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ABSTRACT

Introduction: Efficacy and safety of the
attachment inhibitor fostemsavir ? optimized
background therapy (OBT) were evaluated
through 48 and 96 weeks in the phase 3
BRIGHTE trial in heavily treatment-experienced
(HTE) adults failing their current antiretroviral

regimen. Here, we report 240-week efficacy and
safety of fostemsavir ? OBT in adults with
multidrug-resistant human immunodeficiency
virus (HIV)-1 in BRIGHTE.
Methods: Heavily treatment-experienced adults
failing their current regimen entered the ran-
domized cohort (RC; 1–2 fully active antiretro-
virals available) or non-randomized cohort
(NRC; no fully active antiretrovirals available)
and received open-label fostemsavir ? OBT
(starting Day 8 in RC and Day 1 in NRC). End-
points included proportion with virologic
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response (HIV-1 RNA\ 40 copies/mL, Snap-
shot), immunologic efficacy, and safety.
Results: At Week 240, 45% and 22% of the RC
and NRC, respectively, had virologic response
(Snapshot); 7% of the RC and 5% of the NRC
had missing data due to coronavirus disease
2019 (COVID-19)-impacted visits. In the
observed analysis, 82% of the RC and 66% of
the NRC had virologic response. At Week 240,
mean change from baseline in CD4? T-cell
count was 296 cells/mm3 (RC) and 240 cells/
mm3 (NRC); mean CD4?/CD8? ratio increased
between Weeks 96 and 240 (RC 0.44 to 0.60;
NRC 0.23 to 0.32). Between Weeks 96 and 240,
four participants discontinued for adverse
events, one additional participant experienced a
drug-related serious adverse event, and six
deaths occurred (median last available CD4? T-
cell count, 3 cells/mm3). COVID-19-related
events occurred in 25 out of 371 participants; all
resolved without incident.
Conclusion: Through *5 years, fostem-
savir ? OBT demonstrated durable virologic
and immunologic responses with no new safety
concerns between Weeks 96 and 240, support-
ing this regimen as a key therapeutic option for
HTE people with multidrug-resistant HIV-1.
Trial registration: ClinicalTrials.gov, NCT023
62503.

Keywords: Attachment inhibitor; Advanced
HIV disease; CD4?/CD8? ratio; CD4? T-cell
count; Virologic response

Key Summary Points

Why carry out this study?

Heavily treatment-experienced (HTE)
individuals with HIV-1 have limited
therapeutic options, and new
antiretroviral drug classes are needed for
this population.

Efficacy and safety of
fostemsavir ? optimized background
therapy (OBT) have previously been
evaluated through 96 weeks; here, we
report long-term efficacy and safety of
fostemsavir ? OBT in HTE adults with
multidrug-resistant HIV-1 from the phase
3 BRIGHTE trial.

What was learned from this study?

A population with advanced disease and
multidrug-resistant HIV-1 was able to
achieve durable virologic responses and
clinically meaningful improvements in
CD4? T-cell count and CD4?/CD8? ratio
on treatment with fostemsavir ? OBT.

The safety and tolerability profile of
fostemsavir ? OBT remained consistent
with prior observations through 96 weeks,
with no new safety trends.

Long-term results provide further support
for fostemsavir as a key therapeutic option
for HTE people with multidrug-resistant
HIV-1.

INTRODUCTION

Heavily treatment-experienced (HTE) individu-
als with human immunodeficiency virus (HIV)-
1 have limited therapeutic options due to mul-
tidrug resistance, drug intolerance/toxicity, and
comorbidities [1–3]. Constructing suppressive
antiretroviral (ARV) regimens for HTE individ-
uals is difficult [4], leading to advanced disease
and higher mortality rates [1]. New ARV classes
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that have mechanisms of action distinct from
existing therapies, lack cross-resistance and
drug–drug interactions with other ARVs, and
are well tolerated are needed for this population
[3].

Fostemsavir is a prodrug of temsavir, a first-
in-class gp120-directed attachment inhibitor
approved in combination with other ARVs for
adults with multidrug-resistant HIV-1 who are
otherwise unable to construct suppressive regi-
mens due to resistance, prior intolerance, or
safety concerns [5, 6]. Temsavir binds directly to
HIV-1 gp120 and locks it in a closed conforma-
tion [7], allosterically interfering with the ability
of gp120 to attach to CD4 on target cells. Tem-
savir is effective against CCR5-, CXCR4-, and
dual-tropic strains [8, 9], and no in vitro or
clinical evidence of cross-resistance to the CCR5
antagonist maraviroc has been reported [10, 11].

Efficacy and safety of fostemsavir ? opti-
mized background therapy (OBT) were evalu-
ated through 48 and 96 weeks in the phase 3
BRIGHTE trial in HTE adults failing their cur-
rent ARV regimen [12, 13]. At Week 96, 60% of
randomized cohort (RC) participants and 37%
of non-randomized cohort (NRC) participants
had virologic response (HIV-1 RNA\40 copies/
mL by Snapshot). Clinically relevant increases
in mean [standard deviation (SD)] CD4? T-cell
count were observed in both cohorts [RC 205
(191); NRC 119 (202) cells/mm3] [13]. Fostem-
savir ? OBT was well tolerated, with no new
safety concerns identified between Weeks 48
and 96.

BRIGHTE was planned to continue beyond
Week 96 until participants could access fos-
temsavir through other means. The trial exten-
ded into the COVID-19 pandemic, impacting
participant ability to attend study visits [14].
Here, we report efficacy and safety of fostem-
savir ? OBT in HTE adults with multidrug-re-
sistant HIV-1 through Week 240 of BRIGHTE.

METHODS

Study Population

BRIGHTE (ClinicalTrials.gov, NCT02362503)
included 113 investigational sites in 22

countries across Africa, Asia–Pacific, Europe,
North America, and South America. Participants
were HTE adults (aged C 18 years) with HIV-1
failing their current ARV regimen (screening
HIV-1 RNA C 400 copies/mL). Participants
had B 2 fully active and available ARVs
remaining. Fully active was based on suscepti-
bility (determined by historical or baseline
resistance testing; see Supplementary Methods),
and availability was based on whether the par-
ticipant was tolerant of, eligible for, and willing
to take (in the case of enfuvirtide only) the ARV.
There were no screening temsavir susceptibility
criteria.

BRIGHTE was performed in accordance with
the Declaration of Helsinki. Study protocols,
amendments, and other required documents
were reviewed and approved by national,
regional, and/or institutional review boards or
ethics committees (see Supplementary Material
for list of ethics committees). All participants
provided written informed consent before study
initiation.

Study Design

After screening, participants were assigned to
the RC or NRC based on number of fully active
and available ARVs (Fig. 1). Those with 1 or 2
available ARVs entered the RC and were ran-
domly assigned 3:1 to receive oral fostemsavir
600 mg twice daily or placebo ? current failing
regimen for 8 days, after which all participants
received open-label fostemsavir ? OBT. Partici-
pants with no available ARVs were assigned to
the NRC and received open-label fostem-
savir ? OBT starting on Day 1; NRC participants
could include other investigational ARVs in
their OBT. Participants received their first fos-
temsavir dose between February 2015 and
August 2016 and continued fostemsavir while
on study regardless of virologic response.
BRIGHTE remains ongoing until all participants
can access fostemsavir by other means; the last
Week 240 visit occurred in March 2021. A total
of 80 participants gained access to commercial
fostemsavir and completed the study before the
240-week data cutoff; 68 had their Week 240
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visit before study completion and were included
in the 240-week analysis.

Outcomes

The Week 240 interim analysis was conducted to
evaluate efficacy and safety of fostemsavir ? OBT
beyond Week 96 in BRIGHTE participants who
remained on study. Briefly, we evaluated the
proportion of participants with HIV-1
RNA\40 copies/mL using the US Food andDrug
Administration (FDA) Snapshot and observed
analyses. Additional endpoints included change
from baseline in log10 HIV-1 RNA, CD4? T-cell
count, and CD4?/CD8? ratio. Safety and tolera-
bility were assessed as frequency of any serious
adverse events (SAEs), adverse events (AEs) lead-
ing to discontinuation, grade 3–4 laboratory
abnormalities, occurrence of new acquired
immunodeficiency syndrome (AIDS)-defining
events, and death. Before Week 24, protocol-de-
fined virologic failure (PDVF) was defined as con-
firmed (or last available before discontinuation)
plasma HIV-1 RNA C 400 copies/mL after prior
confirmed suppression to\400 copies/mL or[
1 log10 copies/mL increase in HIV-1 RNA at any
time above nadir, where nadir is C 40 copies/mL.
At and after Week 24, PDVF was defined as con-
firmed (or last available before discontinuation)

HIV-1 RNA C 400 copies/mL. Emergence of
genotypic and phenotypic resistance to temsavir
among participants with PDVF was also
evaluated.

Statistical Analysis

The intention-to-treat-exposed (ITT-E) popula-
tion, which included all participants who
received C 1 dose of study treatment, was used
for efficacy and safety analyses. Virologic
response (HIV-1 RNA\40 copies/mL) was
assessed in the ITT-E population using the FDA
Snapshot algorithm, with missing virologic data
or change in OBT considered treatment failure.
Participants who completed BRIGHTE before
their Week 240 visit were not included in the
Week 240 Snapshot analysis. Observed analyses
were also conducted for virologic and
immunologic outcomes through Week 240
using participants from the ITT-E population
with data in the analysis window (participants
who discontinued the study, were on study but
missing virologic data, or completed the study
were not included in observed analyses). Safety
data were summarized by cohort, randomized
treatment, and total group for the RC and total
study population. Subgroup analyses evaluated

Fig. 1 Study design. ARV antiretroviral, BID twice daily,
FTR fostemsavir, HTE heavily treatment-experienced,
OBT optimized background therapy. aThere were no
screening temsavir susceptibility criteria. bFully active is
based on susceptibility (current or historical resistance
measures) and availability [the participant is tolerant of,
eligible for, and willing to take (in the case of enfuvirtide

only) the ARV]. cUse of investigational agents as part of
OBT was permitted in the non-randomized cohort only.
dSubsequent time points were measured from the start of
open-label FTR 600 mg BID ? OBT. eThe study is
expected to be conducted until participants can access FTR
through other means (e.g., marketing approval). fLast study
participant first dose. gDatabase lock June 2021

2324 Infect Dis Ther (2023) 12:2321–2335



efficacy by baseline disease characteristics and
OBT composition.

RESULTS

Participant Disposition

Overall, 371 participants were enrolled in
BRIGHTE, 272 in the RC and 99 in the NRC.
Baseline disease characteristics were indicative
of advanced disease in both cohorts but to a
greater extent in the NRC (Table S1). Median
baseline viral load was 4.66 and 4.31
log10 copies/mL in the RC and NRC, respec-
tively. Median baseline CD4? T-cell count was
99.5 and 41.0 cells/mm3 in the RC and NRC,
respectively, with a similar proportion of par-
ticipants with CD4? T-cell count\200 cells/
mm3 (RC 73%; NRC 80%).

At the Week 240 data cutoff, 156 participants
remained on study, 80 had completed and
transitioned to commercially available fostem-
savir (12 before completing their Week 240
visit), and 135 had withdrawn (Figure S1).

Virologic Efficacy

In the ITT-E population, virologic response rates
in the RC and NRC (FDA Snapshot) were con-
sistent between Weeks 48 and 192, ranging
from 53% to 60% and 32% to 38%, respectively
(Fig. 2). Virologic response rates declined to
45% (RC) and 22% (NRC) at Week 240; how-
ever, Snapshot virologic non-responders inclu-
ded 24 participants (RC, n = 19; NRC, n = 5)
who had no virologic data due to COVID-19
pandemic-related disruptions in access to care
(Table 1). Virologic response rates generally
decreased with worsening baseline disease
(Table S2).

Virologic non-response was due to change in
OBT in 22 out of 92 (24%) and 31 out of 267
(12%) NRC and RC participants, respectively. A
total of 4 NRC and 17 RC participants who
changed OBT had HIV-1 RNA\40 copies/mL at
Week 240. In the observed analysis at Week
240, HIV-1 RNA was\ 40 copies/mL for 135 out
of 164 (82%) RC participants and 23 out of 35

(66%) NRC participants and\ 400 copies/mL
for 155 out of 164 (95%) RC participants and 28
out of 35 (80%) NRC participants.

After Week 96, 17 and 4 additional partici-
pants met PDVF criteria in the RC and NRC,
respectively (Table 1), bringing the total num-
ber of PDVFs to 80 (29%) in the RC and 53
(54%) in the NRC. Protocol-defined virologic
failure was generally more frequent among
participants with worse baseline disease in both
cohorts (Table S3). Of the 133 participants who
met PDVF, 58 (RC, n = 42; NRC, n = 16) had
nadir HIV-1 RNA\400 copies/mL after PDVF
while on fostemsavir through Week 240. Of
participants with nadir HIV-1
RNA\400 copies/mL after PDVF, 22 (RC,
n = 19; NRC, n = 3) maintained HIV-1
RNA\400 copies/mL through Week 240.
Notably, 32 out of 42 and 11 out of 16 partici-
pants in the RC and NRC, respectively, had no
changes to their OBT between PDVF and
suppression.

Virologic response rate by Snapshot was 8%
(1 of 13) at Week 240 for NRC participants who
included ibalizumab in their initial OBT (Fig-
ure S2). After 2018 regulatory approval [15], six
RC participants added ibalizumab to their OBT;
at Week 240, 67% (4 of 6) had HIV-1
RNA\40 copies/mL (Table S4).

Virology

A total of 71 out of 80 RC participants and 51
out of 53 NRC participants with PDVF had
genotypic and phenotypic resistance data
available at Week 240. Resistance-associated
pre-specified substitutions of interest (S375H/I/
M/N/T, M426L, M434I/K, and M475I [5, 16–19])
were emergent in 30 out of 71 (42%) RC par-
ticipants and 33 out of 51 (65%) NRC partici-
pants. S375N or M426L were the most frequent
substitutions (Table S5). In vitro, 89% (RC 26 of
30; NRC 30 of 33) of successfully tested gp160
variants with emergent pre-specified substitu-
tions were less susceptible to temsavir than their
respective baseline sequences ([ threefold
change from baseline). In total, 35 out of 80
(44%) RC and 40 out of 53 (75%) NRC partici-
pants had treatment-emergent substitutions

Infect Dis Ther (2023) 12:2321–2335 2325



or[ threefold change in temsavir susceptibility
at PDVF. Of those, 9 out of 35 (26%) RC and 6
out of 40 (15%) NRC participants remained on
study and had HIV-1 RNA\40 copies/mL after
PDVF. Most variants without emergent substi-
tutions were similarly susceptible to temsavir as
before treatment initiation, with 83% (RC 34
out of 38; NRC 11 out of 16) of tested variants
having a threefold change or less from baseline
to time of on-treatment testing. Notably, by
Week 240, five participants (RC, n = 2; NRC,
n = 3) had a[100-fold change in susceptibility
without any emergent substitutions of interest.

Immunologic Efficacy

In RC participants, mean CD4? T-cell count
increased from baseline through Week 192 and
stabilized thereafter (observed analysis; Fig. 3A).
CD4? T-cell count also improved in NRC par-
ticipants over time (mean change from baseline,
240 cells/mm3 at Week 240; observed analysis).
Substantial improvements in CD4? T-cell
count were evident in all baseline CD4? T-cell
count subgroups but numerically greatest in
those with\20 cells/mm3 (mean [SD], 338

[250] cells/mm3) and 20 to \50 cells/mm3 at
baseline (332 [88] cells/mm3; Figure S3). By
Week 240, 67% (22 of 33) of remaining partic-
ipants with baseline CD4? T-cell
count\20 cells/mm3 and 92% (12 of 13) with
baseline CD4? T-cell count 20 to \50 cells/
mm3 had CD4? T-cell count C 200 cells/mm3.
Participants with baseline HIV-1
RNA C 100,000 copies/mL and those withWeek
240 HIV-1 RNA C 40 copies/mL also demon-
strated substantial mean increases (353 and
251 cells/mm3, respectively).

In the RC, mean (SD) CD4?/CD8? ratio
improved continuously, reaching 0.60 (0.39) at
Week 240 (Fig. 3B). Of the RC participants, 60%
(83 of 139) achieved CD4?/CD8? ratio C 0.45,
including 47% (49 of 104 with available data)
with baseline ratio\0.3. CD4?/CD8? ratio
also continuously improved in the NRC,
reaching a mean (SD) of 0.32 (0.25) by Week
240. Overall, 29% (9 of 31) of the NRC achieved
CD4?/CD8? ratio C 0.45, including 16% (4 of
25 with available data) with baseline
ratio\0.3.

Fig. 2 Virologic response (HIV-1 RNA\ 40 copies/mL)
through Week 240 by Snapshot analysis (ITT-E) and
observed analysis. ITT-E participants without an HIV-1
RNA value at the relevant time point or those who

changed OBT due to lack of efficacy up to each time point
counted as failures. ITT-E intention-to-treat exposed,
OBT optimized background therapy. aITT-E population,
N = 267. bITT-E population, N = 92

2326 Infect Dis Ther (2023) 12:2321–2335



Table 1 Virologic outcomes by Snapshot (ITT-E) and observed analyses and protocol-defined virologic failure through
week 240

Outcome, n (%) Randomized cohort Non-randomized cohort

Week
96

Week
192a

Week
240b

Week
96

Week
192a

Week
240b

Snapshot analysis, ITT-E population

Number of participants 272 272 267 99 99 92

HIV-1 RNA\ 40 copies/mL 164 (60) 145 (53) 120 (45) 37 (37) 32 (32) 20 (22)

HIV-1 RNA C 40 copies/mL 80 (29) 90 (33) 89 (33) 43 (43) 43 (43) 43 (47)

Data in window not below threshold 32 (12) 27 (10) 20 (7) 15 (15) 5 (5) 5 (5)

D/C for lack of efficacy 9 (3) 12 (4) 14 (5) 3 (3) 6 (6) 6 (7)

D/C for other reason while not below

threshold

17 (6) 21 (8) 24 (9) 6 (6) 10 (10) 10 (11)

Change in background ART 22 (8) 30 (11) 31 (12)c 19 (19) 22 (22) 22 (24)d

No virologic data 28 (10) 37 (14) 58 (22) 19 (19) 24 (24) 29 (32)

D/C study due to adverse event or death 15 (6) 16 (6) 17 (6) 14 (14) 18 (8) 18 (20)

D/C study for other reasons 8 (3) 15 (6) 19 (7) 4 (4) 4 (4) 4 (4)

Missing data during window but on study

Not COVID-19 related 5 (2) 2 (\ 1) 3 (1) 1 (1) 0 2 (2)

COVID-19 relatede – 4 (1) 19 (7) – 2 (2) 5 (5)

Observed analysis

Number of participants 214 195 164 66 50 35

HIV-1 RNA\ 40 copies/mL 170 (79) 156 (80) 135 (82) 39 (59) 36 (72) 23 (66)

Protocol-defined virologic failuref 63 (23) 75 (28) 80 (29) 49 (49) 52 (53) 53 (54)

ART antiretroviral therapy, D/C discontinued, ITT-E intention-to-treat exposed
aWeek 192 was the last study time point that included all participants from the original ITT-E population (no participants
had completed the study)
bAt Week 240, 12 participants had completed the study by transitioning to locally approved fostemsavir (the first fos-
temsavir approval was in the USA in July 2020)
cWeek 240 HIV-1 RNA was\ 40 copies/mL for 17 of these 31 participants
dWeek 240 HIV-1 RNA was\ 40 copies/mL for 4 of these 22 participants
eCOVID-19-related missing data were the result of missed visits, partial visits where only drug was dispensed, and late visits
that were outside the analysis window
fProtocol-defined virologic failure was defined as the following: before Week 24, confirmed (or last available before
discontinuation) HIV-1 RNA C 400 copies/mL after confirmed suppression to\ 400 copies/mL or confirmed[ 1
log10 copies/mL increase in HIV-1 RNA above nadir where nadir is C 40 copies/mL; at or after Week 24, confirmed (or
last available before discontinuation) HIV-1 RNA C 400 copies/mL
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Safety

Proportion of participants with any AE was
comparable between cohorts from Weeks
96–240, though NRC participants experienced
more grade 3–4 AEs, SAEs, AEs leading to dis-
continuation, and deaths (Table 2). There were
four new discontinuations due to AEs (RC,
n = 3; NRC, n = 1). Infections (not COVID-19-
related) were the most common reason for AE-
related discontinuations through 96 weeks and
accounted for two of the withdrawals after

Week 96 (pneumonia, cytomegaloviral pneu-
monia); the other two were due to polyneu-
ropathy and rash. Drug-related grade 2–4 AEs
occurring in C 2% of participants were nausea
(n = 17), diarrhea (n = 8), headache (n = 7), and
immune reconstitution inflammatory syn-
drome (n = 7), all reported before the Week 96
data cutoff except for three events of nausea.
Serious AEs occurring in C 2% of participants
were pneumonia (n = 25), cellulitis (n = 10),
acute myocardial infarction (n = 8), acute kid-
ney injury (n = 8, all with identified reversible

Fig. 3 a Change in CD4? T-cell count from baseline to
Week 240 and b CD4?/CD8? ratio through Week 240
(observed analysis). Baseline mean (SD): CD4? T-cell

count, RC 152.5 (182.0) and NRC 99.4 (130.8) cells/
mm3; CD4?/CD8? ratio, RC 0.20 (0.24) and 0.12
(0.12). Error bars represent standard deviation
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Table 2 Cumulative summary of safety

Parameter, n (%) Randomized cohort
(N = 272)

Non-randomized cohort
(N = 99)

Total (N = 371)

Week 96 Week 240 Week 96 Week 240 Week 96 Week 240

Any AE 249 (92) 259 (95) 98 (99) 98 (99) 347 (94) 357 (96)

Any grade 2–4 AE 216 (79) 242 (89) 87 (88) 94 (95) 303 (82) 336 (91)

Drug-related grade 2–4 AEs 57 (21) 65 (24) 22 (22) 23 (23) 79 (21) 88 (24)

Drug-related grade 2–4 AEs occurring in C 2% of participants in either cohort

Nausea 9 (3) 12 (4) 5 (5) 5 (5) 14 (4) 17 (5)

Diarrhea 6 (2) 5 (2) 3 (3) 3 (3) 9 (2) 8 (2)

Headache 6 (2) 6 (2) 1 (1) 1 (1) 7 (2) 7 (2)

IRIS 6 (2) 6 (2) 1 (1) 1 (1) 7 (2) 7 (2)

Vomiting 4 (1) 4 (1) 2 (2) 2 (2) 6 (2) 6 (2)

Fatigue 3 (1) 3 (1) 2 (2) 2 (2) 5 (1) 5 (1)

Asthenia 2 (\ 1) 2 (\ 1) 2 (2) 2 (2) 4 (1) 4 (1)

Any grade 3–4 AE 78 (29) 110 (40) 49 (49) 60 (61) 127 (34) 170 (46)

Any SAEa 92 (34) 122 (45) 48 (48) 55 (56) 140 (38) 177 (48)

Drug-related SAEsb 9 (3) 10 (4) 3 (3) 3 (3) 12 (3) 13 (4)

AEs leading to D/Cc 14 (5) 17 (6) 12 (12) 13 (13) 26 (7) 30 (8)

CDC class C events 23 (8) 25 (9) 15 (15) 19 (19) 38 (10) 44 (12)

Deathsd 12 (4) 15 (6) 17 (17) 20 (20) 29 (8) 35 (9)

AE adverse event, CDC Centers for Disease Control and Prevention, D/C discontinuation, IRIS immune reconstitution
inflammatory syndrome, SAE serious AE
aSAEs occurring in C 2% of participants were pneumonia (n = 25), cellulitis (n = 10), acute myocardial infarction (n = 8),
acute kidney injury (n = 8, all with identified reversible causes not related to study drug), COVID-19 (n = 7), sepsis
(n = 6), and coronary artery disease (n = 6)
bDrug-related SAEs (16 events in 13 participants) included IRIS (n = 3); nephrolithiasis (n = 2); and 1 each of acute
kidney injury, hyperglycemia, hyperkalemia, loss of consciousness, myocarditis, hepatocellular cytolysis, rhabdomyolysis, fetal
growth restriction, disorientation, and rash through the Week 96 data cutoff and supraventricular tachycardia (n = 1) after
the Week 96 data cutoff
cThe most common AEs leading to discontinuation were related to infections (n = 12); four participants discontinued
because of an AE after the Week 96 cutoff (one each for pneumonia, cytomegaloviral pneumonia, polyneuropathy, and rash)
dOf the 35 deaths, 6 occurred since Week 96; 12 deaths were AIDS-related (5 since Week 96), 12 were acute infections (1
since Week 96), 6 were non-AIDS-related malignancies, and the remaining 5 were related to other conditions. Six deaths
occurred after the participant withdrew from the study. One death occurred on the day of study withdrawal for AEs
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causes not related to study drug), COVID-19
(n = 7), sepsis (n = 6), and coronary artery dis-
ease (n = 6). Of the 16 drug-related SAEs that
occurred in 13 participants, only 1 occurred
after Week 96 (supraventricular tachycardia,
which resolved without interruption to fos-
temsavir treatment).

Through Week 240, there were 35 deaths
(RC, n = 15; NRC, n = 20), 6 of which occurred
after study withdrawal and 1 on the day of
withdrawal. Six deaths (three per cohort)
occurred after Week 96: five were AIDS-related
(rectal cancer, pulmonary septic shock, dysp-
nea, HIV wasting syndrome, and progression of
AIDS disease) and the sixth was due to acute
infection (pneumonia). CD4? T-cell counts in
these six participants ranged from 1 to 98 cells/
mm3 at baseline and from 0 to 171 cells/mm3 at
last observation. Among all deaths, median last
recorded CD4? T-cell count was 10 cells/mm3,
and last recorded CD4? T-cell count
was\ 200 cells/mm3 in 32 of the 35 deaths
(Table S6).

Through the 240-week data cutoff, six par-
ticipants became pregnant, including two
between Weeks 96 and 240. Per protocol and
after a benefit–risk assessment by the investi-
gator, participants were permitted to continue
fostemsavir. Three pregnancies led to normal
births of healthy infants with no complications,
two had complications (one fetal growth
restriction and one premature birth) but led to
otherwise normal births of infants with no
congenital abnormalities, and one ended in an
elective abortion.

COVID-19 Events

There were 18 confirmed COVID-19 diagnoses
and 10 related events among 25 participants,
including 7 SAEs due to hospitalization. The
most recent CD4? T-cell counts of participants
who were hospitalized ranged from 164 to
1641 cells/mm3, and 5 out of 7 participants
were virologically suppressed. Median event
duration was 19 days (range 15–43). Treatment
for COVID-19 often included prophylactic
anticoagulants and supplemental oxygen, and
no changes were made to any ARV regimen. All

events resolved without further complication or
interruption to study treatment, and no
COVID-19-related deaths occurred.

DISCUSSION

We evaluated 240-week efficacy and safety of
fostemsavir ? OBT in HTE participants with
advanced disease (112 of 371 [30%] participants
had a baseline CD4? T-cell count\20 cells/
mm3) and limited treatment options (B 2 non-
investigational ARVs available). Between Weeks
96 and 240, virologic suppression rates were
generally stable. Slightly lower virologic
response rates by Snapshot at Week 240 were
driven partly by missing data due to COVID-19-
related visit restrictions. In the observed analy-
sis, proportions of participants with HIV-1
RNA\40 copies/mL were generally
stable through Week 240 in each cohort. Over-
all, fostemsavir ? OBT was a durable effective
treatment option for this HTE population with
multidrug-resistant HIV-1.

The incidence of PDVF in BRIGHTE was
consistent with observations from prior studies
in similar patient populations [20–23]. Most
PDVFs occurred during the first 2 years [13];
after Week 96, PDVF occurred in an additional
6% of RC participants and 4% of NRC partici-
pants by the Week 240 data cutoff, consistent
with observations over 5 years in the
BENCHMRK-1 and -2 trials [20].

In participants with PDVF, pre-specified
emergent substitutions of interest, primarily
S375N or M426L, were observed in fewer than
half of evaluable RC participants and approxi-
mately two-thirds of evaluable NRC partici-
pants; most of the examined envelopes
containing these substitutions had[ threefold
decreases from baseline in susceptibility to
temsavir. Most participants without emergent
pre-specified substitutions had envelopes simi-
larly susceptible to temsavir versus baseline;
however, five had a substantial change ([ 100-
fold) without any known emergent substitu-
tions of interest. One participant had S375S/M
mixture at baseline that became a pure substi-
tution at PDVF, and it is possible that the
remaining individuals may have substitutions
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not yet identified as important to the interac-
tion between temsavir and the HIV-1 envelope.
Some participants with treatment-emergent
substitutions or[ threefold decreases in sus-
ceptibility to temsavir who remained on study
had HIV-1 RNA\40 copies/mL after PDVF (RC,
9 of 35; NRC, 6 of 40). Notably, considerable
improvements in CD4? T-cell count occurred
even among participants with HIV-1
RNA C 40 copies/mL at Week 240, supporting
the benefit–risk profile of fostemsavir even in
participants without virologic suppression.
When choosing an ARV regimen for HTE indi-
viduals, including those with apparent resis-
tance to temsavir, healthcare providers should
consider factors such as virologic response,
change in CD4? T-cell count, changes in sus-
ceptibility to OBT, and availability of other
ARVs.

In the absence of emergent genotypic or
phenotypic changes, other factors may con-
tribute to PDVF, such as incomplete adherence
to the treatment regimen. Adherence was not
measured in BRIGHTE, and there are known
challenges to optimal ARV adherence among
HTE individuals, such as pill burden and treat-
ment interruptions due to toxicity or comor-
bidities [1]. Indeed, a substantial proportion of
participants had virologic re-suppression after
meeting PDVF criteria without any change in
treatment regimen, which may be related to
improved adherence.

Steady increases in CD4? T-cell counts were
seen through 240 weeks of fostemsavir-based
treatment in both cohorts, with participants
who were the most immune-suppressed at
baseline achieving the largest increases in
CD4? T-cell count: 74% of RC participants with
baseline CD4? T-cell count\50 cells/mm3 had
CD4? T-cell count C 200 cells/mm3 at Week
240; the corresponding value in the NRC was
46%. Indeed, mean change from baseline in
CD4? T-cell count in the NRC (240 cells/mm3)
was close to that in the RC (296 cells/mm3),
which is previously unseen in a population with
advanced disease and suggests that the observed
immunologic effects primarily reflect the action
of fostemsavir rather than OBT.

In virologically suppressed individuals, a
CD4?/CD8? ratio\0.3 is associated with a

significantly higher risk of non-AIDS-defining
events or death compared with a ratio[0.45
[24]. Steady increases in CD4?/CD8? ratio were
observed throughout the study, with 60% of RC
participants and 29% of NRC participants
achieving CD4?/CD8? ratio C 0.45 by Week
240. The CD4? T-cell count and CD4?/
CD8? ratio responses seen in fostemsavir-trea-
ted individuals, even those who were viremic,
might be directly related to its unique mecha-
nism of action. Temsavir may prevent interac-
tions between gp120 and receptors on
uninfected CD4? T cells and monocytes that
can activate these cells [25–27] and/or induce
CD4? T-cell depletion via antibody-dependent
cellular cytotoxicity [28], formation of syn-
cytium, or initiation of apoptosis in bystander
CD4? T cells [29].

Fostemsavir ? OBT was generally well toler-
ated. Discontinuations due to AEs were infre-
quent (overall, 8%); most occurred within the
first 24 weeks (21 of 30). Through Week 240,
infections and HIV disease progression accoun-
ted for most serious safety events. Cumulative
rates of AEs reflected the advanced disease of the
study population. Overall, there were no chan-
ges in the safety and tolerability profile of fos-
temsavir-based ARV regimens since the 96-week
assessment.

Through Week 240, 25 participants were
diagnosed with 28 COVID-19-related events. Of
the 18 confirmed diagnoses, 11 were managed
as outpatients while 7 required hospitalization.
No deaths due to COVID-19 occurred. Most of
the participants who were hospitalized had
CD4? T-cell counts[ 200 cells/mm3 and were
virologically suppressed, which likely con-
tributed to positive outcomes. No COVID-19
events resulted in treatment interruption or
OBT change. Overall, these results were reas-
suring since comorbidities common to people
with HIV-1 and/or immunocompromised status
are associated with poorer COVID-19 outcomes
[30–33].

While fostemsavir is not considered to be
teratogenic, genotoxic, or fetotoxic, contracep-
tion and pregnancy testing for individuals of
childbearing potential were mandated in
BRIGHTE. However, continuation of fostem-
savir during pregnancy was allowed if the
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investigator considered it to be in the partici-
pant’s best interest. All five pregnancies with
fostemsavir exposure that were carried to term
resulted in live births of infants with no con-
genital abnormalities. Although additional data
are needed, these results are reassuring for HTE
women of childbearing potential who may
benefit from fostemsavir treatment.

A total of 6 of the 35 deaths occurred after
Week 96. Five were AIDS-related, and the sixth
was due to pneumonia. The 9% mortality rate
reflects the advanced disease of the study pop-
ulation. Median (IQR) baseline CD4? T-cell
count for the overall population was 80 (11–-
202) cells/mm3, and median baseline CD4? T-
cell count was even lower among participants
who died (11 cells/mm3). Moreover, 32 of the
35 participants who died had CD4? T-cell
count\200 cells/mm3 at last observation.

Limitations of BRIGHTE include the lack of a
comparator group beyond the initial 8-day
blinded period and use of highly individualized
OBT [34]. Although virologic response rates
(Snapshot analysis) were consistent through
Week 192, beyond this time point, results were
confounded by missing data due to COVID-19-
related disruptions in access to care. Adherence,
which was not measured in BRIGHTE, affects
virologic response rates and other outcomes.

CONCLUSION

Heavily treatment-experienced participants
with multidrug-resistant HIV-1 who com-
pleted *5 years of treatment with fostemsavir-
based regimens experienced durable virologic
responses and clinically meaningful improve-
ments in CD4? T-cell count and CD4?/
CD8? ratio. The safety and tolerability profile
of fostemsavir-based ARV regimens remained
consistent with previous observations through
96 weeks, and no new safety trends emerged.
Together, these findings provide further support
for fostemsavir as a key therapeutic option for
HTE people with multidrug-resistant HIV-1.
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