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Abstract

Introduction: Vaginal rings are a promising approach to provide a woman-centred, long-acting HIV prevention strategy. Prior
trials of a 25 mg dapivirine (DPV) ring have shown a favourable safety profile and approximately 30% risk reduction of HIV-1
infection. Extended duration rings replaced every three months may encourage user adherence, improve health service effi-
ciency and reduce cost overall. We evaluated safety, pharmacokinetics, adherence and acceptability of two three-month rings
with different DPV dosages, compared with the monthly DPV ring.

Methods: From December 2017 to October 2018, MTN-036/IPM-047 enrolled 49 HIV-negative participant in Birmingham,
Alabama and San Francisco, California into a phase 1, randomized trial comparing two extended duration (three-month) rings
(100 or 200 mg DPV) to a monthly 25 mg DPV ring, each used over 13 weeks, with follow-up completed in January 2019.
Safety was assessed by recording adverse events (AEs). DPV concentrations were quantified in plasma, cervicovaginal fluid
(CVF) and cervical tissue, at nominal timepoints. Geometric mean ratios (GMRs) relative to the comparator ring were esti-
mated from a regression model.

Results: There were no differences in the proportion of participants with grade >2 genitourinary AEs or grade >3 AEs in the
extended duration versus monthly ring arms (p = 1.0). Plasma and CVF DPV concentrations were higher in the extended duration
rings compared to the monthly ring. Plasma GMRs were 1.31 to 1.85 and 1.41 to 1.86 and CVF GMRs were 1.45 to 2.87 and 1.74 to
2.60 for the 100 and 200 mg ring respectively. Cervical tissue concentrations were consistently higher in the 200 mg ring (GMRs
2.36 to 3.97). The majority of participants (82%) were fully adherent (ring inserted at all times, with no product discontinuations/
outages) with no differences between the monthly versus three-month rings. Most participants found the ring acceptable (median =8
on 10-point Likert scale), with a greater proportion of participants reporting high acceptability (2 or 10) in the 25 mg arm (73%) com-
pared with the 100 mg (25%) and 200 mg (44%) arms (p = 0.01 and p = 0.15 respectively).

Conclusions: The extended duration DPV rings were well-tolerated and achieved higher DPV concentrations compared with
the monthly DPV ring. These findings support further evaluation of three-month DPV rings for HIV prevention.
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1 | INTRODUCTION

Over half of the 38 million people living with the human
immunodeficiency virus (HIV) globally are women [1]. In sub-
Saharan Africa, women and girls account for 59% of new HIV
infections, with young women being twice as likely to be living
with HIV than men [2]. In the United States (US), nearly one-
fifth of new HIV diagnoses are among women, and Black
women are particularly impacted [3].

While pre-exposure prophylaxis (PrEP) is an effective
approach to HIV prevention [4], adherence and persistence to

daily oral PrEP and a daily or pericoital vaginal gel among
women has been low across trials [5-7] and demonstration
projects [8,9]. Additionally, PrEP uptake has been slow among
women, accounting for only 5% of US PrEP prescriptions [10].
These patterns illustrate significant barriers to the effective-
ness of PrEP in women.

Antiretroviral-based vaginal rings are a discreet, long-acting
HIV prevention approach that may provide an important alter-
native for women who are unable or choose not to use daily
PrEP [11]. Dapivirine (DPV), a non-nucleoside reverse tran-
scriptase inhibitor with potent activity against HIV-1, has been
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developed in a ring formulation [12]. Two phase 3 trials of a
monthly 25 mg DPV ring among women in four African coun-
tries demonstrated a 27% to 35% overall reduction in risk of
HIV infection [13,14], and supportive data from two subse-
quent open-label extension trials reported higher adherence
and suggested higher effectiveness based on modelling
[15,16). The European Medicines Agency (EMA) adopted a
positive scientific opinion on the DPV ring under the Article
58 procedure (now EU-Medicines4all) for use by adult cisgen-
der women when oral PrEP is not/cannot be used or is
unavailable, and the World Health Organization updated its
clinical guidelines to include a recommendation for the
monthly DPV ring as an additional choice for women as part
of comprehensive prevention approaches. This is paving the
road for its approval in countries where it is most urgently
needed [17].

In a post hoc, non-randomized analysis of the ASPIRE study,
greater protection from viral acquisition was observed with
more consistent ring use, as measured by residual DPV levels
in used rings and plasma DPV concentrations [13,18]. The
development of a DPV ring with a higher loading dose is
intended to extend the period of drug release, allowing for
less frequent ring replacements, and may achieve higher local
drug concentrations. Similar to contraceptive rings designed
for use over multiple cycles [19,20], extended duration rings
for HIV prevention replaced quarterly may further reduce
patient and provider burden and cost, increase accessibility,
streamline follow-up and improve adherence. The Microbicide
Trials  Network (MTN)-036/International  Partnership  for
Microbicides (IPM) 047 study evaluated the pharmacokinetics
(PK), safety, adherence and acceptability of two extended
duration rings loaded with 100 or 200 mg DPV for use over
13 weeks, as compared to the 25 mg monthly ring.

2 | METHODS

2.1 | Study design

MTN-036/IPM 047 was a phase 1 multi-site, 3-arm, random-
ized trial conducted at the University of Alabama at Birming-
ham (Birmingham, AL) and the San Francisco Department of
Public Health (San Francisco, CA). Forty-nine participants were
enrolled in Birmingham (n = 25) and San Francisco (n = 24)
between December 2017 and October 2018, with final study
follow-up completed in January 2019. Each site received local
institutional review board approval.

The DPV rings are off-white, flexible rings; all three rings
had an outer diameter of 56 mm and a cross-sectional diame-
ter of 7.7 mm with DPV dispersed in a platinum-cured silicone
matrix and were visually identical. The comparator ring con-
tained 25 mg DPV designed to provide sustained release over
a minimum of one month, and the extended duration rings
contained 100 or 200 mg DPV designed for sustained release
over a minimum of three months.

The primary study objectives were to compare the safety
and local and systemic PK of the extended duration rings to
the comparator ring. Primary PK endpoints included DPV con-
centrations in plasma, cervicovaginal fluid (CVF) and cervical
tissue. Safety was evaluated as the proportion of participants
with grade >2 genitourinary adverse events (AEs) and grade
>3 AEs, using the Division of AIDS Table for Grading the

Severity of Adult and Pediatric Adverse Events and Female
Genital Grading Table for Use in Microbicide Studies [21,22].
Secondary objectives were to evaluate adherence and accept-
ability of the DPV rings. Adherence was assessed as the fre-
quency and duration of self-reported ring removal/expulsions
captured by study staff on case report forms, and staff con-
firmed ring placement during study visits. Reasons for the ring
outage were recorded. Acceptability was evaluated using a
10-point Likert scale assessing the degree participants liked
or disliked using the rings and the likelihood they would use
the ring in the future if available. High acceptability was pre-
specified as having an acceptability score in the highest quin-
tile (9 or 10). An exploratory objective included assessing
residual DPV levels in returned rings.

Eligible participants were assigned female at birth, aged 18
to 45, HIV negative, using effective non-ring-based contracep-
tion, and generally healthy. Major exclusion criteria included:
pregnant/breastfeeding; use of pre-/post-exposure HIV pro-
phylaxis in the past three months; unresolved urinary or
reproductive tract infection; sexually transmitted infection
requiring treatment; chronic or recurrent candidiasis; signifi-
cant hematologic or liver function test abnormalities; or clini-
cally apparent grade >2 gynaecologic abnormalities.

After providing written consent and completing screening, eli-
gible participants were randomized 1:1:1 to a 25 mg DPV ring
(replaced every four weeks for eight weeks, then worn for five
weeks), 100 mg DPV ring or 200 mg DPV ring (both used con-
tinuously for 13 weeks). The ring was inserted at enrolment, fol-
lowed by a clinician-performed exam to confirm placement. At
each follow-up visit, a clinician confirmed the correct placement
of the ring by visualization with a speculum. Blood and CVF were
collected one, two and four hours after ring insertion, and on
day 91 immediately prior to ring removal, and one, two and four
hours following ring removal. At all other study visits (days 1, 2,
3,7, 14, 28, 56 and final contact on day 92 to 94), blood and
CVF were obtained at a single timepoint for drug measure-
ments. CVF was clinician-collected via a vaginal swab within
30 minutes of blood collection, and the net weight of CVF was
determined. Cervical tissue biopsies were collected at days 28
and 91 prior to ring removal; net biopsy weights were recorded,
and biopsies were immediately flash-frozen in a dry ice/ethanol
bath. Used rings were collected for residual drug analysis at days
28 and 56 (monthly rings) and day 91 (all rings). Any severe or
unexpected social harms were reported to the Protocol Safety
Review Team.

2.2 |

The sample size of 48 participants was targeted, with 80%
power to detect ~50% change in DPV concentrations (assuming
coefficient of variation = 50%) [23]. The randomization scheme
was generated and maintained by the MTN Statistical Data
Management Center. Participants were randomized using per-
muted block randomization in a 1:1:1 ratio to the three study
arms and were stratified by site to ensure balanced product
assignment. A total of 49 participants were randomized.

Sample and randomization

23 |

DPV was quantified in plasma and cervical tissue using previ-
ously  described, liquid chromatography-tandem  mass

Laboratory methods
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spectrometry (LC-MS/MS) by the Clinical Pharmacology Ana-
lytical Laboratory at the Johns Hopkins University School of
Medicine [24,25]. A modified version of a previously published
LC-MS method, which employed CVF extraction from Dacron
swabs via a 1:1 solution of methanol:water, was used for DPV
quantitation in CVF [26]. All assays were validated in accor-
dance with FDA bioanalytical guidelines. The lower limits of
quantification (LLOQ) for DPV in plasma, CVF, and cervical tis-
sue were 20 pg/mL, 0.250 ng/swab, and 0.05 ng/sample
respectively. When normalized to fluid or biopsy weights, med-
jan LLOQs were 0.0036 ng/mg (interquartile range (IQR):
0.0028 to 0.0051 ng/mg) and 0.0027 ng/mg (IQR: 0.0019 to
0.0042 ng/mg) respectively. Residual DPV content in returned
rings was determined by Pace Analytical Life Science (Oakdale,
MN) using high-performance liquid chromatography with pho-
todiode array detection, as previously described [27]. Residual
drug was evaluated separately for each monthly ring at day
28, 56 and 91 and for the three-month rings at day 91.

24 |

Participant characteristics were summarized using descriptive
statistics. For the primary safety objective, which included all
participants who inserted the ring, we compared the propor-
tion of participants with AE endpoints in the extended dura-
tion ring arms relative to the monthly ring arm using Fisher’s
exact test. Plasma, CVF and cervical tissue are reported for
participants with >1 sample taken at or after day 28. The
Area Under the Concentration-Time curves (AUC) in plasma
and CVF were calculated for participants completing up to
day 28 (AUCq.ogq) or day 91 (AUCq.91q) Visits, using the
trapezoidal method. The peak concentration (C,.,,) and time
to peak concentration (T...) among participants completing
up to the day 91 visit were also determined. To facilitate a
fold increase comparison between arms, DPV concentration
and exposure endpoints are summarized as geometric means
(GMs) and geometric coefficients of variation (CV%), and
geometric mean ratios (GMRs) were estimated from a fixed-
effects model on log-transformed outcomes. To account for
repeated measurements per participant, the model was fitted
using Generalized Estimating Equations with an exchangeable
correlation matrix. DPV concentrations reported as below
the LLOQ were imputed with a value equivalent to half the
LLOQ.

Participants were classified as fully adherent if they
reported having kept the ring inserted at all times during the
study, without any product discontinuation, hold or ring out-
age, except for ring changes in the monthly ring arm. Accept-
ability was assessed as the proportion of participants giving
the ring a high score (9 or 10). Adherence and acceptability of
the extended duration rings were compared with those of the
monthly ring using Fisher’s exact test, and exact binomial 5%
confidence intervals for the estimated proportions were calcu-
lated using Pearson—Clopper method. The mean and SD of the
residual DPV levels in used rings were determined, along with
the estimated total amount of DPV released over 91 days of
study product use, calculated based on the manufacturer’s
reported average load level in each ring batch. Additionally,
unused rings (3 of each type) were analysed as a quality con-
trol check for the extraction process. All analyses were gener-
ated using SAS® and R software.

Pharmacokinetic and statistical analysis

3 | RESULTS

Participant demographics and study flow are outlined in
Table 1 and Figure 1 respectively. Four participants did not
complete the study. In the 25 mg arm, one participant with-
drew shortly after enrolment without a reason provided, and
one participant relocated after day 56. In the 100 mg arm,
one participant relocated after day 28, and one missed the
final contact visit due to a family emergency. Two participants

Table 1. Demographics and study-related characteristics of
participants in MTN-036/ IPM 047 by study arm

Extended  Extended
duration duration
Comparator ring ring
ring 100 mg 200 mg
25 mg DPV DPV DPV
N 17 16 16
Age, years
Mean (SD) 30.5 (6.9) 306 (6.1) 290 (6.0)
Range 19, 44 19, 40 20, 40
Race
Asian 2 (12%) 2 (13%) 0 (0%)
Black 8 (47%) 5 (31%) 7 (44%)
White 7 (41%) 5 (31%) 7 (44%)
Other 0 (0%) 4 (25%) 2 (13%)
Ethnicity
Latina/Hispanic 0 (0%) 3 (19%) 2 (13%)
Gender identity
Female 17 (100%) 15 (94%) 14 (88%)
Transgender 0 (0%) 0 (0%) 1 (6%)
Does not identify as 0 (0%) 1 (6%) 1 (6%)
male, female, or
transgender
Gender of sex partner(s)
Male and female 2 (12%) 4 (25%) 2 (13%)
partners
Exclusively female 2 (12%) 1 (6%) 3 (19%)
partners
Exclusively male partners 11 (65%) 8 (50%) 9 (56%)
NA (no sex partners) 2 (12%) 3 (19%) 2 (13%)
Has ever used Vaginal
Rings®
Yes 6 (35%) 4 (25%) 1 (6%)
Number of participants
with completed study
visits, by visit
Day 28 visit 16 (94%) 16 (100%) 16 (100%)
Day 56 visit 16 (94%) 15 (94%) 16 (100%)
Day 91 visit 15 (88%) 15 (94%) 16 (100%)
Final contact visit 15 (88%) 14 (88%) 16 (100%)

DPV, dapivirine; mg, milligram; N, Number; NA, Not applicable
“Such as NuvaRing, Estring, Femring. As reported by participants at a
baseline computer assisted self-interview.
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[ Screening ]

Assessed for
eligibility (n=90)

Excluded (n=41)

+ Not meeting inclusion
criteria (n=26)

+ Did not complete screening

v

procedures (n=13)
+ Reason participant not
enrolled missing (n=2)

[ Enrollment ]

Randomized (n=49)

l [ Allocation } l

Allocated to 25 mg
ring(n=17)

Allocated to 100 mg ring
(n=16)

Allocated to 200 mg ring
(n=16)

[ Follow-Up ]

+ Lost to follow-up on day 4
(n=1)
+ Terminated early due to

moving away (n=1) (n=1)

+ Terminated early due to
moving away (n=1)
+ Missed final contact visit

+ No lost to follow-up or
early terminations

[ Analysis ]

Analyzed Analyzed Analyzed
+ Safety (n=17) + Safety (n=16) + Safety (n=16)
+ PK(n=16) + PK (n=16) + PK(n=16)

Figure 1. Flowchart of study participants.

in the 200 mg arm refused cervical biopsy (one at both time-
points, one at day 91).

3.1 | Safety Assessment

A total of 126 AEs were reported in 41/49 (84%) participants,
including 40 AEs in 14/17 (82%) participants in the 25 mg
arm, 47 AEs in 14/16 (88%) participants in the 100 mg arm
and 39 AEs in 13/16 (81%) participants in the 200 mg arm.
Overall, 30/126 (24%) of AEs were assessed as related to
study product. The most commonly reported related AEs
included vaginal discharge, uterine spasm, metrorrhagia and
vaginal odour. Most AEs were grade 1 (99/126 [79%]) or
grade 2 (26/126 [21%])), with one grade 3 AE reported in the
25 mg arm (intussusception, unrelated to study product).

While all grade >2 genitourinary AEs were assessed as
related, we found no statistically significant difference in the
proportion of participants with grade >2 genitourinary AEs in
the 100 mg (1/16 [6%]) or 200 mg (1/16 [6%]) arms com-
pared with the 25 mg arm (2/17 [12%)]), p = 1.00 for both
comparisons. We also found no statistically significant differ-
ence in the proportion of participants with grade >3 AEs in
the 100 mg (0/16 [0%]) or 200 mg (0/16 [0%]) arms com-
pared with the 25 mg (1/17 [6%]) arm, p = 1.00. No severe
or unexpected social harms were noted in the study.

3.2 |

GM DPV concentrations in plasma, CVF, and cervical tissue
are summarized in Table 2. Across different timepoints, the

Pharmacokinetic analysis
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(Continued)

Table 2.

Cervical tissue

CVF

Plasma

100 mgring 200 mgring 25 mgring 100 mgring 200 mgring 25 mgring 100 mgring 200 mg ring
(n = 16)

25 mg ring

(n=16) (n=16) (n=16) (n = 16)2

(n =16)

(n=16) (n =16)

(n =16)

1.96 (107 to

1.91 (104 to

1.86 (1.50 to

1.79 (145 to

GMR (95% CI)°

3.59)

3.50)

2.30)

2.21)

AUC (0 to 91), pg/mL x days for plasma, ng/mg x days for CVF

2268, 109%
551 (3.19 to

2154, 77%

34780, 39%

33249, 24%

Geometric Mean, CV%

GMR (95% Cl)f

523 (2.97 to

559 (445 to

5.34 (4.24 to

9.52)

9.21)

7.02)

6.73)

CVF, cervicovaginal fluid; mg, milligram; CV, coefficient of variation; GMR, geometric mean ratio; Cl, confidence interval; C.y, peak concentration; Ty time to peak concentration; AUC, area

under the concentration—time curve from O to 28 or O to 91 days; pg/mL, picograms per millilitre

30f 16 participants, one did not provide cervical tissue biopsy at Day 28 visit and two did not provide biopsies at Day 91 visit; PThe geometric mean, CV% and geometric mean ratio at this
timepoint are highly influenced by one observation with DPV concentration reported as BLQ. No ring outages were reported by this participant. A sensitivity analysis excluding this observation

yielded a geometric mean concentration of 409 pg/mL (CV: 34%) for participants in the 200 mg DPV arm, and a geometric mean ratio of 1.69 (95% Cl: 1.32 to 2.16) relative to the comparator

ring; All GMRs reflect comparisons with the 25 mg ring; “Excludes two participants, in the 25 mg and the 100 mg ring arms, who discontinued the study before the last product use visit at

Day 91; *“GMRs reflect comparison to the AUC (O to 28) in the comparator ring group (excludes one participant in the 100 mg ring arm who discontinued the study before the last product use

visit at Day 91).

GMs of plasma DPV concentrations were 1.3 to 1.8 times
higher in the 100 and 200 mg arms compared with the
25 mg arm. Additionally, DPV plasma Cpax and AUCo-284)
were nearly two-fold higher for the extended duration ring.
GMs of CVF DPV concentrations were 1.5 to 2.9 times
higher in the extended duration ring arms, and C,,.x and
AUC(g.0gq) Were approximately 1.5 and 2-fold higher, respec-
tively, for the extended duration versus monthly ring. Com-
pared with the 25 mg ring, GMs for cervical tissue DPV
concentrations were higher in the 200 mg arm at day 28
and higher in both extended duration ring arms at day 91.

Concentration—time curves for DPV in plasma and CVF
are shown in Figure 2. The GM T, ranged from sixteen to
twenty-five days in plasma and one to seven days in CVF,
with a longer T, for the extended duration rings observed
in CVF but not plasma. GM DPV concentrations remained
similar four hours after ring removal in plasma, but dropped
by about half in CVF, when compared with DPV concentra-
tions prior to ring removal.

3.3 | Adherence, Residual DPV Ring Levels and
Acceptability

Most participants (40/49, 82%) reported being fully adherent
during the study: 76% (95% Cl 50% to 93%) in the 25 mg
arm, 81% (95% ClI 54% to 96%) in the 100 mg arm and
88% (95% Cl 62% to 98%) in the 200 mg arm, with no sta-
tistically significant differences between groups. Among nine
participants who were not fully adherent, three terminated
early; three reported a single outage, two reported two
outages and two reported three outages. Three participants
reported ring outages >12 hours continuously. Reported rea-
sons for ring removal included discomfort or other symp-
toms, menses/bleeding, to clean the ring, not wanting the
partner to know about ring, partner disliking the ring and/or
wanting it removed and removal for sex or pelvic exam. Two
ring expulsions were reported, once from tampon removal
and once related to sex.

Mean residual DPV levels in used rings were 20.9, 21.1
and 20.5 mg at days 28, 56 and 91 in the 25 mg arm, and
86.7 and 184.3 mg in the 100 and 200 mg arms, respec-
tively, at day 91. Based on manufacturer-reported averaged
DPV loads (24.5, 100.5 and 207.1 mg/ring for the 25, 100
and 200 mg rings respectively), the mean total DPV released
over 13 weeks was estimated to be 11.2 mg (range 7.4 to
16.1) for the 25 mg ring, 14.2 mg (10.2 to 20.4) for the
100 mg ring and 22.8 mg (12.8 to 28.5) for the 200 mg ring.
The mean DPV concentrations in unused control rings
(N = 3) were lower than the batch concentrations reported
by the manufacturer (N = 10), particularly for the 200 mg
ring (201.0 vs. 207.1 mg), suggesting some minor variability
in the assay and/or ring loading.

Acceptability of the rings at the study exit was high. When
using the pre-specified cut-point, acceptability was higher in
the 25 mg ring, with 73% of participants giving a score of 9
or above, compared with 25% in the 100 mg arm (p = 0.01)
and 44% in the 200 mg arm (p = 0.15) (Figure 3A). How-
ever, only one participant gave a score below 5 = neutral
(100 mg DPV arm, Figure 3A), and acceptability scores for
the rings (median: 8 (IQR 6 to 10)) compared favourably to
condoms (median: 5 (IQR 4 to 5)) (Figure 3B). Scores were
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Figure 2. Geometric means of DPV concentration in (A) blood plasma (pg/mL) and (B) CVF (ng/mg). Vertical bars indicate the back transforma-
tion of [Mean 4 1 SDJ intervals of log-transformed concentrations.

similar among those who had previously used rings (median 8 4 | DISCUSSION

(IQR 5 to 10)) and those who did not (median 8 (IQR 6.5 to

10)). When asked how likely participants would be to use the In this study evaluating two three-month DPV rings, the 100
ring if effective, most gave scores above 5, indicating likeli- and 200 mg DPV rings were found to be well-tolerated when
hood of future use (median: 2 (IQR 7 to 10)). compared with the monthly 25 mg ring, with no safety
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Figure 3. Acceptability of comparator 25 mg and extended duration 100 and 200 mg rings (A) in relation to male condoms (B). The choice

“Never used (N/A)” was allowed for male condoms but not for the ring.

concerns identified. The safety profile of the extended dura-
tion rings was similar to the 25 mg ring, which has been
demonstrated to be well-tolerated in prior trials [23,25,28-
31].

We found that, on average, plasma and CVF concentrations,
as well as AUC(p.0gq), Were higher in the 100 and 200 mg
ring arms compared with the 25 mg ring arm. Concentration—
time curves showed a rapid rise in DPV concentrations, which
were similar across arms the first day after insertion, but the
extended duration rings subsequently achieved higher Cax
on average. The T,y in plasma tended to be shorter for the
extended duration rings, while the T... in CVF was longer,
relative to the comparator ring. As GM concentrations of
DPV in vaginal fluid declined rapidly after ring removal in all
three rings, it is recommended that the rings be kept in place
continuously, including during menses. Both extended duration
rings had higher cervical tissue concentrations at day 91 (only
200 mg ring had higher tissue concentrations at day 28).
Even if the rate of DPV concentration decline in tissue is less
rapid than in CVF, temporary removal of the three-month
rings likely results in concentrations for many participants fall-
ing below typical concentrations seen for the inserted 25 mg
ring — our benchmark for comparative efficacy. While most
PK endpoints tended to be higher in the 200 versus 100 mg
arm, there were no statistically significant differences
observed. The highest GM concentration in plasma associated
with any of the rings was 505 pg/mL (C.x for the 200 mg
ring) which was more than 4500-fold lower than the mean
maximum concentration (2286 ng/mL) observed at the maxi-
mum tolerated oral dose of DPV [23,30]. Of note, oral DPV

is not a formulation being pursued for HIV prevention. While
DPV concentrations in fluids and tissue were not dose pro-
portional, there was a 27% to 103% greater DPV release
from the extended duration versus comparator rings, resulting
in approximately 1.5 to three-fold increase in plasma, CVF,
and cervical tissue concentrations. These findings support the
use of these extended duration DPV rings for up to
13 weeks. Although the PK threshold for efficacy for dapivir-
ine remains unknown, it is expected that equal or higher DPV
concentrations achieved across compartments at all time
points over the course of the use cycle with the extended
duration rings should translate into equal or higher efficacy
as compared to the monthly ring. As plasma and vaginal fluid
concentrations at day 91 for the three-month rings were
approaching levels seen on day 91 with the third 25 mg ring,
the use period for these extended duration formulations will
likely be limited to 90 days. An additional bioavailability study
is being planned to further characterize the PK of the three-
month rings relative to the 25 mg ring to inform future
development.

Adherence was high for all three rings, with no differences
across arms observed. The mean residual DPV in rings for the
25 mg arm (20.5 to 21.1 mg) suggested adherence to ring
use, based on prior studies and benchmarks used to assess
adherence (residual DPV <235 mg) [13,29]. While ring
removals were infrequent, several participants reported ring
outages due to partner-related concerns. Prior studies have
highlighted the important role of male partners on ring use
and acceptability [32-34]. A few participants in each arm
reported removing the ring during menses. These concerns
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have been raised in previous studies in which women reported
removing the ring during menses for cleaning, concerns the
ring would block menstrual blood flow and menstrual pain
attributed to the ring [35-37]. Education and support to
address partner-related concerns and ring use during menses
will be important for these rings.

Ring acceptability was high across arms, with somewhat
higher acceptability ratings for the monthly versus extended
duration rings. This finding may reflect greater initial familiar-
ity with the monthly ring, as evidenced by higher baseline
acceptability ratings with the monthly versus extended dura-
tion rings [38]. Despite higher acceptability ratings with the
monthly ring, most participants in this study reported prefer-
ence for the three-month rings at study exit due to increased
convenience, although preferences varied by site, education,
race/ethnicity and prior ring use experiences [38]. Importantly,
acceptability to novel prevention technologies tends to
increase over time with greater use [39,40]. Most participants
were interested in using the ring in the future.

This study has several limitations. First, measured variability
of dapivirine in post-use rings is high, likely due to unknown,
patient-specific factors (actual use time, vaginal environment,
biological fluids, etc.). Secondary factors which could also influ-
ence the measured results are analytical method variability
(pre- and post-use), and to a smaller extent, manufacturing
variability. Second, as DPV concentrations were measured
monthly after day 28, AUC (5.914) could only be calculated for
the extended duration rings. Additionally, social desirability
may have impacted assessments for self-reported adherence
and acceptability measures. This study also had a number of
strengths, including enrolling a diverse cohort across two geo-
graphically distinct sites, the comparison of two extended
duration rings to the monthly ring, and extended follow-up for
13 weeks.

5 | CONCLUSIONS

In summary, in this Phase | study, the extended duration DPV
rings were found to be well-tolerated, with comparable safety
findings between groups and high rates of adherence as well
as good acceptability. PK findings demonstrate higher DPV
concentrations achieved in plasma, CVF and cervical tissue
with the extended duration rings and provide robust support
for continued development of three-month rings. If approved,
these extended use rings could provide women with additional
long-acting options and further increase access and equity to
HIV prevention in women globally.
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