UCLA
UCLA Previously Published Works

Title

Efficacy and safety of long-acting cabotegravir compared with daily oral tenofovir
disoproxil fumarate plus emtricitabine to prevent HIV infection in cisgender men and
transgender women who have sex with men 1 year after study unblinding: a secondary...

Permalink
https://escholarship.org/uc/item/89x5r20K

Journal
The Lancet HIV, 10(12)

ISSN
2352-3018

Authors
Landovitz, Raphael |
Hanscom, Brett S
Clement, Meredith E

Publication Date
2023-12-01

DOI
10.1016/s2352-3018(23)00261-8

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,
available at https://creativecommons.orqg/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/89x5r20k
https://escholarship.org/uc/item/89x5r20k#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Lancet HIV. Author manuscript; available in PMC 2024 September 05.

Published in final edited form as:
Lancet HIV. 2023 December ; 10(12): e767-e778. doi:10.1016/S2352-3018(23)00261-8.

Efficacy and safety of long-acting cabotegravir compared with
daily oral tenofovir disoproxil fumarate plus emtricitabine to
prevent HIV infection in cisgender men and transgender women
who have sex with men 1 year after study unblinding: a
secondary analysis of the phase 2b and 3 HPTN 083 randomised
controlled trial

Raphael J Landovitz,

Center for Clinical AIDS Research and Education, David Geffen School of Medicine, University of
California Los Angeles, Los Angeles, CA, USA

Brett S Hanscom,
Fred Hutchinson Cancer Research Center, Seattle, WA, USA

Meredith E Clement,
Louisiana State University Health Sciences Center, New Orleans, LA, USA

This is an Open Access article under the CC BY 4.0 license.

Correspondence to: Prof Raphael J Landovitz, Center for Clinical AIDS Research and Education, David Geffen School of Medicine,
University of California Los Angeles, Los Angeles, CA 90024, USA, rlandovitz@mednet.ucla.edu.

Contributors

RJL, JS, JJE, CdR, SDF, MAM, DD, CWH, AA, JFR, ARR, MMc, and BG contributed to the conceptualisation of this study. RJL,
BSH, JS, SDF, DD, CWH, ARR, and MSC contributed to the methodology of this study. MSC contributed to the validation of this
study. BSH and DD contributed to the formal analysis of this study. RJL, JS, MEC, HVT, EGK, MMa, OS, JJE, CdR, MAM, SHE,
EMP-M, PAS, and PLA contributed to the investigation of this study. MMa, CdR, DD, PAR, JFR, and MSC contributed to the
resources for this study. MMa, OS, DD, and RB contributed to the data curation for this study. RJL contributed to writing the original
draft of the manuscript for this study. RMK contributed to the visualisations in the manuscript for this study. RJL, OS, JJE, DD, JPL,
AA, MSC, and MMc contributed to the supervision of this study. RIL, MEC, EGK, MMa, JS, MAS, PAR, AA, and MMc contributed
to the project administration for this study. RIJL, DD, and MSC contributed to the funding acquisition for this study. RJL, BSH, DD,
and RMK had access to and verified the data. All authors contributed to reviewing and editing of the manuscript for this study and
were responsible for the final decision to submit for publication.

Declaration of interests

RJL reports receiving consulting fees from Gilead Sciences, Merck, and ViiV Healthcare; and receiving travel support from Merck.
MEC reports receiving grants from ViiV Healthcare, Gilead Sciences, and Janssen; and receiving consulting fees from ViiV
Healthcare. MMa reports receiving royalties from Jones & Barlett Learning; receiving consulting fees from the National Institutes

of Health; and participating on several data and safety monitoring boards for R-series, investigator-initiated HIV prevention studies.
OS reports receiving travel support from the International AIDS Society. JS reports receiving consulting fees from Gilead Sciences.
JJE reports receiving grants from ViiV Healthcare, Gilead Sciences, and Janssen; receiving consulting fees from ViiV Healthcare,
Gilead Sciences, and Merck; and participating on the data and safety monitoring board for TaiMed Biologics. CdR reports being

the President of the Infectious Diseases Society of America; and being a board member for the International AIDS Society. SDF
reports receiving payment from Gilead Sciences. MAM reports receiving grants from ViiV Healthcare and Gilead Sciences; receiving
royalties from Elsevier; and receiving consulting fees and honoraria from Bio-Rad. MAS reports receiving grants from Gilead
Sciences; and receiving payment as the Editor for Johns Hopkins eHIVV CME Review. PLA reports receiving grants from Gilead
Sciences; receiving consulting fees from Gilead Sciences, Merck, and ViiV Healthcare; and having a patent USA 18/175,418 pending.
CWH reports receiving grants from Merck and Gilead Sciences; receiving honoraria from the Association of Nurses in AIDS Care
and Association of Reproductive Immunology; holding patents USA 10,092,509 and 10,646,434; and being the founder of Prionde
Biopharma. JFR reports being an employee of and holding stock interest in Gilead Sciences. ARR reports being an employee of and
holding stock interest in ViiV Healthcare. MSC reports receiving consulting fees from Aerium and Atea; receiving honoraria from NY
Course, MJH Life Sciences, Clinical Care Solutions, Virology Education, Amgen, Medscape, UpToDate, and AstraZeneca; receiving
travel support from GSK; and being the co-chair of HPTN and CoVPN. All other authors declare no competing interests.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Landovitz et al. Page 2

HaV Tran,
Department of Health Behavior, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Esper G Kallas,
Department of Parasitic and Infectious Diseases, School of Medicine, University of Sao Paulo,
Sao Paulo, Brazil

Manya Magnus,
Department of Epidemiology, Milken Institute School of Public Health, George Washington
University, Washington, DC, USA

Omar Sued,
Fundacion Huésped, Buenos Aires, Argentina

Jorge Sanchez,
Centro de Investigaciones Tecnologicas, Biomedicas y Medioambientales, Universidad Nacional
Mayor de San Marcos, Lima, Peru

Hyman Scott,
San Francisco Department of Public Health, San Francisco, CA, USA

Joe J Eron,
Department of Health Behavior, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Carlos del Rio,
Emory University School of Medicine and Grady Health System, Atlanta, GA, USA

Sheldon D Fields,
Ross and Carol Nese College of Nursing, Pennsylvania State University, University Park, PA, USA

Mark A Marzinke,
Johns Hopkins University School of Medicine, Baltimore, MD, USA

Susan H Eshleman,
Johns Hopkins University School of Medicine, Baltimore, MD, USA

Deborah Donnell,
Fred Hutchinson Cancer Research Center, Seattle, WA, USA

Matthew A Spinelli,
Division of HIV, Infectious Diseases, and Global Medicine, University of California San Francisco,
San Francisco, CA, USA

Ryan M Kofron,
Center for Clinical AIDS Research and Education, David Geffen School of Medicine, University of
California Los Angeles, Los Angeles, CA, USA

Richard Berman,
Fred Hutchinson Cancer Research Center, Seattle, WA, USA

Estelle M Piwowar-Manning,
Johns Hopkins University School of Medicine, Baltimore, MD, USA

Paul A Richardson,

Lancet HIV. Author manuscript; available in PMC 2024 September 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Landovitz et al.

Johns Hopkins University School of Medicine, Baltimore, MD, USA

Philip A Sullivan,
Johns Hopkins University School of Medicine, Baltimore, MD, USA

Jonathan P Lucas,
FHI 360, Durham, NC, USA

Peter L Anderson,
Skaggs School of Pharmacy and Pharmaceutical Sciences, Anschutz Medical Campus, Aurora,
CO, USA

Craig W Hendrix,
Johns Hopkins University School of Medicine, Baltimore, MD, USA

Adeola Adeyeye,
Division of AIDS, National Institute of Allergy and Infectious Diseases, Bethesda, MD, USA

James F Rooney,
Gilead Sciences, Foster City, CA, USA

Alex R Rinehart,
ViiV Healthcare, Research Triangle Park, NC, USA

Myron S Cohen,
Department of Health Behavior, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Marybeth McCauley,
FHI 360, Durham, NC, USA

Beatriz Grinsztejn
Instituto Nacional de Infectologia Evandro Chagas-Fiocruz, Rio de Janeiro, Brazil

HPTN 083 Study Team

Summary

Background—Injectable cabotegravir was superior to daily oral tenofovir disoproxil fumarate
plus emtricitabine for HIV prevention in two clinical trials. Both trials had the primary aim

of establishing the HIV prevention efficacy of long-acting injectable cabotegravir pre-exposure
prophylaxis (PrEP) compared with tenofovir disoproxil fumarate plus emtricitabine daily oral
PrEP. Long-acting PrEP was associated with diagnostic delays and integrase strand-transfer
inhibitor (INSTI) resistance. This report presents findings from the first unblinded year of the
HIV Prevention Trials Network (HPTN) 083 study.

Methods—The HPTN 083 randomised controlled trial enrolled HIV-uninfected cisgender men
and transgender women at elevated HIV risk who have sex with men, from 43 clinical research
sites in Africa, Asia, Latin America, and the USA. Inclusion criteria included: a negative HIV
serological test at the screening and study entry, undetectable HIV RNA levels within 14

days of study entry, age 18 years or older, overall good health as determined by clinical and
laboratory evaluations, and a creatinine clearance of 60 mL/min or higher. Participants were
randomly allocated to receive long-acting injectable cabotegravir or daily oral tenofovir disoproxil

Lancet HIV. Author manuscript; available in PMC 2024 September 05.

Page 3



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Landovitz et al. Page 4

fumarate plus emtricitabine PrEP. After study unblinding, participants remained on their original
regimen awaiting an extension study. HIV infections were characterised retrospectively at a
central laboratory. Here we report the secondary analysis of efficacy and safety for the first
unblinded year. The primary outcome was incident HIV infection. Efficacy analyses were done
on the modified intention-to-treat population using a Cox regression model. Adverse events were
compared across treatment groups and time periods (blinded vsunblinded). This trial is registered
with ClinicalTrials.gov, NCT02720094.

Findings—Of the 4488 participants who contributed person-time to the blinded analysis, 3290
contributed person-time to the first unblinded year analysis between May 15, 2020, and May 14,
2021. Updated HIV incidence in the blinded phase was 0-41 per 100 person-years for long-acting
injectable cabotegravir PrEP and 1-29 per 100 person-years for daily oral tenofovir disoproxil
fumarate plus emtricitabine PrEP (hazard ratio [HR] 0-31 [95% CI 0-17-0-58], p=0:0003). HIV
incidence in the first unblinded year was 0-82 per 100 person-years for long-acting PrEP and 2-27
per 100 person-years for daily oral PrEP (HR 0-35 [0-18-0-69], p=0-002). Adherence to both study
products decreased after study unblinding. Additional infections in the long-acting PrEP group
included two with on-time injections; three with one or more delayed injections; two detected with
long-acting PrEP reinitiation; and 11 more than 6 months after their last injection. Infection within
6 months of cabotegravir exposure was associated with diagnostic delays and INSTI resistance.
Adverse events were generally consistent with previous reports; incident hypertension in the
long-acting PrEP group requires further investigation.

Interpretation—Long-acting injectable cabotegravir PrEP retained high efficacy for HIV
prevention in men and transgender women who have sex with men during the first year of open-
label follow-up, with a near-identical HR for HIV risk reduction between long-acting injectable
cabotegravir and daily oral tenofovir disoproxil fumarate plus emtricitabine PrEP during the first
year after unblinding compared with the blinded period. Extended follow-up further defined the
risk period for diagnostic delays and emergence of INSTI resistance.

Funding—Division of AIDS at the National Institute of Allergy and Infectious Diseases, ViiV
Healthcare, and Gilead Sciences.

Introduction

Long-acting injectable cabotegravir received US regulatory approval in 2021,1 and continues
to receive non-US regulatory approval, for prevention of sexual HIV transmission across
populations. Approvals were based on results from two randomised controlled trials (HIV
Prevention Trials Network [HPTN] 083 and HPTN 084)22 evaluating HIV incidence

in HIV-uninfected participants at elevated risk, who were randomly assigned to either
long-acting injectable cabotegravir pre-exposure prophylaxis (PrEP) or daily oral tenofovir
disoproxil fumarate plus emtricitabine PrEP. In these two studies, long-acting PrEP was
found to be superior to daily oral PrEP for reducing HIV incidence, addressing an urgent
need for more discreet HIV prevention strategies that are not dependent on adherence to
daily pill taking.

HPTN 083 enrolled men and transgender women who have sex with men, and was
unblinded in May, 2020 after efficacy was established at the first preplanned interim

Lancet HIV. Author manuscript; available in PMC 2024 September 05.
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analysis. Previous reports include data from HPTN 083 before study unblinding.2 These
publications reported a 66% reduced risk of HIV acquisition for long-acting compared

with daily oral PrEP in the prespecified primary analysis.? Long-acting PrEP was observed
to delay detection of HIV infection by a median of 98 days (range 35-185) for incident
infections,# prompting a requirement in the US Food and Drug Administration labelling for
inclusion of an RNA assay for HIV screening before each long-acting PrEP injection.? Some
infections in the long-acting PrEP group were found to have resistance-associated mutations
(RAMs) that confer resistance to cabotegravir and other integrase strand-transfer inhibitors
(INSTIs),%6 potentially compromising the activity of first-line antiretroviral therapy (ART)
containing dolutegravir or bictegravir.

After the study was unblinded, participants continued on their original randomly assigned
study PrEP regimen until the protocol was amended and operationalised to offer eligible
participants open-label long-acting PrEP in an ongoing open-label extension (OLE) study.
Participants who were randomly assigned to long-acting PrEP were transitioned to daily
oral PrEP during this period if they completed all of their prespecified long-acting PrEP
doses or for adverse events while awaiting the OLE. This report presents additional efficacy
and safety data for the first unblinded year of the study (up to May 15, 2021); participants
began the OLE as local regulatory approvals for the amendment implementing the OLE
were obtained, and the coverage of the OLE results in this report includes the first year
after unblinding only. We also describe additional HIV infections that were identified in this
extended analysis. This includes infections that occurred during the blinded phase of the trial
but were not detected by the study sites until later in the study, and infections that occurred
in the first year after study unblinding. We additionally present insights into the clinical
contexts in which cabotegravir or INSTI RAMs have been identified.

Study design and participants

The HPTN 083 trial protocol was approved by the institutional review board, ethics
committee, ministry of health, or a combination of these entities at each participating site,
and the trial design has been previously described.? Inclusion criteria were a negative rapid
and laboratory-based HIV serological test at screening and study entry, undetectable HIV
RNA within 14 days of study entry, age 18 years or older, overall good health as determined
by clinical and laboratory evaluations, and a creatinine clearance of at least 60 mL/min.
Participants were enrolled from 43 clinical research sites in Argentina, Brazil, Peru, South
Africa, Thailand, the USA, and Viet Nam. Eligible participants were randomly assigned

to long-acting injectable cabotegravir PrEP or daily oral tenofovir disoproxil fumarate plus
emtricitabine PrEP, each with corresponding placebos. The study included a 5-week oral
lead-in phase, followed by an oral-injectable comparison phase lasting approximately 3
years; participants who completed the 3-year comparison phase treatment or discontinued
injections prematurely were offered 48 weeks of open-label daily oral PrEP. Cabotegravir
was dosed as 30 mg/day orally or 600 mg (3 mL) intramuscularly, administered as a single
gluteal injection at 8-week intervals after 4 weeks separating the first two injections. Oral
PrEP was dosed as a single fixed dose formulation oral tablet of 300 mg of tenofovir
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disoproxil fumarate and 200 mg of emtricitabine daily. This report presents data from HIV
infections that occurred during three periods: the blinded phase (infections that occurred
before May 15, 2020); the first unblinded year (infections that occurred between May 16,
2020, and May 15, 2021, limited to infections that were detected by study sites before
Nov 15, 2021); and the combined period (blinded phase plus first unblinded year). An
updated CONSORT diagram showing participant dispositions in HPTN 083 that includes
the first unblinded year is included in the appendix (p 2). The first site-positive visit refers
to the first visit in which a reactive or positive HIV test result was obtained at the study
site near the time of confirmed infection.# The first HIV-positive visit refers to the first
visit with confirmed HIV infection, based on real-time testing performed at study sites and
retrospective testing performed at a central laboratory. All participants provided written
informed consent. The HPTN 083 protocol was approved by the institutional review board,
ethics committee, or ministry of health at each participating clinical research site.

Randomisation and unblinded treatment continuation

Procedures

At enrolment, participants were randomly assigned (1:1) to long-acting or daily oral PrEP
as previously described.? After study unblinding, participants continued on their originally
randomly assigned active PrEP regimen without placebo dosing, but otherwise followed the
original protocol-specified schedule of events (appendix p 3).

All study visits included one or two HIV rapid tests (of a variety of types cleared by the US
Food and Drug Administration), a laboratory-based HIV antigen and antibody test, safety
testing, storage of samples for retrospective analysis, and assessments for adverse events.
Visits were conducted at 8-week intervals during the injection phase, and at four quarterly
intervals for those discontinuing injections prematurely. Participants who arrived at the study
site 8 weeks late or more for their injection were administered two injections 4 weeks apart,
after which they returned to the 8-week injection schedule.

If an HIV assay performed at the study site was reactive or positive, stored samples were
shipped to a central laboratory and analysed further to determine HIV infection status and
the timing of infection.* HIV genotyping was performed at a commercial laboratory for
samples with viral loads greater than 500 copies per mL; INSTI resistance was assessed in
samples with viral loads below 500 copies per mL using a low-viral-load single-genome
sequencing assay.®

Plasma cabotegravir concentrations were measured in all samples from participants in

the long-acting group with incident HIV infection. Plasma tenofovir and intraerythrocytic
tenofovir diphosphate concentrations were measured in participants randomly assigned to
the daily oral PrEP group who had incident infections, and in participants in the long-

acting PrEP group who switched to daily oral PrEP. Tenofovir and tenofovir diphosphate
concentrations were also determined in a previously described cohort of 390 randomly
selected participants in the daily oral PrEP group to evaluate study product adherence.? Drug
concentration targets have been previously described.* -

Lancet HIV. Author manuscript; available in PMC 2024 September 05.
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The primary outcome was incident HIV infection. An independent adjudication endpoint
committee confirmed HIV infections and determined the timing of infection using data from
study sites and the central laboratory.# Safety outcomes were grade 2 or higher adverse
events. All adverse events were graded according to the Division of AIDS Table for Grading
the Severity of Adult and Pediatric Adverse Events, corrected version 2.1.10

Infections in the long-acting PrEP group were previously classified as follows:2411 group
A, infections present at study entry (prevalent or baseline); group B, infections detected
more than 6 months after the last cabotegravir injection; group C, infections detected during
the oral lead-in phase; group D, infections in the setting of on-time (no delays of longer

than 10 weeks between 8-week injection intervals); group DX, infections in the setting of

at least one inter-injection delay of 10 weeks or more but not meeting group B criteria;

and group BR, infections detected more than 6 months after the last injection that were
identified when long-acting PrEP was restarted in the open-label study. We used the term tail
phase to describe infections that occurred more than 10 weeks but less than 66-6 weeks!2
after a cabotegravir injection, and for which post-hoc pharmacological assessment suggested
that the infection was likely to have been acquired while cabotegravir was quantifiable

in plasma; this excludes participants re-exposed to injectable cabotegravir subsequent to
infection. These include a subset of B and DX cases (figure 1).

Statistical analysis

The efficacy analysis was done on the modified intention-to-treat population, excluding
participants found to have HIV at enrolment, and used a Cox regression model, stratified
by region, to estimate the hazard ratio (HR) of HIV infection in the long-acting versus
daily oral PrEP group; 95% Cls and p values for the HR were based on the Wald statistic.
Incidence rate 95% Cls were calculated by the Poisson distribution. SAS version 9.4 was
used for analysis. Adverse event incidence rates were compared using negative-binomial
regression allowing for multiple events per participant. A maximum of 3 years of follow-up
time was included for each participant, corresponding to the maximum duration of active
blinded treatment, with person-time censored at approximately 3 years after enrolment.
Person-time inclusion for the first unblinded year analysis began at the final visit during the
blinded phase and continued to the last visit with HIV test results before May 15, 2021, 3
years from enrolment, or entry into the OLE, whichever was earliest. For participants with
incident HIV infection, the infection date was calculated as the midpoint between the first
HIV-positive date and the last HIV-negative date. Infections occurring greater than 3 years
after enrolment are described but were prespecified to be excluded from efficacy analyses.

This trial is registered with ClinicalTrials.gov, NCT02720094.

Role of the funding source

The Division of AIDS of the National Institute of Allergy and Infectious Diseases provided
regulatory sponsorship and primary funding for the trial, and was responsible for clinical
monitoring of the trial. ViiV Healthcare provided additional funding and study product, and
contributed to the design of the trial. Gilead Sciences provided study product for the trial.

Lancet HIV. Author manuscript; available in PMC 2024 September 05.
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As previously reported, 4566 participants were enrolled and constituted the intention-to-treat
population of the blinded study. 3992 (87-4%) participants identified as men who have sex
with men, with 570 (12-5%) identifying as transgender women who have sex with men (four
participants preferred not to answer). Full ethnicity data are reported in the manuscript on
the blinded phase of the study.? Of the enrolled participants, 4488 contributed person-time to
the blinded analysis. For the first year of unblinded follow-up, 3290 participants contributed
person-time to the analysis. The combined analysis contains person-time contributions

from 4492 participants (table 1). A summary of HIV infections identified through the first
unblinded year is included in the appendix (p 4).

As described previously,2# PrEP agents, and injectable cabotegravir in particular, can delay
detection of HIV infection using conventional HIV testing algorithms by inhibiting viral
replication and delaying and diminishing antibody expression. In this analysis, we identified
three additional incident HIV infections that occurred during the blinded phase of the study
but were not detected until after study unblinding (one in the long-acting PrEP group and
two in the daily oral PrEP group). Data from these three infections were combined with data
from the original blinded analysis to obtain updated incidence rates in each group during

the primary blinded analysis period. Based on this post-hoc analysis, 13 incident long-acting
PrEP group infections were found in the blinded phase and 41 incident daily oral PrEP
group infections in the blinded phase; these results are similar to those obtained in the
previously reported primary analysis (table 1).2

We identified 44 additional incident HIV infections that occurred in the first unblinded year.
This included 12 incident HIV infections in the long-acting PrEP group and 32 incident
infections in the daily oral PrEP group (table 1). Five additional long-acting PrEP group
infections are described but were excluded from efficacy analyses as they occurred more
than 3 years after enrolment.

In the combined study period (blinded and first unblinded year), there were a total of 25
incident long-acting PrEP group infections and 73 incident daily oral PrEP group infections
(table 1).

We previously reported that 91-5% of observed person-time was covered by cabotegravir
injections during the blinded phase of the trial;2 coverage was defined by an initial injection
providing 6 weeks of anticipated protective coverage and subsequent injections providing 10
weeks of anticipated coverage. During the first unblinded year and over the entire period of
time since study inception, most person-time was covered by cabotegravir injections (figure
2).

We previously reported that during the blinded phase, nearly 75% of samples from

the randomly selected adherence cohort had plasma tenofovir concentrations of at least

40 ng/mL, and most had quantifiable plasma tenofovir concentrations (lower limit of
quantification 0-31 ng/mL); a little over 70% had tenofovir diphosphate concentrations of at
least 700 fmol/punch (the equivalent of approximately four doses per week on average over
the previous 1-2 months).2 After study unblinding, a little over half of evaluated samples

Lancet HIV. Author manuscript; available in PMC 2024 September 05.
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had plasma tenofovir concentrations of at least 40 ng/mL, and over 75% of samples were
quantifiable; nearly 60% of evaluated samples had tenofovir diphosphate concentrations
of at least 700 fmol/punch. Across all evaluated samples (blinded and unblinded periods),
plasma tenofovir concentrations were at least 40 ng/mL or quantifiable in a majority of the
samples; tenofovir diphosphate concentrations were at least 700 fmol/punch in a little over
65% of evaluated samples (figure 2).

The decrease in adherence to daily oral PrEP in the first unblinded year is estimated to
account for 35% of the observed increase in HIV incidence between the blinded study and
the first unblinded year (appendix p 5). HIV incidence increased during the first unblinded
year in all geographic regions (Africa, Asia, Latin America, and the USA), accompanied
by a measurable decline in study product adherence; participants in Peru had the most
pronounced drop in adherence and increase in HIV incidence (appendix p 6).

18 new injectable long-acting PrEP group infections are presented in this report (figure

1); additional details are provided in a previous report.11 These 18 cases include the 13
described above (one blinded, 12 unblinded) and five cases that occurred more than 3

years after enrolment (cases B13-16 and BR2; see below). The infection in the blinded
phase occurred despite on-time injections (D5). The other 17 infections occurred in

the first unblinded year. One infection occurred despite on-time injections and expected
cabotegravir concentrations (D6), three occurred with at least one delay of more than 10
weeks between injections (DX1-3), and 11 occurred more than 6 months after the last
cabotegravir administration (B6-16; this group includes two participants who never received
cabotegravir injections). The remaining two infections were detected when long-acting PrEP
was restarted after a 6-month or longer interruption (BR1 and BR2); in these cases, detection
of infection was delayed at the study site, and the participants received long-acting PrEP on
or after the first HIV-positive visit.

Participant D5 had on-time injections but was found to have consistent, rapid decay of
cabotegravir concentrations between each injection; the participant’s BMI was 24 kg/m?,
and no interacting concomitant medications or injection administration aberrancies were
identified. The Arg263Lys INSTI mutation was identified at the first HIV-positive visit
when the viral load was 59 copies per mL (figure 1). Case D6 had expected cabotegravir
concentrations at most visits; four occurrences of trough cabotegravir concentrations
between 4 and 8 times the protein-adjusted 90% cabotegravir inhibitory concentration (PA-
ICqp) and one trough concentration of approximately 1 times the PA-1Cqy were observed
later in the injection course (figure 1). Although wild-type virus was present at the first
HIV-positive visit, GIn148Arg was identified 59 days later when the viral load was 9000
copies per mL. At the first HIV-positive visits, cabotegravir concentrations were less than

4 times the PA-1Cgqq (range below the limit of quantification to 495 ng/mL) in cases DX1-
3. Cases DX1 and DX3 exhibited expected pharmacokinetics; case DX2 exhibited steep
post-peak declines in cabotegravir concentrations and increased absorption after several
cabotegravir injections.}1 Case DX1 had multiple injection delays (figure 1). Cases DX1-3
did not have INSTI resistance mutations; DX3 probably represents infection acquired during
the long-acting PrEP tail phase. Cases BR1 and BR2, while technically tail-phase infections,
represent HIV acquisition detected by the site after long-acting PrEP re-exposure, and
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therefore have different implications for INSTI resistance and HIV diagnostic assay delays.
Case BR1 did not have resistance mutations at the first HIV-positive visit but developed the
GIn148Arg mutation before the site detected the infection; the detection of this mutation
was transient. Case BR2 did not have INSTI resistance mutations, but the Lys103Asn

and Met184Val mutations were detected at the first HI\V-positive visit, probably due to
transmitted resistance. Cases B9-11 and B13-16 did not have INSTI resistance mutations;
in these cases, HIV infection was probably acquired during the tail phase (figure 1). Of note,
participant B12 started antiretroviral treatment before the first HIV-positive visit; this was
also the site-positive visit. Additional pharmacological and virological details of these cases
have been reported previously.11

34 new daily oral PrEP group infections are presented in this report (two in the blinded
phase and 32 in the first unblinded year; figure 3). None of the 34 participants had
pharmacological data consistent with daily oral PrEP use. Two cases appear to have occurred
in participants who were taking an average of four or more doses per week (E57 and

E59). Case E59 had reverse transcriptase mutations Met184Val and Tyr188Leu at the first
HIV-positive visit; case E57 was not genotyped due to low viral load. Two additional

cases (E64 and E67) had evidence of recent partial adherence (two to three doses per

week on average); E64 also had Met184l1le/Val. E67 was not genotyped due to low viral
load. Additional pharmacological and virological details of these cases have been reported
previously.11

Types, incidence rates, and differences between study groups of grade 2 and higher adverse
events were generally consistent with the results from the blinded phase of the study;
statistically significant increased rates of hypertension, total and LDL cholesterol, malaise,
and proctitis were newly observed in the long-acting PrEP group (table 2). Injection site
reactions were reported at roughly half the rate observed in the blinded phase, and did not
lead to any long-acting PrEP discontinuations in the first unblinded year (appendix p 7).
Previously reported similarities in annual rates of weight gain observed subsequent to the
first year of the randomised comparison (1-11 kg/year [95% CI 0-82-1-41] in the long-acting
PrEP group, and 1:19 kg/year [0-90-1-49] in the daily oral PrEP group) were sustained at
rates of 0-84 kg/year (0-54-1-14) in the long-acting PrEP group and 0-80 kg/year (0-5-1-11)
in the daily oral PrEP group (p=0-87). Differences in weight change accrued in the first year
of exposure, largely driven by weight loss of —0-50 kg/year in the daily oral PrEP group,
resulted in an overall (combined blinded and unblinded periods) excess in median weight
gain of 0-94 kg (0-05-1-82) for the long-acting PrEP group participants (appendix p 8).

Discussion

Long-acting injectable cabotegravir PrEP was shown to be superior to daily oral tenofovir
disoproxil fumarate plus emtricitabine PrEP for reducing HIV incidence in two large
randomised controlled clinical trials, resulting in US and non-US regulatory approvals
beginning in December, 2020, with additional regulatory submissions pending. An
additional year comparing long-acting with daily oral PrEP after study unblinding added
approximately 50% more observation time and extended the median follow-up time by over
a year. These additional data reaffirmed the relative efficacy observed in the primary study
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report, showing a consistent reduction in risk of infection by roughly two-thirds for long-
acting compared with daily oral PrEP in men and transgender women who have sex with
men. Differences in total and LDL cholesterol are expected based on the lipid-suppressive
effects of tenofovir disoproxil fumarate. The observed increased rates of new hypertension
in the long-acting PrEP group require additional interrogation; there is an increasing body
of literature suggesting an association of INSTIs with hypertension, dysglycaemia, and
cardiovascular risk, which warrants vigilance as cabotegravir is scaled up as a prevention
agent.13 Injection site reactions continued to decrease over time and discontinuations
attributable to injection-related events remained rare. Weight gain continued at equal rates
between groups, although a persistent excess in overall weight increases remained in long-
acting PrEP group participants, probably attributable to the early anorectic effect of oral
tenofovir disoproxil fumarate plus emtricitabine start-up. The long-term implications of
weight gain and effects on overall cardiovascular risk require further investigation. Research
on long-acting PrEP is now pivoting from efficacy to longer-term safety, acceptability,
correlates of protection, implications of resistance, and implementation through a lens of
global equity.

The extended analysis in this report supports our previous studies, showing the potential
of long-acting PrEP to delay detection of HIV infections using conventional HIV testing
algorithms based solely on antibody and antigen-based testing. These delays are due to
potent suppression of viral replication with delayed and diminished antigen detection

and antibody production. Importantly, the correlates of HIV protection with long-acting
PrEP remain to be defined; rare breakthrough infections have been observed at high
plasma cabotegravir concentrations (>8 times the PA-1Cqq). This research requires precise
determination of the timing of HIV acquisition and determination of plasma, intracellular,
and tissue drug concentrations at the time of exposure.

Tenofovir disoproxil fumarate plus emtricitabine breakthrough infections are rare in the
setting of high adherence to daily oral PrEP; almost all of the infections observed in the
daily oral PrEP group of HPTN 083 occurred in participants with poor adherence or no
evidence of drug dosing. Because the active forms of tenofovir and emtricitabine have
relatively short plasma half-lives, infections in people taking daily oral PrEP can usually be
detected with little or no delay using routine testing algorithms, apart from in the window or
eclipse phase of early acute HIV infection. In fact, all detection delays in participants in the
daily oral PrEP group of HPTN 083 were due to detection of the infection during the acute
phase (ie, Fiebig Stage 114), which reflected frequent study visits.

We identified three additional incident HIV infections during retrospective testing that
occurred during the original blinded study period. Inclusion of these three cases with the
primary data from the blinded phase of the study did not alter the direction, magnitude, or
overall interpretation of the primary study results. We have now identified six cabotegravir
infections to date that occurred despite on-time injections, including the two cases described
in this report; major INSTI RAMs were identified in all six cases. Although these six cases
are of great interest, it is important to note that they occurred among 2282 participants
randomly assigned to long-acting PrEP. Importantly, all six of these participants had
virological suppression using non-nucleoside reverse transcriptase inhibitors or boosted
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protease inhibitor-based ART. A key unanswered clinical management question is whether
these long-acting PrEP breakthrough infections can be effectively treated with dolutegravir
or bictegravir-containing ART. Further data from ongoing cohorts and from clinical
experience will provide useful insights into this issue.

Although the majority of breakthrough infections with on-time cabotegravir injections to
date have had expected plasma cabotegravir concentrations, case D5 uniquely exhibited
consistently low steady-state trough cabotegravir concentrations; the pattern of cabotegravir
concentrations in this case was distinct from the pattern in other D group participants,

who had lower cabotegravir concentrations between the first and second injections, or wide
cabotegravir trough variability over multiple injections. The observed concentrations for this
case might be attributed to an increased absorption rate constant (k), which was observed
after each injection.! Of note, injectable cabotegravir exhibits so-called flip-flop kinetics,
in which absorption of the drug from the intramuscular depot is the primary driver of the
terminal phase decay of the drug concentration—time profile.1516 Individuals with lower
BMiIs tend to have accelerated (high) absorption rate constants; however, this participant’s
BMI (24-1 kg/m?) does not explain the more rapid absorption of injectable cabotegravir
from the intramuscular depot. Furthermore, based on a population pharmacokinetic model,
sex at birth and BMI contribute only 9% to inter-individual pharmacokinetic variability of
injectable cabotegravir.12:17 Aberrations during product administration were not noted, and
concomitant medications that could impact cabotegravir pharmacology were not identified.
Similar post-injection declines were observed in two other cases (DX2 and B11), and
cabotegravir drug concentrations were unquantifiable at the first HIV-positive visits for
these participants. It is unclear how frequently this rapid decay pattern occurred in study
participants who did not acquire HIV on study, or whether it played a role in cabotegravir
breakthrough.

This report includes three long-acting PrEP group infections that occurred in the setting of
injection delays (the DX cases, not observed during analysis of the blinded phase). These
cases, along with the full set of B cases (incident infections that occurred more than 6
months after the last cabotegravir exposure), demonstrate that HIV infections that occurred
more than 6 months after the last cabotegravir injection did not result in INSTI resistance
and were usually detected without delay using standard testing algorithms. Although exact
timing of tail-phase infection acquisition cannot be determined, data from HPTN 077
suggest that cabotegravir concentrations were likely to be quantifiable in the time period
leading to the first HIV-positive visit;12 this includes cases DX3, B9-11, and B13-16.
Further interrogation of tail-phase kinetics could be helpful in understanding the correlates
of INSTI resistance with cabotegravir concentration decay.

Importantly, long-acting PrEP correlates or thresholds of protection might be distinct for
rectal, vaginal, penile, and parenteral exposures, and are yet to be defined. Further analysis
of HIV infections that occurred after the first unblinded year and inclusion of cases

from HPTN 084 in cisgender women will hopefully provide additional insights into these
correlates of protection with different routes of exposure. Defining the pharmacological
correlates of protection is essential to determining the optimal dosing interval, the impact of
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delayed injections, and the time to onset of protective efficacy. This information will also
inform clinical use of long-acting PrEP.

The first unblinded year of HPTN 083 was characterised by increased HIV incidence

rates in both groups compared with the blinded period, with a consistent risk reduction

for long-acting compared with daily oral PrEP; this was partly due to decreased study
product adherence in both groups. These findings were observed across sites and regions,
although the greatest decrease in product adherence was observed in Peru. The increased
incidence rates and decreased adherence metrics in both groups are a sobering reminder
that although long-acting PrEP might remove some barriers to successful HIV prevention
by eliminating the need for daily oral dosing, it will not, on its own, remedy all challenges
associated with PrEP uptake, adherence, and persistence that are required to end the global
HIV epidemic. The HIV epidemic in Peru, concentrated disproportionately in cisgender men
and transgender women who have sex with men, requires urgent action with a variety of
biomedical HIV prevention options, structural interventions, and support services aimed at
addressing inequities and social determinants of health. In ImPrEP, a large implementation
study of oral tenofovir disoproxil fumarate plus emtricitabine PrEP conducted in Brazil,
Mexico, and Peru, participants from Peru had greater HIV incidence, as well as increased
odds of early loss to follow-up, lower odds of PrEP adherence, and longer-term PrEP
engagement, which recent literature suggests could be related to a lower level of PrEP
awareness and willingness.18 In a recent study, the annualised HIV incidence in Peru, using
the Maxim HIV-1 Lag-Avidity EIA assay as part of a recent infection testing algorithm,
was 6:69 (95% CI 5-57-7-81), and higher among those aged 18-24 years at 9:77 (7-34—
12.20).19 These data highlight the urgent need for additional research to interrogate observed
increases in HIV incidence, odds of early loss to follow-up, PrEP adherence, and long-term
engagement.

This study has several limitations, including the inability to fully explain the increase in
proportional incidence in both groups, incomplete biomarkers of adherence to daily oral
PrEP complicating the explanation of its failures, and the small cumulative number of long-
acting PrEP failures and delays in HIV detection making evaluation of the pharmacological
correlates of protection elusive.

HPTN 083 continues in an OLE phase in which eligible participants are offered open-label
long-acting or daily oral PrEP. Participants initiating cabotegravir for the first time have the
option to exclude the oral lead-in period. The OLE will provide helpful data for assessing
the current US Food and Drug Administration prescribing information and US Centers for
Disease Control and Prevention guidance, in which the oral lead-in phase is considered

to be optional.>20 Additionally, the HPTN 083 OLE includes the use of an HIV RNA
assay for HIV screening before starting long-acting PrEP and at every injection visit. Data
from the extension study will allow systematic evaluation of risks and potential benefits of
HIV RNA screening (eg, earlier detection of infections with the potential to avoid INSTI
resistance contrasted with substantially increased cost, operational complexity, and risk of
false-positive test results).
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Long-acting PrEP is a novel, highly effective HIV prevention strategy across at-risk
populations.23 An additional year of open-label follow-up in HPTN 083 demonstrated
consistent and sustained HIV prevention benefits for long-acting over daily oral PrEP

and provided additional information on cabotegravir pharmacokinetics and infections that
occurred in participants who received long-acting PrEP; this includes noting the absence
of diagnostic delays and INSTI resistance when incident infection occurred more than

6 months after the last injection, including patients who had reexposure to injectable
cabotegravir. Of 2246 participants enrolled in the long-acting PrEP group, there were 30
incident HIV infections detected up to the end of the first unblinded year in a variety of
clinical scenarios; of these, nine (30%) had INSTI-associated RAMs. Delayed initiation of
ART when HIV infection is detected with the use of long-acting PrEP could lead to the
accumulation of new or additional INSTI RAMs. Important issues for implementation will
be further informed by the ongoing HPTN 083 open-label study and the parallel open-label
extension study in HPTN 084 in cisgender women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study
We searched ClinicalTrials.gov and PubMed from inception to May 3, 2023, using the

search terms “cabotegravir” AND “prevention” or “efficacy”, “safety”, or “resistance”.
Our search yielded 96 publications and five ongoing trials. Long-acting injectable
cabotegravir is a novel integrase strand-transfer inhibitor (INSTI) that has been

combined with long-acting injectable rilpivirine to successfully maintain HIV virological
suppression in people with HIV. Observational data from 2023 also provocatively suggest
the possibility of using this combination even in people with HIV with viraemia.
Cabotegravir as a single agent has been studied for HIV prevention in comparison with
daily oral tenofovir disoproxil fumarate plus emtricitabine in two randomised, active
controlled, double-blind, double-dummy, registrational clinical trials (HIV Prevention
Trials Network [HPTN] studies 083 and 084). The blinded parts of both studies were
stopped early and demonstrated that long-acting injectable cabotegravir pre-exposure
prophylaxis (PrEP) was superior to daily oral tenofovir disoproxil fumarate plus
emtricitabine PrEP for HIV prevention in cisgender men and transgender women who
have sex with men (HPTN 083) and in cisgender women in southern and eastern Africa
(HPTN 084). HPTN 083 and 084 demonstrated 66% and 89% reductions in incident HIV
infections for long-acting compared with daily oral PrEP in their respective populations.
Both studies demonstrated that long-acting antiviral agents, in the context of either PrEP
initiation with undiagnosed HIV infection or in PrEP breakthrough, delay such infection
detection using conventional HIV diagnostic assays as a consequence of suppressed
viraemia and delayed and attenuated antigen and antibody production. In the setting of
on-time injection administration, rare failures were associated with INSTI resistance with
the potential to compromise global first-line HIV treatment regimens. A priori concerns
that HIV acquisition during the prolonged pharmacokinetic tail phase after a terminal
injection would lead to INSTI resistance were not supported by the limited clinical trial
experience.

Added value of this study

This study is the first analysis of HPTN 083 subsequent to study unblinding for efficacy
in May, 2020, providing an additional 2866 person-years of follow-up from participants
remaining on their original randomised study treatment. We describe the persistence

of the 66% reduction in incident HIV in individuals originally randomly assigned to
long-acting compared with daily oral PrEP, despite increases in HIV incidence observed
in both treatment groups. We characterise 52 additional HIV infections (18 in the long-
acting PrEP group and 34 in the daily oral PrEP group) with regard to PrEP drug
exposures, resistance, and clinical context; detailed virology and pharmacology from
these cases are in a companion publication. We are now able to make observations on the
clinical contexts in which long-acting PrEP group infections occur, their HIV diagnostic
testing characteristics and behaviour, and the probability of selecting for INSTI resistance
mutations. We further describe the adverse event profile of cabotegravir, including an
increased rate of incident hypertension that requires further investigation.
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Implications of all the available evidence

Injectable cabotegravir has now obtained regulatory approval in the USA and an
increasing number of other countries for the prevention of HIV sexual transmission.
The totality of evidence to date supports high levels of protective efficacy with good
tolerability across populations and geographies considered at sexual risk. The consistency
of the relative advantage of long-acting compared with daily oral PrEP is likely to be
attributable to better coverage of sex acts without requiring consumer-initiated daily
ingestion. Although PrEP failures are extremely rare, breakthroughs despite on-time
injections remain unexplained and are associated with INSTI resistance. For individuals
born male, HIV acquisition 6 or more months after terminal cabotegravir injection does
not appear to be associated with either INSTI resistance or delays in breakthrough
detection using conventional HIV diagnostic assays. The field is now pivoting to
evaluating implementation strategies for the global scale-up of long-acting injectable
cabotegravir PrEP as part of HIV prevention programmes, in addition to interrogating
existing and ongoing data to identify the drug-concentration correlates of protection,
the risks and benefits of using an oral lead-in before long-acting injection, and the
performance characteristics of sensitive HIVV RNA testing as part of HIV screening
algorithms.
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Figure 1: Pharmacological and virological data for HIV infectionsin the long-acting
cabotegravir group identified in the extended analysis

HIV genotyping results are shown to the right of each horizontal bar. Major resistance
mutations are shown for nucleoside or nucleotide reverse-transcriptase inhibitors, non-
nucleoside reverse-transcriptase inhibitors, protease inhibitors, and integrase strand-transfer
inhibitors. The first visit with a genotyping result is shown with a single red square;

later visits with genotyping results are shown with two red squares. The pink shading
denotes participants for whom infections occurred more than 3 years from enrolment, and
who were therefore excluded from prespecified efficacy analyses. BLQ=Dbelow the limit

of quantification. CAB=cabotegravir. LLOQ=lower limit of quantification. PA-ICgg=protein-
adjusted 90% cabotegravir inhibitory concentration. WT=wild type. *Group B includes
infections that occurred with no recent cabotegravir exposure (>6 months after the last
long-acting cabotegravir injection). TGroup BR includes infections that occurred with no
recent cabotegravir exposure (>6 months after the last cabotegravir injection) in participants
who restarted long-acting cabotegravir before the study site detected the infection. *Group
D includes infections that occurred despite on-time (<10 weeks between all) injections.
8Group DX includes infections that occurred in participants who received at least one
delayed cabotegravir injection (=10 weeks between injections, but not meeting group B
criteria).
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B =700 to <1250 fmol/punch [ LLOQ to <40 ng/mL

=350 to <700 fmol/punch [IBLQ

[ LLOQ to <350 fmol/punch

JBLQ

27-3%

79-9%

91.5% 87:9%

12:6%

11-8%

11.8% RS

10-1%

Proportion of adherence cohort participants (%)

9-1% 192% 23.9% 201%

8-6% e 85% 109% | | 264% | | 121%

T T T T T T T T 1
TFV-DP Plasma CAB TFV-DP Plasma CAB TFV-DP Plasma CAB

in DBS TRV injection  inDBS TRV injection  in DBS TRV injection
n=390 n=390 coverage n=390 n=272 coverage n=392 n=392 coverage
n=2183 n=266 n=2178

Updated primary blinded study First unblinded year Combined period

Figl_.ll’g 2: Study product adherence during the blinded phase, first unblinded year, and combined
erio

Eharmacokinetic adherence testing was performed on samples collected at weeks 4, 9, 17,
33,57, 81, 105, 129, 153, and 177, and on a quarterly schedule for 48 weeks and then
annually if participants transitioned early to open-label tenofovir disoproxil fumarate plus
emtricitabine. The median number of plasma and dried blood spots samples per participant
was 5 (IQR 4-7) during the updated primary blinded study, 2 (1-2) during the first
unblinded year, and 7 (5-8) during the combined period. The tenofovir diphosphate in dried
blood bar shows the proportion of a randomly selected subset of the tenofovir disoproxil
fumarate plus emtricitabine group participants with intraerythrocytic tenofovir diphosphate
concentrations measured in dried blood spots in each adherence category; these data
represent average dosing over the previous 1-2 months. The green boxed numbers above
each histogram bar represent the aggregate of four or more doses per week; this dosing
frequency is anticipated to provide high levels of rectal protection against HIV acquisition.
Each participant selected for adherence testing could have up to eight samples included

in this summary. Values for week 4 were adjusted for days on therapy, as steady-state

drug concentrations were not yet achieved. The plasma tenofovir bar shows the proportion
of a randomly selected subset of the tenofovir disoproxil fumarate plus emtricitabine

group participants with plasma tenofovir in each adherence category; these data represent
average dosing over the past 72 h. The blue boxed numbers above each histogram bar
represent the aggregate of quantifiable tenofovir in plasma. Cabotegravir injection coverage
was defined as an initial injection providing 6 weeks of anticipated protective coverage

and subsequent injections providing 10 weeks of protective coverage. BLQ=below the
limit of quantification. CAB=cabotegravir. DBS=dried blood spots. LLOQ=Ilower limit of
guantification. TFV=tenofovir. TFV-DP=tenofovir diphosphate.
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Figure 3: Pharmacological and virological data for H

T T T T T T T
90 100 110 120 130 140 150

IV infectionsin the oral tenofovir disoproxil

fumarate plus emtricitabine group that were identified in the extended analysis
HIV genotyping results are shown for the first visit with a viral load greater than 500 copies

per mL. HIV genotyping results are shown to the r

ight of each bar. These include major

mutations that confer resistance to nucleoside or nucleotide reverse transcriptase inhibitors,
non-nucleoside reverse transcriptase inhibitors, and protease inhibitors. BLQ=below the
limit of quantification. LLOQ=Ilower limit of quantification. TF\V-DP=tenofovir diphosphate.
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Table 1:

HIV incidence overall, by treatment group, and by analysis period

Long-acting Daily oral tenofovir  HR (95% ClI) p value
cabotegravir group  disoproxil fumarate
plusemtricitabine
group
Blinded phase (updated analysis) 0-31 (0-17-0-58)  0-0003
Number of participants 2241 2247
Median (IQR) time on study, days 511 (314-700) 511 (307-700)
Infections/person-years 13/3204 41/3186
Incidence rate per 100 person-years (95% CI) 0-41 (0-22-0-69) 1.29 (0:92-1-75)
First unblinded year analysis 0-35(0:18-0:69) 0-0021
Number of participants 1663 1627
Median (IQR) time on study, days 344 (275-380) 342 (279-378)
Infections/person-years 12/1456 32/1410
Incidence rate per 100 person-years (95% CI) 0-82 (0:43-1-44) 2:27 (1.55-3:20)
Combined period 0-34 (0-22-0-53)  <0-0001

Number of participants
Median (IQR) time on study, days
Infections/person-years

Incidence rate per 100 person-years (95% CI)

2244
823 (596-1026)
25/4660
054 (0-35-0-79)

2248

808 (577-1015)
73/4596

159 (1-25-2-00)

HR=hazard ratio.

Lancet HIV. Author manuscript; available in PMC 2024 September 05.

Page 21



Page 22

Landovitz et al.

00 (08:7-£9:0) TT'T 9T (160510020 9 Or1-870) L0 22 snnoold
€00 (s8-¢-€0-2) €8°C L4 (eree0T 19T €2 (y8ec-tr1)eTe ¥9 [018153]0y0 137 pasealou|
1000:0>  (02€-25T) 822 3 (S9T-¥50)860 VT (Te-0zT)¥9T Ly 1043158]0U2 [E10) Pasealdu|
1000-0>  (08-T-€9:0) TTT 9T (150200 ¥T0 2 (66-0-2£:0) €90 8T asIeleN
1000:0>  (S0-2-6.0) TE'T 67 (1502000 ¥T0 ¢ (er1-sr0)eL0 12 ainssaid poojq paseaiou]
JNLS\A papurjqun 3s11 ay) Buinp pauiodas SJUsAs asIaApe g apeld Juealiubis Ajjedansiels [euoppy
S0 (0£2-560) 25T 2 (167-69:0) 61T /T (981-96:0) 96T 68 uonoaut Alorexdsai 1sddn
06:0 (€6'€-60'2) 06Z 44 Qo812 T0€ €Y (99€-9€2) 967 S8 Fused
T0000>  (£5€-08T) 952 g (e81-v90)2TT 9T (trz-8eT)v8T €5 exalhd
910 (88:2-61°) €79 €6 (e9-56€) 105 2L (699-067) LS §9T #SmBufreydosen
250 (96:5-59°€) 0L% 89 (659-€Tv) 2§ L (985-6T7) 867  €vT FHOJUIOTSIP [E1RIASOINISNA
vs0  (Lr21-€06) 90T ST (r5e1-€6'6) €9TT 99T (erz1-56'6) ETTT  OcE aUIUIEaID WNJ3S pasealou]
0 (61:9-€8:€) 167 1L (€rs-15v)vs 8 (vz9o-1s¥) 2es €SI asedi| pasealou]
€80 (5611-808) 196 6T (G911-1€8) 886 THT (66-01-€98) v26 082 aseul| auNeald pasealou]
900 (ves-LT€) ST 09 (ege-002) 082 O (ccv-eg2)8re 00T 8s00n]6 poojq pasealou]
060 (T1:5-86°2) v6°€ L5 (T0-5-06:7) 58€  SS (69v-12€) 06 2TT aseJojsuesjoulLIe Sjepedse pasealou]
920 (ovv-sv-2) zee 8y (trg-12€)02% 09 (vsv-80€)9L€ 80T ase|Awe pasealou|
SL:0 (£2:9-06°€) 86°¥ 4 (965-v9€) 69v L9 (T2s-L0v) ¥8Y  6ET aseJajsuenjoulLLe auluee pasealou|
g0 (6eZ-10T) 65T £ (ece-soT)8ET  ¥E (152-05T)86T 4§ #ewoeohibodA
120 (96:5-59°€) 0L¥ 89 (0v-992) 15€ 1§ (S6v-eve) vIv 61T #9U0BPEH
€50 (08:z-627) v6'T 8z (erz—e01) 19T €2 (€ez-een) LLT 18 £/ B0ULEID
z00  (98:99-69'28) L9°T9 268 (982.-Tzv9) €v89 116 (50-89-2129) €059 698T 90UEIE3]D BUILINEID PISERINA
SJUBAB BSIaApe Z2< m_um‘_@ uowiwod 1soN
880 (rTL2-9v52) 6:292 To8e (099z-¢6v2) 9452 8.9 (2992-v¥52) 2092  6LYL «SIUBNS 3s18pe 22 3peib |1
s JeaA-uos od 00T s JeaA-uos od 00T s JeaA-uos od 00T
Jad ‘are180uspiou | S1UBAT Jod ‘alelaouepiou|  slueng  Jad ‘arelaouspioul  SIUBATJ
dno.b
aulge1nlwe snid are rewny
anpend dno 6 sinesBejogeo Buioe-6uo  (1xoidosip Jinojous) [eUo Ajreq |eJAO

Author Manuscript

J1eak papuljqun 1si14 pue aseyd papul|g ay1 BuLINp SIUSAS 8SIBAPE JO Salel 80UapIdU|

‘¢ dlgeL

Author Manuscript

Author Manuscript

Author Manuscript

Lancet HIV. Author manuscript; available in PMC 2024 September 05.



Page 23

Landovitz et al.

‘umoys aJe (go:0>d) sdnoJb sixejAydoad ainsodxa-aid [eso Ajrep pue

Bunoe-Buo| usamiag sousIaIp JURILIUBIS A|[O1ISIIEIS B UIIM SIUBAS 3SI8Ape AJUQZ Aj[enpIAIpul 1odal 0} Je[IWis 00] 81aM Tey) SWa) YHAPSIN a|dinw sauiquiod A1061e0 JUaAS 3SIBAPE SIYL L ‘papnjoxe
ale Bnup [eL [eso Aue aA13231 10U pip oym syuedionued pue siuedionued pajjoius Ajsreridoiddeu "sjusna asIaApe YlIm papnjoul 10U aJe SUOIISUI PayliWsUeI) A[enXas pue SUoKoeal a)is uondsfuj “Jels [ealulfo
Aq SWwIa) YHAPaIN paubisse a1am Jey) SJUBAS 3SIBAPE AJUO ale Papn|auly "T"EZ UOISIaA ‘SallIANOY Aloje|nfiay Joy Areuonaiq [edlpaN=\4apaiN anfea d Jo ‘(1D %G6) a¥el uapIoul ‘(%) U ‘u aJe eleq

(%6-22) zee - - - - J1eak papurjqun 1si14
(%LLv) 600T - - - - aseyd papullg

2< apeib suonoeas ays uonoalul

8¢0 (0€-2-680) LT 6T (88 T-79:0) ¥1'T 1 (z8'1-06:0) T€T  ¥€ s1onpoud Apnjs JO UOIENUUOJSIP Ul Bulnsal SJUsAs asianpe palejal-1anl]
16:0 (00:0-00:0) 000 0 (6€:0-000) 200 T (61:0-00:0)€00 T ainzias
158J31U1 [198dS JO SJUBAS 3SISAPY
sreak-ucs lod 00T s reak-ucs lod 00T s reak-uocs sod 00T
Rd ‘arelaouapiou| Sen] Rd ‘arelaouepou]  SuBAT  Jod ‘Bre 90uspiou|  SuBAJ
dno .6
auiqelnIWe sn|d ate.rewny
anpend dnoJb Jsine  Bar0ged Buioe-buo  |1Ixoudosip JiA0joud] e o Ajfeq e BAD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Lancet HIV. Author manuscript; available in PMC 2024 September 05.



	Summary
	Introduction
	Methods
	Study design and participants
	Randomisation and unblinded treatment continuation
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Table 1:
	Table 2:



