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Background.  GSK3640254 (GSK’254) is a next-generation human immunodeficiency virus type 1 (HIV-1) maturation inhibitor 
with pharmacokinetics (PK) supporting once-daily therapy.

Methods.  This phase IIa double-blind (sponsor-unblinded), randomized, placebo-controlled, adaptive study evaluated antiviral 
effect, safety, tolerability, and PK of once-daily GSK’254 monotherapy administered with food (moderate-fat meal) in HIV-1–pos-
itive, treatment-naive adults. In part 1, participants received GSK’254 10 or 200 mg for 10 days. In part 2, participants received 
GSK’254 40, 80, or 140 mg for 7 days, modified from 10 days by a protocol amendment to decrease potential for resistance-associated 
mutations (RAMs). The primary endpoint was maximum change from baseline in HIV-1 RNA.

Results.  Maximum changes in HIV-1 RNA of −0.4, −1.2, −1.0, −1.5, and −2.0 log10 occurred with GSK’254 10, 40, 80, 140, and 
200 mg, respectively. Regardless of dosing duration, doses ≥40 mg resulted in ≥1-log10 declines in HIV-1 RNA. Plasma PK was gen-
erally dose proportional to 140 mg but non-proportional between 140 and 200 mg. Four participants in the 200-mg group developed 
RAMs on day 11 in part 1, 1 with phenotypic resistance. No RAMs occurred in part 2. Adverse events (AEs) were reported by 22 
(65%) participants; headache was the most common (n = 4). Two non–drug-related serious AEs occurred. All AEs were of mild-to-
moderate intensity, except for 2 grade 3 non–drug-related AEs in 1 participant.

Conclusions.  This monotherapy study established a dose–antiviral response relationship for GSK’254. No safety or tolerability 
concerns were noted. These results supported dose selection for the ongoing phase IIb study (ClinicalTrials.gov: NCT04493216).

Clinical Trials Registration.  NCT03784079.
Keywords.  HIV infection; HIV-1 RNA; pharmacodynamics; tolerability; treatment-naive.

Combination antiretroviral therapy (ART) regimens targeting the 
reverse transcriptase, protease, or integrase proteins are highly ef-
fective at achieving virologic suppression and reducing morbidity 
and mortality in people living with human immunodeficiency 
virus type 1 (HIV-1) [1]. However, drug resistance and toxicities 
can occur with multidrug HIV-1 regimens, potentially resulting 
in treatment failure [1, 2]. Therefore, needs exist for therapeutic 
agents with novel mechanisms of action for people living with 
HIV-1 who have had previous virologic failure.

Maturation inhibitors are a new class of ART agents in clinical 
development [3]. Maturation is among the last steps of the HIV-1 
life cycle in which the viral protease facilitates cleavage of HIV-1 
structural protein (Gag) precursors into mature Gag proteins. This 
cleavage initiates a structural rearrangement in the immature viral 
particles that have been released, resulting in the formation of 
mature, infectious virions. Maturation inhibitors prevent HIV-1 
maturation by blocking the protease-mediated cleavage of capsid-
spacer protein 1 from the Gag polyprotein through binding the 
Gag substrate, which results in the release of immature, noninfec-
tious particles [3]. Thus, maturation inhibitors are distinct from 
protease inhibitors, which specifically inhibit HIV-1 protease 
enzymatic activity. Findings from in vitro analyses and phase I/
II clinical studies demonstrate that maturation inhibitors inhibit 
replication of HIV-1 isolates [2, 4–8]. Thus, maturation inhibitors 
represent a promising new ART class for HIV-1 treatment.

GSK3640254 (GSK’254) is a next-generation maturation 
inhibitor that has demonstrated inhibition across all HIV-1 
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subtypes and efficacy against a broad range of polymorphisms 
[9]. In multiple phase I clinical trials in healthy participants, 
GSK’254 has been well tolerated under short-term administra-
tion and demonstrated a pharmacokinetic (PK) profile that sup-
ports once-daily dosing [9–11]. No drug-drug interactions were 
observed when GSK’254 was coadministered with dolutegravir 
or tenofovir alafenamide/emtricitabine [10, 11]. Based on these 
safety and PK profiles, a range of GSK’254 doses were selected 
for evaluation in a phase IIa proof-of-concept study [9]. Here 
we report the antiviral effect, tolerability, and PK of GSK’254 in 
treatment-naive adults with HIV-1.

METHODS

Study Design

This was a phase IIa, global, double-blind (sponsor-unblinded), 
randomized, placebo-controlled, adaptive study of GSK’254 
in treatment-naive adults with HIV-1 (ClinicalTrials.gov: 
NCT03784079). Part 1 consisted of a treatment period from 
days 1 to 10, a postdosing follow-up period from days 11 to 
17, and final follow-up between days 18 and 24. Participants 
in part 1 received GSK’254 10 or 200  mg or placebo once 
daily for 10 days and could start combination ART after the 
final follow-up visit. A planned, sponsor-unblinded, interim 
analysis was performed after part 1 to allow for the selection 
of doses to be studied in part 2. Immediately after this anal-
ysis, treatment-emergent resistance was seen at day 11 in the 
200-mg group (described in the Results), and the sponsor 
temporarily halted the study to conduct resistance analyses. 
As a result, part 2 was modified to decrease the likelihood of 
treatment-emergent resistance by decreasing the duration of 
GSK’254 monotherapy from 10 to 7 days and requiring par-
ticipants to start combination ART immediately after com-
pleting monotherapy. Part 2 consisted of a treatment period 
from days 1 to 7, postdosing follow-up on day 8, and final fol-
low-up between days 10 and 12. Participants in part 2 were 
administered GSK’254 40, 80, or 140 mg or placebo once daily 
for 7 days and began combination ART on day 8. All parti-
cipants consumed a moderate-calorie, moderate-fat meal (ie, 
≥400 calories with ≥120 calories from fat) 30 minutes before 
GSK’254 or placebo dosing. Doses were defined to adequately 
describe the dose– and exposure–antiviral response relation-
ship of GSK’254 in HIV-1–positive, treatment-naive adults. 
Doses were selected to provide approximately 30%, 50%, 75%, 
90%, and 95% of the median maximum anticipated effect 
on HIV-1 RNA for a maturation inhibitor in a 10-day study. 
Although, as noted, after assessments in part 1, monotherapy 
duration was reduced to 7 days for part 2.

The target trough concentration for GSK’254 was established 
using a value of 3× the protein-binding adjusted 90% effective 
concentration (3× PBA EC90) for 1 of the least sensitive vari-
ants, a triple-mutant polymorph (R361K/V362I/L363M), from 

a library of 35 Gag/Pr genotyped viruses [12]. This virus ex-
hibited half maximal effective concentration (EC50) and 3× 
PBA EC90 values of 3 and 150  nM (110  ng/mL), respectively. 
Leading into this proof-of-concept study, the 3× PBA EC90 value 
of 110  ng/mL represented the anticipated minimal effective 
trough concentration of GSK’254 for a population of individ-
uals with HIV-1.

This study was conducted at 27 sites in 6 countries in accord-
ance with Declaration of Helsinki principles. The study protocol 
was reviewed and approved by national, regional, or investiga-
tional center ethics committees or institutional review boards in 
each country. All participants provided written informed con-
sent and could withdraw from the study at any time.

Participants

Eligible participants were men and women aged 18 to 65 years 
with documented HIV-1 infection, body weight ≥50 kg (men) 
or ≥ 45  kg (women), and body mass index between 18.5 and 
31.0  kg/m2. Participants were ART naive with plasma HIV-1 
RNA ≥5000 copies/mL and CD4 + T-cell count ≥350 cells/
mm3 at screening but were otherwise healthy, as determined 
by the investigator based on medical history, laboratory assess-
ments, and electrocardiographic findings. Exclusion criteria are 
summarized in the Supplementary Materials.

Assessments

Primary endpoints were maximum change from baseline and 
change from baseline to day 11 (part 1) and day 8 (part 2) in 
plasma HIV-1 RNA. Secondary endpoints included area under 
the concentration-time curve (AUC) from time 0 to 24 hours 
(AUC0-24), maximum observed concentration (Cmax), and time 
to Cmax (tmax) after single-dose GSK’254 administration on day 
1; AUC from time 0 to the end of the dosing interval (AUC0-τ), 
Cmax, tmax, and concentration at the end of the dosing interval 
(Cτ) after repeat-dose GSK’254 administration; PK parameter 
accumulation ratios; relationship between GSK’254 dose and 
PK parameters; relationship between maximum change from 
baseline in HIV-1 RNA and Cτ; and safety and tolerability 
parameters. Exploratory endpoints were treatment-emergent 
resistance-associated mutations (RAMs) and determination of 
steady-state GSK’254 concentrations.

Sample collection times for plasma HIV-1 RNA, resist-
ance analyses, and PK assessments are summarized in the 
Supplementary Materials. GSK’254 concentrations were ana-
lyzed by PPD (Middletown, Wisconsin, USA) via liquid chro-
matography with tandem mass spectrometry, as previously 
described [10]. Plasma assay range for GSK’254 was 3.00 to 
1000  ng/mL. Inter-assay coefficient of variation values for 
quality control samples ranged from 2.32% to 6.41%. Safety 
and tolerability were assessed by adverse events (AEs), clin-
ical laboratory assessments, electrocardiograms, and vital 
signs.
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Data Analyses

No formal hypotheses were tested. Sample size was based on 
feasibility to provide adequate precision for estimations. The 
Bayesian posterior probability testing based on the GSK’254 
200-mg dose in part 1 determined a 99.79% probability of 
achieving a 1.3-log10 maximum mean decline in HIV-1 RNA 
and met the protocol-defined criteria to proceed to part 2. 
Based on these results, part 2 proceeded with GSK’254 doses of 
40, 80, and 140 mg once daily that were estimated to result in 
maximum effects of 37%, 66%, and 84%, respectively.

Plasma HIV-1 RNA maximum change from baseline was 
analyzed using a mixed-effects linear model by treatment, 
baseline log10 HIV-1 RNA, and treatment × baseline log10 
HIV-1 RNA as fixed effects and participant as a random ef-
fect. Pharmacokinetic parameters were calculated by standard 
noncompartmental analysis with Phoenix WinNonlin software 
(version 6.4; Certara, St Louis, Missouri, USA). A linear mixed 
model with day as a fixed effect and participant as a random ef-
fect evaluated the achievement of steady state using the Helmert 
transformation approach [13]. Pharmacokinetic parameters 
were assessed using a fixed-effects power model fitted by re-
stricted maximum likelihood to evaluate GSK’254 dose pro-
portionality. The relationship between maximum change from 
baseline in log10 plasma HIV-1 RNA and GSK’254 dose or Cτ 
was assessed using maximum effect (Emax) models combining 
doses from parts 1 and 2; models were selected based on Akaike 

information criterion (AIC) values. Safety data were descrip-
tively summarized.

RESULTS

Study Population and Baseline Characteristics

Of the 106 individuals screened, 34 were randomized to receive 
either GSK’254 (6 participants/dose) or placebo (2 participants 
each in parts 1 and 2); all participants completed the study. 
Mean age of the overall study population was 31.8 years, and 
most participants were men (94%; Table 1). Primary reasons for 
study exclusion were not meeting inclusion or meeting exclu-
sion criteria (n = 58) and physician decision (n = 13).

Pharmacodynamics

Plasma HIV-1 RNA mean change from baseline to days 11 and 
8 in parts 1 and 2, respectively, and to nadir in parts 1 and 2 is 
summarized in Table 2. The largest decreases in HIV-1 RNA 
occurred in the 200- and 140-mg GSK’254 groups, with max-
imum mean declines of 2.0 and 1.5 log10, respectively. Median 
time to nadir in HIV-1 RNA was 11.5 days in part 1 and 8.0 days 
in part 2, consistent with the dosing intervals of 10 and 7 days in 
parts 1 and 2, respectively.

In part 1, log10 HIV-1 RNA decreased in the GSK’254 200-
mg group from day 2 to day 11 (Figure 1A). A >1.5-log10 de-
cline from baseline in HIV-1 RNA was observed at day 11 in all 

Table 1.  Baseline Demographics

Parameter 
GSK’254 

10 mg (n = 6) 
GSK’254 

40 mg (n = 6) 
GSK’254 

80 mg (n = 6) 
GSK’254 

140 mg (n = 6) 
GSK’254 

200 mg (n = 6) 
Placebo
(n = 4) 

Total
(n = 34) 

Age, mean (SD), ya 32.7 (8.3) 27.7 (6.9) 32.8 (6.2) 33.2 (8.2) 29.3 (3.9) 36.5 (9.3) 31.8 (7.2)

Sex, no. (%)

 � Female 0 1 (17) 0 1 (17) 0 0 2 (6)

 � Male 6 (100) 5 (83) 6 (100) 5 (83) 6 (100) 4 (100) 32 (94)

Body mass index, 
mean (SD), kg/m2

25.3 (3.7) 23.9 (4.3) 24.8 (3.7) 23.4 (1.6) 22.6 (2.2) 23.0 (1.3) 23.9 (3.0)

Height, mean (SD), 
cm

177.8 (5.7) 172.8 (7.3) 176.2 (12.3) 173.6 (8.6) 179.4 (6.0) 174.0 (6.3) 175.7 (7.9)

Weight, mean (SD), 
kg

80.3 (14.9) 70.7 (8.4) 77.4 (16.7) 70.9 (9.5) 72.9 (9.8) 69.8 (4.8) 73.9 (11.5)

Ethnicity, no. (%)

 � Hispanic/Latino 6 (100) 2 (33) 2 (33) 1 (17) 1 (17) 2 (50) 14 (41)

 � Not Hispanic/
Latino

0 4 (67) 4 (67) 5 (83) 5 (83) 2 (50) 20 (59)

Race, no. (%)

 � American Indian/
Alaska Native

2 (33) 0 0 0 0 1 (25) 3 (9)

 � Asian/Southeast 
Asian heritage

1 (17) 0 0 0 0 0 1 (3)

 � Black/African 
American

0 1 (17) 2 (33) 1 (17) 0 0 4 (12)

 � White/Caucasian/
European heritage

2 (33) 5 (83) 4 (67) 5 (83) 5 (83) 3 (75) 24 (71)

 � Multiple 1 (17) 0 0 0 1 (17) 0 2 (6)

Abbreviations: GSK'254, GSK3640254; SD, standard deviation. 
aAge was imputed when full date of birth was not provided.
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participants from the 200-mg group. Values for log10 HIV-1 RNA 
remained close to baseline levels for both the 10-mg and pla-
cebo groups. In part 2, log10 HIV-1 RNA steadily decreased from 
days 3 and 4 through day 8 in all GSK’254 groups (Figure 1B).  
A> 1.5-log10 decline in HIV-1 RNA from baseline was observed 
at Day 8 in 3 participants from the 140-mg group and 1 partici-
pant from the 40-mg group.

Of the 12 participants who received GSK’254 monotherapy 
for 10 days in part 1, 4 in the 200-mg group developed the RAM 
A364A/V at day 11 (Figure 2). One of 4 participants with full 
conversion to the A364V mutation developed phenotypic resist-
ance with a fold change in half maximal inhibitory concentra-
tion of 132. However, no participant had treatment-emergent 
RAMs at days 8, 9, or 10. No emergent RAMs were observed in 
part 2 when GSK’254 monotherapy was administered for 7 days.

Pharmacokinetics

Across all doses, and similar to the PK observed in healthy par-
ticipants, GSK’254 reached maximum plasma concentrations 
with a median tmax of 2.93 to 5.53 hours on Day 1 (after the first 
dose) and 4.02 to 5.48 hours at steady state (Table 3; Figure 3) 
[9]. Plasma Cmax and AUC0-24 or AUC0-τ values were generally 
dose proportional on day 1 and at steady state for doses up to 
140  mg; a plateau in these parameters was observed between 
the 140- and 200-mg doses, indicating nonproportionality. The 
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Figure 1.  Mean (SD) change from baseline in log10 plasma HIV-1 RNA by treat-
ment in (A) part 1 and (B) part 2. Abbreviations: GSK’254, GSK3640254; HIV-1, 
human immunodeficiency virus type 1; SD, standard deviation.
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power model approach was applied to evaluate GSK’254 dose 
proportionality. After single-dose administration on day 1, the 
estimated slopes (90% confidence interval [CI]) for AUC0-24, 
Cmax, and concentration at 24 hours were 1.02 (90% CI: .88–
1.16), 0.96 (90% CI: .77–1.15), and 1.06 (90% CI: .92–1.20), re-
spectively. Estimated slopes (90% CI) for AUC0-τ, Cmax, and Cτ 
were 1.18 (90% CI: 1.07–1.28), 1.20 (90% CI: 1.11–1.30), and 
1.14 (90% CI: 1.02–1.26), respectively, after repeat administra-
tion at steady state.

Although the HIV-1 RNA declines in the ≤80-mg groups 
were among the lowest in the study, mean GSK’254 concentra-
tions in the ≥40-mg groups were above the target trough con-
centration (110  ng/mL). Except for Cmax in the 10-mg group, 
accumulation ratios were >1 for all parameters evaluated, ran-
ging from 1.54 to 2.29 for AUC0-τ, 0.93 to 2.03 for Cmax, and 1.48 
to 2.30 for Cτ, consistent with the observed terminal phase half-
life in other studies (~24 hours) [9]. Steady-state GSK’254 con-
centrations were reached by days 5–7 in all dose groups.

Dose– and Exposure–Antiviral Response Relationships

The relationship between dose and maximum change in HIV-1 
RNA from baseline to day 8, noting that the maximum anti-
viral effect was not observed in 8 days of monotherapy with 
this late-stage HIV-1 life cycle inhibitor, was fitted to an Emax 
nonlinear model (Figure 4A). Multiple models were assessed 
based on AIC values, and the Emax nonlinear model had the 
lowest AIC value and was considered the best model. Estimated 

values (95% CI) from the dose-response model were − 1.93 
log10 HIV-1 RNA (−2.43 to − 1.44) for Emax, 42.67 mg GSK’254 
(7.56–77.77) for half maximal effective dose (ED50), and 0.12 
(0.06–0.18) for variance.

The relationship between GSK’254 Cτ and maximum change 
in HIV-1 RNA from baseline to Day 8 was fitted to an Emax non-
linear model (Figure 4B). Estimated values (95% CI) were −1.86 
log10 HIV-1 RNA (−2.33 to −1.40), 0.17 µg/mL (.02–.32), and 
0.12 (.06–.19) for Emax, EC50, and variance, respectively.

Safety

Overall, 22 (65%) participants reported AEs during the study, 
all of whom received GSK’254 (Table 4). The most commonly 
reported AEs were headache (n = 4) and oropharyngeal pain 
(n = 3). Gastrointestinal AEs occurred in 7 (21%) participants, 
with diarrhea (n = 3), abdominal pain (n = 2), and vomiting 
(n = 2) reported in >1 participant. Two participants each re-
ported nasopharyngitis and lymphadenopathy. Other AEs were 
reported by 1 participant each. Fourteen drug-related AEs were 
reported by 9 (26%) participants, with diarrhea, abdominal 
pain, and vomiting being the most common. Two participants 
reported serious AEs (SAEs) of congestive cardiomyopathy and 
anal abscess, both of which were considered unrelated to the 
study drug; both SAEs required hospitalization and resolved. 
All AEs and SAEs were mild to moderate in intensity, except 
for in 1 participant who developed congestive cardiomyopathy 
and myocarditis, both of which were grade 3 and considered 
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Figure 2.  Change from baseline in log10 plasma HIV-1 RNA and HIV-1 Gag genotyping results from day 8 to end of study in the 200-mg group. Abbreviations: GSK’254, 
GSK3640254; HIV-1, human immunodeficiency virus type 1.
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unrelated to the study drug. No AEs led to treatment discontin-
uation, and no deaths were reported during the study.

Eleven participants reported 14 abnormal laboratory evalu-
ations of potential clinical importance, including low neutro-
phil counts (n = 6), low leukocyte counts (n = 3), and elevated 
leukocyte counts or chloride levels (n = 2 each). Increases in 
pulse rate and blood pressure of potential clinical significance 
were each reported in 4 participants. No clinically significant 
trends in laboratory values, electrocardiograms, or vital signs 
across treatment groups in parts 1 or 2 were observed.

DISCUSSION

This proof-of-concept study evaluated the antiviral effi-
cacy, PK, and safety of the next-generation maturation in-
hibitor GSK’254 in treatment-naive adults with HIV-1 and 

established a dose– and exposure–antiviral response relation-
ship. Monotherapy with each GSK’254 dose resulted in declines 
from baseline in HIV-1 RNA, with the greatest mean decreases 
of 2.0 and 1.5 log10 observed in the 200- and 140-mg groups, 
respectively. Moreover, the 200-mg dose showed the greatest 
short-term decline in HIV-1 RNA after monotherapy with 
any developmental maturation inhibitor in phase IIa studies 
and approximated that of integrase inhibitor monotherapy [4, 
5, 8, 14–18]. The 10-mg dose demonstrated a 0.36-log10 max-
imum mean decline from baseline in HIV-1 RNA, which was 
lower than the previous maturation inhibitor GSK3532795 at 
similarly low doses [5]. The maximum decline in HIV-1 RNA 
for each GSK’254 dose was reached after the treatment pe-
riod was completed by a median of 11.5 and 8.0 days in parts 
1 and 2, respectively, as a function of the duration of GSK’254 

Table 3.  Plasma GSK’254 PK Parameters After Single- and Repeat-Dose Administration

Geometric mean, (% CVb)a 

GSK’254
10 mg
(n = 6) 

GSK’254
40 mg
(n = 6) 

GSK’254
80 mg
(n = 6) 

GSK’254
140 mg
(n = 6) 

GSK’254
200 mg
(n = 6)b 

Day 1

AUC0-24, µg∗h/mL 0.70 (13.5) 3.25 (31.7) 6.12 (38.8) 14.0 (36.6) 12.40 (91.3)

 � 95% CI .59–.82 2.35–4.50 4.13–9.07 9.67–20.40 5.48–28.00

 � Range 0.59–0.81 2.41–5.60 3.80–11.20 10.15–23.82 2.69–23.20

Cmax, µg/mL 0.06 (177.4) 0.23 (30.5) 0.43 (33.6) 0.92 (41.5) 0.94 (82.3)

 � 95% CI .02–.21 .17–.32 .31–.61 .60–1.40 .44–2.00

 � Range 0.02–0.55 0.17–0.40 0.29–0.75 0.58–1.80 0.23–1.53

tmax, median (range), h 2.93 (0.00–5.00) 4.42 (3.97–8.00) 4.08 (2.95–6.17) 5.51 (3.00–6.25) 5.53 (3.92–8.05)

Day 8, 9, or 10 (part 1) or day 7 (part 2)

AUC0-τ, µg∗h/mL 0.91 (44.7) 7.46 (26.8) 11.80 (26.7) 29.30 (27.9) 27.90 (18.4)

 � 95% CI .58–1.42 5.66–9.84 8.98–15.60 22.00–39.00 23.10–33.80

 � Range 0.41–1.33 5.76–11.47 8.96–16.68 17.76–37.70 22.27–34.79

Cmax, µg/mL 0.06 (41.3) 0.47 (20.6) 0.75 (23.7) 1.86 (26.0) 1.86 (19.5)

 � 95% CI .04–.08 .38–.58 .59–.96 1.42–2.43 1.51–2.27

 � Range 0.03–0.08 0.35–0.61 0.60–1.13 1.17–2.52 1.43–2.45

tmax, median (range), h 4.02 (1.87–5.00) 4.06 (2.00–8.00) 4.58 (4.00–5.18) 4.08 (2.92–5.20) 5.48 (3.00–6.20)

Cτ, µg/mL 0.03 (47.0) 0.22 (30.1) 0.36 (31.1) 0.80 (34.1) 0.70 (29.6)

 � 95% CI .02–.04 .16–.30 .26–.50 .56–1.13 .52–.95

 � Range 0.01–0.04 0.16–0.35 0.25–0.51 0.49–1.19 0.46–0.91

CL/F, mL/h 11 011 (44.7) 5360 (26.8) 6765 (26.7) 4779 (27.9) 7159 (18.4)

 � 95% CI 7033–17 238 4064–7070 5139–8905 3587–6367 5914–8667

 � Range 7519–24 568 3487–6941 4795–8933 3713–7881 5749–8981

Accumulation ratio

AUC0-τ
1.54 (24.5) 2.29 (11.2) 1.93 (18.6) 2.09 (37.5) 2.25 (72.1)

 � 95% CI 1.14–2.07 2.04–2.58 1.59–2.34 1.38–2.96 1.14–4.44

 � Range 1.09–1.95 2.05–2.69 1.49–2.59 1.31–2.73 1.50–8.27

Cmax 0.93 (171.7) 2.03 (24.4) 1.73 (17.6) 2.02 (37.5) 1.98 (69.4)

 � 95% CI .27–3.18 1.57–2.61 1.47–2.07 1.38–2.96 1.03–3.82

 � Range 0.09–1.86 1.52–2.91 1.45–2.29 1.17–3.25 1.34–6.93

Cτ
1.48 (22.2) 2.30 (6.4) 1.94 (20.8) 1.90 (16.0) 1.98 (61.2)

 � 95% CI 1.17–1.86 2.15–2.46 1.56–2.41 1.61–2.24 1.10–3.58

 � Range 1.09–2.07 2.08–2.46 1.48–2.55 1.44–2.26 1.35–6.09

Abbreviations: AUC0-24, area under the concentration-time curve from 0 to 24 hours; AUC0-τ, area under the concentration-time curve from time 0 to the end of the dosing interval; CI, con-
fidence interval; CL/F, apparent oral clearance; Cmax, maximum observed concentration; Cτ, concentration at the end of the dosing interval; CVb, between-participant coefficient of variation; 
GSK’254, GSK3640254; HIV-1, human immunodeficiency virus type 1; PK, pharmacokinetic; tmax, time to Cmax. 
aExcept where noted for tmax. 
bOne participant was excluded from PK analysis on day 1 due to vomiting postdose ≤1 × tmax.
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monotherapy. Thus, it is possible that the declines in HIV-1 
RNA with GSK’254 doses in part 2 may have been greater with 
a longer dosing period before the introduction of combination 
ART. Plasma GSK’254 PK parameters were generally dose pro-
portional after single- and repeat-dose administration between 
the 10- and 140-mg doses but non-proportional between the 
140- and 200-mg doses. In a previous study of healthy parti-
cipants, non-proportionality of GSK’254 was observed but at 
doses higher than those used in the present study [9]. Thus, the 
nonproportionality observed may be a result of the small par-
ticipant numbers and PK variability. Overall, GSK’254 param-
eters were generally consistent with those observed in healthy 
participants [9]. Exposures of GSK’254 increased 1.5- to 2.3-
fold from day 1 to steady state across all doses, in line with pre-
vious estimates of terminal phase half-life (~24 hours) [9].

Administration of GSK’254 in participants with HIV-1 did 
not result in any clinically significant tolerability findings. 
The most common AE was headache, similar to observations 
in healthy participants [9]. Two SAEs were reported, both of 
which were considered unrelated to the study drug. No AEs 
led to treatment discontinuation, and no deaths were reported. 
Overall, results from this study support further clinical devel-
opment of GSK’254.

Maximum change in HIV-1 RNA from baseline to day 8 
was fitted to Emax nonlinear models for GSK’254 dose and Cτ 
to evaluate dose– and exposure–antiviral response relation-
ships. The GSK’254 dose estimated to achieve 50% of the max-
imum decline in HIV-1 RNA from the model was 42.7  mg. 
Although the 95% CI for this estimate is wide (7.6–77.8), the 
values are near or within the dose ranges included in this 
study. In addition, PK parameter concentrations estimated 
to attain maximum HIV-1 RNA declines were also within the 

range of PK results observed in this study. For example, the 
EC50 estimate for Cτ was 0.17 µg/mL, slightly decreased com-
pared with the PK parameters observed at steady state in the 
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Figure 3.  Plasma GSK’254 PK parameters after (A) single-dose administration on day 1 and (B) repeat-dose administration at steady state. Dashed line indicates the 
clinical efficacy target value for which ≥95% of participants in a phase IIb study are projected to exceed target trough concentrations (110 ng/mL). Abbreviations: GSK’254, 
GSK3640254; PK, pharmacokinetics. aOne participant in the 10-mg group had a predose concentration that was inconsistent with the expected PK profile. One participant in 
the 200-mg group was excluded from PK analysis due to vomiting postdose ≤1 × time to maximum observed concentration. bSteady state was measured on day 8, 9, or 10 
in part 1 and day 7 in part 2.
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GSK’254 40-mg group. Except for the lowest GSK’254 dose of 
10 mg, all dose groups achieved trough concentrations above 
the pre-determined target of 110 ng/mL. The EC50 value de-
rived from the PK/pharmacodynamic model of these data 
(~170 ng/mL; ~43 mg once daily) is similar to the target value. 
However, doses selected for phase IIb evaluation (100–200 mg 
once daily) were conservatively chosen to optimize efficacy 
(ie, to achieve population trough concentrations well above 
this value).

Treatment emergence of the RAM A364A/V occurred on day 
11 in 4 participants who received monotherapy with GSK’254 
200  mg for 10 days in part 1. One of 4 participants with full 
conversion to A364V demonstrated phenotypic resistance to 
GSK’254. After shortening the duration of GSK’254 mono-
therapy in part 2 to 7 days, no emergent RAMs were observed. 
A364V is a primary maturation inhibitor RAM [18]. Of 37 par-
ticipants with available data who received monotherapy with 
the structurally similar maturation inhibitor GSK3532795 in a 
phase IIa trial, 18 developed treatment-emergent RAMs at Day 
10, and 6 developed A364A/V. Of those 6 participants, 5 dem-
onstrated phenotypic resistance to GSK3532795 at day 10 [19]. 

Combined, GSK’254 showed a more potent antiviral profile rel-
ative to GSK3532795 [12]. Of note, like all antiretroviral agents, 
GSK’254 will always be part of an antiretroviral regimen. An 
ongoing phase IIb study is evaluating GSK’254 in combination 
with 2 nucleoside reverse transcriptase inhibitors, which will 
provide data on the potential for treatment-emergent resistance 
over longer-term administration; this will inform the clinical 
development plan relative to the resistance barrier of GSK’254.

This study had some limitations. Sample sizes were small, 
and only 2 (6%) participants were women, potentially limiting 
generalizability. Although dose proportionality was evaluated, 
this study was not powered for that determination. Differences 
were observed in dosing duration between parts 1 and 2 (10 vs 
7 days), making direct comparisons between GSK’254 doses in 
part 1 and those in part 2 challenging.

This proof-of-concept monotherapy study established the 
potency of GSK’254 as an antiviral (2-log10 maximum change) 
and a GSK’254 dose– and exposure–antiviral response rela-
tionship. Across all doses evaluated and regardless of dosing 
duration, GSK’254 140- and 200-mg doses achieved similar ex-
posures and demonstrated the greatest declines in HIV-1 RNA. 

Table 4.  Summary of AEs

Preferred Term, 
n (%) 

GSK’254 
10 mg (n = 6) 

GSK’254 
40 mg (n = 6) 

GSK’254 
80 mg (n = 6) 

GSK’254 
140 mg (n = 6) 

GSK’254 
200 mg (n = 6) 

Placebo 
(n = 4) 

Total 
(N = 34) 

Total AEsa

 � Any event 3 (50) 5 (83) 4 (67) 5 (83) 5 (83) 0 22 (65)

 � Headache 0 1 (17) 0 1 (17) 2 (33) 0 4 (12)

 � Diarrhea 1 (17) 1 (17) 0 0 1 (17) 0 3 (9)

 � Oropharyngeal 
pain

0 0 0 1 (17) 2 (33) 0 3 (9)

 � Abdominal pain 0 0 2 (33) 0 0 0 2 (6)

 � Nasopharyngitis 0 0 0 0 2 (33) 0 2 (6)

 � Lymphadenopathy 1 (17) 0 0 0 1 (17) 0 2 (6)

 � Vomiting 1 (17) 0 0 0 1 (17) 0 2 (6)

Drug-related AEs

 � Any event 2 (33) 2 (33) 2 (33) 1 (17) 2 (33) 0 9 (26)

 � Diarrhea 1 (17) 1 (17) 0 0 1 (17) 0 3 (9)

 � Abdominal pain 0 0 2 (33) 0 0 0 2 (6)

 � Vomiting 1 (17) 0 0 0 1 (17) 0 2 (6)

 � Chromaturia 1 (17) 0 0 0 0 0 1 (3)

 � Epistaxis 0 1 (17) 0 0 0 0 1 (3)

 � Fatigue 0 1 (17) 0 0 0 0 1 (3)

 � Headache 0 0 0 0 1 (17) 0 1 (3)

 � Maculopapular 
rash

0 0 0 1 (17) 0 0 1 (3)

 � Nausea 1 (17) 0 0 0 0 0 1 (3)

 � Pruritus 0 0 0 1 (17) 0 0 1 (3)

Serious AEsb

 � Anal abscess 0 0 0 1 (17) 0 0 1 (3)

 � Congestive car-
diomyopathy

1 (17) 0 0 0 0 0 1 (3)

Abbreviations: AE, adverse event; GSK’254, GSK3640254.
aAEs reported in >1 participant. 
bSerious AEs were considered not related to the study drug and resolved.
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No major tolerability findings were observed with any GSK’254 
dose in this treatment-naive population with HIV-1. Overall, 
results from this study support the clinical development of 
GSK’254 and informed dose selection for the ongoing phase 
IIb study evaluating GSK’254 in combination with 2 nucleoside 
reverse transcriptase inhibitors (ClinicalTrials.gov identifier: 
NCT04493216).

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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