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Background: Fostemsavir is a prodrug of a first-in-class HIV-1 attachment inhibitor, temsavir, that binds to
gp120 and blocks attachment to the host-cell CD4 receptor, preventing entry and infection of the target cell.
Previous studies using a limited number of clinical isolates showed that there was intrinsic variability in their
susceptibility to temsavir.

Objectives: Here, an analysis was performed using all clinical isolates analysed in the Monogram Biosciences
PhenoSenseVR Entry assay as part of the development programme.

Methods: In total, 1337 individual envelopes encompassing 20 different HIV-1 subtypes were examined for their
susceptibility to temsavir. However, only seven subtypes (B, C, F1, A, [B, F1], BF and A1) were present more than
five times, with subtype B (881 isolates) and subtype C (156 isolates) having the largest numbers.

Results: As expected, variability in susceptibility was observed within all subtypes. However, for the great major-
ity of these viruses, temsavir was highly potent, with most viruses exhibiting IC50s <10 nM. One exception was
CRF01_AE viruses, where all five isolates exhibited IC50s >100 nM. For the 607 isolates where tropism data
were available, geometric mean temsavir IC50 values were remarkably similar for CCR5-, CXCR4- and dual
mixed-tropic envelopes from infected individuals.

Conclusions: These data show that HIV-1 viruses from most subtypes are highly susceptible to temsavir and
that temsavir susceptibility is independent of tropism.

Introduction

Fostemsavir (FTR, GSK3684934; formerly known as BMS-663068)
is a prodrug of a HIV-1 gp120-directed attachment inhibitor, tem-
savir (TMR, GSK2616713, formerly BMS-626529). It has recently
been approved in the USA under the brand name RUKOBIA, which,
in combination with other antiretroviral(s), is indicated for the
treatment of HIV-1 infection in heavily treatment-experienced
adults with MDR HIV-1 infection failing their current antiretroviral
regimen due to resistance, intolerance or safety considerations.1,2

Structural studies of temsavir bound into the gp140 SOSIP enve-
lope,3 modelling and functional studies4–6 have suggested a
mechanism of action whereby temsavir binds within gp120 and
interacts with the b20–b21 bridging sheet near the CD4-binding

pocket within the gp120 subunit of gp160.3 The temsavir-bound
gp120 is then believed to be held in the ‘closed’ state 1 conform-
ation,3,6,7 which precludes binding of gp120 to the CD4 cell-surface
receptor. Therefore, temsavir binds directly to the gp120 subunit
within the HIV-1 envelope glycoprotein gp160 complex and pre-
vents the initial interaction between the virus and cellular CD4
receptors, thereby preventing viral attachment to cellular CD4 and
entry into host cells. This mechanism is similar to the one observed
for a class of broadly neutralizing monoclonal antibodies (bnAbs)
that target gp120 and keep the envelope in the ‘closed’ conform-
ation. 8

Much like bnAbs, the susceptibility of viral envelopes to temsavir
is highly context dependent.9–12 Susceptibilities within and be-
tween subtypes can range from very low picomolar to IC50s
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>10lM. Some of this heterogeneity is due to amino acid polymor-
phisms found at four sites surrounding the binding site of temsavir
within gp160. Thus, certain natural polymorphisms at amino acid
positions S375, M426, M434 and M475 can reduce susceptibility to
temsavir in a context-dependent manner. However, in BRIGHTE, a
Phase 3 study (205888) of fostemsavir in highly treatment-
experienced individuals, gp120 polymorphisms of interest, temsa-
vir IC50 and HIV-1 subtype did not reliably predict virological
outcome at Day 8 of fostemsavir functional monotherapy and did
not impact durability of response (HIV-1 RNA <40 copies/mL) to
fostemsavir added to optimized background therapy (OBT)
through Week 96 of therapy.13 In addition, emergence of substitu-
tions at these polymorphic amino acid positions during treatment
can occur inconsistently around the time of virological failure.13,14

Thus, the susceptibility of viral envelopes to temsavir is highly
context dependent.

Previously, variability of susceptibility to temsavir within
different subtypes was analysed using clinical samples tested in
PBMCs.15 This analysis is a slow, highly variable and labour-
intensive method. Presently, a method used to examine entry in-
hibitor susceptibility of clinical envelopes is the PhenoSenseVR Entry
assay performed at Monogram Biosciences (San Francisco, CA,
USA).16 During the development phases for fostemsavir, this assay
was used exclusively to obtain susceptibility information on
temsavir. In an attempt to characterize the overall susceptibility of
temsavir to clinical envelopes, the PhenoSenseVR Entry assay data
available for baseline (untreated) samples performed during the
clinical development of temsavir, first at Bristol-Myers Squibb and
then at ViiV Healthcare, were evaluated. In all, 1337 clinical enve-
lopes from 20 different HIV-1 subtypes have been analysed in this
assay. These envelopes included all those examined as part of
the Phase 2a (GSK 206267) and Phase 2b (GSK 205889) clinical
studies, as well as the ongoing Phase 3 BRIGHTE study in heavily
treatment-experienced individuals (GSK 205888). The results
show that although there is a broad range of susceptibility in most
subtypes, the majority of viruses within any subtype are highly sus-
ceptible to temsavir (IC50s <10 nM), with no effect of viral tropism
on susceptibility.

Methods

PhenoSenseVR Entry assay

The PhenoSenseVR Entry HIV-1 assay was performed at Monogram
Biosciences, with samples generated in their labs.16 The original
PhenoSenseVR assay was developed to evaluate PIs and reverse transcript-
ase inhibitors17 and, for the PhenoSenseVR Entry assay, it has been modified
to amplify and test pseudotyped viruses with envelopes from the clinical
isolates. The data obtained from Monogram Biosciences were evaluated
both as an IC50 and as a fold change compared with a control envelope. As
the control envelope in the assay was changed during the course of these
studies, only the IC50 results are discussed in this report.

Origin of samples
The data presented here are from all HIV-1-infected individuals in the clinic-
al studies for fostemsavir (GSK 206267, GSK 205889 and BRIGHTE, GSK
205888; n = 1123), clinical samples from the Bristol-Myers Squibb collection
or collaborators (n = 156) and anonymous isolates chosen by Monogram
Biosciences (n = 58). The clinical samples used in this research were

obtained from HIV-1-infected clinical trial participants from global
centres that took part in clinical development studies. For the clinical
samples from the fostemsavir studies, either the screening or baseline
sample (not both) was used in this analysis, with baseline samples as
the default, if available. The samples from GSK 206267 (n = 46), GSK
205889 (n = 467) and BRIGHTE (n = 610) included all screening samples
that were successful in the PhenoSenseVR Entry assay, regardless of
whether they were eventually enrolled in the study. No on-treatment
samples were included in the analyses. The clinical studies were con-
ducted in accordance with International Conference of Harmonization
(‘ICH’) principles and were approved by independent Ethics Committees
and Institutional Review Boards. Prior to the conduct of any study proce-
dures, all participants consented to study participation and to the
research use of their biological samples.

The determinations of virus subtype and tropism were performed at
Monogram Biosciences. Virus tropism was determined in the BRIGHTE study
using the TrofileVR assay,18 using the sample generated for the PhenoSenseVR

Entry assay.

Results

Epidemiology of samples based upon genotype

Table 1 illustrates the subtypes of the envelopes examined in
the PhenoSenseVR Entry assay through December 2019. A total
of 1337 independent isolates have been examined thus far in
this assay. These included viruses from all participants screened
and successfully phenotyped in the Phase 2a, 2b and 3 studies
for fostemsavir [Study 206267 (AI438-006), Study 205889
(AI438-011) and BRIGHTE], plus an additional 214 clinical sam-
ples run during preclinical analyses. A total of 881 of these
samples were from subtype B-infected individuals, 156 samples
were from subtype C-infected individuals, 43 samples were
from subtype A-infected individuals and 48 samples were
identified as being from the F1 subtype. In addition, 28 enve-
lopes from individuals with complex genotypes (designated
Complex) could not be definitively assigned to a single subtype
and the subtype of 84 envelopes could not be determined
(designated NA or NR).

Table 1. Characterization of isolates examined in the PhenoSenseVR Entry
assay

Subtype Number of isolates Subtype Number of isolates

B 881 B, D 4

C 156 G 4

NAa 58 D, F1 3

F1 48 F 3

A 43 A, B 2

B, F1 29 A, G 2

Complex 28 A, AE 1

NRb 26 A, C 1

BF 19 B, C 1

A1 17 B, G 1

CRF01_AE 5 B, J 1

AG 4

aNot available.
bNot recorded.
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Susceptibility of envelopes to temsavir based upon
subtype

Figure 1 illustrates the susceptibilities of the different envelopes
based upon their HIV-1 subtype. Known subtypes with more
than five samples were analysed separately. Envelopes with
genotypes from subtypes with less than or equal to five inde-
pendent samples were included in the ‘Other’ column, along
with envelopes where subtypes were not assigned (NA, NR and
Complex). In all cases, a wide range of susceptibilities to temsa-
vir was observed, with most subtypes having IC50s ranging from
the low picomolar to >5 lM.

The data from Figure 1 were analysed by a different approach
in Table 2. The numbers and percentages within several ranges of
IC50s were evaluated and geometric means of the totals were cal-
culated. In addition, median IC50 and the 90th percentile IC50 con-
centration levels were determined (Table 2). The median IC50 for
all 1337 isolates was 0.8 nM, while the 90th percentile IC50 was
75.4 nM. Subtypes A1 (17 isolates), C (156 isolates) and B (881 iso-
lates) showed the greatest susceptibility to temsavir, with 90th
percentile IC50s of 4.3, 22.9 and 47.6 nM, respectively. For subtype

F1 isolates, the median IC50 was 13.8 nM and the 90th percentile
IC50 was 892.9 nM. The BF subtype also showed a less robust sus-
ceptibility, with a 90th percentile IC50 of 190.4 nM. All five of the
CRF01_AE strains tested exhibited IC50s >100 nM.

The geometric mean values also indicated that the great
majority of viruses (excluding CRF01_AE) were highly susceptible
to temsavir (Table 2). The geometric mean value for all 1337
viruses was 1.7 nM, which is similar to the geometric mean for B, C
and A1 subtypes, with the A and BF geometric means being only
slightly higher (3.8 and 4.6 nM, respectively). The geometric mean
IC50s for F1 and [B, F1] subtypes were higher, at 17.9 and 38.4 nM,
respectively.

Temsavir activity is tropism independent

In an earlier study, the tropism effect on temsavir susceptibility
was evaluated.9 In that study, the geometric mean IC50 values for
a set of 11 CXCR4-tropic and 12 CCR5-tropic envelopes from a
dual-infected individual were nearly identical. In order to substan-
tiate that observation, all viruses with tropism results from the
BRIGHTE study (GSK 205888) were grouped and evaluated for
susceptibility to temsavir (Table 3). In total, 607 virus isolates
had both tropism and measured IC50s. These included 43
CXCR4-tropic envelopes, 225 CCR5-tropic envelopes and 339
dual mixed-tropic envelopes. The percentages of viral enve-
lopes within each range of susceptibilities were strikingly similar
between the three different tropism classes. Envelopes
with IC50s �1 nM were 48.8% of the CXCR4-tropic population,
48.4% of the CCR5-tropic population and 54.6% of the dual
mixed-tropic population. Perhaps most importantly, the per-
centage of envelopes with IC50s in the Monogram Biosciences
PhenoSenseVR Entry assay >100 nM was 11.6% for CXCR4-tropic
envelopes, 12.9% for CCR5-tropic envelopes and 10.3% for dual
mixed-tropic envelopes. Accordingly, the geometric mean IC50s
for the three tropism classes were almost identical, as dual
mixed-tropic envelopes had a geometric mean of 1.89 nM,
CCR5-tropic envelopes had a geometric mean of 2.77 nM and
CXCR4-tropic envelopes had a geometric mean of 2.94 nM.
Thus, this analysis provides a strong indication that susceptibil-
ity to temsavir (or fostemsavir) is tropism independent.

Figure 1. Range of temsavir susceptibility observed within subtypes.
Viruses with more than five isolates are grouped by subtype, while the
remaining isolates are grouped into ‘Other’, along with isolates for which
a subtype could not be determined. The geometric means of each group
are shown by the horizontal lines and are included in Table 2. Symbols in
line with the asterisk represent envelopes without a defined IC50, but
which have an IC50 above the highest concentration tested.

Table 2. Susceptibility of envelopes to temsavir based on the indicated IC50s

Subtype # IC50 <1 nM (%) IC50 >1 to <10 nM (%) IC50 >10 to <100 nM (%) IC50 >100 nM (%)
Geometric

mean IC50 (nM)a
Median IC50

(nM)a
90th percentile

IC50 (nM)a

All 1337 719 (53.8) 352 (26.3) 146 (10.9) 120 (9.0) 1.7 0.8 75.4

B 881 544 (61.7) 196 (22.2) 85 (9.6) 56 (6.4) 1.2 0.6 47.6

C 156 78 (50.0) 56 (35.9) 15 (9.6) 7 (4.5) 1.5 1.0 22.9

A1 17 5 (29.4) 11 (64.7) 0 (0) 1 (5.9) 1.8 1.8 4.3

A 43 10 (23.3) 21 (48.8) 8 (18.6) 4 (9.3) 3.8 2.3 57.7

BF 19 5 (26.3) 8 (42.1) 2 (10.5) 4 (21.1) 4.6 1.3 190.4

F1 48 8 (16.7) 15 (31.3) 13 (27.1) 12 (25.0) 17.9 13.8 892.9

B, F1 29 4 (13.8) 9 (31.0) 5 (17.2) 11 (37.9) 38.4 12.7 6925.3

CRF01_AE 5 0 (0) 0 (0) 0 (0) 5 (100) – – –

aMay include isolates with >MAX IC50 (MAX = 5000 nM or >100 nM IC50).
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Discussion

Fostemsavir is a novel prodrug of temsavir that—in turn—inhibits
attachment of gp120 to host-cell CD4 receptors, inhibiting infec-
tion and leaving host cells intact.5,19 Temsavir has been shown to
bind within the CD4-binding pocket, locking the envelope into a
pre-fusion (state 1) conformation that is unable to bind to the CD4
receptor.3,4,6 This is similar to what is observed with the class of
CD4 binding site bnAbs.4,8 Fostemsavir has recently been approved
for use in a subpopulation of HIV-infected patients with the great-
est unmet medical need, the highly treatment-experienced popu-
lation.1,2 Previous studies on the susceptibility of clinical isolates in
PBMCs to temsavir suggested that viruses within most subtypes
exhibit a wide range of susceptibilities.15 In an effort to better
understand the variability in susceptibility observed in global clinic-
al envelopes, an analysis was performed on all isolates thus far
examined in the PhenoSenseVR Entry assay.16

The data show that each subtype, and the population as a
whole, exhibits a wide range of susceptibilities to temsavir. This is
similar to what was observed with a smaller number of clinical iso-
lates examined in PBMCs15 and is in some part due to the presence
of polymorphisms at amino acid positions 375, 426, 434 and 475
that are known to alter the susceptibility of envelopes to temsa-
vir.9,14 However, this analysis also shows that, despite the wide
range observed in the phenotyping assay, a large majority of the
viruses were highly susceptible to temsavir. For instance, 53.8% of
the 1337 isolates exhibited IC50s <1 nM, while 80.1% exhibited
IC50s <10 nM. Of the 1337 viruses, only 9.0% had IC50s >100 nM
(Table 2), with only 3.8% having IC50s >1000 nM. This analysis is
skewed by the preponderance of subtype B viruses and lack of cer-
tain subtypes. Thus, it is important that each subtype be analysed
individually as illustrated in Table 2 for subtypes with more than
five isolates (excluding cohorts labelled as NA, NR or Complex,
where subtypes were unknown). Analysis of individual subtypes
shows that subtypes B, C, A1 and A show a similar pattern of high
susceptibility to temsavir; geometric mean IC50s for the B, C, A1
and A subtypes ranged from 1.2 to 3.8 nM. Even the less suscep-
tible subtypes (BF, F1 and [B, F1]) exhibited relatively low median
IC50s between 1.3 and 13.8 nM. Susceptibility in the clinic
is more complicated, as plasma levels and protein-binding
properties of the drug must be considered, with the trough
(Cmin) value being an important factor for efficacy. The relatively
high plasma trough (Cmin; 478 ng/mL or �1.01 lM)1 and Cmax

(1770 ng/mL or�3.74 lM)1 values of temsavir observed in clinic-
al trials along with moderate protein-binding properties (88.4%
protein bound)1 suggest that the great majority of virus isolates

would be susceptible to fostemsavir treatment, which was
illustrated in the BRIGHTE study.

One potential exception are viruses from the CRF01_AE sub-
type, as envelopes from this subtype tend to exhibit high IC50s of
temsavir due to existing polymorphisms. Only 5 CRF01_AE viruses
exist as part of the 1337 virus cohort and all 5 exhibited IC50s
>100 nM. Previously, it has been shown that CRF01_AE envelopes
were associated with higher IC50s of temsavir due to the preva-
lence of amino acid polymorphisms at S375H and M475I in this
subtype.9,20 In the BRIGHTE study, two participants with subtype
CRF01_AE virus at screening in the randomized cohort were
enrolled. One participant (temsavir IC50 >5000 nM and gp120
substitutions S375H and M475I at baseline) did not respond to
fostemsavir at Day 8, while a second participant (temsavir
IC50 = 222.859 and gp120 substitution S375N at baseline) received
placebo during functional monotherapy.1,21 However, both partici-
pants had an excellent response on fostemsavir-based therapy
through 96 weeks, achieving and maintaining virological suppres-
sion (HIV-1 RNA <40 copies/mL) by that timepoint, as well as
exhibiting increases in baseline CD4 count of 262 and 490 cells/
mm3. Notably, each of these participants had relatively low Day 1
viral loads (�1000 and�14 000 copies/mL).

Additional polymorphisms at S375 (S375I/M//N/T), M426
(M426L/P) and M434 (M434I/K) have been shown to display the
potential to affect susceptibility to temsavir in vitro.14,21 However,
these polymorphisms are highly context dependent with respect
to temsavir susceptibility and the presence of a known polymorph-
ism does not preclude an envelope from being susceptible to tem-
savir and responding well to fostemsavir treatment.13,14 Results
from the BRIGHTE study suggest that higher baseline temsavir IC50

has been associated with a trend towards reduced virological re-
sponse to fostemsavir monotherapy; however, baseline factors,
including the presence of temsavir-relevant gp160 substitutions,
temsavir IC50 and subtype, were not reliably predictive of response
to short-term fostemsavir functional monotherapy and did not im-
pact durability of response to fostemsavir plus OBT through
96 weeks of therapy.13

Previously, data from a single infected individual with a dual
mixed-tropic envelope phenotype suggested that susceptibility to
temsavir was not affected by tropism.9 In that study, separate
envelopes isolated from this one individual were examined in a
cell–cell fusion assay for susceptibility to temsavir. Although vari-
ability was seen for both the CCR5- and CXCR4-tropic envelopes,
the mean IC50s for each tropism cohort were nearly identical.
In this 1337 isolate cohort, tropism information was available for
607 isolates, with 55.8%, 37.1% and 7.1% of the envelopes

Table 3. Susceptibility of envelopes to temsavir based upon envelope tropism

Tropism # IC50 �1 nM (%) IC50 >1 to�10 nM (%) IC50 >10 to�100 nM (%) IC50 >100 nM (%)
Geometric

mean (nM)a

All 607 315 (51.9) 148 (24.4) 75 (12.4) 69 (11.4) 2.25

CXCR4 43 21 (48.8) 9 (20.9) 8 (18.6) 5 (11.6) 2.94

CCR5 225 109 (48.4) 54 (24.0) 33 (14.7) 29 (12.9) 2.77

Dual mixed 339 185 (54.6) 85 (25.1) 34 (10.0) 35 (10.3) 1.89

aMay include isolates with >MAX IC50 (MAX = 5000 nM).
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encoding envelopes from dual mixed-tropic infected individuals,
CCR5-tropic infected individuals and CXCR4-tropic infected individ-
uals, respectively (Table 3). The preponderance of dual mixed-
tropic infected individuals presumably reflects the fact that this is a
highly treatment-experienced population. Within this 607 isolate
subset, the different tropism classes exhibited a remarkably similar
pattern of susceptibility to temsavir, with susceptibility within each
defined IC50 range differing by only a few percentage points and
the geometric mean values being almost identical. Given that trop-
ism maps to changes in the V3 loop22,23 and the amino acids
known to affect temsavir susceptibility map to constant regions,9

this finding is not surprising, but confirms that viral tropism does
not affect temsavir susceptibility.

This analysis of clinical samples tested for susceptibility to tem-
savir in the PhenoSenseVR Entry assay supports previous work that
showed wide variability in susceptibility to the agent within sub-
types and throughout the population. However, the data do show
that a great majority of viruses (especially from subtypes B, C, A
and A1) are highly susceptible to temsavir. This correlates well
with recently published data from a small study of 24 patients
with MDR HIV-1 enrolled in the PRESTIGIO Registry,24 while this
present analysis encompassed 1337 independent samples. Also,
analysis of this data set strongly shows that temsavir susceptibility
is tropism independent and thus fostemsavir could be a useful al-
ternative in the highly treatment-experienced HIV-infected
subpopulation.
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