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Introduction

Fostemsavir (Rukobia™, ViiV Healthcare, Research 
Triangle Park, NC), a prodrug of the first-in-class 
attachment inhibitor temsavir, was developed to provide 
a much-needed new therapeutic option for heavily 
treatment-experienced (HTE) people living with HIV-1 
(PLWH) who are unable to form a suppressive regimen from 
remaining viable antiretroviral (ARV) agents because of 
multidrug resistance, contraindications, prior intolerance, 
or other safety considerations [1-4]. Effective treatment 
for this vulnerable population can be complicated by other 
challenges in addition to multidrug resistance, including 
low CD4+ T-cell counts, comorbidities, psychosocial 
factors, and non-adherence to complex regimens [4-9]. 
Regulatory approval of fostemsavir was based on results 
from the phase 3 BRIGHTE study (ClinicalTrials.gov, 
NCT02362503) showing that, in HTE adults who were 
failing their current ARV regimen with limited remaining 
treatment options, fostemsavir combined with optimized 
background therapy (OBT) was generally well tolerated 
and resulted in a distinctive trend of increasing virologic 
response rates (by intention-to-treat–exposed [ITT-E] 
Snapshot and observed analysis) and increases in CD4+ 
T-cell counts through 96 weeks [1,4]. In this commentary, 
we dig deeper into the rationale for the BRIGHTE study 
design, expand upon the remarkable patterns of virologic 
and immunologic response observed in BRIGHTE, and 
consider how these patterns may be related to the unique 
mode of action of fostemsavir (temsavir).

The BRIGHTE Clinical Study Design was 
Appropriate for HTE PLWH

The design of clinical trials for HTE PLWH is complicated 
by the varying needs of this heterogeneous population 
with very few treatment options. Limitations of BRIGHTE 
include the inability to include a comparator group beyond 
the primary endpoint analysis and the confounder of highly 
individualized background therapies. These limitations 
are unavoidable and inherent to the treatment needs of 
HTE PLWH. Non-inferiority trials are not feasible because 
extensive multidrug resistance means that each study 
participant requires a highly individualized OBT and, thus, 
there is no appropriate active control to use for defining 
a non-inferiority margin. Long-term placebo-controlled 
comparisons are also not appropriate because continued 
use of an unmodified failed ARV regimen would increase 
the risk of emergent resistance to the investigational 
drug and progression of disease. The BRIGHTE study 
was designed to address these challenges in accordance 
with guidance on the development of ARVs for the HTE 
population [10,11]. Building on data from a phase 2b study 
(ClinicalTrials.gov, NCT01384734) that had demonstrated 
favorable efficacy, safety, and tolerability of fostemsavir in 
treatment-experienced PLWH [12,13], BRIGHTE aimed 
to further assess the efficacy and safety of fostemsavir 
and also to fulfill the crucial unmet medical needs of 
HTE PLWH. The study was designed with 2 cohorts: a 
Randomized Cohort of HTE participants with just 1 or 2 
remaining fully active ARV agents that could be included 
in the OBT, and a compassionate-use Non-randomized 
Cohort of HTE participants with no remaining fully active, 
approved ARV options at study start [2,4].
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The primary efficacy endpoint of the study was mean 
HIV-1 RNA decline over 8 days of treatment with 
fostemsavir (600 mg twice daily [BID]) or placebo added 
to the failing ARV regimen (ie, functional monotherapy) 
in the Randomized Cohort. After this short-term double-
blind period, all Randomized Cohort participants received 
open-label fostemsavir (600 mg BID) in combination with 
a new individualized OBT.

In the Non-randomized Cohort, to facilitate the 
construction of an optimal background regimen to combine 
with fostemsavir, co-enrollment in other investigational 
ARV trials was permitted (eg, the phase 3 ibalizumab 
study). All participants in the Non-randomized Cohort 
received their new OBT in combination with fostemsavir 
(600 mg BID) from study Day 1. 

BRIGHTE Recruited the Most Advanced HTE 
Population in HIV Clinical Trials 

Results from BRIGHTE were particularly notable given 
the advanced disease state of the participants. Inclusion 
criteria regarding the level of treatment experience 
and multidrug resistance were the most restrictive to 
date among clinical trials conducted with treatment-
experienced PLWH. Eligible study candidates had to 
demonstrate complete exhaustion of 4 of the 6 ARV 
classes (nucleoside reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors, integrase 
inhibitors, protease inhibitors, CCR5 antagonists, and 
fusion inhibitors) available at enrollment (February 2015 
to May 2016) [2]. Complete exhaustion of an ARV class 
meant the elimination of all ARVs in that class as viable 
options for inclusion in OBT due to resistance, prior 
intolerance, contraindications, or unwillingness to use the 
twice-daily injectable enfuvirtide. This is quite different 
from previous clinical trials in PLWH with multidrug 
resistance, which only required resistance to 1 or more 
ARVs in at least 3 ARV classes [14-18]. Most participants 
in BRIGHTE had received ≥ 5 ARV regimens (85%) over 
>15 years of treatment (71%), 86% had a history of AIDS, 
and 75% had a baseline CD4+ T-cell count <200 cells/mm3 
(30% <20 cells/mm3) [2-4]. The study population was 
also demographically diverse: 22% of participants were 
women, 22% were Black/African American, 29% were 
Hispanic or Latinx, and 44% were aged ≥ 50 years [2-4]. 

Fostemsavir Showed Consistent Antiviral 
Activity Over 8 Days of Functional Mono-
therapy 

In the Randomized Cohort, at Day 8, mean decrease in 
HIV-1 RNA was 0.79 log10 copies/mL in the fostemsavir 
group and 0.17 log10 copies/mL in the placebo group 
(between-group difference, −0.63 log10 copies/mL; 95% 
CI, −0.81 to −0.44; P<0.001) [2]. When interpreting these 

results, it should be noted that to ensure accessibility to 
HTE PLWH in need of new treatment options, BRIGHTE 
included participants with screening HIV-1 RNA ≥ 400 
copies/mL. This cutoff is lower than the cutoff of >1000 
copies/mL generally used in clinical trials involving 
participants with multidrug-resistant HIV-1 [14,17,18]. 
In the Randomized Cohort, 11% (31/272) of participants 
had baseline HIV-1 RNA <1000 copies/mL. These lower 
baseline viral loads restrict the range of viral decay kinetics 
that can be detected before reaching the lower limit of 
quantification (ie, <40 copies/mL). In BRIGHTE, this 
finding is illustrated by the larger Day 8 decrease in viral 
load seen in participants with baseline HIV-1 RNA >1000 
copies/mL (median 1.02 log10 copies/mL with fostemsavir 
vs 0.00 log10 copies/mL with placebo) [2]. Because 
fostemsavir was added to a failing ARV regimen, with 
no other treatment changes during the first 8 days, these 
results demonstrate the antiviral potency and efficacy of 
fostemsavir. The decline in HIV-1 RNA was consistent with 
findings from the monotherapy sub-study of the phase 
2b trial (conducted in generally treatment-experienced 
participants with temsavir 50% inhibitory concentration 
[IC50] <100 nM) showing potent antiviral activity with 
median Day 8 decreases in plasma HIV-1 RNA of 0.7 to 
1.5 log10 copies/mL across fostemsavir doses studied (400 
mg BID, 600 mg once daily [QD], 800 mg BID, and 1200 
mg QD) [19].

Fostemsavir Plus OBT Resulted in Increasing 
Rates of Virologic Response Over 96 Weeks 

A remarkable and unique finding from BRIGHTE was 
the continuous increase in virologic response rates by 
Snapshot analysis in the ITT-E population from Weeks 
24 through 96 in the Randomized Cohort. During the 
open-label study period, in which participants received 
fostemsavir combined with OBT, virologic response 
rates (HIV-1 RNA <40 copies/mL) in the Randomized 
Cohort were 53% (144/272) at Week 24, 54% (146/272) 
at Week 48, and 60% (163/272) at Week 96 [2,4]. These 
increases were not attributable to changes in OBT because 
such changes were counted as treatment failures in the 
Snapshot analysis. Notably, even in the Non-randomized 
Cohort, where participants generally had more advanced 
HIV disease than those in the Randomized Cohort and the 
contribution of OBT was significantly more compromised, 
virologic response rate by Snapshot analysis remained 
stable at 37% from Weeks 24 to 96 [4]. 

In a Snapshot ITT-E analysis, all randomized participants 
who receive ≥ 1 dose of study medication are included at 
all time points and any participants with missing data or 
change in OBT for efficacy reasons are counted as failures. 
Given the complexity and inevitable discontinuations 
seen in clinical trials involving HTE participants, this 
usually results in a gradual reduction in virologic response 
rates over time. For example, in the BENCHMRK trials 
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(which, like BRIGHTE, did not mandate discontinuation 
for participants with virologic failure), the percentage of 
participants with virologic response decreased from 62% 
at Week 16 to 57% at Week 96 [18,20]. In BRIGHTE, 
the absolute number of Randomized Cohort participants 
classified as virologic responders in the Snapshot ITT-E 
analysis went up by 19 from Week 24 (n=144) to Week 
96 (n=163). This unique finding reflects the fact that 63 
Randomized Cohort participants first achieved virologic 
response after Week 24 (n=44) or Week 48 (n=29) [3]. When 
we looked at the observed analysis, in which participants 
with missing data are excluded and changes in OBT are 
not counted as failures, this unprecedented efficacy trend 
was especially pronounced in the Randomized Cohort with 
virologic response rates increasing from 57% (141/246) at 
Week 24 to 62% (145/233) at Week 48 and 79% (170/214) 
at Week 96. Even in the Non-randomized Cohort, where 
fostemsavir was often the only fully active agent, virologic 
response increased from 42% (37/89) at Week 24 to 48% 
(40/83) at Week 48 and 59% (39/66) at Week 96. These 
data are more relevant to physicians treating HTE PLWH 
because they are more reflective of real-world clinical 
practice where small adjustments in the OBT will often be 
clinically necessary based on continuous evaluation. 

Several hypothetical factors could contribute to the 
late responses seen in BRIGHTE. Firstly, the varying 
composition of the OBT among BRIGHTE participants 
may have led to differences in the rapidity of virologic 
response. An initial OBT including 1 or 2 potent ARVs 
with retained full activity might elicit a relatively rapid 
virologic response, while an initial OBT composed of 
ARVs with partial activity against a highly mutated and 
fitness-impaired viral population might result in a slow 
reduction in HIV-1 RNA. However, as noted above, similar 
increases in virologic response over time have not been 
reported in other clinical trials conducted in HTE PLWH 
[18,20]. Secondly, because temsavir binds to HIV-1 gp120 
and prevents viral attachment to and entry into host CD4+ 
T-cells and other immune cells [21], virus particles are 
trapped in the extracellular space. This could result in 
persistent detectable levels of plasma HIV-1 RNA during 
earlier stages of treatment, particularly among participants 
with high baseline viral load. Thirdly, the gradual recovery 
of immune function in individuals with advanced disease 
may have contributed to a more gradual reduction in 
viral replication. The immune system, including CD4+ 
T-cells, is critical to HIV clearance. The low baseline CD4+ 
T-cell counts in many BRIGHTE participants could have 
hindered initial HIV-1 RNA reduction, with subsequent 
CD4+ T-cell recovery contributing to virologic response [2-
4,22-24]. This is illustrated by the most profound increases 
in virologic response occurring among participants 
with the lowest baseline CD4+ T-cell counts (<20 cells/
mm3); in this group, the virologic response rate increased 
from 32% at Week 24 to 46% at Week 96. Lastly, the 
unique mechanism of action of temsavir may have some 

interesting consequences beyond preventing virus entry 
into host cells. Binding of temsavir to gp120 trimers on 
the surface of HIV-1 virions, near the CD4 binding pocket, 
locks the envelope into a fixed, closed conformation [21]. 
In vitro studies have shown synergy between temsavir and 
CD4-directed neutralizing antibodies [25]. It is possible 
that in individuals receiving a fostemsavir-based regimen, 
temsavir may augment the induction and/or binding of 
autologous neutralizing antibodies to virus particles and 
infected cells and, over time, enhance virus clearance via 
antibody-dependent cellular cytotoxicity [25-27]. This 
hypothesis is the subject of ongoing research. 

Fostemsavir Plus OBT Resulted in Clinically 
Meaningful Increases in CD4+ T-cell Count

Another encouraging result from BRIGHTE was the 
clinically meaningful and robust increase from baseline 
to Week 96 in CD4+ T-cell count, including in participants 
who were most immunosuppressed at baseline. At Week 
96, mean increase in CD4+ T-cell count was 205 cells/mm3 
in the Randomized Cohort (n=213) and 119 cells/mm3 in 
the Non-randomized Cohort (n=65) [4]. Increases in the 
CD4/CD8 ratio were also observed (from a mean of 0.2 at 
baseline to 0.44 at Week 96 in the Randomized Cohort) [4]. 
This ratio is reported to be associated with a significantly 
lower risk of progression to both AIDS-related and non–
AIDS-related morbidity and mortality, independent of 
CD4+ T-cell count [28]. 

In the Randomized Cohort, CD4+ T-cell increases 
were generally consistent across subgroups based on 
demographics and disease characteristics [3]. Notably, 
participants who were the most immunosuppressed at 
baseline (CD4+ T-cell count <20 cells/mm3) achieved the 
greatest increases in CD4+ T-cell count at Week 96 (mean 
increase of 240 cells/mm3) [4]. Among 71 participants 
with baseline CD4+ T-cell counts <50 cells/mm3, 56% 
(n=40) had ≥ 200 cells/mm3 at Week 96 [4]. This increase 
represents a life-changing response and a meaningful 
milestone for many PLWH and their healthcare providers, 
reducing the risk of opportunistic infections (and hence 
the need for prophylaxis), decreasing polypharmacy 
issues (eg, adherence, tolerability, toxicity), and ultimately 
reducing morbidity and mortality risks [5,29]. These 
CD4+ T-cell count increases are particularly impressive 
considering that low nadir CD4+ T-cell count and older 
age (2 common characteristics of HTE PLWH) are known 
risk factors for poor CD4+ T-cell recovery, even in cases of 
complete virologic suppression [7,8,30,31]. 

CD4+ T-cell count increases achieved in BRIGHTE are 
greater than expected based on results from previous 
studies in similar populations [15,17,20]. We speculate 
that the mode of action of temsavir could hypothetically 
play a role that goes beyond simply protecting CD4+ 
T-cells from de novo infection or re-infection. Several 
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gp120-mediated mechanisms have been described for 
the death of both infected and uninfected CD4+ T-cells 
in PLWH [32]. Studies with small-molecule mimetics of 
CD4 suggest that these molecules can protect uninfected 
bystander CD4+ T-cells from the attachment of soluble 
gp120 and subsequent antibody-dependent cytotoxicity. 
It is feasible that temsavir binding to soluble gp120 may 
have the same potential to interrupt bystander killing of 
uninfected CD4+ T-cells (a key contributing factor to CD4+ 
T-cell decline and subsequent immunosuppression seen in 
PLWH and advanced AIDS) [32], and this is the subject 
of ongoing investigations. We also plan to study whether 
adding fostemsavir to the ARV regimen of discordant 
responders, who have undetectable viral loads but poor 
immune responses (CD4+  T-cell counts <200 cells/mm3) 
after years of treatment, can enhance CD4+ T-cell recovery 
and offer additional immune benefit. 

Fostemsavir-Based Regimens Demonstrated 
a Favorable Safety Profile

A favorable safety profile is important for HTE PLWH 
who may have experienced previous intolerance and 
toxicity issues and who are more likely than treatment-
naive or less treatment-experienced PLWH to be older and 
to have pre-existing comorbidities requiring concomitant 
therapies [7,31,33]. This is particularly challenging since 
the available treatment options are scarce and restricted 
by multidrug resistance. 

The safety profile of fostemsavir-based regimens in 
BRIGHTE participants was consistent with previous reports 
from clinical trials in participants with multidrug-resistant 
HIV-1 [2,4,14,16,17,34]. Most (347/370; 94%) participants 
reported at least one adverse event (AE), most commonly 
diarrhea, nausea, upper respiratory tract infection, and 
headache [3,4]. Most AEs were mild or moderate in 
severity, self-limited, and resolved without interruption 
of study drug [4]. There were few drug-related serious 
AEs (12/370; 3%) and AEs leading to discontinuation 
(26/370; 7%) [3]. Most severe AEs (grade 3-4 AEs, 
serious AEs, and deaths) were related to complications of 
advanced HIV disease and acute infections and occurred 
disproportionately in participants who were the most 
immunocompromised at baseline and in Non-randomized 
Cohort participants [3,4]. Higher rates of severe AEs in 
Non-randomized Cohort participants can be explained by 
their more advanced baseline disease (median CD4+ T-cell 
count 41 vs 99 cells/mm3 in the Randomized Cohort) and 
more compromised background therapy [2]. 

Fostemsavir is an Important Option for a 
Population with an Urgent Need for New 
Therapies 

Heavily treatment-experienced PLWH have a variety of 
multidrug resistance patterns and experience with ARVs 

from most classes. It is therefore important that temsavir, 
the active component of fostemsavir, has shown no in 
vitro cross-resistance with other ARV classes and is active 
against HIV-1 virus regardless of tropism [35]. Importantly, 
recent data from clinical isolates have further confirmed 
that there is no cross-resistance between temsavir and 
ibalizumab and maraviroc [1,36,37]. A favorable drug–
drug interaction (DDI) profile is also important for HTE 
PLWH to minimize constraints on their ARV options, 
particularly since many may rely on regimens that 
include pharmacologic enhancers, and because older 
PLWH frequently have multiple comorbidities requiring 
polypharmacy. Fostemsavir has a low dependency on the 
CYP3A4 metabolic pathway and, as a result, has few DDIs 
and can be administered with most drugs prescribed for 
the management of HIV-1 and associated comorbidities 
without dose adjustment [1,37]. This also means it is 
unlikely that fostemsavir will have any clinically significant 
DDIs with other novel agents currently in development for 
the treatment of multidrug-resistant HIV-1 in HTE PLWH. 

These favorable safety and DDI profiles, coupled with the 
robust Week 96 efficacy and safety data, and last but not 
least the clinically significant CD4+ T-cell recovery seen in 
BRIGHTE, provide strong support for fostemsavir as an 
important treatment option for this vulnerable population 
both now and in the future. Future analyses will aim to 
identify baseline and on-treatment predictors of response 
to treatment with fostemsavir-based regimens.
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