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Abstract
Objective: Airway sensory nerves involved in the cough reflex are activated by adenosine
triphosphate (ATP) agonism of P2X purinoceptor 3 (P2X3) receptors. Transient receptor potential
vanilloid 4 (TRPV4) channel activation causes ATP release from airway cells and it is hypothesised
that a TRPV4-ATP-P2X3 axis contributes to chronic cough. An adaptive study was run to determine if
TRPV4 inhibition, using the selective TRPV4 channel blocker GSK2798745, was effective in reducing
cough.
Methods: A two-period randomised, double blinded, placebo-controlled crossover study was
designed with interim analyses for futility and sample size adjustment. Refractory chronic cough
patients received either GSK2798745 or placebo once daily for 7 days with a wash-out between
treatments. PK samples were collected for analysis of GSK2798745 at end of study. The primary
endpoint was total cough counts assessed objectively during day-time hours (10 h) following 7 days
of dosing.
Results: Interim analysis was performed after 12 participants completed both treatment periods.
This showed a 32% increase in cough counts on Day 7 for GSK2798745 compared to placebo; the
pre-defined negative criteria for the study were met and the study was stopped. At this point 17
participants had been enrolled (Mean 61yrs; 88% female), and 15 had completed the study. Final
study results for posterior median cough counts showed a 34% (90% CrI: -3%, +85%) numerical
increase for GSK2798745 compared to placebo.
Conclusion: There was no evidence of an anti-tussive effect of GSK2798745. The study design
allowed the decision on lack of efficacy to be made with minimal participant exposure to the
investigational drug.

Introduction
Chronic cough is defined in clinical practice as cough lasting longer than 8 weeks [1], is highly
prevalent worldwide and is a leading cause of unplanned visits to the doctor’s office [2]. Regardless
of aetiology, chronic cough is difficult to treat and can significantly diminish quality of life [3] and the
ability to perform everyday activities. Despite recent advances in treating cough [4], there remains a
significant unmet need for safe and effective medicines [5].
It has been previously hypothesised that heightened cough reflex sensitivity is mediated by
adenosine triphosphate (ATP) through P2X purinoceptor 3 (P2X3) receptors [6,7]. Transient receptor
potential vanilloid 4 (TRPV4) is an ion channel broadly expressed in the respiratory tract and is
activated by a wide range of stimuli including temperature, pH and osmolarity [8,9]. TRPV4
activation causes ATP release from airway epithelial cells [10], and studies have established a role for
TRPV4-mediated ATP release and P2X3 receptor modulation in the activation of airway afferents
[10]. Therefore, it is possible that a TRPV4-ATP-P2X3 axis contributes to the evolution and
persistence of chronic cough. Moreover, clinical data suggest that pharmacological inhibition of
P2X3 receptors reduces cough frequency and improves patient reported outcomes and quality of life
in a subset of patients with chronic cough [11,12,13].
GSK2798745 is a selective TRPV4 channel blocker and the aim of this study was to evaluate whether
blockade of TRPV4 channels is effective in reducing cough in patients with idiopathic or treatment
refractory chronic cough.

Methods
Study Design and Population
This multicentre, placebo-controlled, double-blind, randomised, two-period crossover study was
conducted from April until October 2018 in the UK. The study was approved by the appropriate
ethics committee and was conducted in accordance with the International Council on Harmonisation
of Technical Requirements for Registration of Pharmaceuticals for Human Use and Good Clinical
Practice. All participants provided written informed consent (ClinicalTrials.gov identifier
NCT03372603; EudraCT number 2017-002265-21).
The study design is detailed in Figure 1. An automated system was used to randomly assign
participants who were stratified according to inclusion in a previous cough study within the last 12
months. The study design included up to 2 interim analyses to be conducted for futility and possible
sample size adjustment. The protocol is published at https://www.gsk-studyregister.com/en/trialdetails/?id=207702.
The targeted population were participants aged 18 to 75 years with treatment refractory or
idiopathic chronic cough for ≥1 year that was unresponsive to targeted treatment or for which no
identifiable cause was determined. Additional inclusion criteria included a score of ≥40 mm on the
Cough Severity VAS at screening, no significant findings on chest imaging within 12 months before
screening, a Forced Expiratory Volume in One Second (FEV1) ≥80% of the predicted normal value at
screening, or documented evidence of FEV1 ≥80% within the 6 months before screening, and a body
weight >50 kg and BMI within the range of 18 to 40 kg/m2.
Key exclusion criteria were current smoker, history of smoking or a cumulative smoking history of
20 years; history or current evidence of any serious or clinically significant condition; history or
current evidence of chronic productive cough; and respiratory infection within 6 weeks of screening.

Methods
The primary objective of the study was to compare the efficacy of 7 days oral dosing of GSK2798745
tablets with placebo tablets. The primary endpoint for the study was total cough counts during daytime hours (total number of coughs during the first 10 h following dosing – during which time
participants were instructed to be awake) following 7 days of dosing. Coughs were recorded for 24
hours prior to dosing of each treatment period (baseline) and for 24 hours following dosing on Day 7
of each treatment period. Both day-time and 24 h cough counts were assessed.
Objective assessment of cough was done using the VitaloJAK cough recording device [14]. The
Leicester Cough Questionnaire (LCQ) was utilised as a quality of life measure of chronic cough [15].
In addition, participants were asked to complete 2 visual analogue scale (VAS) forms, one each to
rate the severity of their cough and their urge to cough.
Evaluation of safety was based on reported adverse events (AE), clinical laboratory values, vital signs
and electrocardiogram (ECG).
Plasma samples collected on Day 1 and Day 7: predose, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 3.5 h post dose;
and on Day 8: 24 h post dose were analysed for GSK2798745. A validated analytical method was
used, based on solid phase extraction, followed by HPLC-MS/MS analysis [16]. The lower limit of
quantification was 0.2 ng/mL using a 100 L aliquot of human plasma with a higher limit of
quantification of 100 ng/mL. For each analytical method, quality control samples containing 3
different analyte concentrations, were analysed with each batch of samples against separately
prepared calibration standards. For the analysis to be acceptable, no more than one-third of the
total QC results and no more than one-half of the results from each concentration level were to
deviate from the nominal concentration by more than 15%. The applicable analytical runs met all
predefined run acceptance criteria.
Analyses
The target number of evaluable participants was 24. A sample size re-estimation was planned
during the study, allowing a maximum of 48 participants to be enrolled.
Day-time 10 h cough counts were analysed by first log transforming the counts recorded on Day 7 of
each dosing period, hence the treatment effect was presented as a ratio GSK2798745/placebo. The
statistical analysis was based on a Bayesian mixed effects model assuming a non-informative prior
distribution. Treatment and period were included as fixed effects and terms related to baseline
cough counts were included in the model as covariates. The presence of carryover effects or
treatment by period interaction was also investigated. In addition, effects pertaining to the centre
and participation in a cough-related clinical trial in the previous 12 months were investigated. The
posterior probability and corresponding 90% credible intervals that the true ratio of the mean effect
size of the test treatment and the mean effect size of the placebo treatment, μ(test) / μ(placebo),
was less than 0.7 constructed, i.e. a day-time cough count total of at least 30% less for GSK2798745
than for placebo was of interest. In addition, the posterior probability true effect size distribution
was used to obtain estimates for the probabilities that the true effect size falls below 1 and 0.5,
representing any reduction and a 50% reduction in day-time cough counts totals for GSK2798745
compared with placebo.
Prior to analysis, data were assessed for any missing intervals of cough counts during the 10 h
period, e.g., if the participant removed the device temporarily. Missing data were pro-rated if at
least 60% of the first 10 h of monitoring included valid cough monitoring data, i.e., the monitor was
attached and working for at least 6 out of the first 10 h. For example, if a participant recorded 200

coughs between 0 and 8 hours but the next 2 hours were not recorded, the missing 2 hours would
be estimated as 50, resulting in an imputed 10h total of 250 coughs. Similar rules were applied to
the 24 h data.
Interim Analysis
One interim analysis was conducted during the study when 12 participants completed both dosing
periods. A key objective of the interim analysis was to test for futility, and with a sample size of 12
participants, there was a high probability of being able to stop the study early and reduce patient
exposure if the drug was truly placebo-like and, similarly, a low probability of stopping for futility if
the drug was truly effective. The treatment level results were made available to the GSK study team
who reviewed the available cough count data before deciding on whether to stop the study on the
grounds of futility, or adjust the sample size.
To assess futility, the results from the interim analysis were compared with pre-defined criteria for a
negative study; to be declared negative, a posterior probability of less than 30% that the true
treatment ratio (GSK2798745 / placebo) was less than 0.7, i.e. posterior probability (ratio<0.7) <30%,
was required.
The interim analysis included a preliminary assessment of whether there was any evidence for the
presence of carryover effects or treatment by period interaction.
Only the responsible GSK statisticians and programmers had access to individual participant data.
However, the findings of the interim analysis were shared with the entire GSK study team.

Results
Study Population
A total of 34 participants were screened, and 17 (50%) failed screening, primarily for not meeting the
inclusion/exclusion criteria [Figure 2]. An interim analysis was conducted after 12 participants had
completed both dosing periods, and the study was terminated on grounds of futility. Recruitment
was not halted during the interim analysis; therefore, a total of 17 participants were randomised
into the study. Dosing of 2 participants, whose dosing was ongoing at the time the study was
terminated, was stopped, so only 15 of the 17 participants completed the study as planned, and only
16 of those had been dosed with GSK2798745.
Baseline characteristics of the population are presented in Table 1.
Efficacy
Statistical analysis at the interim (n=12) showed a 32% increase in day-time cough counts on Day 7
for GSK2798745 compared with placebo. The pre-defined negative criteria for the study were met
and the study was subsequently stopped. Final study (n=17) statistical analysis results for both daytime and 24h cough counts are shown in Table 2 and Table 3. Individual participant change from
baseline for day-time and 24 h cough counts are presented in Figure 3.
Severity of Cough and Urge to Cough VAS scores and LCQ results (both individual domains and total)
did not demonstrate a positive effect of GSK2798745 on cough as presented in Figure 4.
Safety and Pharmacokinetics (PK)
There were no serious AEs, deaths or other significant adverse events reported during this study. A
summary of AEs is presented in Table 4.

There were no clinically significant changes in clinical laboratory assessments, ECGs, vital signs
(systolic and diastolic blood pressure, heart rate, temperature, and weight) and no changes in ECGs
and vital signs were reported as AEs.
GSK2798745 plasma concentrations achieved at peak and trough were within the expected range.
Data are summarised in Table 5.

Discussion
This is the first study to evaluate the effect of TRPV4 antagonism in patients with refractory chronic
cough. Treatment with the TRPV4 antagonist GSK2798745 however did not result in any anti-tussive
effect when compared with placebo. The quality of study data was considered high, with a minimal
amount of missing cough count data. The adaptive design of the study allowed for an interim
analysis after 12 participants had completed.
The results from the interim analysis demonstrated that there was no clear difference in Day 7 daytime cough counts between the 2 treatment groups and no carryover effect or treatment by period
interaction was observed; therefore, the results met the negative study criteria and the study was
terminated early. Final data analysis included 17 enrolled participants with 15 completers and the
result was consistent with the interim analysis. The fact that increasing the number of participants
treated did not affect the outcome of the results supports the use of this type of study design to
minimize the exposure of patients to ineffective investigative treatments in studies. In adaptive
design clinical studies, it is considered important to establish statistically based decision rules prior
to starting the study [17,18]. The results at the interim demonstrated that the posterior probability
that the true ratio of the mean effect size was less than 0.7 was just 1.0%, thereby clearly meeting
the pre-defined criteria for stopping for futility. This decision prevented the target patient
recruitment of 24 participants being exposed to an ineffective treatment.
The loading dose of 4.8 mg followed by repeat doses of 2.4 mg once daily was chosen to provide
adequate systemic drug levels for TRPV4 receptor target engagement whilst being within the
exposure limits pre-defined by pre-clinical toxicology data. This dose regimen showed dose
proportional change in systemic exposure to drug, albeit based on the limited sampling scheme. The
GSK2798745 drug levels achieved at peak and trough are within the expected range for
pharmacological inhibition of TRPV4 based on an estimated IC50 of 2.1-3.2ng/mL for GSK2798745
obtained from in vivo preclinical and ex vivo clinical PK-PD. The steady-state average peak (Cmax
10.9ng/mL) and trough (C24 2.4ng/mL) concentrations of GSK2798745 equate to ~80% and ~50%
inhibition of TRPV4 receptors, respectively. The levels of predicted TRPV4 inhibition obtained in this
study could be considered adequate for modulating cough considering the level of target occupation
necessary for therapeutic effect is typically ~60-90% for antagonists of multiple drug targets,
including ion channels [19]. However, caution should be taken when interpreting the PK-PD
predictions from this study, because the in vivo and ex vivo PK-PD models were based on the
vascular endothelial cell as the site of pharmacological action; GSK2798745 levels might differ in the
airways, the potential TRPV4 site of action for modulating cough [10].
TRPV4 is one of several ion channels to have been implicated in the cough reflex [20,21], and there
has been much interest in the TRP receptor family as therapeutic targets in cough [22,23]. There is
significant pre-clinical evidence indicating involvement of TRPV1, TRPA1 and now TRPV4 in the

cough reflex cough; however, so far, none have shown translation of this to efficacy in human
clinical studies when performed [23,24,25]. There may be several reasons for this. Firstly, it has
become clear in recent years, that whilst evoked cough models are important for elucidating
mechanisms and confirming target engagement, in both animals and humans, they are poorly
predictive of impact on pathological cough in a real life clinical population [22]. This may be as a
result of redundancy in the system or it is possible that inhibition of one of the TRP receptors results
in the induction of other compensatory mechanisms. Secondly, only for TRPV1 antagonists have
negative findings been reported in the presence of positive effects on capsaicin challenge confirming
target engagement in the lung; without this there is always the possibility of inadequate
dosing/potency/ receptor occupancy [25]. In this study, it could also be that the dose was not high
enough for the reasons described above. For TRPV4 there is the evidence from the pre-clinical
studies (using a TRPV4 agonist and hypotonic solutions) that it is involved in activating afferent
nerves causing cough through the release of ATP and activation of P2X3 [10], and there are data
showing P2X3 inhibitors have reduced cough counts in patient studies [11,12,13,26] demonstrating
the importance of ATP and P2X3 in the cough reflex.
Hypotonic cough challenges were not included in this study, therefore, evidence for TRPV4 target
engagement in the lungs is lacking. However, unlike capsaicin and citric acid, hypotonic solutions are
poor at evoking cough in both humans and animals. Methods used in the published literature are
highly variable and established challenge agents, equipment, and protocols suitable for use in multicentre clinical trials are lacking. More importantly, in the only published pre-clinical study using
osmotic stimulation to evoke coughing, inhaled distilled water failed to demonstrate lung target
engagement for a TRPV4 antagonist, questioning the value of this particular challenge [27]. In
contrast, a recent study in humans showed that distilled water cough is significantly inhibited by a
P2X3 antagonist [28], suggesting that additional triggers of P2X3/ATP mediated cough could be
contributing to the lack of efficacy seen with our TRPV4 inhibitor. So, while TRPV4 has been shown
to be important in TRPV4 agonist activation of the TRPV4-ATP-P2X3 axis in pre-clinical cough models,
the evidence for it being important in chronic cough clinically is still not available.
In conclusion, this study demonstrated that the level of TRPV4 inhibition achieved in this study using
GSK2798745 was not effective in reducing cough in participants with idiopathic or treatment
refractory chronic cough. The inclusion of a hypotonic cough challenge might have provided
additional insights into whether TRPV4 target engagement in the lungs occurred, but the optimal
challenge agent/protocol to assess this remains unclear. Using an adaptive study design allowed the
study to be stopped for futility after only 17 participants had been enrolled. This approach could be
used more to limit the exposure of chronic cough patients to ineffective investigational drugs.
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Table 1 Participant Baseline Demographics
Demographics

Total
(N=17)
61.0 (9.85)

Age in Yearsa [Mean (SD)]
Age Rangea
18-64 years
65-74 years
Sex [n (%)]
Female:
Male:
BMI (kg/m2) [Mean (SD)]
Height (cm) [Mean (SD)]
Weight (kg) [Mean (SD)]
Ethnicity [n (%)]
Hispanic or Latino:
Not Hispanic or Latino:
Race [n (%)]
Asian – South East Asian Heritage
White – White/Caucasian/European Heritage
Baseline Daytime 10 h Cough Count [Geometric
Mean (95% CI)]

10 (59%)
7 (41%)
15 (88%)
2 (12%)
27.61 (4.96)
162.9 (6.58)
73.19 (13.3)
0
17 (100%)
1 (6%)
16 (94%)
GSK2798745
205.2 (116.7,
360.6)

Baseline Cough Severity VAS [Mean (SD)]
53.9 (18.5)
Baseline Urge to Cough VAS [Mean (SD)]
58.6 (18.4)
Baseline LCQ [Mean (SD)]
12.07 (3.6)
a. Birth date was imputed as June 30 in the year of birth.

Placebo
242.5 (144.7,
406.4)
57.2 (23.35)
56.2 (26.81)
11.62 (3.49)

Table 2 – Statistical analysis model adjusted cough count estimates
Day-Time 10 h Total Cough Counts Treatment Estimates
Treatment
N
n
Posterior Median (SD)
95% Credible Interval
Placebo
17 17 180.57 (24.76)
(137.85, 235.45)
GSK2798745
16 15 241.11 (35.41)
(181.38, 320.60)
24 h Total Cough Counts Treatment Estimates
Placebo
17 17 413.44 (43.56)
(336.35, 508.34)
GSK2798745
16 15 450.68 (50.8)
(361.50, 561.70)
Total cough counts were log-transformed prior to analysis. N=Number of participants in analysis
population; n=Number of participants providing data.

Table 3 – Statistical analysis treatment comparisons
Day-Time 10 h Total Cough Counts Treatment Comparison
Treatment Comparison
Posterior
90% Credible
Median Ratio
Interval
(SD)
GSK2798745/Placebo
1.34 (0.27)
(0.97, 1.85)
24 h Total Cough Counts Treatment Comparison
GSK2798745/Placebo
1.09 (0.17)
(0.85, 1.40)

Posterior Prob. Of True Diff
<1.0
<0.7
<0.5
0.0700

0.001

<.0001

0.284

0.003

<.0001

Note a sensitivity analysis using non-imputed data: 1.31 (0.95, 1.80 90% credible int.) for 10 h and 1.09 (0.85, 1.40) for 24 h

Table 4 Most frequent adverse events observed in the study
Placebo
(N=17)

GSK2798745
(N=16)

Total
(N=17)

Number of participants with any event, n (%)

9 (53%)

11 (69%)

13 (76%)

Number of participants with a drug-related event, n
(%)

2 (12%)

2 (13%)

4 (24%)

Headache

3 (18%)

7 (44%)

8 (47%)

Diarrhoea

2 (12%)

1 (6%)

3 (18%)

Fatigue

1 (6%)

2 (13%)

3 (18%)

Oropharyngeal pain

2 (12%)

0

2 (12%)

Most Common AEs: (AEs occurring in 2
participants in any treatment group), n (%)

Note: AEs were assigned to a treatment group based on the start date of the AE in relation to
the study treatment period. AEs that started during the washout period were assigned to the
Period 1 treatment group.

Table 5 Summary of GSK2798745 pharmacokinetic parameters
Summary of Pharmacokinetic Parameters
Summary of GSK2798745 PK Parameters
Parameter
Visita
N
n
Geometric
95% CI
(Units)
Mean
(Lower, Upper)

Cmax (ng/mL)
AUC(0-3.5)
(h*ng/mL)
C24 (ng/mL)
Tmax (h) b

Day 1
Day 7
Day 1
Day 7
Day 7
Day 1
Day 7

16
16
16
16

16
15
16
15
15
16
15

17.862
10.959
36.156
26.151
2.4179
2.500
2.500

(14.468, 22.052)
(9.425, 12.741)
(28.328, 46.148)
(22.479, 30.424)
(1.7295, 3.3803)
(1.00, 3.50)
(1.00, 3.50)

%CVbc
41.1
27.7
48.3
27.8
66.5
NA
NA

a. Day 1 dose 4.8 mg; Days 2-7 dose 2.4 mg b. Tmax expressed as median and range c. Coefficient of variability between
participants
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Screening

Up to 28 days

Treatment
Period 1

Washout

Treatment
Period 2

Placebo

GSK2798745

GSK2798745

Placebo

7 days

14-21 days

7 days

Follow-up

7-10 days

24 hour cough recording at the beginning and end of each treatment period

Study design. Participants were randomised to receive either 4.8 mg GSK2798745 on Day 1,
followed by 2.4 mg once daily for 6 days, or matching placebo once daily for 7 days in the first
treatment period, followed by the alternative regimen in the second treatment period.

Enrollment

Assessed for eligibility (n=34)

Excluded (n=17)
Not meeting inclusion criteria (n=13)
Withdrew consent (n=2 )
Study termination (n=2)

Randomized (n=17)

Allocation
Allocated to GSK2798745 first (n= 8)
Received allocated intervention (n= 8)
Did not receive allocated intervention (n= 0)

Treatment
Period 1

Allocated to Placebo first (n= 9)
Received allocated intervention (n= 9)
Did not receive allocated intervention (n= 0)

Cross-over

Allocated to Placebo second (n= 8)
Discontinued intervention (n= 0)

Treatment
Period 2

Lost to follow-up (n=0)

Allocated to GSK2798745 second (n= 9)
Started allocated intervention (n= 8)
Did not receive allocated intervention
(study termination) (n= 1)

Completed allocated intervention (n=7)
Discontinued intervention (study
termination) (n= 1)
Lost to follow-up (n= 0)

Analysis
Analysed (n=17)
Excluded from analysis for GSK2798745
(discontinued intervention) (n= 2)
Excluded from analysis for Placebo (n= 0)

Consolidated Standards of Reporting Trials participant disposition.

a) Day-time Cough Counts

b) 24 h Cough Counts

Individual change from baseline cough counts over day-time (a) and 24 h (b) time
periods.

a)

Severity of Cough VAS

b)

Urge to Cough VAS

c)

Total Leicester Cough Questionnaire

Patient Reported Outcome measure results for Severity of Cough VAS (a), Urge to Cough
VAS (b) and Leicester Cough Questionnaire (LCQ) (c), presented as mean ±95% CI.

