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Abstract: Heavily-treatment-experienced people living with human immunodeficiency virus (HTE-PLWH) represent a population
with limited therapeutic options and at high-risk of clinical progression, morbidity, and mortality. The development of new drugs
and new drug classes for the treatment of HIV-1 infection in HTE-PLWH is critical to successfully suppress HIV-1 replication,
restore the immune system, and improve quality of life. Fostemsavir is the first attachment inhibitor approved by Food and Drug
Administration and European Medicines Agency for the treatment of HIV-1 infection. It is approved in combination with other
antiretrovirals, for HTE-PLWH with multi-drug resistant HIV-1 after failing their current antiretroviral regimen due to resistance,
intolerance, or safety considerations. In this review, we present and discuss the mechanism of action, the pharmacodynamic and
pharmacokinetic properties, and the efficacy and safety of fostemsavir as an antiretroviral agent for the treatment of HIV-1
infection.
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Introduction
Contemporary antiretroviral therapy (ART) has dramatically improved the prognosis of people living with
HIV (PLWH) through the achievement of durable viral suppression and the consequent immune function
restoration.1

However, some heavily-treatment-experienced PLWH (HTE-PLWH) are unable to achieve viral suppression because
of HIV-1 multi-drug resistance and/or drug intolerance.2

For these HTE-PLWH, who are at high risk of clinical progression, morbidity, and mortality, the development of
novel ART is critically important.3,4

In response to this need for novel HIV-1 treatment options, a novel drug class has emerged. Fostemsavir is a
first-in-class attachment inhibitor that binds directly to the viral envelope glycoprotein 120 (gp120), close to the
CD4 binding.5 This prodrug of temsavir thus prevents the binding and entry of HIV-1. Fostemsavir has been
approved both by the Food and Drug Administration (FDA) and the European Medicines Agency (EMA), in
combination with other antiretrovirals, for the treatment of multi-drug resistant HIV-1 infection in HTE adults
with limited antiretroviral treatment options.6,7 Here we review the mechanism of action, the pharmacodynamic and
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pharmacokinetic properties, and the main results of the pivotal trials that investigated the efficacy and safety of
fostemsavir as an ART drug for the treatment of HIV-1.

Mechanism of Action and Structure
The prodrug fostemsavir and its active metabolite temsavir belong to the attachment inhibitor class, and this ART
class works by blocking HIV-1 entry in human cells. Temsavir specifically binds the envelope protein gp120,
adjacent to the gp120-CD4 binding site, thus preventing the gp120 conformational change required for attachment
to the host cell CD4 receptor and needed for viral replication process (Figure 1).8,9

BMS-488043 was the first molecule that demonstrated the efficacy and safety of this new class of antiretrovirals in an
8-day monotherapy proof-of-concept trial. It was then replaced with BMS-663068 (fostemsavir), a methyl-phosphate
prodrug characterized by enhanced bioavailability.10,11 The efficacy of fostemsavir and its active form BMS-626529
(temsavir) was demonstrated in another 8-day monotherapy trial, which showed a substantial reduction of HIV-1 RNA
viral load, with or without boosting agent (ritonavir).12

Synthesis of fostemsavir began with an indole glyoxamide which targeted the HIV-1 envelope and inhibited CD4 receptor
binding. Then, studies of the structure-activity relationship of this compound led to the development of the derivative BMS-
488043, a 4,7-dimethoxy-azaindole with a nitrogen substitution at the C6 position of the azaindole. This derivative demon-
strated efficacy in reducing viral load but required a concomitant high-fat meal and a high-dose treatment twice daily.10,13,14 A
more optimized compound, BMS-626529 (temsavir), was then developed, which has improved antiviral potency and
pharmaceutical profile. Temsavir is characterized by a 3-methyl-1,2,4 triazole linked to the C7 position of the C6 substituted
azaindole.15 The prodrug BMS-663068 (fostemsavir), which is a phosphonooxymethyl tris (hydroxymethyl)-aminomethane
salt, was then developed and found to have increased solubility in the gastrointestinal tract.8,14 Fostemsavir is converted to its
highly permeable derivative temsavir by alkaline phosphatase at the epithelial gut surface.16 Two-dimensional chemical
structures of BMS-488043, BMS-663068 (fostemsavir) and BMS-626529 (temsavir) are reported in Figure 2.

Figure 1 Fostemsavir mechanism of action. Temsavir, the active moiety of fostemsavir, binds the viral envelope protein gp120 on HIV-1, adjacent to the gp120-CD4+ binding
site. In doing so, it prevents the conformational change required for attachment of HIV-1 to the host cell.
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Pharmacokinetics
Fostemsavir was approved as an extended-release tablet (600 mg) administered orally twice daily. It has improved
aqueous solubility and stability under acidic conditions, and is rapidly metabolized to temsavir, which is the only
compound detectable in plasma. It is absorbed with an absolute bioavailability of approximately 27% measured after a
single-dose administration of extended-release tablets followed by intravenous infusion of [13C]-temsavir.17 Steady state
was achieved in two to three days.12 Dosing with standard meals may increase fostemsavir area under the curve (AUC)
by only 10%. Therefore, food intake does not significantly impact fostemsavir bioavailability.18

Temsavir is characterized by high protein binding (88.4%), mainly to serum albumin, with a distribution volume of
29.5 L at steady state.17 It is metabolized through both esterase-mediated hydrolysis and cytochrome (CY) P450-
mediated oxidation. It works as a substrate of CYP3A, P-glycoprotein, and breast cancer resistance protein (BCRP),
and it may inhibit OATP1B1/B3 and BCRP.12 Co-administration with strong CYP3A inducers results in decreased
concentrations of temsavir. Combined use with carbamazepine, phenytoin, phenobarbital, rifampin, and St John’s wort is
contraindicated due to major interactions and risk of virologic failure.17,19 No clinically relevant differences in temsavir
pharmacokinetics were reported for mild to moderate hepatic impairment and mild to end-stage kidney disease, including
hemodialysis.20,21

Pharmacodynamics
The antiviral activity of fostemsavir varies with 50% inhibitory concentration (IC50), trough plasma concentration, and
steady-state average temsavir plasma concentrations. In particular, a low IC50 at baseline (<100 nmol) was associated
with an HIV-1 RNA viral load decrease ≥1 log10, while a higher baseline IC50 (>100 nmol) was often related to a < 1
log10 viral load reduction.12

Fostemsavir demonstrated an improved inhibitory quotient and higher barrier for selecting resistance over its
precursor BMS-488043.22

The occurrence of resistance to temsavir is mainly related to gp120 heterogeneity, especially among subtypes AE and
O.14 The gp120 major substitutions responsible for reduced susceptibility to temsavir are S375H and M475I in subtype
AE, L116Q, S375H/M/T, M426L, M434I, and M475I in subtype B, several natural polymorphisms in O, N, and P
subtypes.23–26 In the CASTLE study, the activity of temsavir against gp120 subtypes from worldwide viral isolates was

Figure 2 Two-dimensional chemical structures of BMS-488043, BMS-663068 (fostemsavir), and BMS-626529 (temsavir).
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assessed. Excellent activity was demonstrated against most subtypes, with no geographic differences, excepted for
subtype AE (common in Southeast Asia) and subtype B when characterized by a substitution of a histidine at position
375 rather than a serine and of an isoleucine at position 475.22,27,28

In a recent survey including more than one thousand isolates, Gartland et al analyzed susceptibility to temsavir in a
Monogram Biosciences PhenoSenseVR Entry assay. Among twenty different subtype envelopes, they reported a broad
range of variability with a prevalent high susceptibility to temsavir (IC50 <100 nmol), with the exception of CRF01_AE
viruses which in all five cases exhibited IC50 >100 nmol. Nevertheless, subtype, IC50 or the presence of at-risk
polymorphisms at position S375, M426, M434, and M475 seem to decrease susceptibility in a context-dependent way
and do not clearly predict virological response in clinical trials.29

Viral tropism do not interfere in fostemsavir activity, as well as the combined use with other antiretrovirals, including
entry inhibitors.22,30

A temsavir concentration-dependent QTc interval prolongation on electrocardiogram (ECG) was observed in some
patients, which became clinically significant at four times the recommended 1200 mg daily dose. Therefore, as a
precaution, patients with a history of QTc-prolongation, concomitant QTc-prolonging medications, or cardiac impair-
ment, should be treated with caution and monitored with ECG throughout treatment.31

Clinical Data
Phase II Trials
In the last years, fostemsavir was investigated to overcome the need of new treatment regimens, in particular for heavily-
treatment experienced with few options remaining.

A phase IIa study has assessed the antiviral activity of the HIV attachment inhibitor in an 8-day monotherapy.12

Participants (n = 50) were enrolled in five arms at different doses with or without ritonavir (1:1:1:1:1): 1) 600 mg
fostemsavir plus 100 mg ritonavir BID; 2) 1200 mg fostemsavir plus 100 mg ritonavir QD; 3) 1200 mg fostemsavir plus
100 mg ritonavir BID; 4) 1200 mg fostemsavir plus 100 mg ritonavir QD; 5) 1200 mg fostemsavir BID. In both ART-
naïve and ART-experienced PLWH, the maximum median decline in HIV RNA viral load from baseline varied from 1.21
log10 copies/mL in arm 5, to 1.73 log10 copies/mL in arm 3 and was observed regardless of ritonavir use. Interestingly,
4/10 (40%) subjects in arm 5 had fostemsavir IC50 values >0.1 μmol/L at baseline that could explain a poorer virologic
response. During the monotherapy with fostemsavir, absolute CD4+ T cell count and CD4/CD8 ratio increased without
any statistical differences between arms.12

In one phase IIb study (AI438011), the proportion of subjects with HIV RNA viral load <50 copies/mL at week 24
was the primary endpoint.32

In this trial, treatment-experienced patients were randomized in five arms (1:1:1:1:1): 1) fostemsavir 400 mg BID; 2)
fostemsavir 800 mg BID; 3) fostemsavir 600 mg QD; 4) fostemsavir 1200 mg QD; 5) atazanavir 300 mg and 100 mg
ritonavir 100 mg QD. The optimized background therapy for each arm consisted of raltegravir 400 mg BID and tenofovir
disoproxil fumarate 300 mg QD.

Overall, 200 participants received at least one dose of fostemsavir. Among these, 80% of arm 1, 69% of arm 2, 76%
of arm 3, and 72% of arm 4 achieved a viral load under the limit of detection at week 24. In comparison, 75% of arm 5,
who were assigned to take ritonavir-boosted atazanavir, achieved non-detectable viral load. The median CD4+ T cells at
baseline ranged from 214 cells/μL in arm 1 to 249 cells/μL in arm 5, and the median increase in CD4+ T cells at week 24
ranged from 100 cells/μL in arm 3 to 138 cells/μL in arm 1. The CD4+ T cell count trend appeared to be similar in
subjects receiving fostemsavir or ritonavir-boosted atazanavir.

One of the inclusion criteria of the AI438011 study was susceptibility to fostemsavir, expressed as IC50 of less than
0.1 μmol/L; for this reason, the efficacy of the study drug in PLWH with a higher IC50 at baseline might not be
comparable.
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Phase III Trials
The efficacy of fostemsavir has been evaluated in one phase III trial, the BRIGHTE study, which enrolled 372 PLWH
failing ART with multi-drug resistant HIV infection.33

There were 272 participants with at least one fully active agent in less than two antiretroviral classes, who were
assigned to the randomized cohort, and 99 without any remaining antiretroviral option, who were assigned to the
nonrandomized cohort. In the randomized cohort (3:1), PLWH received first an 8-day therapy with fostemsavir 600 mg
BID or placebo in combination with their failing regimen and then open-label fostemsavir 600 mg BID in addition to an
optimized background therapy. In the nonrandomized cohort, PLWH started from day 1 on fostemsavir 600 mg BID in
combination with a treatment based on their individual resistance testing and ART history.

At baseline, median HIV RNA viral load was 4.7 log10 copies/mL (interquartile range, IQR = 1.6, 6.6) in the
randomized cohort and 4.3 log10 copies/mL (IQR = 1.6, 6.6) in the nonrandomized cohort. The median baseline CD4+ T
cell count was 99 cell/mcL (IQR = 0, 1160) in the randomized cohort and 41 cell/mcL (IQR = 0, 641) in the
nonrandomized cohort.

Fostemsavir was effective both in decreasing HIV RNA and increasing CD4+ T cells. The proportion of participants
who achieved virologic suppression was 53% in the randomized cohort and 37% in the nonrandomized cohort at week
24, then 54% and 38% at week 48, and 60% and 37% at week 96.33,34 Over the 96-week period, the CD4+ T cell count
increased by 205 cell/mcL from baseline (standard deviation, SD = 191) in the randomized cohort and by 119 cell/mcL
(SD = 202) in the nonrandomized cohort.34

In the BRIGHTE trial, virologic failure was defined as: 1) HIV RNA viral load ≥400 copies/mL after prior confirmed
viral suppression to <400 copies/mL, 2) ≥400 copies/mL at last available prior to discontinuation, or 3) >1 log10 copies/
mL increase in HIV RNA above nadir level (≥40 copies/mL). Using these criteria, virologic failure was found at week 48
in 49/272 (18%) participants in the randomized arm and 46/99 (46%) participants in the nonrandomized arm, and at week
96 in 63/272 (23%) and 49/99 (49%), respectively.33,34

Dosage, Administration, and Drug Interactions
Each extended-release tablet contains 600 mg fostemsavir. It can be taken with or without food, but it should not be
crushed, chewed, or split. The recommended dosage is 600 mg PO BID, combined with an individually optimized
background regimen. Fostemsavir should not be co-administered with strong inducers of CYP3A4, such as rifampin,
because plasma levels of temsavir could be decreased, leading to a reduction in therapeutic effect.35

Safety and Tolerability
Fostemsavir has been well-tolerated in phase II and III trials conducted in PLWH. Nausea, diarrhea, and headache were
the most common drug-related adverse events observed. No significant laboratory abnormalities were seen associated
with the study drug.

Severe adverse events were more frequent in people with a compromised immune system; among these, an atypical
mycobacterial infection secondary to immune reconstitution inflammatory syndrome was considered to be due to
fostemsavir in the phase III trial.33

Moreover, the occurrence of acute infections and AIDS-related disease were the major causes of death of participants
in the BRIGHTE study, especially in PLWH with CD4+ T cell count <20 cell/mcL.33,36

No sufficient safety data are available on the effects of fostemsavir in pregnant women to assess teratogenicity in
humans. Therefore, it is preferable to avoid its use during pregnancy and breastfeeding or to monitor strictly patients if it
is not possible to modify their current antiretroviral regimen.36

Self-administered patient questionnaires have demonstrated good tolerability. They reveal that treatment with
fostemsavir has led to improvements in health-related quality of life (HRQOL) in a population of HTE-PLWH.37 A
better HRQOL may lead to an increase in adherence to treatment in people with limited therapeutic options and play a
role in maintaining a long-lasting virologic response.
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Emergence of Resistance
A scarce compliance is not the only factor associated with virological failure: gp120 substitutions, that are likely related
to a decreased susceptibility to temsavir, were reported in 70% of nonrandomized group participants in the BRIGHTE
trial, even though these genotypic substitutions were not present in a portion greater than 50% of randomized group
participants with a detectable viremia. In the randomized cohort, 51% of participants experiencing virological failure had
emergent substitutions in gp120 in four key sites (S375, M426, M434, and M475).33

To better evaluate the role of gp120 substitutions, sequences both from ART-naïve and ART-treated (but naïve to
fostemsavir) people with HIV were investigated; although the high variability of gp120 described, the frequency of
mutations was limited. The most frequent substitution emerged was S375T that has a marginal impact on the efficacy of
fostemsavir.24,25

However, our attention may be focused in identifying new possible polymorphisms that could interfere with the
susceptibility to temsavir through further in-depth in vitro and clinical studies.

The mechanism of action of fostemsavir results in blocking gp120-mediated viral entry, which is similar to
ibalizumab, which binds CD4 to interfere with CD4-gp120 interactions, and maraviroc, which binds CCR5 to interfere
with CCR5-gp120 interactions. However, recent studies have demonstrated that there is no cross-resistance between
fostemsavir and these agents, which further emphasizes the importance of this drug in the HTE-PLWH patients.38,39

Place in Therapy
Fostemsavir has been approved both by the FDA and the EMA for the treatment of HTE-PLWH harboring an HIV-1
MDR infection and failing their current antiretroviral regimen.6,7 In this population, clinical trials have demonstrated the
antiviral activity and safety of fostemsavir.33,34

In addition, the recent approval of fostemsavir and of the post-attachment inhibitor ibalizumab, together with the
probable, future availability of islatravir, the first-in-class nucleoside reverse transcriptase translocation inhibitor, and
lenacapavir, the first-in-class capsid inhibitor, may help to fill the need for effective ART for HTE-PLWH.40–42

Moreover, FTR has been tested as a possible ART component in HIVeradication strategies both in humanized mice in
vivo and in peripheral blood mononuclear cells of HIV-1-infected patients ex vivo.43

Finally, fostemsavir has shown a reassuring safety profile without a significant impact on metabolic parameters.33,34

These characteristics may be useful in switch strategies for virologically suppressed HTE-PLWH or even for PLWH in
earlier therapeutic lines. However, further clinical data are needed to evaluate the possible use of fostemsavir in these
clinical settings.

Conclusion
Fostemsavir is the first attachment inhibitor approved for the treatment of HIV in HTE-PLWH with virologic failure. In
this population, fostemsavir showed good efficacy and a reassuring safety profile. However, clinicians should be aware of
possible drug–drug interactions due to the role of CYP3A4 in its metabolism (eg, coadministration of fostemsavir with
strong CYP3A inducers is contraindicated). The approval of fostemsavir and ibalizumab and the probable, future
availability of islatravir and lenacapavir are poised to revolutionize the treatment of HTE-PLWH in the coming years.
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