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Abstract
Objectives—To determine the impact of pregnancy on the pharmacokinetics (PK) of nevirapine
(NVP) during chronic dosing in HIV-infected women and appropriate NVP dosing in this
population.

Methods—Twenty-six pregnant women participating in two open-label Pediatric AIDS Clinical
Trials Group studies (P1022 and P1026S) were evaluated. Each patient received 200 mg NVP
every 12 h and had PK evaluations during the second or third trimester; these evaluations were
repeated postpartum. Paired maternal and cord blood NVP concentrations were collected at
delivery in nine patients. Ante- and postpartum comparisons were made using paired t-tests and
using a ‘bioequivalence’ approach to determine confidence interval (CI).
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Results—The average NVP Area Under the Curve (AUC) was 56 ± 13 mcg*h/mL antepartum
and 61 ± 15 mcg*h/mL postpartum. The typical parameters ± standard error were apparent
clearance (CL/F)=3.51 ± 0.18 L/h and apparent volume of distribution (Vd/F)=121 ± 19.8 L.
There were no significant differences between antepartum and postpartum AUC or pre-dose
concentrations. The AUC ratio was 0.90 with a 90% CI of the mean equal to 0.80-1.02. The
median ( ± standard deviation) cord blood to maternal NVP concentration ratio was 0.91 ± 0.90.

Conclusions—Pregnancy does not alter NVP PK and the standard dose (200 mg every 12 h) is
appropriate during pregnancy.
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Introduction
Mother-to-child transmission of HIV-1 can be greatly reduced if the maternal viral loads are
below the limit of detection at delivery [1]. To achieve this target, combination antiretroviral
(ARV) therapy, consisting of two nucleoside reverse transcriptase inhibitors (NRTIs) plus a
protease inhibitor (PI) or a non-nucleoside reverse transcriptase inhibitor (NNRTI), is
recommended. Although efavirenz (EFV) is the preferred NNRTI in the general population,
it has been found to cause severe central nervous system defects when given to primates
during the first trimester, a finding consistent with retrospectively reported human neural
tube defects [2]. These observations have led to increased reliance on nevirapine (NVP) for
use in pregnant women and women with child-bearing potential. Despite recent reports of an
increased risk of NVP-associated hepatic toxicity among women with CD4 counts >250
cells/μL [3,4], NVP continues to be a mainstay of ARV therapy in pregnancy for women
with lower CD4 counts, particularly in resource-limited settings.

Physiological and hormonal changes associated with pregnancy can have profound effects
on drug disposition, including increased plasma volume and reduced plasma protein
concentration, increased renal blood flow and modified metabolic enzyme activity. Several
ARVs have been studied in pregnancy, with some exhibiting significant alterations in
pharmacokinetics (PK), requiring drug dose modifications or avoidance [5,6].

The antiviral effects of NVP are rapid, with significant reduction in plasma virus. However,
development of viral resistance to NVP can occur with a single mutation in the HIV-1
reverse transcriptase gene [7]. NVP is metabolized primarily in the liver by the cytochrome
P450 (CYP) 2B6 and 3A family enzymes [8,9]. Low NVP concentrations have been
associated with inadequate viral suppression [10] and may also contribute to NNRTI
resistance [11]. The PK of single-dose NVP to mothers at delivery have been described
[12,13], but well-designed PK studies of continuous NVP therapy in pregnancy have not
been published. In addition, limited cross-sectional analyses of NVP levels in pregnant
women have suggested that NVP dose modifications may be needed for pregnant women
[14].

The primary objectives of this study were to describe the PK of NVP in HIV-1 infected
pregnant women in their second and third trimesters and to determine if the standard dose of
NVP produces adequate drug exposure during pregnancy. These data were compared to
repeat PK evaluations performed in the same patients postpartum. A secondary objective
was to compare NVP concentrations in plasma from cord blood with those in maternal
plasma at the time of delivery.
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Patients and methods
The PK data for this analysis were collected prospectively from two Pediatric AIDS Clinical
Trials Group (PACTG) studies. The first study was PACTG P1022 (Randomized Trial of
Protease Inhibitor-including vs. Protease Inhibitorsparing Regimens for Women Who
Initiate Therapy of HIV Infection During Pregnancy). This was a multi-centre prospective
evaluation to compare classes of ARV agents during pregnancy. It was halted because of
unexpected toxicity seen in women receiving NVP with high CD4 cell counts [4]. Women
were eligible for this study if they: (i) were HIV-infected with a plasma viral load >1000
HIV-1 RNA copies/mL within 30 days of study entry; (ii) were pregnant between 10 and 30
weeks’ gestation; (iii) had received <8 weeks of prior ARV therapy [including zidovudine
(ZDV) prophylaxis]; and (iv) agreed to continue ARV therapy for 2 years after delivery.
Primary exclusion criteria included: (i) active hepatitis; (ii) receiving drugs likely to interact
with NVP or PIs; (iii) any clinically significant diseases (other than HIV infection); (iv)
laboratory abnormalities; and (v) active substance or alcohol abuse. Patients randomized to
NVP therapy received 200 mg initially once daily for 14 days then twice daily in
combination with ZDV (300 mg) and lamivudine (150 mg) twice daily.

The second study contributing to this evaluation was PACTG P1026S (Pharmacokinetic
Properties of Antiretroviral Drugs During Pregnancy). This is a multi-centre, ongoing,
prospective trial to evaluate the PK of currently prescribed ARV drugs and interacting
combinations of these drugs in pregnant HIV-infected women. Eligible patients for this
analysis were those who were: (i) already enrolled in the parent study (PACTG P1025); (ii)
receiving NVP 200 mg orally twice daily as part of routine clinical care for at least 2 weeks
prior to PK sampling; and (iii) planning to continue NVP until at least 6 weeks postpartum.
Primary exclusion criteria were: (i) multiple gestation pregnancies; and (ii) clinical or
laboratory toxicity that, in the opinion of the site investigator, would likely require a change
in the ARV regimen during the study. Patients continued to take their prescribed
medications during the study, unless changed by their clinical physician because of toxicity
or lack of effectiveness or based on the results of the individual woman’s antepartum PK
evaluation. Women continued on study until completion of postpartum PK sampling.
Institutional review boards approved both P1022 and P1026S at all participating sites and all
patients consented prior to participation.

Clinical laboratory monitoring
The clinical and laboratory monitoring for P1022 have been described previously [4]. For
P1026S, medical history, clinical and laboratory data were collected in P1025. Data
accessed for P1026S included maternal data [age, ethnicity, concomitant ARV medications,
plasma HIV RNA concentration (viral load), CD4 cell count] and infant data (infection
status, gestational age, birth length and weight). Information collected in P1026S included
the time and description of recent ARV consumption, and height and weight on days of PK
sampling. On each sampling day, patients underwent an interview to collect the medical
history, a physical examination, and laboratory studies including alanine transaminase
(ALT), aspartate transaminase (AST), bilirubin, creatinine, blood urea nitrogen (BUN),
albumin and haemoglobin. Adverse events were reported according to the Division of AIDS
(DAIDS) standardized Toxicity Table for Grading Severity of Adult Adverse Experiences
(August 1992) (http://rcc.tech-resintl.com). All toxicities were followed through resolution.

PK sample collection
Plasma samples (5 mL) for PK evaluation were collected at three evaluation times:
antepartum, at delivery (P1026S) and postpartum (4-12 weeks after delivery). The
antepartum evaluations were conducted during the second trimester (16-24 weeks’
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gestation) or third trimester (30-36 weeks’ gestation). Women who did not complete the
antepartum evaluation were replaced. Patients had received NVP at a stable dosage for at
least 2 weeks prior to PK sampling. In P1026S, five plasma samples were drawn at both the
ante- and postpartum PK evaluation visits, starting immediately before the witnessed
morning oral NVP dose and at 1, 2, 4 and 6 h after the dose. Women in P1022 had PK
samples collected at identical times to women in P1026S plus additional samples collected
at 0.5, 1.5 and 8 h after their dose. To assess placental passage, NVP was measured in single
maternal plasma and umbilical cord samples obtained at delivery in P1026S patients.

NVP concentrations
NVP concentrations were measured in the PACTG Pharmacology Laboratories. The
laboratories are registered with the ACTG Quality Assurance/Quality Control proficiency
testing programme, and successfully completed bi-annual proficiency testing for NVP
during the study period. For P1022, the samples were analysed at the University of
California, San Francisco PACTG Pharmacology Laboratory. The samples were assayed
using a validated liquid chromatography/tandem mass spectrometry method. The limit of
quantitation was 50 ng/mL, and the inter- and intra-day coefficient of variation for this
method was consistently <5%. Overall mean recovery from plasma was 101.6%.

The P1026S samples were analysed at the PACTG Pharmacology Laboratory of the
University of California, San Diego by a validated, reversed-phase high-performance liquid
chromatography method. The lower limit of detection for NVP was 50 ng/mL. In the 24
assay runs for this study, the inter-assay coefficient of variation for the middle and high
controls ranged from 0.9 to 7.7% [n=96 and 100 quality control (QC) samples] and from 7.4
to 15.1% for the low controls (n=100). Overall, recovery from plasma ranged from 87 to
98%.

PK analysis
NVP PK was analysed both by the individual patient and using a population approach. Both
analyses were performed with the computer program NONMEM version V (Globomax,
Hannover, MD, USA) using a one-compartment model with first-order absorption. The first-
order conditional estimation subroutine with interaction was used in the estimation process.
Because the objective of the study was to assess the impact of pregnancy and the overall
patient numbers were limited, an extensive exploratory population analysis for other
covariates was not undertaken. Empiric Bayesian PK parameters were estimated for each
patient’s antepartum and postpartum evaluation.

Because of the more extensive sampling in P1022 patients, an additional non-compartmental
PK analysis was performed in these patients. This included estimation of the individual Area
Under the Curve (AUC) over the dosing interval (0-12 h) using the linear trapezoidal rule
for ascending concentrations and the logarithmic trapezoidal rule for descending
concentrations. Because patients were at steady-state at the time of the PK evaluations, the 0
h concentration measurement was used as an estimate of the concentration at 12 h.

Statistical analysis
Ante- and postpartum NVP exposure measurements from each woman were compared using
a repeated-measures design. These comparisons were made at the within-patient level, using
geometric mean ratios of ante- to postpartum AUC and Cmin. When the true geometric mean
ratio (the antilog of the true mean of the log ratios) of the PK exposure parameters for ante-
and postpartum conditions equals 1, this indicates equal PK exposure parameters for the
ante- and postpartum conditions. The 90% confidence interval (CI) of the geometric mean
ratio was determined and a no-effect window was defined as 0.8-1.25. Thus, if the entire
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90% CI for the parameter mean ratio was within the range limits of 0.8 and 1.25, the PK
exposure parameters for the pregnant and non-pregnant conditions were deemed to be
equivalent [15]. The magnitudes of difference in median values of AUC and Cmin
antepartum and postpartum also were assessed with the Wilcoxon signed-rank test.
Descriptive statistics, including geometric least-squares means and 90% CIs, were
calculated for PK parameters of interest at each study period.

Results
Twenty-six patients were included in this analysis, with seven pregnancy PK evaluations
obtained in the second trimester and 19 obtained in the third trimester. Characteristics of the
patients are shown in Table 1. Patients completed evaluations between October 2002 and
August 2004. The plasma HIV-1 RNA concentration was <400 copies/mL in 20 of the 23
patients with data available during pregnancy, and in 23 of 24 patients postpartum. Of 26
infants, 25 were liveborn; of these, 24 were uninfected and one HIV-infected.

One patient had no measurable NVP concentration postpartum, suggesting non-adherence;
this visit was excluded from the analysis. The remaining NVP concentrations data were
described well by the model shown with no bias. The PK parameters from the population
analysis are shown in Table 2. The inter-patient variability for apparent clearance (CL/F)
was 35%. Adding pregnancy as a covariate to clearance did not improve the model
significantly (antepartum/postpartum CL/F ratio = 1.11; P = 0.09). There were no significant
differences seen between individual patients’ antepartum and postpartum AUC or pre-dose
concentrations (Figs 1-3). The mean NVP AUC from the population analysis was 56 ± 13
mcg*h/mL antepartum and 61 ± 15 mcg*h/mL postpartum. Non-compartmental NVP AUC
determinations in P1022 patients resulted in nearly identical values to those resulting from
the compartmental modelling approach. The individual antepartum/postpartum AUC ratio
was 0.90, with a 90% CL/F of 0.80-1.02.

In the nine P1026S patients where PK samples could be obtained at delivery, cord and
maternal plasma concentrations (mean ± standard deviation) were 2.9 ± 0.9 and 3.1 ± 1.3
mcg/mL, respectively. The cord/maternal ratio was 0.91 ± 0.9.

Discussion
PK disposition for some compounds differs between men and women, with women
displaying distinct therapeutic and toxic responses. For example, PK and virological
responses to saquinavir, a CYP3A4 substrate, were found to be linked to gender [16]. These
sex-based differences may be amplified during pregnancy. Previously, the impact of gender
and pregnancy on NVP PK has undergone limited investigation. A population PK analysis
of NVP indicated reduced clearance in non-pregnant females, but the impact of this effect
was small (<15%) and may have been confounded by ethnic differences in the study
populations [17].

In contrast, pregnancy may have profound effects on drug disposition, including induction
of cytochrome P450 isoenzymes such as CYP2D6 and CYP3A4 [18]. This is supported by
additional findings from P1026 including the reduced lopinavir exposure observed in 17
patients during pregnancy [6]. Thus, the development of appropriatedosing regimens of
ARVs specifically for pregnant women is critical to the health of both the mother and the
foetus.

NVP CL/F found in this study is significantly greater than the level reported previously
following single-dose administration to pregnant women in labour [12]. This is expected
because chronic NVP administration leads to auto-induction of its metabolism. The PK
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parameter estimates in this study compare favourably to those found in a large population
PK study of chronic NVP use in adults [19], with the estimate for apparent volume of
distribution (Vd/F) in this study a bit smaller, while the estimates for CL/F were almost
identical (3.3 L/h vs. 3.4 L/h).

One previous report compared NVP PK levels in 16 pregnant women to those in men (n =
13) and non-pregnant women (n = 10) using a cross-sectional analysis [14]. While NVP
AUC and Cmax were 29 and 32% lower, respectively, in pregnant women than in non-
pregnant women, there was no difference in NVP Cmin (3.0 vs. 3.1) nor was there a
difference between pregnant women and male patients. Patient selection and slower NVP
absorption during pregnancy may have resulted in these observations.

The current study did not find a significant impact of pregnancy during the second or third
trimester on NVP PK compared to values found postpartum in the same patients. NVP
exposure was not affected by pregnancy using any comparative method including mixed-
effects modelling, paired t-test or the ‘bioequivalence’ approach. Assessing the impact of
pregnancy as a fixed effect on CL/F in the population model change did not improve the
model fit. The median maximum a posteriori (MAP) Bayesian CL/F values were also
similar during pregnancy (3.23 L/h) and postpartum (3.56 L/h). In addition, if one only
compares the third trimester and postpartum AUCs, the values become nearly identical. If a
minor pregnancy effect exists, one would have expected the maximal difference to occur
during the third trimester.

Female gender and high CD4 cell count have been shown to increase the risk for
hepatotoxicity with NVP [20]. Hepatitis, including fatal hepatic failure, has been seen with
NVP use during pregnancy [4]. The lack of altered NVP PK during pregnancy suggests that
elevated NVP exposure does not contribute to adverse effects that may be encountered in
pregnant women.

While none of the patients with PK evaluations had Grade 2 AST elevations, 5/17 patients in
P1022 experienced NVP-associated toxicity, including fulminant fatal hepatic failure. While
toxicity has tempered enthusiasm for overall NVP use during pregnancy, the teratogenic
effects of EFV and sometimes erratic absorption of PIs during pregnancy are concerns for
the use of these agents. Given these considerations, NVP remains a recommended treatment
option for women with low CD4 cell counts during pregnancy [21]. The wide availability
NVP formulations, including generics (some in combination with NRTIs), also make NVP a
cost-effective option in resource-limited settings.

Placental transfer of ARVs is an important consideration for drug selection during
pregnancy. High placental expression of p-glycoprotein and possibly other drug transporters
limit foetal exposure to PIs [22,23]. This characteristic reduces the potential for foetal ARV
toxicity but may leave infants ‘under-protected’ against HIV infection in utero and during
birth. Our study indicates that NVP - unlike PIs - readily crosses the placenta, achieving
therapeutic concentrations in foetal circulations to help protect against early transmission.
The near unity between cord and maternal blood NVP concentrations is consistent with a
prior evaluation of NVP cord blood concentrations in women undergoing Caesarean section
[24].

We used population PK and empiric Bayesian compartmental approaches to allow
combination of PK data from two studies with different sampling designs to determine
appropriate NVP dosing in pregnancy. CIs were used to assess the power of this PK study
and the potential for pregnancy-induced changes in NVP disposition. This approach
demonstrates that the 90% CI for NVP AUC during pregnancy falls entirely within 80-125%
of reference AUC (postpartum). Therefore, this study had sufficient power to exclude any

Capparelli et al. Page 6

HIV Med. Author manuscript; available in PMC 2009 October 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



change in NVP exposure during pregnancy that would be considered clinically relevant and
require a dose modification.

Although this analysis was well powered to address the impact of pregnancy on NVP AUC,
only one of the two studies included in this analysis had frequent sampling to precisely
determine Cmax. This translates into more limited precision in the Vd/F estimates. Also, we
also did not assess patients for CYP 2B6 genotype. Genetic polymorphism for this enzyme
has been linked with reduced metabolism of NVP. While patient genotypes were not
determined in this study, alterations in activity would have been detected because each
patient served as their own control.

In summary, NVP exposure (AUC) at steady state during the second or third trimester of
pregnancy is similar to postpartum values. NVP readily crosses the placenta and provides
ARV prophylaxis to the newborn at birth. Because pregnancy does not alter NVP clearance,
no dose adjustment of NVP is required as a result of pregnancy. The PK properties of NVP
make it a useful agent for continuous use in pregnant women with low CD4 cell counts.
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Fig. 1.
Nevirapine AUC by stage of pregnancy. No significant differences were present.
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Fig. 2.
Paired nevirapine (NVP) AUC from the pharmacokinetics model. There was no significant
difference between antepartum and postpartum evaluations. Horizontal bars represent the
median NVP AUC.
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Fig. 3.
Paired, observed, minimum nevirapine (NVP) (Cmin) concentrations. There was no
significant difference between antepartum and postpartum levels. Horizontal bars represent
the median NVP trough concentrations.
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Table 1

Characteristics of patients in the study population (n = 26)

Mean ± SD Range/frequency (%)

Age (years) 29 ± 6.4 15-40

Antepartum weight (kg) 77 ± 22 53-145

Postpartum weight (kg) 71 ± 21 45-163

Antepartum CD4 (cells/μL) 538 ± 300 155-1554

Plasma HIV-1 RNA* (<400) 21/24

Concomitant ARVs Lamivudine 23/26 (88%)

Zidovudine 23/26 (88%)

Abacavir 2/26 (8%)

Tenofovir 2/26 (8%)

Stavudine 1/26 (4%)

Nelfinavir 1/26 (4%)

Ethnicity Black, non-Hispanic 12 (46%)

Hispanic/Latino 11 (42%)

White, non-Hispanic 2 (8)

Other 1 (4%)

ARVs, antiretrovirals; SD, standard deviation.

*
Two patients did not have viral loads measured near pharmacokinetics sampling visit.
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Table 2

Pharmacokinetics (PK) parameters [ ± standard error (SE)] from the population analysis

Parameter estimate SE of estimate

CL/F (L/h) 3.4 0.17

Vd/F (L) 79.2 6.6

Ka (/h) 0.42 0.11

Inter-patient variability

 CL/F (%) 35

 Ka (%) 139

Residual variability

 Proportional (%) 8

 Additive (mcg/mL) 0.46

CL/F, apparent clearance; Ka, absorption rate constant; Vd/F, apparent volume of distribution.
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