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Background: Pharmacokinetic data are lacking for progestin-releasing subdermal contraceptive implants when 
used with either rilpivirine- or darunavir/ritonavir-based ART. 

Objectives: To characterize the pharmacokinetics of etonogestrel or levonorgestrel implants when administered 
with these ART regimens over 48 weeks. 

Patients and methods: Two separate, parallel, three-group, non-randomized, pharmacokinetic studies evalu
ated either etonogestrel or levonorgestrel in women receiving rilpivirine- or darunavir-based ART compared 
with women without HIV (control group). Participants on ART were switched to rilpivirine-based ART with a 
run-in period of 6 weeks or darunavir-based ART with a run-in of 2 weeks prior to implant insertion. Plasma 
was collected on Day 0, and 1, 4, 12, 24, 36 and 48 weeks post-insertion. Plasma progestin concentrations 
were compared between ART and control groups by geometric mean ratio (GMR) and 90% CI. 

Results: At the primary endpoint of Week 24, progestin concentrations were similar between the rilpivirine and 
control groups [etonogestrel: 1.18 (0.99–1.37); levonorgestrel: 1.16 (0.97–1.33)]. At Week 24, progestin 
exposure was higher in the darunavir groups compared with the control group [etonogestrel: 2.56 
(1.69–3.28); levonorgestrel: 1.89 (1.38–2.29)]. Results remained consistent through to Week 48. No differences 
in etonogestrel-related adverse events were observed, but both ART groups experienced more menstrual abnor
malities versus the control group with levonorgestrel. 

Conclusions: Etonogestrel and levonorgestrel concentrations were not altered by rilpivirine-based ART. 
Although progestin concentrations were higher in the ART groups containing ritonavir-boosted darunavir, no im
plant-related serious adverse events were observed. Both progestin-releasing implants are an appropriate 
contraceptive option with either rilpivirine- or darunavir/ritonavir-based ART.

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. All rights reserved. 
For permissions, please e-mail: journals.permissions@oup.com

Introduction
In 2020, 36 million adults were living with HIV, 53% of whom 
were women and girls.1 Lifelong ART suppresses replication of 
HIV, delays disease progression and improves survival in women 
with HIV.2 In non-pregnant women, effective family planning re
duces the risk of mother-to-child HIV transmission by averting 
unintended pregnancies.3,4 In Uganda and other countries, fam
ily planning services are integrated with ART services to improve 

coverage of contraception services for women living with HIV.5

However, antiretroviral drugs have potential for drug–drug inter
actions that could lead to altered pharmacokinetics and reduced 
efficacy of co-administered drugs, including contraceptives.6

Subdermal progestin-releasing contraceptive implants are the 
most widely used reversible long-acting contraceptive method 
among Ugandan women.7 In Uganda, etonogestrel implants 
are licensed for 3 years of continuous use, while levonorgestrel 
implants are licensed for 5 years.8,9 Pharmacokinetics of 

3144

https://orcid.org/0000-0002-3703-7849
https://orcid.org/0000-0001-9406-693X
mailto:mlamorde@idi.co.ug
https://doi.org/10.1093/jac/dkac296
https://academic.oup.com/


Implant contraceptive pharmacokinetics with ART                                                                                          

progestins released from implants are characterized by reaching 
a peak in concentrations within 1 week following insertion, then 
decreasing most rapidly within the first 3 months after insertion, 
then reaching a steady state with only slow decline over the dur
ation of product use. Levonorgestrel is released from the 150 mg 
implant at an initial rate of 100 μg/day, decreasing to 40 μg/day 
in the first year and 30 μg/day by the third year of use, with a peak 
levonorgestrel concentration of 772 ± 414 pg/mL at 2 days, then 
decreasing slowly to 357 ± 155 pg/mL at 6 months, 340 ±  
159 pg/mL at 12 months and 279 ± 123 pg/mL at 60 months.8

The etonogestrel 68 mg implant release rate is 50–60 μg/day 
after 5–6 weeks, decreasing to 35–45 μg/day after the first 
year, and 25–30 μg/day by the end of the third year of use, 
with peak etonogestrel concentrations of 1200 ± 604 pg/mL in 
the first 2 weeks, slowly declining to 297 ± 104 pg/mL at 
6 months, 202 ± 55 at 12 months and then 138 ± 43 pg/mL at 
36 months.9

Both levonorgestrel and etonogestrel are metabolized via the 
cytochrome P450 (CYP) 3A4 enzyme and are prone to drug–drug 
interactions when co-administered with inhibitors or inducers of 
this enzyme system.8,9 Indeed, significant drug–drug interac
tions between each of these progestins and efavirenz-based 
ART have been demonstrated in prior studies in Uganda, resulting 
in 84% lower exposure for etonogestrel and 47% lower exposure 
for levonorgestrel, with evidence of loss of contraceptive efficacy 
in the levonorgestrel study.10,11 However, data are lacking for 
newer antiretrovirals used for treatment of HIV. Rilpivirine is an 
NNRTI used in combination with other ART to treat HIV-1 infec
tion in treatment-naive patients with a viral load of ≤100  
000 copies/mL.12 Darunavir is an HIV-1 PI recommended by the 
WHO in combination with ritonavir as part of second- or third-line 
ART regimens.13 Ritonavir is a potent inhibitor of CYP3A4, but also 
an inducer of other CYP enzymes, both characteristics resulting in 
clinically significant drug–drug interactions. There are limited 
data available for the combined use of either the levonorgestrel 
or the etonogestrel contraceptive implant with rilpivirine- or dar
unavir/ritonavir-based ART. Therefore, we aimed to characterize 
the pharmacokinetics of etonogestrel and levonorgestrel in wo
men with HIV when administered with either rilpivirine-based 
ART or darunavir/ritonavir-based ART compared with a control 
group of HIV-negative women over 48 weeks. We also aimed 
to describe the safety and tolerability of etonogestrel or levonor
gestrel implants in participants using rilpivirine- or darunavir/ 
ritonavir-based ART.

Patients and methods
Two similar non-randomized, open-label, parallel, three-group studies 
evaluating either etonogestrel (etonogestrel study) or levonorgestrel 
(levonorgestrel study) pharmacokinetics when administered with 
either rilpivirine- or darunavir/ritonavir-based ART compared with 
HIV-negative women (control group) were conducted concurrently at 
the Infectious Diseases Institute (IDI), Makerere University, Kampala, 
Uganda. Both studies were conducted in accordance with the 
Declaration of Helsinki and received ethics approval from the Joint 
Clinical Research Centre Research Ethics Committee and studies were 
registered with the Uganda National Council for Science and 
Technology (HS145ES, HS146ES) and ClinicalTrials.gov (NCT03589027, 
NCT03589040). All participants provided written informed consent prior 
to study procedures.

Study participants
Women living with HIV seeking family planning services were identified at 
the IDI Clinic, while women without HIV were referred from IDI-affiliated 
clinics in the Kampala area. Potential participants received information on 
available contraceptive methods, including implants, intrauterine de
vices, oral contraceptive pills, depo-medroxyprogesterone, and male 
and female condoms. Women were considered eligible for enrolment if 
they were aged 18 years or above, desired a contraceptive implant and 
were clinically eligible for the implant.14 If not abstinent, study partici
pants in the ART arms were required to use an effective non-hormonal 
method of contraception for the study duration, including male or female 
condoms or the copper intrauterine device. Participants in the control 
group were counselled on HIV prevention strategies and offered male 
and female condoms. Women with HIV were eligible for the rilpivirine 
groups (n = 30 per study) if they were on efavirenz-based ART, or for the 
darunavir/ritonavir groups (n = 30 per study) if they were on lopinavir- 
or atazanavir-based ART. Participants had to be on eligible ART for at least 
1 year with an HIV-1 RNA of <50 copies/mL and a CD4 count of 
>200 cells/mL at study entry. Participants in the control group (n = 20 
per study) were excluded if HIV positive at screening and referred to 
HIV care services. Pregnant or breastfeeding women were excluded. 
Medications with potential for interaction with the study drugs were to 
be avoided prior to and throughout the study period.15

Procedures
The study schema is described in Figure 1. At enrolment, participants on 
efavirenz were switched to rilpivirine (rilpivirine group) while those on ei
ther lopinavir or atazanavir were switched to darunavir/ritonavir-based 
ART (darunavir/ritonavir group). Participants in the rilpivirine groups took 
25 mg rilpivirine tablets orally with food once daily. Based on the local 
guidelines, patients in the darunavir/ritonavir group took darunavir 

Figure 1. Study schema for the etonogestrel and levonorgestrel studies. This figure appears in colour in the online version of JAC and in black and white 
in the print version of JAC.
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600 mg twice daily plus ritonavir 100 mg twice daily, both with food. 
NRTIs (either tenofovir plus lamivudine or zidovudine plus lamivudine) 
in the pre-entry regimen were continued during the study. To ensure 
elimination of prior antiretrovirals before the pharmacokinetic evaluation, 
a washout/run-in period was required prior to implant insertion (2 weeks 
post-switch for darunavir/ritonavir groups and 6 weeks post-switch for 
the rilpivirine groups). Temporal relationship to rilpivirine or darunavir 
was assessed for any adverse events that occurred after initiation of 
study ART drugs but before implant insertion. Participants in the control 
groups progressed directly to implant insertion. For all groups, the date 
of implant insertion was assigned as Day 0.

After implant insertion, participants returned after 1, 4, 12, 24, 36 and 
48 weeks. On these visits, we documented occurrence of all adverse events 
and determined their temporal relationship to the implant. The use of con
comitant medications and herbal remedies was also assessed. A urine 
pregnancy test was performed, and endogenous progesterone was as
sessed at every visit. Safety laboratory assessments were conducted 
throughout the study period, including a complete blood count, HIV-1 
RNA, serum creatinine, ALT, lipid profiles and haemoglobin A1c. Optional 
visits occurred at Weeks 45, 46 and 47 to collect blood samples for en
dogenous progesterone. Endogenous progesterone concentrations great
er than 3 ng/mL were considered consistent with ovulatory activity.16

Pharmacokinetic analysis
For levonorgestrel and etonogestrel pharmacokinetic analysis, whole 
blood samples were collected on Day 0, and at 1, 4, 12, 24, 36 and 
48 weeks post-insertion of implant. Week 24 was the primary endpoint, 
and participants were excluded if they did not meet this endpoint. 
Plasma was obtained by centrifugation and samples were batched and 
stored at −80°C until sample shipment. Etonogestrel and levonorgestrel 
concentrations in plasma were quantified by validated, quality-controlled 
LC-MS/MS methods.17 The lower limit of quantitation for both progestins 
was 25 pg/mL, and the coefficient of variation was less than 15% for both 
assays. We assessed suppression of ovulation based on a 350 and 90 pg/ 
mL threshold for levonorgestrel and etonogestrel, respectively.

Statistical analysis
Based on our previously observed etonogestrel and levonorgestrel intra
patient variability (30%–50%),10,11 25 participants in each ART group and 
17 participants in each control group were expected to provide 87% 
power to test our primary hypotheses of null effect [geometric mean ratio 
(GMR) 90% CIs falling between 0.7 and 1.43] at the study-defined primary 
endpoint (Week 24).18 Etonogestrel and levonorgestrel concentrations 
were summarized as medians and IQRs at each study visit within each 
group. We compared concentrations between each ART group with the 
respective control group by calculating GMRs for the control group versus 
the rilpivirine group or the darunavir/ritonavir group with 90% CIs ob
tained using a non-parametric bootstrap performed with R software, 
v.4.0.2 and the boot package.19–21 We compared each ART arm with 
the control group using Pearson’s chi-squared or Fisher’s exact test for 
categorical baseline characteristics and adverse events. We used 
Wilcoxon rank-sum test to compare continuous baseline characteristics 
(age, weight, BMI and parity). All adverse events were coded using 
MedDRA (https://www.meddra.org/). Severity of adverse events was 
graded according to the National Institute of Allergy and Infectious 
Diseases Division of AIDS (DAIDS) classification system for reporting ad
verse experiences in adults.22

Results
Participants were recruited between July 2018 and December 
2019. In the etonogestrel study (Figure 2a), 81 participants 

were enrolled (30 each in darunavir/ritonavir and rilpivirine 
groups; 21 in the control group). Seventy-five participants, (rilpi
virine = 28; darunavir/ritonavir = 29; control = 18) were included 
in the Week 24 analysis and 71 participants (rilpivirine = 26; dar
unavir = 28; control = 17) were included in the Week 48 analysis. 
In the levonorgestrel study (Figure 2b), 83 participants were en
rolled (30 each in darunavir/ritonavir and rilpivirine groups; 23 in 
the control group). A total of 77 participants (rilpivirine = 30; dar
unavir/ritonavir = 28; control = 19) were included in Week 24 ana
lysis and 74 participants (rilpivirine = 30; darunavir = 28; control =  
16) were included in Week 48 analysis.

Table 1 describes participants’ baseline characteristics for 
each study. In the etonogestrel study, demographic characteris
tics were similar between the ART groups and the control group, 
except the median age, which was higher in the darunavir arm 
(37 versus 32 years; P = 0.003) and the rilpivirine arm (36 versus 
32 years; P = 0.048) compared with the control group. In the levo
norgestrel study, demographic characteristics were also similar 
between the ART groups and the control group, except the me
dian age, which was higher in the darunavir arm [38 versus 
34 (rilpivirine) and 33 years (control); P = 0.002]. The weight was 
higher in the control group compared with both ART groups 
[65 versus 56 kg (rilpivirine), P = 0.008; 65 versus 58 kg (daruna
vir), P = 0.034], but the BMI was only higher in the control group 
compared with the rilpivirine group (26.6 versus 21.9 kg/m2; P =  
0.007).

Implant progestin concentrations
Pharmacokinetic parameters for etonogestrel and levonorgestrel 
are presented in Table 2 and plasma concentrations are shown in 
Figure 3. At both the primary endpoint (Week 24) and Week 48, 
both etonogestrel and levonorgestrel concentrations in the rilpi
virine groups were not statistically different compared with the 
respective control groups. In the darunavir/ritonavir groups, eto
nogestrel was 156% and 120% higher and levonorgestrel was 
89% and 74% higher compared with the control groups at 
Weeks 24 and 48, respectively.

Endogenous progesterone
In the etonogestrel study, 71 participants had at least one op
tional visit, while 54 participants completed all optional visits 
from Weeks 45 to 47 in addition to the standard visit at Week 
48. No ovulatory activity was detected among participants in 
the etonogestrel study. In the levonorgestrel study, 71 partici
pants had at least one optional visit, while 59 completed all op
tional visits plus Week 48. Two participants in the levonorgestrel 
study, one in the rilpivirine group and the other in the darunavir/ 
ritonavir group, had endogenous progesterone values (>3 ng/ 
mL) consistent with ovulatory activity at Weeks 46 and 47, 
respectively.

Adverse events
Implant-related adverse events are presented in Tables S1 and 
S2, available as Supplementary data at JAC Online. Six out of 
60 participants in the etonogestrel study and 10 out of 60 in 
the levonorgestrel study reported an ART drug-related adverse 
event before implant insertion. In the levonorgestrel study, one 
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serious adverse event occurred related to darunavir, requiring 
study discontinuation. The participant developed a generalized 
maculopapular rash 4 weeks after initiating darunavir-based 
ART and symptoms resolved upon discontinuation. All other ad
verse events were either Grade 1 or 2 and they included head
ache, rash, nausea and diarrhoea.

Implant-related adverse events are listed in Tables S1 and S2. 
In the etonogestrel study, the number of participants with any 
adverse events was similar when ART groups were compared 
with the control group. The majority of adverse events were ei
ther Grade 1 or 2. Two participants in the rilpivirine group and 
one in the darunavir group reported Grade 3 weight gain (10%– 
19% increase from baseline), with weight increases of 16 and 
10.5 kg in the rilpivirine group and 11 kg in the darunavir group. 
Bleeding irregularities were less common in the control groups; 

however, there was no statistically significant difference when 
compared between the ART groups and the control group. Two 
participants in the etonogestrel study experienced persistent 
menorrhagia (one each from darunavir and rilpivirine groups) 
leading to study discontinuation. Eleven participants (36.7%) in 
the rilpivirine arm reported nausea, compared with two partici
pants (9.5%) from the control group (P = 0.048).

In the levonorgestrel study, the number of participants with 
any adverse events was similar when ART groups were compared 
with the control group. The majority of adverse events were 
Grade 1 (80.8%); the remainder were Grade 2 (19.2%). No 
Grade 3 or higher adverse events were reported in this study. 
Menstrual changes were more common in the ART groups com
pared with the control group (rilpivirine versus control, P = 0.001; 
and darunavir versus control, P = 0.025).

Figure 2. (a) Participant disposition in the etonogestrel study through the primary endpoint at Week 24 and secondary endpoint at Week 48. EFV, 
efavirenz; DRV/r, darunavir/ritonavir; RPV, rilpivirine; LTFU, lost to follow-up; WLH, women living with HIV. (b) Participant disposition in the levonorgestrel 
study through the primary endpoint at Week 24 and secondary endpoint at Week 48. DRV/r, darunavir/ritonavir; EFV, efavirenz; RPV, rilpivirine; LTFU, 
lost to follow-up; LNG, levonorgestrel; WLH, women living with HIV.
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No pregnancies or ART treatment failures were observed in ei
ther study. No significant increases in haemoglobin A1c levels or 
serum lipids were noted in either study.

Discussion
In these studies, median etonogestrel and levonorgestrel con
centrations were higher than ovulation thresholds across all 
study.23 Throughout the study period, the levonorgestrel and 
etonogestrel concentrations were similar between the rilpivirine 
group and the control group of healthy volunteers in each study. 
In contrast, progestin concentrations were higher in the daruna
vir/ritonavir groups versus the control groups throughout the 
study. Higher concentrations in the darunavir/ritonavir group 
may be explained by inhibition of CYP3A4 by ritonavir resulting 
in slower metabolism of etonogestrel and levonorgestrel, both 
of which are substrates of CYP3A4.24 No excess implant-related 
adverse events occurred in the darunavir groups of the etonoges
trel study, suggesting that these increases may not be clinically 
significant. Although there were more menstrual changes re
ported in the darunavir/ritonavir group compared with the con
trol group of the levonorgestrel study, there were also more 
menstrual changes in the rilpivirine group despite similar total 
concentrations to the control group, suggesting this was unre
lated to levonorgestrel exposure with darunavir/ritonavir.

Our findings align with previous studies of oral contraceptives 
used in combination with boosted PIs and rilpivirine-based ART. 
Crauwels et al.25 found that rilpivirine had no clinically relevant 
effect on the pharmacokinetics of orally administered hormonal 
contraceptive. That study, in combination with our findings, 
indicates that rilpivirine-based ART should have no impact on sys
temic exposure of hormonal contraception. Further, in both stud
ies the median etonogestrel and levonorgestrel concentrations 

were higher than ovulation thresholds across all study visits. In 
a 3 year randomized controlled trial, Sivin et al.23 reported that 
no pregnancies occurred with levonorgestrel concentrations 
above 180 pg/mL. However, in a previous study conducted at 
the IDI, we reported two unintended pregnancies in women 
using the levonorgestrel implant with efavirenz-based ART at 
concentrations above 180 pg/mL (303 and 299 pg/mL).10

Therefore, we evaluated levonorgestrel concentrations with a 
higher threshold of 350 pg/mL and this was exceeded in all 
groups. Etonogestrel has a reported concentration threshold for 
suppression of ovulation of 90 pg/mL.26 Similarly, median etono
gestrel concentrations across all study groups remained above 
the ovulation threshold throughout the study period.

Previous studies of lopinavir/ritonavir-based ART with the 
etonogestrel implants reported a 50% increase in etonogestrel 
exposure.27 Similar findings of increased progestin exposure 
with boosted PIs have also been reported with norgestimate 
and norethindrome combined oral contraceptives tablets, 
norethindrone-only oral contraceptive tablets, the transdermal 
combined contraceptive patch and the combined intravaginal 
ring.28–32 Previous to our study, there was one study published 
on darunavir/ritonavir combined with ethinyl oestradiol and nor
ethindrone in healthy volunteers that found 30% lower minimum 
concentrations and 14% lower AUC of norethindrone when com
bined with darunavir/ritonavir in healthy volunteers. The authors 
concluded this decrease was not clinically significant.33 Thus 
the route of administration for the progestin as well as the type 
of PI must be considered when evaluating drug–drug interactions 
between ART and hormonal contraceptives. Our findings of in
creased etonogestrel and levonorgestrel exposure are consistent 
with the previous studies of other boosted PIs and hormonal con
traceptives. Given the lack of increase in adverse events found in 
our study, this increased exposure is not likely to be clinically 

Table 2. Plasma progestin concentrations per visit over 48 weeks for participants reaching the primary endpoint at Week 24

Week

Median (IQR) concentrations (pg/mL) GMR (90% CI)

RPV group DRV/r group Control group RPV:control DRV/r:control

Etonogestrel n = 28 n = 29 n = 18

1 1025 (807–1299) 2500 (1675–3190) 724 (563–878) 1.38 (1.16–1.57) 3.22 (2.54–3.80)
4 609 (536–727) 1330 (1060–1628) 513 (413–591) 1.24 (1.03–1.41) 2.61 (2.14–3.02)
12 515 (431–609) 1102 (904–1422) 395 (324–643) 1.19 (0.98–1.36) 2.58 (2.08–3.03)
24 410 (362–501) 1033 (930–1320) 326 (263–455) 1.18 (0.99–1.37) 2.56 (1.69–3.28)
36 337 (277–414) 1049 (720–1374) 425 (303–580) 0.91 (0.66–1.10) 2.34 (1.56–2.94)
48 308 (260–396) 985 (729–1256) 434 (338–545) 0.85 (0.69–0.98) 2.20 (1.52–2.77)

Levonorgestrel n = 30 n = 28 n = 19

1 1410 (972–1693) 2234 (1602–3300) 897 (827–1550) 1.33 (1.03–1.58) 2.17 (1.62–2.61)
4 816 (623–1100) 1080 (877–1674) 677 (552–910) 1.18 (0.94–1.38) 1.63 (1.21–1.96)
12 728 (550–922) 1214 (841–1583) 581 (472–778) 1.25 (1.02–1.44) 2.06 (1.61–2.44)
24 675 (545–921) 1104 (863–1425) 600 (474–707) 1.16 (0.97–1.33) 1.89 (1.38–2.29)
36 595 (449–913) 946 (809–1528) 544 (452–780) 1.07 (0.84–1.26) 1.76 (1.36–2.08)
48 577 (469–835) 910 (741–1394) 612 (469–753) 1.06 (0.86–1.22) 1.74 (1.36–2.04)

Control, women without HIV; DRV/r, darunavir/ritonavir-based ART group; RPV, rilpivirine-based ART group.
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significant. However, our sample size was based on the primary 
outcome of pharmacokinetics and thus the sample might not 
be of sufficient size to show differences in adverse events.

Etonogestrel and levonorgestrel implants prevent pregnancy 
by blocking the release of luteinizing hormone, an important re
productive hormone for ovulation, as well as thickening cervical 
mucus.34 Ovulation leads to the production of endogenous pro
gesterone by the corpus luteum, which therefore can serve as a 

surrogate biomarker for ovulation. We measured weekly serum 
progesterone concentrations over 4 weeks at the end of the 
study period (Weeks 45–48) to reflect one menstrual cycle, using 
3 ng/mL as the threshold for ovulation.16 Two participants had a 
progesterone value above this threshold in the levonorgestrel 
study, and no participant had progesterone results above this 
threshold in the etonogestrel study. This is not unexpected as 
ovulations are more common with levonorgestrel use compared 

Figure 3. (a) Median etonogestrel concentration–time curve over 48 weeks. Error bars represent the IQR. Dashed line is 90 pg/mL. RPV, rilpivirine- 
based ART; DRV/r, darunavir/ritonavir-based ART. (b) Median levonorgestrel concentration–time curve over 48 weeks. Error bars represent IQR. 
Dashed lines are 180 and 350 pg/mL thresholds. RPV, rilpivirine-based ART; DRV/r, darunavir/ritonavir-based ART. This figure appears in colour in 
the online version of JAC and in black and white in the print version of JAC.
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with etonogestrel use. Ovulation has been reported to occur in up 
to 50% of menstrual cycles over 5 years of levonorgestrel use.35

Two studies have demonstrated ovulation begins to occur within 
the first year of levonorgestrel implant use in the absence of drug 
interactions.36,37 Using progesterone as a surrogate marker, the 
studies compared the rate of ovulation among women on an 
levonorgestrel implant (Norplant®) versus those on a non- 
hormonal contraceptive method. In one of the studies, 3 out of 
27 sampling periods (a set of blood samples were drawn every 
third or fourth day for five or six consecutive weeks) showed pro
gesterone levels of >3 ng/mL in the treatment group.36 In the 
other study, 3 out of 20 sampling runs showed progesterone le
vels of >5 ng/mL in the treatment group.37

The etonogestrel and levonorgestrel implants were well toler
ated when used in combination with either rilpivirine or daruna
vir/ritonavir. Adverse events related to the contraceptive implant 
were mostly of mild or moderate severity, and similar to those in 
published literature.38,39 Changes in bleeding patterns are com
mon with progestin-only contraceptive methods and these men
strual changes are the most common reasons for contraceptive 
implant discontinuation in clinical practice.40 Menstrual changes 
were common in our study, reported more commonly among 
women in the ART groups, perhaps because they were more 
comfortable disclosing bleeding patterns with the study team, 
who they had a long-standing relationship with, or because men
strual changes are more common for women with HIV. Despite 
the high frequency of menstrual changes, only two participants 
discontinued the implant due to menorrhagia. Despite increased 
etonogestrel and levonorgestrel exposure in participants taking 
darunavir/ritonavir-based ART, no increase in progestin-related 
adverse events was noted, though our sample size was small. 
Dyslipidaemias have also been associated with the use of hormo
nal contraceptives, but we did not identify worsening of lipid pro
files in these studies; however, follow-up was only 48 weeks in 
duration.41

Our study does have limitations that should be considered in in
terpreting the findings. First, study participants were not randomly 
assigned to treatment groups, therefore baseline differences did 
exist between study groups. Second, some adverse events overlap 
between the implants and the ART drugs, which made it hard to 
accurately determine the temporal relationship. Third, the period 
of follow-up was limited to 48 weeks for feasibility, recognizing 
that the implants are expected to be used for a longer duration. 
However, we do not expect findings to be significantly different gi
ven the stable results over 48 weeks. Further, these findings are 
consistent with other contraceptive implant–drug interaction stud
ies. We used sparse sampling of the progestins to estimate the 
pharmacokinetics of the implants in combination with ART and 
not intensive sampling. Therefore, we cannot accurately describe 
the absorption phase or maximum concentration of progestins. 
However, 1 week post implant insertion is consistent with the 
observed peak of both levonorgestrel and etonogestrel implants, 
and concentrations later in implant use are more clinically relevant 
to prevent pregnancy. In addition, recent data suggest that 
sparse sampling of implants sufficiently describes the hormone 
pharmacokinetics.42

In conclusion, we found no clinically significant drug–drug in
teractions between rilpivirine- or darunavir/ritonavir-based ART 
and the etonogestrel or levonorgestrel implant. Importantly, 

we expect the contraceptive effectiveness of both implants to 
be maintained with these ART regimens. With ART containing dar
unavir/ritonavir, etonogestrel and levonorgestrel concentrations 
were increased, but the study drug combinations were well toler
ated, and these pharmacokinetic findings are not considered 
clinically significant. These data offer support for the comprehen
sive care of women of childbearing potential living with HIV by 
ensuring effective contraceptive options.
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