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Summary

Background Half of new HIV acquisitions in Africa occur in adolescent girls and young women. Pre-exposure prophylaxis
(PrEP) with oral tenofovir disoproxil fumarate plus emtricitabine or the monthly dapivirine vaginal ring is efficacious but
has lower adherence and effectiveness among adolescent girls and young women. We aimed to assess product adherence,
safety, and choice of oral PrEP compared with the dapivirine ring among African adolescent girls and young women.

Methods MTN-034/REACH was a randomised, open-label, phase 2a crossover trial among HIV-seronegative, non-
pregnant adolescent girls and young women aged 16-21 years at four clinical research sites in South Africa, Uganda,
and Zimbabwe. Participants were randomly assigned (1:1) to either the dapivirine ring or daily oral PrEP (200 mg of
emtricitabine and 300 mg of tenofovir disoproxil fumarate) for 6 months, then switched to the other product option
for 6 months, followed by a third 6-month period in which participants were given a choice of oral PrEP, the dapivirine
ring, or neither. Fixed block randomisation was used, stratified by site. The primary adherence endpoint was use of
each product during the randomised periods, with high use defined as tenofovir-diphosphate concentrations greater
than or equal to 700 fmol/punch (associated with taking an average of four or more tablets per week in the
previous month) and greater than or equal to 4 mg dapivirine released from the returned ring (continuous use for
28 days in the previous month) based on residual drug concentrations. The primary safety endpoint was grade 2 or
higher adverse events during each randomised period of 24 weeks of ring and oral PrEP. This trial is registered at
ClinicalTrials.gov, NCT03593655.

Findings From Feb 6, 2019 to Sept 9, 2021, 396 adolescent girls and young women were screened, 247 of whom were
enrolled and randomly assigned (6 months of the ring followed by 6 months of oral PrEP n=124; 6 months of oral
PrEP followed by 6 months of the ring n=123). Median age was 18 years (IQR 17-19). 54 grade 2 or higher product-
related adverse events were reported during oral PrEP and five during dapivirine ring use, with no product-related
serious adverse events. High adherence was observed in 753 (57%) of the 1316 oral PrEP visits and 806 (57%) of the
1407 dapivirine ring visits. Four women acquired HIV during follow-up.

Interpretation Adherence was moderately high and similar between oral PrEP and the dapivirine ring with favourable
safety and tolerability. Oral PrEP and the dapivirine ring are effective, safe, and well tolerated HIV prevention options
for adolescent girls and young women who would benefit from a choice of PrEP formulations to meet their needs and
preferences.

Funding National Institutes of Health.
Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction

Adolescent girls and young women in sub-Saharan
Africa remain disproportionately impacted by HIV in the
context of declining population HIV incidence.! HIV
incidence among African adolescent girls and young
women in recent HIV prevention efficacy trials has

remained at 4% per year, despite the provision of frequent
counselling and other prevention services.”*

Multiple placebo-controlled phase 3 trials of oral
pre-exposure prophylaxis (PrEP) with tenofovir disoproxil
fumarate alone or coformulated with emtricitabine have
shown very high efficacy among men and women.c™
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Research in context

Evidence before this study

Daily oral tenofovir disoproxil fumarate plus emtricitabine
tablets and the monthly dapivirine vaginal ring are safe and
effective as HIV pre-exposure prophylaxis (PrEP) among women
and recommended by WHO as part of combination HIV
prevention. We searched PubMed and Embase for studies
published in English on the safety, adherence, and preferences
related to oral tenofovir disoproxil fumarate plus emtricitabine
and the dapivirine vaginal ring between Jan 1, 2018, and

Sept 31, 2022 with the terms “HIV” and “Africa South of the
Sahara” and (“safety” OR “adherence” OR “preferences” OR
“choice”). Findings from randomised clinical trials and
demonstration projects have shown that African adolescent
girls and young women younger than 21 years have lower
product use, adherence, and persistence through to 6 months
with oral tenofovir disoproxil fumarate plus emtricitabine than
women aged 21 years and older. Randomised placebo-
controlled trials and open-label extension studies of the
dapivirine ring in Africa have shown that women younger than
21 years had lower use of the ring, which was associated with a
lack of effectiveness.

Added value of this study

Given the need for more consistent and higher effective use

of HIV prevention products by young African women who
continue to have high rates of HIV acquisition, this randomised,
open-label crossover study of oral PrEP and the dapivirine

ring followed by a product choice period provides a direct
comparison of adherence and safety of both products. Study

However, two PrEP placebo-controlled efficacy trials that
enrolled African adolescent girls and young women
showed no protection, in large part due to low adherence
to products.®”"* Demonstration projects among African
adolescent girls and young women have shown high
initiation rates of oral PrEP with low adherence and
persistence to oral PrEP, indicating a high motivation for
HIV prevention but that stigma and the burden of daily
pill-taking is challenging in this population,“*™ possibly
reflecting stage of neurocognitive development, dynamic
partnerships, and uncertainty regarding HIV exposure.
The monthly dapivirine vaginal ring might provide a
more discrete and less challenging option for some
young women, because no active effort is needed to
remain adherent for a month after inserting the ring.
Two placebo-controlled, phase 3 trials of the dapivirine
ring showed reductions in HIV acquisition of
27% and 31%, respectively; post-hoc analyses suggested
lower adherence and either no or lower protection,
respectively, in women aged 18-21 years compared
with women older than 21 years.* Effectiveness of the
dapivirine ring was approximately 50% in the open-label
extension studies in which participants were aware of the
efficacy data and HIV incidence was compared with a
counterfactual estimate.”” Based on these findings,

participants had monthly visits and were provided flexible
adherence support and drug concentration feedback in
adherence counselling. African adolescent girls and young
women had higher adherence to oral PrEP and the dapivirine
ring than has been previously reported. Experience with these
PrEP products informed the choice of products. A majority of
African adolescent girls and young women chose the dapivirine
ring, which is a PrEP option that is less burdensome to the user
than oral PrEP. Sexual activity and high adherence to oral PrEP
during the randomised periods were associated with choice of
product in the product choice period. The study provides
evidence that the majority of African adolescent girls and young
women were able to use both oral tenofovir disoproxil
fumarate plus emtricitabine and the dapivirine ring with high
adherence, that both products were safe and well tolerated, and
that two-thirds of participants chose the dapivirine ring in the
final product choice period.

Implications of all the available evidence

This study shows higher adherence to daily oral PrEP and the
monthly vaginal dapivirine ring among African adolescent girls
and young women than previous studies, which is important
given the ongoing high HIV incidence in this population. The
crossover design provided adolescent girls and young women
with experience in both daily pill-taking and a monthly vaginal
ring for HIV prevention, which informed their choice of
product. HIV prevention coverage is likely to be higher if a
choice of PrEP options is offered to meet the needs and
preferences of users.

WHO has recommended the dapivirine ring as an
additional choice for HIV prevention for women at
substantial risk of HIV infection.”

To guide implementation of oral PrEP and the
dapivirine ring among African adolescent girls and young
women, given previously observed lower adherence in
this younger population, we aimed to assess product
adherence, safety, and choice of oral PrEP compared with
the dapivirine ring among African adolescent girls and
young women.

Methods

Study design and population

MTN-034/Reversing the Epidemic in Africa with Choices
in HIV Prevention (REACH) was a randomised, open-
label, phase 2a crossover trial done at four Microbicide
Trials Network (MTN)-affiliated clinical research sites:
Cape Town and Johannesburg, South Africa; Kampala,
Uganda; and Harare, Zimbabwe. The primary objectives
were to evaluate safety and adherence to oral PrEP and
the dapivirine ring during the crossover periods, and
the secondary objective was choice of product after the
randomised periods with use of each product. The
crossover design allowed for intraindividual comparisons
of safety, adherence, and acceptability. The study enrolled
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healthy, sexually active, HIV-seronegative, non-pregnant
and non-breastfeeding female participants aged
16-21 years on a hormonal contraceptive method or
intrauterine device for more than 2 months, with no
post-exposure prophylaxis or PrEP use in the previous
3 months, and no chronic medical conditions. By design,
one-third of participants were aged 16-17 years to
increase data on safety and adherence in adolescent girls.
At screening, participants were assumed to have been
assigned female sex at birth and were not asked to report
their gender identity. However, required safety pelvic
examinations that occurred during the screening process
confirmed sex at birth. Sites used youth-focused
recruitment strategies, adolescent-friendly clinics, staff
training on non-judgemental counselling, and education
of parents or guardians about the study.

The study protocol was approved by the ethics review
committees at each study site: University of Cape Town
Faculty of Health Sciences Human Research Ethics
Committee, University of Witwatersrand Human
Research Ethics Committee, University of Zimbabwe
Joint Research Ethics Committee, and Makerere Univer-
sity. All participants provided written informed consent
in English or their local language (ie, Xhosa, i-Zulu,
Setswana, and Luganda). Following local regulations,
participants below the legal age for consent provided
assent and parent or guardian permission was obtained.

Randomisation and masking

Participants were randomly assigned (1:1) to one of
two sequences of either the dapivirine ring or oral PrEP
for 6 months, then switched to the other product option
for 6 months, followed by a third 6-month period in
which participants were given a choice of oral PrEP, the
dapivirine ring, or neither product, for a total of
18 months study participation (appendix p 2). A window
of 70 days from screening to enrolment allowed partici-
pants to initiate and become familiar with the highly
effective contraceptive method of their choice and
reduced potential confounding of side-effects during
initiation of a contraceptive method with oral PrEP or
the dapivirine ring. Fixed block randomisation was
used, stratified by site, generated by the MTN statistical
and data management centre. Participants and clinical
research staff were not masked to randomisation
allocation.

Procedures

Participants received 6 months of daily oral tenofovir
disoproxil fumarate plus emtricitabine (fixed dose of
200 mg of emtricitabine and 300 mg of tenofovir
disoproxil fumarate) or used the dapivirine ring for
6 months before crossing over to the other PrEP form-
ulation. Participants were counselled on methods for
easy swallowing of tablets and ring insertion. Ingestion of
the first tablet and first ring insertion were observed in
the study clinics. Participants were counselled to keep the
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ring in place for the entire month until their next visit
and to return with the used ring still inserted for removal
in clinic. A new ring or bottle with 30 PrEP tablets was
dispensed at each monthly visit. There was no washout
between crossover periods based on the ethical obligation
to not withhold efficacious HIV prevention products in a
population at high risk of acquiring HIV.

Study products were permanently discontinued for
confirmed HIV acquisition, an allergic reaction to either
product, reported use of oral PrEP for HIV prevention
outside of the study, and injection drug use. At the onset
of the study, there was less experience with oral PrEP
and ring use during pregnancy, so product holds were
initiated for pregnancy, breastfeeding, reported use of
post-exposure prophylaxis, suspected HIV acquisition, or
grade 3 or higher product-related adverse events. Oral
PrEP was withheld when creatinine clearance levels were
less than 60 mL/min. Pelvic examinations were done at
enrolment, at 6, 9, 13, 16, and 20 months, and when
clinically indicated. Ring use was temporarily withheld
in instances of deep epithelial disruption, generalised
erythema, severe oedema, or cervicitis. Study product
was resumed 8 weeks after end of pregnancy based on a
negative pregnancy test, unless the participant was
breastfeeding.

Participants received contraceptive counselling and access
to effective contraceptive methods, with Q) to use long-acting
reversible methods to minimise time off product during
holds for unplanned pregnancy. Participants also received
female or male condoms, or both, testing and treatment
for sexually transmitted infections, partner referral for
sexually transmitted infection treatment, and risk reduction
counselling. Sexually transmitted infection testing included
nucleic acid amplification for Neisseria gonorrhoeae and
Chlamydia trachomatis (GeneXpert, Cepheid, Sunnyvale,
CA, USA), a rapid test for Trichomonas vaginalis (Osom
Rapid Trichomonas test, Sekisui Diagnostics, San Deigo,
CA USA), and syphilis serology (rapid plasma reagin
screening and Treponema pallidum specific confirmatory
assay) at screening, if indicated at enrolment, every
3 months as per protocol, and when participants reported
symptoms. Sexually transmitted infections were treated
per national guidelines. HIV testing was done with
two parallel rapid tests, at least one of which was US
Food and Drug Administration approved. If the rapid
results were positive or discordant, a confirmatory assay
(Geenius HIV 1/2 Supplemental Assay, Bio-RAD,
Marnes-la-Coquette, France) was done.

Participants with confirmed HIV acquisition were
counselled about living with HIV, and access to HIV care
was facilitated. Participants had the option to continue in
the study without product use.

Adherence assessments included participant self-
report by computer-assisted self-interview, interviewer-
administered questionnaires, and objective drug
concentration evaluation using intracellular concen-
trations of tenofovir-diphosphate in dried blood spots

For the study protocol see
https://www.mtnstopshiv.org/
research/studies/mtn-034/mtn-

034-protocols

See Online for appendix
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and residual dapivirine concentrations in returned rings.
Tenofovir-diphosphate in red blood cells provides a
cumulative measure of dosing and average adherence
to oral PrEP in the previous 4-6 weeks.? Tenofovir-
diphosphate concentrations were analysed by a liquid
chromatography-tandem mass spectrometry assay
(University of Cape Town Pharmacology Lab, Cape Town,
South Africa). Assessment of ring adherence was based
on residual drug concentrations in returned rings, deter-
mined Dby acetone extraction and high pressure liquid
chromatography (Farmovs, Bloemfontein, South Africa).
Adherence measurements were obtained monthly
during the randomised and product choice periods. The
dapivirine release rate was calculated by subtracting the
amount of residual dapivirine in returned rings from
the amount of dapivirine in control rings from the same
lot divided by the duration of time that the participant
had the ring.” Drug concentration feedback counselling
was required at the second and fifth month of each
product use period, reflecting the first and third months
of use, respectively. Study counsellors were permitted to
share drug concentration feedback at other visits, if
available, per their discretion or if results were requested
by the participant.

For counselling and adherence outcome measures,
categorical adherence thresholds were defined. Counsel-
ling was provided when the drug concentration result
was available in order to initiate conversations with
participants about what adherence support might be
needed to achieve optimal adherence. Client-facing
adherence counselling used images to show the semi-
quantitative thresholds (appendix p 3). A green zone for
oral PrEP use depicted the threshold for high adherence
of intracellular tenofovir-diphosphate greater than or
equal to 700 fmol/dried blood spot punch (correlating
with an average of four to six doses per week in the
previous month) in directly observed dosing studies and
was associated with 100% efficacy in an open-label
extension study among men who have sex with men
(efficacy for cisgender women with fewer than 6-7 doses
per week is not known and currently being studied).*”
The yellow zone depicted any to moderate oral PrEP
adherence, defined as 17-700 fmol/punch, and the red
zone depicted no use (<17 fmol/punch, the lower limit
of detection). Because steady-state levels for tenofovir
disoproxil fumarate plus emtricitabine are not reached
until approximately 6 weeks, lower thresholds were used
for counselling about tenofovir disoproxil fumarate plus
emtricitabine based on the month 1 dried blood spot
result: more than 500 fmol/punch for high adherence
and 17-499 fmol/punch for medium adherence.

The semiquantitative images and counselling messages
for ring adherence were categorised as a green zone for
high use (>4:0 mg dapivirine released per month,
associated with 28 days of use), yellow zone as some to
moderate use (0-9—4-0 mg dapivirine released per month,
associated with 1-27 days of use), and red zone as no

use (<0-9 mg dapivirine released), based on the rate
of dapivirine release over 28 days and the correlation of
more than 4 mg released per month with reduced risk
of HIV acquisition in the MTN 025/HOPE trial.”*

Participants were offered a menu of adherence support
options, including digital support (text messages daily
or weekly), group support (in-person or WhatsApp group
meetings), and individual support (extra counselling
sessions or peer buddies).”

Safety assessments were done at each visit based on
laboratory parameters, symptoms, and physical and
pelvic examinations by trained study clinicians. Adverse
events were reported per the Division of AIDS Table for
Grading the Severity of Adult and Pediatric Adverse
Events.” Adverse events were classified into period 1 if
the reported onset date was between randomisation and
30 days after the month 6 visit, and period 2 if the onset
date was between months 6 and 7 The number and
proportion of participants with at least one grade 2 or
higher adverse event were ascertained by product and
period. Each participant-period contributed once with
the highest severity adverse event for that period. The
five most common product-related grade 2 and higher
adverse events were tabulated for each product across the
two randomised periods.

Outcomes

The primary adherence endpoint was use of each
product during the randomised periods, with high use
defined as tenofovir-diphosphate concentrations greater
than or equal to 700 fmol/punch (associated with taking
an average of four or more tablets per week in the
previous month) and greater than or equal to 4 mg
dapivirine released from the returned ring (continuous
use for 28 days) in the previous month based on residual
drug concentrations.

A secondary adherence measurement for oral PrEP
was greater than or equal to 1200 fmol/punch tenofovir-
diphosphate, which is associated with seven doses
per week and aligns with the threshold of more than
4 mg dapivirine release indicating continuous use of the
dapivirine ring.

The primary safety endpoint was grade 2 or higher
adverse events during each randomised period of
24 weeks of dapivirine ring and oral PrEP. Given the
open-label design, the analysis focused on adverse
events considered related to the study product.

The secondary outcome of study product choice was
assessed 12 months after the two 6-month crossover
periods (appendix p 2). Participants were asked to select
the ring, oral PrEP, or neither product for the final
6-month period. Participants could switch or restart a
product during the final 6-month product choice period.

Statistical analysis

The initial enrolment goal was 300 participants; the
sample size was reduced to 247 in June, 2020, due to
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the impact of COVID-19 on active recruitment efforts.
The sample size and power calculations were based on
the primary comparisons of safety and adherence
between the first and second periods of the study (ie, the
randomised periods). For the primary safety outcome,
the study had 80% power to detect a minimum difference
of 5-8-9-2% depending on the rate of adverse events in
the treatment regimen with the lower adverse event
rate, if there was no intraparticipant correlation for
safety outcomes. If the intraparticipant correlation was
moderately high (ie, 0-5), the minimum detectable
difference range was 4-1-6-5%. For the primary
adherence outcome, the study had more than
80% power to detect a difference of 8-4% (with an
intraparticipant correlation of 0-5) to 11-9% (with an
intraparticipant correlation of 0-0), assuming that 60% of
participant visits with lower adherence would have low
concentrations of tenofovir-diphosphate or high residual
dapivirine concentrations in returned rings.

Data from all randomly assigned participants were
included in the intention-to-treat analysis of the first two
randomised periods. For the primary safety endpoint,
paired analyses conducted using generalised estimating
equation models with a Poisson (log) link, an offset of
the number of visits per study product use period, an
exchangeable correlation structure, and robust errors
(controlling for study product use periods) were used to
compare the two treatment regimens for the safety
endpoints during the first two randomised study product
use periods. Because there was no washout period
between the two randomised study product periods, it
was not possible to assign adverse events that occurred in
the first month of the second and third period to one
product or the other, so adverse events reported in the
first month in period 2 (month 6) and period 3 (month 7),
reflecting potential ongoing adverse events from the
previous period, are reported in appendix p 6.

The primary adherence endpoints were analysed
descriptively by calculating the medians of continuous
measures and the proportions of measures falling into pre-
determined adherence categories. Adherence measures
were taken from dried blood spots and residual dapivirine
concentrations in returned rings, and the analysis was
limited to visits with available concentrations.

For the secondary outcome of product choice, the
initial product choice at the beginning of the third period
was calculated. To select and model correlates of product
choice, we used an adaptive Least Absolute Shrinkage
and Selection Operator with ten-fold cross validation to
select the tuning parameter. Candidates for inclusion
in the final multivariable model were age and perceived
risk of acquiring HIV at enrolment, randomisation
sequence, any product-related grade 2 or higher
adverse event (disaggregated for the ring and oral PrEP),
drug concentration results during ring and oral PrEP
randomised periods (always green vs at least one non-
green report), sexually transmitted infection at baseline,
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and self-reported behavioural and demographic variables
at baseline and month 12 at the beginning of the choice
period (ie, having a primary partner, vaginal and anal sex
in the past 3 months, and currently in school).

Statistical analyses were conducted in SAS version 9.4
and R version 4.0.4. This trial is registered at
ClinicalTrials.gov, NCT03593655.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The funder of the study reviewed the report.

Results

Between Feb 6, 2019, and Sept 9, 2021, the MTN-034/
REACH study screened 396 potential participants,
247 of whom were enrolled and randomly assigned
(figure 1). The median age of participants was 18 years
(IQR 17-19). The majority (214 [87%)]) were single and
219 (89%) reported a primary sex partner, most of whom
were reported to be HIV negative, although one-quarter

396 individuals assessed for eligibility

149 not enrolled
57 incomplete screening
6 eligible but declined enrolment

86 not eligible

A

| 247 randomly assigned |

|
v v

| 124 assigned sequence A | | 123 assigned sequence B |

v v

| 123 used oral PrEP in period 1 |

| 124 used dapivirine ring in period 1 |

2 discontinued early
1 withdrawal of consent
1 lost to follow-up

4 discontinued early
1 withdrawal of consent
3 lost to follow-up

y A 4
122 used oral PrEP in period 2

119 used dapivirine ring in period 2

2 discontinued early 1 discontinued early

| 1withdrawal of consent | 1withdrawal of consent
1 lost to follow-up
4 4
120 entered period 3 118 entered period 3

76 initially chose dapivirine ring
41 initially chose oral PrEP
3initially chose neither

79 initially chose dapivirine ring
3linitially chose oral PrEP
8 initially chose neither

Figure 1: Trial profile

Participants were first randomly assigned (1:1) to one of two sequences of either the dapivirine ring or oral PrEP
for 6 months, then switched to the other product option for 6 months (periods 1 and 2 and sequences A and B).
At month 12, participants were given a choice of oral PrEP, the dapivirine ring, or neither product for 6 months
(period 3). PrEP=pre-exposure prophylaxis.
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Sequence A Sequence B Total (n=247)
(n=124) (n=123)
Demographic characteristics
Age, years
Median 18 (17-19) 18 (17-19) 18 (17-19)
16-17 41(33%) 44 (36%) 85 (34%)
18-19 57 (46%) 57 (46%) 114 (46%)
20-21 26 (21%) 22 (18%) 48 (19%)
Marital status
Single 106 (85%) 108 (88%) 214 (87%)
Married 7 (6%) 3(2%) 10 (4%)
Cohabitating 9 (7%) 11 (9%) 20 (8%)
Separated or divorced 2 (2%) 1(1%) 3 (1%)
Highest level of education
Primary 15 (12%) 18 (15%) 33 (13%)
Secondary 92 (74%) 97 (79%) 189 (77%)
College or university 15 (12%) 8 (7%) 23 (9%)
Currently in school 51 (41%) 41(33%) 92 (37%)
Earns income 22 (18%) 31(25%) 53 (21%)
Partner as a source of income 34 (27%) 47 (38%) 81(33%)
Behavioural characteristics
Ever pregnant 52 (42%) 47 (38%) 99 (40%)
Alcohol consumption, previous month
Never 52 (42%) 51 (41%) 103 (42%)
Monthly or less 38 (31%) 33 (27%) 70 (28%)
2-4 times a month 24 (19%) 29 (24%) 54 (22%)
2-3 times a week 9 (7%) 5 (4%) 14 (6%)
4 or more times a week 1(1%) 5 (4%) 6 (2%)
CES depression scale
<10 78/117 (67%)  65/116 (56%)  143/233 (61%)
210 39/117 (33%) 51/116 (44%)  90/233 (39%)
Primary sexual partner
Has primary sex partner 111 (90%) 108 (88%) 219 (89%)
Mean age ofprimary sex partner, years 22:8(3:3) 23-2(4-4) 23-0(39)
In partnership >1 year 70/111 (63%) 63/107 (59%)  133/218 (61%)
HIV status of partner
HIV positive 2/111 (2%) 1/108 (1%) 3/218 (1%)
HIV negative 82/111 (74%) 79/108 (73%)  161/218 (74%)
Do not know 27/111 (24%)  28/108 (26%)  55/218 (25%)
Has other partners
Yes or probably 25/111 (23%) 26/108 (24%) 51/218 (23%)
No 30/111(27%)  22/108 (20%)  52/218 (24%)
Do not know 56/111 (50%)  60/108 (56%)  116/218 (53%)
(Table 1 continues on next page)
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of participants with a primary sex partner were unsure
of their partner’s HIV status (table 1). At enrolment,
almost half reported they were very or somewhat
worried about their HIV risk in the next year. Around
a third were diagnosed with gonorrhoea or chlamydia.
Perceived risk of HIV in the next year, sexually
transmitted infection prevalence at baseline, and
specific type of contraception used at baseline differed
Dby site (appendix p 4).

Retention at the end of the product choice period
(week 72) was 118 (95%) in sequence A and 114 (93%) in
sequence B). The proportion of visits not completed
ranged from two (1%) participants not completing the
visit to 19 (8%) participants not completing the visit,
with sites completing remote and off-site visits during
COVID-19 lockdown periods.

The proportions of participants with high, some, and
no use of the dapivirine ring and oral tenofovir
disoproxil fumarate plus emtricitabine did not differ by
sequence A or B and thus are combined in figure 2.
1316 dried blood spots were tested for intracellular
tenofovir-diphosphate to assess oral tenofovir disoproxil
fumarate plus emtricitabine use in the previous month,
representing 89% of expected dried blood spots.
The median tenofovir-diphosphate concentration was
789 fmol/punch; 295 (22%) dried blood spots indicated
very high use (>1200 fmol/punch associated with
seven tablets per week), 458 (35%) indicated high use
(700-1200 fmol/punch associated with an average of
four-six tablets per week), 542 (41%) indicated moderate
use (17-700 fmol/punch), and 21 (2%) indicated no use
(<17 fmol/punch; figure 2A). The median time from
dried blood spot collection to counselling about
tenofovir-diphosphate concentrations was 42 days
(IQR 29-70).

1407 used rings were returned from participants to
measure residual dapivirine concentrations, representing
95% of expected used rings collected and analysed. The
median dapivirine release rate was 4.3 mg/month
(IQR 3-3-5-2). Based on residual drug concentrations,
806 (57%) indicated continuous use (dapivirine ring
release rate >4-0 mg/month), 541 (39% had moderate
use, and 60 (4%) suggested that the rings were not
used (<0-9 mg/month released; figure 2C). The median
time between return of used dapivirine rings and
adherence counselling about dapivirine was 56 days
(IQR 29-76).

1450 adverse events were reported during the
randomised crossover periods: 827 during the oral PrEP
period, of which 456 were grade 2 or higher; and 623
during the dapivirine ring period, of which 442 were
grade 2 or higher; table 2). 347 adverse events during the
randomised period were determined by clinicians as
related to oral PrEP and 30 as related to the dapivirine
ring, with 54 grade 2 and higher adverse events related
to oral PrEP and five to the dapivirine ring. The most
common product-related grade 2 and higher adverse
events attributed to oral PrEP were decreased creatinine
clearance, headache, nausea, diarrhoea, and vomiting;
the product-related grade 2 and higher adverse events
reported during use of the dapivirine ring were inter-
menstrual bleeding, vaginal discharge, vaginal odour,
and vulvovaginal discomfort (table 2). Because there was
no washout period between the randomised crossover
periods and to minimise potential misclassification of
adverse events, the adverse events reported in the first
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month of the first and second crossover periods are
separated in the appendix (p 6). Median baseline
creatinine clearance was 101-7 mL/min (IQR 91-2-114-0).
All but one adverse events related to creatinine clearance
were grade 2, which included a 10% change from the
baseline creatinine clearance. The median creatinine
clearance was 99-6 mL/min (IQR 90-3-110-7) at the end
of 6 months of oral PrEP use and 101-8 mL/min
(90-0-114-1) at the end of 6 months of dapivirine ring
use. No participants discontinued oral PrEP during the
randomised period and one participant discontinued oral
PrEP in the product choice period due to tolerability. No
participants discontinued the ring due to tolerability
issues. There were no product-related serious adverse
events with either product.

In period 3, 155 (65%) of 238 participants initially chose
the ring, 72 (30%) initially chose oral PrEP, and 11 (5%)
chose neither product. During the subsequent 6 months,
those choices were quite stable; 137 (58%) participants
continued with the ring, 62 (26%) continued with oral
PrEP, 30 (13%) switched products during the product
choice period, and nine (4%) did not use either product.
Adherence to chosen products in the third period was
similar to adherence in the randomised 6-month periods
(figure 2B, D).

Three predictors were selected for the final
multivariable product choice model (table 3), with
two significant factors being reporting vaginal sex in the
3 months before enrolment in favour of choosing the
ring and always receiving feedback of high adherence in
favour of choosing oral PrEP.

Four participants seroconverted to HIV during
follow-up: one seroconverted at month 6 of the random-
ised oral PrEP period, one at month 5 of the randomised
dapivirine ring period, one during the choice period in
which she had chosen oral PrEP, and one during the
choice period in which she had chosen the dapivirine
ring. The four seroconversions were associated with
low or no product use based on tenofovir-diphosphate
concentrations and dapivirine release rates before
seroconversion (appendix p 7).

Discussion

This randomised, open-label crossover study of the
monthly dapivirine ring and daily oral PrEP among
sexually active adolescent girls and young women from
South Africa, Uganda, and Zimbabwe showed high
safety, adherence, and persistence with oral PrEP and the
dapivirine ring. Notably, 57% of participants had objective
evidence of high adherence to the dapivirine ring and
oral PrEP during the randomised periods, around
40% showed some use, and less than 5% showed no
product use. Participants’ motivation for HIV prevention
was evident in the final product choice period; only
5% chose to use neither product, 65% of participants
chose the dapivirine ring, and 30% chose oral PrEP.
Encouragingly, young women’s adherence to their
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Sequence A Sequence B Total (n=247)
(n=124) (n=123)
(Continued from previous page)
Sexual behaviour
Vaginal sex, past 3 months 100/123 (81%)  103/122 (84%)  203/245 (83%)
Condom use with last vaginal sex in past months 55/100 (55%) 57/103 (55%)  112/203 (55%)
Anal sex, past 3 months 6 (5%) 13 (11%) 20 (8%)
Median number of sex partners, past 3 months 1(1-2) 1(1-2) 1(1-2)
Received goods or money for sex, past 6 months 33 (27%) 33 (27%) 66 (27%)
Intimate partner violence, past 6 months 15 (12%) 21 (17%) 36 (15%)
Perceived HIV risk in next year
Very worried 38 (31%) 33 (27%) 71 (29%)
Somewhat worried 18 (15%) 11 (9%) 29 (12%)
A little worried 30 (24%) 38 (31%) 68 (28%)
Not at all worried 38 (31%) 41 (33%) 79 32%)
Laboratory sexually transmitted infection diagnosis
Gonorrhoea 13 (10%) 8 (7%) 21 (9%)
Chlamydia 30 (24%) 41(33%) 71 (29%)
Trichomonas 8 (6%) 5(4%) 13 (5%)
Syphilis seropositive 3(2%) 3(2%) 6 (2%)
Any sexually transmitted infection 40 (32%) 47 (38%) 87 (35%)
Current contraceptive use
Intrauterine device 13 (10%) 14 (11%) 27 (11%)
Implant 60 (48%) 51(41%) 111 (45%)
Oral 0 0 0
Injectable 51 (41%) 58 (47%) 109 (44%)
Median baseline creatinine clearance, mL/min 1021 1006 101-6
(94-2-1181) (89-9-111.0) (91:2-114-0)
Data are median (IQR), n (%), mean (SD), or n/N (%). Sequence A: period 1 dapivirine ring; period 2 oral PrEP with
tenofovir disoproxil fumarate plus emtricitabine. Sequence B: period 1 oral PrEP with tenofovir disoproxil fumarate
plus emtricitabine; period 2 dapivirine ring. CES=Center for Epidemologic Studies. PrEP=pre-exposure prophylaxis.
Table 1: Participant baseline characteristics by randomised crossover sequence

preferred HIV prevention product and persistence
remained high during the choice period, supporting the
concept of providing women with a choice of PrEP
formulation, which in this study was informed by their
previous use of both oral PrEP and the dapivirine ring.
The randomised crossover design enabled a direct
comparison of the adherence and safety for oral PrEP
and the dapivirine ring. Although more adverse events
were reported in the randomised oral PrEP period than
in the dapivirine ring period, the safety and tolerability of
both oral PrEP and the dapivirine ring were high.
Consistent with safety and tolerability findings from the
placebo-controlled efficacy trials of these products, safety
profiles were favourable and no new safety concerns
were identified for either product; only one participant
discontinued the product (oral PrEP) due to poor
tolerability. Study participants reported more systemic
adverse events during oral PrEP use and more vaginal
complaints during use of the dapivirine ring, which is
consistent with safety findings from the placebo-
controlled efficacy trials of these products.***” No
clinically significant nephrotoxicity was observed during
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Figure 2: Adherence to monthly dapivirine vaginal ring and daily oral tenofovir disoproxyl fumarate plus
emtricitabine PrEP during the randomised periods

(A) The proportion of dried blood spots with semiquantitative thresholds for adherence in the randomised oral PrEP
period. (B) The proportion of dried blood spots with semiquantitative thresholds for adherence among those who
chose oral PrEP in the choice period. For both A and B, the green zone for oral PrEP use depicts the threshold for high
adherence with intracellular tenofovir-diphosphate concentration =700 fmol/punch. The yellow zone depicts any to
moderate oral PrEP adherence, defined as 16-6-700 fmol/punch, and the red zone depicts no use (<16-6 fmol/punch,
the lower limit of detection). (C) Dapivirine ring use based on calculated release of dapivirine in returned rings in the
randomised dapivirine ring user period. (D) Dapivirine ring use based on calculated release of dapivirine in returned
rings among those who chose the dapivirine ring in the choice period. For both C and D, the green zone depicts high
use (>4-0 mg dapivirine released per month with 28 days of use), the yellow zone depicts some to moderate

use (0-9-4-0 mg dapivirine released per month associated with 1-27 days of use), and the red zone depicts no use
(<0-9 mg dapivirine released). To provide a comparable monthly use of the dapivirine ring with the highest level of
adherence to oral PrEP, seven doses of oral PrEP per week is correlated with tenofovir-diphosphate >1200 fmol/punch,
which was observed in 374 (22%) dried blood spot samples. PrEP=pre-exposure prophylaxis.
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oral PrEP use in this young population; changes in
creatinine clearance were minor and observed with
both products. The median creatinine clearance was
99-6 mL/min after 6 months of oral PrEP use, which
was very similar to the baseline median creatinine
clearance (102-1 mL/min) and after 6 months of the
dapivirine ring (101-8 mL/min), highlighting the lack of

nephrotoxicity of oral PrEP with tenofovir disoproxil
fumarate-emtricitabine in this young population.

Adherence to the dapivirine ring and oral PrEP were
higher than in the placebo-controlled efficacy trials and
in other projects with open-label use.™* Previous
studies of oral PrEP and the dapivirine ring have not
included monthly visits or offered adolescent girls and
young women a choice of products and supportive
adherence counselling based on objective markers of
product use. Although it is not possible to identify the
precise influence of these factors on the high adherence,
persistence, and retention during the trial, the higher
adherence to the dapivirine ring and oral PrEP in this
cohort of adolescent girls and young women compared
with previous efficacy trials, open-label extensions, and
demonstration projects is encouraging in terms of a
multipronged effort to provide a welcoming environ-
ment, more frequent visits, and supportive and flexible
adherence strategies. Although receiving drug concen-
tration feedback could have contributed to the adherence
observed in this study (ie, the Hawthorne effect), the
provision of drug concentration feedback for both oral
PrEP based on dried blood spots and residual dapivirine
in used rings should have been similar between the
randomised product use periods.

Almost all (95%) participants chose to use either the
dapivirine ring or oral PrEP after 6 months of use of
each product in the randomised periods. Two-thirds of
participants chose the dapivirine ring and the strongest
predictor for choosing the ring was vaginal sex in the
3 months before enrolment, perhaps due to a preference
for a longer acting discrete or topical PrEP formulation.
However, a third of participants chose oral PrEP,
indicating that an important subset preferred the oral
option. The association of choosing oral PrEP with
having consistently received drug concentration feed-
back indicative of high adherence during the randomised
periods could reflect that participants who found
strategies for high adherence to oral PrEP were motivated
to continue to use it. Similar to the effect of contraceptive
method mix on meeting women’s preferences and needs
and increasing contraceptive coverage,*” a growing
number of HIV prevention options, including with
longer acting, lower user burden, and less user-adherence
dependent formulations, are anticipated to meet the
needs of a larger proportion of young women.*

Limitations of the study include a modest reduction in
the sample size due to the impact of COVID-19 during
national lockdowns in each country, which restricted
recruitment efforts. In spite of these lockdowns, retention
through to 18 months was 94%. During these lockdown
periods, participants could be dispensed more than one
dapivirine ring or bottle of tablets to reduce clinic visits;
there was potential misclassification of dapivirine rings
to a specified use period and a greater likelihood of rings
not being returned, and fewer dried blood spot samples
were obtained due to increased spacing of visits. The lack
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Dapivirine ring Oral PrEP
First period ~ Second period Overall First period ~ Second period ~ Overall
Total adverse events 318 305 623 436 391 827
Grade 2 and higher adverse events 202 240 442 223 233 456
Grade 2 and higher adverse events related to study product 3 2 5 12 42 54
Product holds due to adverse events 0 0 0 0 0 0
Most common grade 2 and higher adverse events related to study product
Decreased creatinine clearance* 0 0 0 6 18 24
Headache 0 0 0 3 5 8
Nausea 0 0 0 0 8 8
Diarrhoea 0 0 0 2 3 5
Vomiting 0 0 0 0 3 3
Intermenstrual bleeding 2 0 2 0 0 0
Bacterial vaginosis 1 0 1 0 0 0
Vaginal odour 0 1 1 0 0 0
Vulvovaginal discomfort 0 1 1 0 0 0
Decreased creatinine clearance regardless of association with study productf
Grade 2 adverse event 34 41 75 27 57 84
Grade 3 adverse event 0 0 0 0 1 1
Grade 4 adverse event 0 0 0 0 0 0
Total serious adverse events 0 0 0 2 1 3
Study product-related serious adverse events 0 0 0 0 0 0
Serious adverse events resulting in hospitalisation or death 0 0 0 2 1 3

PrEP=pre-exposure prophylaxis. “Includes all decreased creatinine clearance values from baseline, following Division of AIDS grading criteria that clinician attributed to that
study product. fIncludes all decreased creatinine clearance values from baseline, following Division of AIDS grading criteria during that product use period, regardless of
clinician attribution to study product. Grade 2 adverse events for creatinine clearance includes a change in baseline of 10%.

Table 2: Adverse events and serious adverse events during dapivirine ring and oral PrEP use, by period of use

of a washout period due to ethical concerns about
withholding effective HIV prevention products from
adolescent girls and young women at risk of HIV
confounds attribution of adverse events in the
first months of the second crossover period when
side-effects could be residual from the previous product
or the new randomly assigned product. A cumulative
measure of adverse events over each product use period
was analysed and, to address the potential of carryover
effect, adverse events in the first month of the second
crossover period were analysed separately from the
remaining 5 months in that period. In the context of a
randomised crossover trial with careful implementation
and monitoring, a strategy of sequential product use
was useful. However, this study has limitations in
generalisability given potential selection bias in enrolling
adolescent girls and young women who were willing to
have monthly visits for 18 months and the study was not
designed to inform programmatic implementation of
HIV prevention product choice with briefer product use
periods, which would require a different study design.
HIV prevention remains a priority for African adoles-
cent girls and young women who have persistently high
HIV incidence and previously had lower adherence to oral
PrEP and the dapivirine ring. The study population was at
high risk of sexually transmitted HIV and other infections,
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Proportion choosing  Odds ratio
dapivirine ring (95% CI)

p value

Vaginal sex, 3 months before enrolment
No 19/36 (53%)
Yes 136/189 (72%)
Oral PrEP adherence feedback always high during crossover period
No 106/126 (84%)

Yes 49/99 (49%) 0-16 (0-08-0-31)

One or more grade 2 or higher adverse events related to dapivirine
ring during crossover period

No 153/220 (70%)
Yes 2/5 (40%)

2:91(1-29-6-69) 0.011

<0-0001

0-29 (0-03-1-96) 0-20

PrEP=pre-exposure prophylaxis.

Table 3: Predictors of initial choice of oral PrEP or dapivirine ring among
the 227 participants in product choice period

which is similar to other PrEP demonstration projects
among young African women.*** This observation
highlights the need for aetiological sexually transmitted
infection testing, ideally point-of-care testing, and sexually
transmitted infection treatment as part of integrated
sexual and reproductive health care with PrEP delivery.
The findings from the MTN-034/REACH study are
encouraging in that they highlight that adolescent
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women and girls can have high adherence and
persistence with oral PrEP and the dapivirine ring for up
to 18 months, with client-centred, non-judgemental,
flexible adherence support strategies and monthly visits.
More than half of participants had high adherence to oral
PrEP and the dapivirine ring and only 5% did not use
their assigned product during the randomised periods.
Safety and tolerability of both products was high and no
new safety signals were identified. Participants in this
study made informed choices about HIV prevention
after 6 months of use of oral PrEP and the dapivirine
ring, with two-thirds choosing the dapivirine ring.
Longer-acting formulations of PrEP might be more
acceptable to African adolescent women and girls even
if the efficacy is lower, and higher adherence and
persistence with a chosen product might increase
coverage and partly offset lower efficacy of the dapivirine
ring in this population. Implementation science studies
are needed to establish whether a sequential form of
product choice in which adolescent girls and young
women can use different PrEP methods for a brief period
provides women with a greater opportunity to choose a
product that meets their needs.
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