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INTRODUCTION:

Family planning options, including hormonal contraception, are crucial for reproductive-

aged women living with HIV or at high-risk for HIV acquisition. Hormonal contraception is 

highly effective against unintended pregnancy and is particularly important in HIV-infected 

women to avoid mother-to-child transmission.1 However, concurrent use of antiretroviral 

(ARV) drugs and hormonal contraceptives has resulted in unexpected drug-drug interactions 

(DDIs), which may result in decreased efficacy of antiretroviral treatment (ART) or ARV-

drug based pre-exposure prophylaxis (PrEP).2 For example, oral contraceptives containing 

ethinyl estradiol/desogestrel have been found to reduce efavirenz serum concentrations by 

18%.3 Additionally, in transgender women, medroxyprogesterone acetate as well as estrogen 
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with or without anti-androgen activity have been associated with reduced tenofovir 

intracellular and plasma levels, respectively.4–6

Cabotegravir is a novel integrase strand-transfer inhibitor currently in development for use in 

HIV prevention and treatment. Cabotegravir formulations include a daily oral tablet and a 

long-acting intramuscular formulation currently being studied as an injection administered 

every one or two months.7 Long-acting injectable cabotegravir (CAB-LA) is formulated 

with milled cabotegravir nanocrystals suspended in mannitol, with the rate of drug 

absorption determined by dissolution of cabotegravir particles into the interstitial fluid.8 

Cabotegravir is predominantly excreted in the feces as unchanged drug (58%) and in urine 

following metabolization by uridine diphosphate glucuronosyltranferase (UGT) 1A1 and 

UGT1A9 (26.8%).9 Cabotegravir is considered to be low-risk for causing clinically 

significant DDIs overall, since in vitro and clinical studies have not shown effects on major 

UGT or cytochrome P450 (CYP) metabolic pathways.10,11 However, the effect of hormonal 

contraceptives on cabotegravir pharmacokinetics (particularly with the long-acting injectable 

formulation of cabotegravir) has not been investigated. Given the widespread use of 

hormonal contraceptive agents, understanding potential DDIs between exogenous sex 

hormones and ART is critical to understanding the safety and efficacy of novel treatment and 

prevention regimens in cisgender women and in transgender women receiving gender-

affirming hormonal therapy. To address this research gap, we performed a subset analysis of 

the HIV Prevention Trials Network 077 (HPTN 077) study to evaluate the association 

between hormonal contraceptive use and CAB-LA pharmacokinetic (PK) parameters.

METHODS:

Study Population and Design

This is a secondary analysis of cisgender women who were enrolled in HPTN 077, a 

randomized, double-blind, placebo-controlled, phase 2a trial that evaluated safety, 

tolerability, and pharmacokinetics of CAB-LA at two doses and intervals (clinicaltrials.gov 

NCT02178800). Detailed methods and results from the trial have been published.7 Briefly, 

between February 2015 and May 2016, 199 HIV-uninfected, low-risk individuals aged 18-65 

years from Malawi, Brazil, South Africa, and the United States were enrolled in two 

sequential cohorts with different dosing regimens and randomly assigned 3:1 to receive 

CAB-LA or placebo. Women who were pregnant, breastfeeding, or intending to become 

pregnant were ineligible, and women of reproductive potential were required to use an 

effective contraceptive method for the duration of the study; 129 cisgender women were 

enrolled in the parent study.

All participants received an oral version of their assigned study product (CAB-LA or 

placebo) for 4 weeks before injections (30 mg oral cabotegravir daily for those randomized 

to the cabotegravir arm). Cohort 1 then received CAB-LA 800 mg intramuscularly (IM) 

every 12 weeks for 3 injections, administered as 2 x 2 mL gluteal injections. Cohort 2 

received CAB-LA 600 mg IM, administered as a single 3 mL gluteal injection, with the first 

two injections separated by 4 weeks and the remainder separated by 8 weeks, for a total of 5 

injections. Clinical safety, type of hormonal contraceptive used, and laboratory assessments 

occurred at injection visits and at weeks 6, 9, 13, 18, 23, 30, 35, and 41 (Cohort 1) or 6, 10, 

Blair et al. Page 2

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT02178800


13, 18, 21, 26, 29, 34, 37, and 41 (Cohort 2). Laboratory assessments included HIV testing 

and plasma cabotegravir levels. The primary study endpoint was at week 41; participants 

received quarterly follow-up visits for 52-76 weeks after final injection (detailed schedule of 

study assessments can be found in Landovitz et al.).7 Plasma cabotegravir concentrations 

were measured using a validated liquid chromatography-mass spectrometric (LC-MS) assay 

with a lower limit of quantification [LLOQ] of 25 ng/mL. Peak concentration [Cmax], trough 

concentration [Cτ], and exposure between injections, measured as area under the 

concentration time curve [AUC0-τ], were estimated for each injection.7 Apparent terminal 

half-life [T1/2app] and time to LLOQ after the last injection were estimated and included in 

the analysis.12 All participants provided written informed consent and the institutional 

review board or ethics committee at each participating site approved the study protocol.

Statistical Analysis

Statistical analysis was limited to cisgender women who were randomized to receive CAB-

LA and received at least one injection (n=85). We evaluated the association between self-

reported hormonal contraceptive use and CAB LA PK parameters. Self-reported hormonal 

contraceptive use at each injection visit was categorized by contraceptive type (oral, 

injectable, implants, other). Of note, as all women who indicated that they were not of 

reproductive potential reported hormonal contraceptive use (n=12), they were included as a 

separate variable in our analysis. Generalized estimating equations (GEE) were used to 

account for correlation of PK parameters and changes in hormonal contraceptive type within 

individual women across injections and to assess the effect of hormonal contraceptive use on 

Cmax, Cτ, and AUC0-τ. Linear regression was used to assess the effect of hormonal 

contraceptive use reported at the last injection visit on T1/2app and time to LLOQ after the 

last injection. Since body mass index (BMI) was significantly associated with PK 

parameters,7,12 BMI and CAB-LA dose cohorts as covariates were adjusted in all analyses. 

All PK parameters were log-transformed before analyses. Geometric mean ratios (GMR), 

i.e., exp(beta) where beta is the estimate of the effect of hormonal contraceptive use (vs. not 

on any hormonal contraception) on the PK parameter, 90% confidence intervals, and p-

values were reported for all analyses. GMRs with 90% confidence intervals were used based 

on regulatory guidance for clinical evaluation of DDIs.13 All analyses were performed using 

SAS 9.4 (SAS Institute Inc., Cary, NC).

RESULTS:

Of the 85 cisgender women included in the analysis, median age was 28 years (IQR 23-36), 

median BMI was 27 (22-35), and 51.8% of women were from Sub-Saharan Africa (Table 1). 

Hormonal contraceptive use was reported by 79 women; the remaining six women reported 

no hormonal contraception. Of the women who reported using hormonal contraception, the 

following types of contraceptives were reported at baseline visit: 35.4% (n=28) injectable, 

22.8% (n=18) oral, 12.7% (n=10) implantable, 13.9% (n=11) other; 15.2% (n=12) of the 

women were not of reproductive potential, but still reported hormonal contraceptive use 

(hormonal contraception type by injection visit and cohort is shown in Supplementary 

Figure 1).
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Oral contraceptive use was associated with lower Cmax when compared to women not on 

any hormonal contraception (GMR 0.75; 90% CI 0.59-0.93; p=0.033) after adjusting for 

BMI and cohort. However, oral contraceptive use did not result in significant differences in 

other CAB-LA PK parameters relative to women not on any hormonal contraception, 

including Cτ (GMR 0.91; 90% CI 0.72-1.15; p=0.51), AUC0-τ (0.81; 0.65-1.01; p=0.12), 

T1/2app (0.84; 0.53-1.35; p=0.56), and time to LLOQ (0.96; 0.65-1.40; p=0.85). Compared to 

women not on hormonal contraception, no statistically significant difference in any 

cabotegravir PK parameter was observed between women who used injectable, implantable, 

or other types of hormonal contraceptives. Similarly, women not of reproductive potential 

had no differences in cabotegravir PK parameters when compared to women not on 

hormonal contraceptives. When evaluated in aggregate (any use vs. not), self-report of any 

type of hormonal contraception did not result in significant differences in GMRs for any 

CAB-LA PK parameter, compared to women not on any hormonal contraceptives (data not 

shown). Results of GMRs stratified by contraceptive type are shown in Figure 1.

DISCUSSION:

In this secondary analysis of HIV-uninfected, cisgender women participating in HPTN 077, 

use of oral hormonal contraceptives was significantly associated with lower peak CAB 

concentrations when compared to women not on hormonal contraception. However, oral 

contraceptive use was not associated with differences in GMRs for other cabotegravir PK 

parameters (Cτ, AUC0-τ, T1/2app, time to LLOQ). No additional types of hormonal 

contraceptives (injectable, implantable, or other) were associated with differences in the PK 

of CAB-LA during serial injections or during the “pharmacokinetic tail”. Given that ARV 

drugs and hormonal contraceptives are frequently taken concomitantly by women at-risk for 

or living with HIV, these data highlight the need for further research exploring potential 

DDIs between CAB-LA and hormonal contraceptives. However, it is important to note that 

differences in time to LLOQ were not observed with oral contraceptive use, supporting that 

these differences observed in Cmax are unlikely to be clinically important. Furthermore, 

significant differences were not observed with oral contraceptive use and Cτ and AUC0-τ, 

which appear to be the most important PK determinants of virologic control.14

The finding of a decreased Cmax for women taking oral contraceptives was unexpected, as 

DDIs between ARV drugs and hormonal contraceptives are largely due to alteration in 

expression of CYP 450 enzymes, suggesting that hormonal contraceptives would not cause 

significant interactions with cabotegravir.15 In contrast, nevirapine and efavirenz, the two 

ARV drugs most likely to interact with hormonal contraceptives, are known CYP 450 

inducers and may compete with the metabolism of oral contraceptives, potentially altering 

systemic concentrations of both the ARV drugs and the hormonal contraceptive; the clinical 

implications of this interaction are unclear, but have led to recommendations for caution in 

the use of these ARV drugs with hormonal contraception.2,15 Importantly, prior in vitro and 

clinical studies of cabotegravir demonstrated a low risk profile for clinically significant 

DDIs, as cabotegravir is metabolized via glucuronidation through UGT1A1 and A9 

enzymes.10,11,16 Furthermore, it is unlikely that hormonal contraceptives would alter 

absorption of CAB-LA nanoparticles, as injection technique, physical activity, body fat 

distribution, and muscle mass are hypothesized to be the primary determinants of the rate of 
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CAB-LA absorption.8 However, DDIs have been shown to be challenging to predict from in 

vitro data, highlighting the need for clinical data.

Our study has several strengths. Samples and data were collected as part of a multicenter 

phase 2a clinical trial that had high rates of retention and included close monitoring of 

cabotegravir drug levels. However, the study does have some limitations. In HPTN 077, 

hormonal contraception use was self-reported; it is unknown whether hormonal 

contraceptives were taken consistently, and the specific hormones taken were not assessed. 

As the type(s) of hormonal contraceptives used by women who self-reported not being of 

reproductive potential was unclear, it is also possible that this group was subject to 

misclassification bias. Given the effect of oral contraceptives observed on CAB-LA Cmax, 

dedicated PK studies evaluating potential interactions of hormonal contraceptives on 

cabotegravir are warranted. We did not measure the effect of cabotegravir on hormone 

levels. However, we do not anticipate that CAB-LA would influence hormonal contraception 

levels, based on previous study demonstrating that oral cabotegravir did not influence 

metabolism of oral ethinyl estradiol or levonorgestrel;16 this is a potential area for future 

investigation. Given the relatively modest sample size, our analysis is not powered for small 

differences between any hormonal contraceptive use vs. no use. However, HPTN 084, a 

registrational trial that is currently enrolling 3,200 cisgender women in Sub-Saharan Africa 

(of whom 1,800 are receiving cabotegravir), will be better powered to address these findings 

(clinicaltrials.gov NCT03164564). Additionally, as gender-affirming hormonal therapies 

typically utilize a wide variety of estrogens (e.g., estradiol), anti-androgens, and/or 

androgens, further study is needed to fully characterize the bidirectional DDI’s between such 

cross-sex hormonal therapies and CAB-LA.17 Such interactions will need to be fully 

explored prior to implementation and scale-up in transgender communities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: The effect of hormonal contraceptive use on long-acting injectable cabotegravir 
pharmacokinetic (PK) parameters (Cmax, Cτ, AUC0-τ, T1/2app, LLOQ) compared to women not 
on hormonal contraception, controlling for body mass index and cohort, among cisgender 
women in HIV Prevention Trials Network study 077
Cmax = peak concentration; Cτ = trough; AUC0-τ = exposure between injections; T1/2app = 

apparent terminal half-life after last injection; LLOQ = time to lower limit of quantitation; 

GMR = geometric mean ratio (ref: no hormonal contraception)

Note: bold indicates p ≤ 0.05
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Table 1:

Demographics and baseline contraceptive use of cisgender women randomized to receive CAB-LA and 

received at least one injection in HIV Prevention Trials Network study 077 (N=85)

Cohort 1 (n=46) Cohort 2 (n=39) Overall (n=85)

Age
+ 26 (23-35) 31(23-38) 28 (23-36)

BMI
+ 28 (24-35) 26 (22-35) 27 (22-35)

Race/Ethnicity

 Non-Hispanic black 24 (52.2%) 20 (51.3%) 44 (51.8%)

 Non-Hispanic white 12 (26.1%) 4 (10.3%) 16 (18.8%)

 Hispanic/Latino 9 (19.6%) 12 (30.8%) 21 (24.7%)

 Asian 0 (0.0%) 1 (2.6%) 1 (1.2%)

 Mixed/Other 1 (2.2%) 2 (5.1%) 3 (3.5%)

Region

 United States 13 (28.3%) 13 (33.3%) 26 (30.6%)

 Sub-Saharan Africa 26 (56.5%) 18 (46.2%) 44 (51.8%)

 Brazil 7 (15.2%) 8 (20.5%) 15 (17.6%)

Contraceptive Type

 None 2 (4.3%) 4 (10.3%) 6 (7.1%)

 Not of reproductive potential 5 (10.9%) 7 (17.9%) 12 (14.1%)

 Oral contraceptives 12 (26.1%) 6 (15.4%) 18 (21.2%)

 Injectable 12 (26.1%) 16 (41.0%) 28 (32.9%)

 Implants
∫ 6 (13.0%) 4 (10.3%) 10 (11.8%)

 Other
∫∫ 9 (19.6%) 2 (5.1%) 11 (12.9%)

+
Median(IQR)

∫
Implantable = intradermal implant

∫∫
Other = vaginal ring, intrauterine device
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