Articles

CrossMark

Lancet HIV 2024; 11: 508-21

Published Online

July 12,2024
https://doi.org/10.1016/
$2352-3018(24)00130-9

See Comment page 496
*Co-first authors
‘tCo-senior authors

Department of Medicine,
University of North Carolina at
Chapel Hill, Chapel Hill, NC,
USA (D A Wohl MD); TUM
School of Medicine and Health,
Department of Clinical
Medicine - Clinical Department
for Internal Medicine Il,
University Medical Centre,
Technical University of Munich,
Munich, Germany

(CD Spinner MD); Kaiser
Permanente, Sacramento, CA,
USA (J Flamm MD); Kaiser
Permanente, San Francisco, CA,
USA (C B Hare MD); Division of
Infectious Diseases, University
of Miami, Miller School of
Medicine, Miami, FL, USA

(S Doblecki-Lewis MD); Ruane
Clinical Research, Los Angeles,
CA, USA (P ) Ruane MD);
Infectious Diseases
Department, Hopitaux Saint-
Louis Lariboisiére, University of
Paris and INSERM U944, Paris,
France (J-M Molina MD); Men's
Health Foundation, Los
Angeles, CA, USA (A Mills MD);
Central Texas Clinical Research,
Austin, TX, USA (C Brinson MD);
Midway Research Center, Fort
Pierce, FL, USA

(M Ramgopal MD); Royal Sussex
County Hospital, University
Hospitals Sussex NHS
Foundation Trust, Brighton, UK
(A Clarke BM); The Crofoot
Research Centre, Houston, TX,
USA (G Crofoot MD); The
Research Institute, Springfield,
MA, USA (C Martorell MD);
Gilead Sciences, Foster City, CA,
USA (C Carter MD, S Cox BSc,

J CHojilla PhD, Y Shao PhD,

e508

HIV-1 infection kinetics, drug resistance, and long-term
safety of pre-exposure prophylaxis with emtricitabine plus
tenofovir alafenamide (DISCOVER): week 144 open-label
extension of a randomised, controlled, phase 3 trial

David A Wohl*, Christoph D Spinner*, Jason Flamm, C Bradley Hare, Susanne Doblecki-Lewis, Peter | Ruane, Jean-Michel Molina, Anthony Mills,
Cynthia Brinson, Moti Ramgopal, Amanda Clarke, Gordon Crofoot, Claudia Martorell, Christoph Carter, Stephanie Cox, J Carlo Hojilla,
Yongwu Shao, Moupali Das, Alexander Kintu, Jared M Baeten, Robert M Grant, Karam Mounzert, Kenneth Mayert

Summary

Background Data characterising the long-term use and safety of emtricitabine plus tenofovir disoproxil fumarate as
daily oral pre-exposure prophylaxis (PrEP) are scarce and there are uncertainties regarding the value of routine
HIV-1 RNA testing during oral PrEP follow-up.

Methods The DISCOVER trial was a randomised, controlled, phase 3 trial in which cisgender men and transgender
women aged 18 years and older with a high likelihood of acquiring HIV were recruited from 94 clinics in Europe and
North America and randomly assigned to receive either emtricitabine plus tenofovir disoproxil fumarate (200/25 mg)
tablets daily, with matched placebo tablets, or emtricitabine plus tenofovir alafenamide (200/300 mg) tablets daily,
with matched placebo tablets, for at least 96 weeks. After completion of the trial, participants were offered enrolment
in this 48-week open-label extension study of emitricitabine plus tenofovir alafenamide. In participants diagnosed
with HIV during the randomised and open-label phases of the study, we characterised HIV-1 test results and measured
HIV-1 RNA viral load retrospectively when available. Adherence based on tenofovir diphosphate concentrations in
dried blood spots and genotypic resistance were assessed in participants diagnosed with HIV. Safety assessments
included adverse events, laboratory parameters, and, in a subset of participants, bone mineral density. HIV-1 incidence
in participants initially randomly assigned to receive emtricitabine plus tenofovir alafenamide was estimated using
a Poisson distribution. Changes from baseline in safety endpoints were described in participants assigned to received
emtricitabine plus tenofovir alafenamide and in those who switched from emitricitabine plus tenofovir disoproxil
fumarate during the open-label phase. This trial is registered with ClinicalTrials.gov, NCT02842086, and is ongoing.

Findings Between Sept 13, 2016, and June 30, 2017, 5399 participants were enrolled and randomly assigned in
DISCOVER. 2699 were assigned to receive emtricitabine plus tenofovir disoproxil fumarate and 2700 were assigned
to receive emtricitabine plus tenofovir alafenamide, of whom 2693 and 2694, respectively, received at least one dose of
study drug. 2115 (79%) assigned to emtricitabine plus tenofovir disoproxil fumarate switched to emtricitabine plus
tenofovir alafenamide in the open-label phase, and 2070 (77%) continued with emtricitabine plus tenofovir
alafenamide in the open-label phase. As of data cutoff (Dec 10, 2020), after 15817 person-years of follow-up, 27 new
HIV-1 diagnoses were observed across the total study period, with three occurring during the open-label phase.
In participants who were initially assigned to emtricitabine plus tenofovir alafenamide, the incidence was 0-13 per
100 person-years (95% CI 0-061-0-23; ten of 2670). Stored plasma samples were available for 23 of 27 participants,
including 22 with incident infection. In four (17%) of 23 participants, retrospective testing detected HIV-1 RNA before
serological HIV-1 test positivity; one was a suspected baseline infection. Of the three incident cases, all three were
non-adherent to PrEP and none developed drug resistance. Among participants taking emtricitabine plus tenofovir
alafenamide for up to 144 weeks, markers of glomerular filtration and proximal renal tubule dysfunction
(B2-microglobulin to creatinine ratio and retinol-binding protein to creatinine ratio) improved or remained stable at
144 weeks compared with baseline, bone mineral density in hip and lumbar spine increased or remained stable from
baseline to week 144 (n=191), cholesterol and glucose concentrations remained stable, and median bodyweight
increased by less than 1 kg per year. In participants who switched from emtricitabine plus tenofovir disoproxil
fumarate during the open-label phase (2115 [79%)] of 2693), markers of glomerular filtration and proximal renal tubule
dysfunction improved or remained stable, bone mineral density increased, cholesterol concentrations increased,
glucose concentrations were similar, and median bodyweight increased more compared with those who remained on
emtricitabine and tenofovir alafenamide.

Interpretation Routine HIV-1 RNA testing for follow-up of individuals on daily oral PrEP provides modest additional

clinical benefit. Long-term use of emtricitabine and tenofovir alafenamide as daily oral PrEP is safe and well tolerated
and can be an especially appropriate choice for people with bone or renal morbidities.
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Introduction
Pre-exposure prophylaxis (PrEP) for prevention of HIV-1
infection with daily oral fixed-dose combination of
emtricitabine plus tenofovir disoproxil fumarate or
tenofovir alafenamide is safe, well tolerated, and highly
effective.”? The effectiveness of oral PrEP is dependent on
adherence to maintain adequate drug concentrations
during exposure events, and when adherence is suboptimal
or oral PrEP is interrupted, HIV-1 infection can occur.
Infection through transmission of drug-resistant virus in
the setting of adequate adherence is possible but very rare.*
PrEP using the integrase strand-transfer inhibitor
(INSTI) cabotegravir is also highly effective, showing
significant superiority versus emtricitabine plus tenofovir
disoproxil fumarate in the HPTN 083 and HPTN 084
studies.”* Concerns about delayed detection of HIV-1
infection and development of drug resistance during
PrEP with long-acting cabotegravir’ have led to the

Research in context

Evidence before this study

We searched PubMed for English language publications from
database inception up to Aug 9, 2023, using titles or abstract
search terms “HIV-1" AND “emtricitabine” AND “tenofovir”
AND “seroconversion” and, in a separate search, “HIV-1" AND
“emtricitabine” AND “tenofovir” AND “prevention” OR
“prophylaxis”. The second search was limited to clinical trials.
These searches identified 39 publications (published between
2008 and 2022) that described individuals newly diagnosed
with HIV-1 infection while prescribed emtricitabine plus
tenofovir for pre-exposure prophylaxis (PrEP). In these
publications, most seroconversions occurred in individuals
with suboptimal adherence to PrEP or with undiagnosed HIV-1
infection at the time of PrEP initiation. Drug resistance was
reported to be uncommon in people who seroconverted while
taking daily oral PrEP and was most likely to occur in those
with undiagnosed HIV-1 infection at the time of PrEP
initiation. A further search of PubMed for publications
between database inception and Aug 9, 2023, using title or
abstract search terms “HIV-1" AND “tenofovir alafenamide”
AND “prevention” OR “prophylaxis” yielded 13 articles
published between 2019 and 2023. In two articles, daily oral
PrEP clinical trials and earlier results from the DISCOVER trial
were reported. In these studies, emtricitabine plus tenofovir
alafenamide had non-inferior efficacy compared with
emtricitabine plus tenofovir disoproxil fumarate for HIV-1
prevention up to 96 weeks of blinded treatment. Additionally,
emtricitabine plus tenofovir alafenamide was superior to
emtricitabine plus tenofovir disoproxil fumarate in

all six prespecified bone mineral density and renal biomarker
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recommendation by the US Centers for Disease Control
and Prevention (CDC) that HIV-1 RNA testing be done at
all routine follow-up visits for people receiving either oral
or injectable PrEP.* However, the clinical value of
RNA testing during oral PrEP is uncertain and is not
recommended in guidelines from other public health
agencies and organisations.””

Emtricitabine plus tenofovir disoproxil fumarate for
PrEP is safe and highly tolerable, but some barriers to
uptake have been described, including the potential for
adverse events related to off-target effects of tenofovir in
plasma in specific populations.™” To address some of these
limitations, tenofovir alafenamide was developed, which is
associated with a 90% reduction in tenofovir concentrations
in plasma compared with tenofovir disoproxil fumarate,
and improved bone and renal safety among people with
HIV undergoing antiretroviral therapy.” Nonetheless,
data on long-term safety and efficacy are scarce for people

parameters at weeks 48 and 96. More weight gain was seen
among participants who received emtricitabine plus tenofovir
alafenamide than among those who received emtricitabine
plus tenofovir disoproxil fumarate, the latter of which is
associated with weight suppression.

Added value of this study

Open-label extension of the DISCOVER trial up to 144 weeks
enables a comprehensive and detailed assessment of long-
term PrEP use with emtricitabine plus tenofovir alafenamide,
including HIV-1 seroconversions and safety of long-term use.
These data support the safety and efficacy of long-term PrEP
using emtricitabine plus tenofovir alafenamide and show no
evidence of delayed HIV-1 seroconversion with its use as daily
oral PrEP.

Implications of all the available evidence

Emtricitabine plus tenofovir disoproxil fumarate and
emtricitabine plus tenofovir alafenamide have high efficacy for
HIV prevention when taken with adequate adherence and are
associated with a low risk of resistance development. Open-
label extension of the DISCOVER trial showed the safety of
long-term use of emtricitabine plus tenofovir alafenamide on
the basis of stable or improving markers of renal function,
bone density, and lipid metabolism. Increases in bodyweight
were noted and similar to observations made in other HIV-1
prevention trials, including participants who received a
placebo. Emtricitabine plus tenofovir alafenamide is a highly
effective option for daily oral PrEP to prevent HIV in adult
cisgender men and transgender women who have sex with
men.
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who would benefit from PrEP using emtricitabine plus
tenofovir alafenamide.

DISCOVER?** is a multinational, double-blind, random-
ised, controlled trial among adult cisgender men and
transgender women who have sex with men.
Emtricitabine plus tenofovir alafenamide showed non-
inferior efficacy compared with emtricitabine plus
tenofovir disoproxil for HIV prevention up to 96 weeks of
blinded treatment. At the end of the 96-week randomised
phase, participants were offered enrolment in a 48-week
open-label extension study of emtricitabine plus tenofovir
alafenamide. We used data from the randomised and
open-label phases of DISCOVER to perform an in-depth
analysis of HIV-1 seroconversion patterns (including
PrEP adherence, resistance, and retrospective RNA
testing) and to assess HIV incidence and long-term safety
in participants receiving emtricitabine plus tenofovir
alafenamide over 144 weeks of follow-up.

Methods

Study design and participants

Detailed methods and study procedures for the
DISCOVER trial have been previously described.** Briefly,
DISCOVER was a multinational, randomised, controlled,
phase 3 trial run at 94 community, public health, and
hospital-associated clinics in Europe and North America
(principal investigators are listed in the appendix
[pp 16-18]). Cisgender men and transgender women aged
18 years or older who have sex with men and who have a
high likelihood of acquiring HIV were recruited and
randomly assigned (1:1) to received either emtricitabine
plus tenofovir alafenamide (200/25 mg) tablets daily, with
matched placebo tablets (emtricitabine plus tenofovir
alafenamide group), or emitricitabine plus tenofovir
disoproxil fumarate (200/300 mg) tablets daily, with
matched placebo tablets (emtricitabine plus tenofovir
disoproxil fumarate group) for 96 weeks. The primary
outcome was incident HIV infection. After completion of
blinded treatment for at least 96 weeks, participants in
both groups were offered enrolment in the open-label
extension study of emtricitabine plus tenofovir
alafenamide for PrEP. A graphical overview of the trial
design is in the appendix (p 12).

This study was done in accordance with recognised
international scientific and ethical standards, including
but not limited to the International Council for
Harmonisation guideline for Good Clinical Practice and
the Declaration of Helsinki. The protocol and any
amendments were approved by central or site-specific
independent ethics committees or institutional review
boards. All participants provided written informed
consent. DISCOVER is registered with ClinicalTrials.gov,
NCT02842086.

Procedures and interventions
After random assignment to treatment, participant visits
occurred at weeks 4 and 12, and every 12 weeks thereafter.

During the open-label phase, participants were seen
every 12 weeks for 48 weeks. Participants were assessed
for HIV-1 infection and safety at each visit. Additional
information about HIV-1 infection and safety assess-
ments is in the appendix (pp 3—4).

Tenofovir diphosphate concentrations were measured
in dried blood spots (DBS), as previously described.**
Tenofovir diphosphate concentrations in DBS reflect
cumulative adherence (low, moderate, or high) over the
preceding 8-12 weeks. High adherence was defined as
900 fmol or higher per two punches for emtricitabine
plus tenofovir alafenamide and 700 fmol or higher
per one punch for emtricitabine plus tenofovir disoproxil
fumarate; moderate adherence was defined as 450 fmol
to less than 900 fmol per two punches for emtricitabine
plus tenofovir alafenamide and 350 fmol to less than
700 fmol per one punch for emtricitabine plus tenofovir
disoproxil fumarate; and low adherence was defined as
less than 450 fmol per two punches for emtricitabine
plus tenofovir alafenamide and less than 350 fmol
per one punch for emtricitabine plus tenofovir disoproxil
fumarate. High adherence reflected an average of at least
four doses per week in the past 8-12 weeks, moderate
adherence reflected an average of two-to-three doses per
week, and low adherence was indicative of less than
two doses per week."

Genotypic resistance testing was performed for all
participants diagnosed with HIV infection and who had
HIV-1 RNA concentration of more than 400 copies
per mL using plasma samples (GenoSure MG, Mono-
gram Biosciences, South San Francisco, CA, USA).
Tenofovir and emtricitabine resistance-related mutations
were as defined by the Monogram MG assay (Monogram
Biosceinces).

Participants with suspected baseline HIV-1 infection
were adjudicated by a panel of three physicians who
independently reviewed HIV-1 testing data, medical
history, self-reported sexual activity, recreational drug
use, study drug adherence, study drug concentrations in
DBS, and other information from the investigator and
study staff. HIV diagnosis date was defined as the date of
sample collection for the first laboratory evidence of
HIV-1 infection in a participant with confirmed HIV-1
infection.

We assessed adverse events at each follow-up visit
during the blinded and open-label phases of the study
until 30 days after study drug discontinuation. Adverse
events were coded using the Gilead Toxicity Grading
Scale for Severity of Adverse Events and Laboratory
Abnormalities (Antiviral Toxicity Grading Scale version
April 1, 2015). Laboratory tests, including chemistry,
haematology, and lipid profiles, were assessed using
samples collected from study visits. For bone density
analyses, a subset of 383 participants who consented
were selected and assessed every 48 weeks during the
blinded and open-label phases of the study. Scans were
read and interpreted by a third party (BioClinica,
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Newtown, PA, USA) who were masked to treatment
assignments. Methods for laboratory and bone density
analyses have been reported previously.?

Outcomes

Outcomes for this analysis were HIV-1 incidence,
adherence, resistance, and safety. Incident HIV-1infection
was diagnosed by any of the following: (1) serological
evidence of seroconversion (a reactive rapid or blood
HIV-1 antigen—antibody or antibody test, confirmed by a
reactive blood HIV-1/HIV-2 differentiation assay),
(2) virological evidence of HIV-1 infection (a positive
qualitative HIV-1 RNA test result or any detectable
quantitative HIV-1 RNA test result), or (3) evidence of
acute HIV-1 infection (a reactive p24 antigen test result or
a positive qualitative or quantitative RNA test result, in
the absence of reactive HIV-1 antibody test results).? We
measured HIV-1 RNA viral load retrospectively for one or
more visits before the HIV-1 diagnosis among participants
with available banked plasma samples. We did genotypic
resistance testing for all participants diagnosed with
HIV-1 infection who had HIV-1 RNA concentrations of
more than 400 copies per mL.

Safety was assessed by hip and spine bone mineral
density, renal function, and metabolic parameters up to
144 weeks of follow-up. Safety analyses included
six prespecified ranked safety outcomes that were
previously assessed*’ for the study’s week 48 and week 96
analyses: (1) hip and (2) spine bone mineral density;
(3) urine 32-microglobulin to creatinine ratio; (4) retinol-
binding protein to creatinine ratio; (5) urine protein to
creatinine ratio above the clinically significant threshold
of 22-6 mg/mmol at 144 weeks; and (6) change from
baseline in serum creatinine concentration measured by
estimated glomerular filtration rate (eGFR) with the
Cockeroft-Gault formula. Other safety outcomes were
incidence of treatment-emergent adverse events and
laboratory abnormalities including changes from baseline
in fasting lipids, fasting serum glucose, and bodyweight.
Lipid measurements included total, LDL, and HDL
cholesterol and triglycerides.

Statistical analysis

All statistical analyses for the blinded phase of the study
were prespecified and previously reported.** This open-
label phase was prespecified; however, retrospective HIV
RNA-1 testing was done post hoc. For the current analysis,
we assessed HIV-1 incidence and long-term safety
outcomes by combining person-time during the
randomised phase and 48-week open-label extension,
allowing for at least 144 weeks of follow-up time on
emtricitabine plus tenofovir alafenamide for participants
who continued in the open-label extension phase. Within
this subset, longitudinal measures (eg, laboratory
parameters) were assessed for 144 weeks from the date of
initial randomisation, irrespective of study phase.
Cumulative measures (eg, HIV-1 infection and adverse
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events) included events documented up to the time when
all participants had completed open-label week 48 or
permanently discontinued the study. Participants who
prematurely discontinued the study or who did not join
the open-label extension were included in this analysis
and censored at the time of discontinuation.

For in-depth analysis of participants who had HIV-1
seroconversion, we included all participants diagnosed
with HIV-1 up to open-label week 48, irrespective of
initial randomisation assignment. We characterised the
timing of infection relative to study entry and study drug
discontinuation, adherence, time from HIV-1 RNA
detection to seropositivity, and antiretroviral resistance.

We calculated the point estimate of HIV-1 incidence in
the participants who received emtricitabine plus teno-
fovir alafenamide on the basis of the Poisson distribution,
and we calculated the exact 95% CI according to the
method by Ulm.”

For all safety endpoints, we treated all missing data,
loss to follow-up, and dropouts as missing completely at
random. We calculated changes from baseline for each
participant before group analysis. Statistical comparisons
between study groups up to 96 weeks have been
previously reported.* We compared differences in safety
outcomes between participants who remained on emtri-
citabine plus tenofovir alafenamide and those who
switched from emtricitabine plus tenofovir disoproxil
fumarate in the open-label phase using Cochran—
Mantel-Haenszel tests (for urine B2-microglobulin to
creatinine ratio, retinol-binding protein to creatinine
ratio, and eGFR), analysis of variance (hip and spine
bone mineral density and bodyweight), or two-sided
Wilcoxon rank sum tests (lipids and glucose). Changes in
urine protein to creatinine ratio were reported
descriptively.

We calculated the number of HIV-1 RNA tests that
would have been needed in DISCOVER to detect each
HIV-1 infection before seroconversion by dividing the
total number of central laboratory HIV-1 antibody—
antigen screening tests conducted during monitoring of
participants on PrEP by the number of participants who
were found to have detectable HIV-1 RNA before
seroconversion.

All analyses were done in SAS version 9.4. p values of
less than 0-05 were considered to be statistically
significant.

Role of the funding source

The funder had a role in study design, data collection,
data analysis, data interpretation, writing of the report,
and in the decision to submit the paper for publication.

Results

Between Sept 13, 2016, and June 30, 2017, 5399 parti-
cipants were enrolled and randomly assigned to
treatment at baseline in DISCOVER (baseline
demographic and clinical characteristics are shown in
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| 5399 participants enrolled and randomly assigned |

v

v

2699 assigned to emtricitabine plus tenofovir
disoproxil fumarate group

2700 assigned to emtricitabine plus
tenofovir alafenamide group

A

6 did not receive
study drug

6 did not receive
study drug

A 4

2693 received study drug

| | 2694 received study drug |

A

484 discontinued study

532 discontinued study

y

2209 completed blinded phase (96 weeks) |

| 2162 completed blinded phase (96 weeks) |

v

4185 entered the open-label extension and received

emtricitabine and tenofovir alafenamide

2115 crossed over from emtricitabine plus
tenofovir disproxil fumarate

2070 stayed on emtricitabine plus tenofovir
alafenamide

255 who crossed over from emtricitabine plus tenofovir
disproxil fumarate discontinued study
135 participant decision
97 lost to follow-up
9 investigator's discretion
6 due to adverse event
4 due to non-adherence
4 other reasons*
231 who stayed on emtricitabine plus tenofovir
alafenamide discontinued study
118 participant decision
88 lost to follow-up
4 investigator's discretion
4 due to adverse event
7 due to non-adherence
10 other reasonst

A

3699 completed open-label phase or still on study drug

1860 who crossed over from emtricitabine plus
tenofovir disproxil fumarate

1839 who stayed on emtricitabine plus tenofovir
alafenamide

Figure 1: Participant disposition up to week 144 of DISCOVER

One participant who was randomly assigned to emtricitabine plus tenofovir alafenamide discontinued study drug
due to a drug-related adverse event between the end of the blinded phase and week 48 of the open-label phase
(diarrhoea). *Other reasons were death (n=1), protocol violations (n=2), and HIV-1 infection (n=1). Other reasons
were death (n=3), protocol violations (n=3), terminated by sponsor (n=1), and confirmed HIV-1 infection (n=3).
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the appendix [p 6]). 2699 participants were assigned to
receive emtricitabine plus tenofovir disoproxil fumarate
and 2700 were assigned to receive emtricitabine plus
tenofovir alafenamide, of whom 2693 and 2694,
respectively, received at least one dose of study drug.
Of 2694 participants who received at least one dose
of emtricitabine plus tenofovir alafenamide,
2070 (77%) continued emtricitabine plus tenofovir
alafenamide in the open-label phase, and of the

2693 participants who received at least one dose of
emtricitabine plus tenofovir disoproxil fumarate,
2115 (79%) switched to emtricitabine plus tenofovir
alafenamide in the open-label phase (figure 1).
Demographic and behavioural characteristics were
similar between participants initially assigned to
emtricitabine plus tenofovir alafenamide and those who
continued emtricitabine plus tenofovir alafenamide
in the open-label extension (appendix p 6). As of data
cutoff (Dec 10, 2020), 3699 (69%) participants were still
on emtricitabine plus tenofovir alafenamide as of
week 48 of the open-label phase (figure 1). Among
participants with available data, rectal gonorrhoea or
chlamydia was detected in 299 (119%) of 2648 participants
at baseline and in 179 (9%) of 1963 over the course of
144 weeks of follow-up (appendix p 13).

Up to open-label extension study week 48, there were
15817 person-years of follow-up. A total of 27 participants
were diagnosed with HIV-1 over at least 144 weeks of
follow-up, of whom ten (37%) were initially assigned
to emtricitabine plus tenofovir alafenamide and
17 (63%) were initially assigned to emtricitabine plus
tenofovir disoproxil fumarate, including one who crossed
over to emtricitabine plus tenofovir alafenamide in the
open-label extension (figure 2). Of the 27 HIV infections
that occured in the study up to the end of the 48-week
open-label extension, 23 occurred up to week 96 of the
blinded phase, one occurred between week 96 and the
beginning of the open-label extension phase, and
three occurred during the 48-week open-label extension
phase. In participants who received emtricitabine plus
tenofovir alafenamide for at least 144 weeks of follow-up,
ten (<1%) of 2670 participants were diagnosed with HIV
(incidence of 0-13 per 100 person-years [95% CI
0-061-0-23]). During the 48-week open-label extension
period, two (<1%) of 2070 participants initially assigned
to emtricitabine plus tenofovir alafenamide were
diagnosed with HIV (0-093 per 100 person-years [95% CI
0-011-0-34]) and one (<1%) of 2115 participants initially
assigned to emtricitabine plus tenofovir disoproxil
fumarate was diagnosed with HIV (0-046 per 100 person-
years [0-0012-0-25]).

Among the 27 participants who had an HIV diagnosis,
five (19%) had suspected unrecognised baseline
infection (one had been randomly assigned to
emtricitabine plus tenofovir alafenamide and four had
been assigned to emtricitabine plus tenofovir disoproxil
fumarate). We classified the remaining 22 participants
into three groups on the basis of the timing of study
drug discontinuation and adherence: those who
discontinued study drug at least 30 days before
diagnosis (n=8), those who had a tenofovir diphosphate
concentration in DBS consistent with low adherence
preceding diagnosis or discontinued PrEP within
30 days of diagnosis (n=13), and those who had no DBS
sample at diagnosis (n=1). Detailed HIV-1 testing results
for all 27 participants are in the appendix (pp 7-10).
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HIV diagnosis #:
Discontinuation |
Start of open-label phase &

Participant

A Participants with suspected baseline infection Inferred adherence, by group
High Medium  Low
Originally assigned to emtricitabine and tenofovir alafenamide lll = [
Originally assigned to emtricitabine and tenofovir disoproxil fumarate Il = [
No DBS sample

) W

C Participants on study drug with low adherence or who discontinued PrEP within 30 days of diagnosis

14 | =

9]

1!

16 ¥

17| - 4

18 ¥

Participant
N
S}
Z°

24 N #
25 A I
26 Ny

D Participants on study drug with uncertain adherence

Participant
Z

Time since baseline of phase 3 study (weeks)

04 812 24 36 48 60 72 84 96 108 10 132 144 1% 168 180

Figure 2: Summary of PrEP adherence in participants who acquired HIV-1 infection (n=27), as measured by tenofovir diphosphate concentration in DBS

Data are presented for participants with suspected baseline infections (A), participants who discontinued study drug =30 days before HIV-1 diagnosis (B), participants

on study drug with low adherence or discontinued PrEP within 30 days of HIV-1 diagnosis (C), and for one participant with uncertain adherence (D). The bars are
shaded with different intensities according to inferred adherence (in terms of doses taken per week) based on tenofovir diphosphate concentrations measured in
DBS. DBS=dried blood spot. PrEP=pre-exposure prophylaxis.

Among the five participants who had suspected baseline  diagnosis study visit, and the fifth participant had a viral
HIV-1 infection, adherence based on tenofovir diphos- load too low to allow genotyping. Virus in two participants
phate concentrations in DBS was high (figure 2A). with Met184Val or Met184lle mutations also had mutations
Four of these participants, all in the emitricitabine plus associated with resistance to non-nucleoside reverse tran-

tenofovir disoproxil fumarate group, had virus with scriptase inhibitors (Lys103Asn or Tyr188Leu).

Met184Val or Met1841le emtricitabine resistance-associated Among the eight participants who were diagnosed with
mutations in plasma samples collected at their HIV ~ HIV-1 and had discontinued PrEP at least 30 days before
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HIV-1 diagnosis, four (50%) had received emtricitabine
plus tenofovir alafenamide and four (50%) had received
emtricitabine plus tenofovir disoproxil fumarate. DBS
samples were not collected at the time of diagnosis for
six of these participants because they had discontinued
PrEP. However, two of eight participants had low or
moderate adherence at the time of study drug
discontinuation (figure 2B). No tenofovir or emtricitabine
resistance-associated mutations were identified in these
eight participants.

13 participants were diagnosed with HIV-1 while on
study drug (n=11) or less than 30 days after discon-
tinuation (n=2; figure 2C). Five of these participants were
in the emtricitabine plus tenofovir alafenamide group
and eight were in the emtricitabine plus tenofovir
disoproxil fumarate group, one of whom had switched to
emtricitabine plus tenofovir alafenamide at the start of
the open-label extension phase. Tenofovir diphosphate
concentrations from DBS samples from all 13 participants
indicated low adherence between 11 weeks and 104 weeks
before diagnosis. Two participants (case numbers
15 and 20) did not have DBS samples collected at the
time of HIV diagnosis but had consistently low adherence
throughout their study participation. No tenofovir or
emtricitabine resistance-associated mutations were
detected by standard genotyping among participants in
this group.

One participant (case number 27) had a positive HIV
diagnosis at week 68 while on study drug (figure 2D).
At week 60, tenofovir diphosphate concentrations in
their DBS sampled indicated high adherence. A DBS
sample was not collected at the time of diagnosis and,
therefore, adherence leading up to HIV infection is
unknown. Virus from this participant had no detectable
tenofovir ~ or  emtricitabine  resistance-associated
mutations.

23 (85%) of 27 participants diagnosed with HIV had
stored plasma samples for at least one visit before their
HIV diagnosis, including all incident cases, allowing
quantitative HIV-1 RNA concentration assessment.
Stored samples from the day 1 visit were not available for
four of the participants who had suspected baseline
HIV-1 infection. Four (17%) of 23 participants had
detectable HIV-1 RNA at the visit before their HIV-1
diagnosis, based on seroconversion (figure 3). No HIV-1
RNA was detected after retrospective testing of stored
plasma samples from the visit before the HIV diagnosis
in the remaining 19 (83%) participants with available
samples.

One participant (case number 5, who was assigned to
emtricitabine plus tenofovir disoproxil fumarate) had
a suspected baseline HIV-1 infection. The diagnosis of
HIV-1 infection was made on day 85 on the basis of
a positive rapid fourth generation test and a viral load of
407 copies per mL. On day 29, this participant had
a negative rapid fourth generation test and laboratory-
based HIV-1 testing was not performed. However,

retrospective testing of stored plasma from day 29
showed a viral load of 1150 copies per mL.

The second participant (case number 11, who was
assigned to emtricitabine plus tenofovir disoproxil
fumarate) discontinued PrEP more than 5 months before
their HIV diagnosis on day 372 (week 53), which was
made on the basis of a positive rapid fourth generation
test and a viral load of 8610 copies per mL. At the visit
before their HIV diagnosis, on day 338 (week 48), rapid
unknown generation and laboratory fourth generation
test results were negative. Retrospective viral load
testing of the day 338 sample revealed an HIV-1
RNA concentration of 220000 copies per mlL, and
additional retrospective testing from day 254 (week 36)
was negative for HIV-1 RNA. Tenofovir diphosphate
concentrations from the DBS samples collected at both
timepoints were below the limits of quantification.

The third participant (case number 16, who was
assigned to emtricitabine plus tenofovir disoproxil
fumarate) was diagnosed on day 420 (week 60) on the
basis of positive results from both rapid and laboratory
fourth generation tests and a viral load of 5340 copies
per mL. At the visit before HIV diagnosis, on day 342
(week 48), retrospective testing showed the participant
had a viral load of 332 copies per mL and negative results
on rapid unknown generation and laboratory fourth
generation tests. HIV-1 RNA was not detected in further
retrospective testing of stored plasma from day 250
(week 36). Tenofovir diphosphate concentration in the
DBS sample from day 342 was 69 fmol per punch,
consistent with an average adherence of only
approximately one dose every 2 weeks over the preceding
8-12 weeks.

The fourth participant (case number 25, who was
initially assigned to the emtricitabine plus tenofovir
disoproxil fumarate group but switched to emtricitabine
plus tenofovir alafenamide at the start of the open-label
extension phase, 134 weeks after randomisation) was
diagnosed on day 1127 (open-label study day 191). At the
visit before HIV diagnosis, on day 1027 (open-label
day 91), retrospective testing showed the participant had
a viral load of 257 copies per mL and negative results on
rapid unknown generation and laboratory fourth
generation tests. HIV-1 RNA was not detected by further
retrospective testing of stored plasma from day 937
(open-label day 1). Tenofovir diphosphate was not
detectable in the DBS sample on day 1027 or at the time
of diagnosis.

From study initiation up to week 48 of the open-label
extension, 77873 central laboratory HIV-1 screening tests
(third generation antibody or fourth generation antibody—
antigen tests) were performed. Among these tests, we
identified four instances when central laboratory sero-
logical HIV-1 screening was negative but quantitative
HIV-1 RNA testing was positive. On the basis of these
observations, an estimated 19468 quantitative HIV-1
RNA tests would have been needed to make a single
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Figure 3: Summary of adherence and retrospective HIV-1 RNA testing data in participants who had detectable HIV-1 RNA before HIV-1 diagnosis (n=4)
BLQ=below limit of quantification. DBS=dried blood spot. ND=not detected.
earlier diagnosis of incident HIV-1 infection compared remained on emtricitabine plus tenofovir alafenamide
with serological testing alone. (appendix pp 14— 15).

Among participants who were randomly assigned In all participants who received one dose of
to and received at least one dose of emtricitabine plus emtricitabine plus tenofovir alafenamide (n=2694), most
tenofovir alafenamide (n=2694), at week 144, the median  adverse events were grade 1 (mild) or 2 (moderate) in
percentage change from baseline in the f2-microglobulin  severity, and the most common adverse event was
to creatinine ratio was -21% (IQR -51 to 18) and the a bacterial sexually transmitted infection (table 2). There
median change from baseline in the retinol-binding were seven deaths over at least 144 weeks of follow-up.
protein to creatinine ratio was -1-3% (-28 to 36; Reasons for death were cardiac arrest, traffic accident,
figure 4A, B). The median change from baseline in amphetamine intoxication, suspected suicide, homicide,
serum creatinine concentration was -0-02 mg/dL fatal drug overdose, and progressive vasodilatory shock
(IQR-0-090 to 0-060) and median change from baseline ~ with metabolic acidosis and multisystem dysfunction
in eGFR was 2-2 mL/min (IQR -8 to 13; figure 4C, D). after crystal methamphetamine injection. No deaths
The proportion of participants who had a urine protein to ~ were related to study drug. Over a median exposure of
creatinine ratio of more than 226 mg/mmol 51 weeks (IQR 48-60) in the open-label study, no new
after 48, 96, or 144 weeks of emtricitabine plus tenofovir ~ safety signals were observed.
alafenamide was 0-7% (16 of 2334), 1-0% (21 of 2155), At week 144, median changes from baseline in total
and 0-5% (ten of 1895), respectively (table 1). During the  cholesterol, LDL, HDL, total cholesterol to HDL ratio,
open-label phase, decreases in (2-microglobulin and triglycerides, and glucose were 3 mg/dL (IQR -14 to 21),
retinol-binding protein to creatinine ratio and an increase 3 mg/dL (IQR -12 to 16), -1 mg/dL (IQR -7 to 4),
in eGFR were observed in participants who switched 0-13 (IQR -0-32 to 0-60), 5 mg/dL (IQR -19 to 32), and
from emtricitabine plus tenofovir disoproxil fumarate to 2 mg/dL (IQR —4 to 9), respectively (figure 4F). Lipid-
emtricitabine plus tenofovir alafenamide compared with modifying medications were used by 113 (4%)
those who remained on emtricitabine plus tenofovir of 2694 participants on emtricitabine plus tenofovir alafe-
alafenamide (appendix p 14). namide at baseline and an additional 61 (2%) participants

In the subgroup of participants taking emtricitabine had initiated lipid-modifying therapy by week 144.
plus tenofovir alafenamide who had dual-energy x-ray Participants who switched from emitricitabine plus teno-
absorptiometry scans (n=191), the median change from fovir disoproxil fumarate to emtricitabine plus tenofovir
baseline in hip and spine bone mineral density was an  alafenamide in the open-label phase showed an increase
increase of 0-54% for hip and 1-02% for spine bone in median fasting total cholesterol, LDL, HDL, total
mineral density at week 144 (table 1). During the open- cholesterol to HDL ratio, and triglycerides compared
label phase, hip and spine bone mineral density increased =~ with those who remained on emtricitabine plus tenofovir
in participants who switched from emtricitabine plus alafenamide (appendix p 11), resulting in similar overall
tenofovir disoproxil fumarate to emtricitabine plus cholesterol concentrations compared with those who
tenofovir alafenamide compared with those who were initially assigned to emtricitabine plus tenofovir
www.thelancet.com/hiv Vol 11 August 2024 e515
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Figure 4: Safety outcomes after up to 144 weeks of emtricitabine plus tenofovir alafenamide (n=2694)

(A) B2-microglobulin to creatinine ratio. (B) Retinol-binding protein to creatinine ratio. (C) Serum creatinine. (D) eGFR. (E) Bodyweight. (F) Fasting serum lipids and
glucose. Data are median change estimates, with error bars showing IQR. In panel F, the number of results for lipids (all variables shown except glucose) is the
minimum across each variable (there was no more than 2-1% difference for any value shown between variables). eGFR=estimated glomerular filtration rate.
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alafenamide and remained on it during the open-label
extension. Glucose concentrations were similar across all
participants, regardless of initial treatment assignment
(appendix p 11).

Median bodyweight was 80-7 kg (IQR 72-0 to 91-0) at
baseline. Among participants who received emitricitabine
plus tenofovir alafenamide for up to 144 weeks, participants
gained a median of 2-3 kg (IQR —0-90 to 5-8) of
bodyweight from baseline, which equates to a median
annualised increase in bodyweight of 0-83 kg per year
(figure 4E). At week 48 of the open-label phase, participants
who switched from emtricitabine plus tenofovir disoproxil
fumarate had a median bodyweight gain of 2-0 kg
(IQR —0-30 to 4-6) compared with 1-2 kg (-1-2 to0 3-7) in
those who remained on emtricitabine plus tenofovir
alafenamide (appendix p 11).

Discussion

In DISCOVER, we found that, over 144 weeks, HIV-1
incidence was low and adherence was generally low
among those who had incident infections. During this
time, emtricitabine plus tenofovir alafenamide maintained
a favourable safety profile, with improvements in renal
and bone markers observed among those who switched
from emtricitabine plus tenofovir disoproxil fumarate to
emtricitabine plus tenofovir alafenamide at week 96.

Minimal changes in lipid concentrations were observed
over 144 weeks in participants who remained on tenofovir
alafenamide for the course of the study, while lipids,
including total cholesterol, LDL, and HDL, increased in
those who switched to tenofovir alafenamide from
tenofovir disoproxil fumarate in the open-label extension.
Incidence of HIV-1 infection in study participants
receiving emitricitabine plus tenofovir alafenamide as
PrEP for at least 144 weeks (0-13 per 100 person-years) was
low despite evidence of high rates of condomless sex, as
indicated by the ongoing relatively high incidence of
bacterial sexually transmitted infections in study
participants. Among participants with available data,
HIV-1 infections were largely observed only in those who
had either stopped study drug or who had suboptimal
adherence, as measured by tenofovir diphosphate
concentrations (one participant had unknown adherence
around the time of diagnosis). These observations are
consistent with the well described association between
oral PrEP efficacy and adherence.>** The characterisation
of adherence, resistance, and patterns of diagnostic test
results in individuals who acquired HIV while on PrEP
with emtricitabine plus tenofovir disoproxil fumarate is
also consistent with other studies.”” Importantly, these
data demonstrate the continued low incidence of HIV-1
infection after nearly 3 years of use of emtricitabine plus
tenofovir alafenamide.

HIV-1 RNA was retrospectively detected before HIV-1
diagnosis on the basis of antibody testing in
four of 23 participants with archived samples available,
including three participants with incident infections;
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timepoint and N is the number with available UPCR data at both timepoints.

Proteinuria Bone mineral density*
Totalt New cases vs Hip Spine
baselinet
Baseline 25/2687 (0-9%)
Week 48 25/2361(11%) 16/2334(0-7%)  0-22% (-0-15t0 0-59)  0-51% (0-046 to 0-98)
Week 96 27/2181 (1-2%)  21/2155(1:0%)  0-55% (0-07t01-03)  0-85% (0-28 to 1-41)
Week 144 15/1919 (0-8%)  10/1895(0-5%)  0-54% (-0-11t01-19)  1:02% (0-40t0 1-63)

Data are n/N (%) or median percentage change from baseline (95% Cl). Proteinuria was defined as a UPCR of more than
22-6 mg/mmol. UPCR=urine protein to creatinine ratio. *Dual x-ray absorptiometry was done in 191 participants who
received emtricitabine and tenofovir alafenamide. tWhere n is the number of participants with UPCR >22:6 mg/mmol
at each timepoint (including those with no baseline value) and N is the number with available UPCR data. ¥Where n is
the number of participants with UPCR <22-6 mg/mmol at baseline and UPCR >22-6 mg/mmol at the indicated

144 weeks of emtricitabine and tenofovir alafenamide (n=2694)

Table 1: Quantitative proteinuria and bone mineral density, in participants who received up to

none of the incident cases developed antiretroviral
resistance. Therefore, in DISCOVER, an estimated
19468 routine HIV-1 RNA tests would have been required
to detect one incident HIV-1 infection not detected by
serological screening and would not have prevented any
cases of drug resistance. These findings are in contrast
with clinical trials of injectable cabotegravir for PrEP, in
which delays in serological HIV-1 diagnosis occurred in
participants taking cabotegravir as intended. Delays in
HIV-1 diagnosis observed in cabotegravir for PrEP were
probably caused by suppression of HIV-1 replication by
cabotegravir, a finding that was the impetus for the
inclusion of RNA testing in CDC HIV prevention
guidelines.” However, in DISCOVER, the only participants
diagnosed with HIV (with samples available for viral load
testing) who had detectable HIV-1 RNA before serological
diagnosis were not actively taking PrEP or were not
optimally adherent. Therefore, delay in diagnosis
attributable to oral PrEP is unlikely to underlie these
cases. We acknowledge that real-world oral PrEP use
might differ from that in a clinical trial setting; however,
our observation that routine HIV-1 RNA testing would
have offered modest additional diagnostic benefit in
DISCOVER is relevant for consideration in daily oral
PrEP clinical practice.

Viral resistance was detected at the time of HIV-1
diagnosis in four of the five participants with suspected
baseline infection and all had virus bearing Met184Val or
Met184Ile mutations. Detection of emtricitabine resistance
in HIV-1 frequently occurs in PrEP recipients who are
likely to have been infected before PrEP initiation, which
reinforces the concept that exposure to incompletely
suppressive antiretroviral therapy (ie, two reverse
transcriptase inhibitors without a third drug from
a different class) risks the emergence of antiretroviral
drug resistance. Because plasma samples were not
collected at baseline in DISCOVER, we do not know
whether participants with resistance were infected with
a resistant strain of HIV-1 or whether the virus acquired
resistance while they were on study drug. The presence of
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Total population
Any treatment-emergent adverse event 2544 (94%)
Any grade 3 or 4 treatment-emergent adverse event 67 (3%)
Discontinuation of study drug due to adverse event 43 (2%)
Serious adverse events* 257 (10%)
Serious adverse events related to study drugt 3 (<1%)
Deaths? 7 (<1%)
Common treatment-emergent adverse events§
Anal chlamydia infection 1030 (38%)
Oropharyngeal gonococcal infection 997 (37%)
Proctitis gonococcal 921 (34%)
Exposure to communicable disease 647 (24%)
Diarrhoea 522 (19%)
Syphilis 494 (18%)
Nasopharyngitis 468 (17%)
Upper respiratory tract infection 456 (17%)
Urethritis chlamydial 394 (15%)
Urethritis gonococcal 295 (11%)
Grade 3 or 4 laboratory abnormalitiesq
Any 385 (14%)
Increased aspartate aminotransferase 83 (3%)
Increased LDL while fasting 70 (3%)
Increased alanine aminotransferase 54 (2%)
Increased amylase 49 (3%)
Urine glucose (glycosuria) 37 (1%)
Increased y-glutamyl transferase 34 (1%)
Increased lipase 32 (1%)
Decreased neutrophil count 31(1%)
Total cholesterol while fasting 27 (1%)
(hypercholesterolaemia)
Serum glucose non-fasting (hyperglycaemia) 24 (1%)
*The most common (n=5) serious adverse events included appendicitis (17 [<1%]);
suicidal ideation (9 [<1%]); cellulitis and suicide attempt (each 8 [<1%]); acute
kidney injury (7 [<1%]); hepatitis A (6 [<1%]); and pneumonia and depression
(each 5[<1%)]). tSerious adverse events considered related to study drug were
nephrotic syndrome (1 [<1%]), chest pain and loss of consciousness (1[<1%]), and
agranulocytosis and pyrexia in the same participant (1 [<1%]). Reasons for death
were cardiac arrest, traffic accident, amphetamine intoxication, suspected suicide,
homicide, fatal drug overdose, and progressive vasodilatory shock with metabolic
acidosis and multisystem dysfunction after crystal methamphetamine injection
(each 1 [<1%]). SOccurring in at least 10% of participants. §lOccurring in at least
1% of participants.
Table 2: Overall summary of safety in participants who received up to
144 weeks of emtricitabine and tenofovir alafenamide (n=2694)

mutations (Lys103Asn or Tyrl88Leu) associated with
resistance to non-nucleoside reverse transcriptase
inhibitors suggests the likelihood of transmitted
resistance in at least two cases. Of the participants who
acquired HIV-1 after discontinuing study treatment,
none had viral resistance detected, a finding that is not
unexpected given that selective pressure for resistance
was minimal or non-existent. Most international HIV
treatment guidelines recommend first-line antiretroviral
regimens that are based on an INSTI. The effect of
nucleoside reverse transcriptase inhibitor resistance,
such as that conferred by Met184Val, on the efficacy of

subsequent INSTI-based antiretroviral therapy is
minimal.?*”

Emtricitabine plus tenofovir alafenamide was generally
well tolerated during the 48-week open-label phase and
the rate of study drug discontinuation was similar to that
of the double-blinded phase.* Long-term follow-up of
renal and bone biomarkers continued to demonstrate
a favourable safety profile associated with long-term use
of emtricitabine plus tenofovir alafenamide. Markers of
glomerular filtration and proximal tubular dysfunction
(ie, retinol-binding protein to creatinine ratio and
2-microglobulin to creatinine ratio) were stable or
improved over 144 weeks of follow-up, indicating the
absence of renal toxicity. In the subset of participants
who were part of the bone density substudy, bone mineral
density was stable or increased compared with week 96
data and remained increased compared with baseline,
although the lower bound of the 95% CI for hip bone
mineral density was less than zero. The improvement in
bone mineral density and renal toxicity parameters
compared with emtricitabine plus tenofovir disoproxil
fumarate was previously reported® and is likely a result of
lower plasma tenofovir concentrations that occur with
tenofovir alafenamide than with tenofovir disproxil
fumarate.® The ongoing absence of bone toxicity
suggests that tenofovir alafenamide can be an
appropriate choice for younger people who would benefit
from PrEP and who might still be accruing bone mass,
as well as those at high risk of, or already diagnosed
with, low bone mineral density.

Changes in lipid concentration were minimal over
144 weeks of follow-up in participants initially randomly
assigned to emtricitabine plus tenofovir alafenamide. By
contrast, previously published data from DISCOVER
showed that participants who were randomly assigned to
emtricitabine plus tenofovir disoproxil fumarate had
decreases from baseline in cholesterol concentrations,
with LDL and HDL being affected similarly” In the
present work, we found that participants who were
initially assigned to emtricitabine plus tenofovir
disoproxil fumarate and switched to emtricitabine plus
tenofovir alafenamide in the open-label extension had
increases in cholesterol concentrations, including HDL
and LDL, resulting in absolute lipid concentrations
similar to those who remained on tenofovir alafenamide
in the open-label extension. These findings are most
likely explained by the inherent lipid-suppressive effect
of tenofovir disoproxil fumarate® affecting cholesterol
concentrations during the randomised phase of the
study and then reversed in the open-label extension. The
clinical impact of these lipid effects is uncertain because
LDL and HDL concentrations are similarly affected.
During 144 weeks of follow-up, 61 (2%) of 2694 parti-
cipants initiated lipid-modifying therapies, which is
consistent with recent observational data.” Nevertheless,
clinicians should be aware that increases in lipid
concentrations might occur when switching to
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emtricitabine plus tenofovir alafenamide from emtri-
citabine plus tenofovir disoproxil fumarate.

During 144 weeks of emtricitabine plus tenofovir
alafenamide, participants gained a median of 2-3 kg of
bodyweight from baseline, corresponding to a median
annualised increase of 0-83 kg per year. This finding is
consistent with observations after 96 weeks of follow-up
in participants receiving emtricitabine plus tenofovir
alafenamide, who gained a median of 1.7 kg
(IQR -1-0 to 4-8), while participants receiving
emtricitabine plus tenofovir disoproxil fumarate gained
a median of 0-5 kg (-2-2 to 3-5).” Notably, the
bodyweight gain observed in participants receiving
emtricitabine plus tenofovir alafenamide is in line with
that seen in the placebo groups of the iPrEX* and
HPTN 077* trials, and the cabotegravir group in
HPTN 083.° These increases in bodyweight are not
unexpected given the average annual trends observed in
the general population in the USA.® By contrast,
tenofovir disoproxil fumarate has previously been
associated with a weight-suppressive effect in the iPrEX*
and HPTN 083° PrEP trials.

Although the large sample size and use of objective
measures of adherence are strengths of this analysis,
there are limitations that should be considered when
interpreting the study findings. Because plasma samples
were not collected at study baseline, laboratory testing to
confirm baseline HIV-1 status in the five cases of
suspected baseline infection could not be conducted.
However, the adherence, resistance, and viral load
data strongly suggest these participants had baseline
HIV-1 infections. Clinical study settings might not
reflect conditions of real-world behaviour using daily
oral PrEP therapy and, as demonstrated in other trials,
adherence and rates of infection can differ across
populations. The clinical benefit of RNA testing,
including the number of tests needed to facilitate earlier
HIV diagnosis, might differ in populations with differing
HIV-1 incidence rates. Individuals initiating PrEP in
real-world settings might be less rigorous in presenting
for routine monitoring than motivated participants in
a clinical trial, which might lead to longer intervals of
undetected infection among those who become infected.
The open-label phase of the follow-up period resulted in
the absence of an active comparator group, as well as the
possibility of over-reporting of adverse events. Although
retention in the open-label phase was high (1839 [89%)] of
2070 participants assigned to emitricitabine plus
tenofovir alafenamide who stayed on treatment until
week 144), some retention bias in terms of study
population  characteristics might have occurred
compared with the blinded phase. The study population
consisted of adult cisgender men and transgender
women who have sex with men, potentially limiting
transferability of results to other relevant populations
such as cisgender women, adolescent men who have sex
with men, or people who inject drugs. The safety and
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efficacy of emtricitabine plus tenofovir alafenamide in
cisgender adolescent girls and young women who could
benefit from PrEP will be assessed as part of the
PURPOSE 1 trial (NCT04994509).

In conclusion, among DISCOVER trial participants,
HIV-1 acquisition was rare. Except in one participant who
had incomplete data, those who acquired HIV-1 infection
during study follow-up had either stopped PrEP weeks
before becoming infected or had objective evidence of
suboptimal adherence. We found no evidence of
substantial delays in diagnosis attributable to oral PrEP
when routine laboratory-based HIV-1 antigen—antibody
testing was used, suggesting little additional diagnostic
benefit of RNA testing during follow-up care in people
taking daily oral PrEP. The almost 3-year follow-up period
found no new safety findings in participants receiving
emtricitabine plus tenofovir alafenamide as PrEP against
HIV-1infection, highlighting that the regimen is safe and
well tolerated. These findings demonstrate the long-term
safety of emtricitabine plus tenofovir alafenamide, that
both this combination and emtricitabine plus tenofovir
disoproxil fumarate are highly effective in those who take
them as directed, and underscore the critical importance
of supporting continued PrEP adherence.
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