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Summary

Background Oral pre-exposure prophylaxis has been introduced in more than 70 countries, including many in
sub-Saharan Africa, but women experience considerable barriers to daily pill-taking, such as stigma, judgement, and
the fear of violence. Safe and effective long-acting agents for HIV prevention are needed for women. We aimed to
evaluate the safety and efficacy of injectable cabotegravir compared with daily oral tenofovir diphosphate plus
emtricitabine (TDF-FTC) for HIV prevention in HIV-uninfected women.

Methods HPTN 084 was a phase 3, randomised, double-blind, double-dummy, active-controlled, superiority trial in
20 clinical research sites in seven countries in sub-Saharan Africa. Participants were eligible for enrolment if they
were assigned female sex at birth, were aged 18—45 years, reported at least two episodes of vaginal intercourse in the
previous 30 days, were at risk of HIV infection based on an HIV risk score, and agreed to use a long-acting reversible
contraceptive method. Participants were randomly assigned (1:1) to either active cabotegravir with TDF-FTC placebo
(cabotegravir group) or active TDF-FTC with cabotegravir placebo (TDF-FTC group). Study staff and participants were
masked to study group allocation, with the exception of the site pharmacist who was responsible for study product
preparation. Participants were prescribed 5 weeks of daily oral product followed by intramuscular injections every
8 weeks after an initial 4-week interval load, alongside daily oral pills. Participants who discontinued injections were
offered open-label daily TDF-FTC for 48 weeks. The primary endpoints of the study were incident HIV infection in
the intention-to-treat population, and clinical and laboratory events that were grade 2 or higher in all women who had
received at least one dose of study product. This study is registered with ClinicalTrials.gov, NCT03164564.

Findings From Nov 27, 2017, to Nov 4, 2020, we enrolled 3224 participants (1614 in the cabotegravir group and 1610 in
the TDF-FTC group). Median age was 25 years (IQR 22-30); 1755 (54-7%) of 3209 had two or more partners in the
preceding month. 40 incident infections were observed over 3898 person-years (HIV incidence 1-0% [95% CI
0-73-1-40]); four in the cabotegravir group (HIV incidence 0-2 cases per 100 person-years [0-06-0-52]) and 36 in the
TDF-FTC group (1-85 cases per 100 person-years [1-3-2-57]; hazard ratio 0-12 [0-05-0-31]; p<0-0001; risk
difference —1-6% [-1-0% to —2-3%)]. In a random subset of 405 TDF-FTC participants, 812 (42-1%) of 1929 plasma
samples had tenofovir concentrations consistent with daily use. Injection coverage was 93% of the total number of
person-years. Adverse event rates were similar across both groups, apart from injection site reactions, which were
more frequent in the cabotegravir group than in the TDF-FTC group (577 [38-0%)] of 1519 vs 162 [10- 7%] of 1516]) but
did not result in injection discontinuation. Confirmed pregnancy incidence was 1-3 per 100 person-years (0-9-1-7);
no congenital birth anomalies were reported.

Interpretation Although both products for HIV prevention were generally safe, well tolerated, and effective,
cabotegravir was superior to TDF-FTC in preventing HIV infection in women.
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Introduction

Women are disproportionately affected by HIV. In 2021,
women and girls in sub-Saharan Africa accounted for
three of five new HIV infections, and young women aged

15-24 years were three times as likely as young men in the
same age group to be infected with HIV." In 2015,
WHO recommended that tenofovir-based pre-exposure
prophylaxis (PrEP) be offered as part of a comprehensive
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Research in context

Evidence before this study

New long-acting agents are needed to increase the options for
HIV prevention. A published systematic review of eight studies of
seven unique phase 2 randomised trials using long-acting
injectable antiretroviral drugs found that cabotegravir, which
was included in four of these studies, was generally safe and well
tolerated, with adverse event and adverse event-related
withdrawal rates similar to placebo. Pharmacokinetic-
pharmacodynamic analyses of cabotegravir showed favourable
viral inhibitory activity with a 600 mg intramuscular injection
administered every 8 weeks.

Added value of this study
This large phase 3 trial provides the first evidence of the safety
and efficacy of cabotegravir when used for HIV prevention in

HIV prevention package to individuals at substantial risk
of HIV infection.” Since then, oral PrEP has been
introduced in more than 70 countries, including many in
sub-Saharan Africa. Despite expanding access to oral PrEP
in the region, women experience considerable barriers to
daily pill-taking, including stigma, judgement, and the
fear of violence from partners, family, and community
members.* Women face additional challenges compared
with men who take PrEP consisting of tenofovir disoproxil
fumarate plus emtricitabine (TDF-FTC); currently, only
daily dosing is recommended in women to achieve optimal
benefits for HIV prevention. Pharmacokinetic studies
have shown lower concentrations of tenofovir diphosphate
in vaginal tissues than in rectal tissues.” Previous work
has suggested that 6-7 doses of TDF-FTC per week
are required to achieve vaginal tenofovir diphosphate
concentrations associated with HIV protection.’

Long-acting products such as cabotegravir, a novel
integrase strand transfer inhibitor, might overcome many
of these challenges when administered as an intramuscular
injection every 8 weeks. Cabotegravir has potent anti-
retroviral activity and has been shown, in non-human
primates, to prevent vaginal simian HIV infection.”
Evidence from both treatment and early safety studies have
confirmed that cabotegravir has an acceptable safety profile
and supported further assessment of cabotegravir in
phase 3 trials.® The HPTN 083 study showed that
cabotegravir was safe and effective in preventing HIV in
cisgender men and transgender women who have sex with
men.” The HPTN 084 trial was designed concurrently to
HPTN 083 to evaluate the safety and efficacy of injectable
cabotegravir compared with daily oral TDF-FTC for HIV
prevention in HIV-uninfected women.

Methods

Study design and participants

HPTN 084 is a phase 3, randomised, double-blind,
double-dummy, active-controlled, superiority trial done in
20 clinical research sites in seven countries in sub-Saharan

women. Cabotegravir was superior to daily oral tenofovir
disoproxil fumarate plus emtricitabine in preventing HIV
infection in this trial population.

Implications of all the available evidence

Antiretroviral pre-exposure prophylaxis is highly effective in
preventing HIV infection in women at risk of HIV-1 infection.
Cabotegravir is superior to oral tenofovir disoproxil fumarate
plus emtricitabine and might overcome many of the
challenges of daily oral PrEP in women.

Africa where the burden of HIV in women is high
(ie, Botswana, Eswatini, Kenya, Malawi, South Africa,
Uganda, and Zimbabwe). The protocol was reviewed and
approved by national drug authorities and local research
ethics committees in each of the 20 participating sites.

Participants were eligible for enrolment if they were
assigned female sex at birth, were aged 1845 years,
reported at least two episodes of vaginal intercourse in
the previous 30 days, were at risk of HIV infection based
on an HIV risk score," and agreed to use a long-acting
reversible contraceptive method with a failure rate of less
than 1%. Participants were excluded if they were pregnant
or breastfeeding; had substantial renal, hepatic, or
cardiovascular disease; had a history of seizures,
coagulopathy, or allergy to any of the study products; or if
they were previously enrolled in an HIV vaccine or
monoclonal antibody trial. All eligible participants were
required to have non-reactive test results at the site with
at least one HIV rapid antibody test cleared by the US
Food and Drug Administration, a laboratory-based
antigen-antibody test, and were required to have
undetectable HIV RNA up to 14 days before enrolment.
All participants provided written informed consent in a
language of their choice before the start of any study
procedures.

Randomisation and masking
Randomisation was done using a permuted block of
size 8, 10, or 12 (in random order) within each site. Study
group assignment was electronically assigned at
enrolment. Participants were randomly assigned (1:1)
to either active cabotegravir with TDF-FTC placebo
(cabotegravir group) or active TDF-FTC with cabotegravir
placebo (TDF-FTC group). Each group received the
assigned treatment plus a placebo representing the
treatment that was not assigned (ie, double-dummy).
Placebo tablets were film-coated blue tablets that
visually matched the TDF/FTC tablets. For injections, the
placebo was similar looking to the active injection. For
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cabotegravir
30 mg daily
plus oral
TDF-FTC
placebo

daily oral TDF-FTC placebo

Oral Long-acting cabotegravir 600 mg intramuscular injection at weeks 5, 9, and every 8 weeks thereafter plus

Open-label daily oral TDF-FTC

Oral TDF-FTC
300 mg-200 mg
daily plus oral
cabotegravir
placebo

5,9, and every 8 weeks thereafter

Daily oral TDF-FTC 300 mg-200 mg plus long-acting cabotegravir placebo intramuscular injections at weeks

300 mg-200 mg for 48 weeks

Step1
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Figure 1: Trial design
TDF-FTC=tenofovir disoproxil fumarate plus emtricitabine.

additional allocation concealment, a coloured overlay was
wrapped around the syringe to maintain the masking.

Study staff and participants were masked to study
group allocation, with the exception of the site pharmacist
who was responsible for study product preparation.

Procedures

In step 1, participants initially received up to 5 weeks of
daily oral product: either 30 mg cabotegravir and TDF-FTC
placebo or co-formulated TDF-FTC 300 mg (TDF)-200 mg
(FTC) and cabotegravir placebo (figure 1). This oral lead-in
phase was included to confirm cabotegravir tolerability
before injection. Participants returned at weeks 2 and 4 for
safety assessments. Participants with reported adequate
drug exposure (defined as at least 50% adherence by pill
count) and with acceptable safety laboratory assessments
were subsequently transitioned to the injection phase of
the study (step 2). During this phase, participants received
an initial single 3 mL intramuscular gluteal injection, a
second injection 4 weeks later, and injections every 8 weeks
thereafter for up to 185 weeks. Injections comprised either
600 mg (200 mg/mlL) cabotegravir or placebo made of
intralipid 20% fat emulsion. Participants were also
supplied with oral pills (TDF-FTC or placebo according to
study group) to be taken daily. Participants returned for
safety assessments 1 week after the initial injection, and
then 4 weeks after the second and third injections.
Thereafter, safety assessments were done at each injection
visit. An injection re-load (ie, two injections 4 weeks apart
followed by injections every 8 weeks) was offered to
participants who experienced injection delays of 8 weeks
or more after their target visit date.

At each visit, participants were counselled and tested for
HIV using one or two rapid antibody tests as well as a
laboratory-based antigen—antibody immunoassay, and
were also tested for pregnancy before product dispensation.
Behavioural risk assessments were collected using a
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computer-assisted self-interview. Physical examination was
performed, and adverse events were assessed. Specific
injection site reaction assessments were done at weeks 6,
13, 21, and 42, although participants could report an
injection site reaction at any visit. Blood and urine samples
were collected for safety assessments and blood was
stored. Testing for hepatitis C antibodies and fasting lipid
profiles as well as urinalysis was performed annually.
Adherence counselling was standardised and aligned
with national PrEP programme guidelines. Participants
received a comprehensive HIV prevention package, which
included HIV risk-reduction counselling; offer of
condoms, lubricants, and contraception; and treatment for
symptomatic sexually transmitted infections. Non-immune
participants were offered hepatitis B vaccination at week 6
and subsequently, according to manufacturer’s guidelines.
Every 6 months, sexually transmitted infection testing was
done on cervico-vaginal samples for Trichomonas vaginalis
(Osom Trichomonas Rapid Test, Sekisui Diagnostics, MA,
USA), and Chlamydia trachomatis and Neisseria gonorrhoea
using nucleic acid amplification testing; syphilis serology
was also assessed and treatment provided for identified
infections according to local guidelines.

Participants who discontinued injections were
offered open-label daily TDF-FTC for 48 weeks as a
precautionary measure to reduce the potential for HIV
infection and emergent resistance in the context of
declining cabotegravir concentrations. If a participant
had a positive pregnancy test or a suspected pregnancy
due to a lapse in contraception, injectable study product
was withheld and daily open-label TDE-FTC offered
while the pregnancy was confirmed on a second test
4 weeks later. If the pregnancy was confirmed, daily
open-label TDF-FTC was continued through the duration
of pregnancy and breastfeeding, and the participant was
unmasked and continued quarterly follow-up visits
through to pregnancy outcome. All pregnant participants
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were referred for a first trimester ultrasound for fetal
anomaly assessment. Following pregnancy outcome or
cessation of breastfeeding, the participant could return to
her originally allocated study product, now unmasked.
Live infants were assessed again 12 months after delivery
for congenital anomalies.

If HIV seroconversion was suspected on the basis of a
reactive HIV test at the site, the study product was withheld
pending confirmation of HIV infection. Advice was sought
from a committee masked to study product allocation who
recommended further confirmatory HIV testing using
one or more of the following tests: HIV RNA testing,
HIV 1/2 discriminatory testing, and ultra-sensitive HIV
DNA testing. If HIV infection was confirmed at the study
site, additional samples were collected to assess CD4 cell
count, viral load, and HIV drug resistance; participants
were then followed up at quarterly visits for 1 year.
Participants were linked to local HIV treatment and care
programmes during this period. Retrospective testing was
done at the HPTN Laboratory Center to confirm and
characterise all HIV infections and more in-depth details
are reported elsewhere.” Incident HIV infections were
categorised according to the time infection was detected
relative to study product administration—ie, infections
were categorised according to whether they occurred
before enrolment, during the oral lead in, the injection
phase, or in the absence of recent drug exposure. This
categorisation system was developed for the HPTN
083 trial and applied to the HPTN 084 trial for comparison.”

In participants with HIV infection, plasma tenofovir
and intraerythrocytic tenofovir diphosphate concen-
trations were quantified in the TDF-FTC group at the first
HIV-positive visit and selected earlier visits; plasma
cabotegravir concentrations were measured at all study
visits for participants in the cabotegravir group. Drug
concentrations were assessed at the HPTN Laboratory
Center by liquid chromatography-tandem mass spectrom-
etry; the lower limits of quantification were as follows:
cabotegravir 0-025 pg/mL, tenofovir 0-31 ng/mlL,
and tenofovir diphosphate 31-3 fmol/punch.”? Plasma
tenofovir and intraerythrocytic tenofovir diphosphate
concentrations were also measured in a randomly
selected cohort of 405 participants in the TDF-FTC group
to evaluate oral TDF-FTC adherence. Participants were
grouped into adherence categories on the basis of
tenofovir and tenofovir diphosphate concentrations
in accordance with established thresholds.”™ For
consistency with previous placebo-controlled trials of
TDEF-FTC, the Data Safety and Monitoring Board reviewed
plasma tenofovir concentrations from the random
adherence subset in the TDF-FTC group.

Outcomes

The primary efficacy endpoint was incident HIV infection
in steps 1 and 2 combined. Participants were counted as
having had an incident event if infection was confirmed
by the independent adjudication committee that was

masked to study group assignment.” This committee also
established the date of the first HIV-positive visit, using all
available site-based HIV test data and in accordance with a
pre-specified endpoint definition. In accordance with the
intention-to-treat (ITT) principle, infections were included
in the group to which the participant was allocated,
regardless of whether the study product was stopped or
open-label TDF-FTC was being administered. The
primary safety endpoint was a grade 2 or higher clinical or
laboratory adverse event according to the Division of AIDS
Table for Grading the Severity of Adult and Paediatric
Adverse Events (version 2.1)."

Secondary endpoints included HIV incidence across all
three steps of the trial (figure 1). HIV incidence was also
assessed in pre-specified subgroups by age, contraceptive
use method, body-mass index (BMI), and acceptability
and willingness to use the study product. Tertiary
outcomes included sexual risk behaviours, incident
sexually transmitted infections, pregnancy incidence and
outcomes, weight, and HIV drug resistance. This Article
describes the primary outcomes and provides brief
information for many of the secondary and tertiary study
outcomes; additional information will be reported
elsewhere.

Statistical analysis

114 events were required to have 90% power to detect a
hazard ratio (HR) of 0-54 for incident HIV infections in
the cabotegravir group compared with the TDF-FTC
group with a one-sided significance level of 0-025,
assuming five pre-planned (four interim and one final)
analyses. Assuming an incidence of 2-07 cases per
100 person-years in the TDE-FTC group, equal allocation
to the groups, an average follow-up period of 2-6 years,
and 5% loss to follow-up per year, a sample size of
3200 participants was considered robust against
uncertainties in adherence rates.

The primary ITT analysis included all participants
who were randomised and confirmed as HIV-uninfected
at enrolment according to a site-based HIV testing
algorithm. Incident infections that occurred during the
oral (step 1) or injection phase (step 2) of the study were
included in the primary analysis, regardless of product
use. Cox proportional hazards modelling was used to
estimate an HR and 95% ClIs for incident HIV infection
in the cabotegravir group compared with the TDF-FTC
group, stratified by site and adjusted for the group-
sequential design.” Survival curves were generated on
the basis of Kaplan-Meier estimates. Pre-specified
subgroup analyses were done to assess the effects of
age, contraceptive use, or BMI on the treatment effect
using Firth's method, stratified by site. The primary
safety analysis included all participants who had
received at least one dose of study product. Missing data
were considered missing completely at random.

In secondary and tertiary analyses, pregnancy and
sexually transmitted infection incidence were estimated
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using Poisson regression with robust variance to model
the number of incident outcomes per woman. A linear
mixed model with time in study, treatment, and time by
treatment interaction was fitted to evaluate mean weight
gain by study group. We used SAS (version 9.4) for
statistical analyses.

An independent Data Safety and Monitoring Board
reviewed trial data every 6 months. Four interim analyses
and a final analysis were planned; an O’Brien-Fleming
spending function was used to determine stopping
boundaries. At the planned second interim analysis on
Nov 5, 2020, the Data Safety and Monitoring Board
concluded that the pre-specified criteria for stopping of
the trial due to efficacy had been met. The data presented
in this Article reflect all data collected during the blinded
phase of the trial up to and including Nov 5, 2020.
Participants have since been unmasked and continued in
follow-up on their original treatment assignment;
participants are currently being offered the option to
continue or initiate cabotegravir as part of a protocol
amendment. This study is registered with ClinicalTtials.
gov, NCT03164564.

Role of the funding source

The funder of the study commented on the manuscript
but had no role in study design, data collection, data
analysis, and data interpretation.

Results

From Nov 27, 2017, to Nov 4, 2020, 4878 participants were
assessed for eligibility; 1119 were excluded for ineligibility
and 535 did not return for enrolment or declined to enrol
(figure 2). The most common reasons for non-inclusion
were a medical condition that in the opinion of the
investigator might interfere with study participation
(n=315), confirmed HIV infection (n=208), and current or
intended pregnancy or breastfeeding during the study
(n=180).

3224 participants were randomised (1614 in the
cabotegravir group and 1610 in the TDF-FTC group). Of
these, 46 participants had no follow-up visits with known
HIV status. 3178 participants (1592 in the cabotegravir
group and 1586 in the TDF-FTC group) who contributed
3898 person-years were included in the final efficacy
analysis.

Overall, visit completion was high across both study
groups despite disruption caused by the COVID-19
pandemic in 2020, with 1806 (90-3%) of 2001 planned
visits completed at month 12 and 148 (86-0%) of
172 completed at month 24. The median follow-up time
was 1-24 years (IQR 0-92-1.56) and did not vary by
group. Enrolled participants received a median of
eight injections (5-11) during this period. 195 (6-0%) of
3224 participants (85 [5-3%)] of 1614 in the cabotegravir
group and 110 [6-8%)] of 1610 in the TDF-FTC group)
discontinued the study product prematurely; discon-
tinuation did not vary by study group.
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4878 women screened

1119 not eligible*

180 pregnant
75 low risk score
378 other

535 eligible but not enrolled

315 investigator opinion
208 HIV-infected at screening

A4
| 3224 randomised |

|
v v

| 1610 assigned to the TDF-FTC group |

| 1614 assigned to the cabotegravir group |

—>| 0 inappropriately enrolled | —>|

0 inappropriately enrolled |

v A 4

| 1610 eligible for TDF-FTC |

| 1614 eligible for long-acting cabotegravir |

—>| 0 HIV-1-infected at enrolment

L]

0 HIV-1-infected at enrolment

A4 A4
Retained Retained
6 months 1345/1442 (93-3%) 6 months 1359/1441 (94-3%)
12 months  905/1002 (90-3%) 12months  901/999 (90-2%)
18 months 332/378 (87-8%) 18 months  321/377 (85-1%)
24 months  77/88  (87-5%) 24 months  71/84  (84-5%)
30months  10/11  (90-9%) 30months  10/13  (76:9%)
24 had no follow-up visits with 22 had no follow-up visits with
™ known HIV status ™ known HIV status
v y

1586 included in analysis | | 1592 included in analysis

Figure 2: Trial profile

TDF-FTC=tenofovir disoproxil fumarate plus emtricitabine. *One person could have had more than one reason for

exclusion.

Participants had a median age of 25 years (IQR 22-30;
table 1). Most (3219 [99-8%)] of 3224) self-identified as
female. In the month before enrolment, 1755 (54-7%) of
3209 participants reported two or more sex partners,
1313 (40-9%) reported transactional sex, 1100 (34-3%) had
a primary partner living with HIV or with an unknown
HIV status, and 185 (5-8%) reported anal sex. The median
HIV risk score at screening was 6 (5-7). 604 (18-9%) of
3189 had laboratory-diagnosed C trachomatis, 270 (8-6%)
of 3133 had laboratory-diagnosed T vaginalis, and
210 (6-6%) of 3189 had laboratory-diagnosed N gonorrhoeae
at enrolment; 103 (3-2%) of 3219 participants had reactive
syphilis serology. Participant baseline characteristics were
balanced by study group.

40 HIV infections met the primary endpoint definition
and were included in the ITT analysis. Four HIV
infections were observed in the cabotegravir group (HIV
incidence 0- 20 per 100 person-years [95% CI 0-06-0-52])
and 36 in the TDF-FTC group (1-85 per 100 person-years
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[1-3-2-57]; table 2). Participants in the cabotegravir
group had an 88% lower risk of HIV infection compared
with those in the TDF-FTC group (HR 0-12 [0-05-0-31];
p<0-0001), after adjusting for site and the group-
sequential design (figure 3). Analysis of treatment effect
across the pre-specified subgroups of age, contraceptive
use, and BMI at baseline were consistent with the
primary outcome (table 2). The absolute risk difference
between the cabotegravir and TDF-FTC groups was
-1-6% (-1-0% to —2-3%). Two of four participants in the
cabotegravir group with incident HIV infection had no
evidence of recent cabotegravir exposure on history
and did not receive any cabotegravir injections;
cabotegravir concentrations were unquantifiable at the
first HIV-positive visit in both people (participants B1
and B2; figure 4). In the third participant, HIV infection
was detected at the study site during the injection phase
and was initially classified as an incident infection;
however, retrospective testing at the HPTN Laboratory

Cabotegravir TDF-FTC group Cabotegravir TDF-FTCgroup
group (n=1614) (n=1610) group (n=1614) (n=1610)
Country (Continued from previous column)
Botswana 46 (2:9%) 45 (2:8%) Self-reported gender identity*
Eswatini 80 (5:0%) 80 (5%) Female 1612 (99-9%) 1607 (99-8%)
Kenya 31(1-9%) 35 (2:2%) Male 0 3(0-2%)
Malawi 113 (7%) 111 (6-9%) Transgender male 2 (0-1%) 0
South Africa 653 (40-5%) 655 (40-7%) Sexual activity in past montht
Uganda 300 (18-6%) 296 (18-4%) >2 sex partners 878/1609 (54-5%) 877/1600 (54-8%)
Zimbabwe 391 (24-2%) 388 (24-1%) Transactional sex 658/1609 (40-9%) 655/1600 (40-9%)
Age, years 25(22-30) 25(22-20) Partner HIV-positive  542/1609 (33.7%) 558/1600 (34-9%)
Aged <25 years 814 (50-4%) 816 (50-7%) orunknown
Race or ethnicity (self-reported) Anal sex 90/1609 (5-:6%) 95/1600 (5:9%)
Black African 1569 (97-2%) 1554 (96-5%) Modified VOICE risk 6(5-7) 6(57)
Asian 2(01%) 3(0-2%) scoret
) . . Body-mass index 465 (28-8%) 430 (26-8%)
Mixed race 2 (0-1%) 8 (0-5%) 230 kg/m?
White 0 1(01%) Sexually transmitted infections
Other 41(2:5%) 44.(2.7%) Chlamydia 324/1602 (20-2%) 280/1587 (17-6%)
Marital status trachomatis§
Married, civil union, 169 (10-5%) 174 (10-8%) Neisseria 112/1602 (7-0%) 98/1587 (6-2%)
or legal partnership gonorrhoeae$§
Living with primary 106 (6-6%) 118 (73%) Trichomonas 141/1578 (8-9%) 129/1555 (8-3%)
partner vaginalisq]
Not living with 869 (53-8%) 860 (53-4%) Positive syphilis 41/1611 (2:5%) 62/1608 (3-9%)
primary partner serologyll
Si'r:jgle, d(;VOFCEd’ or 465 (28-8%) 454 (28-2%) Data are mean (SD), n (%), or median (IQR). TDF-FTC=tenofovir disoproxil
widowe fumarate plus emtricitabine. VOICE=Vaginal and Oral Interventions to Control the
Other 5(0:3%) 4(0-2%) Epidemic.”*All participants were assigned female sex at birth. 15 missing (five in
Education the cabotegravir group and ten in the TDF-FTC group) computer-assisted self-
No schooli 20 (1:2% 12 (07% interview responses. Modified risk score excludes variables for curable sexually
0 schooling (1-2%) (07%) transmitted infections and HSV-2 serostatus.™ §35 results not done or invalid
Primary school 251 (15-6%) 255 (15-8%) (12 in the cabotegravir group and 23 in the TDF-FTC group). 9191 results invalid or
Secondary school 1154 (71-5%) 1182 (73-4%) not done (36 in the cabotegravir group and 55 in the TDF-FTC group).
Technical traini 8 (3.0% 1(2.5% IIFive results missing or not done (three in the cabotegravir group and two in the
echnicaltraining 48 (3:0%) 41(2:5%) TDF-FTC group); defined positive if both non-treponemal and treponemal test
Tertiary education 141 (8-7%) 120 (7-5%) were reactive.
Employed 451 (27-9%) 427 (26-5%)
. . . Table 1: Baseline characteristics of the intent-to-treat population
(Continues in previous column)

Center indicated that this participant had HIV infection
at study enrolment. This case was subsequently re-
classified as a baseline infection (participant Al). The
fourth infection occurred during the injection phase of
the study in a participant with delayed injection visits
(participant DX). This participant had cabotegravir
concentrations of less than four times the protein-
adjusted concentration required for 90% viral inhibition
at the first HIV-positive visit; her last injection occurred
16 -1 weeks before this visit.

All 36 infections in the TDF-FTC group were incident
infections; none were reclassified on post-hoc testing.
None of these cases had tenofovir and tenofovir
diphosphate concentrations consistent with 6-7 doses
per week; only one participant had drug concentrations
consistent with partial adherence (4-6 doses per week).
Poor or non-adherence (<2 doses per week) was
observed in most TDF-FTC incident infections (35 [98%)]
of 36). After exclusion of the baseline infection
(participant A1), incidence in the cabotegravir group
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was recalculated, in a post-hoc analysis, as 0-15 per
100 person-years (95% CI 0-03-0-45). This resulted in
a revised estimate of effect with even greater benefit
observed in the cabotegravir group; HIV infection risk
was reduced by 91% in the cabotegravir group compared
with the TDF-FTC group (HR 0-09 [95% CI 0-04-0-27];
p<0-0001).

During the course of the trial, samples from a randomly
selected cohort of 405 participants in the TDF-FTC group
were evaluated for adherence to TDF-FTC. Overall, 1084
(55-9%) of 1939 evaluated samples yielded quantifiable
plasma tenofovir concentrations (=0-31 ng/mL), whereas
812 (41-9%) of 1939 had tenofovir concentrations
consistent with daily use (=40 ng/mlL). However,
intraerythrocytic tenofovir diphosphate concentrations
revealed less consistent adherence over time, with
unquantifiable concentrations observed in 456 (38-1%)
of 1197 dried blood spot (DBS) samples tested; 215 (18%)
of these 1197 samples had tenofovir diphosphate drug
concentrations consistent with at least four doses
per week over the past month (=700 fmol/punch;
appendix pp 1-2). By contrast, an estimated 3349 (93-1%)
of 3599 person-years on study (1678 [93-0%] of 1805 in
the cabotegravir group and 1671 [93-1%] of 1794 in
the TDF-FTC group) were covered by injections—ie,
cabotegravir or placebo injections were received on time
or with a delay of less than 2 weeks.

No major integrase strand transfer inhibitor resistance
mutations were detected in any of the four HIV infections
observed in the cabotegravir group. One participant in
the TDF-FTC group (E32) had a nucleoside reverse tran-
scriptase inhibitor resistance mutation (M184V) detected.
This participant had documented poor adherence to
TDF-FTC before infection. Several participants in the
TDF-FTC group also had non-nucleoside reverse
transcriptase inhibitor resistance mutations detected
(mainly K103N).

Overall, 2973 (92-2%) of 3224 participants who received
at least one dose of study product reported a grade 2 or
worse adverse event (table 3). There were no significant
differences in the frequency of any grade 2 or higher
adverse events by study group, apart from injection site
reactions. Grade 3 or worse adverse events were also
similar in frequency across both study groups
(558 [17-3%)] of 3224). Most of the grade 3 or higher
adverse events were due to out-of-range laboratory values
that were seldom clinically significant. For example,
7% of participants experienced a 30-50% decrease in
creatinine clearance from baseline, but the majority
maintained normal creatinine clearance (=60 mL/min)
and did not experience any study product interruptions.
Overall, adverse events led to permanent discontinuation
of blinded study medication in 40 (1-2%) participants
(17 [1-1%] in the cabotegravir group and 23 [1-4%] in the
TDEF-FTC group) during steps 1 and 2. Adverse events of
special interest including seizures (one [<0-1%] of 3224)
or hepatic-related adverse events that led to product
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Eventspertotal PYin Events pertotal PY HR(95% Cl)* p value
cabotegravir group in TDF-FTC group
Overall 4/1956 (0-20%) 36/1942 (1-85%) 0-12 (0-05-0-31)t  <0-0001
Age 0-53
<25 years 3/866 (0-35%) 20/851 (2:34%) 0-17 (0-05-0-54)
225 years 1/1090 (0-09%) 16/1091 (1-47%) 0-09 (0-02-0-49)
Contraceptive method 0-87
DMPA 3/1009 (0-30%) 21/1000 (2:10%) 0-16 (0-05-0-53)
NET-EN 1/175 (0-57%) 6/182 (3-30%) 0-22 (0-03-1-48)
Implant 0 8/607 (1-32%) 0-06 (0-00-1-16)
Other 0 1/152 (0-66%) 0-32 (0-01-9-89)
Body-mass index
<30 kg/m? 4/1389 (0-29%) 27/1447 (1-87%) 016 (0-06-0-45)  0-47
>30 kg/m? 0 9/495 (1-82%) 0-05 (0-00-0-96)
HR=hazard ratio. PY=person-years. TDF-FTC=tenofovir disoproxil fumarate plus emtricitabine. DMPA=depot
medroxyprogesterone acetate. NET-EN=norethisterone enanthate. *Firth’s method was used to estimate the HR and 95%
Clwhen the subgroup had zero infections (used for subgroup analysis only, stratified by site). tMedian unbiased estimate
HR (95% Cl) for cabotegravir versus TDF-FTC overall displayed.
Table 2: Cabotegravir effectiveness, overall and by subgroup

discontinuation (33 [1-0%)]) were rare and did not differ see online for appendix

by study group.

66 participants experienced at least one serious
adverse event; 33 participants in the cabotegravir group
and 33 in the TDF-FTC group. Only six serious adverse
events were considered by the investigators to be related
to study product (two in the cabotegravir group and four
in the TDF-FTC group). The two serious adverse events
in the cabotegravir group included hospitalisation for
fetal distress and respiratory tract infection. The four
serious adverse events in the TDF-FTC group included
hospital admissions for investigation of hepatotoxicity
(n=1) or raised transaminases (n=2), and seizure (n=1).
There were three deaths in the study, all in the
cabotegravir group. None of the three deaths observed
in the study were attributed to study product; these
deaths were due to hypertensive heart disease (n=1), a
cerebrovascular accident (n=1), and an unexplained
headache that could not be further investigated (n=1).

Injection site reactions were reported in 577 (38-0%)
of 1519 participants in the cabotegravir group compared
with 163 (10-8%) of 1516 in the TDF-FTC group (table 3).
Of these, grade 2 or worse adverse events were
experienced by 192 (12-6%) of 1519 in the cabotegravir
group compared with 25 (1-6%) of 1516 in the TDF-FTC
group. Pain was the most commonly reported symptom,
with 570 (4-4%) of 12901 injections in the cabotegravir
group associated with pain compared with 146 (1-1%) of
12825 injections in the TDF-FTC group. Most injection
site reactions were reported at the first injection and
diminished over time. In the cabotegravir group,
injection site reactions were reported in 438 (28-8%) of
1519 participants at the first injection; this decreased to
25 (1-9%) of 1322 participants by the fourth injection.
There were no discontinuations of study product due to
injection site reactions.
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Number at risk
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Cabotegravir 1614
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Figure 3: Cumulative HIV incidence by study group

Kaplan-Meier estimates of HIV infection are shown. Four HIV infections were observed in the cabotegravir group (HIV incidence 0-20 per 100 person-years
[95% C1 0-06-0-52]) and 36 in the TDF-FTC group (1-85 per 100 person-years [1.3-2:57]). Participants in the cabotegravir group had an 88% lower risk of HIV
infection than those in the TDF-FTC group (hazard ratio 0-12 [0-05-0-31]; p<0-0001). TDF-FTC=tenofovir disoproxil fumarate plus emtricitabine.
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Figure 4: Pharmacological and virological data for HIV infections in the cabotegravir group

The timing of key events for the four infections in the cabotegravir group are shown (participants A1, B1, B2, and DX). Group A includes infections that occurred
before enrolment; group B includes infections that occurred with no recent exposure to cabotegravir; and group D includes infections that occurred in participants
with appropriately timed cabotegravir injections. Participant DX acquired the infection during the step 2 injection phase but is called DX because three of nine
injections were delayed. PA-IC,=protein-adjusted concentration required for 90% viral inhibition. LLoQ= lower limit of quantitation. BLQ=below the limit of

quantitation.

Overall confirmed pregnancy incidence in the trial was
low (1-3 per 100 person-years [95% CI 0-9-1-7]) and did not
appear to differ meaningfully by study group. There were
49 confirmed pregnancies: 29 in the cabotegravir group
(1-5 per 100 person-years [1-0-2-2]) and 20 in the TDF-FTC
group (1-0 per 100 person-years [0-6-1-6]). Outcome data
were available for 31 (63%) of 49 pregnancies at the time of
data lock, with the remainder of pregnancies ongoing. Most
pregnancies resulted in a livebirth (13 of 18 in the
cabotegravir group and 10 of 13 in the TDF-FTC group),
with the remainder ending in pregnancy loss (sponta-
neous or induced). No congenital anomalies were observed.

The incidence of chlamydia was 19-6 per 100 person-
years (95% CI 18-21). The incidence of gonorrhoea was
7-7 per 100 person-years (6-8-8-7); incidence did not
vary significantly by study group.

There was evidence of an increase in weight in both
study groups. In the cabotegravir group, there was a
small but significant increase in average initial weight
gain relative to the TDF-FTC group (0-4 kg [95% CI

0-27-0-51]; p<0-0001; appendix pp 1-3). Subsequently
both groups showed weight gain, with a mean increase
of 2-4 kg per year (1-9-3-0) in the cabotegravir group
compared with 2-1kg per year (1-9-2-4) in the TDF-FTC
group (p=0-041).

Discussion

The HPTN 084 trial showed that cabotegravir administered
intramuscularly every 8 weeks was effective in preventing
HIV infection in women at substantial risk for acquiring
HIV in sub-Saharan Africa. These findings are consistent
with results from the HPTN 083 trial, which was
conducted in cisgender men and transgender women
who have sex with men.® HIV infection risk was
88% lower in the cabotegravir group, showing the
superiority of cabotegravir over TDF-FTC in preventing
HIV in this population. The pooled HIV incidence of 1 per
100 person-years in HPTN 084 is in stark contrast to HIV
incidence rates of 3-4 per 100 person-years observed
in other recent HIV prevention trials conducted in
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sub-Saharan Africa and supports the effectiveness of both
study agents for PrEP in women.”*

Cabotegravir provided an adherence advantage over
daily oral pill-taking. An injection every 8 weeks is
convenient and discreet, and might overcome the
barriers to daily oral pill-taking, such as habit formation,
difficulties with pill swallowing, HIV stigma, intimate
partner violence, and discrimination.*?* This is
supported by our observation of less consistent dosing
based on tenofovir diphosphate concentrations in DBS,
which reflect cumulative drug exposure in the previous
6-8 weeks.”" Most participants in the TDF-FTC group
who acquired HIV infection had unquantifiable tenofovir
and tenofovir diphosphate concentrations at the time of
HIV infection. Studies show that many women in
sub-Saharan Africa would prefer a long-acting injectable
agent for PrEP.*?% This might in part reflect the
widespread use of and familiarity with injectable
contraception. The protective benefit of cabotegravir was
consistent across age groups, including in those younger
than 25 years. Adolescent girls and young women in
sub-Saharan Africa are at particularly high risk for HIV
infection but in placebo-controlled trials of user-
dependent PrEP agents, such as oral pills and vaginal
rings, they have not derived benefits for HIV
protection.”” Cabotegravir might be an important new
PrEP option for this population in particular. The current
study was limited to women aged 18 years and older;
studies to assess the safety and acceptability of
cabotegravir in adolescents younger than 18 years and
who weigh at least 35 kg are currently under evaluation
(NCT04692077 and NCT04824131).

Cabotegravir was generally safe and well tolerated in
this population, with no difference in the frequency of
adverse events when compared with the TDF-FTC group,
apart from injection site reactions. Although one in three
participants in the cabotegravir group reported an
injection site reaction, none of the participants
discontinued injections for this reason. Concerns about
integrase strand transfer inhibitor-associated weight gain
have been reported and were of particular concern in this
healthy, HIV-negative population, in which a quarter
of participants were already classified as obese
(BMI =30 kg/m2) at baseline.® We observed a mean
weight gain of about 2 kg per year across both groups of
the trial, with no meaningful difference by trial group.
These results are consistent with the findings from the
HPTN 077 and HPTN 083 trials, which also did not
observe significant weight gain overall that could be
ascribed to cabotegravir; in HPTN 077, weight gain in the
cabotegravir group was the same as placebo.*' Despite
limiting enrolment to women using long-acting
reversible contraception, we confirmed 49 pregnancies
(29 of which occurred in the cabotegravir group). To our
knowledge, none of these pregnancies were associated
with neural tube defects or other congenital anomalies.
We are continuing to study the safety and pharma-
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Cabotegravir

group (n=1614)

TDF-FTC
group (n=1610)

Grade 2 or higher adverse event 1487 (92-1%)
Most common adverse events (grade =2)*

Decreased creatinine 1166 (72-2%)

clearance

Gastrointestinal disorderst 334 (20-7%)
Increased creatinine 340 (21-1%)
Abnormal uterine bleedingt 311 (19-3%)
Headachet 276 (17-1%)
Upper respiratory tract 276 (17-1%)
infectiont

Chlamydia infectiont 261 (16-2%)
Urinary tract infectiont 229 (14-2%)
Increased amylase 169 (10-5%)
Decreased blood glucose 146 (9-0%)

Vulvovaginal candidiasis 127 (7-8%)

Gonococcal infectiont 126 (7-8%)

Vulvovaginal trichomoniasis 124 (7-7%)

Back pain 106 (6-6%)

Blood creatinine 86 (5:3%)

phosphokinase

Abnormal weight loss 85 (5:3%)

Vaginal discharge 3 (5:1%)

Nasopharyngitis 75 (4-6%)

Decreased blood phosphorous 8 (3:6%)

Grade 3 or higher adverse event 276 (17-1%)

Most common adverse events (grade =3)#

Decreased creatinine clearance 110 (6-8%)
Increased creatinine 73 (4-5%)
Increased creatine 41 (2-5%)
phosphokinase
Abnormal weight loss 21 (13%)
Increased alanine 11(0-7%)
aminotransferase
Increased aspartate 14 (0-9%)
aminotransferase
Adverse events of special interest
Seizure 0
Hepatic-related 15 (0-9%)
discontinuation
Serious adverse events 33 (2:0%)
Deaths 3(0-2%)
Injection site reactions§
Any 577/1519 (38-0%)
Grade =2 192/1519 (12-6%)

1486 (92-3%)

1197 (74:3%)

370 (23-0%)
330 (20:5%)
306 (19-0%)
280 (17-4%)
312 (19-4%)

287 (17:8%)
209 (13-0%)
149 (9-3%)
146 (91%
150 (9-3%
125 (7-8%
109 (6-8%
112 (7-0%
69 (4-3%

)
)
)
)
)
)
107 (6-6%)
58 (3:6%)
86 (53%)
83 (52%)
280 (17-4%)

125 (7-8%)
67 (4-2%)
32(2:0%)

36 (2:2%)
15 (0-9%)

13 (0-8%)
1(0-1%)
18 (11%)

33 (2:0%)
0

163/1516 (10-8%)
25/1516 (1-6%)

Table cut based on imputed date of onset date when date is missing without
missing month and year. Includes adverse events assigned MedRA codes by clinic
staff. For participants reporting multiple events of the same MedRA term, the

highest grade is counted. TDF-FTC=tenofovir disoproxil fumarate plus emtricitabine.

*Includes only adverse events reported by at least 5% of participants in either study
group. tContains grouping of similar MedRA terms that fall within this preferred
term. Includes only adverse events reported by at least 1% of participants in either
study group. SIncludes only participants who received one or more injections

(ie, 1519 in the cabotegravir group and 1516 in the TDF-FTC group).

Table 3: Adverse events
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cokinetics of injectable cabotegravir during pregnancy
and breastfeeding in the unblinded phase of the study.
Both the unblinded phase and the open-label extension
will provide additional opportunities for safety data
collection beyond the median 1-2 years of follow-up in
the blinded trial. We acknowledge that early stopping of
the blinded portion of the trial limited the ability to assess
blinded safety outcomes over 24 months.

Very few HIV infections were observed in the
cabotegravir group during the injection phase of the
study. In one of four cases, retrospective post-hoc testing
revealed that the participant had HIV infection at
enrolment. Detection of HIV infection at study sites was
delayed in several participants in both this trial and in
HPTN 083.2" These instances illustrate the challenge of
using conventional testing approaches to screen for HIV
infection in studies using potent, long-acting, PrEP
agents. More data are needed to establish the optimal
approach for detection of HIV infection in people using
cabotegravir and other long-acting agents for PrEP. In
HPTN 083, five participants receiving cabotegravir had
integrase strand transfer inhibitor resistance mutations
detected with an ultrasensitive clinical assay that were
ascribed to cabotegravir exposure; no integrase strand
transfer inhibitor resistance mutations were detected in
HPTN 084."°% Viral load testing might be a substantial
barrier to implementation of cabotegravir in many
settings in low-income and middle-income countries.
More data are needed to understand potential differences
in risk of breakthrough infection in cisgender women
compared with cisgender men and transgender women
who have sex with men, as well as subsequent resistance
and response to dolutegravir-based treatment regimens
that are widely used in sub-Saharan Africa.

In summary, the HPTN 084 trial provides robust
evidence that cabotegravir has an acceptable safety profile,
is well tolerated, and is superior to TDF-FTC in preventing
HIV infection in women in sub-Saharan Africa. Given the
urgent need for an expanded range of effective options for
HIV prevention in women, these data support the
inclusion of injectable cabotegravir as an additional
choice, particularly for women in high-incidence settings
where the need is greatest.
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