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Depot Medroxyprogesterone Acetate in Combination with a Twice-
Daily Lopinavir-Ritonavir-Based Regimen in HIV-Infected Women
Showed Effective Contraception and a Lack of Clinically Significant
Interactions, with Good Safety and Tolerability: Results of the ACTG
5283 Study

Amneris E. Luque,a Susan E. Cohn,b Jeong-Gun Park,c Yoninah Cramer,c Adriana Weinberg,d Elizabeth Livingston,e

Karin L. Klingman,f Francesca Aweeka,g D. Heather Wattsh

University of Rochester School of Medicine and Dentistry, Rochester, New York, USAa; Northwestern University Feinberg School of Medicine, Chicago, Illinois, USAb;
Statistical and Data Analysis Center, Harvard School of Public Health, Boston, Massachusetts, USAc; University of Colorado Denver, Aurora, Colorado, USAd; Duke University
Medical Center, Durham, North Carolina, USAe; Division of AIDS, National Institutes of Health, Bethesda, Maryland, USAf; University of California, San Francisco, California,
USAg; Office of the Global AIDS Coordinator, U.S. Department of State, Washington, DC, USAh

We conducted an open-label, steady-state pharmacokinetic (PK) study of drug-drug interactions between depot medroxyproges-
terone acetate (DMPA) and twice-daily lopinavir (LPV) plus low-dose ritonavir (RTV) (LPV/r) among 24 HIV-infected women
and compared the results to those for HIV-infected women receiving DMPA while on no antiretroviral therapy or on nucleosides
only (n � 14 subjects from the control arm of AIDS Clinical Trials Group [ACTG] study 5093). The objectives of the study were
to address the effect of LPV/r on DMPA and to address the effect of DMPA on LPV/r therapy. PK parameters were estimated us-
ing noncompartmental analysis with between-group comparisons of medroxyprogesterone acetate (MPA) PKs and within-sub-
ject comparisons of LPV and RTV PKs before and 4 weeks after DMPA dosing. Plasma progesterone concentrations were mea-
sured every 2 weeks after DMPA dosing through week 12. Although the MPA area under the concentration-time curve and
maximum concentration of drug in plasma were statistically significantly increased in the study women on LPV/r compared to
those in the historical controls, these increases were not considered clinically significant. There were no changes in LPV or RTV
exposure after DMPA. DMPA was well tolerated, and suppression of ovulation was maintained. (This study has been registered
at ClinicalTrials.gov under registration no. NCT01296152.)

Human immunodeficiency virus (HIV) has profoundly af-
fected the health of women worldwide, and now women rep-

resent over half (52%) of those living with HIV (1). Experience
with combination antiretroviral therapy (cART) in HIV/AIDS
gained over the past 30 years has led to the recognition of drug-
drug interactions potentially associated with reduced or increased
exposures to antiretroviral drugs resulting in either decreased ef-
ficacy or increased drug toxicity. This is especially true for medi-
cations known to be substrates and/or inducers or inhibitors of
the hepatic cytochrome P450 (CYP) system (2, 3).

Globally, one of the most commonly used long-acting hor-
monal contraceptives is depot medroxyprogesterone acetate
(DMPA), which is administered as an intramuscular injection of
150 mg every 3 months and which is used at a high rate in sub-
Saharan Africa and Southeast Asia (4). Little is known about the
use of DMPA in the setting of ritonavir (RTV)-enhanced protease
inhibitors (PIs), commonly used in cART regimens. RTV is the
most commonly used pharmacoenhancer and is known to be a
potent inhibitor of CYP3A4, leading to elevated concentration of
PIs and potentially other CYP3A4 substrates. Since both me-
droxyprogesterone acetate (MPA), the active metabolite of
DMPA, and lopinavir (LPV), a PI, are metabolized through the
CYP system, there may be significant drug-drug interactions and
an increased risk of toxicities (3, 5). This may especially be a con-
cern in women, since CYP3A4 activity differs by gender, with
some reports suggesting that women have 40% greater CYP3A4
activity than men (6).

Developing countries have both a high prevalence of women
with HIV and a high prevalence of DMPA use for contraception.
The increasing use of cART, including LPV plus low-dose RTV
(LPV/r), in developing country settings, underscores the impor-
tance of investigating the safety, efficacy, and potential drug-drug
interactions between antiretroviral medications and DMPA. The
objectives of this study were to assess the effect of twice-daily
(b.i.d.) LPV/r on DMPA and the potential effect of DMPA on
LPV/r as well as the safety and tolerance of this combination
among HIV-infected women with HIV suppression.

(This work was presented in part at the 21st Conference on
Retrovirus and Opportunistic Infections [CROI], 3 to 6 March
2014, Boston, MA.)
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MATERIALS AND METHODS
Study design. This study (ClinicalTrials.gov registration no. NCT01296152) was
a 12-week, multicenter, open-label, nonrandomized, single-arm study of
steady-state pharmacokinetic (PK) interactions between coformulated
LPV/r (400/100 mg b.i.d.) in combination with 2 or more acceptable
nucleoside reverse transcriptase inhibitors (NRTIs) and DMPA adminis-
tered as an intramuscular injection in HIV-infected women. To evaluate
the effect of LPV/r on the PKs of DMPA, we compared women on an
LPV/r-based effective antiretroviral regimen with historical controls:
HIV-infected women on no ART or only on nucleosides/nucleotides from
a previous AIDS Clinical Trials Group (ACTG) study (ACTG study 5093
[A5093]). To evaluate the effect of DMPA on the PKs of LPV and RTV,
subjects served as their own controls.

We chose to examine the use of LPV/r in women using DMPA for
several reasons. First, LPV/r is one of the preferred PIs recommended for
use during pregnancy and for prevention of mother-to-child transmission
of HIV (7, 8) and is often continued postpartum. Additionally, LPV/r is
frequently included in second-line antiretroviral (ARV) regimens for
nonpregnant women in combination with nucleosides and/or integrase
inhibitors (9). The twice-daily dosing schedule for LPV/r was chosen to
provide a greater opportunity to uncover any drug-drug interactions.

Study population. Subjects were nonpregnant, premenopausal, HIV
type 1 (HIV-1)-infected women �13 years old who had been on a stable
combination ARV regimen containing coformulated LPV at 400 mg plus
ritonavir at 100 mg twice daily for at least the previous 14 days if they were
not postpartum and for 30 days if they were postpartum. Furthermore,
the subjects had not received DMPA within 180 days before study entry or
any other hormonal therapies within 30 days of study entry. All subjects
had plasma HIV-1 RNA levels of �400 copies/ml within 30 days of study
entry, were required to continue the LPV/r twice-daily-based regimen
without modifications for the 12 weeks of the study, and could not have
initiated, stopped, or changed doses of medications that were CYP3A4
substrates within 30 days before study entry. Subjects were required to use
a second, nonhormonal method of contraception (barrier method, non-
hormonal intrauterine device, or sterilization) during the study. Women
were excluded if they were breast-feeding, had had a bilateral oophorec-
tomy, had a history of hypersensitivity to DMPA, or had any known con-
traindication for DMPA administration.

We used as historical controls HIV-infected women who participated
in a previous ACTG study (A5093) and were in the A5093 control arm
(they received no ARV medications or regimens with nucleoside reverse
transcriptase inhibitors only). The sample size in each arm was calculated
to detect a difference in the MPA area under the concentration-time curve
(AUC) between arms of 40% or greater, assuming the use of the t test for
two independent samples to compare log-transformed AUCs, fixing type
I and type II error rates at 0.05 and 0.10, respectively, and assuming a
between-subject coefficient of variation (CV) for the MPA AUC of 40%.
Under these assumptions, a difference in the MPA AUC of 40% or greater
would be detected with a sample size of 12 subjects per arm. To provide
protection against potential adherence and/or assay problems, a buffer of
two additional subjects per arm was added for this small exploratory
study. Thus, the control arm had a sample size of 14 subjects from A5093.

ACTG 5283 (the study reported here) was powered to evaluate both
the effect of LPV/r on the MPA AUC and the effect of DMPA on the LPV
AUC. The study required 20 evaluable subjects to provide at least an 80%
power to detect a 40% difference in the MPA AUC between subjects re-
ceiving LPV/r and subjects not receiving LPV/r (n � 14 in the control
group) and a 30% difference in the LPV AUC between before and after
DMPA administration, using the nonparametric Wilcoxon test with a
type I error of 0.05. The sample size of 20 evaluable subjects was calculated
by considering a 95% relative efficiency in case of violation of the under-
lying distributional assumption of normality compared to that obtained
by the t test. To provide protection against potential adherence and/or
assay problems, three additional subjects were enrolled.

Study procedures. Blood samples for MPA and progesterone concen-
tration determinations were obtained before the DMPA injection (day 0)
and at weeks 2, 4, 6, 8, 10, and 12 after DMPA administration. Ovulation
was assumed to have occurred if progesterone concentrations were �5
ng/ml on week 2 or later. MPA concentrations of �0.1 ng/ml were as-
sumed to suppress ovulation (10). Lopinavir and ritonavir concentrations
were measured at both week 0 (day 0, before DMPA injection) and week 4
(after DMPA injection); intensive sampling for determination of lopina-
vir and ritonavir concentrations was performed, with blood collected at
time zero (predosing) and 0.5, 1, 2, 3, 4, 5, 6, 8, and 10 h postdosing.

Subjects received a single 150-mg DMPA injection (Pfizer) in the glu-
teal region after confirmation of a negative pregnancy test and after the
single blood sample was drawn at study entry. Follow-up study visits
occurred at 2, 4, 6, 8, 10, and 12 weeks after DMPA administration.

Subjects completed a self-report questionnaire at the baseline to assess
potential factors affecting adherence, including drug and alcohol use.
Subjects who were tobacco smokers agreed not to change their pattern of
tobacco use over the 12-week study. Alcohol was prohibited during the 24
h before and during the 10-h ARV PK studies on day 0 and week 4.
Adherence to ARV medications was assessed at each study visit using a
self-report questionnaire developed by the AIDS Clinical Trials Group
(11). Study participants were asked to abstain from the consumption of
any grapefruit product or supplement for the duration of the study. This
protocol was approved by the institutional review boards at each partici-
pating AIDS Clinical Trials Group and International Maternal, Pediatric,
Adolescent AIDS Clinical Trials (IMPAACT) site; each patient provided
written informed consent prior to enrollment.

New symptoms, signs, or laboratory abnormalities were graded
using the standardized Division of AIDS (DAIDS) Table for Grading
Severity of Adult Adverse Experiences (http://rsc.tech-res.com/Docu
ment/safetyandpharmacovigilance/Table_for_Grading_Severity_of
_Adult_Pediatric_Adverse_Events.pdf, clarification 2009). Signs and
symptoms were graded as mild, moderate, severe, or life threatening,
with mild symptoms usually requiring no therapy, moderate symp-

TABLE 1 Baseline characteristics of study group and historical controls

Characteristic Study groupa Historical controlsb

Median (range) age (yr) at baseline 32 (15–47) 33 (22–46)
Median (range) body wt (kg) at

baseline
68.0 (43.5–110.0) 67.9 (51.8–107.5)

Median (range) BMI (kg/m2) at
baseline

28.2 (17.7–40.4) 23.3 (18.1–34.4)

No. (%) of subjects with the
following race/ethnicity:

White 3 (13) 1 (7)
Black 14 (58) 11 (79)
Hispanic 6 (25) 2 (14)
Native American 1 (4) 0

Median (range) CD4� cell count
(no. of cells/�l)

622 (326–1,367) 704 (328–1,255)

No. (%) of subjects with the
following HIV-1 RNA level
(no. of copies/ml):

�400 24 (100) 6 (46)
400–10,000 0 (0) 5 (39)
�10,000 0 (0) 2 (15)

a Subjects from this study (ACTG study 5283). The subjects received LPV/r b.i.d. plus
two NRTIs (n � 24).
b Historical controls from A5093. The controls received no ARV therapy or NRTIs only
(n � 14). For the historical controls, BMI was based on data for 12 subjects (2 subjects
did not have height documented) and the baseline viral load was based on data for 13
subjects.

Pharmacokinetics and Safety of DMPA and LPV/r
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toms requiring no therapy or only outpatient treatment, and severe
symptoms requiring medical intervention and possible treatment in
the hospital. All signs and symptoms of any grade, laboratory abnor-
malities thought to be related to the study medication (DMPA), and
any signs or symptoms of grade 2 or higher were recorded for the other
medications. All adverse events reported were reviewed by the team on
monthly calls and assigned causality as definitely, probably, possibly,
unlikely, or not related to the primary study treatment (DMPA).

PK and statistical data analyses. There were two primary objectives.
One was to evaluate the effect of LPV/r on the PK parameter the AUC of
MPA. This objective was evaluated by comparing the MPA PK parameter
obtained from the study subjects (to whom DMPA was administered with
LPV/r) with the MPA PK parameter obtained from the historical controls
(A5093 historical controls [to whom DMPA was administered without
LPV/r]) using the nonparametric Wilcoxon rank sum test. The other pri-
mary objective was to evaluate the effect of DMPA on the PK parameter
the AUC of LPV. This objective was evaluated by testing intrasubject
changes in the LPV PK parameter from study day 0 (before DMPA was
administered) to study week 4 (4 weeks after DMPA was administered)
using the nonparametric Wilcoxon signed-rank test. Other PK parame-
ters of MPA and LPV evaluated were the minimum concentration (Cmin),
maximum concentration (Cmax), time to Cmax (Tmax), apparent clearance
(CL/F), and half-life (t1/2). All the PK parameters were estimated using
standard noncompartmental methods. The relationships of MPA PK pa-
rameters with each subject’s baseline characteristics were examined using
the nonparametric Spearman’s correlation coefficient. All statistical anal-
yses were performed using SAS, version 9.2 (SAS Institute Inc., Cary, NC,
USA).

Drug concentration assays. LPV and RTV concentrations were ana-
lyzed using high-pressure liquid chromatography at the ACTG Pharma-
cology Support Laboratory as previously described (12). The lower limit
of quantification (LLQ) and upper limit of quantification (ULQ) for LPV
were 50 and 8,000 ng/ml, respectively. The LLQ and ULQ for RTV were 50
and 4,000 ng/ml, respectively. Drug concentrations below the LLQ were
assigned a value of half the LLQ. By design, samples were not drawn for
LPV and RTV concentration determination at 12 h postdosing. Instead,
the predosing LPV and RTV concentrations were imputed for the 12-h
time points, relying on the theory of no difference in the concentration
between times of 0 and 12 h for steady-state twice-daily dosing. During the
course of LPV analysis, 32 sets of quality controls at four concentrations
(150, 1,500, 3,000, and 7,000 ng/ml) were analyzed along with the clinical
samples. The mean accuracy and precision (mean percentage of the nom-
inal value � CV) were 92.9% � 4.8%, 101.8% � 4.9%, 98.7% � 4.4%,
and 96.8% � 5.2%, respectively. During RTV analysis, 40 sets of quality
controls at three concentrations (150, 750, and 3,500 ng/ml) were ana-
lyzed. The mean accuracy and precision were 97.1% � 5.4%, 100.2% �
5.9%, and 97.9% � 6.3%, respectively.

MPA concentrations for both the subjects in this study and the histor-
ical controls were measured at the Pharmaceutical Product Development
(PPD) Laboratory using high-pressure liquid chromatography–mass
spectroscopy with an LLQ of 0.02 ng/ml and a ULQ of 5 ng/ml. The mean
interassay precision (CV) for MPA was 6%, and the mean bias was
�1.8325%. After week 0, MPA concentrations that were below the LLQ
were replaced by concentrations that were half the LLQ. Progesterone
concentrations were determined by an enzyme multiplied immunoassay
technique (EMIT) at a central ACTG processing laboratory. Concentra-
tions of �5 ng/ml were considered presumptive for ovulation.

Virologic and immunologic markers. We assessed HIV RNA levels
and CD4� cell counts to evaluate the impact of the combination of LPV/r
and DMPA on these standard markers of virologic and immunologic
responses to therapy. HIV RNA plasma levels were determined in labora-
tories certified by the DAIDS Virology Quality Assurance Program (13)
using the Roche AmpliPrep/Cobas TaqMan HIV-1 monitor assay (Roche
Molecular Systems, Pleasanton, CA) and the Abbott RealTime HIV-1
assay. CD4� cell counts were determined using standard flow cytometric
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methods in laboratories certified by the DAIDS Quality Assurance Pro-
gram (14). Samples for HIV RNA quantification were obtained at screen-
ing, the baseline (day 0), and 2, 4, 8, and 12 weeks after DMPA adminis-
tration.

CD4� cell counts were obtained at scheduled visits at weeks 0, 4, and
12. The nonparametric Wilcoxon signed-rank test was used to evaluate
the changes between the counts at the baseline and those at weeks 4 and
12. DMPA PK data from 14 HIV-infected women that participated in
A5093 and that were receiving no ARV medications or taking an NRTI
only were used as historical controls for this study, and their HIV RNA
levels and CD4� cell counts, collected using a study design identical to
that used in the present study, were included.

RESULTS
Demographic characteristics. Twenty-five eligible women were
enrolled between June 2011 and October 2012 at 13 domestic sites
overall, which included 5 AIDS Clinical Trial Group clinical re-
search sites (CRSs) and 8 National Institute of Child Health and
Human Development (NICHD)-funded IMPAACT CRSs. One
participant was not evaluable for PK analysis due to noncompli-
ance, leaving 24 total evaluable women in this study. The median
age was 32 years, and the age range was from 15 to 47 years. Four-
teen participants (58%) were black non-Hispanic, 6 (25%) were
Hispanic (regardless of race), 3 (13%) were white non-Hispanic,
and 1 (4%) was Native American. No participants had a history of
intravenous drug use. The median CD4� cell count at the baseline
(the time of study entry, day 0) was 622 cells/�l (range, 326 to
1,367 cells/�l). The median weight at study entry (day 0) was 68 kg
(range, 43 to 110 kg), and the median body mass index (BMI) was
28.2 kg/m2 (range, 17.7 to 40.4 kg/m2). The baseline characteris-
tics are shown in Table 1.

Fourteen HIV-infected women who participated as controls in
ACTG 5093 and were on DMPA but on no ARV medications or
were on NRTIs only were used as historical controls. Their median
age was 33 years (range, 22 to 46 years). Seventy-nine percent of
the participants were black non-Hispanic, 14% were Hispanic, 7%
were white, and there were no participants who were Native
Americans. The median CD4� cell count was 704 cells/�l (range,
328 to 1,255 cells/�l). At study entry the median weight was 67.9
kg (range, 51.8 to 107.5 kg), and the median BMI was 23.3 kg/m2

(range, 18.1 to 34.4 kg/m2). The characteristics of the historical
controls were similar to those of the study group (ACTG 5283),
except that they had higher HIV loads since they were not on
combination antiretroviral medications (Table 1).

Lopinavir and ritonavir pharmacokinetics. The PK parame-
ters for lopinavir and ritonavir estimated before and 4 weeks after
DMPA was administered are presented in Tables 2 and 3, respec-
tively. LPV and RTV exposures according to the AUC and other
PK parameters were not altered by DMPA.

Pharmacodynamics of LPV/r. The median baseline CD4� cell
count for the participants on LPV/r-based antiretroviral therapy
was 622 cells/mm3, and the median CD4� percentage at the base-
line was 35. In the historical controls (women not taking antiret-
roviral therapy or on NRTIs only with CD4� cell counts of �350
cells/mm3 at entry), the median CD4� cell count was 704 cells/
mm3, and the median CD4� percentage at the baseline was 38.
Women on LPV/r and women not taking ARV or NRTIs only
(historical controls) had no significant changes in the median
CD4� cell count or CD4� percentage at weeks 4 and 12 compared
to the baseline values. Specifically, the median absolute CD4� cell
counts and percentages in women on LPV/r were 622 and 35% at T
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the baseline, 717 and 37% at week 4, and 640 and 35% at week 12.
Among the historical controls, the median absolute CD4� cell
counts and percentages were 704 and 38% at the baseline, 678 and
33% at week 4, and 665 and 37% at week 12.

All participants taking LPV/r had HIV-1 RNA levels below 400
copies/ml at the baseline and biweekly through week 8. By week
12, however, 3 participants (13%) had slight elevations in their
HIV RNA levels, with values of 558, 566, and 5,101 copies/ml,
respectively. The two subjects with 558 and 566 copies/ml re-
ported on the ACTG self-report questionnaire that they had
missed doses of antiretroviral medications. However, the third
subject, whose HIV-1 RNA level rose to 5,101 copies/ml, appeared
to be 100% adherent. Queries to the site could not identify a rea-
son for the sudden rise in the HIV-1 RNA level for this subject.
However, for this subject, the week 4 LPV AUC over the dosing
period of 12 h (AUC0 –12 h), Cmax, and Cmin were 100,375 ng · h/ml,
14,400 ng/ml, and 5,980 ng/ml, respectively, which were higher
than the medians for the population. No LPV values for this sub-
ject were available at week 12.

DMPA pharmacokinetics. The median (interquartile range
[IQR]) MPA concentration-time curve over the 12 weeks for
women on LPV/r versus those not on LPV/r (historical controls
from A5093) is presented in Fig. 1. The median MPA concentra-
tion was the highest at 2 weeks postdosing, and the median MPA
concentration at 2 weeks was 78% higher when DMPA was ad-
ministered with LPV/r (2.54 ng/ml [IQR, 1.77 to 3.36 ng/ml])
than when it was administered without LPV/r (1.43 ng/ml [IQR,
1.02 to 1.75 ng/ml]). The median MPA concentration at week 12
postdosing was similar between the study group (0.484 ng/ml
[IQR, 0.347 to 0.815 ng/ml]) and the historical controls (0.427
ng/ml [IQR, 0.290 to 0.617 ng/ml]).

The MPA PK parameters AUC over the dosing period of 12
weeks (AUC0 –12 wk), Cmin, Cmax, Tmax, CL/F, and t1/2 for the study

participants as well as for the historical controls are presented in
Table 4. The MPA AUC0 –12 wk and Cmax were significantly higher
(46% and 66% increases in the median, respectively; P � 0.001)
and the MPA CL/F was significantly lower when DMPA was co-
administered with LPV/r than when it was administered without
LPV/r. The MPA Cmin and t1/2 were not significantly different
between the two groups. Linear regression analyses for the study
participants showed that the participants’ baseline body weight
and BMI were significant predictors for MPA PK parameters
AUC

0 –12 wk
, Cmax, and CL/F; however, these baseline characteristics

were not significant predictors of the MPA Cmin or t1/2. For the
historical controls, neither body weight nor BMI was a significant
predictor of MPA PK parameters. The differences in MPA PK
parameters AUC0 –12 wk, Cmax, and CL/F between the historical
controls and the ACTG 5283 participants were also examined in
models that adjusted for baseline body weight and (in a separate
model) BMI and showed differences of similar magnitudes and
levels of statistical significance (data not shown).

Pharmacodynamics of DMPA. No pregnancies occurred dur-
ing the study. The progesterone concentration was followed every
2 weeks throughout the 12-week study and remained below 5
ng/ml both for the women on LPV/r and for the historical con-
trols. For the women on LPV/r (ACTG 5283), the highest proges-
terone concentration was 1.2 ng/ml at week 2, and all subsequent
progesterone concentrations were �0.8 ng/ml after week 2. At 12
weeks after administration of DMPA, MPA concentrations for
two participants were below 0.1 ng/ml; however, the serum pro-
gesterone concentrations for these participants stayed below the
lower limit of quantification (0.5 ng/ml).

Tolerability of DMPA. DMPA was relatively well tolerated by
the participants taking LPV/r. Menstrual irregularities with ab-
normal vaginal bleeding occurred in 6 (25%) of 24 evaluable sub-
jects, with the irregularity for 1 subject being characterized as

FIG 1 Median MPA concentration-time curves over the 12 weeks of study for women on LPV/r versus those not on LPV/r (historical controls from A5093).
Vertical bars represent the first and third quartiles.
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grade 3 due to its duration, because it lasted for 1 month. How-
ever, this subject did not require any specific treatment for the
vaginal bleeding, which resolved spontaneously. All menstrual ir-
regularities were considered possibly related to treatment with
DMPA. There were no cases of anemia among the study patients
or the historical controls during the study, suggesting no clinically
important impact on hematocrit from abnormal vaginal bleeding.

DISCUSSION

Understanding potential drug-drug interactions between antiret-
roviral medications and hormonal contraceptives, such as DMPA,
is of paramount importance to ensure effective antiretroviral ther-
apy while meeting the need for efficient contraception in HIV-
infected women. DMPA interactions with selected ARV medica-
tions, including nelfinavir, efavirenz, and nevirapine, have been
previously studied and demonstrated that DMPA has no signifi-
cant impact on the pharmacokinetic parameters of MPA or those
of these ARV medications (15, 16). However, a knowledge gap
existed regarding the impact of DMPA on the PKs of currently
used PIs which are combined with ritonavir as a pharmacoen-
hancer.

In this steady-state pharmacokinetic study, we found that the
concomitant use of LPV/r and DMPA resulted in a significant
increase in MPA exposure. This increase in MPA exposure is likely
caused by the inhibitory effect of LPV/r on CYP3A4 (17), of which
MPA is considered to be a substrate (18). LPV/r is also known to
inhibit membrane transporters, such as P-glycoprotein (P-gp)
(19); however, the role of P-gp on the disposition of MPA admin-
istered by intramuscular injection is expected to be minimal.

Despite this increase in the MPA AUC, MPA was relatively well
tolerated, and most of the adverse events reported were mild to
moderate events that are known to occur in patients being treated
with DMPA, such as irregular vaginal bleeding.

The persistence of a low progesterone concentration of �5
ng/ml throughout the 12 weeks of the study suggests that the
concurrent use of twice-daily LPV/r and DMPA did not appear
to have resulted in interference with the suppression of ovula-
tion. Similarly, the administration of DMPA and the relatively
high concentration of MPA did not affect the concentration of
either LPV or RTV during the study. On the basis of these
results, the use of LPV/r with DMPA appears to be safe and
effective. The fact that the MPA concentrations at week 12 were
not significantly different between the LPV/r-treated group
and the historical controls suggests that there is no need to alter
the dosing interval of DMPA.

We recognize limitations in our study, including the relatively
short duration of observation, which precludes conclusions re-
garding long-term adverse events with more prolonged use of
these medications from being made; in particular, higher MPA
exposures could theoretically result in a higher incidence of MPA-
related adverse events. This small study was powered to detected
significant differences between the study group on LPV/r and the
historical control group, and we were unable to match the two
populations by BMI or other potentially important variables. It is
also hard to extrapolate our results to other PIs which are used
with lower doses of ritonavir for boosting and, hence, with which
the same increases in the MPA AUC may not be seen.

One subject had an increase in the plasma HIV RNA level at
week 12, despite reported excellent adherence at the time of the
final intensive PK evaluation. Two other subjects also had in-T
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creases in the plasma HIV RNA level at week 12, but they both
acknowledged that they had not been taking their ARV medica-
tions. We would expect that missed doses of LPV/r might lead to
lower LPV concentrations and rising HIV loads, ultimately in-
creasing the risk for developing viral resistance. DMPA does not
appear to influence the concentration of lopinavir or ritonavir
when DMPA is taken concurrently with LPV/r, though missing
LPV/r doses might result in less elevation of MPA exposure. No
clear explanation for the viral load increase in the subject who
reported excellent adherence was found.

This study demonstrates that the concurrent use of LPV/r
and DMPA is safe and effective for HIV-infected women. Vol-
untary use of contraception by HIV-positive women who wish
to prevent pregnancy continues to be an important strategy for
the reduction of mother-to-child HIV transmission. Safe and
effective contraceptive options that do not interfere with the
efficacy of ARV medications are of critical importance for these
women.
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