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Abstract
Objective: We studied the pharmacokinetics and pharmacodynamics of boosted soft-gel lopinavir/ritonavir to assess if the
area under the plasma concentration versus time curve (AUC) is altered in pregnancy and whether changes in AUC impacted
HIV-1 control.
Methods: We enrolled pregnant women ≥13 years of age between 22 to 30 weeks gestation who expected to be on stable
lopinavir/ritonavir for ≥8 weeks pre-delivery and ≥24 weeks post-delivery. Pharmacokinetic evaluations for lopinavir and
ritonavir occurred at 36 weeks gestation and 6 and 24 weeks postpartum.

Results: Ten women underwent intensive pharmacokinetic evaluations for lopinavir and ritonavir at 36 weeks gestation
and at 6 and 24 weeks postpartum. Estimated geometric mean (GM) AUC 0-6h (95% CI) for lopinavir were not significantly
different at 26.5 (17.0, 41.4) and 41.9 (26.1, 67.5) mcg*hr/mL at 36 weeks gestation and 6 weeks postpartum, respectively
(within-subject GM ratio 0.60 (0.25, 1.43); p=0.19). At 36 weeks gestation, 5 of 10 women had viral load <50 copies/mL
and at 6 weeks postpartum 5 of 9 had viral load <50 copies/mL. Nine of ten infants for whom data were available were HIV
negative.
Conclusion: Despite below target lopinavir levels (< 52 mcg*hr/mL except at 2 postpartum measurements), women maintained virologic control postpartum. Higher doses of lopinavir/ritonavir during pregnancy may not be necessary in all
women.
Keywords: Lopinavir, Ritonavir, Pregnancy, HIV Viral Load, Pharmacokinetics; ClinicalTrials.gov identifier: NCT00041964
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Introduction
Current Department of Health and Human Services United
States guidelines recommend combination antiretroviral therapy for all pregnant women to prevent perinatal transmission
of HIV [1]. Lopinavir/ritonavir (LPV/r) twice daily remains a
preferred protease inhibitor (PI) for antiretroviral naïve pregnant women.

Drug absorption, distribution, metabolism and excretion constitute the basis of drug pharmacokinetics and may all undergo changes during pregnancy. Changes become increasingly
pronounced as pregnancy advances and peak during the third
trimester [2,3].

Pregnancy induces gastrointestinal and liver metabolic enzymes including cytochrome P450 3A4 responsible for PI metabolism, resulting in reductions in PI drug exposure [4]. Increases of 35% in CYP3A4 activity have been reported, which
is consistent with the 28% decrease in lopinavir exposure
reported for pregnant women taking the soft-gel formulation
during late pregnancy compared to the postpartum period
[2,4]. Stek et al found that only 3 of 17 (18%) pregnant women
in their third trimester met the target lopinavir area under the
curve (AUC) of ≥52 mcg*hr/mL, the 10th percentile for lopinavir AUC in non-pregnant adults [2]. Pregnancy decreases the
absorption of drugs including PIs requiring low gastric pH
for stability and increases drug distribution due to increases
in plasma volume of up to 45%. In addition reductions in albumin and alpha-1 acid glycoprotein concentrations decrease
protein binding of PIs thus increasing the free drug fraction.
This may partially compensate for the reductions noted for total drug [5].
For women on LPV/r-based treatment, we sought to assess
pharmacokinetic (PK) changes from third trimester to early
postpartum, and to describe accompanying viral load profiles
at 6 and 24 weeks postpartum.

Methods

Study Population and Design
AIDS Clinical Trials Group (ACTG) Protocol A5150 was a
multi-center, prospective, observational study designed to
characterize the incidence, magnitude, mechanisms and consequences of postpartum viral rebound during the initial 24
weeks postpartum in HIV-1 infected pregnant women [6]. ACTG
A5153s was a substudy designed to evaluate the pharmacologic
exposure and virologic response in women treated with LPV/r
and nelfinavir. Only LPV/r data summaries are presented here.
Eligibility criteria for A5150 and A5153s have been previously
described [6, 7]. The population comprised pregnant women
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≥13 years between 22-30 weeks gestation on a nelfinavir or
LPV/r based highly active antiretroviral regimen who planned
to be on stable treatment for ≥8 weeks pre-delivery and ≥ 24
weeks post-delivery. Concurrent use of medications known to
interfere with absorption or metabolism of lopinavir or ritonavir was not allowed. Standard treatment doses were administered for soft gel LPV/r (400/100 mg BID to all but one subject who, on a decision by her primary HIV provider, received
533/133 mg BID during her entire study participation).

Each site’s local institutional review board approved the substudy and informed consent was obtained from all women.
Each participating woman’s primary care provider determined
the choice of antiretroviral (ARV) medications used and remained responsible for her management throughout the study.

PK evaluations occurred during the third trimester antepartum (at 36 weeks gestation visit) and at visit week 6 and 24
postpartum. Women were asked to record the times and doses
of their study drugs for 48 hours prior to each PK study visit
using the study provided diary and calendar of their scheduled
medications. On the day of PK sampling, a standardized meal
was consumed 30 minutes prior to the observed study dose.
Plasma samples were collected immediately pre-dose and
at 1, 2, 4 and 6 hours post-dose. Women included in the PK
analysis were instructed to take their prescribed regimens at
the same dosages for at least 2 weeks prior to each PK visit to
assure steady-state conditions. Self-reported adherence was
measured by a standard validated ACTG questionnaire at each
study visit.
Analysis of protease inhibitor concentrations and viral
load determinations

For quantitation of lopinavir and ritonavir, liquid chromatography/tandem mass spectrometry methods were employed
by the Drug Research Unit of the University of California, San
Francisco. Methods were approved by the DAIDS funded Pharmacology Quality Assurance Program [8]. Inter-assay coefficient of variation for lopinavir and ritonavir were less than
11%. Lower limit of quantitation for lopinavir and ritonavir
were 0.04 and 0.025 mcg/mL, respectively.
Plasma HIV-1 RNA levels were measured with the Roche Amplicor HIV-1 Monitor (Version 1.5; lower limit of quantification
detection <50 copies/mL). HIV serostatus was collected retrospectively in the newborn infants.
Pharmacokinetic and statistical analysis

PK parameters were estimated for lopinavir and ritonavir using standard non-compartmental analysis. An abbreviated
area under the plasma concentration versus time curve (AUC)
from 0 to 6 hours post-dose was calculated using the linear
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trapezoidal rule. Dose normalized AUC was calculated using
reference doses of LPV/r: 400/100 mg BID and as (observed
AUC)*(reference)/(specific subject’s dose) for the one woman
who was not on the reference dose. The percentage of women exceeding the target lopinavir AUC of ≥52 mcg*hr/mL was
assessed in a post-hoc analysis [2]. Concentrations below the
lower limit of quantitation were assigned a value of half that
limit. The minimum concentration (Cmin) was calculated as
the concentration obtained at the pre-dose sample time and
the maximum concentration (Cmax) was calculated as the
maximum concentration observed over the 0-6 hours of sampling. If the previous dose was taken >16 hours prior to the
observed dose, data from that PK visit were excluded. Within-subject mean change in PK-parameter (AUC, Cmin, Cmax)
from antepartum to postpartum was assessed on the natural
log(ln)-scale with a paired t-test.

Results

Eleven women enrolled between October 2003 and December
2004. Data from one woman were excluded because her last
previous dose was taken >16 hours before the observed dose
at her only PK visit (third trimester). The remaining 10 women
contributed data to at least one of the PK parameters (AUC,
Cmin or Cmax). Women were enrolled at six AIDS Clinical Trials Units.

Demographics for the 10 women at entry to the parent study
were median (minimum, maximum) age 29 (19, 39) years; 5
Black non-Hispanic and 3 Hispanic; median weight 93.8 kg
(69.5, 147.6); median CD4 400 cells/mm3 (36, 658); and median HIV RNA log10 2.2 copies/mL (1.7, 4.6). Although women
were scheduled to have three PK visits (36 weeks gestation
and 6 and 24 weeks postpartum), only two of ten women had
three evaluable PK visits. Four had an evaluable third trimester and 6-week postpartum visit, but no 24 week visit. Two had
only the third trimester visit and two had only the 6 week postpartum visit (1 woman at each time point contributed only Cmin
data). Visits were missed due to withdrawal of consent (3 visits), illness (1 visit), unable to come to clinic (3 visits), early
delivery (1 visit), work schedule (1 visit), changing family situation (1 visit), move out of the area (1 visit), and discontinued
ARVs (1 visit).
All women remained on the same nucleoside analogue component of their ARV regimen for their PK visits (zidovudine/
lamivudine (4), abacavir/zidovudine/lamivudine (2), tenofovir-containing regimen (3), and zidovudine/didanosine (1)).

Figures 1a and 1b present mean lopinavir (1a) and ritonavir
(1b) concentrations over the sampling time points and summarize the comparison of antepartum and week 6 postpartum
PK parameters. Estimated lopinavir geometric mean (GM)
AUC0-6h (95% confidence interval (CI)) was 26.5 (17.0, 41.4)

3
mcg*hr/mL for 7 women at 36 weeks gestation and 41.9 (26.1,
67.5) mcg*hr/mL for 7 women at 6 weeks postpartum. None
of the 7 women with week 36 gestation PK data had a lopinavir
AUC of ≥52 mcg*hr/mL. In post-hoc analysis only two women had a lopinavir AUC of ≥52 mcg*hr/mL at a postpartum
PK visit (53.15 and 98.40), both at week 6 postpartum). For
the 6 women with lopinavir PK data at both time points, the
within-subject estimated geometric mean ratio (GMR) week 6
postpartum/week 36 gestation was 0.60 (95% CI 0.25, 1.43),
a 40% lower average AUC during pregnancy that was not statistically significantly different from 1 (p=0.19) (Figure 1a).
Insufficient data were available to compare third trimester to
week 24 postpartum lopinavir concentrations.
For ritonavir, data from the six women with both antepartum
and week 6 postpartum PK data indicated 36 weeks gestation
values were significantly lower on average, with an estimated
GM of 0.99 (0.58,1.68) compared to 2.5 (1.4,4.6) mcg*hr/mL
at 6 weeks postpartum, resulting in a 64% lower AUC during
pregnancy (within-subject GMR (95% CI) of 0.36 (0.14, 0.92),
p=0.04) (Figure 1b). Peak concentrations (Cmax) for ritonavir
were reduced significantly at 36 weeks gestation compared to
postpartum values (Figure 1b). Insufficient data were available to compare third trimester to week 24 postpartum ritonavir concentrations.

Table 1 details viral load results for each woman. Third trimester HIV RNA level was <50 copies/mL of plasma in 5 of
10 (50%) women and remained <50 copies/mL in 4 of these
5 women at 6 weeks postpartum (Subject #5 on the higher
LPV/r dose, 59 copies/mL) and in 2 of the 3 women with data
at 24 weeks postpartum. For the 2 women converting from
<50 copies/mL to ≥50 copies/mL postpartum, only 1 had viral load measurements exceeding 200 copies/mL postpartum
(at 24 weeks postpartum) and this woman had stopped her
antiretroviral therapy. Four of 5 women with viral load >200
copies/mL at any point in the study reported adherence problems around the time of the elevated viral load measurement
(Table 1). Of the 6 women with both antepartum and 6 week
postpartum PK data (Subjects 2, 4, 5, 8, 9, and 10), 3 had viral
loads <50 copies/mL at both time points, 1 went from <50 copies/mL to 59 copies/mL, 1 went from 316 copies/mL to <50
copies/mL, and 1 with reported adherence issues at multiple
time points went from 933 copies/mL to 50,362 copies/mL.
This last woman had the smallest increase from third trimester to week 6 postpartum in her AUC0-6h for both lopinavir and
ritonavir. The woman with the decrease in her HIV-1 RNA level had very high week 6 postpartum AUC0-6h levels of lopinavir
and ritonavir
One woman withdrew consent prior to delivery and her baby’s
HIV status is unknown. The remaining nine infants were HIV
negative.
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Figure 1. Drug exposure at antepartum and postpartum visits; geometric mean (GM) with 95% confidence interval (CI); along with within-subject geometric mean ratio (GMR) of antepartum to week 6 post partum (reference) for PK parameters area under the curve (AUC0-6h),
Cmax and Cmin. 3rd tri.=third trimester (36 weeks gestation visit), PP=postpartum. Panel a: lopinavir; Panel b: ritonavir
Table 1. HIV RNA levels (copies/mL) ante- and postpartum.

Subject #

Started

Antepartum

Delivery

6 wk PP

24 wk PP

Comment

LPV/r, # wks
before
delivery
1

24.1+

63**

NA

*NA

*NA

Withdrew at Wk 39 gestation

2

21.3

<50

<50

<50

16,534*

Self discontinued meds @ 12 wks PP

3

16.1

<50

NA

<50

199*

4

19.7

933

13,804

50,362

39,449*

Missed some meds week prior to delivery, off meds for 6 days
at wk 4 PP, self discontinued meds at 21 wks PP

5

15.1

316

65

<50

25,168*

Off meds for 3 days prior to wk 24 PP PK observed dose

6

14.3

363

155

96*

*NA

Last dose 34 hrs prior to wk 6 PP PK observed dose

7

29.1

1995*

7244

71*

*NA

8

20.3

<50

<50

59

*NA

9

23.3

<50

<50

<50

<50

10

136.3

<50

<50

<50

<50

On LPV/r 533/133 mg bid at each PK visit #

+

#

On LPV/r 24.1 weeks at time of withdrawal, *No PK visit or this PK visit data excluded from analysis, **Cmin data only, only subject
on higher dose LPV/r during pregnancy. LPV/r = lopinavir/ritonavir, PP=postpartum

Discussion
We compared the pharmacokinetics of lopinavir and ritonavir
during pregnancy to postpartum values and investigated viral load response during and following pregnancy. Although
the pharmacokinetics of these drugs during pregnancy has
been investigated previously, viral load response data during
and after pregnancy in the context of PK information are limited. Studies have demonstrated similar plasma concentrations of lopinavir with soft-gel lopinavir/ritonavir compared
to the current hard-tablet formulation in both pregnant and
non-pregnant adults, although the hard-tablet formulation has
less inter-subject variability [9].
Our study estimated an average but not statistically significant
40% reduction in lopinavir exposure in the context of pregnancy. Based on the confidence intervals this was consistent
with true values between as low as 75% reduction to as high
as 43% increase (GMR (95% CI) 0.6 (0.25, 1.43)). This is consistent with previous reports of a 28% reduction in lopinavir
exposure during pregnancy in a study of 17 women [2]. We
also observed a significantly lower AUC in ritonavir exposure
during pregnancy compared to week 6 postpartum with an
estimated within-subject geometric mean ratio on the AUC
of 0.36 (64% reduction), which was consistent with values

ranging from 0.14 to 0.92.

The majority of women maintained postpartum plasma viral
loads at low (<200 HIV-1 RNA copies/mL) to unquantifiable
levels (<50 copies/mL). When evaluating the association between ARV exposure and virologic control, women with lower
lopinavir AUC estimates in their third trimester were still able
to maintain virologic suppression during and following pregnancy, albeit the sample size for this analysis was very small.
For the 5 women with viral load measurements exceeding 200
copies/mL at any time point antepartum to 24 weeks postpartum, results were attributable in all but one case to problems
with adherence and reports of self-discontinuation of ARV
medications. Despite the variability in LPV/r exposure, viral
load control was relatively stable with no indication that PK
variability translated into problems with virologic control.
Current Department of Health and Human Services United
States guidelines state that some experts recommend increasing the dose of lopinavir/ritonavir from 400/100 mg bid to
600/150 mg bid in the second and third trimester to compensate for PK changes in pregnancy [1]. This increased dose has
been shown to result in AUC similar to non-pregnant women
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on 400/100 mg bid, but is less well tolerated [10, 11]. Whether this dose increase is necessary remains unclear. Outside the
US, LPV/r PK studies in Thai and European pregnant women
have generally found adequate lopinavir levels in the third trimester though lower than postpartum [2-15]. One Thai study
found 5/26 (19%) Thai women below the lopinavir 52 mcg*h/
mL threshold in the third trimester, but all attained delivery viral load < 400 copies/mL [2, 14]. All of our antepartum women
(N=7) had lopinavir AUC < 52 mcg*hr/mL and 5 of 7 week 6
postpartum and 2 of 2 week 24 postpartum women were below this cutoff.

Drug protein binding decreases in pregnancy [5,16]. Investigators have found that the unbound fraction of lopinavir increases during pregnancy [5,12,16]. Of two US studies, one
demonstrated an 18% increase in unbound lopinavir and another found that the unbound Cmin exposures of 12 pregnant
women were > 70 times the target concentrations at standard
doses [7,16]. These effects may compensate for the reduction
in total lopinavir AUC previously reported and may partially explain the stable viral load control we observed despite
variability in total drug exposure. On 1/28/15, the FDA using
these data updated the Kaletra (lopinavir/ritonavir) label to
include dosing recommendations in pregnant women. Lopinavir/ritonavir is now recommended to be dosed 400/100 mg
po bid in pregnant women with no documented lopinavir-associated mutations. Once daily dosing is not recommended in
pregnancy. There are insufficient data to recommend dosing
in pregnant women with any documented lopinavir-associated
mutations [17].
Women exhibited substantial variability in their PK disposition that did not appear to translate into changes in viral load
control. While our sample size is small, our data add to the
growing body of data that dose adjustment of LPV/r during
pregnancy may not be necessary for many women, particularly those with controlled viremia and lopinavir-sensitive virus.
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