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Objective: To evaluate the potential for a clinically relevant drug–
drug interaction with concomitant use of a dapivirine vaginal ring,
a novel antiretroviral-based HIV-1 prevention strategy, and hormonal contraception by examining contraceptive efﬁcacies with and
without dapivirine ring use.

Design: A secondary analysis of women participating in MTN-020/
ASPIRE, a randomized, double-blind, placebo-controlled trial of the
dapivirine vaginal ring for HIV-1 prevention.
Methods: Use of a highly effective method of contraception was an
eligibility criterion for study participation. Urine pregnancy tests
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were performed monthly. Pregnancy incidence by arm was calculated separately for each hormonal contraceptive method and
compared using an Andersen–Gill proportional hazards model
stratiﬁed by site and censored at HIV-1 infection.

Results: Of 2629 women enrolled, 2310 women returned for
follow-up and reported using a hormonal contraceptive method at
any point during study participation (1139 in the dapivirine arm and
1171 in the placebo arm). Pregnancy incidence in the dapivirine arm
versus placebo among women using injectable depot medroxyprogesterone acetate was 0.43% vs. 0.54%, among women using
injectable norethisterone enanthate was 1.15% vs. 0%, among
women using hormonal implants was 0.22% vs. 0.69%, and among
women using oral contraceptive pills was 32.26% vs. 28.01%.
Pregnancy incidence did not differ by study arm for any of the
hormonal contraceptive methods.
Conclusions: Use of the dapivirine ring does not reduce the
effectiveness of hormonal contraceptives for pregnancy prevention.
Oral contraceptive pill use was associated with high pregnancy
incidence, potentially because of poor pill adherence. Injectable and
implantable methods were highly effective in preventing pregnancy.
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INTRODUCTION
Prevention of HIV-1 and unplanned pregnancy are
global public health priorities for reproductive-aged women.1
For women with or at risk of HIV-1, concurrent use of
hormonal contraceptives for pregnancy prevention and antiretrovirals for HIV-1 treatment or prevention could result in
potential drug–drug interactions that may diminish contraceptive effectiveness.2,3 Contraceptive hormones are metabolized by hepatic cytochrome P450 enzymes, and certain
non-nucleoside reverse transcriptase inhibitors (NNRTIs) can
induce cytochrome P450 enzymes leading to reduced plasma
progestin concentrations, with some NNRTIs having a greater
impact on progestin pharmacokinetics than others.4–8 Among
HIV-1–infected women, use of the NNRTI efavirenz as part
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of combination HIV-1 treatment has been associated with
a reduced effectiveness of contraceptive implants.3,6,7,9
A vaginal ring containing dapivirine, a novel NNRTI,
demonstrated effectiveness for HIV-1 prevention,10,11 with
HIV-1 incidence reduced in 2 randomized trials by approximately one-third overall and by .50% among those with
biologic evidence of ring use.11,12 Pregnancy incidence and
outcomes did not differ between those receiving active
dapivirine vaginal ring and placebo13; however, the potential
for a clinically relevant drug–drug interaction between
vaginally delivered dapivirine and hormonal contraceptive
effectiveness has not been assessed in epidemiologic studies.
Among women who participated in a phase III trial of the
dapivirine vaginal ring, we compared the incidence of
pregnancy in women randomized with the dapivirine ring
versus placebo, stratiﬁed by hormonal contraceptive method.

METHODS
This is a secondary analysis of data from MTN-020/
ASPIRE, a randomized, double-blind, placebo-controlled
phase III safety and effectiveness study of the dapivirine
vaginal ring for HIV-1 prevention (Clinicaltrials.gov
NCT01617096). Detailed methods and results for the trial
have been published.11 Brieﬂy, between August 2012 and
June 2014, 2629 healthy, sexually active, HIV-1–uninfected
women aged 18–45 years from Malawi, South Africa,
Uganda, and Zimbabwe were enrolled. Women who were
pregnant or intending to become pregnant were not eligible
for enrollment and use of a highly effective method of contraception was a trial eligibility criterion. Eligible women
were randomly assigned in equal proportions to receive either
the dapivirine vaginal ring or placebo ring. Participants provided written informed consent, and applicable local and
national ethical and regulatory authorities approved the
study protocol.
At enrollment and monthly follow-up visits, standardized face-to-face interviews were conducted to collect data on
the contraceptive method used since the participant’s last
visit, as well as reported condom use and sexual behaviors.
Contraceptive methods were provided on-site or could be
obtained from local health providers and women were
permitted to change contraceptive method during follow-up.
Urine pregnancy tests and HIV-1 rapid antibody tests were
performed monthly. If a participant became pregnant, study
product was withheld for the duration of pregnancy and
breastfeeding and the participant was referred for pregnancy
management or antenatal care. Study product was permanently discontinued after HIV-1 seroconversion. To objectively monitor adherence to study product during the trial,
plasma samples were collected quarterly and were tested for
dapivirine using a validated liquid chromatography–mass
spectrometry assay.11,14
Pregnancy incidence by arm was calculated separately
for each hormonal contraceptive method [injectable depot
medroxyprogesterone acetate (DMPA), injectable norethisterone enanthate (NET-EN)], hormonal implants, and oral
contraceptive pills (OCPs). The pregnancy incidence with
typical use of injectables (DMPA and NET-EN), OCPs, and
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hormonal implants is estimated to be: 6, 9, and ,1 per 100
person-years, respectively.15 The follow-up time when participants reported nonhormonal contraceptive methods [eg,
intrauterine device and tubal ligation] or no method were
excluded from analysis. Incident pregnancy was deﬁned as
the ﬁrst visit with a positive urine pregnancy test. Visits while
pregnant were censored and participants re-entered the risk
set after completion of the pregnancy. Visits after HIV-1
seroconversion were also censored. For strata with no
observed pregnancies, the 95% conﬁdence interval (CI) for
the incidence was calculated using Hanley approach for
calculating CIs when no events are observed and Miettinen
modiﬁcation for the exact test to calculate the upper bound of
the CI.16,17
Pregnancy incidence by hormonal contraceptive
method was ﬁrst compared using univariate Andersen–Gill
proportional hazards models stratiﬁed by site, which allows
for inclusion of recurrent events18; contraceptive method
was included as a time-dependent variable. Multivariable
models were performed that included the following factors
selected a priori: age, marital status, number of live births at
enrollment, and reported condom use at last vaginal sex act
(time-varying factor). Additional factors were considered for
inclusion in the multivariable model if they differed by study
arm and were associated with incident pregnancy (P , 0.1).
A sensitivity analysis was performed categorizing participants in the dapivirine arm based on plasma concentrations
of dapivirine from the quarterly visits. Dapivirine plasma
concentrations for intervening visits were imputed using last
value carried forward. Participants with plasma dapivirine
levels .95 pg/mL were considered to have had recently
used the ring (a level which corresponds to $8 hours of
continuous ring use).11,14 Pregnancy incidence among
participants with recent ring use was compared with
participants with no recent ring use (#95 pg/mL dapivirine
detected in plasma) and participants in the placebo arm
using the same methods described above. Analyses were
performed using Stata, version 14.0 (StataCorp., College
Station, TX).

RESULTS
Of 2629 women enrolled, 3 were found to be HIV-1
infected at enrollment, 12 never returned for follow-up, 78
had a tubal ligation, and 226 used a copper intrauterine
devicethroughout study participation, leaving 2310 women
who used a hormonal contraceptive method during follow-up
(1139 in the dapivirine arm and 1171 in the placebo arm)
(Table 1). Overall, 55% of participants were ,27 years of
age, 38% were married, and 54% reported 2 or more live
births. The most commonly reported method of hormonal
contraception was injectable depot medroxyprogesterone
acetate [DMPA] (46% of participants reported use at
enrollment; DMPA use comprised 45% of the total followup time included in this analysis), followed by hormonal
implants (22% at enrollment; 28% of follow-up time),
injectable norethisterone enanthate [NET-EN] (16% at enrollment; 16% of follow-up time), and OCPs (12% at enrollment;
11% of follow-up time).
Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Participant Characteristics*

Age, yrs
18–21
22–26
27–45
Currently married†
Education
No schooling or primary only
Some secondary education or more
Participant earns own income
Number of live births
None
1 birth
2 or more
Condom use at last vaginal sex act‡
More than 1 sex partner in the past 3 mo.
Curable STI§
Contraceptive method at enrollment
DMPA
NET-EN
IUD║
Implant
OCPs
Contraceptive method follow-up time¶
DMPA
NET-EN
Implant
OCPs

Dapivirine,
N = 1139

Placebo,
N = 1171

253
365
521
417

236
414
521
463

(21.2)
(32.1)
(45.7)
(36.6)

170 (14.9)
969 (85.1)
513 (45.0)

(20.2)
(35.4)
(44.5)
(39.5)

158 (13.5)
1013 (86.5)
506 (43.2)

121
406
612
680
182
253

(10.6)
(35.7)
(53.7)
(59.7)
(16.0)
(22.2)

133
400
638
665
192
241

(11.4)
(34.2)
(54.5)
(56.8)
(16.4)
(20.6)

512
197
38
256
136

(45.0)
(17.3)
(3.3)
(22.5)
(11.9)

554
178
59
240
140

(47.3)
(15.2)
(5.0)
(20.5)
(12.0)

697
260
458
174

(43.8)
(16.4)
(28.8)
(11.0)

746
259
435
171

(46.3)
(16.1)
(27.0)
(10.6)

*Data presented as N (%).
†Two participants in the placebo arm missing marital status.
‡Use of male or female condoms at the last vaginal sex act.
§Deﬁned as detection of C. trachomatis, N. gonorrhoeae, T. vaginalis, or syphilis at
baseline. Two participants in the placebo arm and 1 participant in the dapivirine arm
missing T. vaginalis results at baseline.
║Participants used an IUD at enrollment, but switched to hormonal method during
follow-up. Participants who used an IUD throughout study participation were excluded
from the analysis.
¶Percentage calculated based on 3200 person-years of person time included in the
analysis, 1589 person-years in the dapivirine arm, and 1611 person-years in the placebo
arm.
IUD, intrauterine device; STI; sexually transmitted infection.

A total of 117 pregnancies occurred among 114
participants during use of a hormonal contraceptive method
(63 pregnancies in the dapivirine ring arm and 54 in the
placebo arm). Seven pregnancies occurred among women
who reported using DMPA (incidence = 0.49 per 100 personyears), 3 among women using NET-EN (incidence = 0.58 per
100 person-years), 3 among women using hormonal implants
(incidence = 0.45 per 100 person-years), and 104 among
women using OCPs (incidence = 30.15 per 100 personyears). Pregnancy incidence did not differ for those randomized to the dapivirine vaginal ring versus placebo ring for any
of the hormonal contraceptive methods in univariate or
multivariable models (Table 2). Results were generally
similar to sensitivity analyses that characterized participants
in the dapivirine ring arm by dapivirine plasma concentrations; however, for women reporting DMPA, NET-EN, and
Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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OCP use, pregnancy incidence was slightly higher among
participants who had not recently used the dapivirine ring
compared with those who appeared to be using the ring
(Table 2).

DISCUSSION
In this secondary analysis of women participating in
a randomized trial of the dapivirine vaginal ring for HIV-1
prevention, dapivirine ring use was not associated with
diminished hormonal contraceptive effectiveness. These data
provide important evidence in support of the dapivirine ring
for HIV-1 prevention among contracepting women and add to
the larger body of evidence that supports the use of
antiretroviral-based HIV-1–prevention interventions among
reproductive-aged women. Although dapivirine is metabolized by cytochrome P450 enzymes, it does not appear that
dapivirine metabolism induces isoenzymes that are integral
for hormone metabolism.19 Dapivirine did not induce CYP1A2 or CYP3A4/5 activity in cultured human hepatocytes at
concentrations up to 100 ng/mL, which is much higher than
those observed in the plasma of women using the dapivirine
ring [personal communication—Jeremy Nuttal, IPM]. Therefore, there is little potential for signiﬁcant interactions with
hormonal contraceptives. Furthermore, uptake of dapivirine
occurs through topical absorption of drug eluted from the
vaginal ring, which results in low systemic dapivirine
concentrations, thus reducing the likelihood of a potential
clinically relevant drug–drug interaction.20,21
Although pregnancy incidence was similar by study
arm within each hormonal contraceptive method, pregnancy
incidence differed substantially across contraceptive methods.
Injectable and implantable methods were highly effective in
preventing pregnancy; however, OCP users had a high
pregnancy incidence (;30 per 100 person-years). Although
typical OCP use is reported to have a pregnancy incidence of
approximately 9 per 100 person-years,15 other HIV-1–
prevention studies have seen substantially higher pregnancy
rates in OCP users.22–24 Adherence to daily oral pills may be
challenging for some women and could explain high pregnancy incidence for OCP users. Additionally, it has been
hypothesized that some women in HIV-1–prevention trials
may switch to OCPs as their contraceptive choice with the
intention of becoming pregnant, because they could report
OCP use but not necessarily use the method. Unfortunately,
data on adherence to contraception and pregnancy intention
during trial participation were not collected, so these
hypotheses cannot be explored further.
In sensitivity analyses, where participants randomized
to the dapivirine ring were characterized based on dapivirine
plasma levels, we observed slightly higher pregnancy incidences among women with no recent ring use (#95 pg/mL)
compared with women with recent ring use for those using
DMPA, NET-EN, or OCPs. These data suggest a correlation
between adherence to user-dependent contraceptive methods
and adherence to the study intervention, although these
differences were not statistically signiﬁcant and should be
interpreted with caution because of the small number of
pregnancies that occurred among DMPA and NET-EN users.
www.jaids.com |
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TABLE 2. Pregnancy Incidence by Study Arm Stratified by Hormonal Contraceptive Method
Method*
By randomization arm
DMPA
NET-EN
OCPs
Implant
By plasma drug detection║
DMPA

OCPs

Implant

Method*

NET-EN
OCPs
Implant
By plasma drug detection║
DMPA

NET-EN

OCPs

Implant

# Of Pregnancies

# Of Person-years

Dapivirine
Placebo
Dapivirine
Placebo
Dapivirine
Placebo
Dapivirine
Placebo

3
4
3
0
56
48
1
3

697
746
260
259
174
171
458
435

0
3
4
1
1
0
31
21
48
1
0
3

509
109
747
178
52
259
112
42
171
378
40
435

Dapivirine .95
Dapivirine #95
Placebo
Dapivirine .95
Dapivirine #95
Placebo
Dapivirine .95
Dapivirine #95
Placebo
Dapivirine .95
Dapivirine #95
Placebo

NET-EN

By randomization arm
DMPA

Study Arm

pg/mL
pg/mL
pg/mL
pg/mL
pg/mL
pg/mL
pg/mL
pg/mL

Pregnancy Incidence† (95% CI)

Unadjusted HR‡ (95% CI)

0.43
0.54
1.15
0
32.26
28.01
0.22
0.69

0.14–1.34
0.20–1.43
0.37–3.58
0.0–3.39
24.82–41.91
21.11–37.17
0.03–1.55
0.22–2.14

0.78
Ref.
Unable to calculate
Ref.
1.17
Ref.
0.34
Ref.

0
2.75
0.54
0.56
1.91
0
27.71
50.12
28.01
0.26
0
0.69

0.00–16.04
0.89–8.53
0.20–1.43
0.08–3.99
0.27–13.56
0.00–3.15
19.49–39.40
32.68–76.86
21.11–37.17
0.04–1.88
0.00–20.41
0.22–2.14

Unable to calculate
4.57
Ref.
Unable to calculate
Unable to calculate
Ref.
0.92
1.71
Ref.
0.37
Unable to calculate
Ref.

0.17–3.52

Adjusted HR§ (95% CI)
0.76
Ref.

0.16–3.52

Unable to calculate
0.78–1.77
0.04–3.30

Unable to calculate
0.93–22.46

Ref.
1.31
Ref.
0.32
Ref.

4.99
Ref.

0.87–1.99
0.03–3.10

0.91–27.45

Unable to calculate
Unable to calculate
0.56–1.50
0.99–2.95
0.04–3.53
Unable to calculate

Ref.
1.07
1.74
Ref.
0.33

0.65–1.76
0.99–3.06
0.03–3.24

Ref.

*Women could report more than 1 option; therefore, an individual woman could contribute person-time to more than 1 method in this table. However, this was rare and occurred at
1 visit where a pregnancy was detected (OCP and implant use were reported for 1 participant in the placebo arm) and ,1% of visits without a pregnancy detected. Contraceptive
method was considered a time-varying factor. For missed visits, contraceptive method was imputed using last value carried forward.
†Incidence presented per 100 person-years. For strata with no observed pregnancies, the 95% CI for the incidence was calculated using Hanley approach for calculating conﬁdence
intervals when no events are observed and Miettinen modiﬁcation for the exact test.15,16
‡Andersen–Gill proportional hazards models to allow for multiple pregnancies were used to evaluate the association between study arm and incident pregnancies among
participants who reported using the method of interest. Only visits where that method was reported are included in the model. Unadjusted models are stratiﬁed by site.
§Andersen–Gill proportional hazards models to allow for multiple pregnancies were used to evaluate the association between study arm and incident pregnancies among participants
who reported using the method of interest. Only visits where that method was reported are included in the model. Multivariable models are stratiﬁed by site and adjusted for the following
factors: age category at enrollment, marital status at enrollment, number of live births reported at enrollment (category), and time-varying condom use at last vaginal sex act.
║No data were available for the ﬁrst 2 follow-up visits (month 1 and month 2) since plasma dapivirine testing did not begin until month 3; therefore, pregnancies and person-time
that occurred during this interval were excluded from this analysis, including 4 pregnancies among participants using OCPs and 1 in a participant using NET-EN.
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Among women participating in trials of oral preexposure prophylaxis (PrEP) with tenofovir-based pills for
HIV-1 prevention, hormonal contraceptive plasma levels and
contraceptive effectiveness were similar among women using
PrEP compared with placebo.24,25 Our data add to the body of
evidence supporting the use of antiretroviral-based PrEP for
HIV-1 prevention among hormonal contraceptive users.
However, as new antiretroviral-based HIV-1–prevention interventions are evaluated, it will be important to continue to
assess the effect of these novel approaches on hormonal
contraceptive effectiveness to ensure that women do not
experience reduced protection against unintended pregnancy.
Our study has several strengths, including data collected as part of a multicountry phase III clinical trial with
high retention, good levels of drug detection indicating recent
ring use and monthly assessments of family planning method
and pregnancy. Nonetheless, our ﬁndings should be interpreted in the context of limitations. There were few pregnancies among women who reported using implant and injectable
methods; however, the pregnancy incidence overall and by
arm was consistent with or below what would be expected
with typical use for these methods.15 Contraceptive implants
have had seemingly diminished effectiveness with concurrent
use of the NNRTI efavirenz, but the pregnancy incidence
among implant users in this study was lower than that
observed in those studies6,24,26 including among women
receiving the active dapirivine ring. Results were similar to
our sensitivity analysis based on dapivirine plasma concentrations; however, plasma concentrations were only assessed
during quarterly visits, whereas pregnancy was assessed
monthly, which may result in misclassiﬁcation if dapivirine
ring use was not consistent at intervening visits.
In summary, our ﬁndings suggest that the dapivirine
vaginal ring can be used in combination with a range of
hormonal contraceptive methods without diminishing the
effectiveness of contraception. These data support the use
of the dapivirine vaginal ring for HIV-1 prevention among
contracepting women and are important to consider as efforts
to develop a coformulated vaginal ring for protection against
HIV-1 acquisition and unintended pregnancy are underway.
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