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Aims: GSK3358699 is a mononuclear myeloid-targeted bromodomain and extra-

terminal domain (BET) family inhibitor which demonstrates immunomodulatory

effects in vitro. This phase 1, randomized, first-in-human study evaluated the safety,

pharmacokinetics, and pharmacodynamics of GSK3358699 in healthy male partici-

pants (NCT03426995).

Methods: Part A (N = 23) included three dose-escalating periods of 1-40 mg of

GSK3358699 or placebo in two cohorts in a single ascending-dose crossover design.

Part C (N = 25) was planned as an initial dose of 10 mg of GSK3358699 or placebo

daily for 14 days followed by selected doses in four sequential cohorts.

Results: In part A, exposure to GSK3358699 and its metabolite GSK3206944 gener-

ally increased with increasing doses. The median initial half-life ranged from 0.7 to

1.1 (GSK3358699) and 2.1 to 2.9 (GSK3206944) hours after a single dose of

1-40 mg. GSK3206944 concentrations in monocytes were quantifiable at 1-hour

post-dose following 10 mg of GSK3358699 and 1 and 4 hours post-dose following

20-40 mg. Mean predicted percentage inhibition of ex vivo lipopolysaccharide-

induced monocyte chemoattractant protein (MCP)-1 reached 75% with 40 mg of

GSK3358699. GSK3358699 did not inhibit interleukin (IL)-6 and tumour necrosis

factor (TNF).

The most common adverse event (AE) was headache. Four AEs of nonsustained ven-

tricular tachycardia were observed across parts A and C. One serious AE of atrial

fibrillation (part C) required hospitalization.

Conclusions: Single doses of GSK3358699 are generally well tolerated with signifi-

cant metabolite concentrations detected in target cells. A complete assessment of
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pharmacodynamics was limited by assay variability. A causal relationship could not

be excluded for cardiac-related AEs, resulting in an inability to identify a suitable

repeat-dose regimen and study termination.

K E YWORD S

bromodomain and extra-terminal domain, epigenetic reader protein, GSK3358699, myeloid,
pharmacodynamics, pharmacokinetics

1 | INTRODUCTION

The bromodomain and extra-terminal domain (BET) family of pro-

teins regulate gene expression at an epigenetic level1,2 and may

contribute to inflammatory and fibrotic disease by maintaining or

upregulating the expression of proinflammatory genes that drive

pathological disease mechanisms.1 In animal models, BET inhibitors

have been found to suppress the proinflammatory mechanisms that

underlie several immune-inflammatory diseases.3–6 However, clinical

development of pan-BET inhibitors has been hindered by dose-

limiting toxicities, primarily thrombocytopenia and gastrointestinal

symptoms.7

GSK3358699 was developed to explore the therapeutic poten-

tial of a BET inhibitor that preferentially targets mononuclear-

myeloid cells, including the potential to mitigate the preclinical and

clinical toxicities observed with pan-BET inhibition. GSK3358699

incorporates within its structure an esterase-sensitive ester motif

(ESM) that allows preferential delivery of a pharmacologically active

acid metabolite, GSK3206944, to cells that express human

carboxyesterase-1 (CES-1), namely cells of the mononuclear-

myeloid lineage, including monocytes, macrophages and dendritic

cells.8 GSK3358699 is hydrolysed intracellularly by CES-1 to form

the acid metabolite GSK3206944, which is selectively generated

and, by virtue of its physicochemical properties, is retained in

mononuclear-myeloid cells. Both GSK3358699 and GSK3206944

are potent BET inhibitors. Thus, GSK3358699 was postulated to

have potential therapeutic benefits in diseases where myeloid cells

are important, such as rheumatoid arthritis, psoriasis, fibrotic liver

disease and inflammatory bowel disease.

Preclinical studies support the therapeutic potential of

GSK3358699 for the treatment of inflammatory diseases.

GSK3358699 demonstrated potent immunomodulatory effects in

ex vivo experiments with human whole blood and in blood samples

from patients with rheumatoid arthritis. In addition, GSK3358699

inhibited joint inflammation and bone erosion in a mouse model of

arthritis and decreased lipopolysaccharide (LPS)-induced cytokine pro-

duction in cynomolgus monkeys.

In this first-in-human study, we evaluated the safety and tolerabil-

ity of single and multiple ascending doses of GSK3358699 in healthy

male participants. The pharmacokinetic and pharmacodynamic profile

of GSK3358699 and the metabolite GSK3206944 and quantification

of GSK3206944 in monocytes following dosing of GSK3358699 were

also evaluated.

2 | METHODS

The study was approved by a national ethics committee and was con-

ducted according to the recommendations of Good Clinical Practice

and the Declaration of Helsinki. All participants provided written

informed consent before the performance of any study procedures.

2.1 | Study design

In this phase 1, randomized, double-blind (sponsor open), planned

three-part study, we evaluated the safety, pharmacokinetics and

pharmacodynamics of GSK3358699 treatment in healthy males

(Clinicaltrials.gov identifier: NCT03426995). Study participants were

randomized to a treatment group using validated internal software

What is already known about this subject

• Bromodomain and extra-terminal domain (BET) proteins

may contribute to inflammatory disease by maintaining or

upregulating the expression of genes that drive patholog-

ical disease mechanisms.

• BET inhibitors suppress inflammatory processes in animal

models.

• Clinical development of pan-BET inhibitors has been hin-

dered by dose-limiting toxicities including thrombocyto-

penia, gastrointestinal symptoms and QTc prolongation.

What this study adds

• GSK3358699 is an esterase-sensitive motif-containing

BET inhibitor that preferentially targets mononuclear-

myeloid cells.

• Targeted BET inhibition with GSK3358699 largely miti-

gated the common clinical toxicities observed with pan-

BET inhibitors and single doses were generally well toler-

ated in healthy adult males.

• Repeat dosing of GSK3358699 was associated with clini-

cally significant cardiac adverse events.
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centrally controlled by Registration and Medication Ordering System

Next Generation (RAMOS NG). Participants and study site staff were

blinded to the allocation of GSK3358699 or matching placebo.

In part A of the study, two interlocking cohorts of participants

(cohorts 1 and 2) received GSK3358699 in a single ascending-dose

crossover design during three dose-escalating treatment periods

(Figure 1). The decision to escalate to the next dosing level was made

by the Dose Escalation Committee (DEC). Dose-escalation-stopping

criteria are described in the Supplementary Information. Based on

available preclinical and clinical data, 1-45 mg was selected as the

planned dose range. However, after data from the first two treatment

periods was reviewed by the DEC, the maximum dose level in

treatment period 3 was changed to 40 mg for cohort 1 and 30 mg for

cohort 2. Each participant in part A received a maximum of two single

ascending doses of GSK3358699 and one dose of placebo. At each of

the six dose levels, GSK3358699 and placebo were administered in a

2:1 ratio within each treatment period according to the randomization

schedule. On day 1, one of the two sentinel participants received

GSK3358699 and the other received placebo. On establishing ade-

quate safety in the sentinel participants, after approximately 48 hours,

the remaining participants in the cohort were dosed. There were at

least 14 days between each dosing level in cohorts 1 and 2, resulting

in a ≥28-day washout period between dosing in each treatment

period for each cohort. Part A of the study also included a fourth

F IGURE 1 Dosing schematic. In
part A of the study, two interlocking
cohorts of participants (cohorts 1 and
2) received GSK3358699 in a single
ascending-dose crossover design
during three dose-escalating
treatment periods (treatment periods
1-3). Each participant received a
maximum of two single ascending
oral doses of GSK3358699 (1, 3,
10, 20, 40 or 30 mg) and one dose of
placebo. In treatment period
4, participants were treated with
25 mg of GSK3358699 or placebo
followed by an in vivo LPS (cohort 1)
or GM-CSF challenge (cohort 2). Part
C of the study was planned to be a
repeat-dose design in sequential
cohorts with participants randomized
to either 10 mg of GSK3358699 or
placebo daily for 14 days. However,

the study was terminated during
cohort 5 and cohorts 6-8 were not
conducted. GM-CSF, granulocyte-
macrophage colony-stimulating
factor; LPS, lipopolysaccharide; PBO,
placebo; PD, pharmacodynamic; PK,
pharmacokinetic
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treatment period where participants were treated with GSK3358699

or placebo followed by an in vivo LPS (cohort 1) or granulocyte-

macrophage colony-stimulating factor (GM-CSF) challenge (cohort 2)

with concurrent cantharidin-induced blisters. The dose of

GSK3358699 selected for this treatment period was 25 mg based on

analysis of safety, pharmacokinetic and pharmacodynamic data

available to the DEC from the previous part A single ascending-dose

treatment periods. The exploratory results from this fourth period will

be reported elsewhere.

Part B, which was planned to evaluate the food effect of

GSK3358699, did not occur.

Part C of the study was originally planned as a repeat-dose design

in four sequential cohorts (cohorts 4-7; Figure 1). Participants in

cohort 4 were treated with either 10 mg of GSK3358699 or placebo

daily for 14 days in a 5:2 ratio according to the randomization sched-

ule. The 10 mg of GSK3358699 dose was selected based on data

obtained from the dose-escalation treatment periods (treatment

periods 1-3) in part A of the study. On day 14, it was originally

planned that, similar to part A, LPS or GM-CSF in vivo challenges with

concurrent cantharidin-induced blisters would be investigated at each

dose of GSK3358699.

Following a temporary halt to investigate cardiac-related adverse

events (AEs) during cohort 4, the study design was amended for

cohorts 5-7. Each cohort was to receive one daily dose of either

GSK3358699 or placebo for 14 days in a 1:1 ratio to allow for collec-

tion of safety data in balanced treatment groups (Figure 1). Partici-

pants in cohort 5 were treated with 10 mg of GSK3358699. Sentinel

dosing with staggering of the first two participants was implemented

as described for part A. The planned in vivo challenges were not

included in the revised design for cohorts 5-7. Instead, cohort 8 was

planned, which would include investigation of these immunological

challenges after up to 14 days of repeat GSK3358699 dosing, but

cohort 8 was not conducted. The study was terminated during cohort

5.

2.2 | Participants

Healthy males aged 18-56 years were enrolled in the study. Study

participants were required to have a body weight ≥50 kg and a body

mass index within the range of 18.5-35.0 kg/m2. Participants were

ineligible for the study if they had a chronic history of pancreatitis,

diabetes mellitus/glucose intolerance, cardiac disease, gastrointestinal

disease, liver disease, clinically significant renal disease or clinically sig-

nificant respiratory disease. Participants with an electrocardiogram

(ECG) QT interval corrected for heart rate using Fridericia's formula

(QTcF) of >450 milliseconds (ms) based on triplicate ECGs or a family

history of premature cardiovascular disease were also excluded. After

the temporary halt during cohort 4, participants with nonsustained

ventricular tachycardia (NSVT) and any clinically relevant abnormality

on the screening ECG were also not eligible for the study. Full inclu-

sion and exclusion criteria are described in the Supplementary

Information.

2.3 | Study assessments and procedures

The primary objective of the study was to assess the safety and

tolerability of GSK3358699, including evaluation of AEs, laboratory

safety data (clinical chemistry, haematology, urinalysis), vital signs,

cardiac telemetry and 12-lead ECGs. Additional objectives

included evaluation of the systemic pharmacokinetic profile of

GSK3358699 and the metabolite GSK3206944, the intracellular

pharmacokinetic profile of GSK3206944 in monocytes and the

pharmacodynamic profile measured by the extent of target engage-

ment (eg, inhibition of cytokine production) in the blood after

ex vivo LPS treatment.

Samples for pharmacokinetic analyses were collected on day 1 of

treatment periods 1-4 of part A and days 1 and 14 of part C at pre-

dose and 15 minutes, 30 minutes and 1, 2, 4, 6, 8, 12, 24 and 48 hours

post-dose (except 48-hour samples were not collected on day 1 of

part C). During part C, samples were also collected pre-dose on days

4, 8 and 12. Plasma pharmacokinetic parameters were analysed for

GSK3358699 and GSK3206944 using a validated analytical method

based on protein precipitation, followed by high-performance liquid

chromatography tandem mass spectrometry. The lower limit of quan-

tification (LLQ) was 0.1 ng/mL and the higher limit of quantification

(HLQ) was 100 ng/mL.

Blood samples for intracellular pharmacokinetic analyses of

GSK3206944 were collected on day 1 of treatment periods 1-3 of

part A at 1, 4, 8, 24 and 48 hours post-dose. During treatment period

4 of part A, samples were collected on day 1 at 4 and 24 hours post-

dose. During part C, samples were collected at 1, 4 and 8 hours post-

dose on days 1 and 14, and also at 24 and 48 hours post-dose on day

14. Samples were also collected pre-dose on days 4, 8 and 12. Mono-

cytes were isolated directly from the blood samples using cluster of

differentiation 14 magnetic beads and lysed using mammalian protein

extraction reagent (M-PER) buffer. Intracellular pharmacokinetic

parameters for GSK3206944 were analysed using the same methods

as for the plasma pharmacokinetic parameters. The LLQ and HLQ for

intracellular pharmacokinetic analysis were 0.2 and 100 ng/mL,

respectively.

Blood samples for ex vivo LPS pharmacodynamic analyses dur-

ing treatment periods 1-3 of part A were collected the day prior

to treatment and on day 1 at pre-dose and 1, 4, 8, 12, 24 and

48 hours post-dose. During part C, samples were collected the day

prior to treatment and on days 1 and 14 at pre-dose, and 1, 4 and

8 hours post-dose. On day 14, samples were also collected 24 and

48 hours post-dose. Additional samples during part C were col-

lected pre-dose on days 2, 4, 8 and 12. In part A, 1 mL blood

samples were collected into an LPS TruCulture tube (Myriad RBM,

Austin, TX, USA) and a null (no LPS) TruCulture tube. All samples

were incubated for approximately 22 hours at 37 �C. The cellular

and soluble contents were separated, and the soluble fraction

analysed for concentrations of monocyte chemoattractant protein

(MCP)-1, interleukin (IL)-6 and tumour necrosis factor (TNF)-α using

the Meso Scale Discovery platform (Meso Scale Diagnostics, LLC,

Rockville, MD, USA).
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2.4 | Statistical analyses

The sample size was based on feasibility and no formal hypotheses

were tested. The safety and pharmacodynamic endpoints were

analysed in all randomized participants who received at least one dose

of study treatment (safety population). The pharmacokinetic parame-

ters were measured in all participants in the safety population who

received an active dose of the study drug and for whom pharmacoki-

netic samples were obtained and analysed (pharmacokinetic

population). An estimation approach was used to quantify the single-

dose pharmacokinetics for each dose level studied and to assess phar-

macokinetic parameters following 14 days repeat dosing relative to

single dosing.

Safety, pharmacokinetic and pharmacodynamic assessments were

summarized descriptively. Pharmacokinetic parameters were calcu-

lated by standard noncompartmental analysis according to current

working practices and using WinNonlin software (Certara, Princeton,

NJ, USA). The pharmacokinetic parameters analysed were area under

the concentration-time curve (AUC) from time zero to the time of the

last quantifiable concentration (AUC(0-t)), AUC extrapolated to infinity

(AUC(0-∞)), AUC from time zero to 24 hours post-dose (AUC(0-24)),

AUC from time zero to the end of the dosing period (AUC(0-tau)), the

maximum observed concentration (Cmax), the time to reach Cmax (Tmax

), the apparent terminal half-life (t1/2 terminal), actual initial half-life

(t1/2 initial), accumulation ratio between one single dose (day 1) and

the repeat dose (day 14; R0) and steady state ratio (RS).

3 | RESULTS

3.1 | Study population

Part A included 23 participants, 17 of whom completed part A

(Figure 2). Part C included 25 participants (11 placebo,

14 GSK3358699), but only four participants (two placebo, two

GSK3358699) completed the study (ie, received all 14 doses) because

cohorts 4 and 5 were stopped partway through the 14-day treatment

period (Figure 2). The four participants who completed part C were

the sentinel participants from cohorts 4 and 5. The remaining partici-

pants in cohorts 4 and 5 of part C received between one and 13 doses

before the cohorts were halted. The demographics in part C of the

study were similar between the GSK3358699 and placebo groups

(Table 1).

3.2 | Safety and adverse events

In part A of the study, 21 participants experienced a total of 67 AEs

(Table 2). All the AEs were considered mild or moderate in intensity

F IGURE 2 Participant disposition for parts A and C of the study. In part A, 23 participants were randomized and 17 completed the study. In
part C, 25 patients were randomized and four completed the study (received all 14 doses). Reasons for discontinuation are shown in the diagram.
PK, pharmacokinetics. aParticipant reached haematological stopping criteria-low neutrophils
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and resolved by the end of the study. Headache was the most com-

mon treatment-emergent AE after placebo administration (n = 2, 9%)

or any dose of GSK3358699 (17-33%). Treatment-related AEs and

AEs leading to withdrawal are summarized in Table 2. No deaths or

serious AEs (SAEs) occurred in part A.

In part C of the study, 15 participants experienced a total of

23 AEs (Table 2). All the AEs were considered mild or moderate in

intensity and resolved by the end of the study. Headache was the

most common treatment-emergent AE after placebo administration

(n = 2, 18%); headache (n = 2, 14%) and NSVT (n = 2, 14%) were the

most common AEs after GSK3358699 administration. Six participants

had nonserious AEs that were considered treatment-related (Table 2):

one event each of tachycardia, atrial fibrillation (AF) and palpitations

occurring in participants receiving placebo and one event each of

tachycardia, ventricular extrasystoles and NSVT in participants receiv-

ing GSK3358699. One participant receiving GSK3358699 had experi-

enced an SAE of AF (discussed further below), which was considered

treatment-related and led to study withdrawal (Table 2). Three other

participants experienced AEs that led to study withdrawal: an AE of

keratitis in a participant receiving placebo and one event each of

tachycardia and NSVT in participants receiving GSK3358699. There

were no deaths.

Three clinical chemistry values in part A, all following placebo

administration, were of potential clinical importance. This included an

increase in transaminases, which was also reported as an AE. Five

haematology values in part A (two placebo, three GSK3358699) and

seven in part C (six placebo, one GSK3358699) were also of potential

clinical relevance. The SAE of AF in part C was the only clinically sig-

nificant ECG abnormality reported in the study. Two clinically

significant abnormalities in telemetry were reported in part C, one on

day 1 and one on day 8, in participants receiving GSK3358699, which

were also reported as AEs. No increases in QTcF above 450 ms or

above 30 ms from baseline were observed in either part A or part

C. There were no other clinically significant abnormalities in clinical

chemistry evaluations, ECGs, telemetry or vital signs in the study.

As reported above, several cardiac AEs occurred during the study

that were considered clinically significant (Table 3). Five cardiac AEs

occurred in four out of 23 participants in part A of the study. All five

events occurred after treatment with GSK3358699, but no clear dose

relationship was apparent. Nine cardiac AEs occurred in nine partici-

pants out of 25 in part C of the study (6/11 in the GSK3358699

group and 3/14 in the placebo group). Two events of asymptomatic

broad complex tachycardia (NSVT) occurred in cohort 4: one in a par-

ticipant who had received one dose of 10 mg of GSK3358699 and

one in a participant who had received eight doses of 10 mg of

GSK3358699 (Supporting Information Table S1). These events,

together with the two asymptomatic broad complex tachycardia

(NSVT) events that occurred after GSK3358699 treatment in part A

of the study, led to a temporary halt of cohort 4. All participants

remained clinically well during these events. The majority of partici-

pants with cardiac events were referred to a local cardiologist for fur-

ther investigation (laboratory tests, cardiograms, treadmill stress test

and cardiac MRI) and discharged without any clinically significant find-

ings of damage to the heart muscle. After review by an independent

panel of internal and external cardiac specialists, the incidence of

NSVT was determined to be in line with the expected background of

NSVT observed in an otherwise healthy population and the four

events were determined to be unrelated to treatment. The study

TABLE 1 Demographics and baseline characteristics of study participants (safety populationa)

Demographic Part Ab total (N = 23)

Part Cc

Part C total (N = 25)Placebo (N = 11) GSK3358699 10 mg QD (N = 14)

Age, mean (range), y 31 (18-45) 39 (29-51) 39 (20-55) 39 (20-55)

Male, n (%) 23 (100) 11 (100) 14 (100) 25 (100)

BMI, mean (SD), kg/m2 25 (3) 25 (3)d 25 (3) 25 (3)

Height, mean (SD), cm 176 (6) 181 (9)d 175 (6) 177 (8)

Weight, mean (SD), kg 79 (12) 81 (14)d 77 (14) 79 (14)

Ethnicity, n (%)

Hispanic or Latino 2 (9) 3 (27) 0 3 (12)

Not Hispanic or Latino 21 (91) 8 (73) 14 (100) 22 (88)

Race, n (%)

Black or African American 1 (4) 1 (9) 0 1 (4)

White 21 (91) 10 (91) 14 (100) 24 (96)

Multiple 1 (4) 0 0 0

Abbreviations: BMI, body mass index; QD, once daily; SD, standard deviation.
aThe safety population consisted of all randomized participants who received at least one dose of study treatment.
bPart A was a single ascending-dose crossover study in two interlocking cohorts. Each participant received a maximum of two single ascending oral doses

of GSK3358699 (1, 3, 10, 20, 40 or 30 mg) and one dose of placebo.
cIn part C, participants received 10 mg of GSK3358699 or placebo daily for up to 14 days.
dn = 10 for these parameters.
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was subsequently restarted with cohort 5 at the 10 mg of

GSK3358699 dose.

As illustrated in Tables 2 and 3, there was a total of two episodes

of AF reported in part C of the study: one participant receiving pla-

cebo and one participant in the GSK3358699 group. The participant

from the placebo group was a 48-year-old male with a body mass

index (BMI) of 30.7 kg/m2. The episode of nonsustained AF, lasting

for 8 beats, was observed during a period of extended telemetry fol-

lowing the AF observed in the participant discussed above. The AF

occurred in the evening approximately 60 hours following the partici-

pant's last dose, lasting for approximately 5 seconds before spontane-

ously reverting to normal sinus rhythm. The participant was

asymptomatic throughout and needed no intervention; blood tests,

including troponin I, Ca2+, Mg2+, urea and electrolytes (U&Es), liver

function test (LFT) and thyroid function test (TFT) were normal. The

participant from the GSK3358699 group was a 56-year-old male with

a BMI of 28.3 and had received a total of 60 mg of GSK3358699.

They had no significant medical history and previously participated in

five clinical trials at the same unit without event. The episode of

sustained AF was observed pre-dose, during the treatment period, in

the morning on day 7 of treatment, 23 hours following the partici-

pant's preceding dose on day 6. The participant was asymptomatic

throughout and, on examination, had an irregular pulse. The partici-

pant was transferred to the emergency department and received a

TABLE 2 Adverse events reported in part A and part C of the study (safety populationa)

PART Ab

Adverse event, n (%)c
Placebo

(N = 23)

GSK3358699

1 mg

(n = 5)

3 mg

(n = 3)

10 mg

(n = 6)

20 mg

(n = 6)

25 mg

(n = 12)

30 mg

(n = 6)

40 mg

(n = 6)

Any AE 4 (17) 2 (40) 3 (100) 2 (33) 3 (50) 8 (67) 4 (67) 3 (50)

Any nonserious treatment-

related AE

1 (4) 0 1 (33) 0 0 0 0 0

Diarrhoea 0 0 1 (33) 0 0 0 0 0

Nausea 0 0 1 (33) 0 0 0 0 0

Transaminase increased 1 (4) 0 0 0 0 0 0 0

AEs leading to withdrawal 0 1 (20) 0 1 (17) 0 0 0 0

Neutropenia 0 1 (20) 0 0 0 0 0 0

Ventricular tachycardia

(nonsustained)

0 0 0 1 (17) 0 0 0 0

PART Cd

Adverse event, n (%)c Placebo (N = 11) GSK3358699 10 mg QD (N = 14)

Any AE 7 (64) 7 (50)

Any nonserious treatment-related AE 3 (27) 3 (21)

Tachycardia 1 (9) 1 (7)

Atrial fibrillation 1 (9) 0

Palpitations 1 (9) 0

Ventricular extrasystoles 0 1 (7)

Ventricular tachycardia (nonsustained) 0 1 (7)

Serious AE 0 1 (7)

Atrial fibrillation 0 1 (7)

AEs leading to withdrawal 1 (9) 3 (21)

Atrial fibrillation 0 1 (7)

Tachycardia 0 1 (7)

Ventricular tachycardia (nonsustained) 0 1 (7)

Keratitis 1 (9) 0

Abbreviation: AE, adverse event.
aThe safety population consisted of all randomized participants who received at least one dose of study treatment.
bPart A was a single ascending-dose crossover study in two interlocking cohorts. Each participant received a maximum of two single ascending oral doses

of GSK3358699 (1, 3, 10, 20, 40 or 30 mg) and one dose of placebo.
cThe data presented represent the number of participants who experienced an adverse event.
dIn part C, participants received 10 mg of GSK3358699 or placebo daily for up to 14 days.
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single DC shock to restore sinus rhythm. Telemetry was extended for

48 hours with no further AF or significant cardiac arrythmia being

detected; blood tests including troponin I, Ca2+, Mg2+, U&Es, LFT and

TFT were normal. Following 24-hour Holter monitoring, the partici-

pant was discharged and remained healthy on follow-up.

Because the episode of AF in the participant treated with

GSK3358699 required the participant to be hospitalized, it was con-

sidered an SAE and fulfilled the protocol-stopping criteria. The study

was therefore halted during cohort 5. After a review of the SAE and

the other cardiac-related AEs by the study sponsor's cardiology safety

panel and safety governance boards, the decision was made to termi-

nate the study.

3.3 | Pharmacokinetics

All of the participants in part A received at least one single dose of

GSK3358699. The median plasma concentration profiles over time

for GSK3358699 and the metabolite GSK3206944 in part A are

shown in Figure 3. After a single dose of up to 20 mg of

GSK3358699, plasma concentrations of GSK3358699 were quantifi-

able up to 12 hours post-dose. At doses of 25 mg and higher, plasma

concentrations of GSK3358699 were quantifiable up to 24 hours

post-dose. Plasma concentrations of the metabolite GSK3206944

were quantifiable up to 12 hours post-dose in all participants at all

doses. At doses of 25 mg and higher, plasma concentrations of

GSK3206944 were quantifiable in all participants up to 24 hours

post-dose and in the majority of participants at 48 hours post-dose.

In general, the exposure to GSK3358699 and GSK3206944

increased over the range of single GSK3358699 doses in part A

(Table 4). Across the doses of 1 to 40 mg of GSK3358699, the

AUC(0-t) and AUC(0-∞) increased in a greater than dose-proportional

manner, with the lower bound of the 90% CI for the slope esti-

mate being greater than 1 (Table 5). The Cmax increased in a dose-

proportional manner and exceeded the pharmacokinetic-stopping

criteria at the 40 mg of GSK3358699 dose, which led to dose de-

escalation to 30 mg. The pharmacokinetic-stopping criteria was also

met at this dose level. The geometric mean of the exposures

achieved following the 40 mg dose of GSK3358699 were lower

than the geometric mean at the 30 mg dose (Table 4). The ranges

of tmax for GSK3358699 and GSK3206944 was 0.5-1.0 and

1.0-2.0 hours, respectively, after a single dose of 1-40 mg of

GSK3358699. The median t1/2 (initial) for GSK3358699 and

GSK3206944 ranged from 0.7 to 1.1 hours and from 2.1 to

2.9 hours, respectively, after a single dose of 1-40 mg of

GSK3358699. The median t1/2 (terminal) increased with increasing

TABLE 3 Clinically significant adverse events reported in parts A and C of the study (safety populationa)

PART Ab

Adverse event, n (%)c
Placebo

(N = 23)

GSK3358699

1 mg

(n = 5)

3 mg

(n = 3)

10 mg

(n = 6)

20 mg

(n = 6)

25 mg

(n = 12)

30 mg

(n = 6)

40 mg

(n = 6)

Any cardiac event 0 0 1 (33) 1 (17) 0 1 (8) 1 (17) 0

Ventricular tachycardia

(nonsustained)

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

Palpitations 0 0 1 (33) 0 0 0 0 0

Sinus tachycardia 0 0 0 0 0 1 (8) 0 0

PART Cd

Adverse event, n (%)c Placebo (N = 11) GSK3358699 10 mg QD (N = 14)

Any cardiac event 3 (27) 6 (43)

Tachycardia 1 (9) 2 (14)

Atrial fibrillation 1 (9) 1 (7)

Atrial tachycardia 0 1 (7)

Palpitations 1 (9) 0

Ventricular extrasystoles 0 1 (7)

Ventricular tachycardia (nonsustained) 0 1 (7)

Abbreviation: QD, once daily.
aThe safety population consisted of all randomized participants who received at least one dose of study treatment.
bPart A was a single ascending-dose crossover study in two interlocking cohorts. Each participant received a maximum of two single ascending oral doses

of GSK3358699 (1, 3, 10, 20, 40 or 30 mg) and one dose of placebo.
cThe data presented represent the number of participants who experienced an adverse event.
dIn part C, participants received 10 mg of GSK3358699 or placebo daily for up to 14 days.
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dosage for both GSK3358699 and GSK3206944 (Table 4). At

doses of 25 mg of GSK3358699 and higher, the t1/2 (terminal) for

GSK3358699 and GSK3206944 ranged from 4.8 to 6.9 hours and

from 6.8 to 7.8 hours, respectively.

All 14 of the participants randomized to 10 mg of GSK3358699

in part C received at least one dose. Because cohorts 4 and 5 were

halted, a full pharmacokinetic profile was only available for two of the

14 participants in part C. The median plasma concentration profiles

over time for GSK3358699 and the metabolite GSK3206944 in part

C are shown in Figure 4. The GSK3358699 Cmax, AUC(0-tau) and

AUC(0-∞) after the first dose of 10 mg of GSK3358699 were compara-

ble to the corresponding values in part A. The median tmax values for

GSK3358699 and GSK3206944 following the first dose were 0.5 and

2.0 hours, respectively (Table 6). The median t1/2 (initial) values for

GSK3358699 and GSK3206944 were 1.0 and 2.4 hours, respectively,

and the median t1/2 (terminal) values were 2.5 and 5.0 hours (Table 6).

3.4 | Intracellular GSK3206944 concentrations

The median monocytic intracellular GSK3206944 concentrations over

time for part A are shown in Figure 5. For doses of GSK3358699

above 10 mg, intracellular GSK3206944 concentrations were quantifi-

able up to 4 hours post-dose and for the 10 mg dose were quantifi-

able at 1 hour post-dose only. Concentrations were not quantifiable

for doses of 1 and 3 mg. None of the doses resulted in quantifiable

concentrations at 8 hours or beyond. There was no evidence for

enhanced intracellular GSK3206944 concentrations on repeat dosing

at the 10 mg dose investigated (Figure 5).

3.5 | Pharmacodynamics

The mean concentrations of MCP-1 measured following ex vivo LPS

stimulation of whole blood indicated dose-dependent inhibition by

F IGURE 3 Median plasma concentration over time in part Aa of the study (pharmacokinetic populationb). Median plasma concentrations of
GSK3358699 (top) and the metabolite GSK3206944 (bottom) over 48 hours following treatment with a single dose of GSK3358699 (1, 3, 10, 20,
30 or 40 mg) are shown on a linear (left) and semilogarithmic scale (right). SD, single dose. aPart A was a single ascending-dose crossover study in
two interlocking cohorts. Each participant received a maximum of two single ascending oral doses of GSK3358699 (1, 3, 10, 20, 40 or 30 mg) and
one dose of placebo. bThe pharmacokinetic population included all participants who received an active dose of the study drug and for whom
pharmacokinetic samples were obtained and analysed
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TABLE 4 Summary of selected pharmacokinetic parameters in part Aa of the study (pharmacokinetic populationb)

PK parameter Treatment n/N

GSK3358699 GSK3206944 (metabolite)

Geometric mean (%CVb) 95% CI Geometric mean (%CVb) 95% CI

AUC(0-t), h*ng/mL 1 mg SD 5/5 0.8 (38.5) (0.5, 1.3) 15.1 (34.0) (10.0, 22.8)

3 mg SD 3/3 2.2 (23.3) (1.3, 4.0) 28.4 (12.0) (21.1, 38.3)

10 mg SD 6/6 10.1 (44.0) (6.5, 15.7) 101.2 (27.4) (76.3, 134.1)

20 mg SD 6/6 23.0 (20.4) (18.6, 28.4) 221.9 (29.9) (163.3, 301.6)

25 mg SD 12/12 33.9 (22.5) (29.4, 39.0) 367.1 (13.9) (336.2, 401.0)

30 mg SD 6/6 76.7 (38.6) (51.9, 113.4) 494.7 (21.9) (394.2, 620.9)

40 mg SD 6/6 63.7 (30.8) (46.5, 87.3) 625.8 (32.7) (448.0, 874.2)

AUC(0-∞), h*ng/mL 1 mg SD 0/5 … … 17.1 (�) …

3 mg SD 0/3 … … 28.9 (�) …

10 mg SD 5/6 11.0 (45.7) (6.4, 18.8) 103.4 (25.8) (79.3, 135.0)

20 mg SD 6/6 23.5 (19.7) (19.2, 28.9) 192.6 (11.6) (160.1, 231.6)

25 mg SD 9/12 36.9 (23.2) (31.0, 44.0) 356.0 (13.7) (317.8, 398.8)

30 mg SD 4/6 76.9 (37.0) (43.5, 135.9) 511.8 (27.3) (334.1, 784.1)

40 mg SD 5/6 67.0 (33.1) (44.9, 100.0) 636.1 (31.9) (458.9, 881.7)

AUC(0-24), h*ng/mL 1 mg SD 0/5 … … 16.4 (�) …

3 mg SD 0/3 … … 28.1 (�) …

10 mg SD 5/6 11.0 (45.7) (6.4, 18.8) 98.8 (31.0) (71.9, 135.9)

20 mg SD 6/6 23.5 (19.7) (19.1, 28.8) 219.8 (28.8) (163.4, 295.7)

25 mg SD 10/12 34.5 (24.8) (29.0, 41.0) 348.7 (14.7) (317.9, 382.6)

30 mg SD 5/6 71.5 (34.8) (47.0, 108.9) 479.4 (22.8) (378.5, 607.1)

40 mg SD 6/6 64.1 (30.7) (46.8, 87.8) 599.5 (35.0) (419.7, 856.5)

Cmax, ng/mL 1 mg SD 5/5 0.9 (69.8) (0.4, 1.9) 3.1 (33.2) (2.1, 4.7)

3 mg SD 3/3 1.9 (26.3) (1.0, 3.6) 6.0 (20.5) (3.6, 9.9)

10 mg SD 6/6 6.5 (48.2) (4.0, 10.4) 17.8 (49.9) (10.8, 29.1)

20 mg SD 6/6 15.0 (45.9) (9.5, 23.7) 48.5 (41.6) (31.9, 73.7)

25 mg SD 12/12 16.2 (39.6) (12.7, 20.7) 67.9 (31.3) (55.9, 82.4)

30 mg SD 6/6 49.8 (83.9) (23.2, 107.2) 106.7 (52.3) (63.7, 178.7)

40 mg SD 6/6 42.3 (98.5) (17.8, 100.4) 133.4 (42.6) (86.9, 204.7)

tmax, h* 1 mg SD 5/5 0.5 (0.3, 1.0) … 1.0 (1.0, 2.0) …

3 mg SD 3/3 0.5 (0.5, 1.0) … 2.0 (1.0, 2.0) …

10 mg SD 6/6 0.5 (0.5, 0.5) … 2.0 (1.0, 2.0) …

20 mg SD 6/6 1.0 (0.3, 1.0) … 2.0 (1.0, 2.1) …

25 mg SD 12/12 1.0 (0.2, 2.0) … 2.0 (2.0, 4.0) …

30 mg SD 6/6 0.8 (0.5, 1.0) … 2.0 (1.0, 2.0) …

40 mg SD 6/6 0.5 (0.5, 1.1) … 2.0 (1.0, 2.0) …

t1/2 (terminal), h* 1 mg SD 0/5 … … 5.0 (2.8, 7.1) …

3 mg SD 0/3 … … 4.9 (4.8, 5.0) …

10 mg SD 5/6 2.4 (2.0, 2.8) … 4.1 (3.0, 14.5) …

20 mg SD 6/6 2.8 (2.0, 3.4) … 3.8 (3.5, 4.3) …

25 mg SD 9/12 6.0 (2.1, 18.4) … 7.8 (3.8, 11.6) …

30 mg SD 4/6 4.8 (3.5, 11.8) … 7.0 (4.1, 8.8) …

40 mg SD 5/6 6.9 (2.1, 11.1) … 6.8 (3.0, 15.2) …

t1/2 (initial), h* 1 mg SD 4/5 0.7 (0.6, 0.8) … 2.9 (2.7, 3.3) …

3 mg SD 3/3 1.0 (0.5, 1.1) … 2.3 (2.2, 2.5) …

10 mg SD 6/6 0.7 (0.6, 1.6) … 2.5 (2.1, 3.2) …

(Continues)
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GSK3358699 in part A (Table 7). The mean predicted percentage inhi-

bition of MCP-1 at approximately 1 hour post-dose was 11% with pla-

cebo and 9%, 27%, 18%, 19%, 42% and 75% at GSK3358699 doses

of 1, 3, 10, 20, 30 and 40 mg, respectively (Figure 6 and Table 7). The

inhibition was no longer evident by 4 hours post-dose. There was no

clear impact of GSK3358699 on IL-6 and TNF production at any dose

in part A (Table 7). Large inter- and intracohort variability was

observed for concentrations of MCP-1, IL-6 and TNF. Cytokine levels

in the “null” samples were very low, indicating that there were no pre-

existing cytokines in the blood or tube contaminants that contributed

to the large variability.

In part C of the study, 10 mg of GSK3358699 did not appear to

inhibit ex vivo LPS stimulated production of MCP-1, IL-6 or TNF (data

not shown).

4 | DISCUSSION

In this first-in-human study in healthy male volunteers, we examined

the safety, tolerability, pharmacokinetic and pharmacodynamic pro-

files of GSK3358699, and the systemic and intracellular pharmacoki-

netic profiles of the metabolite GSK3206944. Single doses of

GSK3358699 were generally well tolerated up to 40 mg and this

targeted approach to BET inhibition largely mitigated the common

dose-limiting toxicities (ie, thrombocytopenia, gastrointestinal

symptoms, QTc prolongation) observed preclinically and clinically with

pan-BET inhibitors. However, we observed a moderate increase in

clinically significant cardiac AEs in some individuals, relative to pla-

cebo, with repeat dosing of GSK3358699.

GSK3358699 was systemically available following oral dosing,

and the pharmacokinetic profile indicated that exposure to

GSK3358699 and its metabolite GSK3206944 increases with increas-

ing doses. GSK3358699 was designed to be a low exposure, short

half-life compound, but the AUC and half-life of GSK3358699 were

lower than expected based on preclinical data, indicating higher than

predicted clearance. The increase in AUC for GSK3358699 was not

dose-proportional, possibly because of the lack of quantifiable plasma

GSK3358699 at the lower doses at later time points. The

GSK3358699 exposure at 30 mg was similar to that at 40 mg. How-

ever, it is difficult to conclude whether the 30 mg dose demonstrates

unexpected behaviour or if the AUC was plateauing at 30 mg. The

median initial GSK3358699 half-life estimate was approximately

1 hour across all doses, resulting in limited GSK3358699 exposure.

Of note, intracellular concentrations of GSK3206944 were

detectable in monocytes up to 4 hours post-dose at doses of 20 mg

of GSK3358699 and higher, despite GSK3358699 exposure levels

TABLE 4 (Continued)

PK parameter Treatment n/N

GSK3358699 GSK3206944 (metabolite)

Geometric mean (%CVb) 95% CI Geometric mean (%CVb) 95% CI

20 mg SD 4/6 1.0 (0.7, 1.2) … 2.4 (1.8, 3.2) …

25 mg SD 11/12 1.1 (0.8, 2.8) … 2.2 (1.7, 3.9) …

30 mg SD 4/6 0.9 (0.8, 1.1) … 2.2 (1.9, 3.1) …

40 mg SD 5/6 1.0 (0.8, 1.2) - 2.1 (1.9, 2.5) -

Abbreviations: AUC(0-t), area under the concentration-time curve from time zero to the time of the last quantifiable concentration; AUC(0-∞), area under

the concentration-time curve extrapolated to infinity; AUC(0-24), area under the concentration-time curve from time zero to 24 hours post-dose; Cmax,

maximum observed concentration; CI, confidence interval; CVb, coefficient of variation; PK, pharmacokinetic; Tmax, time to reach Cmax; t1/2 (terminal),

apparent terminal half-life; t1/2 (initial), actual initial half-life.
aPart A was a single ascending-dose crossover study in two interlocking cohorts. Each participant received a maximum of two single ascending oral doses

of GSK3358699 (1, 3, 10, 20, 40 or 30 mg) and one dose of placebo.
bThe pharmacokinetic population included all participants who received an active dose of the study drug and for whom pharmacokinetic samples were

obtained and analysed.

TABLE 5 Summary of GSK3358699 dose proportionality model in part Aa of the study (pharmacokinetic populationb)

PK parameter Slope (SE) 90% CI for slope Fold increase for doubling dose 90% CI for fold increase

AUC(0-t), h*ng/mL 1.2 (0.05) (1.2, 1.3) 2.4 (2.2, 2.5)

AUC(0-∞), h*ng/mL 1.5 (0.1) (1.2, 1.7) 2.7 (2.3, 3.3)

Cmax, ng/mL 1.1 (0.1) (0.9, 1.2) 2.1 (1.9, 2.3)

AUC(0-t), area under the concentration-time curve from time zero to the time of the last quantifiable concentration; AUC(0-∞), area under the

concentration-time curve extrapolated to infinity; CI, confidence interval; Cmax, maximum observed concentration; PK, pharmacokinetic; SE, standard error.
aPart A was a single ascending-dose crossover study in two interlocking cohorts. Each participant received a maximum of two single ascending oral doses

of GSK3358699 (1, 3, 10, 20, 40 or 30 mg) and one dose of placebo.
bThe pharmacokinetic population included all participants who received an active dose of the study drug and for whom pharmacokinetic samples were

obtained and analysed.
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that were lower than expected based on preclinical predictions. Our

findings confirm that the esterase-sensitive motif-targeting approach

generated the pharmacologically active acid metabolite in target cells,

as intended. Based on the single dose data, it would have been more

informative to study the degree of acid retention that could be

achieved at doses greater than 20 mg, but this was precluded by early

termination of part C of the study. Exposure to GSK3358699 and

GSK3206944 after the first dose of 10 mg of GSK3358699 in part C

of the study was comparable with the results from the corresponding

dose in part A. Estimated accumulation of GSK3358699 and

GSK3206944 at day 14 could not be accurately determined because

data were limited to only two participants.

Previous in vitro experiments indicated that GSK3358699

potently inhibited MCP-1, TNF and IL-6 production in LPS-stimulated

human blood, and inhibition of LPS-induced cytokine production

in vitro has been demonstrated with other BET inhibitors.3,9–11

Indeed, GSK3358699 demonstrated IC50 values of 7.4 nM, 9.3 nM

and 18.6 nM for inhibition of MCP-1, TNF and IL-6, respectively, in

standard preclinical human whole-blood assays used routinely within

our laboratories. Monocytes are one of the populations in whole

blood that respond to LPS, and GSK3358699 is specifically

hydrolysed to the acid metabolite GSK3206944 inside these cells,

therefore we expected to see enhanced inhibition of cytokine produc-

tion from monocytes. In addition, the systemic concentrations of

GSK3358699 achieved throughout part A suggested significant inhibi-

tion of these pro-inflammatory cytokines in participant blood stimu-

lated ex vivo with LPS should be expected. To this end, participant

blood was drawn directly into TruCulture tubes containing LPS at pre-

determined timepoints to establish a correlation between

GSK3358699 blood concentration and the extent of MCP-1, TNF and

IL-6 inhibition over time. For example, following a single 30-mg dose

of GSK3358699, a mean Cmax concentration of 49.8 ng/mL

GSK3358699 was achieved (equivalent to a total blood concentration

of 97.5 nM at Cmax). This concentration exceeds the human whole-

blood potencies measured in the preclinical whole-blood assays dis-

cussed above. Unfortunately, as illustrated in Table 7, the measured

F IGURE 4 Median plasma concentration over time on day 1 of part C of the study (pharmacokinetic populationa). Median plasma
concentrations of GSK3358699 (top) and the metabolite GSK3206944 (bottom) over 48 hours following treatment with 10 mg of GSK3358699

are shown on a linear (left) and semilogarithmic scale (right). As only two participants had a PK profile for day 14, only a median concentration-
time profile for day 1 is presented. RD, repeat dose. aThe pharmacokinetic population included all participants who received an active dose of the
study drug and for whom pharmacokinetic samples were obtained and analysed
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percentage inhibition of TNF and IL-6 at Cmax was highly variable and

inconsistent with the observed preclinical data. This may in part be

due to the variability in baseline cytokine values. Moreover, circadian

effects on monocyte counts and activity are known to affect the

absolute levels of LPS-induced cytokine production in human whole

blood.12 Interestingly, as illustrated in Figure 6, MCP-1 inhibition did

show a level of dose dependency. However, based on the systemic

concentrations achieved (Table 4), more significant inhibition of this

sensitive cytokine might have been expected from the 20 mg and

higher doses.

The pharmacodynamic profile of GSK3358699 following repeat

dosing could not be adequately evaluated as part of this first-in-

human study. The 10 mg dose explored during part C of the study

was selected as an appropriate starting repeat dose specifically

because it was not expected to drive significant levels of target

engagement. Only two participants on active treatment (sentinels)

were able to complete the full 14 days of dosing at this dose level

prior to termination of the study. On this basis, there is insufficient

data from which to conclude how GSK3358699 could have been

dosed to drive pharmacodynamics and efficacy in a patient

population.

The pharmacodynamic profile following single doses of

GSK3358699 was difficult to interpret and is inconsistent with data

from preclinical assays. The pharmacokinetic data shown in Table 4

and Figure 3 suggest that the desired profile was achieved for

GSK3358699, and Figure 5 confirms exposure within target cells in

this first-in-human study. However, the variability of the ex vivo

whole-blood LPS activation assay makes it difficult to form confident

conclusions.

As mentioned previously, the study could not be completed as

originally designed due in part to cardiac AEs that were observed dur-

ing parts A and C of the study. Throughout this first-in-human study,

participants were subject to extensive cardiovascular screening and

monitoring, including 24-hour Holter monitoring at screening and car-

diac telemetry from 1 hour pre-dose until 24 hours post-dose. The

observed cardiac AEs included an SAE of AF that required hospitaliza-

tion, and four AEs of NSVT, which occurred at differing and irregular

times of the day and night with no demonstrable relationship to dose,

TABLE 6 Summary of select pharmacokinetic parameters in part Ca of the study (pharmacokinetic populationb)

PK parameter Day n/N

GSK3358699 GSK3206944 (metabolite)

Geometric mean (%CVb) 95% CI Geometric mean (%CVb) 95% CI

AUC(0-t), h*ng/mL 1 14/14 9.5 (43.4) (7.4, 12.0) 125.2 (42.3) (99.0, 158.2)

14 2/14 11.0 (�) … 108.7 (�) …

AUC(0-∞), h*ng/mL 1 7/14 9.8 (35.1) (7.2, 13.4) 128.4 (41.6) (102.0, 161.8)

14 0/14 … … … …

AUC(0-24), h*ng/mL 1 7/14 9.8 (35.1) (7.1, 13.4) 125.4 (42.3) (99.2, 158.4)

14 1/14 8.0 (�) … 105.6 (�) …

AUC(0-tau), h*ng/mL 1 7/14 9.8 (35.1) (7.1, 13.4) 125.4 (42.3) (99.2, 158.4)

14 1/14 8.0 (�) … 105.6 (�) …

Cmax, ng/mL 1 14/14 6.1 (54.0) (4.6, 8.2) 23.8 (44.2) (18.7, 30.4)

14 2/14 5.9 (�) … 15.3 (�) …

Tmax, h* 1 14/14 0.5 (0.3, 2.0) … 2.0 (1.0, 2.0) …

14 2/14 0.5 (0.5, 0.6) … 1.0 (1.0, 1.0) …

t1/2 (terminal), h* 1 7/14 2.5 (1.4, 3.0) … 5.0 (3.3, 5.6) …

14 1/14 1.6 (�) … 6.2 (5.5, 6.8) …

t1/2 (initial), h* 1 13/14 1.0 (0.6, 1.5) … 2.4 (1.7, 4.0) …

14 2/14 0.8 (0.7, 0.8) … 3.7 (2.8, 4.5) …

R0 14 1/14 0.6 (�) … 1.3 (�) …

RS 14 1/14 0.6 (�) … 1.2 (�) …

AUC(0-t), area under the concentration-time curve from time zero to the time of the last quantifiable concentration; AUC(0-∞), area under the

concentration-time curve extrapolated to infinity; AUC(0-24), area under the concentration-time curve from time zero to 24 hours post-dose; AUC(0-tau),

area under the concentration-time curve from time zero to the end of the dosing period; CI, confidence interval; Cmax, maximum observed concentration;

CVb, coefficient of variation; N, total number of participants; n, number of participants with nonmissing observations. PK, pharmacokinetic; R0,

accumulation between one single dose (day 1) and repeat dose (day 14); RS, steady state ratio; Tmax, time to reach Cmax; t1/2 (terminal), apparent terminal

half-life; t1/2 (initial), actual initial half-life.
aIn part C, participants received 10 mg of GSK3358699 or placebo daily for up to 14 days.
bThe pharmacokinetic population included all participants who received an active dose of the study drug and for whom pharmacokinetic samples were

obtained and analysed.

N, total number of participants; n, number of participants with nonmissing observations.
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F IGURE 5 Median GSK3206944
intracellular molar concentration over
time (linear and semilog) in (A) part Aa

and (B) part Cb, day
1 (pharmacokinetic populationc). The
median intracellular molar
concentration of the metabolite
GSK3206944 in monocytes over
4 hours in participants in part A

treated with a single dose of
GSK3358699 (10, 20, 35, 30 and
40 mg) are shown on a linear (top
left) and semilogarithmic scale (top
right). Concentrations were not
quantifiable for single doses of 1 and
3 mg in part A. There was no
evidence for enhanced intracellular
GSK3206944 concentrations on
repeat dosing at the 10 mg dose
investigated in part C (bottom). SD,
single dose. aPart A was a single
ascending-dose crossover study in
two interlocking cohorts. Each
participant received a maximum of
two single ascending oral doses of
GSK3358699 (1, 3, 10, 20, 40 or
30 mg) and one dose of placebo. bIn
part C, participants received 10 mg
of GSK3358699 or placebo daily for
up to 14 days. cThe pharmacokinetic
population included all participants
who received an active dose of the
study drug and for whom
pharmacokinetic samples were
obtained and analysed

TABLE 7 Mean predicted inhibition (%) of analytes 1 hour post-dose in part Aa of the study (safety populationb)

Analyte
Placebo (N = 23)
mean % (SE)

1 mg (N = 5)
mean % (SE)

3 mg (N = 3)
mean % (SE)

10 mg (N = 6)
mean % (SE)

20 mg (N = 6)
mean % (SE)

30 mg (N = 6)
mean % (SE)

40 mg (N = 6)
mean % (SE)

MCP-1 11 (±10) 9 (±14) 27 (�) 18 (±9) 19 (±10) 42 (±12) 75 (±13)

IL-6 10 (±6) 13 (±6) 14 (±8) �1 (±7) 16 (±13) 14 (±8) 5 (±6)

TNF 15 (±9) 34 (±17) 15 (±17) �1 (±11) 47 (±24) 36 (±13) 34 (±18)

Abbreviations: IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1; SE, standard error; TNF, tumour necrosis factor.
aPart A was a single ascending-dose crossover study in two interlocking cohorts. Each participant received a maximum of two single ascending oral doses

of GSK3358699 (1, 3, 10, 20, 40 or 30 mg) and one dose of placebo.
bThe safety population consisted of all randomized participants who received at least one dose of study treatment.

BROWN ET AL. 2153



AUC or Cmax. No other clinically significant changes or trends in vital

signs, ECGs, QTc intervals or safety laboratory tests were noted dur-

ing the study.

The mechanism that may underpin these cardiac observations is,

at the time of writing, unknown. However, a recent study showed car-

diac muscle-specific progressive destruction of mitochondria and a

dose-dependent decrease in respiration rate of heart mitochondria in

mice treated with a BET inhibitor, highlighting a potential mechanism

for cardiac toxicities.13 Interestingly, BET inhibitors have also been

proposed as a potential treatment for cardiovascular diseases, primar-

ily driven through their potential to impact epigenetic repro-

gramming.14 Further to this, selective BET inhibitors have been

explored in large cardiovascular outcome trials.15 Preclinically,

GSK3358699 and GSK3206944 were extensively profiled, including

across a suite of cardiac safety assays, and were shown to have low

pro-arrhythmic potential, consistent with our preclinical experience

with other BET inhibitors.

NSVTs are a relatively common event in a healthy population

and would be routinely identified in a study comprising extensive

cardiac monitoring such as this one. New-onset AF is not unusual

in older age groups, and both cases reported as part of this study

could be considered as arrhythmias commonly observed in clinical

practice. However, the case of new-onset sustained AF in the

treatment group was unexpected and required hospitalization for a

cardioversion procedure because a return to sinus rhythm did not

occur spontaneously. There was also no clear precipitant of the AF

and the participant had no risk factors, other than age. In addition,

a series of 3-month good laboratory practice (GLP) toxicology stud-

ies conducted in parallel to this first-in-human study in cynomolgus

monkeys demonstrated troponin elevations associated with cardiac

histopathology; similar findings were not observed in 1-month toxi-

cology studies. Taken together with the clinical event of sustained

AF, a causal relationship could not be excluded.

The preclinical observations and episodes of NSVT and AF

observed in part C led to redefined safety margins, limiting subse-

quent clinical evaluation to repeat doses of up to 5 mg, reducing con-

fidence in the ability to fully interrogate the mechanism given the

absence of a robust pharmacodynamic response from part

A. Furthermore, patient populations for the planned clinical indica-

tions (rheumatoid arthritis and psoriasis) for GSK3358699 have

increased cardiovascular risks, therefore alternative indications were

considered based on a thorough benefit/risk assessment. An exhaus-

tive review of the available clinical and preclinical data ultimately

determined that GSK3358699 could not be developed within an

acceptable therapeutic window.

In conclusion, GSK3358699 is systemically available following

oral dosing, has a predictable pharmacokinetic profile and single doses

are generally well tolerated up to 40 mg. Significant concentrations of

the metabolite GSK3206944 can be detected in target cells up to

4 hours after dosing of GSK3358699, confirming the ESM-targeting

technology was effective. The totality of the data generated through

part A and part C of this study, in combination with emerging preclini-

cal data, led to a reassessment of the benefit and risk of GSK3358699

and termination of the study during part C.

F IGURE 6 Mean predicted percentage inhibition of MCP-1 in part Aa of the study (safety populationb). The mean predicted percentage
inhibition of MCP-1 at 1 hour post-dose (left) and 4-hours post dose (right) in participants in part A treated with single doses of GSK3358699 of
1, 3, 10, 20, 30 and 40 mg. aPart A was a single ascending-dose crossover study in two interlocking cohorts. Each participant received a
maximum of two single ascending oral doses of GSK3358699 (1, 3, 10, 20, 40 or 30 mg) and one dose of placebo. bThe safety population
consisted of all randomized participants who received at least one dose of study treatment
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