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Summary

Background: Drug–drug interactions between orally–administered antiretroviral therapy (ART) 

and hormones released from an intravaginal ring (IVR) are not known. We hypothesized that 

efavirenz–based ART and atazanavir/ritonavir–based ART would alter plasma concentrations of 

vaginally–administered etonogestrel/ethinyl estradiol, yet ART concentrations would be 

unchanged during IVR use.
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Methods: We conducted a parallel, three–group, pharmacokinetic evaluation at clinical research 

sites in Asia, South America, sub–Saharan Africa, and the United States between December 30, 

2014 and September 12, 2016 (). We enrolled women with HIV who were either ART–naïve 

(Control group; n=25), receiving efavirenz–based ART (n=25), or receiving atazanavir/ritonavir–

based ART (n=24). An IVR releasing etonogestrel/ethinyl estradiol was inserted at entry. Single 

plasma samples for hormone concentrations were collected 7, 14, and 21 days after IVR insertion. 

The primary outcome was the plasma concentration of etonogestrel and ethinyl estradiol on Day 

21. Etonogestrel and ethinyl estradiol concentrations were compared between each ART group and 

the Control group by geometric mean ratio (GMR) with 90% confidence intervals (CI) and 

Wilcoxon Rank–Sum test. Secondarily, efavirenz or atazanavir/ritonavir concentrations were 

assessed by 8–hour intensive pharmacokinetic sampling at entry before IVR insertion and before 

IVR removal on Day 21. Antiretroviral areas under the concentration–time curve (AUC0–8h) were 

compared before and after IVR insertion by GMR (90% CI) and Wilcoxon Signed–Rank test.

Findings: On Day 21 of IVR use, participants receiving efavirenz had 79% lower etonogestrel 

[GMR 0·21 (0·16–0·28); p<0·0001] and 59% lower ethinyl estradiol [GMR 0·41 (0·32–0·52); 

p<0·0001] concentrations compared to the Control group. In contrast, participants receiving 

atazanavir/ritonavir had 71% higher etonogestrel [GMR 1·71 (1·37–2·14); p<0·0001], yet 38% 

lower ethinyl estradiol [GMR 0·62 (0·49–0·79); p=0·0037] compared to controls. No statistically 

significant changes occurred in the AUC0–8h of efavirenz or atazanavir.

Interpretation: We observed significantly lower hormone exposure when an IVR contraceptive 

was combined with efavirenz–based ART. Further studies designed to examine pharmacodynamic 

endpoints, such as ovulation, when IVR hormones are combined with efavirenz are warranted.

Keywords

antiretroviral therapy; atazanavir/ritonavir; efavirenz; contraception; drug interactions; 
pharmacokinetics; vaginal ring; ethinyl estradiol; etonogestrel

Research In Context

Evidence before this study:

Efavirenz–based antiretroviral therapy remains the most commonly used therapy for women 

living with HIV throughout the world. Efavirenz is known to significantly decrease exposure 

to contraceptive hormones, increasing the risk of unintended pregnancies in women using 

hormonal contraceptives in combination with efavirenz–based antiretroviral therapy. 

Atazanavir–ritonavir based antiretroviral therapy was a World Health Organization preferred 

option for second–line therapy until the 2018 updated guidelines. When given with oral 

contraceptives, atazanavir/ritonavir is known to increase progestin exposure, yet decrease 

ethinyl estradiol exposure. Because the etonogestrel/ethinyl estradiol intravaginal ring (IVR) 

for contraception must reach adequate systemic concentrations to suppress ovulation, the 

package insert advises that drugs which interfere with exogenous hormone metabolism, like 

efavirenz or protease inhibitor–containing antiretroviral therapy, should be avoided or used 

with caution in combination with the IVR. Despite this recommendation, no data are 

reported in the package insert to describe the impact of metabolism–related drug interactions 

on vaginally administered hormonal contraceptives. We searched PubMed on August 21, 
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2018 for studies reporting drug–drug or other pharmacokinetic interactions with hormones 

administered via an IVR. Pubmed search terms were “vaginal ring,” “interaction,” 

“pharmacokinetic,” or “drug interaction” in any field and were not restricted by language or 

publication date. Evidence regarding the influence of coadministered products on the 

pharmacokinetic exposure of hormones released from an IVR includes two co–administered 

oral antimicrobials (amoxicillin and doxycycline) and three co–administered topical 

products (spermicide, tampons, or vaginally administered miconazole). No influence on 

hormone exposure by these oral antimicrobials, spermicide or tampons was observed. When 

combined with miconazole suppositories, approximately 40% higher serum concentrations 

of vaginally administered hormones were observed.

Added value of this study:

We evaluated the systemic exposure of vaginally administered hormones when combined 

with antiretroviral therapy that either induce or inhibit the metabolism of hormones. We 

found that efavirenz–based antiretroviral therapy significantly reduced both the etonogestrel 

and ethinyl estradiol concentrations of the IVR administered contraceptive, which may 

jeopardize contraceptive effectiveness and tolerability. Atazanavir/ritonavir–based 

antiretroviral therapy significantly increased plasma etonogestrel concentrations and 

decreased plasma ethinyl estradiol concentrations compared to women in the Control group 

who were not receiving antiretroviral therapy.

Implications of all the available evidence:

Our findings are of particular interest for reproductive–aged women living with HIV, who 

require both effective contraception and antiretroviral therapy. We demonstrate that despite 

avoiding metabolism via the first–pass effect by administering hormones via an IVR, 

systemic hormone exposure was significantly influenced by concomitant oral medications 

that mediate hormone metabolism via the cytocholme P450 system. Further, the study 

highlights the importance of evaluating the potential interactive effects of other systemically 

administered medications, such as anticonvulsants or rifamycin antimicrobials, on vaginally 

administered medications. Evaluation of both local and systemic drug–drug interactions 

should be considered early in product development to provide evidence to support the 

appropriate combination therapy for women using IVRs. Finally, extending the 

understanding of hormone pharmacokinetic drug interactions with pharmacodynamic 

evaluations of contraceptive mechanisms of action will inform clinicians in how to 

effectively interpret and manage drug–drug interactions.

Introduction

An estimated 1·5 million pregnancies occur annually in women living with HIV in low–and 

middle–income countries.1,2 Over half of these pregnancies are unintended, and due to lack 

of access to, or failure of, effective contraception. Unintended pregnancies are associated 

with economic disparity, maternal and fetal morbidity and mortality, and risk of perinatal 

HIV transmission.3,4 Therefore, provision of effective contraception is an important 

component of comprehensive healthcare for people living with HIV who are of reproductive 

potential. Despite the benefits of hormonal contraceptives, drug–drug interactions (DDIs) 
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represent a barrier to contraceptive options for women living with HIV, particularly with the 

most common global antiretroviral therapy (ART) regimen, efavirenz–based ART.5

Combination hormonal contraceptives containing a progestin and estrogen are widely 

available. In contraception, exogenous progestins prevent ovulation, thicken cervical mucus, 

and cause endometrial atrophy, while estrogens improve contraceptive tolerability by 

stabilizing the endometrial lining, reducing unpredictable bleeding.6 Intravaginal rings 

(IVRs) are devices currently used for contraception. While hormones administered orally 

undergo extensive first pass metabolism in the liver, hormones administered via an IVR 

avoid this first pass effect.7,8 For the etonogestrel/ethinyl estradiol IVR, the drugs are 

absorbed extensively from the vaginal tract, resulting in a systemic site of drug action to 

prevent ovulation as the mechanism of contraception.9 As such, the etonogestrel/ethinyl 

estradiol IVR product labeling recommends inserting the IVR during the first week of a 

menstrual cycle where it should remain in place for 21 days, followed by a seven day 

hormone–free period for menses.8 Estimated use of IVRs in the United States was 2·4% of 

contraceptive users in 2014;10 however, multipurpose IVRs for delivery of antiretrovirals for 

HIV prevention plus progestins for contraception are being developed.11,12

Efavirenz–based ART significantly reduces exposure to both estrogens and progestins given 

orally or via subdermal implant.13–17 In contrast, protease inhibitors like atazanavir/ritonavir 

increase progestin exposure, yet decrease estrogen exposure.18 These changes in hormone 

exposure are related to the influence of antiretrovirals on hormone metabolism via 

cytochrome P450 (CYP) 3A4 isoenzyme, the enzyme believed to be responsible for 

progestin metabolism, and multiple CYP and glucuronidation pathways associated with 

estrogen metabolism.18 Furthermore, some studies have identified lower antiretroviral 

exposure when combined with hormones,18 possibly due to the influence of progestin and 

estrogen on enzymes involved in antiretroviral metabolism.19,20

Few studies have been conducted to evaluate DDIs related to IVR administered hormones.8 

Dogterom et al. found no significant effect of amoxicillin and doxycycline on etonogestrel/

ethinyl estradiol serum concentrations.21 Vaginally administered topical miconazole 

increased IVR hormone PK,22 while tampons and spermicide did not affect hormone PK.8 

Although the etonogestrel/ethinyl estradiol IVR product labeling cautions against 

coadministration of drugs that influence the metabolism of hormones contained in the IVR, 

no data were available to inform the extent of metabolism–related DDIs with IVR hormones. 

Studies conducted to assess the influence of ART on other non–oral hormones found both 

similar and contrasting findings to oral contraceptive DDI studies, making extrapolation 

across routes of hormone administration challenging.14,15,17,23,24

Our primary objective was to assess the effect of efavirenz–or atazanavir/ritonavir–based 

ART on the pharmacokinetics (PK) of etonogestrel/ethinyl estradiol administered via an 

IVR. Based on findings with ART and other contraceptives, we hypothesized that efavirenz–

based ART and atazanavir/ritonavir–based ART would alter plasma concentrations of 

vaginally–administered etonogestrel/ethinyl estradiol, potentially in opposing directions. 

Secondary objectives assessed the impact of vaginally–administered hormones on the PK of 
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efavirenz and atazanavir/ritonavir, ovarian function estimated by endogenous progesterone 

levels, and safety of the combination.

Methods

Study Design and Participants

We conducted a non–randomized, open–label, three–group parallel PK study among women 

living with HIV. All study procedures followed the Declaration of Helsinki and were 

approved by ethics boards at each research site and each participant provided written 

informed consent. Investigators enrolled participants at HIV specialized care clinics that 

were clinical research sites affiliated with the AIDS Clinical Trials Group (ACTG) or 

International Maternal Pediatric Adolescent AIDS Clinical Trials Network in Asia (two 

sites), South America (five sites), sub–Saharan Africa (three sites), and the United States (11 

sites).

We enrolled participants who were 16 years of age or older and reported their last menstrual 

period within 6 months, or had a follicle–stimulating hormone level ≤40 mIU/mL at 

screening. All participants agreed to use condoms or a non–hormonal intrauterine device 

(IUD) in addition to the IVR. At screening, we required women receiving ART to be on the 

same regimen for at least 30 days, with a plasma HIV–1–RNA ≤400 copies per mL; women 

not receiving ART had CD4+ cell counts ≥350 cells per μL. We excluded participants who 

had a bilateral oophorectomy or conditions that were contraindicated in the IVR product 

labeling.8 Finally, participants did not receive other hormone therapies or medications that 

may interact with either hormones or ART prior to enrollment or during the study. The 

Appendix (pages 2–4) includes all protocol–defined inclusion and exclusion criteria.

Procedures

We enrolled all participants within 60 days of screening and allowed study entry (Day 0) to 

occur irrespective of time since participants’ last menses. We assigned participants to one of 

three study groups based on current ART. The Control group were women who had not yet 

begun ART. Women receiving efavirenz 600mg daily plus at least two nucleoside/nucleotide 

reverse transcriptase inhibitors (NRTI) were included in the efavirenz group and women 

receiving atazanavir/ritonavir 300/100mg daily, tenofovir disoproxil fumarate 300mg daily, 

plus at least one additional NRTI were included in the atazanavir/ritonavir group.

For all participants on Day 0, an IVR releasing etonogestrel/ethinyl estradiol 120/15 

mcg/day was inserted by the participant or study personnel. Participants returned on Days 7, 

14, 21, and 28. At each visit, investigators assessed adverse effects (AEs) and endogenous 

serum progesterone was measured. Severity of AEs were evaluated according to the Division 

of AIDS (DAIDS) Adverse Event Grading Tables. Site investigators determined the 

association between AEs and study procedures. Endogenous progesterone levels were 

measured centrally (Quest Diagnostics–Baltimore) using the FDA–cleared, Siemens Centaur 

method, a competitive immunoassay using direct chemiluminescent technology (limit of 

quantitation 0·5 ng/mL). We measured Plasma HIV–1–RNA at entry and at Day 21 by 

nucleic acid amplification tests (Abbott m2000sp/2000rt; Abbott Park, IL, USA). 
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Investigators monitored participant adherence to ART and the IVR at each visit by 

standardized adherence self–report forms.25 Investigators asked participants about any 

missed doses of ART, the times of the last three doses of ART, and all time the IVR was 

outside the vagina since the last visit. The IVR was removed at the completion of the Day 21 

visit and participants returned for a safety visit on Day 28.

To assess hormone PK, we collected a single plasma sample at entry, then weekly (±2 days) 

on Days 7, 14, and 21. To assess PK of efavirenz, atazanavir, or ritonavir, participants in the 

ART groups underwent 8–hour PK sampling on Day 0 prior to IVR placement and on Day 

21 prior to IVR removal. Surrounding an observed dose of ART, plasma was collected pre–

dose, then 1, 3, 4, 5, and 8 hours post–dose. PK sampling was rescheduled if any of the prior 

three ART doses were missed or the IVR was removed in the prior 12 hours.

All hormone and antiretroviral concentrations were analyzed via liquid chromatography 

tandem mass spectrometry (LC–MS/MS). The assay calibration range was 5–250 pg/mL for 

ethinyl estradiol, 25–25,000 pg/mL for etonogestrel, and 20–10,000 ng/mL for efavirenz, 

atazanavir, and ritonavir; all assays had a coefficient of variation <15%. All assays were 

validated in accordance with guidance from the Food and Drug Administration and were 

reviewed and approved by the DAIDS–funded Clinical Pharmacology Quality Assurance 

Program.26,27

Outcomes

Our primary endpoint was hormone concentrations in each ART group compared to the 

Control group on Day 21. We included participants in the hormone analysis if etonogestrel/

ethinyl estradiol concentrations were available from both Days 0 and 21. Secondary 

endpoints were hormone concentrations on Days 7 and 14, and the area under the 

concentration time curves (AUC0–21days) over 21 days of IVR use. For ART, we compared 

the PK parameters of efavirenz, atazanavir, and ritonavir within each individual on Day 0 to 

Day 21. Antiretroviral PK parameters were the observed maximum concentration (Cmax), 

observed minimum concentration (Cmin), and the AUC for each antiretroviral. The AUCs 

were calculated over the 8–hour PK sampling period (AUC0–8h) and estimated over the 

dosing interval (AUC0–24h). We included participants in the ART PK analysis if efavirenz, 

atazanavir, or ritonavir concentrations were available on both Days 0 and 21.

We evaluated safety endpoints in all participants for whom treatment was initiated (IVR 

inserted), including the frequency of AEs and proportion of HIV–1–RNA below the limits of 

quantitation (<40 and <400 copies per mL). The proportion of participants with detectable 

endogenous serum progesterone was summarized at each visit as a measure of ovulation 

suppression. We included participants in the progesterone evaluation if the IVR was not 

outside the vagina for more than three hours during the first two weeks of use.8

Statistical analysis

Based on the primary endpoint and assuming a coefficient of variation of 25%, 22 

participants per arm were estimated to provide at least 90% power to detect a 30% difference 

in hormone exposure between groups. We aimed to enroll 25 participants per group to allow 

for loss of evaluable data, and continued enrollment until the desired sample size was met.
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All PK parameters were summarized per visit for each study group as the median and 

interquartile range (IQR) and as geometric means (GM) with 95% confidence intervals (CI). 

We calculated the etonogestrel and ethinyl estradiol AUC0–21days by the trapezoidal rule. We 

summarized the effect of ART on etonogestrel and ethinyl estradiol PK parameters by GM 

ratios (GMR) and associated 90% CI for each ART group relative to the Control group; 

these differences were also evaluated using the Wilcoxon Rank–Sum test. Efavirenz, 

atazanavir, and ritonavir PK parameters were compared between Day 0 and Day 21 by the 

intraindividual GMR (90% CI) and the Wilcoxon Signed–Rank test. To estimate the 

antiretrovirals AUC0–24h, we imputed the observed pre–dose concentration to estimate the 

concentration at the end of the dosing interval (24 hours). The ART AUCs were calculated 

by trapezoidal rule using Phoenix® WinNonLin® version 7.0 (Certara USA, Inc., Princeton, 

NJ). Detailed methods for calculating GM, GMR, and associated CIs are described on 

Appendix page 5.

Demographic characteristics, AEs, and progesterone concentrations were summarized by 

proportion or median (range) and compared by Wilcoxon Rank Sum or Fisher’s Exact Test, 

as appropriate. All statistical analyses were performed using SAS version 9.4, (SAS Institute 

Inc, Cary, NC, USA) without adjustment for multiple comparisons. The study was registered 

on clinicaltrials.gov ().

Role of the Funding Source

The funders of the study had an oversight role in the development and monitoring of the 

study, but had no role in the conduct, analyses, and conclusions of the study. The 

corresponding author had full access to all study data and had final responsibility for the 

decision to submit for publication.

Results

Between December 30, 2014 and September 12, 2016, we enrolled 84 participants in the 

study; ten participants were excluded from the primary hormone PK analysis for reasons 

described in Figure 1. Therefore, 74 participants met the primary endpoint, 25 in the Control 

group, 25 in the efavirenz group, and 24 in the atazanavir/ritonavir group. Of the 74 

participants, the median age was 34·5 years, 37 (50%) were Black race, 26 (35%) were 

Hispanic ethnicity, and the median menstrual cycle day at enrollment was nine days in each 

group (Table 1). Participant characteristics were balanced between ART and Control groups, 

except atazanavir/ritonavir group participants were more likely to be older and enrolled in 

the United States compared to the Control group. In the ART groups, the mean (range) time 

on efavirenz was 4.02 (0.10–12.01) years, 3.80 (0.21–9.06) years on atazanavir, and 3.13 

(0.12–9.06) years on ritonavir.

Etonogestrel PK results are described in Table 2 and Figure 2a. For the etonogestrel primary 

endpoint, Day 21 levels were 79% lower in participants receiving efavirenz compared to the 

Control group. The etonogestrel exposure over the entire dosing period is reflected by a 79% 

lower etonogestrel AUC0–21days. In contrast, in the atazanavir/ritonavir group, etonogestrel 

Day 21 concentrations were 71% higher and the AUC0–21days was 79% higher compared to 

the Control group.
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Ethinyl estradiol PK results are described in Table 2 and Figure 2b. Similar to etonogestrel, 

the ethinyl estradiol Day 21 concentrations were 59% lower with 56% lower AUC0–21days in 

participants receiving efavirenz compared to the Control group. Participants in the 

atazanavir/ritonavir group had 38% lower ethinyl estradiol Day 21 concentrations, and 27% 

lower AUC0–21days compared to the Control group.

One participant in each ART group was excluded from the ART PK evaluation due to 

missed PK sampling related to poor venous access. Site investigators did not exclude any 

participants due to reported ART non–adherence. During hormone use (Day 21) the 

efavirenz Cmin was 36% lower and the AUC0–24h was 13% lower compared to the 

hormone–free period (Day 0); Table 3 and Figure 3a. Atazanavir exposure was lower on Day 

21, but only the Cmax was statistically significant; Table 3 and Figure 3b. Compared to the 

hormone free period (Day 0), ritonavir AUC0–8h and AUC0–24h decreased 34 and 37%, 

respectively, due to a 41% lower Cmax; Table 3 and Figure 3c. For all other antiretroviral 

PK parameters, we observed lower summary concentrations on Day 21, but none were 

statistically different from Day 0. In a post hoc analysis, considering conservative thresholds 

for efavirenz and atazanavir Cmins that have been associated with effectiveness (1000ng/mL 

and 150ng/mL, respectively),28 three participants in the efavirenz group and six participants 

in the atazanavir/ritonavir group had at least one concentration below these thresholds. Eight 

of these nine participants remained virologically suppressed (<40 copies per mL); one 

participant in the efavirenz group, who had a HIV–1–RNA >1000 copies per mL at both 

entry and Day 21.

The endogenous progesterone concentrations from Day 0 through Day 28 are presented in 

the Appendix (pages 7–9). Six participants reported the IVR was outside of the vagina at any 

time during the study period; five reported <15 minutes per excursion, one participant in the 

efavirenz group reported 13 hours without the IVR in place 48 hours prior to the Day 14 

evaluation; we excluded this participant from the progesterone analysis. All participants in 

the Control (n=25) and atazanavir/ritonavir groups (n=24) had endogenous progesterone 

values below the level of detection (0·5 ng/mL) by Day 14, and remained undetectable 

through day 28. In the efavirenz group, 4 of 24 participants had progesterone levels above 

the level of detection (values 0.6, 2.4, 4.3 and 5.4 ng/mL) on Day 14, all 24 had 

progesterone values below the level of detection on Day 21, and 2 additional participants 

had progesterone levels above the level of detection (values 0.8, and 1.7 ng/mL) on Day 28.

The IVR was inserted for all but one enrolled participant; thus 83 participants are included 

in the safety analyses. For both ART groups, all participants had HIV–1–RNA ≤400 copies 

per mL at screening, but by entry one participant in the efavirenz group had an HIV–1–RNA 

value of 2,071 copies per mL. On Day 21, the same efavirenz group participant was 

virologically detectable and one additional participant in the atazanavir/ritonavir group had 

HIV–1–RNA >400 copies per mL.

Overall, 23 of 83 (27·7%) participants reported 35 AEs related to the study therapy. Table 4 

describes overall and group–specific occurrences of AEs; all AEs were Grade 1 or 2. Grade 

2 AEs occurred in four of 83 participants. In the Control group, two participants (7.4% of 

27) experienced Grade 2 symptoms (vaginal discharge, candidiasis, and/or bacterial 
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vaginosis). In the efavirenz group, one participant (3.6% of 28) exhibited a Grade 2 

symptom (metrorrhagia). In the atazanavir/ritonavir group, one participant (3.6% of 28) 

exhibited Grade 2 symptoms (lower abdominal pain and decreased libido). One participant 

in the efavirenz group discontinued IVR therapy due to intermenstrual bleeding (Grade 2; 

Figure 1: treatment discontinued per participant request). Adverse effects reported as 

unrelated to study procedures are in the Appendix (page 11).

Discussion

We found that efavirenz–based ART significantly decreased the systemic exposure to both 

etonogestrel and ethinyl estradiol released from a IVR (79% and 59% lower, respectively) 

compared to women with HIV not receiving ART. Our findings raise concern for the 

effectiveness of the IVR contraceptive in women receiving efavirenz–based ART, and 

studies evaluating ovulation rates in the context of this DDI are necessary. In contrast, 

atazanavir–ritonavir containing ART resulted in variable influence on contraceptive hormone 

exposure compared to women not receiving ART (71% higher etonogestrel, 38% lower 

ethinyl estradiol). Hence, atazanavir/ritonavir–based ART is unlikely to influence the IVR 

contraceptive effectiveness, as progestin exposure was higher than controls. Despite these 

changes, no excess AEs were reported in the atazanavir/ritonavir group compared to controls 

(Table 4). The influence of ART on etonogestrel is likely mediated via CYP3A4, the enzyme 

primarily responsible for etonogestrel metabolism, due to CYP3A4 induction by efavirenz 

and inhibition by atazanavir/ritonavir. The effect of ART on ethinyl estradiol is also likely 

related to induction of multiple pathways of ethinyl estradiol metabolism by both efavirenz 

and atazanavir/ritonavir. Although NRTIs were administered in both ART arms, studies have 

not observed significant DDIs between NRTIs and hormonal contraceptives.18

The DDI observed between atazanavir/ritonavir and etonogestrel/ethinyl estradiol via an 

IVR were similar to data with oral contraceptive pills (norgestimate 85% higher, ethinyl 

estradiol 19% lower,),29 as well as other DDI studies of protease inhibitors boosted with 

ritonavir or cobicistat plus hormonal contraceptives (e.g. progestin increases and estrogen 

decreases).18 Our etonogestrel results are directionally similar to, but greater in magnitude 

than, efavirenz–based ART plus either oral norgestimate (64% lower),16 levonorgestrel 

subdermal implant (47% lower)15, or oral emergency contraception (58% lower).13 These 

results are similar to another non–oral DDI study evaluating efavirenz–based ART plus the 

etonogestrel subdermal implant (82% lower etonogestrel), supporting that induction of 

CYP3A influences etonogestrel metabolism despite avoiding oral first–pass metabolism.14 

Unexpectedly, we observed a greater effect of efavirenz–based ART on vaginally 

administered ethinyl estradiol than previously described in a healthy volunteer study 

between efavirenz and oral ethinyl estradiol (10% lower).16 Differences in the magnitude of 

efavirenz–hormone DDIs may be influenced by study participant characteristics. 

Pharmacogenetic varients that influence efavirenz metabolism have been associated with the 

extent of the DDI observed between efavirenz and levonorgestrel implants,30 and our 

participants were enrolled in regions of the world with higher prevalence of these variants 

compared to many efavirenz–hormone DDI studies. Also, the duration of ART use prior to 

DDI assessment may influence the observed interaction; the inductive properties of 

efavirenz take weeks to reach maximal effect, which is challenging to achieve in healthy 
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volunteer studies. Finally, there may be variable influence of CYP3A inducers/inhibitors on 

contraceptive hormones,31 suggesting the complex pathways of hormone metabolism are not 

yet fully elucidated.

The clinical impact of DDIs that decrease hormone exposure may vary based on the type of 

hormone, route of administration, resulting PK of hormones administered, and intended 

therapeutic goal (e.g. ovulation suppression or endometrial changes). For example, 

progestin–releasing IUDs prevent pregnancy by multiple mechanisms of action, which may 

include systemic effects on ovulation suppression, but are primarily local, so systemic 

hormone exposure is less likely to influence IUD effectiveness. In contrast, progestin–

releasing subdermal implants prevent pregnancy through both ovulation suppression and 

mucosal effects, despite lower systemic progestin exposure compared to other routes of 

administration. In this context, DDIs that decrease progestin exposure, specifically 

efavirenz–based ART, are associated with higher rates of contraceptive failure for 

contraceptive implants in cohort studies compared to other routes of administration.15,32,33 

Further, IVRs are in development as multipurpose preventive technologies to provide local 

antimicrobial protection from infection and systemic hormone exposure for contraception.
11,12 In these products, each drug and device may result in different pharmacologic 

properties. For example, dapivirine released from an IVR achieves local concentrations 

several–folds higher than systemic concentrations,34 while levonorgestrel released from an 

IVR reach systemic concentrations that may suppress ovulation.11,12 In addition, the local 

vaginal milieu may influence the PK properties of some drugs.35 Given these considerations, 

DDI potential from both systemic and local influences on drug metabolism and transport 

(e.g. expression of local and systemic drug transporters, drug metabolizing enzymes, and the 

microbiome) must be considered in the context of desired therapeutic concentrations, which 

are often unknown for hormonal therapies.

Similar to other routes of hormone administration, we observed modestly lower efavirenz 

and ritonavir exposure during IVR use, which is proposed to be related to hormone 

modulation of drug metabolizing enzymes.18 The Cmin during a dosing interval, and 

therefore the ability to remain above the inhibitory concentration, is often the PK parameter 

evaluated during therapeutic drug monitoring.28 The efavirenz Cmin was 36% lower during 

hormone use in our study, but remained above the concentration associated with efavirenz 

effectiveness.28 Ritonavir and atazanavir Cmins were were within the expected range for 

both drugs on Day 21.28 Given these considerations, vaginally–administered hormones may 

not have a clinically significant influence on ART effectiveness. In the setting of incomplete 

adherence to ART or dose reduction of efavirenz to 400mg daily, these changes may become 

clinically relevant.

In our study, adherence was assessed by self–report, which could be further influenced by 

study procedures that required rescheduling PK visits with non–adherence. Our adherence 

self–report form is commonly used in ACTG studies and correlates with virologic success.25 

We also measured HIV–RNA at Days 0 and 21, and one participant in each ART group was 

virologically detectable, which may indicate ART non–adherence. However, if participants 

were non–adherent to ART, the effect of ART on hormone concentrations would be biased to 

the null. Instead, we saw significant changes in hormone exposure with either ART regimen. 
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Unmeasured non–adherence to the IVR is also a possibility. Our findings of higher 

etonogestrel concentrations in the atazanavir/ritonavir group, yet significantly lower 

hormone exposure in the efavirenz group, supports adequate adherence in both the 

atazanavir/ritonavir and Control groups, and there was no indication of disparate adherence 

in the efavirenz group. Finally, prior studies of similar ART with both oral and non–oral 

hormonal contraceptives support our findings.18

Other limitations of our study include the potential for residual confounding due to the lack 

of participant randomization. In addition to unmeasured confounding, we observed 

differences in age and country of enrollment between the atazanavir/ritonavir and Control 

groups. Our study was also not powered to evaluate the contraceptive effectiveness of, or 

AEs related to, the IVR; all participants agreed to use a second form of non–hormonal 

contraception during the study which may have influenced the rate of AEs. In addition, most 

participants did not start the IVR in relationship to their menses as advised by product 

labeling,8 which may influence ovulation suppression. In addition, consistent with other PK 

studies evaluating the IVR contraceptive,9 we used sparse PK monitoring of hormones, and 

intensive PK monitoring was not conducted after the IVR was removed. Therefore, we could 

not calculate hormone clearance or half–life, and the observed Cmax may not be reflective 

of the true Cmax due to sampling frequency. Finally, efavirenz, atazanavir, or ritonavir are 

all administered once daily, but our intensive PK sampling occurred over 8–hours and the 

pre–dose sample was imputed to infer the expected concentration 24–hours after observed 

dosing. Despite this, the observed results are consistent with expected concentrations.28

In summary, we observed significant differences in vaginally administered hormone 

concentrations when contraceptive IVRs were used in combination with common oral ART 

regimens. Our results raise concern for the possibility of compromised effectiveness of 

vaginally administered hormonal contraceptives in women receiving efavirenz–based ART. 

In contrast, we predict that atazanavir/ritonavir–based ART would be unlikely to influence 

the contraceptive effectiveness of IVR hormonal contraception, but may lead to more 

unscheduled bleeding related to lower ethinyl estradiol concentrations with concomitant use. 

These differences were similar to or greater as compared to prior drug interaction studies in 

women using both oral hormonal contraceptives and ART regimens, highlighting that 

hormone related drug–drug interactions are still of concern with non–orally administered 

hormone contraceptive methods. Further understanding of therapeutic hormone 

concentrations and DDI potential of intravaginal drugs in the context of pharmacodynamic 

assessment of ovulation will help optimize this important route of drug delivery for persons 

living with, or at risk for, HIV infection.
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Figure 1: 
Participant enrollment and follow–up for the primary endpoint of hormone concentrations 

on day 21
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Figure 2: Median (interquartile range) plasma concentrations (pg/mL) of (A) etonogestrel and 
(B) ethinyl estradiol from days 0 through 21 of continuous vaginal ring use.
Participants not yet receiving antiretroviral therapy (ART) are represented in green (Control 

Group), participants receiving efavirenz–based ART are represented in red (EFV Group), 

and participants receiving atazanavir/ritonavir–based ART are represented in blue (ATV/r 

group).
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Figure 3: Plasma concentrations of (A) efavirenz, (B) atazanavir, and (C) ritonavir.
Line represents median (interquartile range) value in ng/mL per timepoint. Day 0 represents 

antiretroviral therapy alone, Day 21 represents antiretroviral therapy in combination with the 

contraceptive vaginal ring.
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Table 4:

Signs, symptoms, or diagnoses determined to be possibly, probably, or definitely related to study drug among 

enrolled participants who received the vaginal ring

Total
(n=83)

Control Group (n=27) Efavirenz Group (n=28) Atazanavir/ritonavir 
Group (n=28)

Participants experiencing an adverse 
effect

23 (27·7) 7 (25·9) 8 (28·6) 8 (28·6)

 Grade 1 19 (23·0) 5 (18·5) 7 (25·0) 7 (25·0)

 Grade 2 4 (4·8) 2 (7·4) 1 (3·6) 1 (3·6)

Adverse effects

 Abnormal vaginal discharge
a 12 (14·5) 4 (14·8) 4 (14·2) 4 (14·2)

 Menstrual bleeding irregularities
b 7 (8·4) 1 (3·7) 4 (14·2) 2 (7·1)

 Lower abdominal cramping 4 (4·8) 2 (7·4) 0 (0·0) 2 (7·1)

 Vaginal pruritus/itching 5 (6·0) 2 (7·4) 2 (7·1) 1 (3·6)

 Decreased libido
c 2 (2·4) 0 (0·0) 0 (0·0) 2 (7·1)

 Bacterial vaginosis
c 1 (1·2) 1 (3·7) 0 (0·0) 0 (0·0)

 Bladder pressure 1 (1·2) 0 (0·0) 1 (3·6) 0 (0·0)

 Breast tenderness 1 (1·2) 0 (0·0) 1 (3·6) 0 (0·0)

 Vaginal Candidiasis
c 1 (1·2) 1 (3·7) 0 (0·0) 0 (0·0)

 Endocervical polyps 1 (1·2) 0 (0·0) 1 (3·6) 0 (0·0)

 Lower abdominal pain
c 1 (1·2) 0 (0·0) 0 (0·0) 1 (3·6)

 Vaginal dryness 1 (1·2) 0 (0·0) 0 (0·0) 1 (3·6)

 Vaginal pain 1 (1·2) 0 (0·0) 0 (0·0) 1 (3·6)

Data are presented as n(%). Comparing each antiretroviral group to the control group, post hoc two-sided Fisher’s exact test p values were 0.24 to 
>0.99 for both antiretroviral groups. The p-value for each comparison is given in the Supplemental Appendix on page 10.

a.
Grade 2 (n=2)

b.
Includes intermenstrual bleeding or spotting, metrorrhagia; normal menses excluded.

c.
Grade 2 (n=1)
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