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ABSTRACT

Exercise-induced bronchoconstriction (EIB) describes the condition whereby exercise causes airflow obstruction that lasts for
up to 90 minutes without treatment. This double-blind, placebo-controlled, five-way crossover study investigated the dose
response and duration of action of a 5-lipoxygenase–activating protein inhibitor, GSK2190915, to inhibit EIB in subjects with
asthma. Forty-seven subjects with EIB were enrolled. Exercise challenge testing was scheduled at 2, 9.5, and 24 hours after
receiving a single dose of GSK2190915 (10, 50, 100, and 200 mg) or placebo in randomized order. GSK2190915 at 200 and
100 mg significantly attenuated the response to exercise at 2 and 9.5 hours postdose, respectively, compared with placebo. The
adjusted mean maximum percentage change from baseline forced expiratory volume at 1 second within 60 minutes postexercise
challenge (FEV1 (0–60)) treatment difference for GSK2190915 at 200 mg compared with placebo at 2 hours postdose was 6.30%
(95% CI, 3.06, 9.54), corresponding to a 40% attenuation of the placebo response to exercise; the treatment difference between
GSK2190915 at 100 mg and placebo at 9.5 hours postdose was 3.49% (95% CI, 1.02, 5.95), corresponding to a 41%
attenuation of the placebo response to exercise. No significant effect was seen at 24 hours postdose with any dose; however,
investigation of statistically significant treatment-related effects at this time point was limited because of the small fall in
adjusted mean FEV1 (0–60) (�7.61%; 95% CI, �10.23, �4.99) after placebo. GSK2190915 may be of benefit in EIB prevention.
GSK Clinical Study LPA112025; ClinicalTrials.gov identifier number: NCT00812929.

(Allergy Asthma Proc 35:126–133, 2014; doi: 10.2500/aap.2014.35.3723)

Exercise-induced bronchoconstriction (EIB) de-
scribes the condition whereby exercise causes air-

flow obstruction that lasts for up to 90 minutes without
treatment.1 It is hypothesized that a change in airway
fluid osmolarity, caused by airway drying during ex-
ercise, induces inflammatory mediator release, includ-
ing cysteinyl leukotrienes (cysLTs), into the airways of
susceptible individuals.2,3 The cysLTs recruit inflam-
matory cells into the airways, such as eosinophils,4–6

leading to edema, mucus secretion,7 and smooth mus-
cle constriction.8 In EIB subjects, the concentration of
cysLTs is increased relative to the bronchoprotective
eicosanoid prostaglandin E2 after exercise.9

CysLT antagonists are successfully used in the pro-
phylactic treatment of EIB.10 Cell activation by me-
chanical injury, infection, allergens, cytokines, or
growth factors triggers leukotriene synthesis, which
commences when cytosolic phospholipase A2 hydro-
lyzes membrane phospholipids to release arachidonic
acid (AA) at the leukocyte nuclear envelope; in the
presence of the integral nuclear membrane protein 5-li-
poxygenase–activating protein (FLAP), AA metabo-
lizes 5-lipoxygenase to leukotriene A4 (LTA4); LTA4

hydrolase converts LTA4 to LTB4; LTC4 synthase con-
verts LTA4 to the cysLTs C4, D4, or E4 (LTC4, LTD4, or
LTE4, respectively).11,12 In addition to the leukotriene
synthesis pathway, potent activation of neutrophils
and eosinophils by 5-oxo-6, 8, 11, 14-eicosatetraenoic
acid may be the result of AA reduction by 5-lipoxy-
genase to, then, metabolism of 5-hydroxyeicosatetra-
enoic acid.13

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,14–16 is a
high-affinity FLAP inhibitor currently in development
for the treatment of asthma. Given the evidence sup-
porting the role of cysLTs in EIB pathophysiology and
the prophylactic effects of cysLT antagonists, we inves-
tigated the effect, dose response, and duration of action
of GSK2190915 in mild asthmatic subjects who experi-
ence EIB. To our knowledge, this is the first study to
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investigate an FLAP inhibitor in an exercise challenge
model.

METHODS

Study Design
This five U.S. center, double-blind, randomized, five-

way crossover study was completed in accordance
with the International Conference of Harmonization
Guideline for Good Clinical Practice from December 2,
2008 to July 15, 2009 (GSK Clinical Study LPA112025;
ClinicalTrials.gov Identifier: NCT00812929). Investiga-
tional Review Board (IRB) approval was granted
(Great Lakes IRB, Peotone, IL). Written informed con-
sent was obtained before subject enrollment.

Subjects completed a screening visit within 28 days
of first dose for study eligibility assessments, including
one exercise challenge test (ECT). During each treat-
ment period, overnight-fasted subjects drank a single
dose of oral solution GSK2190915 (10, 50, 100, or 200
mg) or matched placebo with 100 mL of water in
accordance with a computer-generated randomization
schedule; ECTs were completed at 2, 9.5, and 24 hours
postdose; 10 subjects at one site also provided blood
and urine samples for measurement of LTB4 and LTE4,
respectively. Treatment periods were separated by at
least 7 days washout.

Subjects
Key inclusion criteria included healthy, nonsmoking,

mild asthmatic, male or non–child-bearing potential
(because reproductive toxicology had not been con-
ducted) female subjects (18–50 years); prebronchodila-
tor forced expiratory volume at 1 second (FEV1) of at
least 70% predicted17; a fall in FEV1 between 20 and
40% of baseline after a screening exercise challenge18;
and being capable of withholding short- and long-
acting ß2-agonists for 6 and 48 hours, respectively,
before ECT, lung function testing (LFT), and study
medication dosing. The study did not require subjects
to be tested for atopic or inhalant allergies.

Key exclusion criteria included upper respiratory
tract infection within 2 weeks of first study medication
dosing, hay fever symptoms during study, use of oral/
injectable corticosteroids within 5 weeks of study start,
and use of intranasal/topical steroids within 4 weeks
of start.

Safety Assessments
Samples for hematology, chemistry, and urinalysis

were collected (predose, 25 hours postdose). Adverse
events (AEs) were recorded using open-ended ques-
tions; causality and intensity were assessed by the
investigator. Medical occurrences that resulted in
death; were life-threatening; or caused hospitalization,

disability, or congenital anomaly were to have been
deemed serious AEs.

Exercise Challenge Testing
One ECT methodology for motor-driven treadmill

with adjustable speed and gradient was selected by the
investigator at screening for each subject’s study dura-
tion, either in an air-conditioned (20–25°C) and humid-
ity-controlled (�50%) room with a nose clip in place, or
by inspiring compressed cold, dry air through a two-
way nonrebreathing valve and a mouth piece or face
mask. The methodology was kept consistent within
subject and within center. ECTs required a target heart
rate of at least 80% of the predicted maximum (220-age
in years) for 6 consecutive minutes in accordance with
published guidelines.18,19 Triplicate FEV1 readings
(KOKO Peak Pro, Louisville, CO) were recorded pre-
dose; pre-ECT; and 5, 10, 30, 45, 60, 90 minutes post-
ECT.

Urine LTE4 Assay
Urine collected during treatment periods (predose,

pre-ECT, and 90 minutes post-ECT) was frozen (8 mL/
sample, �70°C) before analysis using a validated ana-
lytical method liquid chromatography-tadem mass spec-
trometry with creatinine correction20; lower limit of
quantification for urine creatinine was 1 pg/mg (Au-
toanalyzer technique; Technicon, BuValo, Grove, IL).

Blood LTB4 Assay
Blood was collected (4 mL/sample, sodium heparin-

coated Vacutainer) during treatment periods (predose
and pre-ECT). LTB4 synthesis was stimulated ex vivo in
whole blood by incubation in the presence of calcium
ionophore A23187, as previously described.14 Plasma
supernatant from centrifuged incubated samples was
frozen (�70°C) before analysis using a validated ana-
lytical method based on enzyme immunoassay (lower
limit of quantification, 11.7pg/mL). The LTB4 value for
a time point was derived from the difference between
the values for stimulated and unstimulated samples.

Data Analysis and Statistics
The primary end point was the mean maximum

percentage change from baseline in FEV1 within 60
minutes post-ECT [FEV1(0–60)] 24 hours postdose. The
maximum percentage change from baseline FEV1(0–60)
after ECT at screening and 2, 9.5, and 24 hours post-
dose was analyzed using a mixed effects model (in-
cluding period, treatment, and covariates for predose
FEV1). The adjusted mean maximum percentage
change from baseline FEV1(0–60) values and corre-
sponding 95% CIs, as well as adjusted mean treatment
differences between each active dose and placebo,
were obtained from the model. The sample size pro-

Allergy and Asthma Proceedings 127

DO N
OT C

OPY



vided at least 90% power to detect a difference of 8%
between treatment groups in maximum percentage
change from baseline FEV1(0–60), using a two-sided 5%
significance level, assuming a within subject standard
deviation of 10.9%.21

Post hoc analyses were performed in two subgroups
of interest and the heterogeneity of the treatment effect
within the subgroups was assessed using treatment-
by-subgroup interaction tests for ECT at 2 and 9.5
hours postdose. The first subgroup was defined by the
ECT methodology. The second subgroup was defined
by disease severity using the mean maximum percent-
age change from baseline FEV1(0–60) at screening and
assessed the most severe 25% of subjects (having a
maximum fall in FEV1 of at least 30.9%) compared with
the remaining 75% of subjects.

RESULTS

Subject Characteristics
Oral GSK2190915 was administered to 47 subjects

(Table 1); 44 completed the study; three were with-
drawn due to positive drug of abuse (DOA) test (n �
1), positive DOA/ineligible screening ECT (n � 1), and
elevated LFTs (n � 1). Random population sampling
for this study resulted in a majority of participants
being white adult male subjects.

Safety analyses included 47 subjects. Efficacy analy-
sis included 46 subjects, because data from the subject
withdrawn because of positive DOA/ineligible screen-
ing ECT (failure to maintain target heart rate at mini-
mum 80% predicted maximum for 6 minutes) was
excluded.

Safety
All AEs (five GSK2190915 at 10 mg, seven

GSK2190915 at 50 mg, four GSK2190915 at 200 mg, and
four placebo) were resolved before study completion.
No SAEs occurred. Dizziness was reported most fre-
quently, either immediately before or after ECT 2 hours
postdose (two placebo, one GSK2190915 at 10 mg, and
two GSK2190915 at 50 mg).

Six AEs were considered GSK2190915 related by the
investigator (placebo: one diarrhea and one dizziness;
GSK2190915 at 10 mg: one dizziness and one hyperhy-
drosis; GSK2190915 at 50 mg: one dizziness and one
hyperhidrosis); elevated LFTs (predose Period 3) in one
withdrawn subject were considered not GSK2190915 re-
lated but caused by the subject’s alcohol consumption.

Exercise Challenge Testing
Table 2 presents the adjusted mean maximum per-

centage change from baseline FEV1(0–60) results. At 24
hours postdose, no GSK2190915 dose was statistically
significant for the maximum percentage change from
baseline FEV1(0–60) compared with placebo. At 2 hours
postdose, the maximum percentage change from base-
line FEV1(0–60) was statistically significant for
GSK2190915 at 200 mg compared with placebo, corre-
sponding to a mean attenuation of 40% of the placebo
response to ECT; the 2-hour postdose FEV1(0–60) in-
creased with escalating GSK2190915 dose. The 9.5-hour
postdose maximum percentage change from baseline
FEV1(0–60) was statistically significant for GSK2190915
at 100 mg compared with placebo, corresponding to a
mean attenuation of 41% of the placebo response to
ECT; at this time point, GSK219015 at 200 mg attenu-
ated the placebo response to ECT by 30%, although this
effect was not statistically significant.

Figure 1, A–C, presents the mean (95% CI) percent-
age change from baseline for FEV1 within 90 minutes
post-ECT for screening and treatment groups. A lower
ECT response was evident at all placebo time points
versus screening for the maximum percentage change
from baseline FEV1(0–60); this reduced response was
most notable at 24-hour postdose ECTs after placebo
compared with screening (Table 2).

Post hoc analysis of the relationship between ECT
methodology and the extent of EIB attenuation by
GSK2190915 2-hour postdose found no evidence that
the treatment effect differed by ECT method (p �
0.5856). However, this analysis was limited by the
small number of subjects who completed ECT in an
air-conditioned (20–25°C) and humidity-controlled
(�50%) room with a nose clip in place (n � 9) com-
pared with those completing the challenge inspiring
compressed cold, dry air through a two-way nonre-
breathing valve and a mouth piece or face mask

Table 1 Patient demographics and characteristics

Total

No. of patients administered first
dose, n

47

Demographics
Age (yr), mean (SD) 28.4 (8.57)
Gender, M/F 41/6
BMI (kg/m2), mean (SD) 26.62 (4.61)
Height (cm), mean (SD) 176.7 (9.15)
Weight (kg), mean (SD) 83.60 (18.48)

Race, n (%)
African American/African heritage 6 (13)
Asian 3 (6)
White 38 (81)

Reasons for patient withdrawal, n (%)
AEs 1 (2)
Positive DOAs test 2 (4)

AEs � adverse events; BMI � body mass index; DOAs �
drugs of abuse.
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(n � 37), and, consequently, the lack of power to ade-
quately detect any heterogeneity of treatment effects.

Post hoc analyses examining subgroups defined by
disease severity using the maximum percentage
change from baseline FEV1(0–60) at screening showed
evidence of a statistically significant treatment-by-sub-
group interaction (p � 0.01) for ECT at 2 hours post-
dose. For the more severe subjects, the adjusted mean
maximum percentage change from baseline FEV1(0–60)
was �9.19% (95% CI, �15.80%, �2.57%) for
GSK2190915 at 200 mg and �20.68% (95% CI, �27.28%,
�14.07%) for placebo, corresponding to a mean atten-
uation of 56% of the placebo response to ECT. For the
remaining subjects, the maximum percentage change
from baseline FEV1(0–60) adjusted means were �9.19%
(95% CI, �13.08%, �5.30%) for GSK2190915 at 200 mg
and �13.52% (95% CI, �17.43%, �9.61%) for placebo,
corresponding to a mean attenuation of 32% of the
placebo response to ECT.

The post hoc analyses showed no evidence of a dif-
ference between the subgroups with respect to treat-
ment effects for ECT 9.5-hour postdose, although this
analysis was underpowered to adequately detect any
heterogeneity of treatment effects.

GSK2190915 Pharmacodynamics
Plasma LTB4 (Fig. 2) was notably suppressed by

GSK2190915 at 50 mg and higher doses at 2, 9.5, and 24
hours postdose. Greater than 95% LTB4 suppression
was evident at 24 hours postdose in at least 75% of
subjects with GSK2190915 at 200 mg.

Urine LTE4 (Fig. 3) was also suppressed by
GSK2190915 at 50 mg and higher doses at 9.5 and 24
hours postdose. Maximum median urine LTE4 sup-
pression compared with predose baseline was evident
for GSK2190915 at 200 (�80%) and 100 mg (�64%) at
11 hours postdose, and was at least 77% for GS2190915
at 50 mg and higher doses at 24 hours postdose.

DISCUSSION
To our knowledge, this is the first study to report

that an FLAP inhibitor is effective in attenuating EIB.
There were limitations of the assessment at 24 hours
postdose; however, we have shown that GSK2190915
at 200 and 100 mg attenuates EIB at 2 and 9.5 hours
postdose, respectively. Our findings indicate that the
extent of GSK2190915 EIB attenuation appears dose
related, the doses effective on EIB correlating with
doses effective at suppressing leukotrienes.

The rapid onset of EIB attenuation with GSK2190915
at 200 mg is consistent with GSK2190915 pharmacoki-
netics (Tmax � 2 hours). The broadly similar magnitude
of EIB attenuation 9.5 hours postdose for GSK2190915
at 100- and 200-mg doses suggests that these two doses
are at the top of the dose–response curve. Our resultsT
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concur with previous clinical findings that single
GSK2190915 doses above 150 mg provided no clear
increase in LTE4 suppression.14 Furthermore, the com-
parable effect on both EIB severity and the magnitude
of LTE4 suppression by GSK2190915 support the re-
ported link between these two parameters.22

It is evident from our data that a study designed in
accordance with ECT guidelines does not guarantee a
consistent and reproducible effect on FEV1. This is
most apparent at 24 hours postdose in the difference in
EIB attenuation for placebo compared with screening.
The water content of inhaled air for both exercise chal-

lenge methodologies in our study was clearly defined.
Post hoc analysis of the relationship between the exer-
cise challenge methodology and the extent of EIB at-
tenuation by GSK2190915 2 hours postdose cautiously
found no evidence that the treatment effect differed by
exercise challenge methodology.

We conjecture that natural subject variability influ-
enced the reproducibility of ECT data. Pathophysiolog-
ical factors attributed to the severity and duration of
EIB include the extent of inflammatory mediator re-
lease at or around the airways23 and sensory nerves,
which are known to react to fluctuations in airway

Figure 1. Mean (95% CI) percent
change from baseline FEV1 within 90
minutes post ECT (A) 24 hours, (B)
9.5 hours, (C) 2 hours.
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surface osmolarity and levels of cysLTs.24 The degree
to which the airways manage the transfer of heat and
water during exercise is one aspect of laboratory ECT
that is difficult to manage, especially if repeat ECT
assists in improving the fitness of an individual. Our
results suggest some degree of a training effect; a sub-
ject may have become accustomed to the ECT protocol,
thereby reducing the amount of ventilation required on
repeat exercise perhaps accounting for a marked re-
duction in EIB compared with screening.

Our study design might have limited ECT data vari-
ability during treatment periods by requiring two

screening ECTs to assess subject eligibility. In a clinical
investigation of the leukotriene receptor antagonist
montelukast, 81 of the 169 adult subjects assessed were
deemed ineligible because of a fall in FEV1 that was
�20% of baseline after repeat screening ECT.25 Al-
though this observation has not been validated, it im-
plies the importance of confirming the reproducibility
of exercise challenges in study designs.

The mechanism of action for GSK2190915 is evident
in the suppression of urine LTE4 and plasma LTB4,
which also is consistent with previous reports that this
FLAP inhibitor is a potent inhibitor of leukotriene syn-

Figure 1.

Figure 2. Percentage change from
baseline LTB4.
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thesis. Furthermore, GSK2190915 single doses up to
200 mg appear well tolerated in subjects with EIB.
Notwithstanding cautions previously discussed, the
results reported support that GSK2190915 may have
usefulness in EIB; additional studies are required to
validate the potential usefulness of GSK2190915 in a
clinical setting.
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