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Abstract

Objectives—We compared the pharmacokinetics of lopinavir (LPV) and ritonavir (RTV)
between female and males.

Methods—This two-step, multicenter, pharmacokinetic study enrolled HIV-infected adults on
lopinavir/ritonavir (LPV/r) capsules (400/100mg BID) plus 1 or more NRTIs. All subjects
underwent 12 hour pharmacokinetic sampling. The PK sampling was repeated in subjects
receiving the LPV/r tablet formulation.

Results—Step 1 enrolled 37 women and 40 men; step 2 included 42 subjects from step 1 plus 35
new participants (39 women and 38 men). LPV pharmacokinetics in females and males were not
significantly different with either formulation. Females had significantly higher median RTV
AUCO0-12h with both the soft gel capsule and tablet formulations (SGC:5395 vs. 4119 ng*hr/ml,
p=0.026; tablet 5310 vs. 3941 ng*hr/ml, p=0.012), higher median Cmax (SGC:802 vs. 635 ng/mL,
p=0.032; tablet: 773 vs. 570 ng/ml, p=0.006)) and lower median CL/F (SGC:18.54 vs. 24.31 L/
hour, p=0.026; tablet: 18.83 vs. 25.37 L/hour, p=0.012). RTV CL/F was slower in females after
weight adjustment with both formulations.

Conclusion—The pharmacokinetics of LPV in the SGC and tablet formulations are comparable
in HIV infected subjects. Females had higher RTV AUCO0-12h and lower CL/F with both
formulations. The mechanism of the sex difference in RTV CL/F warrants elucidation.

Keywords
HIV infection; lopinavir/ritonavir; pharmacokinetics; sex differences

INTRODUCTION

Currently, approximately half of all people living with HIV infection worldwide are
women.! Most information about the safety, tolerability, and efficacy of antiretroviral drugs
in current use has been obtained from studies of predominantly male subjects. There is
growing awareness that the under representation of women in clinical trials, in particular
phase 1 studies, may lead to an incomplete understanding of the optimal dosing of
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antiretroviral drugs in women. Antiretroviral drugs have dose-limiting adverse reactions;
therefore, defining those populations with increased or decreased clearance of antiretroviral
drugs could lead to improved safety and effectiveness. Sex differences in the
pharmacokinetics and clinical manifestations of several antiretroviral drugs have been
reported.2~7 Several of these reports suggest that females achieve higher plasma
antiretroviral drug concentrations than males do on the same doses of these antiretroviral
agents, although this is not a uniform finding. The clinical significance of the differences
observed is not fully apparent. In one study, women had higher saquinavir concentrations
than men, and the higher concentrations were associated with a greater percentage of women
who had undetectable levels of HIV-1 RNA.” The objective of our study was to investigate
prospectively sex differences in the pharmacokinetics of lopinavir and ritonavir in HIV-
infected females and males receiving LPV/r as part of their antiretroviral regimen. LPV/r
was chosen as the study drug because it is widely used to treat both antiretroviral naive and
treatment-experienced HIV patients.

Population and Treatment

This was a two-step, prospective, non-randomized, multicenter intensive pharmacokinetic
study whose primary objective was to compare the area under the plasma concentration time
curve (AUC) of LPV (both the soft gel capsule and the melt extrusion tablet) between HIV-
infected females and males. Pre-planned secondary objectives included an assessment of use
of tenofovir disoproxil fumarate [TDF] and LPV and RTV pharmacokinetic characteristics.
Eligible study participants included females and males age 18 years and over receiving the
soft gel capsule (SGC) formulation of LPV/ r (400/100mg twice daily) in combination with
1 or more nucleoside/tide antiretroviral agents for treatment of HIV infection for > 2 weeks
prior to screening. Major exclusion criteria were pregnancy, concomitant use of a second
active protease inhibitor, a non-nucleoside reverse transcriptase inhibitor or concomitant use
of medications known to interact with LPV or RTV. Enrollment of subjects was balanced
with respect to sex and race/ethnicity. Race/ethnicity was categorized as White Non-
Hispanic, Black Non-Hispanic, Hispanic and Other (Asian/Pacific Islander). Laboratory
inclusion criteria included a hemoglobin level > 9.4g/dl, serum creatinine < 1.5mg/dl and
ALT/AST < 1.5 times upper limit of normal (ULN). In addition, alkaline phosphatase, total
bilirubin, albumin and prothrombin time was required to be less than 1.5 times ULN within
30 days prior to study entry.

During the course of this study, a new formulation of LPV/r, the melt extrusion tablet (LPV,
400 mg; RTV, 100 mg), was approved for use by the FDA, and the manufacturer (Abbott
Laboratories, Chicago, IL) announced plans to phase out availability of the SGC. Following
completion of enrollment and all pharmacokinetic evaluations of the SGC, the protocol was
amended to compare the pharmacokinetic parameters of the new tablet formulation of LPV/r
with the SGC. At the time of introduction of the tablet LPV/r formulation the only
comparative pharmacokinetic data between the two formulations were in healthy volunteers.
All participants from step one were offered enrollment into step 2. Additional subjects were
recruited to step 2 using identical eligibility criteria for step 1 with the addition of the
requirement to be receiving the melt extrusion tablet formulation of LPV/r. All study
evaluations of the pharmacokinetics of the LPV/r tablet were conducted exactly the same as
for the SGC.

Pharmacokinetic Evaluations

Blood samples were obtained pre-dose and 1, 2, 3, 4, 5, 6, 8, 10 and 12 hours post dose
following an observed morning dose of LPV/r, and a standardized breakfast on the day of
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the pharmacokinetic evaluations. All subjects were required to keep an LPV/r medication
diary in the 48 hours immediately prior to the corresponding pharmacokinetic study day, and
100% compliance during this period was required to proceed with the pharmacokinetic
evaluations. LPV and RTV concentrations were quantified by validated high-pressure liquid
chromatography (HPLC). The assay was linear in the range of 20ng/mL to 20,000ng/mL
with a lower limit of quantification (LLOQ) of 20ng/mL using 0.200mL of human plasma.
Inter- and intraday accuracy and precision were within £20% at the LLOQ and +15% at all
other concentrations. Steady-state AUC over the 12-hour (AUCq_12p) dosing interval was
determined by non-compartmental methods employing the log-linear trapezoidal rule
(WinNonLin v 5.0.1, Pharsight Corporation, Mountain View, CA).8 The steady-state
maximum plasma concentration (Cpax), the minimum plasma concentration (Cp,in) and 12-
hour post dose concentration (Cq2p,) were obtained directly from the data. Apparent oral
clearance (CL/F) was obtained from the formula: dose/AUC_1,, and was adjusted for body
weight (CL,/F).

Statistical Analyses

RESULTS

Sex differences in LPV and RTV pharmacokinetic parameters were compared using the
Wilcoxon rank-sum test while the differences among the racial groups was evaluated using
the Kruskal-Wallis test. The effects of TDF on the PK parameters were evaluated by
comparing subjects on TDF and subjects not on TDF using the Wilcoxon rank-sum test. The
planned sample size was 78 (39 males and 39 females), which had 80% power to detect a
30% difference in LPV AUC between females and males. This difference was chosen to
represent a potentially clinically significant difference. All conclusions of statistical tests
were made on 2-tailed tests at a 0.05 level of significance.

We also performed a relative bioavailability study on the two LPV/r formulations at steady
state. Comparative bioavailability of the tablet formulation relative to the soft-gel
formulation was assessed in PK parameters AUCg_12, Cnax, and Cqop, Using 90% confidence
intervals (ClI). Analyses of the LPV and RTV pharmacokinetic parameters were performed
after logarithmic transformation. The corresponding 90% Cls for the geometric mean ratios
were then obtained by back transformation. The decision rule of bioequivalence was based
on the 80-125% rule proposed by the Food and Drug Administration (FDA; US Food and
Drug Administration: Bioavailability and bioequivalence studies for orally administered
drug products — general considerations, FDA biopharmaceutics guidance, March 2003
Available at:
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/
Guidances/UCMO070246.pdf. Therefore, bioequivalence was declared if the 90% Cls for the
geometric mean ratios of the pharmacokinetic parameters for the tablet formulation relative
to the soft-gel formulation were contained within the range of 0.80 and 1.25.

Step 1 began accrual in October 2005 and closed to enrollment in March 2006. Twenty-nine
sites from 26 domestic AIDS Clinical Trials Units participated in the study providing
geographic diversity in enroliment from within the United States. Step 2 began accrual in
October 2006 and completed follow-up in July 2007.

Step 1 enrolled a total of 79 subjects (39 females and 40 males). Pharmacokinetic
evaluations from 77 patients (37 females and 40 males) were included in the analysis. Two
females were excluded because of incorrect timing of a pharmacokinetic blood sample and a
missed scheduled pharmacokinetic blood sample, respectively. Two additional subjects (1
female and 1 male) were initially ineligible because of incorrect timing of a pharmacokinetic
sample and violation of the standardized breakfast requirement, respectively. However,
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these subjects later underwent a repeat pharmacokinetic session and those results were
included in the analysis. Step 2 enrolled 79 subjects, 40 females and 39 males. Two subjects
(1 female and 1 male) did not provide PK samples and were excluded from the analyses. Of
the 77 subjects included in the Step 2 analyses, 22 females and 20 males were enrolled in
both Step 1 and Step 2. Demographic and clinical characteristics are shown in Table 1. The
median age was 42 years in step 1 and 46 years in step 2, with a higher proportion of older
women than men only in step 1. The median BMI in Black and Hispanic females was higher
than their male counterparts and the rest of the study population. Female and male groups
were balanced with respect to race/ethnicity.

Median trajectory plots showed that LPV concentrations with the SGC and the tablet were
slightly higher in females compared to males at all time points (Figure 1a). However, there
was no statistically significant difference in LPV AUCq_12n between females and males with
either formulation (Table 2). Further, there were no significant between sex group
differences in the other LPV pharmacokinetic parameters with either formulation.

Median trajectory plots showed that RTV concentrations were higher in females compared
to males at all time points with both formulations (Figure 1b). In contrast to the results with
LPV, females had statistically significant higher median RTV AUCq_1» (SGC: 5395 vs.
4119 ng*hr/ml, p=0.026; tablet 5310 vs 3941 ng*hr/ml p=0.012). Additionally, females had
a significantly higher median Cpax and lower median CL/F. After adjustment for body
weight, the between sex-group difference in CL/F was only marginally significant (SCG:
p=0.057; tablet: p=0.094). In a secondary analysis we evaluated, for each sex, whether the
LPV AUCq_12, Was dependent on RTV AUC_12h after adjusting for potential sex
differences. The correlation of LPV AUCq_1o, With RTV AUC_1op, Was statistically
significant for both males and females (Spearman’s p = 0.89 (tablet) and 0.87 (SGC),
p<0.001 for males and p = 0.87 (tablet) and 0.61 (SGC), p<0.001 for females). These results
suggest that females and males with higher RTV AUCs are expected to have a higher LPV
AUC. However, in the overall study population with either formulation, despite the higher
RTV AUC_12p observed among women, the sex difference in LPV AUC did not reach
statistical significance.

There were no apparent differences in LPV and RTV pharmacokinetic parameters among
the different racial groups (female and males combined) with either drug formulation.
Further, a 2-way ANOVA did not show any interaction effects in the LPV and RTV PK
parameters between race and sex with the SGC; however, for the tablet formulation, LPV
Tmax Was significantly later in white non-Hispanic females (p=0.019) and Hispanic females
(p=0.033) compared to their male counterparts, whereas RTV Tax Was significantly later in
White non-Hispanic females (p=0.018) compared to White non-Hispanic males (p=0.018).

We examined the effect of TDF on LPV and RTV pharmacokinetic parameters for both
formulations. Median LPV (RTV) AUCg_12h, C12 and Cmin of the tablet formulation in
subjects who were on TDF (n=53) were 0% (13%), 3% (24%), and 4% (16%) lower,
respectively, compared to those who were not on TDF (n=23), but these reductions were not
statistically significant. Similar trend of changes were shown for the SGC formulation.
Within the subgroup of participants who were on TDF and the tablet formulation, median
RTV pharmacokinetic parameters AUCg_12 and Cax Were significantly higher in females
(23%, p=0.021 and 33%, p=0.007, respectively) while median RTV CL/F was significantly
lower in females (19%, p=0.021). After adjustment for weight, RTV CL/F was not
significantly different between females and males.

A total of 42 subjects (22 females and 20 males) had evaluable AUCq_12h, Cmax, and Cq2
parameters for both step 1 and step 2. Table 3 presents relative bioavailability (as geometric
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mean ratios) and 90% Cls for the within subject changes in LPV and RTV AUCq_12h, Cmax:
and Cq, for females and males combined and separately. In the analyses with all subjects
combined, the 90% Cls for all the LPV PK parameters were well within the FDA
bioequivalence acceptance range and the two formulations were considered to be
bioequivalent in LPV pharmacokinetics. However, when men and women were considered
separately, the upper bound of the 90% CI for the LPV Cy5 slightly exceeded 1.25 for both
women (1.285) and men (1.282). The two formulations in the RTV AUCq_12n and Cypax
were considered to be bioequivalent when both males and females were combined.
However, the 90% Cls for RTV C, did not fall within the bioequivalence acceptance range.
When men and women were examined separately, only the 90% CI for RTV C;, was not
within the bioequivalence acceptance range in men. In women, however, none of the RTV
pharmacokinetic parameters of interest (ie., AUCg_12n, Cmax and Cy») had their 90% Cls
within the bioequivalence acceptance range with lower bounds of 0.755, 0.717 and 0.649,
respectively. When sex was considered as a covariate in the bioequivalence evaluations the
results were largely consistent, although in this analysis the 90% CI for C4, of either LPV or
RTV was not within the bioequivalence acceptance range.

DISCUSSION

We found no statistically or clinically significant difference in the pharmacokinetics of LPV
between females and males with either the SGC or tablet formulation of LPV/r. However,
we did identify a statistically significant difference in the pharmacokinetics of RTV between
females and males with both the SCG and tablet formulations. The median RTV AUCq_121
was 31% higher in females compared with males on the SCG formulation and 35% higher
with the tablet. These increased concentrations in females arose from a lower median RTV
CL/F in females compared with males, which was 24% lower for the SGC and 26% lower
for the tablet. There was a statistically significant correlation between the AUCq_1» values of
RTV and LPV for both females and males.

There was no statistically significant relationship between race and pharmacokinetics of
LPV or RTV. Our results are consistent with the findings of prior investigations examining
race and LPV pharmacokinetics.? An analysis of single dose pharmacokinetic studies in
healthy volunteers (n=194) showed a marginally significantly lower LPV AUC (—14%,
p=0.053) and Cmax (—14%, p=0.02) among Blacks (n=20) without adjustment for weight or
sex.12 More recently, a large therapeutic drug monitoring study of LPV found no effect of
race on LPV trough concentrations after controlling for weight.1% We observed a non-
significant trend towards decreased LPV AUCq_12p in patients treated with TDF. Our study
was not designed a priori with statistical power to detect the effect of use of TDF on LPV
AUC. The data from previous studies regarding the effect of TDF co-administration on LPV
AUC are conflicting. While two small studies1~12 concluded that co-administration resulted
in a decreased LPV AUC, a third study showed no effect.13 The data from prospective
clinical trials indicate that combination therapy with LPV/r and TDF is associated with
sustained virologic suppression over 48-96 weeks of treatment.14

To our knowledge, this is the first prospective pharmacokinetic study of LPV/r specifically
designed and powered to detect sex differences. Much of the early literature on sex
differences in antiretroviral pharmacokinetics arose from retrospective reviews of
therapeutic drug monitoring databases, studies conducted in HIV-uninfected individuals,
studies based on random drug concentrations, or not designed to have adequate statistical
power to detect sex differences. Collectively, the results from our study suggest that there
are not likely to be clinically significant differences in LPV pharmacokinetics between
females and males. Prior retrospective studies of LPV have reported conflicting results.
Whereas one large study did not find any effect of sex on pharmacokinetic parameters,®
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another showed that plasma LPV concentration-ratios were significantly higher in females
compared to males, and this difference was explained by lower weight in females.® It is
possible that the higher average weight observed among the women in our study [median
body weight 77.6 kg (range 50.6 to 134 kg)] precluded us from identifying a relationship
between lower weight and female sex and LPV pharmacokinetics. Our findings of no sex
difference in LPV pharmacokinetics are consistent with two large population
pharmacokinetic studies with a combined total of 1181 in HIV-infected persons, 27%
female, receiving the tablet LPV/r formulation that also found no sex difference.15-16 Sex
differences in pharmacokinetics have been reported for the protease inhibitors saquinavir’
and indinavirb. Our results also demonstrate a sex difference for RTV, with females having a
31% higher AUC_1on with the SGC formulation and a 35% higher AUCq_1,h With the
tablet. These results are consistent with those from a recently reported small
pharmacokinetic sub-study within the Gender Race and Antiretroviral Experience (GRACE)
trial, which reported a 20% higher AUC for darunavir and a 70% higher AUC for RTV
among women compared to men.1’

The mechanism of the lower RTV CL/F in females is unknown. There are reports of sex
differences in drug metabolizing enzymes, drug transporters and factors affecting drug
distribution.18-20 A study of midazolam as a selective probe for intestinal CYP3A activity
demonstrated a faster systemic and oral clearance in women than in men.2! In contrast, the
apparent oral clearance of verapamil, a mixed CYP3A and P-glycoprotein substrate (like
LPV/r), was found to be slower in women than in men.22-23 These findings might indicate
that the basis for the sex difference in RTV concentrations arises as a consequence of P-
glycoprotein expression or function. It is also of interest that higher RTV concentrations
among women taking the tablet formulation occurred among the subset of subjects who
were also taking TDF. A drug-drug interaction between TDF and the protease inhibitor
atazanavir has been described, but in this interaction TDF lowers the plasma concentrations
of atazanavir whether it is given with RTV or not. These data suggest that TDF has the
ability to interact with protease inhibitors, but the mechanism(s) of these interactions is/are
unknown.

Our study design allowed us the opportunity to examine the bioequivalence of the soft gel
capsule and tablet formulations of LPV and RTV in the group as a whole and by sex,
however we acknowledge that the study was not originally designed as a bioequivalence
study. We found the SGC and tablet formulations met the FDA definition of bioequivalence
for the pharmacokinetic characteristics of LPV. Bioequivalence was also shown for RTV
AUC(_124 and Cpnax; however the lower bound of the 90% confidence interval for RTV Cy,
was 0.69, lower than the 0.80 threshold. The only other assessment of the bioequivalence of
the SGC and tablet formulations of LPV and RTV has been performed in healthy
volunteers.24 That study demonstrated the SGC and tablet formulations were bioequivalent
for LPV and RTV AUC. The Cya« for both LPV and RTV did not meet bioequivalence with
the point estimates of 1.24 and 1.35 for LPV and RTV, respectively, and upper bounds of
the 90% confidence intervals greater than 1.25. While the formulations were bioequivalent
for LPV and RTV, the point estimates for AUC, were 1.18 and 1.19, respectively, indicating
consistently higher mean LPV and RTV concentrations occurred with the tablet formulation.
It has been suggested this may be the result of a higher bioavailability of the tablet
formulation although it may also be a consequence of the single dose design of the healthy
volunteer study. In the present study in HIV-infected persons, a pattern of consistently
higher mean LPV and RTV concentrations with the tablet formulation was not observed.
Possible explanations include differences in the standardized meals used between the two
studies, the absence of a food effect for the tablet formulation or subtle differences in
pharmacokinetics between healthy volunteers and HIV-infected persons.
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Our study had some important limitations. First, we selected a patient population who were
already stable on LPV/r. This limited our ability to observe a relationship between drug
concentrations and side effects as subjects who developed toxicity early who may have
discontinued the drug. A more appropriate way to evaluate the toxicity relationship would
be to conduct the study in treatment naive patients initiating therapy. Our study was also not
powered to examine bioequivalence by sex. Our pharmacokinetic study was conducted
under rigorous conditions. Patients receiving concomitant medications that might be used in
clinical practice, and which were known to affect the pharmacokinetics of LPV or RTV,
were excluded. This setting afforded us the best chance to isolate the effects of sex on
pharmacokinetics, but may limit the generalizability of the results.

In conclusion, we found no statistically significant differences in the pharmacokinetics of
LPV between males and females. We did find the median RTV AUCq_12 was higher in
females compared with males with both formulations (31% higher with SGC and 35%
higher with tablet) and that this higher AUCq_12p, did not arise simply because of a body
weight difference in females vs. males as the weight adjusted oral clearance of RTV was
slower in females than males. The higher median RTV concentrations in women on the
tablet formulation were most evident in the subset receiving TDF. The potential impact of
these differences in clinical practice are not fully understood as the higher RTV AUCq_12h
in this study did not impact overall LPV exposure. However, the sex differences in RTV
concentrations might have a significant influence in settings where RTV is used to boost
other protease inhibitors or in the magnitude and perhaps clinical significance of RTV drug-
drug interactions. These issues warrant careful evaluation, as do studies to elucidate the
mechanism of the lower RTV oral clearance in HIV-infected females.
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Median Trajectory Plots of LPV and RTV concentrations over 12 hours.
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