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ABSTRACT 
Objectives:
To evaluate whether etonogestrel concentrations are reduced to a level that could potentially reduce contraceptive efficacy when the etonogestrel contraceptive implant is used concomitantly with dolutegravir-based antiretroviral therapy (ART).

Study Design:
We conducted a non-randomized, open-label, cross-sectional pharmacokinetic study among women using single-rod etonogestrel contraceptive implants in Botswana. We compared plasma etonogestrel concentrations, sampled at a single time-point between 3 and 12 months from implant insertion, among implant users living with HIV and receiving dolutegravir-based ART with HIV-negative implant users. We also assessed concentrations among implant users living with HIV and receiving efavirenz-based ART. We compared geometric mean etonogestrel concentrations analyzing data from 142 participants: 97 HIV-negative, 30 using dolutegravir, and 15 using efavirenz.

Results:
The groups were similar. Duration of implant use was between 3 and 12 months (median=5). Geometric mean etonogestrel plasma concentrations and 90% confidence intervals of the mean were 227.5(212.4-243.8), 289.6(251.8-333.0) and 76.4(63.9-91.4) pg/mL among the HIV-negative, dolutegravir- and efavirenz-based ART groups, respectively. All women in the HIV-negative and dolutegravir-based ART groups had etonogestrel concentrations above 90pg/mL; 9/15 women (60%) using efavirenz-based ART had concentrations below 90 pg/mL. On average, etonogestrel levels were lower among individuals who had implants inserted for longer durations.

Conclusions:
Implant users receiving dolutegravir-based ART had a higher mean etonogestrel concentration compared to HIV-negative women, and none had etonogestrel concentrations below the posited threshold for ovulation suppression. In contrast, women in the efavirenz-group had much lower etonogestrel concentrations. Overall, these data provide evidence that the etonogestrel implant may be effectively combined with dolutegravir-based ART regimens.
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Implications 
The etonogestrel implant remains a highly effective contraceptive option for women living with HIV who use dolutegravir-based ART.

1. INTRODUCTION
Among women living with HIV in low- and middle- income countries (LMICs), over half of the 1.5 million annual pregnancies are unintended [1–3]. Preventing unintended pregnancy is essential to improving the health and well-being of the 19.6 million girls and women living with HIV [4] and to avoiding maternal-to-child HIV transmission [5–7]. 

Rapidly increasing availability and use of both etonogestrel and levonorgestrel progestin-only contraceptive implants has the potential to markedly decrease unmet contraceptive need and reduce unintended pregnancy in LMICs [8,9]. Implants now account for 25-50% of all use of modern contraception in diverse African settings [9]. The circulating progestin hormone concentration among implant users is relatively close to the level postulated as required for ovulatory suppression, making this method potentially more vulnerable to contraceptive failure in the presence of any drug–drug interactions. Pharmacokinetic data show that cytochrome P450 (CYP) enzyme-system-mediated drug–drug interactions lead to markedly reduced etonogestrel and levonorgestrel contraceptive implant hormone concentrations among women using efavirenz-based antiretroviral therapy (ART) for HIV treatment (50-80%) [10,11], and clinical reports of contraceptive failures with concomitant implant-efavirenz use are concerning [12–14]. Until recently, efavirenz was the WHO-recommended first-line HIV treatment regimen for all adults living with HIV [15], so this drug-drug interaction has complicated contraceptive policy and clinical care, and created a critical barrier to implant uptake and successful use in women living with HIV [10–14]. In the WHO 2019-updated recommendations for HIV treatment, dolutegravir is now the preferred antiretroviral drug in first- and second-line regimens, including among women of reproductive age [16]. 

The introduction of dolutegravir-based ART treatment across Africa, which began in 2016-2017, has the potential to markedly improve HIV outcomes [17]. Unlike efavirenz, dolutegravir is metabolized mostly by UGT pathways (primarily UGT1A1 glucuronidation), and dolutegravir is not a potent inducer of CYP450 enzymes. Dolutegravir is, thus, less likely than efavirenz to interfere with the pharmacokinetics or effectiveness of the contraceptive implants and other hormonal contraceptives [18,19]. Pharmacokinetic and clinical data on concomitant use of dolutegravir and hormonal contraceptives have been lacking, despite the clinical and public health importance of such data, as dolutegravir-based ART is rolled-out to millions of women of reproductive age. In 2018 a potential signal of increased risk of neural tube defects in the offspring of women using dolutegravir at the time of conception [20] made the need to evaluate dolutegravir-hormonal contraceptive interactions even more urgent. 

[bookmark: _gjdgxs]This study aimed to evaluate whether dolutegravir-based ART and the etonogestrel contraceptive implant have an interaction that could potentially reduce contraceptive efficacy. We hypothesized that there would be no such detrimental drug-drug interaction. The primary outcome of this study is whether concomitant dolutegravir-based ART during etonogestrel implant use in women living with HIV decreases plasma etonogestrel concentrations, relative to those concentrations in HIV-negative women. Women living with HIV and their healthcare providers need evidence-based reassurance that their treatment with dolutegravir will not decrease the efficacy of their etonogestrel contraceptive implant. Information from this study will assist in developing evidence-based contraceptive guidance for women living with HIV.  

2. METHODS
We conducted a non-randomized, open-label, cross-sectional pharmacokinetic study among women using the single-rod etonogestrel contraceptive implant in Botswana. All study procedures took place at the Botswana-Harvard Partnership and Botswana-UPenn Partnership in Gaborone, Botswana. The University of Botswana, the Health Research and Development Division of the Botswana Ministry of Health and Wellness (MoHW), the Princess Marina Hospital Research and Ethics Committee and Columbia University Medical Center approved the study. This study followed the Declaration of Helsinki and was registered at clinicaltrials.gov (NCT03336346).

The primary aim was to compare plasma etonogestrel concentrations, sampled at a single time-point between 3 and 12 months from implant insertion, among HIV positive implant-users receiving dolutegravir-based ART with etonogestrel concentrations among HIV-negative implant users. A secondary objective was to compare etonogestrel concentrations, sampled at a single time-point between 3 and 12 months from implant insertion, among HIV-negative implant users to concentrations among those receiving efavirenz-based ART. We also describe the proportion of women in each study group with plasma etonogestrel concentrations below the posited ovulation suppression threshold (90pg/mL) [21]. 

2.1 Participants
Eligible women were between the ages of 18 and 45 years, using the etonogestrel implant for at least three but no more than 12 months, and were either 1) HIV-negative (taking no ART; ART-naïve), or 2) living with HIV and receiving dolutegravir-based ART (dolutegravir 50 mg once daily along with two nucleoside reverse transcriptase inhibitors [NRTIs]), or 3) living with HIV and receiving efavirenz-based ART (efavirenz 600 mg once daily along with two NRTIs). Women in the two ART groups had received stable ART regimens for at least 2-months prior to enrollment. Botswana introduced universal ART in 2016, thus the study did not include an HIV-infected, non-ART, comparison group; the study comparison group was HIV-negative and, thus, ART-naïve implant users. This comparison enabled us to answer the key question of whether the etonogestrel implant, when used simultaneously with dolutegravir, provides plasma etonogestrel levels comparable to a group in which it has established contraceptive efficacy (i.e. HIV-negative women of reproductive age).

We excluded women who were pregnant or less than 30-days postpartum, and those who were taking other medications with CYP-inducing (e.g. rifampin, carbamazepine) or inhibiting potential. We also excluded women who reported using other hormonal contraceptives or who were not virally suppressed (<400 copies/ml) (among women living with HIV). No participants were using HIV pre-exposure prophylaxis (PrEP).

2.2 Study procedures
The Botswana Ministry of Health and Wellness maintains clinic registries to track contraceptive implant insertions across MoHW and non-governmental clinical sites in Gaborone, Botswana. We used these registries to identify potentially eligible women as the registries include implant insertion date, HIV status, ART regimen, and patient contact information. Study staff contacted women using a standardized telephone script to assess interest in participation, eligibility, and to schedule an enrollment visit. To confirm eligibility, we ascertained type and duration of implant use and type and duration of ART use from medical records, and we confirmed implant location by palpation at the enrollment visit, which was the only study visit. 

After providing written informed consent, participants completed a demographic and medical history questionnaire, which included questions on ART adherence, underwent height and weight measurements, and provided a single blood sample from the arm contralateral to their implant. We abstracted their most recent CD4 cell count and HIV viral load information from medical records, if one was recorded in the past six months. We used the blood sample to measure etonogestrel concentrations for all participants and CD4 cell count and HIV viral load for participants living with HIV who did not have a recorded CD4 cell count and HIV viral load in the past six months.

According to the local standard of care, study staff encouraged all participants to use condoms as a second form of contraception and to prevent sexually transmitted infections. Participants using efavirenz-based ART received information about the accumulating data on observed pregnancies in women using contraceptive implants along with efavirenz-based ART, in line with Botswana MoHW guidance on the issue. Participants received 50 Botswana Pula (approximately five USD) for participation.

2.3 Laboratory and pharmacokinetic assessments
Blood samples were collected into K-EDTA plasma tubes, stored on ice (4°C) and transported to the laboratory at the University of Botswana, where they were centrifuged at 3400 revolutions/minute for 10 minutes to separate plasma, within 24 hours of collection. Plasma aliquots were stored at -80°C and shipped on dry ice to the Biomarkers Core Laboratory of the Irving Institute of Clinical and Translational Research at Columbia University Medical Center in New York, USA. The analysis used a validated etonogestrel assay with liquid chromatography-mass spectrometry (LC-MS/MS). The laboratory measured etonogestrel in plasma by LC-MS/MS after liquid/liquid extraction using D-8 Progesterone as the internal standard [22].

2.4 Statistical analysis
A sample size of 90 participants in the HIV-negative group and 30 in the dolutegravir-based ART group provided greater than 90% power to detect a 20% difference between the groups (two-sided alpha of 0.05). This calculation is based on an expected etonogestrel concentration (without ART use) of 338 pg/mL (standard deviation 77 pg/mL) at three months post-insertion, when the etonogestrel contraceptive implant first reaches a relative steady state [23]. We also included a small number of women receiving efavirenz, a medication known to reduce etonogestrel concentrations, to evaluate whether our results would be consistent with previously published data [10].

We calculated the median etonogestrel concentration with interquartile range (IQR) for each of the three groups. We also calculated an etonogestrel geometric mean concentration for each of the three groups, and then compared the geometric mean concentration between the dolutegravir group and the HIV-negative group as a geometric mean ratio (GMR) with a 90% confidence interval (CI). We calculated the same outcomes for users of efavirenz-based ART. We also calculated the proportion of participants in each group with an etonogestrel concentration below 90 pg/mL, the level posited for ovulation suppression [21]. We had recorded the duration of implant use in each individual and adjusted for this using multivariate linear regression in our comparisons. All statistical analyses were conducted using STATA 16 (Stata Corporation, College Station, Texas).

2.5 Participant follow-up
We contacted participants by telephone to report their etonogestrel level and HIV viral load results, and then counselled, referred, or provided a visit by our study team for contraceptive or HIV care, as appropriate.

3. RESULTS
3.1 Demographic characteristics
Between February 2018 to October 2019, we identified 494 potentially eligible women from the clinic registries (Figure 1). We were able to contact 323 (65%) of these women in the clinic or by telephone for initial study screening (of those not contacted, the vast majority was due to a non-working telephone number in the registry, n=171). Of the 323 contacted, 134 declined participation and 29 were no longer eligible. We enrolled 160 women. Of those enrolled, we excluded 18 after blood sample collection: nine who were using levonorgestrel implants, four who had an etonogestrel implant duration of less than three months (due to miscalculation of implant duration at the time of enrollment), one who was using nevirapine-based ART, two with detectable HIV viral loads who, on further enquiry, reported poor ART adherence, and two in whom the samples had been collected from the ipsilateral arm. We thus included 142 participants in this analysis: 97 HIV-negative women, 30 using dolutegravir-based ART, and 15 using efavirenz-based ART. Demographic characteristics, as well as duration of implant use and body mass index (BMI) were similar across the groups (Table 1). The median duration of implant use was 147 days (IQR 119.5-271), 182 days (IQR 119-247.5) and 152 days (IQR 130-272) in the HIV-negative, dolutegravir, and efavirenz groups, respectively.  





3.2 Etonogestrel pharmacokinetics
Table 2 and Figure 2 summarize the etonogestrel pharmacokinetic data. The median etonogestrel concentrations were 235.9 pg/mL (IQR 171.7-298.3), 303.0 pg/mL (IQR 207.2- 406.1) and 71.9 pg/mL (IQR 57.7-104.9) in the HIV-negative, dolutegravir-, and efavirenz-based ART groups, respectively. Geometric mean etonogestrel plasma concentrations and 90% CIs of the mean were 227.5 (212.4-243.8), 289.6 (251.8-333.0) and 76.4 (63.9-91.4) pg/mL among the HIV-negative, dolutegravir-, and efavirenz-based ART groups, respectively. In the efavirenz group, the etonogestrel concentration was substantially lower compared to the HIV-negative group [GMR: 0.58 (90% CI 0.53-0.64)]. In contrast, the etonogestrel concentration in the dolutegravir group was higher compared to the HIV-negative group [GMR: 1.27 (90% CI 1.10-1.47)]. Adjusting for duration of implant use did not make any notable difference to the GMR comparisons. The adjusted GMR comparing the efavirenz group with the HIV-negative group was 0.60 (90% CI 0.55-0.66), and the adjusted GMR comparing the dolutegravir group with the HIV-negative group was 1.28 (90% CI 1.13-1.46). All women in the HIV-negative and dolutegravir-based ART groups had etonogestrel concentrations above 90 pg/mL, while 60% (9/15) of women on efavirenz-based ART had concentrations below 90 pg/mL. On average, etonogestrel levels were lower in individuals who had implants inserted for longer durations in all groups (Figure 2).

4. DISCUSSION
Women living with HIV who were using the etonogestrel contraceptive implant in combination with dolutegravir-based ART had a higher mean etonogestrel plasma concentration compared to HIV-negative women. No participant in the dolutegravir-based ART or HIV-negative groups of our study had etonogestrel concentrations below the presumed threshold for ovulation suppression of 90 pg/mL [21] after up to 12 months of contraceptive implant use. In contrast, women in the efavirenz-group had much lower etonogestrel concentrations. We found no evidence of detrimental drug-drug interactions between etonogestrel implants and dolutegravir-based ART. Overall, these data provide evidence that the etonogestrel implant may be effectively combined with dolutegravir-based ART regimens.

One published study has reported on hormonal contraception concentrations during dolutegravir use. This single site, cross-over study of a combined oral pill (norelgestromin/ethinyl estradiol) in 16 healthy women in the U.S. found no significant differences in pharmacokinetic parameters of the hormones under study with or without dolutegravir [24]. Our findings of a decreased mean etonogestrel level among women using efavirenz-based ART (66% lower) are similar to a Brazilian study [11] that reported 63% lower serum etonogestrel area-under-the-curve (AUC) over 24 weeks for women using the etonogestrel implant along with efavirenz compared to those not using ART. Similarly, a Ugandan study of the etonogestrel implant reported that 24 weeks after implant insertion, etonogestrel exposure was 82% lower in women using efavirenz-based ART compared to ART-naïve women [10]. Another Ugandan study of the levonorgestrel implant reported 47% lower levonorgestrel concentrations for women using efavirenz-based ART when compared with those that were ART-naïve [14]. Unlike our study, these three studies enrolled HIV-infected but ART-naïve control participants; a comparison that is no longer permissible in the era of universal ART.  

The reason for the slightly higher mean etonogestrel concentration in the dolutegravir group as compared to the HIV-negative group is not known but is corroborated by preliminary data recently presented by Patel et al [25]. This finding requires replication in other studies and further investigation into the underlying mechanisms. Even if replicated, this slightly greater concentration should not lead to safety concerns about concomitant implant and dolutegravir use [26]. 

Collecting just a single specimen from each woman could have presented a problem if the women in the different groups had markedly different durations of implant use. Fortunately, the groups had similar durations of implant use. In addition, we carried out an adjusted analysis accounting for duration of use, which did not change the findings. ART non-adherence would result in underestimation of the effects of dolutegravir or efavirenz on etonogestrel concentrations. Self-reported adherence to ART is a weak measure; so the study also evaluated HIV viral load for all of the women reported taking ART; and only included those who had viral load suppression in analysis. This provides a reassuring, objective measure of ART adherence. 

The etonogestrel implant is a highly effective contraceptive option for women living with HIV who use dolutegravir-based ART.
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Table 1: Characteristics of participants among women using the etonogestrel implant in Botswana, stratified by antiretroviral therapy group

	
	HIV-negative group (n=97)
	DTG group (n=30)
	EFV group (n=15)

	Age, in years 
	28.0 (24-33)
	29.5 (24-35.5)
	28 (26-37)

	Weight, kg 
	67.1 (58.1-75.7)
	65.9 (55.4-77.0)
	63 (58.5-75.0)

	BMI, kg/m2 

	25.65 (21.9-29.2)
	24.41 (20.2-28.3)
	24.9 (20.7-27.5)

	Ethnicity black African, n (%)
	97 (100)
	30 (100)
	15 (100)

	Married, n (%)
	14 (14.4)
	3 (10.0)
	2 (13.3)

	Live births 
	2 (1-2)
	2 (1-3)
	2 (1-4)

	CD4 cell count (cells/ml)
	--
	653.5 (497.8-887.3)
	620 (580-803)

	Current ART regimen
	--
	DTG/TDF/FTC
28 (93.3)
DTG/TDF/3TC
2 (6.7)
	EFV/TDF/FTC
15 (100)

	Duration on current ART regimen (months)*
	--
	13.5 (7.3-25.7)
	39.1 (16.7-63.7)

	HIV viral load <400 copies/ml, n (%)
	--
	30 (100)

	15 (100)

	Duration of implant use (days)
	147 (119.5-271)
	182 (119-247.5)
	152 (130-272)


ART, antiretroviral therapy; DTG, dolutegravir; EFV, efavirenz; FTC, emtricitabine; 3TC, lamivudine
Data are represented either as n (%) or median (interquartile range), as appropriate. *Note: This difference in duration on current ART regimen reflects the fact that efavirenz has been the first-line ART and available for many years, while dolutegravir is being newly introduced across African settings, including Botswana, since 2016. This difference in duration on current ART regimen does not impact our study findings as the eligibility criteria for the study included the following: “Women in the two ART groups had received stable ART regimens for at least 2-months prior to enrolment”.



Table 2. Etonogestrel plasma concentrations (pg/mL) by study group among women using the etonogestrel implant in Botswana

	
	Geometric mean with 90% confidence intervals

	GMR with 90% CI

	Adjusted* GMR with 90% CI
	Proportion of ENG plasma concentrations below 90 pg/ml, n(%)

	HIV-negative group (N=97)
	227.5 (212.4- 243.8)
	Reference group
	Reference group
	0/97 (0)

	DTG group 
(N=30)
	289.6 (251.8-333.0)
	1.27 (1.10-1.47)
	1.28 (1.13-1.46)

	0/30 (0)

	EFV group 
(N=15)
	76.4 (63.9-91.4)
	0.58 (0.53-0.64)
	0.60 (0.55-0.66)
	9/15 (60)


ART, antiretroviral therapy; DTG, dolutegravir; EFV, efavirenz; CI, confidence interval; GMR, geometric mean ratio
*Adjusted for duration of implant use (days)



Figure Legend

Figure 1: Participants in a study of contraceptive implant use in HIV-negative women, women using dolutegravir-based ART, and women using efavirenz-based ART in Botswana. ART, antiretroviral therapy; ENG, etonogestrel; LNG, levonorgestrel; DTG, dolutegravir; EFV, efavirenz.



Figure 2: Etonogestrel plasma concentrations (pg/mL) by study groups over duration of implant use in days. Locally weighted scatterplot smoothing was used to visualize the trends. The grey line shows plasma etonogestrel concentrations over time in pg/mL in the dolutegravir-based ART group; the black line shows plasma etonogestrel concentrations over time in pg/mL in the HIV-negative group; the dotted line shows plasma etonogestrel concentrations over time in pg/mL in the efavirenz-based ART group. Individual data points are shown by grey circles for the dolutegravir-based ART group; by black circles for the HIV-negative group; and by hollow triangles for the efavirenz-based ART group.
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