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ABSTRACT

Introduction: Available therapies for acute
cough, a condition frequently caused by a viral
upper respiratory tract infection (URTI), have
shown limited evidence of efficacy. Gefapixant,
a P2X3-receptor antagonist, has demonstrated
efficacy and safety in studies of the treatment of
refractory or unexplained chronic cough, but its
efficacy for treating acute cough has not been
previously studied.

Methods: This was a phase 2a, randomized,
double-blind,  placebo-controlled,  parallel-
group, pilot study. Healthy volunteers were
randomized 1:1 to receive twice-daily gefapixant
45 mg or placebo and inoculated with human
rhinovirus 16 to induce URTI and cough. Par-
ticipants were observed while quarantined for
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7 days after the start of treatment. The primary
endpoint was awake cough frequency on day 3,
which was objectively measured with a cough-
recording device. Secondary endpoints included
change from baseline to day 3 in subjective
cough severity measures (cough severity visual
analog scale, Cough Severity Diary) and cough-
specific quality of life (Leicester Cough
Questionnaire-acute).

Results: Of the 46 participants who met inclu-
sion criteria [mean (standard deviation, SD) age,
24.6 (6.5) years; females, n = 8], 40 completed
the study (gefapixant, n = 21; placebo, n = 19).
There was no significant difference in awake
cough frequency on day 3 between the
gefapixant and placebo groups [least squares
means, 2.4 versus 2.7 coughs per hour, respec-
tively; mean difference (95% confidence inter-
val, CI), —0.3 (-2.3, 1.7); P = 0.75]. There were
no significant between-group differences for
any of the secondary endpoints. Peak cough
frequency was low and occurred later in the
study than expected (days 4-5). The safety
profile was consistent with that of previous
studies of gefapixant.

Conclusion: Compared with placebo, gefapix-
ant did not reduce the frequency or severity of
acute cough secondary to induced URTL
Induced viral URTI produced mild symptoms,
including lower cough frequency than observed
in previous studies of patients selected for acute
cough associated with naturally occurring URTTI.
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Trial Registration: ClinicalTrials.gov,
NCT03569033; EudraCT, 2017-000472-28; pro-
tocol number, MK-7264-013.

Antitussives;
P2X3-
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Key Summary Points

Why carry out this study?

Acute cough, defined as cough lasting less
than 3 weeks, can be a bothersome
symptom of the common cold, and
current available treatments often do not
provide cough relief or have unwanted
side effects.

This study investigated whether
gefapixant, a drug recently shown to be
safe and effective in the treatment of
chronic cough (i.e., cough lasting more
than 8 weeks) in clinical trials, is effective
in treating acute cough after voluntary
infection with a virus that causes the
common cold.

What was learned from the study?

Among participants with acute cough
receiving gefapixant versus placebo, there
were no differences in number of coughs
per hour or in participant perceptions
regarding cough.

This is the first study investigating the
effect of a cough treatment on acute
cough in participants voluntarily infected
with the common cold, and symptoms
including cough were found to be mild
overall.

INTRODUCTION

Acute cough, defined as a cough lasting less
than 3 weeks, is a common condition that is
most frequently caused by an acute viral upper

respiratory tract infection (URTI), otherwise
known as the common cold [1, 2]. It has been
estimated that between 69% [3] and 80% [4] of
patients with a URTI will develop a cough. In
prior studies of otherwise healthy patients
complaining of acute cough related to a natu-
rally occurring URTI, initial cough frequency
was approximately 12-14 coughs per hour, fol-
lowed by a progressive reduction in cough fre-
quency [5, 6]. Although a cough due to a viral
URTI is typically transient and self-limiting,
patients with a bothersome acute cough may be
treated with symptomatic therapies [2]. How-
ever, available therapies for acute cough (e.g.,
narcotic, non-narcotic, and over-the-counter
medications) have limited or unproven efficacy
and undesirable side effects [7-9].

Studies that include individuals with natural
URTIs (rather than induced URTIs) are chal-
lenged by uncontrollable variability in viral
incubation times and viral agents and serotypes
that cause URTIs [10, 11]. Additionally, early
symptoms may go unnoticed by patients, and
time to intervention may be delayed [10].
Because viral URTI-associated cough is often
short-lived and self-limiting, induced URTIs in
an investigational setting could be valuable for
initial proof of concept when evaluating acute
cough treatments by improving the precision in
measuring viral incubation times and timing of
intervention [10].

The leading cause of URTIs, human rhi-
novirus (HRV), can be induced via intranasal or
conjunctival inoculation [12] and has the
advantage of replicating the pathology of an
acute URTI [13]. Previous studies have induced
URTIs in healthy volunteers to evaluate efficacy
of potential cold treatments, such as zinc
lozenges and probiotics [14, 15]. To the authors’
knowledge, prior studies implementing virally
induced URTI models have not objectively
monitored cough or assessed antitussives for
acute cough.

Gefapixant, a P2X3-receptor antagonist, has
demonstrated efficacy and safety in refractory
chronic cough (RCC) and unexplained chronic
cough (UCC) in several clinical trials [16-18].
P2X3 receptors are ligand-gated ion channels
that respond to adenosine triphosphate and are
expressed by sensory nerves that mediate cough
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[19-21]. In previous trials, gefapixant demon-
strated reduced cough frequency [17, 18] and
cough-reflex sensitivity [22] in patients with
RCC or UCC. Patients with acute cough share
some features with patients with RCC or UCC,
including hypersensitivity of the cough reflex to
inhaled irritants and throat irritation/sensitivity
to environmental exposures [23, 24], raising the
possibility of similar underlying mechanisms
and the possibility that gefapixant might be
beneficial in acute cough associated with viral
URTI. This pilot study was conducted to assess
the efficacy, safety, and tolerability of gefapix-
ant for the treatment of acute cough associated
with virally induced URTI.

METHODS

Study Design

This was a phase 2a, randomized, double-blind,
placebo-controlled, parallel-group study (Clini-
calTrials.gov, NCT03569033; EudraCT,
2017-000472-28). The study was performed in
accordance with the Declaration of Helsinki,
Good Clinical Practice requirements, and
applicable country/local statutes and regula-
tions regarding ethics committee review. The
study protocol and amendments, information
provided to participants, and recruitment
material were reviewed and approved by East of
England-Essex Research Ethics Committee
(Nottingham, UK). All participants provided
written informed consent before enrollment.

The study had an adaptive design with two
planned stages separated by an interim analysis.
Stage 1 compared twice-daily gefapixant 45 mg
versus placebo (1:1 randomization via com-
puter-generated permuted-block algorithm) at a
single center. If the predefined futility criteria
for the interim analysis after stage 1 were not
met, stage 2 was planned to compare twice-
daily gefapixant 45 mg versus placebo (1:1 ran-
domization) or twice-daily gefapixant 45 mg
versus twice-daily gefapixant 15 mg versus pla-
cebo (1:2:1 randomization) at more than one
center.

Participant Eligibility

Eligible participants were male and female vol-
unteers aged between 18 and 55 years who were
in good general health with no clinically rele-
vant abnormalities and were determined to be
susceptible to HRV-16, as evidenced by a serum-
neutralizing antibody titer of 1:4 or less. Exclu-
sion criteria included pregnancy; recent history
of URTI or lower RTI; a significant change in
pulmonary status within 4 weeks of baseline; a
body mass index < 18 or > 40 kg/m?% an esti-
mated glomerular filtration rate < 50 mL/min/
1.73 m?; or use of medications for an acute viral
URTI within 24 h of study enrollment. Current
smokers, smokers within 5 years of screening,
and former smokers with a smoking history
of > 20 pack-years were also excluded.

Study Procedure

After screening, participants were confined to
the clinic for 2 days for baseline observation
before treatment initiation. If no signs or
symptoms of a URTI or other infections were
observed, participants were randomized 1:1 on
day 1 to receive twice-daily gefapixant 45 mg or
matching placebo for 7 days. Randomization
was stratified according to sex (male, female)
and site.

Upper respiratory tract infections were
induced with HRV-16 to assess the study treat-
ment. After randomization on day 1, partici-
pants were intranasally inoculated with HRV-
16, immediately followed by administration of
the first dose of gefapixant or placebo. All par-
ticipants were required to demonstrate viral
shedding via nasal swab testing 72 h after HRV-
16 inoculation to continue in the trial and be
included in the final analysis. Participants
remained in the facility for the 7-day treatment
period and were discharged the following day. A
safety follow-up was conducted by telephone
approximately 2 weeks after discharge.

Endpoints and Assessments

The primary endpoint was awake cough fre-
quency on day 3 of the treatment period. Day 3
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was selected as the primary timepoint on the
basis of previous author experience that sug-
gested increases in individuals’ subjective cough
perceptions after HRV infection occur around
this time. Cough was measured using a digital-
recording cough-monitoring device (VitaloJAK;
Vitalograph Ltd, Buckingham, UK). The device
was worn during the entirety of the 7-day
treatment period (except during approximately
15 min of “off-time” permitted for showering
each day). Two channels were used for sound
recording: one channel recorded sounds from
the lungs and trachea via a chest contact sensor,
and the other channel captured ambient sounds
through a lapel air microphone. To reduce
review time, the 24-h recordings were processed
through a computerized algorithm that
removed periods of silence and noncough
sounds; a cough analyst subsequently evaluated
for cough sounds [25]. Cough counts were
quantified and expressed as coughs per hour.
Secondary endpoints included change from
baseline to day 3 on subjective measures of
cough severity and impact on cough-specific
quality of life. Patient-reported cough severity
was assessed using a cough severity visual ana-
log scale (VAS), a single-item questionnaire with
a recall period of “today,” in which patients rate
severity of their cough on a 100-mm scale, with
0 indicating “no cough” and 100 indicating
“extremely severe cough.” Patient-reported
cough severity was also assessed via the Cough
Severity Diary (CSD), a seven-item question-
naire assessing cough frequency, intensity, and
disruption, with a recall period of “today” [26].
Each item of the CSD is rated on a scale of 0-10,
with higher scores reflecting greater severity.
The CSD total score, ranging from 0 to 10, was
calculated by averaging scores from all seven
items. Cough-specific quality of life was mea-
sured using the Leicester Cough Questionnaire
(LCQ)-acute, a 19-item questionnaire that
measures the impact of cough-specific quality of
life on physical, psychological, and social
domains [27]. Each item on the LCQ-acute is
rated on a scale of 1-7, for a total score range of
3-21 and domain scores ranging from 1 to 7.
Lower LCQ-acute scores reflect a more impaired
quality of life. Vital signs, physical evaluations,
electrocardiograms, laboratory tests, and the

number of participants experiencing adverse
events (AEs) or discontinuing treatment because
of AEs were recorded and subsequently analyzed
to evaluate safety and tolerability.

Exploratory endpoints included additional
measures of objective cough frequency. Using
the VitaloJAK device, 24-h cough frequency (on
day 3) and awake cough frequency (on days 1, 2,
4, 5, 6, and 7) were assessed. Change from
baseline to day 3 on the Wisconsin Upper Res-
piratory Symptom Survey-24 (WURSS-24) score
was assessed as an additional patient-reported
outcome. WURSS-24 is a 24-item quality-of-life
instrument designed to assess the negative
effects of URTI symptoms on a 7-point scale
ranging from 1 (very mild) to 7 (severe) [28, 29].
Finally, blood samples were collected on days 1,
2, 4, and 7 to analyze pharmacokinetic param-
eters, including time to reach maximum
observed concentration and accumulation ratio
(measured by area under the concentra-
tion-time curve ratio of day 7 to day 1).

Post hoc analyses included 24-h cough fre-
quency and change from baseline on the cough
severity VAS, CSD, LCQ-acute, and select
symptom scores from the WURSS-24 (i.e.,
cough, runny nose, plugged nose, sneezing) for
days 1-7.

Statistical Analysis

Efficacy was assessed in a modified full analysis
set that consisted of all randomized participants
who received at least one dose of trial treatment
and had confirmed HRV-16 infection at 72 h
after inoculation. Safety was assessed in all
randomized participants who received at least
one dose of trial treatment. An interim analysis
was planned after randomization of approxi-
mately 50 participants (stage 1); if the study was
deemed nonfutile, enrollment was planned to
continue to stage 2. The prespecified futility
criteria were based on an observed relative
reduction of < 5% versus placebo in the pri-
mary endpoint of awake cough frequency on
day 3, as well as the clinical relevance of the
reduction. The observed relative reduction of
5% was based on the posterior probability of
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(N=156)

Assessed for eligibility

Not randomized (n=110)

» Screen failure (n=98)
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(n=2)
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Analyzed (n=21)

Analyzed (n=19)

Fig. 1 CONSORT diagram. BID twice daily, HRV-16
human rhinovirus 16. “Participants were not successfully
infected with HRV-16, as evidenced by a negative nasal

19% that the true relative reduction is > 15%
(considered a low level of efficacy).

Objective cough frequency endpoints,
including the primary endpoint, were analyzed
using a longitudinal data analysis model con-
sisting of non-log-transformed (i.e., original
scale) daily coughs per hour at each postbase-
line visit as the response vector, with treatment,
visit, treatment-by-visit interaction, sex, and
site as covariates. A post hoc analysis using log-
transformed data was also performed. The
patient-reported endpoints were analyzed using
a longitudinal analysis of covariance model,
with treatment, visit, treatment-by-visit inter-
action, sex, site, and baseline value as covari-
ates. Safety events were summarized with
descriptive statistics.

swab for HRV-16 at the 72-h timepoint after inoculation,
and were discontinued from treatment

RESULTS

Baseline Characteristics
and Demographics

The study was conducted from 4 July 2018 to 19
November 2018. Of 156 individuals assessed, a
total of 46 participants met eligibility criteria
and were randomized to receive either twice-
daily gefapixant 45 mg (n =23) or matching
placebo (n =23; Fig. 1) in stage 1. The most
common reasons for study exclusion due to
screening failure were a lack of general good
health or lack of HRV-16 susceptibility. Two
participants receiving gefapixant withdrew
before study completion, and four participants
receiving placebo had a negative nasal swab for
HRV-16 and were discontinued from treatment.
Accordingly, the final sample size for analyses
included 21 and 19 participants in the gefapix-
ant and placebo (i.e., untreated) groups,
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Table 1 Baseline demographics and characteristics for all randomized participants

Gefapixant Placebo Total
45 mg BID (n = 23) (N = 46)
(n = 23)
Male, 7 (%) 19 (83) 19 (83) 38 (83)
Age, mean (SD), years 24.9 (7.4) 24.3 (5.6) 24.6 (6.5)
Race, 7 (%)
Asian 0 1 (4) 1(2)
Black 1(4) 1(4) 2 (4)
White 21 (91) 21 (91) 42 (91)
White and Asian 1 (4) 0 1(2)
BMI, mean (SD), kg/m* 24.8 (3.6) 24.2 (3.9) 24.5 (3.7)
Infection status, 7z (%)*
Positive 23 (100) 19 (83) 42 (91)
Negative” 0 4 (17) 4 (9)

BID twice daily, BMI body mass index
*At 72 h postinoculation
PParticipants were discontinued from treatment

respectively. Most enrolled participants were
white males, and baseline demographics and
characteristics were well balanced between
groups (Table 1).

Primary Endpoint

In the interim analysis after stage 1, the primary
endpoint for the study was not met. There was
no significant difference in least squares (LS)
means of awake cough frequency between the
gefapixant and placebo groups on day 3 [2.4
versus 2.7 coughs per hour, respectively; mean
difference (95% CI), —0.3 (-2.3, 1.7); P =0.75;
Table 2]. The awake cough frequency ranges on
day 3 were 0-11.8 coughs per hour (gefapixant
group) and 0-12.5 coughs per hour (placebo
group). The interim analysis results met the
predefined futility criteria after stage 1, and the
study was terminated. A post hoc analysis of the
primary endpoint using log-transformed awake
cough frequency revealed similar results (data
not shown).

Secondary Efficacy Endpoints

There were no significant differences between
the gefapixant and placebo groups among the
secondary efficacy endpoints (i.e., cough sever-
ity VAS score, CSD score, or LCQ-acute score
change from baseline to day 3; Table 2).

Exploratory Endpoints

In an exploratory analysis of awake cough fre-
quency at timepoints during the treatment
period other than day 3, no significant differ-
ences in awake cough frequency between
groups were observed (Fig. 2). Peak model-based
estimated mean awake cough frequency values
were observed on days 4 and 5 for both groups.

Gefapixant did not yield an improvement
over placebo in any of the other exploratory
efficacy endpoints. There was no significant
difference in LS means of 24-h cough frequency
between the gefapixant and placebo groups on
day 3 [1.9 versus 1.9 coughs per hour, respec-
tively; mean difference (95% CI), 0.01 (—1.4,
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Table 2 Primary and secondary efficacy endpoints (modified full analysis set)
Gefapixant 45 mg Placebo (z = 19) LS mean P value
BID (z = 23) difference
(95% CI)
Primary
ACF on day 3, model-based mean (95% CI), 2.4 (1.0, 3.8) 27 (12, 42) 03 (=23,17) 0748
coughs per hour
Secondary
Cough severity VAS score, mm
Bascline, mean (SD) 3.1 (67) 40 (7.4) - -
Day 3, mean (SD) 9.9 (10.6) 9.1 (9.0) - -
Change from baseline, LS mean (95% CI) 6.1 (1.8, 10.4) 5.1 (0.4, 9.8) 10 (=53,7.3) 0754
CSD score
Baseline, mean (SD) 1.8 (2.3) 34 (3.1) - -
Day 3, mean (SD) 5.6 (5.7) 5.0 (4.7) - -
Change from baseline, LS mean (95% CI) 2.7 (0.5, 5.0) 1.9 (—0.6, 4.4) 0.8 (=25, 4.1) 0.627
LCQ-acute score
Bascline, mean (SD) 20.8 (0.2) 20.8 (0.4) - -
Day 3, mean (SD) 205 (0.7) 204 (0.5) - -
Change from baseline, LS mean (95% CI) ~ —0.3 (=0.5, 0) —04 (0.6, —0.1) 0.1 (=03, 04) 0631

ACF awake cough frequency, BID twice daily, CSD Cough Severity Diary, LCQ Leicester Cough Questionnaire, LS least

squares, VAS visual analog scale

1.4); P =0.99]. There was also no significant
difference in LS means of WURSS-24 total scores
between the gefapixant and placebo groups on
day 3 [13.1 versus 21.5, respectively; mean dif-
ference (95% CI), —8.4 (—17.0, 0.3); P = 0.06].

The median time to reach maximum
observed concentration after gefapixant
administration was 2 h on both day 1 and day 7
of the treatment period. Repeated administra-
tion resulted in a gefapixant plasma accumula-
tion ratio of approximately 1.5 between day 7
and day 1.

Post Hoc Analyses

Similar to awake cough frequency, peak 24-h
cough frequency occurred on day 4 for both
gefapixant and placebo (Fig.3a). Peaks in
changes from baseline in cough severity VAS
(Fig. 3b), CSD (Fig. 3¢), LCQ-acute (Fig. 3d), and
WURSS-24 cough scores (Fig. 4a) were observed
on days 4 and 5, consistent with the trends in
objective cough frequency. In contrast, peak
changes from baseline in WURSS-24 scores for
runny nose (Fig. 4b), plugged nose (Fig. 4c), and
sneezing (Fig. 4d) were observed a bit earlier on
days 3 and 4. For all symptoms rated on the
WURSS-24, mean daily scores of all participants
were below the WURSS-24 threshold for “mild”
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LS mean awake cough frequency,
coughs/h
[9)]
1

Day1 Day2 Day3

—0o— Gefapixant 45 mg BID

Day4 Day5 Day6 Day7

—o— Placebo

Fig. 2 Awake cough frequency over time. Error bars represent standard error (SE). BID twice daily, LS least squares

Q

X

LS mean 24-h cough frequency,
coughs/h
(9]
1

Mean change in cough severity VAS T

Day1 Day2 Day3 Day4 Day5 Day6 Day7

=== Gefapixant 45 mg BID ~0- Placebo

Mean change in CSD
total score from baseline

Day1 Day2 Day3 Day4 Day5 Day6 Day7

=== Gefapixant 45 mg BID —0- Placebo

Fig. 3 Post hoc analyses over treatment period of a 24-h
cough frequency, b change from baseline in cough severity
VAS scores, ¢ change from baseline in CSD scores, and
d change from baseline in LCQ-acute scores. Error bars

35
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from baseline, mm
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-10 A i
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Day1 Day2 Day3 Day4 Day5 Day6 Day7
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total score from baseline
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1 1

Mean change in LCQ-acute

N
o

Day1 Day2 Day3 Day4 Day5 Day6é Day7

=== Gefapixant 45 mg BID —0- Placebo

represent SE (panel A) and SD (panels B-D). BID twice
daily, CSD Cough Severity Diary, LCQ Leicester Cough

Questionnaire, LS least squares, VAS visual analog scale
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3.5
3.0
2.5
2.0

1.5 1 I

1.0 1

Mean change in WURSS-24
cough score from baseline

0.5 1

Day1 Day2 Day3 Day4 Day5 Day6 Day7

=== Gefapixant 45 mg BID Placebo

(2]

4.5 1
4.0 1
3.5
3.0 1
2.5
2.0 A
1.5 1
1.0 1
0549 I

Mean change in WURSS-24
plugged nose score from baseline

Day1 Day2 Day3 Day4 Day5 Day6 Day7

=== Gefapixant 45 mg BID Placebo

Fig. 4 Post hoc analyses of WURSS-24 changes from
baseline by individual symptoms for a cough, b runny nose,
¢ plugged nose, and d sneezing, Error bars represent SD.

(i.e., scores < 3) [28] throughout the duration
of the study.

Safety

Overall incidences of AEs were comparable
between the treatment groups, though treat-
ment-related AEs were observed only in the
group receiving gefapixant (Table 3). Six par-
ticipants in the gefapixant group reported
treatment-related AEs, of whom four reported
AEs related to taste disturbance (including three
who reported hypogeusia and two who reported
dysgeusia) and three reported nausea. The most
frequent AE in both groups was URTI (an
expected event due to the study design). The
second most frequent AE was erythema at the
site of the VitaloJAK cough-monitor chest
Sensor.

o

4.5+
4.0 4
3.5 4
3.0 1
2.5
2.0 A
1.5 4
1.0 4

054 .
ol &

Day 1

Mean change in WURSS-24
runny nose score from baseline

Day2 Day3 Day4 Day5 Day6 Day7

== Gefapixant 45 mg BID Placebo

Q

3.5 4
-
3.0 4

2.5 4

2.0 A

N
15 1 / — N
0.5 _‘

0 ——o/
Day 1

Mean change in WURSS-24
sneezing score from baseline

Day2 Day3 Day4 Day5 Day6 Day7

=== Gefapixant 45 mg BID - Placebo

BID twice daily, WURSS-24 24-item Wisconsin Upper
Respiratory Symptom Survey

DISCUSSION

This pilot study represents the first time a virally
induced URTI model was implemented to
objectively monitor cough and assess the anti-
tussive effect of a drug (gefapixant) on acute
cough in a healthy population. Although
gefapixant previously demonstrated efficacy in
reducing cough frequency and improving
cough-specific quality of life in phase 3 studies
enrolling participants with chronic cough (RCC
or UCC) [30], the current study using an acute
cough model found no significant differences
between the twice-daily gefapixant 45-mg and
placebo groups in awake cough frequency, 24-h
cough frequency, cough severity (as measured
by the cough severity VAS and CSD), or cough-
specific quality of life (as measured by the LCQ-
acute). The gefapixant safety profile was
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Table 3 Summary of AEs for all participants as treated

Parameter, z (%) Gefapixant Placebo Total
45 mg BID (n = 23) (N = 46)
(n = 23)
> 1 AE 23 (100) 22 (96) 45 (98)
Drug-related AE?® 6 (26) 0 6 (13)
Serious AE 0 0 0
Discontinuation due to AE 0 0 0
Most common AEs (> 10% of participants in ecither group)
URTT® 20 (87) 21 (91) 41 (89)
Medical device-site erythema 16 (70) 17 (74) 33 (72)
Hypogeusia 3 (13) 0 3(7)
Nausea 3 (13) 0 3(7)

AE adverse event, BID twice daily, URTT upper respiratory tract infection

“Determined by the study investigator
bExpected event due to human rhinovirus 16 inoculation

comparable between this study in acute cough
and studies of patients with RCC or UCC, with
the most commonly reported treatment-related
AEs being taste related [16-18].

Although the infection rate in the study was
high (> 90%), cough frequency and other URTI
symptoms were overall mild for both treatment
groups. A previous report suggested that symp-
toms of acute cold (e.g., rhinorrhea, nasal
obstruction) were more severe in individuals
with natural colds compared with those infec-
ted with induced rhinovirus [31]. Although it is
possible that rhinovirus models induce less
severe illness than natural colds, comparisons
with natural cold studies are challenging. The
authors acknowledge that rhinovirus models
will likely include all participants with con-
firmed infection, including those who develop
the mildest of symptoms in response to the
virus. However, in a real-world setting, indi-
viduals with mild symptoms are less likely to
volunteer for a clinical study of natural colds;
therefore, selection bias may ultimately favor
participants with more severe symptoms in
studies of natural cold. As it is unclear how
individuals’ past experiences with symptoms
during naturally acquired colds (i.e., mild versus

severe symptoms) would affect their willingness
to volunteer for an induced rhinovirus study,
the direct impact of selection bias on this study
is difficult to estimate. Additionally, compar-
isons between this study model and naturally
acquired colds is further complicated by the fact
that naturally acquired colds may occur as a
consequence of different rhinoviruses associ-
ated with varying degrees of symptoms, whereas
this study assessed only one rhinovirus that
ultimately induced mild symptoms.

Consistent with this notion, in the current
induced-URTI study, participants demonstrated
an average of approximately two to three awake
coughs per hour on day 3, peaking to approxi-
mately five to seven awake coughs per hour on
days 4 and 5. This cough frequency was much
lower than that reported in a study of awake
cough frequency in healthy volunteers com-
plaining of cough due to naturally acquired
URTI, who demonstrated ~ 19 daytime coughs
per hour [6]. Subjective measures of cough
severity were also less severe in participants
from the current study than those previously
reported by otherwise healthy volunteers with
acute cough due to acquired URTI for both
cough severity VAS scores (10 versus 46 mm,
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respectively) and LCQ-acute scores (20 versus
14, respectively) [5]. Overall symptom severity
using the WURSS-24 revealed that the highest
mean WURSS-24 scores were < 3, indicating
that symptoms were on average “very mild” to
“mild” for both treatment groups across the
study duration [28]. Ultimately, the mild
symptoms (including cough) with this induced
rhinovirus model may not have been ideal for
evaluating antitussives for acute cough in its
current study design.

Although cough frequency and severity in
this study were generally mild, there were sim-
ilarities between the study data and previous
studies. The peak of WURSS-24 nasal symptom
scores on day 3, followed by the peak of awake
cough frequency and other cough-specific
measures on day 4 or 5, is consistent with
findings from a previous study of virally
induced URTI that reported peak symptom
severity for nasal symptoms (e.g., sneezing,
rhinorrhea, and nasal obstruction) occurring
2-3 days after inoculation but peak cough
severity occurring ~ 4 days after inoculation
[10].

The low cough frequency and mild symptom
severity observed in this study could be
explained by multiple factors. First, the virus
used for induction of URTI caused only mild
symptoms. Second, prior studies of participants
with naturally acquired colds selected for par-
ticipants complaining of acute cough, whereas
the current study did not. Third, participants
remained in the clinic for the entirety of the
study, so the stable clinical environment may
not have exposed them to other potential
cough triggers. Fourth, in the clinical setting,
participants did not participate in typical daily
activities, which may have influenced their
perception of cough severity (i.e., URTI-related
disruption of daily activities was not a concern).
Finally, participants in this study were pre-
dominantly male, but previous studies report
that females have a higher URTI-related cough
frequency, 24-h cough frequency related to
chronic cough, and cough-reflex sensitivity in
response to cough challenges [5, 32, 33].
Demographic characteristics of the study pop-
ulation may, therefore, partially explain the
lower-than-anticipated cough frequency.

There were limitations to this model in its
current form, but because objective cough fre-
quency has not been assessed in individuals
with virally induced URTIs to date, this study
may provide insight into the future use of this
approach to assess other antitussives for acute
cough. For example, the preselected timing of
the primary endpoint did not match the natural
course of this virally induced model, leading to
a limited window of time to observe a potential
effect of gefapixant on acute cough. Although
the selected primary endpoint was awake cough
frequency on day 3, the higher cough frequency
on days 4 and 5 suggests that one of these
timepoints may have been preferable for the
primary analysis. It should also be acknowl-
edged that there is natural variability in symp-
tomatology across individuals [6], and the use
of a single-day endpoint may not be optimal.
An alternative approach could evaluate cough
either as a total cumulative cough or as a mean
of the maximum cough throughout the course
of infection. Taken together, future studies
evaluating novel antitussives for acute cough
using virally induced URTI models might ben-
efit from a different study design (including a
different timepoint or approach for primary
analysis, different rhinovirus).

CONCLUSIONS

Collectively, data from this pilot study indicate
that the P2X3-receptor antagonist gefapixant
did not reduce acute cough resulting from
virally induced URTI relative to placebo. How-
ever, there were limitations to the study design.
Compared with the primary analysis, future
studies that use different timepoints or approa-
ches may be useful for evaluating other novel
antitussives for acute cough.
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