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Abstract

Objectives: Long-acting reversible contraceptives are effective contraceptives for women with
HIV, but there are limited data on etonogestrel implant and antiretroviral therapy pharmacokinetic
drug-drug interactions. We evaluated etonogestrel/antiretroviral therapy drug-drug interactions,
and the effects of etonogestrel on ritonavir-boosted-atazanavir, ritonavir-boosted-lopinavir, and
efavirenz pharmacokinetics.

Methods: We enrolled postpartum women using etonogestrel implants and receiving ritonavir-
boosted-atazanavir, ritonavir-boosted-lopinavir, or efavirenz-based regimens between 2012

and 2015. Etonogestrel implants were inserted 2 to 12 weeks postpartum. We performed
pharmacokinetic sampling pre-etonogestrel insertion and 6 to 7 weeks post-insertion. We
measured antiretroviral concentrations pre and post-etonogestrel insertion, and compared
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etonogestrel concentrations between antiretroviral regimens. We considered a minimum serum
etonogestrel concentration of 90 pg/ml adequate for ovulation suppression.

Results: We collected pharmacokinetic data for 74 postpartum women, 22 on ritonavir-
boosted-atazanavir, 26 on ritonavir-boosted-lopinavir, and 26 on efavirenz. The median serum
concentrations of etonogestrel when co-administered were highest with etonogestrel/ritonavir-
boosted-atazanavir (604pg/mL) and etonogestrel/ritonavir-boosted-lopinavir (428pg/mL), and
lowest with etonogestrel/efavirenz (125pg/mL); p<0.001. Minimum concentration (Cpn) of
ritonavir-boosted-atazanavir and ritonavir-boosted-lopinavir were lower after etonogestrel implant
insertion, but overall exposure, pre-dose concentrations, clearance, and half-lives were unchanged.
We found no significant change in efavirenz exposure after etonogestrel insertion.

Conclusions: Unlike efavirenz, ritonavir-boosted-atazanavir and ritonavir-boosted-lopinavir
were not associated with significant decreases in etonogestrel concentrations. Efavirenz was
associated with a significant decrease in etonogestrel concentrations.

Implications: The findings demonstrate no interactions between etonogestrel and ritonavir-
boosted-lopinavir or ritonavir-boosted-atazanavir, but confirm the decreased efficacy of
etonogestrel with efavirenz-based antiretrovirals. This information should be used to counsel
women with HIV who desire long-acting reversible contraceptives.

Keywords

HIV; Long-acting reversible contraceptives; Etonogestrel; Efavirenz; Atazanavir; Lopinavir;
Pharmacokinetics

INTRODUCTION:

Human immunodeficiency virus (HIV) infection during pregnancy and postpartum continues
to be a significant public health problem [1, 2]. According to the Joint United Nations
Program on HIV and AIDS, more than half of people with HIV worldwide are women, the
majority of whom are of reproductive age [3]. In 2019, women accounted for 48% of all new
HIV infections, and most resided in low and middle-income countries [3]. Many women
with HIV experience disproportionately high rates of unintended pregnancy [4]. Therefore,
addressing the family planning needs of women living with HIV is of clinical and public
health importance.

Long-acting reversible contraceptives such as etonogestrel-containing progestin-only
implants (containing 68 mg etonogestrel), are currently favored due to their high efficacy,
tolerability, and continuation rates compared to other forms of reversible contraceptives
[5, 6]. Etonogestrel efficacy is directly related to its pharmacologic properties. Following
subdermal insertion, mean peak serum etonogestrel concentration ranges between 781 and
894 pg/mL within the first few weeks, then decreases gradually to 192 — 261 pg/mL at

12 months, 154 — 194 pg/mL at 24 months, and 156 — 177 pg/mL at 36 months [7,

8]. Etonogestrel is approximately 66% bound to albumin, and 32% bound to sex-hormone-
binding-globulin in plasma [8], and is released at approximately 60 micrograms/day after
3 months, with the release rate slowly decreasing to 30 micrograms/day by the end of 2
years.[9] A minimum serum etonogestrel concentration of 90 pg/ml is required to prevent
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ovulation.and a single etonogestrel implant is expected to provide contraception for three
years before being removed. [8] Etonogestrel is metabolized in liver microsomes by the
cytochrome P450 3A4 (CYP3A4) isoenzyme [8, 9].

There have been several pharmacokinetic studies evaluating the interactions between
etonogestrel-releasing contraceptives and antiretroviral therapy. While etonogestrel
contraceptive implants are highly efficacious, their metabolism and efficacy can be

affected by pharmacokinetic drug-drug interactions with hepatic enzyme inducers of
CYP3A4, notably efavirenz and ritonavir. Ritonavir, a potent inhibitor of CYP3A4, impedes
the metabolism of etonogestrel, thereby increasing the plasma concentrations of both
medications, while efavirenz, a substrate and a potent inducer of CYP3A4, increases the
metabolism of etonogestrel, decreasing its plasma concentration.[10-12] These reductions
in plasma concentration of etonogestrel may be of sufficient magnitude to compromise
contraceptive efficacy, resulting in increased rates of unintended pregnancies, with medical,
psychosocial, and economic implications.[13, 14] Thus, characterizing the pharmacokinetic
drug-drug interactions between most used antiretrovirals and etonogestrel implants is
critical.

Using a sparse pharmacokinetic sampling scheme, Chappell and colleagues demonstrated
an 82% reduction in plasma concentrations of etonogestrel in 19 women using efavirenz-
based antiretrovirals compared to 20 antiretroviral-naive women.[10] Other efavirenz-
etonogestrel drug-drug interaction pharmacokinetic studies including 25 and 30 women
using etonogestrel implants, demonstrated reductions of 49% and 63% in plasma
etonogestrel concentrations respectively when used concomitantly with efavirenz.[11]-[12]
In contrast, use of the protease-inhibitor combinations of lopinavir/ritonavir including 45
women with etonogestrel contraceptive implant was associated with a 52% increase in the
bioavailability of etonogestrel, suggesting that ritonavir-boosted lopinavir does not impair
etonogestrel contraceptive implant efficacy.[15] Newer studies have evaluated drug-drug.
interactions between atazanavir/ritonavir and etonogestrel. In the AIDS Clinical Trials
Group A5316 study, a three-arm multicenter pharmacokinetic study of 25 antiretroviral-
naive women (arm-1, control), 25 women on efavirenz-based antiretrovirals (arm-2), and
24 women on ritonavir-boosted atazanavir (arm-3), efavirenz lowered plasma concentrations
of etonogestrel by 79% when etonogestrel was administered as a vaginal ring, and ritonavir-
boosted atazanavir increased etonogestrel concentrations by 71% compared to controls.[16]

These prior pharmacokinetic drug-drug interaction studies between etonogestrel and the
antiretrovirals efavirenz and ritonavir-boosted lopinavir are limited by sparse sampling
designs. Intensive plasma sampling strategies are critically important in pharmacokinetic
studies to provide a better understanding of intra and inter-individual variability that

will allow for robust pharmacokinetic predictions. [17, 18] No prior studies have
evaluated the potential drug-drug interactions between ritonavir-boosted atazanavir and
etonogestrel subdermal implant. Given these knowledge gaps, our goal was to describe
the pharmacokinetic drug-drug interactions between etonogestrel and efavirenz, ritonavir-
boosted atazanavir and ritonavir-boosed lopinavir in women with HIV during the postpartum
period, using intensive plasma sampling data from the International Maternal Pediatric
Adolescent AIDS Clinical Trials (IMPAACT) Network P1026s protocol.
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The study protocol, the informed consent documents, and all subsequent modifications

were reviewed and approved by the local institutional review boards/ethics committees.

The study followed all relevant human subject research guidelines. All participants signed
informed consent before participation, and the study was registered in Clinical Trials.gov
[NCT00042289]. This study was done as part of IMPAACT P1026s, an ongoing, non-
blinded international opportunistic study of antiretroviral pharmacokinetics in pregnant and
postpartum women. From May 2012 to July 2015 we enrolled postpartum women with HIV,
who desired to use etonogestrel implants and were on efavirenz, ritonavir-boosted atazanavir
or ritonavir-boosted lopinavir based regimens for at least 2 weeks.

Eligible women were receiving one of these antiretroviral regimens and desired postpartum
contraception with an etonogestrel implant by prescription at the specified doses listed in the
protocol. Women continued to take their prescribed medications throughout the course of the
study. We excluded women on medications known to interfere with absorption, metabolism,
or clearance of the drugs being evaluated and those with clinical or laboratory toxicity that
would likely require a change in the medication regimen during the study. The participant’s
physician determined the choice of antiretrovirals and contraceptives and prescribed all
medications and remained responsible for her clinical management throughout the study.

Laboratory Monitoring:

Maternal data obtained for this analysis were maternal age, ethnicity, weight, concomitant
medications, CD4 and plasma viral load assay results. Local labs performed the plasma viral
load assays and had lower limits of detection of fewer than 50 copies per milliliter. We
assessed maternal clinical and laboratory toxicities through history and physical examination
and laboratory assays (alanine aminotransferase, aspartate aminotransferase, creatinine,
blood urea nitrogen, albumin, bilirubin, hemoglobin) on each pharmacokinetic sampling
day. We used the Division of AIDS/National Institute of Allergy and Infectious Diseases
Toxicity Table for Grading Severity of Adult Adverse Experiences to report adverse events
for study participants.[19] We followed all toxicities through resolution.

Sample collection and drug assays:

The etonogestrel implant was inserted between 2 and 12 weeks postpartum. We performed
pharmacokinetic sampling was performed before, and 6 to 7 weeks after implant insertion.
We collected plasma samples at 0, 1, 2, 6, 8, 12 hours post-dose and a 24 hours post-dose
sample in women receiving efavirenz or atazanavir. We measured Antiretroviral therapy
and etonogestrel concentrations using liquid chromatography-mass spectrometry. The lower
limits of quantitation were atazanavir: 0.047 mcg/mL, lopinavir: 0.09 mcg/mL, ritonavir:
0.049 mcg/mL, efavirenz: 0.039 mcg/mL, and etonogestrel: 4 pg/mL. The P1026s target
minimum area under the curve for atazanavir, lopinavir and efavirenz were 29.4, 52 and

40 pg*hr/mL (10t percentile in non-pregnant historical controls), respectively. Mean (+
SD) etonogestrel concentrations within the first few weeks of use in women not receiving
antiretrovirals was 1145 (+ 577) pg/mL. We collected serum samples for the assessment of
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etonogestrel once during intensive antiretroviral sampling and were frozen at =70 °C until
measurement.

Pharmacokinetic and statistical analytic plan

We calculated pharmacokinetic parameters with standard non-compartmental methods. Each
antiretroviral arm had a target enrollment of 25 women with evaluable pharmacokinetic data
to provide reasonably precise estimates of pharmacokinetic parameters and differences in
antiretroviral exposure before and after etonogestrel initiation. We summarized etonogestrel
plasma concentrations (both continuous and categorized by the threshold of 90 pg/mL
concentrations) and compared among the three study arms using the Kruskal-Wallis

test and Fisher’s exact test, respectively (a=0.05). We compared antiretroviral therapy
pharmacokinetic parameters before and after etonogestrel initiation at the within-participant
level using Wilcoxon signed-rank test. Two-tailed Wilcoxon signed-rank tests compared
within-subject pharmacokinetic parameters with a two-sided—value <0.1. We considered a
two-sided p-value less than 0.10 statistically significant. We calculated within-participant
geometric mean ratios and 90% confidence intervals (Cls) for pharmacokinetic parameters
in the before versus after etonogestrel initiation conditions for the antiretrovirals of interest
to describe the range of relative differences that were consistent with the observed data

and help assess whether there was a clinically significant difference in exposure. We

also summarized descriptive statistics of pharmacokinetic parameters during each study
period. In addition, we created figures for antiretrovirals of interest to show the change in
concentration before and after etonogestrel initiation.

RESULTS:

Demographic characteristics

We enrolled seventy-four postpartum women (22 on ritonavir-boosted atazanavir; 26

on ritonavir-boosted lopinavir and 26 on efavirenz) in the study with pharmacokinetic

data obtained prior to and after etonogestrel implant insertion. Table 1 summarizes the
demographic characteristics of the study population. The timing of implant insertion ranged
from 2.6-11.7 weeks post-delivery, median 7.4 weeks.

Etonogestrel pharmacokinetics

Table 2 summarizes etonogestrel plasma concentration data for all three arms (etonogestrel /
ritonavir-boosted atazanavir; etonogestrel/efavirenz, and etonogestrel/ritonavir boosted
lopinavir). The median serum concentrations of etonogestrel when co-administered with
ritonavir-boosted atazanavir, efavirenz, and ritonavir boosted lopinavir were highest with
etonogestrel/ritonavir-boosted-atazanavir (604pg/mL) and etonogestrel/ritonavir-boosted-
lopinavir (428pg/mL), and lowest with etonogestrel/efavirenz (125pg/mL). These
differences in plasma etonogestrel concentrations were statistically significant (p<0.001).

Antiretroviral pharmacokinetics

Table 3 shows Atazanavir parameters. Atazanavir minimum plasma concentrations (Cpin)
were higher pre-etonogestrel implant (geometric mean ratio, GMR 2.33 (CI 1.12, 4.86;
p=0.09) compared to post-etonogestrel implant insertion. Atazanavir plasma concentrations
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at 24 hours post-dose (Cy4) [(GMR 1.39 (Cl 0.97-2.00); p=0.006) were lower post-
etonogestrel insertion. There were no significant differences between pre- and post-

implant insertion efavirenz pharmacokinetic parameters, as shown in Table 4. Table

5 shows lopinavir pharmacokinetic data are shown in. Lopinavir Cp,i, was higher pre-
etonogestrel implant (GMR 2.78 (CI 1.49, 5.21; p=0.056) compared to post-etonogestrel
implant insertion. Figures 1-3 show the concentration-time curves for median atazanavir
concentrations (Figure 1); median efavirenz concentrations (Figure 2); and median lopinavir
concentrations (Figure 3) before and after etonogestrel implant insertion. The proportions of
women meeting antiretroviral pharmacokinetic targets before and after etonogestrel insertion
were: 77% and 66% for ritonavir-boosted atazanavir, 84% and 84% for ritonavir-boosted
lopinavir and 90% and 81% for efavirenz.

We also evaluated ritonavir pharmacokinetic data (for both ritonavir-boosted atazanavir and
ritonavir-boosted lopinavir) (data not shown). While there were no significant differences
between pre- and post-etonogestrel implant insertion in ritonavir pharmacokinetic
parameters in the ritonavir-boosted atazanavir arm, in women on ritonavir-boosted lopinavir,
ritonavir Cpin, Was higher pre- etonogestrel implant (GMR 1.19 (Cl 0.92, 1.54; p=0.030)
compared to post- etonogestrel implant insertion.

Treatment related adverse events

There were 14 treatment-related adverse events in the study. Eleven were of moderate-
intensity (grade 2) and 3 of severe intensity (grade 3). All Grade 3 events were increased
bilirubin levels in participants receiving ritonavir-boosted atazanavir. Grade 2 events in

the ritonavir-boosted atazanavir arm were: increased bilirubin (7) and increased serum
glutamate pyruvate kinase (1) and irregular vaginal bleeding (1). Grade 2 events in the
ritonavir-boosted lopinavir arm were increased amylase (1) and lower abdomen cramps (1).
A twin pregnancy occurred in the efavirenz arm 16 months after implant insertion; the
implant was removed; pregnancy was continued and the patient delivered healthy infants.

DISCUSSION:

Use of effective contraceptives such as progestin-only long-acting reversible methods in
women with HIV allows for optimal birth spacing; and reduces unplanned pregnancies,
leading to reduced maternal morbidity and mortality.[20] Despite these advantages of long-
acting contraceptive methods, drug-drug interaction studies have raised concerns that co-
administration of some antiretrovirals may alter etonogestrel-based contraceptive efficacy.
[10-12] Due to these potential drug-drug interactions, current guidelines often advise
alternative methods of contraception or dual-use of barrier contraceptives.[21] In addition,
the World Health Organization recommends the use of a particular contraceptive method
when the advantages of using that method outweigh the theoretical or proven risks. (Medical
Eligibility for contraception, Category 2).[22]

Our study demonstrated decreased etonogestrel concentrations when co-administered with
efavirenz. Our etonogestrel data are consistent with findings from other studies, most

of which were not yet reported while our study was in progress. [10-12] Previous
research demonstrated a reduction of 49-63% [11] in plasma etonogestrel concentrations
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when used concomitantly with efavirenz. Forty-two percent of women using etonogestrel /
efavirenz in our study had etonogestrel concentrations below the minimum required to
suppress ovulation. Although prior data have consistently demonstrated that etonogestrel
concentrations are decreased when used with antiretroviral therapy, the highly variable
reductions in concentrations of etonogestrel in the blood are likely due to differences in
assay methods (use of radioimmunoassay versus liquid chromatography-mass spectrometry)
and assay matrix (plasma vs serum).[23] Etonogestrel is primarily metabolized by CYP3A4
enzyme,[8] and efavirenz is both a substrate and a potent inducer of CYP3A4.[8, 9,

11] Therefore, it would be expected that concomitant administration of etonogestrel

with efavirenz would lead to decreased etonogestrel by CYP450 enzyme induction, thus
accelerating the metabolism of etonogestrel.

Prior studies of drug-drug interactions between atazanavir and combined oral contraceptive
pills (ethinyl-estradiol and norethindrone) have demonstrated enhanced effects and increased
plasma concentrations of ethinyl-estradiol and norethindrone by atazanavir.[24] The
mechanism of this interaction is via inhibition of uridine diphospho-glucoronsyltransferase
1A1-mediated metabolism by atazanavir. Although data exist in the literature on the drug-
drug interactions between atazanavir and combined contraceptives in the form of pills [25]
and vaginal rings,[16] our study is the first to describe the drug-drug interactions between
ritonavir-boosted atazanavir and subdermal etonogestrel. Atazanavir is a potent inhibitor of
uridine diphospho-glucoronsyltransferase 1A1, and is extensively metabolized by CYP3A4,
and is both a substrate and inhibitor of the CYP3A4 iso-enzyme.[25] Hence, boosting

of atazanavir with ritonavir increases its serum concentration by inhibition of CYP3A.
Therefore, it is expected that etonogestrel plasma concentrations would be increased when
co-administered with atazanavir due to atazanavir-mediated inhibition of CYP3A4. This
was consistent with the findings from our study, as none of the women in the ritonavir-
boosted atazanavir arm had etonogestrel concentrations below the minimal threshold to
suppress ovulation (90 pg/mL); and the median serum concentrations of etonogestrel when
co-administered with ritonavir-boosted atazanavir, efavirenz, and ritonavir-boosted lopinavir
were highest with etonogestrel/ritonavir-boosted atazanavir (604pg/mL), suggesting that
ritonavir-boosted atazanavir does not reduce etonogestrel contraceptive efficacy.

We demonstrated etonogestrel concentrations above 90 pg/mL (the threshold for

ovulation suppression) in women on ritonavir-boosted lopinavir, with median etonogestrel
concentration of 428pg/mL. Lopinavir is primarily metabolized by CYP3A, and when
co-administered with ritonavir (as ritonavir-boosted lopinavir), inhibits CYP3A-mediated
metabolism.[26] The high etonogestrel concentration observed with concomitant ritonavir-
boosted lopinavir-based antiretrovirals in this study is likely because ritonavir also inhibits
CYP3A4 dependent hepatic metabolism of etonogestrel.

Our study has strengths. This is the first study to describe etonogestrel/ritonavir-boosted
atazanavir drug-drug interactions. We monitored postpartum participants enrolled in the
IMPAACT 1026s study, during which evaluation of clinical findings related to etonogestrel
exposure occurred at regular time intervals. This study also had its limitations. First,

we sampled participants twice between 2 and 12 weeks postpartum: prior to implant
insertion in the postpartum period, and sampled at 6 to 7 weeks after implant insertion.
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Since a single etonogestrel implant is expected to provide contraception for three years
post-insertion, we could not determine the effect of these antiretrovirals on etonogestrel
plasma concentrations after the 12" postpartum week in our cohort. Second, we did not
assess the pharmacogenomic relationship between ritonavir-boosted atazanavir, efavirenz,
and ritonavir-boosted lopinavir which might affect etonogestrel plasma exposure.

In conclusion, we demonstrated that ritonavir-boosted atazanavir and ritonavir-boosted
lopinavir do not impair etonogestrel efficacy. Our findings with etonogestrel/efavirenz
drug-drug interactions are consistent with previous research suggesting that women using
the etonogestrel contraceptive implant and efavirenz-based antiretroviral regimens could
have decreased contraceptive efficacy. Women taking efavirenz should not use etonogestrel
implants due to the increased risk of contraceptive failure. Etonogestrel implants can be
offered to women on ritonavir-boosted atazanavir or ritonavir-boosted lopinavir.
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Figure 1:

Summary of median (interquartile range) atanazavir concentrations before and after
etonogestrel implant in postpartum women living with HIV, 2012-2015 (N=74).

Contraception. Author manuscript; available in PMC 2023 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kreitchmann et al. Page 12

5_
- |
£
()]
Q
E
c
o
-
o
E
[}
v}
c
o
Q

0_

I 1 | I | | | | I 1 | I |
0 2 4 6 8 10 12 14 16 18 20 22 24
Time After Dose (hours)
Group ® Before ENG ® After ENG

Figure 2:

Summary of median (interquartile range) efavirenz concentrations before and after
etonogestrel implant in postpartum women living with HIV, 2012-2015 (N=74).
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Figure 3:
Summary of median (interquartile range) lopinavir concentrations before and after

etonogestrel implant in postpartum women living with HIV, 2012-2015 (N=74).
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Demographic characteristics of postpartum women living with HIV on atazanavir, lopinavir, and efavirenz and
using etonogestrel implants, 2012-2015 (N=74).

Characteristic N (%) Median (range)
Patients included 74
Age (years) 26.7 (16-41)
Weight (kg) 63 (38.7 - 141)
Country
USA 7(9)
Brazil 55 (74)
Argentina 5(7)
Thailand 709
Race/ethnicity
Black Non-Hispanic 4 (5)
Hispanic 63 (85)
Asian, Pacific Islander 7(9)
Duration of ARVsbeforeimplant insertion (weeks)
Atazanavir/ritonavir 21 32 (2.1- 363)
Efavirenz 26 4.4 (0.1- 267)
Lopinavir/ritonavir 26 29.1 (6.9-323)
Timing of Implant insertion (weeks after delivery) 7.4 (2.6-11.7)
CDA4+ (cells/uL) before implant insertion 621 (79 -1578)
Plasma HIV-1 RNA concentration (copies/mL) before implant insertion 40 (20— 127310)

Undetectable (< 400) 58 (78.4)

(< 50) 49 (66.2)
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Table 2.

Etonogestrel serum concentrations, by antiretroviral use, in postpartum women living with HIV on atazanavir,
lopinavir, and efavirenz, 2012-2015 (N=74).

Study arm
ATVIr+ENG EFV+ENG LPVI/r+ENG
Characteristic (N=22) (N=26) (N=26) P-Value
Concentration (pg/mL) Min, Max 260, 2,400 2.0,2,330.0 224.1,3,6800 <gp1*

Median (Q1, Q3) 604 (436, 838) 125.0 (41.5,202.0) 428 (340, 563)
Concentration < 90 pg/mL  Yes 0 (0%) 11 (42%) 0 (0%) <001

No 22 (100%) 15 (58%) 26 (100%)

P values were determined by using the Kruskal-Wallis Test and the

Ak
Fisher’s Exact Test. A two-sided p-value less than 0.10 was considered statistically significant. Min, minimum concentration; Max, maximum
concentration, Q1, lower (25th percentile); Q3, upper (75th percentile); ATV, Atazanavir; EFV, Efavirenz; LPV, Lopinavir; ENG, Etonogestrel.
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Atazanavir pharmacokinetic comparison before versus after etonogestrel implant initiation in postpartum

women living with HIV, 2012-2015 (N=74).

Par ameter Before ENG Median After ENG Median (range) Geometric mean of *p.value of
(range) N=22 N=22 before/after initiation Wilcoxon signed
ratio [90% CI] rank test

comparison
AUCq_»4 (Lg*hr/mL) 53.962 (8.739,157.300) 55.254 (9.471,157.567) 1.101 [0.840, 1.443] 0.3669
CL/F (L/hr) 5.560 (1.907,34.331) 5.445 (1.904,31.676) 0.908 [0.693, 1.191] 0.5184
Tmin (hr) 10 (0, 24) 0(0,24) 0.3096
Tmax (hr) 3(2,4) 2(1,6) 0.9077
Ty (1) 17.154 (9.076,67.577) 18.206 (6.510,152.105) 0.888 [0.681, 1.156] 0.4980
Vd/F (L) 157.238 (43.345,505.124) 185.475 (61.989,1,866.663) 0.732 [0.550, 0.975] 0.1054
Crin (Hg/mL) 0.929 (0.024,4.673) 0.411 (0.024,4.539) 2.333[1.121, 4.855] 0.0921
Crnax (Hg/ML) 4.392 (0.638,10.402) 4.647 (0.643,8.563) 1.167 [0.835, 1.630] 0.4780
CO(ug/mL) 1.078 (0.024,6.572) 0.593 (0.024,5.129) 2.505 [1.070, 5.864] 0.1074
C12(pg/mL) 1.792 (0.290,5.763) 1.463 (0.276,6.309) 1.211[0.871, 1.682] 0.5184
Coan (Hg/mL) 1.206 (0.116,4.673) 1.064 (0.126, 4.539) 1.391 [0.965, 2.003] 0.0600

*
p-value for Wilcoxon signed rank test. Geometric means are not calculated for Tmin and Tmax, and ties (differences of zero) are excluded from

the median calculation since the Wilcoxon test ignores ties.

AUCp-24 = area under concentration (AUC) vs time curve (0 to 24 hours post-dose); CL/F = apparent oral clearance; Tmin = time to achieve
minimum (trough) plasma concentration; Tmax = time to achieve maximum plasma concentration; T1/2 = elimination half-life; VVd/F = apparent

volume of distribution; Cmjin= minimum plasma concentration; Cmax = maximum plasma concentration; Cq = initial concentration at time zero;
C12 = concentration at 12 hours post-dose; C24 = concentration at 24 hours post-dose.
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Efavirenz pharmacokinetic comparison before versus after etonogestrel implant initiation in postpartum

women living with HIV, 2012-2015 (N=74).

Par ameter Before ENG Median (range) After ENG Median (range) Geometric mean of *Pp.value of
N=26 N=26 before/after initiation Wilcoxon signed
ratio [90% ClI] rank test

comparison
AUCq_»4 (Lg*hr/mL) 53.636 (26.294,216.550) 56.651 (26.279,299.551) 1.015 [0.915, 1.126] 0.5609
CL/F (L/hr) 11.188 (2.771,22.819) 10.593 (2.003,22.832) 0.985 [0.888, 1.093] 0.3253
Tmin (hr) 24 (0, 24) 12.500 (0,24) 0.4463
Tmax (hr) 2(1,12) 2(0,8) 0.7574
Tup (hr) 33.901 (12.930,493.404) 37.383 (18.368,182.112) 0.925 [0.740, 1.155] 0.3509
Vd/F (L) 557.930 (166.366,8,387.456) 572.872 (289.556,2,802.635) 0.911[0.706, 1.177] 0.7956
Crin (Hg/mL) 1.547 (0.544,7.877) 1.432 (0.020,10.135) 1.187 [0.874, 1.611] 0.8532
Crnax (Hg/ML) 4.108 (2.232,11.326) 4.233 (1.337,14.050) 1.058 [0.938, 1.193] 0.7019
CO(ug/mL) 1.586 (0.544,9.137) 1.653 (0.020,10.135) 1.139[0.836, 1.552] 0.4055
C12(pg/mL) 1.962 (0.963,9.128) 2.017 (0.913,12.473) 1.054 [0.929, 1.195] 0.7956
Coan (Hg/mL) 1.604 (0.717,7.877) 1.555 (0.697,11.561) 1.004 [0.892, 1.130] 0.8532

*
p-value for Wilcoxon signed rank test. Geometric means are not calculated for Tmin and Tmax, and ties (differences of zero) are excluded from

the median calculation since the Wilcoxon test ignores ties.

AUCp-24 = area under concentration (AUC) vs time curve (0 to 24 hours post-dose); CL/F = apparent oral clearance; Tmin = time to achieve
minimum (trough) plasma concentration; Tmax = time to achieve maximum plasma concentration; T1/2 = elimination half-life; VVd/F = apparent

volume of distribution; Cmjin= minimum plasma concentration; Cmax = maximum plasma concentration; Cq = initial concentration at time zero;
C12 = concentration at 12 hours post-dose; C24 = concentration at 24 hours post-dose.
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Lopinavir pharmacokinetic comparison before versus after etonogestrel implant initiation in postpartum
women living with HIV, 2012-2015 (N=74).

Parameter

AUCq_p4 (Ug*hr/mL)
CL/F (L/hr)

Tmin (hr)

Tmax (hr)

Tz (hr)

VA/F (L)

Cnin (Mg/mL)

Crnax (Mg/mL)
CO(pg/mL)

C12(pg/mL)

Before ENG Median (range)  After ENG Median (range) Geometric mean of
N=26 N=26 befor e/after initiation
ratio[90% CI]

115.967 (15.778,259.477) 100.203 (3.392,159.927) 1.242 [0.968, 1.592]
3.450 (1.542,25.353) 3.992 (2.501,117.925) 0.805 [0.628, 1.033]
700, 12) 0.500 (0,12)
4(1,8) 4(0,12)
11.554 (4.512,72.673) 11.742 (2.602,89.322) 1.015 [0.837, 1.231]
62.557 (23.559,2,658.654) 60.321 (22.028,2,290.847) 0.924 [0.776, 1.099]
6.023 (0.045,17.694) 5.339 (0.028,10.217) 2.784 [1.489, 5.206]
12.049 (2.120,23.921) 10.551 (0.555,16.719) 1.179 [0.956, 1.453]
7.445 (0.045,21.525) 6.302 (0.045,13.222) 2.676 [1.415, 5.061]
7.060 (1.929,17.694) 6.623 (0.555,12.438) 1.201 [0.958, 1.505]

*P-value of
Wilcoxon signed
rank test
comparison

0.1140
0.3253
0.3447
0.6635
0.9063
0.9063
0.0559
0.1550
0.2176
0.1628

*
p-value for Wilcoxon signed rank test. Geometric means are not calculated for Tmin and Tmax, and ties (differences of zero) are excluded from

the median calculation since the Wilcoxon test ignores ties.

AUCQ—24 = area under concentration (AUC) vs time curve (0 to 24 hours post-dose); CL/F = apparent oral clearance; Tmin = time to achieve

minimum (trough) plasma concentration; Tmax = time to achieve maximum plasma concentration; T1/2 = elimination half-life; \Vd/F = apparent
volume of distribution; Cmjn= minimum plasma concentration; Cmax = maximum plasma concentration; CQ = initial concentration at time zero;
C12 = concentration at 12 hours post-dose; C24 = concentration at 24 hours post-dose.
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