after the dose administration (three children after
administration of the liquid formulations, and two children after both formulations). Both
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formulations were well tolerated. The majority of subjects reported a preference for GPO-
VIR Z30 over the liquid formulations.

Discussion
To date, paediatric FDCs have been limited to d4T/3TC/NVP, and although this
combination has helped simplify and expand access to antiretroviral treatment, concerns
have been raised regarding the cumulative toxicity of long-term d4T exposure and ZDV/
3TC is now the preferred first-line NRTI backbone. In this study we compared the
bioavailability and short-term safety of a novel paediatric FDC tablet of ZDV/3TC/NVP
compared to the individual branded liquid formulations, and assessed if the FDC tablet
delivered therapeutically adequate exposures of NVP in HIV-infected children. We found
that the drug exposure differed between the liquids and FDC tablet for NVP and 3TC;
however, based on historical data in adults receiving branded tablets, the FDC tablet
delivered therapeutically adequate exposures of each drug in HIV-infected Thai children
between 6 to 30 kg.

ZDV exposure was equivalent between the FDC tablet and liquid formulation. In the
literature, ZDV exposure values reported in adults following a standard 300 mg dose twice
daily varies significantly across studies, and include 1.46 [18], 1.80 [19] and 2.30 μg•h/ml
[20]. Differences in the number and timing of blood sampling may explain part of the
variation observed as peak ZDV concentrations can be difficult to determine; nevertheless,
the exposure observed with the FDC tablet and liquid falls within the range of those
observed in HIV-infected adults.

The higher bioavailability of 3TC with the FDC tablet compared to the liquid formulation
found in the current study is consistent with our previous study of a d4T/3TC/NVP FDC
(GPO-VIR S7) tablet, where significantly higher 3TC exposure with the tablet formulation
was also observed [7]. In these two studies, the 3TC exposure in HIV-infected Thai children
receiving the branded liquid formulation were similar (4.52 and 4.39 μg•h/ml) and within
the expected range reported for children using the liquid formulation [21]. While
bioanalytical errors or incorrect dose administration could explain the difference in the 3TC
bioavailability observed, no bioanalytical or drug administration errors were identified. Our
data are also supported by recent data from the ARROW study in African children weighing
between 12 to 15 kg, which reported that 3TC exposures were approximately 55% higher in
those receiving the branded tablet compared to those receiving the branded liquid
formulation [22]. The 3TC exposure reported in children using the branded tablet was 8.2
μg•h/ml and the tablet/liquid geometric mean ratio (90% CI) was 1.58 (1.37–1.81), both
similar to the GPO-VIR Z30 FDC tablet in this study. It is important to note that the 3TC
exposure with the paediatric FDC in Thai and branded tablets in African children are
comparable to adult exposures following standard 150 mg twice daily dosing, which have
been reported as 6.5 [23], 7.0 [24] and 8.5 μg•h/ml [25], as well as in older children taking
branded 3TC tablets (6.5 μg•h/ml) [21] and other generic FDC tablets (range 4.2–6.8 μg•h/
ml) [6]. The clear explanation for the difference in 3TC bioavailability between branded
liquid and tablet formulations in children remains to be found. Although the duration on the
paediatric FDC tablet was relatively short in our study, the higher 3TC exposures observed
did not seem to lead to any additional drug-associated toxicities.

In terms of therapeutic adequacy of the paediatric FDC tablet, a greater emphasis was placed
on NVP than the other two drugs, as low plasma concentrations of NVP are associated with
poor virological suppression [16], while plasma concentrations of ZDV and 3TC are not
precise surrogates for the active intracellular NRTI-triphosphate concentrations and there are
currently no defined Cmin associated with therapeutic efficacy. In this study, NVP exposure
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was significantly lower with the FDC tablet than with liquid; however, it met the therapeutic
adequacy rules developed to ensure that the tablet would at least deliver a drug exposure
equivalent to maintaining an average NVP concentration above the minimum recommended
target. Indeed, the NVP exposure with the FDC tablet was between those observed in adults
receiving branded tablets [26] and children receiving an FDC tablet [6]. In our study, eight
children had an NVP Cmin<3.0 μg/mlm while on FDC and six of these children also had a
low Cmin while taking the liquid formulation. The low NVP Cmin levels could have been due
to poor drug adherence and/or a formulation effect; however, strict rules for drug adherence
prior to PK sampling (direct observed therapy prior to the PK sampling) were set to ensure
accurate NVP concentration data and similar concentrations were observed between
formulations, therefore it is unlikely that the low levels can be explained by either poor drug
adherence or formulation effects in these children. The NVP dose of 150 mg/m2 evaluated in
the registration study (BI Trial 1100.1368) was predicted to produce an average steady state
concentration of 5.3 μg/ml in children aged 3 months to 16 years, similar to 4–6 μg/ml
reported in adults dosed at 200 mg twice daily [27]. Of note, in the registration trial the
mean (sd) trough NVP concentration was 5.83 μg/ml (3.14) and this implies that
approximately 17% of children will have trough levels <3.0 μg/ml, which is similar to the
proportion of children observed in our study. Previous studies, including one using the
paediatric FDC of d4T/3TC/NVP by the Thai GPO (GPO-VIR S7), have suggested that
young infants, particularly those <5 months old, have low NVP exposure [7,28,29]. This
could be explained by the faster NVP clearance in younger children [30]. In this study, we
found that NVP exposure increased with age, using the dose range of 300–400 mg/m2/day
across all weights bands.

During the design stages of the GPO-VIR Z30 tablet, the ratio of ZDV:3TC:NVP chosen
was based on the WHO Paediatric Antiretroviral Working Group’s recommendations from
October 2006, which proposed a ZDV/3TC/NVP tablet of 60/30/55 mg [5]. In order to avoid
pill cutting and allow more accurate dosing in young children, the GPO developed a smaller
tablet using half the proposed doses: 30:15:28 mg. Using this ratio, we developed a weight
band dosing strategy designed to achieve ZDV (360–480 mg/m2/day) and 3TC (4 mg/kg)
dosing as close as possible to the recommended dose, while maintaining the NVP dose
within the recommended range of 300–400 mg/m2/day. The WHO subsequently released a
revised recommendation in 2008, lowering the NVP dosage from 55 to 50 mg for the ZDV/
3TC/NVP tablet [31]. A subsequent analysis of NPV exposure, following the proposed
WHO paediatric weight band dosing scheme, with varying NVP tablet strengths, predicted
that the frequency of subtherapeutic exposure would be 2% lower with a 55 mg NVP tablet
versus a 50 mg tablet, but with increased supratherapeutic exposure (12% higher when
defined as 2× the mean NVP AUC) [32]. Given the absence of a clearly defined NVP
toxicity threshold, it is not yet possible to definitely state that one NVP tablet strength is
better than another. However, the results of the present study confirm that a paediatric FDC
tablet containing 28 mg of NVP, administered following the proposed weight band dosing,
provides therapeutically adequate NVP exposure with no reported NVP-associated side
effects.

Genetic polymorphisms in drug metabolizing enzymes and transporters have been shown to
contribute towards antiretroviral inter-individual drug variability [33,34]. NVP is
extensively metabolized via CYP enzymes, in particular the isoenzymes CYP2B6 and
CYP3A. In 126 children from PACTG 366 and 377 cohorts, the CYP2B6 516G>T single
nucleotide polymorphism was associated with slower NVP oral clearance and an improved
immunological response [12]. In the current study, the frequency of the T/T alleles was
10%, which is consistent with other reports in the Thai population [35], and was associated
with significantly higher NVP exposure; however, there was no evidence of increased
toxicities among children with this genotype.
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We found no major safety concerns of GPO-VIR Z30, although by enrolling children who
were stable on treatment regimens with NVP, we may have excluded those who were unable
to tolerate NVP. In addition, ZDV-related toxicity may not have been evident due to the
short duration of this study. However, we expected that this FDC’s toxicity would be similar
to that found in studies with individual separate drug therapy. Of note, many children and
caretakers preferred the FDC tablet over liquid formulations. Although the number of pills
was high in older children, the small pill size made it acceptable to most children.

In summary, we observed differences in the bioavailability of the paediatric ZDV/3TC/NVP
FDC tablet compared to the individual liquids. The higher 3TC tablet-bioavailability has
been reported in other studies and did not lead to toxicity. Importantly, the new FDC tablet
delivers therapeutic exposures of each drug and allows easy dose titration across the
paediatric age continuum included in this study. When available, this FDC could well play
an important role as first-line treatment in Thai children, as well as in other resource-limited
settings.
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Figure 1.
Concentration versus time curves of ZDV, 3TC and NVP for the GPO-VIR Z30 paediatric
FDC tablet and the liquid formulations
Mean (sd) concentration versus time curves of (A) zidovudine (ZDV), (B) lamivudine (3TC)
and (C) nevirapine (NVP) for the GPO-VIR Z30 paediatric fixed-dose combination tablet
(n=41) compared to liquid formulation in the same subjects. The dashed horizontal line in
(C) indicates the recommended minimum NVP concentration (3.0 μg/ml).
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Figure 2.
Nevirapine plasma exposure and CYP2B6 516 G>T polymorphisms after administration of
GPO-VIR Z30 in HIV-infected Thai children
Comparison of GG versus GT versus TT genotypes, P=0.04. Each circle represents one
child, the middle bar indicates the median, and the box represents the IQR. AUC, area under
the curve.
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Table 2

Pharmacokinetic parameters of the GPO-VIR Z30 tablet and individual branded liquid formulations

Parameter GPO-VIR Z30 (n=42)a Liquid (n=41)a P-valueb Historical data for branded tablets in HIV-infected
adultsc

ZDVd

AUC0-12, μg•h/ml 1.58 (1.49–1.68) 1.62 (1.53–1.72) 0.78 1.80 (1.52–2.14)

Cmax, μg/ml 1.44 (1.32–1.56) 1.07 (0.98–1.18) <0.0001 1.43 (1.14–1.80)

3TC

AUC0–12, μg•h/ml 7.78 (7.38–8.19) 4.39 (4.05–4.75) <0.0001 8.54 (3.2)

Cmax, μg/ml 2.52 (2.33–2.73) 1.09 (0.99–1.19) <0.0001 2.07 (0.82)

Cmin, μg/ml 0.07 (0.07–0.08) 0.08 (0.07–0.09) 0.04 0.33 (0.2)

NVP

AUC0–12, μg•h/ml 68.88 (62.13–76.36) 81.88 (74.59–89.89) <0.0001 54.5 (48.0–71.8)

Cmax, μg/ml 7.67 (7.04–8.34) 8.39 (7.75–9.08) 0.004 5.7 (5.00–7.44)

Cmin, μg/ml 4.19 (3.66–4.81) 4.94 (4.32–5.65) <0.0001 3.73 (3.20–5.08)

a
Reported values are geometric mean (90% CI).

b
The P-values are from paired Student’s t-tests comparing the two formulations (n=41).

c
References are as follows: GSK data for zidovudine (ZDV) 300 mg, single dose (area under the curve [AUC]0-∞, geometric mean [95% CI])

[19]; lamivudine (3TC) 150 mg twice daily (mean AUC0-12 [sd]) [25]; and nevirapine (NVP) EMEA viramune summary (median AUC0-12
[range]) [26].

d
ZDV minimum plasma concentration (Cmin) was below lower limit of assay quantification (<0.025 μg/ml) over all weight groups. Cmax,

maximum plasma concentration.
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