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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AlM

To assess the pharmacokinetics, pharmacodynamics, safety and tolerability of the
5-lipoxygenase-activating protein inhibitor, GSK2190915, after oral dosing in two
independent phase | studies, one in Western European and one in Japanese subjects,
utilizing different formulations.

METHOD

Western European subjects received single (50-1000 mg) or multiple (10-450 mg)
oral doses of GSK2190915 or placebo in a dose-escalating manner. Japanese subjects
received three of four GSK2190915 doses (10-200 mg) plus placebo once in a four
period crossover design. Blood samples were collected for GSK2190915
concentrations and blood and urine were collected to measure leukotriene B, and
leukotriene Es4, respectively, as pharmacodynamic markers of drug activity.

RESULTS

There was no clear difference in adverse events between placebo and active
drug-treated subjects in either study. Maximum plasma concentrations of
GSK2190915 and area under the curve increased in a dose-related manner and mean
half-life values ranged from 16-34 h. Dose-dependent inhibition of blood leukotriene
B, production was observed and near complete inhibition of urinary leukotriene E4
excretion was shown at all doses except the lowest dose. The ECs, values for
inhibition of LTB, were 85 nM and 89 nm in the Western European and Japanese
studies, respectively.

CONCLUSION

GSK2190915 is well-tolerated with pharmacokinetics and pharmacodynamics in
Western European and Japanese subjects that support once daily dosing for 24 h
inhibition of leukotrienes. Doses of =50 mg show near complete inhibition of urinary
leukotriene E, at 24 h post-dose, whereas doses of =150 mg are required for 24 h
inhibition of blood LTB,.

WHAT THIS STUDY ADDS
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Introduction

5-lipoxygenase-activating protein (FLAP) in concert with
5-lipoxygenase (5-LO) is required in cells for the produc-
tion of 5-hydroxyeicosatetraenoic acid (5-HETE), 5-oxo-
eicosatetraenoic acid (5-oxo-ETE) and the leukotrienes
(LTs) including leukotriene A4 (LTA4), the precursor of both
leukotriene B, (LTB4) and the cysteinyl LTs (cysLTs) namely
leukotrienes C,4, D4 and E, (LTC,, LTD4 and LTE,) [1, 2]. Leuko-
trienes have been implicated in asthma, chronic obstruc-
tive pulmonary disease (COPD), arthritis, cardiovascular
disease and cancer, and the FLAP gene has been linked to
the risk of both asthma and cardiovascular diseases in mul-
tiple ethnic cohorts [3-6]. Association analyses identified a
significant association between increased risk of asthma
and two SNPs within the FLAP gene (SG13S114 in intron 1
and SG13541 in intron 4) [5].In addition, the SG135114 SNP
showed association with aspects of lung function (bron-
chial hyper-responsiveness and FEV;). These SNPs have
been implicated as determinants of LTB4 production, sug-
gesting that LTB, is an important determinant in asthma
pathogenesis. Therefore, molecules which inhibit LTB, pro-
duction might have added benefit in the treatment of
asthma.

Three different FLAP inhibitors, including MK-886,
MK-591 and BAY X1005, have shown efficacy in phase Il
clinical studies in asthmatics. However none of these mol-
ecules was developed further [7-9]. GSK2190915 is similar
in potency to MK-591 and 10-times and 100-times more
potent than MK-886 and BAY X1005, respectively, in inhib-
iting LTB4 production in human whole blood (Bain, unpub-
lished data). Only one LT synthesis inhibitor, the 5-LO
inhibitor zileuton (trade name Zyflo®), is approved for the
treatment of asthma. However, it requires large multiple
daily doses, exhibits incomplete inhibition of lung CysLT
production and has a less than optimal safety profile which
necessitates liver function testing [10]. Three selective
antagonists of the LTD,-activated CysLT1 receptor, namely
montelukast, zafirlukast and pranlukast, have been
approved for the treatment of asthma [11, 12]. Recently,
CysLT1R antagonists were shown to have equivalent clini-
cal efficacy as inhaled corticosteroids as first-line controller
therapy and similar efficacy to long acting 3-adrenoceptor
agonists as add on therapy to inhaled glucocorticoid in
mild asthmatics [13].However, none of the selective CysLT1
antagonists directly block the production of the inflamma-
tory mediators LTB,4, 5-HETE or 5-oxo-ETE or the action of
the CyslLTs at receptors other than CysLT1. Therefore, oral
FLAP inhibitors that completely inhibit all 5-lipoxygenase
products may provide additional benefits in asthma and
other diseases, such as cardiovascular disease, where these
bioactive lipids have been strongly suggested to play a
pathological role.

To address the untapped clinical potential of inhibiting
leukotriene production, we developed several novel FLAP
inhibitors including AM103 and GSK2190915 (formerly
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known as AM803) [14-18]. In preclinical pharmacological
studies, both compounds were potent, selective FLAP
inhibitors [16, 17]. GSK2190915, 3-[3-tert-butylsulfanyl-1-
[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-pyridin-2-
ylmethoxy)-1H-indol-2-yl]-2,2-dimethyl-propionic  acid,
potently inhibited production of LTB,; from ionophore-
challenged human blood and reduced rat bronchoalveolar
lavage fluid (BALF) CysLTs and LTB4 concentrations [17].
After oral dosing in rats, GSK2190915 was well absorbed
(~30-50% bioavailability) and showed a half-life of ~2-3 h.
The major routes of metabolism were oxidation, dehydro-
genation and acyl glucuronidation (unpublished data).
Approximately 10% of the total absorbed drug was
excreted in the bile and no drug was found in the urine
[17].Inin vivo pharmacodynamic assays, GSK2190915 dem-
onstrated prolonged inhibition of ionophore-challenged
leukotriene production in blood and bronchoalveolar
lavage fluid when compared with AM103 [16, 17].
GSK2190915 inhibited calcium ionophore-challenged LTB,
production in human blood with a 50% inhibitory concen-
tration (ICso) of 76 nm but showed no inhibition of cyclo-
oxygenase-1 or -2 activities in blood up to concentrations
of 10 000 nm [17]. Here we present the pharmacodynamic,
pharmacokinetic and safety profile of GSK2190915 in
healthy adult Western European and Japanese adults.

Methods
Study design

Two independent randomized, double-blind, placebo con-
trolled, dose escalating studies were conducted using
GSK2190915, one in Western European subjects and one
in Japanese subjects. The Western European study was
conducted in healthy adult subjects (EURDACT2007-
00484872) and performed in two phases which consisted
of a single dose phase and a multiple dose phase. The
single dose phase was a parallel group design in which five
cohorts of eight subjects each received single doses (50,
150,300,600 and 1000 mg) of GSK2190915 or placebo (six
dosed with GSK2190915 and two with placebo in each
cohort). A starting dose of 50 mg was chosen based on
regulatory guidelines for predicted safety margins and
because it was predicted to have minimal or no effect on
leukotriene suppression at 24 h post-dose. Dose escalation
was stopped at 1000 mg since it was determined, based on
leukotriene inhibition, to be several multiples above the
likely clinical dose. The multiple dose phase consisted of
four cohorts of eight subjects each who received repeat
doses (10,50, 150 and 450 mg) of GSK2190915 or placebo,
once daily for 11 days (six dosed with GSK2190915 and two
with placebo in each cohort). The starting dose for the
multiple dose phase was lowered to 10 mg from that of the
single dose phase in order to explore further a minimally
active pharmacological dose. In total, 54 subjects from the
single dose and multiple dose phases were dosed with
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GSK2190915 and a total of 18 subjects were dosed with
placebo.The Japanese study was performed in 13 healthy
subjects (NCT00955383) and utilized a four period crosso-
ver design. Single doses (10, 50, 150 and 200 mg) of
GSK2190915 or placebo were given such that each subject
was to receive three of the four active doses plus placebo
once. The doses selected for this study were based on
information gained from the Western European study with
the intention of (i) exploring doses with submaximal and
maximal pharmacological activity, (ii) obtaining safety and
tolerability data for the maximum dose likely to be used
(200 mg) in subsequent studies based on suppression of
LTB, and LTE4 in the repeat dose phase of the Western
European study and (iii) including some overlapping doses
such that a rough pharmacokinetic comparison between
Western European and Japanese subjects could be per-
formed. In both studies, GSK2190915 (10 mgml™ in
vehicle) or matching placebo was dosed orally in solution
after an overnight fast. The vehicle in the Western Euro-
pean study contained 1% (w/w) Lutrol L-44 (Poloxamer
124) in a 10 mM sodium carbonate buffer, pH 9—-10, sweet-
ened with sucralose (5 mg 100 ml™").In the Japanese study,
Lutrol was substituted by 2% (w/w) ethanol due to the lack
of availability of Lutrol in time to meet study timelines.
Blood samples for pharmacokinetic and pharmacody-
namic (LTB,) analysis and urine samples for pharmacody-
namic analysis (LTE;) were taken at frequent intervals
during the studies. Physical examinations, vital signs, elec-
trocardiograms, and blood and urine tests were also per-
formed for safety and adverse events were recorded.

Subjects

The Western European study was conducted in healthy
adult subjects and approved by the Ethics Committee
BEBO Foundation (Assen, the Netherlands). Seventy-two
subjects were randomized and completed the study, 54
were dosed with GSK2190915 and 18 with placebo. The
Japanese study was approved by the Ethics Committee of
the Medical Association North Rhine (Ethikkommission der
Arztekammer Nordrhein) (Diisseldorf, Germany). Thirteen
subjects were randomized, two subjects were unable to
participate in the final (fourth) period for personal reasons,
with one replacement subject participating in period 4
only.Both studies were conducted under European Clinical
Trial Directive and in adherence with ICH GCP (E6) and the
principles of the Declaration of Helsinki. Written informed
consent was obtained from each subject prior to study
participation.To be eligible for the studies, subjects had to
be healthy (as judged by screening physical examination,
12-lead ECG, vital signs, blood and urine laboratory tests
and no significant current or previous medical history),
non-smoking adults (aged 18 to 65 years for the Western
European study and aged 20 to 65 years for the Japanese
study) and not taking any prescription or over the counter
medicines or herbal remedies (with the exception of the
oral contraceptive pill or paracetamol for minor ailments).

Females in the repeat dose and Japanese groups were of
non-childbearing potential. Subjects in the Japanese study
were required to be born in Japan with four ethnic Japa-
nese grandparents and able to speak Japanese.The demo-
graphics of the subjects from both studies are shown in
Table 1.

Measurements

Pharmacokinetics Blood samples for measurement of
GSK2190915 plasma concentrations were collected by
venepuncture into heparinized tubes at pre-dose and at
various times post-dosing (between 0.25 and 72 h post-
dose).In the Western European multiple-dose study, blood
was also collected at various times post-dosing on day 3
(between 1 and 12 h post-dose) and day 11 (between 0.25
and 72 h post-dose) and at pre-dose on all other days.
The blood was centrifuged within 30 min of draw and
the plasma stored at —80°C until analyzed by liquid
chromatography-tandem mass spectroscopy (LC-MS/MS)
using a validated method. Results were calculated using
peak area ratios of analyte to internal standard. Calibration
curves for GSK2190915 in human plasma ranged from 10
to 10000 ng ml™" and were generated using a weighted
(1/x%) linear least-squares regression. The lower limit of
quantitation for GSK2190915 in human plasma was
10 ng ml™". The precision and accuracy was determined
from quality control samples and determined to be within
acceptance criteria (%CV of = 6% and bias of = 15%).The
structure of GSK2190915 has been published previously
[171.

Pharmacodynamics

Blood LTB4 analysis Blood samples for determination of
ex vivo LTB4 production were collected by venepuncture
into heparinized tubes at pre-dose and at various times
post-dosing on day 1 (between 0.5 and 72 h post-dose). In
the Western European multiple dose study, blood was col-
lected pre-dosing and at various times post-dosing
(between 0.5h and 72 h) on day 11. Analysis of ex vivo LTB4
production was performed as described previously [14].
For each subject, their day 1 pre-dose ionophore-
stimulated blood LTB, concentration (ng ml™") was set to
100% and this was defined as their baseline. An unstimu-
lated blood LTB4 concentration was determined (usually
<5% of stimulated LTB,) and this was set as 0%. At all time
points subsequent to dosing, the concentration of LTB,
after ionophore challenge was normalized to the day 1
pre-dose simulated (100%) and unstimulated (0%) value
for that subject.

Urinary LTE4 analysis Urinary LTE; was measured in pre-
dose spot samples the day before dosing and on the
morning of dosing, then as pooled 0-3, 3-6, 6-9 and
9-12 h samples and later as spot collections at 24,48 and
72 h after dosing as described previously [14]. The lower
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. limit of detection was approximately 1pg LTE;mg™’
s creatinine and samples below this were arbitrarily given
= this designation. Urinary LTE, concentrations are expressed
2 as % change from the individual’s pre-dose values. In the
8 Western European subjects, the mean pre-dose values
.88 g were ~38 and ~65 pg LTE, mg™' creatinine for the single-
§ 9 ; - - - §= dose and multiple dose phases, respectively, and for the
;#'vé': s - g § w % é § g n Japanese subjects the mean predose value was ~65 pg
LTE, mg™" creatinine.
5 o o5 5 S Data anqu;is
g3 mRo muw LY Pharmcokinetics Pharmacokinetic parameters were calcu-
lated using the non-compartmental extravascular plasma
% input model in WinNonlin (Pharsight Mountain View, CA).
3 , o8 oR § The area under the curve (AUC) was calculated using the
Bosa RA 4] o trapezoidal method. The AUC extrapolated to infinity
8 < (AUC(0,0)) was calculated as the sum of AUC(0,t) and C/A,
E % where C; was the observed plasma concentration obtained
£ _8 @8 nF g from the log-linear regression analysis of the last quantifi-
2 ChT N NN able time point and A, was the terminal phase rate con-
< stant.The apparent terminal half-life (t,,,) was calculated as
- © o § loge 2 divided by A,.The maximum observed concentration
Is, e =2 8 (Cmax) @and the time of its occurrence (tma) Were obtained
TETT YT ° directly from the concentration—time data. The apparent
kS clearance (CL/F) was calculated as GSK2190915 dose
o 8 o 5% % divided by AUC(0,). The apparent volume of distribution
R E 3 E N jmf @Y (V,/F) was calculated as dose divided by AUC(0,e0) multi-
5 plied by A,. An exploratory dose proportionality statistical
§ % analysis was performed on log-transformed Crax and loge-
“E‘ 3 m & o8 é transformed AUC using the power model within SAS
£ IRAa-EN < o version 9.1.The extent of accumulation after repeat dosing
S c was calculated as AUC(0,24h) on day 11 divided by
_ 2 AUC(0,24 h) on day 1. Graphs of GSK2190915 concentra-
. E s . s f o i z :2; tion vs. time are expressed as mean data.
n — m m 00 ™~ N N — un
< Pharmacodynamics Graphs of % inhibition vs. time are
N - N § expressed as median and interquartile range. The relation-
8 o E - g g § % g §h|p pgtween GSK2199915 plasma.concentratlon and LTB,
° » inhibition was determined in subjects who had measur-
= E £ able GSK2190915 plasma concentrations in both the
s 3 TN g é single- and.multipl.e dose 'studi-es using non-Ii.near regres-
222 pmr g U g sion analysis applying a sigmoid Enax model in GraphPad
§  Prism®. Graphs for pharmacokinetic and pharmacody-
5 24 namic descriptions were generated using GraphPad
Q 02 .2 < @ Prism® or SAS or S-Plus software.
—h S w 0 ™ o & Y €
O n mmm [ENe] N N O 1}
s
2 |z Results
0 © o 55 &
> wdSe ma <o 20 |U : :
5 ¢eak RE I -o . Study in Western European subjects
£ g _ 2 Pharmacokinetics of GSK2190915 The demographics of
g e A - § the subjects in the Western European study are shown
- = 2% 3 2 g £ . % in Table 1. Following oral dosing in Western European
@ g _;_g‘ ;E; ) c38 £ %g <3 g 8 subjects, GSK2190915 reached maximum plasma concen-
2 £ ERERl o958 2LES95 £ = trations at ~2h post-dose at all doses following both
= & single and multiple dose administration (Figure 1A-C).
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day 11 following multiple dose administration of 10 mg (A), 50 mg, (@),
150 mg (W) or 450 mg ().

Thereafter, an initial rapid decrease in plasma concentra-
tions was followed by a slower terminal elimination phase
in the majority of subjects.The values for Cray, AUC(0,24 h),
AUC(0,00), tmax), CL/F, Vo/F and ti; for the different doses of
GSK2190915 in Western Europeans are listed in Table 2.
After single dosing, the mean half-life ranged from 17 to

27 h over the 10 mg to 1000 mg dose range. After multiple
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LTB4 synthesis in ex vivo calcium ionophore-challenged blood from Western European subjects. Median (plus interquartile range) percentage changes from
baseline LTB, in (A) the single dose study following placebo (@) or 50 mg (@), 150 mg (), 300 mg (3), 600 mg () or 1000 mg (<) GSK2190915. Median
(plus interquartile range) percentage changes from baseline LTB, on (B) day 1 or (C) day 11 following multiple dose administration of placebo (@) or 10 mg
(A), 50 mg, (@), 150 mg (M) or 450 mg ([]) GSK2190915. (D) Percent inhibition of LTB, synthesis ex vivo in blood vs. plasma concentration. Included are the
data from all dosed subjects in the single dose and multiple dose studies with measurable concentrations of GSK2190915.The ECso and ECy values of 85 nm
and 360 nm, respectively, were generated from a non-linear regression analysis of the data.

dosing of 10 mg to 450 mg, the mean half-life ranged from
23 to 34 h suggesting a slight prolongation of half-life after
multiple dosing. The plasma profiles of GSK2190915 dem-
onstrated dose-dependent increases up to 1000 mg after
single doses and an approximate two-fold accumulation
after multiple days of dosing relative to day 1 (Figure 1A-
C).The AUC/dose appears lower for the 300 mg single dose
relative to the other cohorts, and this correlated with a
higher mean clearance (15.51h™' for the 300 mg single
dose group as compared with 7-12.7 1 h™' for the other
cohorts).The CL/F and V./F appeared independent of dose.
We noted considerable inter-individual variability in Cmax
and AUC in both the single and multiple dose phases, with
maximum concentrations up to 9-fold different between
subjects within one dose level (Table 2).Results of explora-
tory dose proportionality analysis indicated there were no
obvious deviations from dose proptionality for Cuax,
AUC(0,24 h) or AUC(0,c0).

784 |/ 75:3 / Br) Clin Pharmacol

Pharmacodynamics of GSK2190915: inhibition of LTB,
synthesis in ex vivo calcium ionophore-challenged
blood After a single dose of 50 mg, GSK2190915 showed a
maximum 80% inhibition of LTB, production at ~3 h post-
dose and this level of inhibition was maintained through
12 h post-dose (Figure 2A). Even at 24 h post-dose, 50 mg
GSK2190915 showed 60% inhibition of LTB, production.
After single doses of >150 mg, GSK2190915 showed a more
rapid onset of LTB,4 inhibition which occurred at ~1 h post-
dose (Figure 2A). Single doses of 150 or 300 mg
GSK2190915 resulted in 90-100% inhibition from 1-12 h
post-dose and maintained 75% inhibition of LTB, produc-
tionat 24 h (Figure 2A).Single doses of =300 mg showed =
90% inhibition of LTB, production through 48 h post-dose.

Multiple doses of GSK2190915 that ranged from 10 mg
to 450 mg were administered to explore doses with lower
pharmacodynamic activity. Following dosing with 10 mg,
there was a maximum 60% inhibition of LTB, production
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that occurred at 8h post-dose on day 1 and which
increased to 75% inhibition at 8 h post-dose on day 11
(Figure 2B, C). Even at 24 h post-dose, 10 mg GSK2190915
showed approximately 50% inhibition of LTB4 production
on day 1 and day 11. 50mg GSK2190915 showed a
maximum 90% inhibition of LTB4 production that occurred
at 4 h post-dose on day 1 and which increased to 100%
inhibition at 4 h post-dose on day 11 (Figure 2B,C).By 24 h
post-dose, 50 mg GSK2190915 maintained 65% and 75%
inhibition of LTB, production on day 1 and day 11, respec-
tively. Doses of 150 and 450 mg showed complete inhibi-
tion of LTB, by 2 h post-dose and this was maintained for
48 h post-dose on day 11 (Figure 2C). By 72 h post the last
dose, 150 and 450 mg GSK2190915 still showed 60-65%
inhibition of LTBs; production (Figure 2C). Non-linear
regression analysis of GSK2190915 plasma concentrations
plotted against LTB,4 inhibition, using all data from the
single dose and multiple dose phases, generated ECso and
ECo values for inhibition of LTB, production of ~85 nm and
~360 nm, respectively (Figure 2D).

Pharmacodynamics of GSK21909135: inhibition of urinary
LTE4 production A decrease in urinary LTE4 excretion rep-
resents inhibition of leukotriene synthesis within the lung,
which is important to demonstrate for a compound being
developed for the treatment of asthma. In Western Euro-
pean subjects, single oral doses of GSK2190915 showed
early dose-dependent decreases in urinary LTE,
(Figure 3A). However, by 12 h post-dose, all single doses of
GSK2190915 (50 mg to 1000 mg) showed near complete
inhibition of urinary LTE, excretion which continued
through 36 h post-dose (Figure 3A). On day 1 of the
multiple-dose phase, 10mg GSK2190915 showed a
maximal 40% inhibition of urinary LTE, excretion at 16 h
post-dose which increased to ~80% inhibition at 12 h post-
dose following 11 days dosing (Figure 3B, C). Following 11
days dosing with = 50 mg GSK2190915, approximately
90% inhibition of urinary LTE, was seen and this inhibition
persisted for 48 h post-dose (Figure 3C).

Study in Japanese subjects

Pharmacokinetics of GSK2190915 Following single oral
dosing in Japanese subjects, maximum GSK2190915
plasma concentrations were reached at 4-6 h post-dose
(Figure 4A, Table 3). The values for Cna, AUC(0,24h),
AUC(0,00), tmax, CL/F, V/F and t;; for the different doses of
GSK2190915 in the Japanese subjects are listed in Table 3.
Plasma concentrations were slightly higher in Japanese
subjects as compared with Western European subjects,
on average ~1.2 and ~1.5 times higher based on
geometric mean Cmax and AUC values, respectively. The
ti» for the Japanese subjects was similar to that
observed for the Western European subjects and averaged
16 to 23 h.There was no deviation from dose proportion-
ality for AUC(0,~). However a statistically significant
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Figure 3

UrinaryLTE, excretion in Western European subjects. Median (plus inter-
quartile range) of LTE, excretion in urine as a percentage of the pre-dose
value in (A) the single dose study following placebo (@) or 50 mg
(), 150 mg (W), 300 mg (3), 600 mg (O) or 1000 mg (&) GSK2190915.
Median (plus interquartile range) of LTE, excretion in urine as a percent-
age of the pre-dose value on (B) day 1 or (C) day 11 following multiple
dose administration of placebo (@) or 10 mg (A), 50 mg, (¢), 150 mg (W)
or 450 mg ([]) GSK2190915.

departure from dose proportionality was observed for
Cmax, With increasing dose of GSK2190915 yielding slightly
larger than dose proportional increases in Cnax. The CL/F
was independent of dose.
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Figure 4

Pharmacokineticsand pharmacodynamics of GSK2190915 in healthy
Japanese subjects. (a) Mean plasma concentration vs. time profiles for
GSK2190915 following single dose administration of 10 mg (A), 50 mg
(@), 150 mg (M) or 200 mg (x) GSK2190915. (B) Median (plus interquartile
range) percentage changes from baseline plasma LTB, following single
dose administration of placebo (@) or 10 mg (A), 50 mg (¢), 150 mg (W)
or 200 mg (X) GSK2190915. (C) Median (plus interquartile range) of LTE,
excretion in urine as a percentage of the pre-dose value following single
dose administration of placebo (@) or 10 mg (A), 50 mg (@), 150 mg
(M) or 200 mg (%) GSK2190915.

Pharmacodynamics of GSK2190915. Inhibition of LTB,
synthesis in ex vivo calcium ionophore-challenged blood
and urinary LTE, excretion In healthy Japanese subjects,
GSK2190915 showed a rapid onset and dose-dependent
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inhibition of ex vivo calcium ionophore-stimulated blood
LTB, (Figure 4B).Following a single dose of 10 mg, approxi-
mately 50-60% inhibition of LTB, production was
observed from 2-24 h post-dose. Doses of 50 to 200 mg
GSK2190915 resulted in 90-100% inhibition from 1-12h
post-dose and maintained at least 85% inhibition of LTB,
production at 24 h post-dose (Figure 4B). Similar to that
observed in the Western European subjects, non-linear
mixed effects analysis of LTB, inhibition vs. plasma drug
concentrations in the Japanese subjects generated an ECso
value of ~89 nm for inhibition of LTB, production (data not
shown).

In Japanese subjects, GSK2190915 showed dose-
dependent decreases in urinary LTE, (Figure 4C). Following
a single dose of 10 mg, there was a 30-50% decrease in
urinary LTE4 that persisted for 24 h (Figure 4C). Following
single doses of 50 mg and higher, there was a = 80%
decrease from baseline in urinary LTE, at 12 h post-dose
which persisted for at least 24 h post-dose (Figure 4C).

Clinical safety

No clinically significant changes in laboratory tests, physi-
cal examination, 12-lead electrocardiograms or vital signs
were observed in either study. There were no serious
adverse events (AEs) and there were no adverse events
that led to study withdrawal. Overall, there were 80
adverse events reported by 39 subjects in the two phases
of the Western European study. All adverse events were
mild in severity with 25 of the adverse events being
judged possibly related to the study medication (Table 4).
The remaining 55 adverse events were judged not related
or unlikely to be related to the study medication by the
investigator. The most frequent adverse event was diar-
rhoea (eight GSK2190915 and three placebo) with six
(one placebo and five GSK2190915) reported in the
150 mg single dose cohort. Other adverse events which
were reported at least three times during the study were
headache (five GSK2190915 and four placebo), nasophar-
yngitis (four GSK2190915, one placebo) venepuncture
pain/bruising (four GSK2190915 and one placebo), flatu-
lence (four GSK2190915, none placebo), dyspepsia (four
GSK2190915, none placebo), influenza like illness (three
GSK2190915, one placebo), nausea (three GSK2190915,
none placebo) and abdominal pain (one GSK2190915,
two placebo). There was no dose response in adverse
events (either in number of events or number of subjects
reporting events) nor was there any clear difference
between the number of adverse events in placebo vs.
active drug-treated subjects (Table 4). As a result, none of
the TEAEs was considered relevant. In the Japanese study
there were three adverse events reported (diarrhoea,
nasopharyngitis and venepuncture hematoma) all follow-
ing the 50 mg dose. All adverse events were mild with
only the report of diarrhoea being considered related to
GSK2190915 by the investigator.
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Table 3

Japanese GSK2190915 PK summary. Geometric mean (%CV) of AUC(0,24 h), AUC(0,e0), AUC(0,2)/D, Caxs Cmax/D, CL/F, V,/F and t;, and median tyax (Minimum

— maximum)

Dose AUC(0,24 h) (ng mI-"h) AUC(0,=) (ng mI-"h) AUC(0,%)/D (ng mI-"'h) Cmax (ng MI™")  Cmax/D (ng MI=")  tmax (h) t1/2 (h)

Single (n =9, except for 200 mg dose group where n = 8)

10 mg 825 (16) 1752 (31) 175
50 mg 5155 (45) 10256 (64) 205
150 mg 16956 (49) 31973 (38) 213
200 mg 26271 (39) 41021 (39) 205

CL/F (1h™") Vu/F (1)

45 (21) 45 6.00 (2.00-24.00) 19.7 (17) 5.71 (31) 162 (27)
372 (49) 7.4 6.00 (2.00-12.00) 23.0 (23) 4.88 (65) 162 (42)
1462 (53) 9.7 4.00 (2.00-6.00) 18.8 (24) 4.69 (38) 127 (44)
2128 (54) 10.6 4.00 (2.00-6.00) 16.0 (19) 4.88 (39) 113 (35)

AUC = Area under the curve; Cnax = maximum concentration; CL/F = apparent clearance; D = Dose;; ti,2 = half-life; tmax = time to maximum plasma concentration; V,/F = apparent

volume of distribution.

Table 4

Summary of related/possibly related AEs in the Western European study

Number of subjects

Number of times event Number of subjects

Treatment treated (N) TEAE intensity
Placebo single dose 10 Mild
50 mg single dose 6 Mild
150 mg single dose 6 Mild
300 mg single dose 6 N/A
600 mg single dose 6 Mild
1000 mg single dose 6 Mild
Placebo multiple dose 8 Mild
10 mg multiple dose 6 N/A
50 mg multiple dose 6 Mild
150 mg multiple dose 6 Mild
450 mg multiple dose 6 Mild

occurred (e) experiencing TEAE (n)

2 2 20
1 1 17
10 5 83
3 2 33
1 1 17
1 1 13
3 1 17
3 3 50
1 1 17

N/A = not applicable; % = percentage of subjects who experienced the TEAE per treatment = (n/N) x 100.

Discussion

Inflammation plays an important role in a variety of respi-
ratory, cardiovascular and oncological diseases and the
pro-inflammatory leukotrienes have been shown to have
profound pathological effects in animal models of asthma,
atherosclerosis and other inflammatory diseases [19].Clini-
cal trials have shown that several FLAP inhibitors are effi-
cacious and safe in subjects with asthma, yet there are no
approved drugs that fully inhibit the production of LTs [10,
11,20-22]. Given the evidence for the involvement of both
LTB, and the cysLTs in asthma and cardiovascular disease, a
FLAP inhibitor may have the potential to be more effica-
cious than CysLT1 receptor antagonists in the treatment of
asthma and other inflammatory diseases in which LTB, or
other CysLT receptors are strongly implicated.

In these two phase | studies, GSK2190915 demon-
strated a good pharmacokinetic profile.In healthy Western
European subjects, GSK2190915 showed rapid increases in
plasma concentrations after drug administration, with
maximum mean plasma concentrations being reached at
~2 h post-dose. Thereafter, an initial rapid decrease in

plasma GSK2190915 concentrations was followed by a
slower terminal elimination phase in the majority of sub-
jects. There appeared to be a prolongation of the t,, after
multiple dosing, with mean t;/, values ranging from 23 to
34 h. An approximate 2-fold accumulation after multiple
days dosing was demonstrated in Western European sub-
jects. The AUC/dose appears lower for the 300 mg single
dose cohort relative to the other cohorts and the C.x/dose
appears to increase with increasing dose. However when
exploratory statistical analysis of dose-proportionality on
logarithmically transformed Cnax and AUC values was per-
formed there was no obvious deviation in dose propor-
tionality. Instead, these differences may be the result high
inter-subject variability combined with small numbers of
subjects. Although the reason for the inter-subject variabil-
ity is unclear, we note that we have also observed signifi-
cant variability in the pharmacokinetic studies in rats and
in the phase Il studies after oral dosing with a tablet.

The ti, for Japanese subjects was comparable with
Western European subjects and ranged from 16 h to 23 h.
However, differences were noted in the pharmacokinetics
of the Japanese study as compared with the Western
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European study. In Japanese subjects, maximum concen-
trations of GSK2190915 were reached at 4-6 h post-dose
and plasma exposures were slightly higher as compared
with the Western European subjects. An exploratory
assessment of dose proportionality was performed on
both AUC(0,e0) and Cnax Using the power model. There was
no suggestion of a deviation from dose proportionality
with AUC(0,e0), however, a statistically significant departure
from dose proportionality was observed with Cnay, with
increasing does of GSK2190915 yielding slightly larger
than dose proportional increases in Cyax. These pharma-
cokinetic differences should, however, be interpreted with
caution.These are two independent studies performed at
different times and at different sites. In addition, these
studies were not designed or powered to detect pharma-
cokinetic equivalence between the two subject popula-
tions. It is likely that inter-study design differences
combined with high inter-subject variability and a small
number of subjects are contributing factors to the differ-
ences between the Western European and Japanese sub-
jects.We do not believe that the minor formulation change
significantly affected the pharmacokinetics as the ethanol
containing formulation has been used in our phase 2a
allergen challenge study enrolling predominately Western
European subjects and has shown comparable pharma-
cokinetics with the Lutrol containing formulation.

Single and multiple doses of GSK2190915 markedly
inhibited ex vivo calcium ionophore stimulated blood LTB,4
formation with a median maximum inhibition of ~60% to
100% across the dose ranges studied. GSK2190915 showed
near identical ECso values for inhibition of blood LTB,4 pro-
duction in the Western European and Japanese studies
(85 nM and 89 nwm), thus demonstrating similar pharmaco-
dynamics between the two populations. These ECs, values
are in good agreement with the 1Cso of 76 nM determined
for the in vitro inhibition of LTBs; production by
GSK2190915 in human blood [17]. Therefore, as expected
from the preclinical PK/PD, there is good alignment
between the in vitro and in vivo potencies in blood LTB,4
inhibition.However, inhibition of urinary LTE, production is
likely more relevant to clinical efficacy in mild asthmatics
since urinary LTE, is derived from cysteinyl leukotriene pro-
duction within the lung.FLAP inhibitors which have shown
clinical activity vs. early and late phase lung volume
decreases after allergen challenge also show inhibition of
urinary LTE, that outlasts the inhibition of ionophore-
challenged blood LTB, production [23]. In contrast, two
5-LO inhibitors (Zileuton and ZD2138) were relatively inef-
fective against early and late phase allergen-induced
responses [10,24].In preclinical studies, the 5-LO inhibitors
were much less effective in inhibiting cysteinyl leukotriene
production in ionophore-challenged lung vs. ionophore-
challenged blood (Lorrain, unpublished data). Therefore,
inhibition of leukotriene production within the lung, which
is reflected in urinary LTE,; concentrations, is likely an
important contributor to clinical efficacy. Here we show
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that single and multiple doses of GSK2190915 showed
marked inhibition of urinary LTE, formation.Repeat dosing
with = 50 mg GSK2190915 showed near full inhibition of
urinary LTE, for 24 h whereas only partial inhibition of
urinary LTE, was seen with repeat dosing of 10 mg. To
begin to evaluate the relationship between target engage-
ment and clinical efficacy, doses of 10, 50 and 100 mg
GSK2190915 were evaluated in a phase lla allergen chal-
lenge study in patients with mild asthma. After 3 days
dosing with 50 mg or 100 mg GSK2190915 there was an
approximately 60% attenuation of the early asthmatic
response compared with the placebo group [25] . This
magnitude of effect is comparable with that seen with
montelukast and is the expected maximal effect of a FLAP
inhibitor given that the response is driven by cysteinyl leu-
kotriene production without involvement of LTB4 [26]. On
the other hand, 3 days dosing with 10 mg GSK2190915
showed sub-maximal efficacy with an approximately 21%
attenuation of the placebo response to inhaled allergen
[25]. Based on these data, the dose related inhibition of
urinary LTE, in healthy volunteers correlates well with dose
related effects on clinical endpoints in mild asthmatic
patients.

GSK2190915 demonstrated a favourable clinical safety
and tolerability profile in healthy subjects. Treatment with
a single oral dose of GSK2190915 ranging from 10 mg to
1000 mg, and treatment with multiple oral doses once
daily for 11 days ranging from 10 mg to 450 mg, was safe
and well-tolerated. In both studies, there was no apparent
dose relationship between the number of adverse events
or the number of subjects reporting adverse events. In
addition, there was no clear difference between the
adverse events in the placebo vs. drug-treated subjects.
Most adverse events considered possibly related to the
study medication occurred in the 150 mg single dose
cohort (10 events; all gastrointestinal). Since these events
occurred in the same cohort in both placebo and drug-
treated subjects and did not increase in frequency with
higher dose or repeat dosing it is more likely that the gas-
trointestinal events were related to some other cause such
as food acquired infection. Despite 24 h inhibition of LT
production for at least 12 days (following 450 mg), there
were no clinically meaningful findings in adverse events,
vital signs, 12-lead ECG, clinical laboratory parameters or
physical examinations.This safety profile is consistent with
the lack of LT-related symptoms in an individual who is
unable to make any LTB, or CysLTs due to a genetic dele-
tion of the cPLA; gene [27].

The pharmacokinetic profile of equivalent doses of
AM103, another novel FLAP inhibitor, and GSK2190915
were similar with comparable tma, Cnax @and AUC(0,24 h)
values [14]. Both inhibitors were well tolerated at all doses
and showed dose-dependent inhibition of ex vivo calcium
ionophore-challenged blood LTB; and wurinary LTE,.
However, GSK2190915 showed an extended mean plasma
half-life as compared with AM103 (t;, of 17-27 h and
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8-12 h, respectively) and this increase in plasma ti, likely
contributed to the prolonged inhibition of blood LTB,4 syn-
thesis and urinary LTE, concentrations observed with the
low dose of GSK2190915 [14]. For example, a single 50 mg
dose of AM103 showed minimal inhibition of blood LTB, by
8 h post-dose, whereas a single 50 mg dose of GSK2190915
showed ~80% inhibition of blood LTB, through 12 h post-
dose [14]. Additionally, a single 50 mg dose of AM103
showed little to no inhibition of urinary LTE, concentra-
tions at 24 h post-dose, whereas a 50mg dose of
GSK2190915 maintained almost complete inhibition of
urinary LTE, through 36 h post-dose [14]. Because of its
inferior pharmacodynamic profile, clinical investigation of
AM103 has not proceeded beyond phase I. On the other
hand, GSK2190915 appears safe and well-tolerated and
shows an extended pharmacokinetic and pharmacody-
namic profile compared with AM103. GSK2190915 has
shown efficacy in phase lla allergen challenge studies and
is now being studied in multiple phase llb asthma trials
(NCT0114774, NCT01248975 and NCT01156792)[27]. In
addition, due to its good safety profile and potent inhibi-
tion of 5-LO pathway products GSK2190915 holds promise
for therapy in cardiovascular and other inflammatory
diseases.
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