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A BS T R AC T
BACKGROUND

Antiretroviral medications that are used as prophylaxis can prevent acquisition of
human immunodeficiency virus type 1 (HIV-1) infection. However, in clinical trials
among African women, the incidence of HIV-1 infection was not reduced, probably
because of low adherence. Longer-acting methods of drug delivery, such as vaginal
rings, may simplify use of antiretroviral medications and provide HIV-1 protection.
METHODS

The authors’ full names, academic degrees, and affiliations are listed in the Appendix. Address reprint requests to Dr.
Baeten at the International Clinical Research Center, Department of Global
Health, University of Washington, 325
Ninth Ave., Box 359927, Seattle, WA 98104,
or at jbaeten@uw.edu.

We conducted a phase 3, randomized, double-blind, placebo-controlled trial of a
monthly vaginal ring containing dapivirine, a non-nucleoside HIV-1 reverse-transcriptase inhibitor, involving women between the ages of 18 and 45 years in Malawi, South
Africa, Uganda, and Zimbabwe.

* A complete list of the members of the
Microbicide Trials Network 020–A Study
to Prevent Infection with a Ring for Extended Use (MTN-020–ASPIRE) Study
Team is provided in the Supplementary
Appendix, available at NEJM.org.

RESULTS

This article was published on February 22,
2016, at NEJM.org.

Among the 2629 women who were enrolled, 168 HIV-1 infections occurred: 71 in the
dapivirine group and 97 in the placebo group (incidence, 3.3 and 4.5 per 100 personyears, respectively). The incidence of HIV-1 infection in the dapivirine group was
lower by 27% (95% confidence interval [CI], 1 to 46; P = 0.05) than that in the placebo
group. In an analysis that excluded data from two sites that had reduced rates of retention and adherence, the incidence of HIV-1 infection in the dapivirine group was
lower by 37% (95% CI, 12 to 56; P = 0.007) than that in the placebo group. In a post
hoc analysis, higher rates of HIV-1 protection were observed among women over the
age of 21 years (56%; 95% CI, 31 to 71; P<0.001) but not among those 21 years of age
or younger (−27%; 95% CI, −133 to 31; P = 0.45), a difference that was correlated with
reduced adherence. The rates of adverse medical events and antiretroviral resistance
among women who acquired HIV-1 infection were similar in the two groups.
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CONCLUSIONS

A monthly vaginal ring containing dapivirine reduced the risk of HIV-1 infection
among African women, with increased efficacy in subgroups with evidence of increased adherence. (Funded by the National Institutes of Health; ClinicalTrials.gov
number, NCT01617096.)
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ore than half of the 35 million
persons currently living with human
immunodeficiency virus type 1 (HIV-1)
infection are women. A majority of these women
reside in sub-Saharan Africa,1 a region that has
some of the highest incidences of HIV-1 infection in any population worldwide.2-4 The use of
antiretroviral medications as pre-exposure prophylaxis is a promising approach to the prevention of HIV-1 acquisition.5 Several clinical trials
of the antiretroviral tenofovir showed such protection against HIV-1.2,6-8 However, in three trials
involving African women, adherence to tenofovir-containing pills and vaginal gels was low,
and HIV-1 protection was not shown.3,4,9 Across
trials of tenofovir-based prophylaxis, a sizable
proportion of participants were not adherent, a
finding that emphasizes the need for additional
options, particularly ones that women can control and longer-acting approaches that do not
require daily or coitally dependent use.5
Vaginal rings can provide sustained and controlled release of medications. For example, rings
containing exogenous hormones are licensed for
contraception and estrogen replacement.10 For
HIV-1 prevention, an antiretroviral-containing
vaginal ring could provide long-acting HIV-1 protection while reducing systemic exposure to the
active pharmaceutical ingredient and delivering
the anti–HIV-1 agent at the site of viral transmission. Dapivirine is a non-nucleoside HIV-1 reversetranscriptase inhibitor that has activity against a
broad range of HIV-1 subtypes. In two phase 1
trials,11,12 genital biopsy tissue samples obtained
from women using dapivirine vaginally in the
form of a ring, films, and gels were substantially less susceptible to HIV-1 when challenged
ex vivo than were tissue samples obtained from
placebo-treated women. A monthly vaginal ring
containing dapivirine was found to be safe and
acceptable in phase 1 and 2 studies, with typical
plasma levels of the drug that were lower by a factor of 1000 than levels in women receiving oral
dapivirine.11-15 We conducted a phase 3, randomized, double-blind, placebo-controlled trial of the
dapivirine vaginal ring among African women.
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pregnant, HIV-1–seronegative women between
the ages of 18 and 45 years at 15 research sites
in Malawi, South Africa, Uganda, and Zimbabwe
(Tables S1 and S2 in the Supplementary Appendix, available with the full text of this article at
NEJM.org).16 The primary objectives were to determine the efficacy and safety of the dapivirine
vaginal ring as compared with a placebo ring;
after insertion, the ring is used for 4 weeks and
then replaced with another. Community members
from each site provided input into trial design
and conduct. The trial protocol, which is available at NEJM.org, was approved by the ethics
review committee at each site (Table S3 in the
Supplementary Appendix). All participants provided written informed consent.
Study Procedures

At enrollment, women were assigned in a 1:1
ratio, with the use of fixed-size block randomization, stratified according to site, to receive
either a silicone elastomer vaginal matrix ring
containing 25 mg of dapivirine or a placebo vaginal ring. Both the dapivirine and placebo rings
were manufactured by QPharma under contract
with the International Partnership for Microbicides. The dapivirine and placebo rings were
indistinguishable, and with the exception of
staff members at the central statistical and data
management center, investigators and participants
were unaware of the randomization assignments
until completion of the trial. Women were
taught how to insert and remove the vaginal ring
and counseled to wear it for the entire month.
Women returned for monthly follow-up visits,
which included HIV-1 serologic testing, safety
monitoring, and individualized adherence counseling (Table S4 in the Supplementary Appendix). At each visit, a new ring was provided, and
the ring that had been used during the previous
month was collected. Women were tested monthly for pregnancy, and the study ring was withheld from women who became pregnant; they
resumed use of the study ring when no longer
pregnant or lactating. All participants received a
package of HIV-1 prevention services, including
counseling with respect to HIV-1 risk reduction,
partner HIV-1 testing, treatment of sexually
Me thods
transmitted infections in participants and partStudy Population
ners, and free condoms. (Details regarding the
From August 2012 through June 2015, we en- trial design are provided in the Supplementary
rolled and followed healthy, sexually active, non- Appendix.)
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Objective Assessment of Adherence

Plasma samples that were collected quarterly
were tested for the presence of dapivirine with
the use of a validated ultra-performance liquid
chromatography–tandem mass spectrometry assay (Clinical Pharmacology Analytical Laboratory),
with a lower limit of quantification of 20 pg per
milliliter.17 To aid in distinguishing cases in
which the ring was removed during the month
and then reinserted before a clinic visit, the detection of a plasma dapivirine level of more than
95 pg per milliliter (a level nearly always achieved
within 8 hours of continuous use) was used to
define adherence.13,14 While the trial was ongoing, plasma samples were assayed and results
were reviewed by the trial leaders. To preserve
blinding, samples from both the dapivirine
group and the placebo group were tested, and
results were summarized only as the percentage
of samples with dapivirine detected, overall and
for each site. After the first year of the trial, testing for residual dapivirine in used rings was
initiated with the use of acetone extraction and
high-pressure liquid chromatography (Parexel).
Women were defined as being adherent if the
returned ring contained less than 23.5 mg of
dapivirine (i.e., with >1.5 mg released).13,14
Primary End Points

The primary efficacy end point was HIV-1 infection, identified with the use of a standard seroconversion algorithm (Fig. S1 in the Supplementary Appendix). The study ring was temporarily
withheld while confirmatory testing was pending and was permanently discontinued if testing
confirmed HIV-1 acquisition. Archived plasma
samples from visits before seroconversion were
tested for HIV-1 RNA on polymerase-chain-reaction (PCR) assay, and participants with detectable HIV-1 RNA at the time of enrollment were
excluded from the primary analysis. Participants
completed a final study visit 4 weeks after the
last product-use visit to assess for delayed HIV-1
seroconversion, and women who tested positive
for HIV-1 at that visit and who had detectable
HIV-1 RNA at the last product-use visit were included in the primary analyses because HIV-1
infection had occurred during the product-use
period.
The primary safety end point was a composite
of any serious adverse event, any grade 3 or 4
adverse event, and any grade 2 adverse event that
n engl j med

was assessed by the trial clinicians as being related to dapivirine.
Study Oversight

The National Institutes of Health funded the
trial. The authors designed the trial, gathered
and analyzed the data, prepared the manuscript,
and were responsible for the decision to submit
the manuscript for publication. The International Partnership for Microbicides supplied the
vaginal rings, was the regulatory sponsor, and
participated in the design of the trial, the interpretation of the results, and the preparation of
the manuscript. The ring manufacturer, QPharma,
had no role in the design or implementation of
the trial. The authors vouch for the accuracy and
completeness of the data and analyses.
Statistical Analysis

The trial was designed with power of 90% to
detect a risk of HIV-1 infection that was 60%
lower in the dapivirine group than in the placebo
group, with a one-sided alpha level of 0.025. Like
other trials of new HIV-1 prevention interventions,6,7,18 this trial was powered so that the
lower boundary of the 95% confidence interval
would exclude a 25% reduction in risk, with the
primary analysis comparison for the trial planned
against a standard null of 0% (Table S5 in the
Supplementary Appendix). Under these assumptions, a minimum of 120 HIV-1 acquisition events
would be required to achieve the statistical
power posited in the design of the trial. An endpoint–driven design was used, and the trial
continued until the target number of HIV-1 end
points had been accrued and all participants had
been followed for a minimum of 12 months, in
accordance with regulatory guidance regarding
compilation of safety information for new HIV-1
prevention strategies.19
An annual incidence of HIV-1 infection of
3.9% in the placebo group was assumed, and a
sample size of 3476 women was planned. After
the trial started, another HIV-1 prevention trial
that was conducted at several sites in our trial
showed an HIV-1 incidence of more than 5% per
year.3 As a result, in October 2013, the sample
size for this trial was recalculated to approximately 2600 women, and the statistical analysis
plan was modified accordingly. At the same
time, the analysis plan was further modified for
a fully powered analysis that would exclude all
nejm.org
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data from 2 of the 15 sites, since these 2 sites
had shown lower-than-anticipated participant
retention and lower product adherence (with
adherence levels of <50%, according to measurement of plasma dapivirine levels) than at the
other sites. Further enrollment at the 2 sites was
discontinued, but enrolled participants were permitted to continue in follow-up. The sample-size
recalculation and plan to exclude data from the
2 sites were approved by the independent data
and safety monitoring board and reviewed by
regulatory agencies. Interim statistical monitoring, which was performed on the basis of data
from all 15 sites, used the Lan–DeMets spending
approach to adjust the O’Brien–Fleming sequential monitoring boundaries.20,21
The primary analysis of HIV-1 protection was
performed according to the intention-to-treat
principle with the use of Cox regression, stratified according to site, to estimate the relative
rates of time until HIV-1 acquisition. Two analyses were defined: one included data from all 15
sites and a second excluded data from the 2 sites
at which enrollment had been discontinued
early (i.e., 13 sites were included). Prespecified
subgroup analyses were planned. When it was
determined that age was significantly related to
the efficacy of HIV-1 protection, a post hoc
analysis was designed to characterize more fully
that relationship by dividing the population into
age-categorized thirds containing approximately
equal numbers of participants with HIV-1 infection, thus balancing the statistical power for the
exploratory subgroups. All analyses were conducted with the use of SAS software, version 9.4
(SAS Institute), and R software, version 2.15.1
(R Project for Statistical Computing). A P value
of less than 0.05 was considered to indicate
statistical significance, and all P values are twosided.

R e sult s
Study Participants

Of 5516 women who underwent screening, 2629
were enrolled: 1313 in the dapivirine group and
1316 in the placebo group (Fig. 1). The median
age was 26 years (interquartile range, 22 to 31).
Less than half (41%) were married, and 85% had
completed some secondary schooling. Nearly all
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(99.5%) reported having had a primary sex partner during the 3 months before trial enrollment,
and 17% reported more than one partner; 57%
reported the use of a condom with the most recent sex act. Transactional sex in the previous
year was reported by 6%, and anal sex during
the previous 3 months by 2%. Nearly two thirds
(64%) reported that their primary partner was
aware that they would be using a vaginal ring in
a research trial. Characteristics were similar in
the two groups (Table 1).
Follow-up and Adherence

The rate of retention of participants for assessment of incident HIV-1 infection was 85% or
more during follow-up (Fig. 1), with 2614 participants (99.4%) completing at least one postrandomization HIV-1 test and 4280 total personyears of follow-up accrued for assessment of
HIV-1 incidence. The median follow-up was 1.6
years (interquartile range, 1.1 to 2.3), and the
maximum follow-up was 2.6 years; 1024 women
contributed more than 2 years of follow-up. The
most common reason for not dispensing the
study ring was pregnancy, which occurred at an
incidence of 3.9 per 100 person-years in the
dapivirine group and 4.0 per 100 person-years
in the placebo group (P = 0.82).
In the dapivirine group, the drug was detected
in 82% of plasma samples at levels of more than
95 pg per milliliter (Fig. S2 in the Supplementary Appendix). Detection increased during the
first year of use and was relatively stable thereafter. In the subgroup of visits in which returned
rings were available, 84% contained less than
23.5 mg of dapivirine, and dapivirine levels in
plasma and in returned rings were correlated
(Fig. S3 in the Supplementary Appendix). In general, for visits at which plasma dapivirine levels
were less than 95 pg per milliliter, the residual
dapivirine levels in used rings were similar to
levels in unused dapivirine rings, whereas residual dapivirine levels in used rings were lower for
visits at which plasma dapivirine levels were more
than 95 pg per milliliter. However, a range of
residual dapivirine levels was observed, with low
levels observed for some visits with low plasma
dapivirine levels and high levels observed for
some visits with plasma dapivirine levels of
more than 95 pg per milliliter.
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5516 Women were assessed for eligibility

2884 Were not eligible
3 Were eligible but were not enrolled

2629 Underwent randomization

1313 Were assigned to receive dapivirine

Quarterly study retention
Month 3
1290/1309
Month 6
1243/1292
Month 9
1206/1279
Month 12
1180/1268
Month 15
1040/1141
Month 18
876/974
Month 21
761/862
Month 24
645/740
Month 27
523/605
Month 30
361/418
Month 33
171/199

98.5%
96.2%
94.3%
93.1%
91.1%
89.9%
88.3%
87.2%
86.4%
86.4%
85.9%

1316 Were assigned to receive placebo

Quarterly study retention
Month 3
1287/1310
Month 6
1244/1287
Month 9
1206/1270
Month 12
1180/1265
Month 15
1035/1124
Month 18
873/963
Month 21
752/839
Month 24
637/713
Month 27
517/584
Month 30
354/407
Month 33
157/180

98.2%
96.7%
95.0%
93.3%
92.1%
90.7%
89.6%
89.3%
88.5%
87.0%
87.2%
3 Were HIV-positive at
enrollment
7 Were lost to follow-up

5 Were lost to follow-up

1308 Were included in primary intentionto-treat effectiveness analysis

1306 Were included in primary intentionto-treat effectiveness analysis

1165 Scheduled exit visit
143 Terminated study early
4 Died
97 Declined to participate
20 Relocated
4 Were withdrawn by investigator
18 Could not be contacted

1177 Scheduled exit visit
129 Terminated study early
3 Died
82 Declined to participate
21 Relocated
9 Were withdrawn by investigator
14 Could not be contacted

Figure 1. Enrollment and Outcomes.
Of the 5516 women who underwent screening, 2629 were enrolled, 2884 were not eligible, and 3 were eligible but
did not enroll. The most common reason for ineligibility was seropositivity for HIV-1. Participants were enrolled at
15 study sites: 9 in South Africa, 3 in Zimbabwe, 2 in Malawi, and 1 in Uganda. Of the 2629 women who enrolled,
1426 (54%) were from South Africa, 678 (26%) from Zimbabwe, 272 (10%) from Malawi, and 253 (10%) from Uganda.
The per-site enrollment numbers are provided in Table S1 in the Supplementary Appendix. Trial retention was defined
as the provision of an HIV-1 test result, and women who withdrew early from the study were counted as having missed
visits thereafter. Participants attended 91% of scheduled study visits (97% after accounting for early withdrawals from
the study). Interruptions in the use of the study rings owing to pregnancy and breast-feeding accounted for 2% of
study follow-up time, and protocol-required, safety-related temporary interruptions of product use accounted for
less than 1%.
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Table 1. Characteristics of the Participants at Baseline.*
Characteristic

Dapivirine Group
(N = 1313)

Placebo Group
(N = 1316)

27.2±6.1

27.3±6.3

26 (18–44)

26 (18–45)

1101 (84)

1124 (85)

Age — yr
Mean
Median (range)
Secondary school education or higher — no. (%)
Earns own income — no. (%)

605 (46)

581 (44)

Currently married — no. (%)

527 (40)

547 (42)

Partner aware of ring use — no. (%)

835 (64)

845 (64)

Two or more male sex partners in the past 3 mo — no. (%)

212 (16)

227 (17)

26.4±24.3

26.5±24.9

775 (59)

733 (56)

Anal sex in the previous 3 mo — no. (%)

25 (2)

29 (2)

Transactional sex in past yr — no. (%)†

73 (6)

89 (7)

Intrauterine device

162 (12)

163 (12)

Oral contraceptive pills

143 (11)

144 (11)

Depot medroxyprogesterone acetate

515 (39)

555 (42)

Norethisterone enanthate

200 (15)

181 (14)

Hormonal implant

258 (20)

243 (18)

Chlamydia trachomatis

175 (13)

141 (11)

Neisseria gonorrhoeae

58 (4)

51 (4)

Trichomonas vaginalis

91 (7)

90 (7)

No. of episodes of vaginal intercourse in the past 3 mo
Condom use during last vaginal sex — no. (%)

Contraceptive method — no. (%)

Sexually transmitted infection — no. (%)

*	Plus–minus values are means ±SD. There were no significant differences between the two groups at baseline.
†	The incidence of transactional sex was measured by means of audio computer-assisted self-interview.

Effect of Dapivirine Vaginal Ring on HIV-1
Acquisition

Across all 15 sites in the trial, a total of 168
incident HIV-1 infections occurred during the
product-use period: 71 in the dapivirine group
and 97 in the placebo group (incidence, 3.3 and
4.5 per 100 person-years, respectively). The incidence of HIV-1 infection in the dapivirine group
was lower by 27% (95% confidence interval [CI],
1 to 46; P = 0.05) than that in the placebo group
(Fig. 2A). At the two sites that were excluded from
the primary analysis because of lower-than-
expected protocol and product adherence when
the groups were still masked, 29 HIV-1 infections were reported: 17 in the dapivirine group
and 12 in the placebo group. After the exclusion
of the data from these sites, there were a total of
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139 infections among 2395 participants: 54 in the
dapivirine group and 85 in the placebo group.
The incidence of HIV-1 infection in the dapivirine group was lower by 37% (95% CI, 12 to
56; P = 0.007) than that in the placebo group
(Fig. 2B). An efficacy of HIV-1 protection of less
than 25% was not ruled out in either analysis
(P = 0.88 for 15 sites and P = 0.30 for 13 sites).
In subgroup analyses, HIV-1 protection was
generally similar to that seen overall (Fig. S4 in
the Supplementary Appendix). However, the efficacy of HIV-1 protection differed significantly
according to age, with an efficacy of 61% (95%
CI, 32 to 77; P<0.001) among women 25 years
of age or older and 10% (95% CI, −41 to 43;
P = 0.64) among those under the age of 25 years
(P = 0.02 for interaction).
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A Primary 15-Site Analysis
Cumulative Incidence of HIV-1 Infection

1.0

0.12

0.8

Placebo

0.08

0.6

Dapivirine

0.04

0.4

0.00

0

5

10

15

18

15

20

25

30

0.2

0.0

0

3

6

9

12

21

24

27

30

33

587
588

417
444

256
253

65
68

Months since Randomization
No. at Risk
Placebo
Dapivirine

1306
1308

1280
1285

1241
1234

1203
1204

1106
1100

954
967

820
817

702
708

B Primary 13-Site Analysis
Cumulative Incidence of HIV-1 Infection

1.0

0.12

0.8

0.08

0.6

Placebo

0.04

0.4

0.00

Dapivirine

0

5

10

15

18

15

20

25

30

0.2

0.0

0

3

6

9

12

21

24

27

30

33

500
511

351
384

211
217

59
57

Months since Randomization
No. at Risk
Placebo
Dapivirine

1197
1198

1173
1179

1137
1138

1105
1113

1008
1012

857
882

725
734

609
626

Figure 2. Cumulative Incidence of HIV-1 Infection in Two Analyses.
Shown is the cumulative probability of HIV-1 acquisition, as estimated by means of Kaplan–Meier methods, in analyses performed in two populations. Panel A shows the results for the overall 15-site analysis, in which the HIV-1 incidence was 3.3 per 100 person-years (95% confidence interval [CI], 2.6 to 4.2) in the dapivirine group and 4.5 per
100 person-years (95% CI, 3.7 to 5.5) in the placebo group. Panel B shows the results after the exclusion of data
from 2 sites because of lower-than-expected protocol and product adherence, in which the HIV-1 incidence was 2.8
per 100 person-years (95% CI, 2.1 to 3.6) in the dapivirine group and 4.4 per 100 person-years (95% CI, 3.5 to 5.5)
in the placebo group. Insets show the same data on an enlarged y axis. Excluded from the analyses were data for 3
participants in the placebo group who had HIV-1 infection before enrollment and for 3 participants (1 in the dapivirine group and 2 in the placebo group) who became infected after the product-use period.
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To better characterize the relationship between age and HIV-1 protection seen in the prespecified subgroup analysis (age <25 vs. ≥25
years), an exploratory analysis was conducted
post hoc. Age-categorized subgroups with balanced statistical power were created after dividing the 2395 participants into three groups with
approximately equal numbers of those with HIV-1
infection as follows: ages 18 to 21 years, 451
participants with 44 HIV-1 infections (incidence
in the placebo group, 5.4 per 100 person-years;
95% CI, 3.2 to 8.4); ages 22 to 26 years, 752
participants with 51 HIV-1 infections (incidence
in the placebo group, 6.1 per 100 person-years;
95% CI, 4.3 to 8.3); and ages 27 to 45 years, 1192
participants with 44 HIV-1 infections (incidence
in the placebo group, 3.0 per 100 person-years;
95% CI, 2.0 to 4.4) (Fig. 3A). Lack of HIV-1 protection, along with lower adherence, was seen in
participants who were 18 to 21 years of age, with
an efficacy of HIV-1 protection of −27% (95% CI,
−133 to 31; P = 0.45) (Fig. 3B). For women who
were older than 21 years of age, the efficacy of
HIV-1 protection was 56% (95% CI, 31 to 71;
P<0.001), and the rate of adherence was more
than 70% overall, as defined by dapivirine detection in plasma, in returned rings, and in the
composite of those two measures.
Safety

There were no significant between-group differences in the frequency of the primary safety end
points (Table 2, and Table S6 in the Supplementary Appendix) or in other adverse events commonly detected in the trial population (Fig. S5 in
the Supplementary Appendix). Incident sexually
transmitted infections occurred at a similar rate
in the two groups (Table S7 in the Supplementary Appendix). Finally, among participants who
acquired HIV-1 infection, there was no significant
between-group difference in the numbers of participants with non-nucleoside reverse-transcriptase inhibitor mutations suggesting antiviral resistance (8 of 68 participants [12%] in the
dapivirine group and 10 of 96 [10%] in the placebo group, P = 0.80) (Table S8 in the Supplementary Appendix).

Discussion
In this multicountry trial, a vaginal ring containing 25 mg of dapivirine that was renewed every
8
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month showed evidence of HIV-1 protection,
demonstrating the efficacy of a sustained-release
approach to delivering antiretroviral prophylaxis.
As seen in other studies of HIV-1 prophylaxis,5,7
the protective effect of the dapivirine vaginal
ring, as compared with placebo, was significant
but not as high as hypothesized in the design of
the trial. Greater HIV-1 protection was observed
among subgroups of women who had evidence
of higher rates of adherence than among those
with lower rates of adherence. HIV-1 protection
was not observed for women between the ages
of 18 and 21 years, and objective markers of
adherence were lower in this subgroup than in
those older than 21 years.
Strong relationships between adherence and
HIV-1 protection have been seen in studies of
HIV-1 prophylaxis, with several studies among
African women showing low adherence.3,4,9 In
our trial, a majority of participants had objective
evidence of adherence to the use of the dapivirine
ring. We predefined dapivirine levels in plasma
and in used rings to indicate adherence on the
basis of phase 1 and 2 studies. However, our
definitions could have led to an overestimation
of adherence because participants were categorized as being adherent even though they may
have used the ring for only a portion of the
month (and possibly only for a few hours before
a clinic visit). Further pharmacokinetic analysis
may help define whether there is a threshold of
use of dapivirine that provides protection against
HIV-1, analogous to investigations that followed
the initial clinical trials of tenofovir-based strategies.22,23 Some studies of other treatment and
prevention interventions have shown that use
and resultant benefits often decline over time.2,22
In contrast, we found that adherence appeared
to increase after the first months of use, which
may indicate that some time was needed for
participants to become comfortable with the
ring, and HIV-1 protection was sustained during
follow-up of 24 months or more. Qualitative
analyses showed that nonadherence to HIV-1
prophylaxis strategies in clinical trials may be
related to characteristics of the participant (e.g.,
a younger age), the product (e.g., side effects),
and the research process (e.g., concern about
unproven safety and efficacy).24,25 Notably, studies of the oral antiretroviral agent tenofovir have
shown higher adherence in open-label studies
after a demonstration of safety and efficacy than
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Figure 3. Cumulative Incidence of HIV-1 Infection, According to Age Group and Method of Dapivirine Detection.
Panel A shows that the efficacy of HIV-1 protection in the dapivirine group was −27% (95% CI, −133 to 31) for those 18 to 21 years of
age, 56% (95% CI, 19 to 76) for those 22 to 26 years of age, and 51% (95% CI, 8 to 74) for those 27 to 45 years of age, as compared with
placebo. The combined efficacy of HIV-1 prevention for participants over the age of 21 years was 56% (95% CI, 31 to 71; P<0.001). Panel
B shows the percentage of plasma samples with a dapivirine value of 95 pg per milliliter (the adherence cutoff), the percentage of used
rings with a residual dapivirine level of less than 23.5 mg (also the adherence cutoff), and a composite of dapivirine levels in plasma and
residual rings. In the plasma-and-ring analysis, adherence levels were higher by a factor of 1.6 (P = 0.07) among women 22 to 26 years of
age and by a factor of 4.1 (P<0.001) among women 27 to 45 years of age than among women 18 to 21 years of age, as calculated by
means of a generalized linear mixed-effects model with random intercepts and slopes and logit link after the exclusion of data from the
first quarter because of small numbers. Returned rings were not available for the first calendar year of the trial, so the curves do not include all participants at all time points.
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Table 2. Adverse Events.*
Dapivirine Group
(N = 1313)

Adverse Event

Placebo Group
(N = 1316)

no. (%)
Primary safety end point*
Any serious adverse event
Death

180 (14)

186 (14)

52 (4)

48 (4)

4 (<1)

3 (<1)

Any grade 4 event

22 (2)

23 (2)

Any grade 3 event

151 (12)

162 (12)

7 (1)

9 (1)

Any grade 2 event assessed as related

*	The primary safety end point of the study was defined as any serious adverse
event, any grade 3 or 4 adverse event, and any grade 2 adverse event assessed
by the treating clinician as being related to the study product. P = 0.80 for the
overall comparison by the chi-square test.

had been seen in the initial blinded, placebocontrolled trials.26-28
Both behavioral and biologic effects may have
contributed to a lack of HIV-1 protection in
women between the ages of 18 and 21 years in
this trial. Adherence to use of the ring appeared
to be lower in this group than in women above
21 years of age; lower adherence to HIV-1 treatment and use of contraceptives has been reported
among persons from 18 to 21 years of age.29,30
The genital tract of women in this age group
may be more susceptible to HIV-1 infection and
potentially also more difficult to protect with
antiretroviral prophylaxis strategies.31,32 Further
research is needed to understand the unique prevention needs of young women, including openlabel evaluations that may allay concern about
the efficacy of HIV-1 prevention, safety, or use of
placebo. In addition, studies are needed to assess whether HIV-1 protection could be achieved
in younger women with levels of adherence that
were greater than those seen in this trial. The
dapivirine ring significantly reduced HIV-1 incidence by more than half among women over the
age of 21 years; women between the ages of 22
and 26 in the placebo group had an annualized
incidence of HIV-1 of more than 6%, a finding

of
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that emphasizes the great need for prevention
strategies for this population.
The concept of a topical microbicide for vaginal or rectal use for HIV-1 prevention was first
proposed more than two decades ago.33 Microbicide products — including gels, films, foams, and
rings — have been evaluated in multiple studies
among at-risk women and men. Microbicides
can provide personal control over HIV-1 prevention and offer the ability to be used discreetly.
Affordability is an important challenge to HIV-1
prophylaxis interventions, and topical delivery of
antiretroviral drugs may allow minimal toxicity
monitoring, which would improve cost-effectiveness. Only one previous trial, a phase 2 evaluation
of a vaginal gel containing tenofovir, showed
evidence of HIV-1 protection,2 but this result was
not confirmed in subsequent studies.3,9 The results
of an ongoing second phase 3 trial of the dapivirine vaginal ring (the Ring Study; ClinicalTrials
.gov number, NCT01539226) will be important
for improving our understanding of this intervention.
African women bear a disproportionate burden of the global HIV-1 epidemic. In the placebo
group in our trial, the annualized HIV-1 incidence was more than 4%, despite monthly HIV-1
testing and risk-reduction counseling, testing of
male partners, screening and treatment of sexually transmitted infections, and provision of free
condoms. Our results show that a vaginal ring
containing an antiretroviral drug can provide
some protection against HIV-1 acquisition.
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