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ABSTRACT

Introduction: Chronic cough is a highly
problematic symptom for patients with idio-
pathic pulmonary fibrosis (IPF); limited thera-
peutic options are available. We evaluated
gefapixant, a P2X3 receptor antagonist, for the
treatment of chronic cough in IPF.

Methods: This randomized, double-blind, pla-
cebo-controlled, crossover study included sub-
jects with IPF. Sequence A included gefapixant
50mg BID (period 1; 14 days) followed by
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placebo (period 2; 14 days); sequence B had the
opposite sequence of treatments. This regimen
was specified in a protocol amendment that
modified the original active treatment regimen
of gefapixant 50 mg BID for 10 days and 150 mg
BID for 4 days. Patients randomized to the
original treatment regimen were excluded from
efficacy analyses but included in safety assess-
ments. The primary efficacy endpoint was
change from baseline in awake cough frequency
(coughs/hour) from periods 1 and 2 combined.
Adverse events (AEs) were monitored through-
out the study.

Results: A total of 51 subjects were random-
ized, 44 of whom were randomized to treatment
sequences evaluated in the primary efficacy
analysis (i.e., 22 subjects in sequence A and 22
subjects in sequence B); seven subjects received
the treatment assigned before the protocol
amendment and were excluded from efficacy
analyses. The change from baseline in awake
cough frequency from periods 1 and 2 com-
bined (mixed model for repeated measures
analysis) did not demonstrate a significant
reduction versus placebo in cough at day 14
(p = 0.90); in a post hoc analysis of log-trans-
formed data p value for reduction versus pla-
cebo at day 14 was 0.07. The most common AEs
were related to taste (dysgeusia and ageusia).
Conclusions: Gefapixant was generally well
tolerated but was not associated with a signifi-
cant improvement in chronic cough in subjects
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with IPF as defined by the primary endpoint in
this study.
Trial Registration: NCT02502097.

Keywords: Idiopathic  pulmonary fibrosis;
Gefapixant; MK-7264; AF-219; P2X3 receptor
antagonist; Chronic  cough; Treatment-
refractory chronic cough

Key Summary Points

Why carry out this study?

Idiopathic pulmonary fibrosis (IPF) is a
condition for which adequate treatment is
a significant unmet clinical need, and data
for treatments from randomized
controlled clinical trials for treatment of
cough associated with IPF are lacking.

Gefapixant, a P2X3 receptor antagonist, is
an important, novel treatment that has
demonstrated efficacy in treatment-
refractory chronic cough.

Based on results from the refractory
chronic cough studies, we conducted this
study with the hypothesis that gefapixant
would reduce cough frequency in patients
with IPF.

What was learned from this study?

The primary results from this study
demonstrated that gefapixant was not
associated with a reduction in cough
frequency in patients with IPF, although
post hoc analyses and secondary
endpoints suggest a possible beneficial
effect with gefapixant.

DIGITAL FEATURES

This article is published with digital features,
including summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14602344.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a disorder
related to dysregulated wound healing and
progressive fibrosis [1]. It is clinically charac-
terized by breathlessness, cough, worsening
lung function, and impaired survival [2]. For
many IPF patients, cough is the first symptom,
being reported by more than 70% of patients
[3]. A high cough burden has been documented
in IPF patients through objective cough mea-
surement, with a median 9.4 coughs/hour
(range 1.5-39.4) [4] in one series and 14.8 (IQR
10.9, 16.8) in a second [5]. Higher cough counts
have been documented during waking hours
than at night [5], and a strong correlation with
patient-reported measures of cough has been
observed. The burden of cough in IPF patients is
much higher than that observed in healthy
volunteers or asthma patients, approaching that
reported in patients with refractory chronic
cough (RCC). Moreover, frequent coughing in
IPF patients is superimposed on progressive
breathlessness; the interaction between these
two symptoms is likely to make the impact and
unpleasantness of coughing worse in this
patient group. Importantly, in IPF patients, not
only does cough significantly impair quality of
life, but it has been associated with disease
progression [6].

Given the implications of cough for patient
quality of life and possible prognosis, there have
been several attempts at therapeutic targeting of
this refractory symptom [3]. Although available
anti-fibrotics have demonstrated amelioration
of lung function in controlled trials, they have
not exhibited beneficial effects on dyspnea or
health status [7-9]. An uncontrolled, prospec-
tive study suggested improvement in cough
using patient report and objective monitoring
with pirfenidone therapy [10], but this may
have just been due to regression to the mean, as
only patients with more severe cough were
recruited. Interferon-o has also shown efficacy
in IPF cough in a small uncontrolled study [11],
but randomized controlled data are rare. A
small, placebo-controlled, crossover study
demonstrated a benefit of thalidomide on
patient-reported cough burden and respiratory
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quality of life, although a significant burden of
adverse effects was reported during thalidomide
therapy [12]. A second placebo-controlled
crossover study demonstrated reduced objective
daytime cough frequency from inhaled cromo-
glycate in patients with IPF but not RCC, sug-
gesting that mechanisms underlying cough and
its susceptibility to treatment in these condi-
tions may differ. Importantly, despite a 31.1%
improvement in cough frequency, cromogly-
cate therapy was not associated with improve-
ments in cough-specific quality of life or
reported cough severity in that study [13]; a
phase 2b study is currently further assessing the
value of this therapy. With scant published
research and a lack of licensed treatments for
IPF cough, there is a considerable unmet medi-
cal need for antitussive treatments in this
population.

The pathophysiology of chronic cough in IPF
is unclear. However, the chronic cough experi-
enced in IPF has aspects that are similar to those
observed with RCC and unexplained chronic
cough. Cough in IPF is not clearly related to
pulmonary function [4]. Additionally, evidence
of increased cough reflex sensitivity in this
patient population and reduced cough fre-
quency upon sleep suggest a neurological role
in IPF chronic cough [14, 15]. Gefapixant, a
P2X3 receptor antagonist, has been studied in
patients with treatment-refractory and unex-
plained chronic cough and has demonstrated
efficacy in reducing objective cough counts and
improving patient-reported outcomes [16-18].
P2X3 receptors are ATP-gated ion channels
found on vagal afferent fibers innervating the
airways, thought to be important in activating
the cough reflex [19, 20]. Two studies have
suggested that ATP levels are elevated in the
airways of patients with IPF [21, 22], raising the
possibility that a similar mechanism drives
cough in these patients. We therefore hypoth-
esized that gefapixant would ameliorate cough
burden in IPF patients with chronic cough.

METHODS

Study Design

This  study  (Sponsor  Protocol  016;
NCT02502097) was a randomized, double-
blind, placebo-controlled, crossover study of
gefapixant in subjects with IPF that was con-
ducted in accordance with principles of good
clinical practice at 19 centers with extensive
expertise in therapeutic trials of patients with
diffuse parenchymal lung disease (Table E1).
The study was approved by investigational
review boards/ethical review committees, and
patients provided informed consent prior to
being enrolled in the study (Supplementary
Material). This study was performed in accor-
dance with the Helsinki Declaration of 1964
and its later amendments.

Subjects were screened during a period of up
to 14 days followed by two 14-day treatment
periods, with a 14-21-day washout period
between each treatment period. Randomization
was done using a centralized interactive voice
response system/interactive web response sys-
tem (IVRS/IWRS). Subjects and all personnel
involved in the conduct and interpretation of
the study were blinded to treatment codes;
unblinding was done through the IVRS/IWRS.
Subjects were assigned randomly in a 1:1 ratio
to a treatment sequence (A: 22 subjects) of
gefapixant 50 mg BID (one 50 mg tablet) during
period 1 followed by placebo BID (one match-
ing tablet) during period 2, or a treatment
sequence (B: 22 subjects) of placebo BID during
period 1 followed by gefapixant 50 mg BID
during period 2. Subjects returned 14 days
(+ 3 days) after completing the second treat-
ment period for a follow-up visit.

Protocol Amendment and Randomization
Error

The study was originally designed to randomize
subjects to the following two treatment
sequences: placebo BID for 14 days followed by
gefapixant 50 mg BID for 10 days and 150 mg
BID (three 50 mg tablets) for 4 days (three sub-
jects), or gefapixant 50 mg BID for 10 days and
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150 mg BID for 4 days followed by placebo BID
for 14 days (four subjects). Data subsequently
demonstrated similar pharmacologic effects and
improved tolerability with gefapixant 50 mg
BID compared with higher doses in patients
with RCC [17]. The protocol was therefore
amended to randomize subjects to 50 mg BID
for the full 14-day active treatment sequences
for the rest of the recruitment period; primary
analyses were done using this post-amendment
subject population. Seven subjects were ran-
domized prior to the amendment and followed
the original dosing regimen; data from these
subjects are not included in the primary
analyses.

Additionally, a programming error in the
IWRS system led to eight subjects not being
crossed over to the alternate treatment group as
planned. The error was identified, and, of the
eight subjects, six subjects had already com-
pleted the study and the other two subjects were
returned to their assigned treatment. The
administration of the incorrect dosing in the
second period of the crossover study design
resulted in an additional 10 days of treatment
with gefapixant 50 mg BID or placebo and an
additional 4 days of treatment with gefapixant
150 mg BID or placebo. Due to the error, the
modified intention-to-treat (mlITT) analysis
population (population used for primary and
secondary efficacy analyses) was redefined to
include all randomized subjects who were
enrolled into study under the aforementioned
protocol amendment, had baseline and at least
one post-baseline cough frequency values, and
had otherwise complied with the protocol
without any other major protocol deviation.

Subjects

This study enrolled male and female subjects
aged 40 years or older with a diagnosis of IPF
according to guideline-recommended criteria at
the time of the trial [23]. Study subjects also
experienced self-reported history of trouble-
some, daily cough for more than 8 weeks,
stable cough frequency for at least 4 weeks, and
a score of > 40 mm on the cough severity VAS
at screening. Cough Severity Diary (CSD) and

daily cough scores were collected using the
IVRS/IWRS system and reviewed at screening.
Subjects were excluded if they were current
smokers (within the previous 30 days), had a
history of opioid use within 1 week of the
baseline visit, had experienced an upper respi-
ratory tract infection or initiation of treatment
with an angiotensin-converting enzyme inhi-
bitor within 4 weeks prior to the baseline visit,
treatment with an investigational drug or bio-
logic within 30 days of the first dose of study
treatment, malignancy within 2 years of
screening, cutaneous adverse drug reaction to
sulfonamides, or symptoms of renal disease or
renal obstructive disease. Full inclusion and
exclusion criteria are enumerated in the sup-
plementary material (Table E2).

Efficacy Measurements

Cough monitoring was conducted for 24h
during period 1 and period 2 at baseline (day 0)
and at day 7 and day 14 after administration of
the study treatment using an ambulatory cough
recording device (VitaloJAK™, Vitalograph,
UK). The resulting data from the device
recording were processed by validated, custom-
written software that reduced the length of the
file by cutting out the majority of speech and
background noise, but retained cough data [24].
Cough sounds were tagged manually at an
independent cough monitoring core lab, who
provided documentation of the time of each
cough event over the 24-h period as well as the
time the subject went to asleep and awakened.

The primary efficacy endpoint was change
from baseline in awake objective cough fre-
quency (coughs/hour) from periods 1 and 2
combined. Secondary endpoints included the
following: change from baseline in awake
objective cough frequency from each period
separately; change from baseline in 24-h objec-
tive cough frequency from periods 1 and 2
combined; change from baseline in 24-h
objective cough frequency from each period
separately; change from baseline in sleep cough
frequency from periods 1 and 2 combined;
cough frequency responder endpoints (30%
reduction, 50% reduction, and 70% reduction);
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cough severity visual analog scale (VAS), Cough
Quality-of-Life Questionnaire (CQLQ), CSD and
daily cough score; University of California, San
Diego Shortness of Breath Questionnaire (UCSD
SOBQ); and Borg CR10 Scale.

Safety Assessments

Subjects were queried regarding adverse events
(AEs) at every visit starting with day 1. All sub-
jects who were randomized and received at least
one dose of study treatment were assessed for
safety, which included monitoring of AEs,
physical examination, vital signs, 12-lead elec-
trocardiogram, and clinical laboratory tests.
Additional safety assessments were performed
to monitor renal and urological safety, taste-
related AEs, and oral paresthesia/hypoesthesia.
If the subject reported a taste-related AE, a
structured taste questionnaire was
administered.

Statistical Methods

A sample size of 42 subjects (21 subjects per
treatment sequence) was estimated to provide
80% statistical power for the two-period cross-
over analysis of variance to be statistically sig-
nificant at « = 0.05 when the average treatment
effect was 50% and the within-subject period
standard deviation was 110%. To allow for up to
a 15% study attrition rate, a total of 50 subjects
(25 per treatment sequence) were to be enrolled.

The primary and secondary analyses of effi-
cacy were conducted on the mITT set, which
included subjects who sufficiently complied
with the protocol without any other major
protocol deviation and had baseline and at least
one post-baseline cough frequency value (see
aforementioned randomization error details). A
mixed model for repeated measures (MMRM)
analysis of variance was used to evaluate results
in this study and included fixed effects for per-
iod, treatment group, visit, and all interaction
terms, and the period-specific baseline value as
a covariate. The derived percent change in
daytime cough frequency measured at each
dose was the repeated measure. The primary
efficacy analysis was the dose (the repeated

measure) by treatment interaction. Model con-
trasts were constructed to compare the active
treatment results to the placebo treatment
results for each individual dose. The least-
squares (LS) mean change from baseline with
associated standard errors for each treatment
group and estimated treatment differences
along with 90% confidence intervals (CI) and
p values were generated.

An exploratory post hoc analysis was used to
analyze the primary endpoint on the log;, scale,
as cough frequency data tend to be positively
skewed and normalize with log transformation.
The changes from baseline for log;o-trans-
formed variables were analyzed using a mixed
effects model, fitting terms for treatment
sequence, subject within sequence, treatment,
and period. The following baseline covariates
were included: average of the log;o baseline
measurements for the subject and the period-
specific baseline. Summaries of geometric mean
of awake cough frequency were generated by
treatment and by study visit. The percent dif-
ference change between gefapixant and placebo
was estimated by 100 (10%% — 1), where diff is
the difference provided by the analysis of the
log-transformed variable.

For cough frequency responder analyses,
comparison of gefapixant and placebo was done
using Fisher’s exact test. The analysis methods
for other secondary endpoints were consistent
with the method for the primary analysis. The
post hoc and secondary analyses were not
adjusted for multiplicity; p values for secondary
endpoints are therefore nominal.

Safety analyses were done on the safety set,
which included all randomized subjects who
had received at least one dose of study drug.
Safety data were summarized by treatment
group using frequencies and incidence rates.

RESULTS

Subjects

A total of 51 subjects were randomized into this
study: 22 subjects were randomized to receive
the placebo to gefapixant sequence, and 22
subjects were randomized to receive the
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gefapixant to placebo sequence. An additional
three subjects were randomized to receive pla-
cebo (14 days BID) and then gefapixant 50 mg
BID for 10 days followed by 150 mg BID for
4 days; four subjects were randomized to receive
gefapixant 50 mg BID for 10 days followed by
150 mg BID for 4 days then placebo (14 days
BID) (Fig. 1). Of the 51 randomized subjects, 46
(90.2%) completed the study and five (9.8%)
discontinued. All five discontinuations were
due to AEs (Fig. 1).

Over 75% of subjects were male and 95%
were white. The mean age was 69.6 years. The

mean duration of cough was 7 years, mean
forced expiratory volume in 1 second
(FEV,)/forced vital capacity (FVC) ratio was 83.6
(£ 10.60)%, and 53% of subjects had a prior
diagnosis of rhinitis, gastroesophageal reflux
disease (GERD), asthma, or postnasal drainage.
Baseline characteristics were relatively similar
across treatment sequences (Table 1). Despite a
screening VAS cough requirement, there was
significant variability in baseline VAS and
recorded cough frequency (Figure E1).

mITT Analysis: n=41
Safety Analysis: n=51

Reasons for exclusion from mITT:

Randomized
N=51

[

Subjects randomized
after protocol
amendment changing
gefapixant dose
N=44

*n=7 (subjects completed before protocol
amendment changing the gefapixant dose)

* n=2 (subjects excluded for not following
crossover procedures due to an IVRS error;
6 additional subjects had the same issue, but
they were among the 7 already excluded due
to the amendment)

*n=1 (subject lacked baseline or post-baseline
cough frequency values)

[

Screening
[
Treatment Placebo
14 Days N=22
Washout
14-21 Days
Placebo
Treatment N=22
14 Days

[

Discontinued
N=3
(Due to Adverse
Events)

|

Completed
N=19

|

Gefapixant 50 mg
N=22

Gefapixant 50 mg
N=22

[

Discontinued
N=1
(Due to Adverse
Events)

[

Placebo
N=21

Fig. 1 Study design and patient accounting. *Subjects in
the mITT analysis included those who had at least one
post-baseline cough frequency value and were to have
complied with the protocol without major deviation;
subjects who completed the study after a protocol
amendment that changed dosing from 10 days of

gefapixant 50 mg followed by 4 days of 150 mg to 14 days
of 50 mg were excluded. Subjects included in the safety
analysis were to have received at least one dose of study
treatment (subjects completing before the protocol amend-
ment changing the dose of gefapixant are included)
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Table 1 Bascline characteristics
Treatment sequence 1  Treatment sequence 2 Gefapixant 50 mg  Total
Placebo to Gefapixant  Gefapixant 50 mg BID/150 mg BID N =51
50 mg BID BID to placebo to Placebo®
N =22 N =22 N=7
Sex
Male 16 (73%) 19 (86%) 5 (71%) 40 (78%)
Female 6 (27%) 3 (14%) 2 (29%) 11 (22%)
Age (years)
Mean (SD) 70 (5.06) 69 (9.43) 70.3 (5.09) 69.6 (7.17)
Range 62-79 47-86 66-80 47-86
Race
White 21 (95%) 22 (100%) 7 (100%) 50 (98%)
Asian 1 (5%) 0 1 (2%)
BMI (kg/m?)
Mean 28.1 (4.63) 28.7 (3.75) 28.6 (5.55) 28.4 (4.32)
Duration of chronic
cough (years)
Mean (SD) 7.8 (8.63) 65 (3.28) 5.7 (3.04) 7.0 (6.13)
Lung function
Mean (SD) FEV,/EVC (%)  86.3 (11.36) 83.4 (6.70) 76.1 (15.36) 83.6 (10.60)

* Subjects randomized before protocol amendment

Efficacy

The change from baseline in awake objective
cough frequency from periods 1 and 2 com-
bined (MMRM analysis) did not demonstrate a
significant reduction versus placebo in cough at
either day 7 or day 14; on day 7, LS mean
treatment difference was —-2.5 (-10.1, 5.1),
p =0.5096 (a 4.1% difference from placebo) and
on day 14, LS mean treatment difference was
—0.8 (—13.4, 11.8), p =0.8983 (a 5.3% ditfer-
ence from placebo) (Table 2; Fig.2). The
exploratory post hoc analysis of log-trans-
formed awake cough frequency for periods 1
and 2 combined showed that the percent

change adjusted by placebo was —9.52% (95%
CI: —28.86%, 15.07%) (nominal p = 0.41) on
day 7 and —24.61% (95% CI: —44.55%, 2.50%)
(nominal p = 0.07) on day 14 for periods 1 and 2
combined (Table 2; Fig. 2).

Responder analyses demonstrated that
gefapixant 50 mg had a greater response rate
of > 30% reduction compared with placebo on
day 7 and day 14 for periods 1 and 2 combined.
On day 7, 52.8% of subjects on gefapixant ver-
sus 29.7% of subjects on placebo had a 30%
reduction (nominal p = 0.06), and on day 14,
50% of subjects on gefapixant versus 26.3% of
subjects on placebo had a 30% reduction
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Table 2 Summary of primary efficacy endpoint

Placebo Gefapixant 50 mg BID

Primary endpoint: Mixed model for repeated measures change from baseline in awake cough frequency—mITT analysis set

(combined periods 1 and 2)
Baseline: Mean (SD)

Day 7: LS mean change (95% CI)
Day 7: LS mean treatment difference [p value])
Day 7: Mean (SD) % change from Baseline

Day 14: LS mean change (95% CI)

Day 14: LS mean treatment difference [p value])

Day 14: Mean (SD) % change from baseline

48.0 (55.17) 46.2 (43.06)
(7 = 39] (7 = 39]
—66 (—11.9, —13)  —9.1 (—14.5, —3.7)
[n = 37] (7 = 36]
—2.5 (~10.1, 5.1) [p = 0.51]
—14.1 (31.14) —18.2 (50.06)
—5.8 (—14.6, 3.1) —6.6 (—15.6, 2.4)
(7 = 38] (7 = 36]
—0.8 (—13.4, 11.8) [p = 0.90]
—6.6 (58.83) —11.9 (60.00)

Post hoc analysis: Log-transformed % change from baseline in awake cough frequency—mITT analysis set

(combined periods 1 and 2)

Baseline: Geometric mean

Day 7: Geometric mean (ratio)

Day 7: Log;o-transformed % change vs. placebo (95% CI)

Day 14: Geometric mean (ratio)

Day 14: Log;o-transformed % change vs. placebo (95% CI)

31.94 30.44

[n = 39] [n = 39]

2545 (0.8) 21.51 (0.71)

[n = 37] [n = 36]

- —9.52 (—28.86, 15.07)
[nominal p = 0.41]

29.34 (0.92) 2143 (0.70)

[n = 38] [n = 36]

- —24.61 (—44.55, 2.50)
[nominal p = 0.07]

(nominal p =0.06). The response rates for
> 50% and > 70% reduction were greater for
gefapixant than for placebo (Fig. 3). A post hoc
analysis suggested that the proportion of
patients experiencing a > 30% reduction in
awake cough frequency was greater in patients
with greater baseline cough burden as defined
by > 50 coughs/hour (Figure E2) or VAS > 40
(Figure E3).

Secondary endpoints demonstrated that
scores for cough severity VAS (Figure E4A), CSD

total score, daily cough scores, Borg CR10,
CQLQ (Figure E4B), and UCSD SOBQ scores
were all numerically higher (i.e., worse) for the
placebo group than for the gefapixant group,
although nominal p values were < 0.05 for only
the daily CSD endpoint (Table 3).
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A mITT Analysis Set
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Fig. 2 Primary endpoint—awake cough frequency by visit period 1 and period 2 combined. Horizontal lines in scatterplot
represent median awake cough frequency values

Safety

A majority of subjects reported at least one AE
while on gefapixant, and approximately half of

subjects reported at least one AE while on pla-
cebo. The most common AEs were taste-related
(dysgeusia, ageusia, and hypogeusia) (Table 4).
There were four subjects who discontinued
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Fig. 3 Responder analysis of awake cough frequency on day 14—mITT analysis set, periods 1 and 2 combined

treatment due to an AE (two subjects on placebo
and two subjects on gefapixant); one subject
discontinued during the washout period after
period 1 placebo treatment (Table 4). Subjects
reported the following AEs leading to discon-
tinuations: on placebo, sinusitis and pneumo-
nia, and on gefapixant 50 mg, dizziness, fatigue,
dysphonia, myalgia, productive cough, oral
paresthesia, decreased oxygen saturation, and
lower respiratory tract infection (some individ-
ual patients who discontinued reported multi-
ple AEs).

A total of seven subjects reported a serious AE
(8.5% in the gefapixant group and 6.7% in the
placebo group). There were two deaths: one
subject following gefapixant (a terminal IPF
patient who reported respiratory failure con-
sidered possibly related to study drug 11 days
after the last dose of gefapixant 50 mg during
period 2) and one subject following placebo
(due to pneumonia considered unrelated to
study drug reported 3 days after ending placebo
treatment in period 2 and 24 days after the last
dose of gefapixant 50 mg during period 1).

DISCUSSION

This study represents the first time that P2X3
antagonism has been tested as a treatment to
decrease cough burden in IPF patients with
chronic cough. Our findings demonstrate that
there was no statistical significance between the
P2X3 receptor antagonist, gefapixant, and pla-
cebo in the primary endpoint of awake cough
frequency. Importantly, several methodologi-
cal/procedural issues occurred in this study that

may have confounded our ability to draw
definitive conclusions on the effect of P2X3
antagonism in this patient population. Of note,
given the skewed nature of the cough frequency
data, log transformation is commonly used in
cough studies; a post hoc analysis using log-
transformed data showed greater numerical
improvement in cough frequency with
gefapixant versus placebo. A responder analysis
also suggested that improvements in cough
frequency and a response to gefapixant com-
pared with placebo were more evident in IPF
patients with greater cough burden. All patient-
reported outcomes were numerically lower
(better or less severe) for gefapixant compared
with placebo, although only the CSD showed
statistically significant improvement. The safety
profile of gefapixant was similar to that reported
in prior work in patients with RCC [16]. Thus,
although the primary endpoint did not show
statistically significant improvement with
gefapixant versus placebo, several end-
points/analyses hint at a possible treatment
effect that will be informative in the design of
future research.

In this study, gefapixant 50 mg BID did not
achieve the pre-specified primary endpoint of
demonstrating a significant reduction in awake
cough frequency versus placebo over 2 weeks of
treatment in patients with IPF; this contrasts
with studies of gefapixant in patients with RCC,
where robust effects have been observed
[16-18]. There are several potential explana-
tions for this finding. Firstly, our study high-
lights the importance of considering the
variability of cough frequency between
patients. Both awake and 24-h cough frequency
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Table 3 Summary of secondary endpoints, (MMRM analysis of mITT set at dayl4)
Endpoint Period Placebo Gefapixant Nominal
50 mg BID p values for
Gefapixant
vs. Placebo®
% Change in awake cough frequency  Period 1 —13.1 —14.9 p =084
LS mean (95% CI) (=253, —0.8) (—28.0, —1.8)
Period 2 15 (—112,143) 17 (=107, 142)  p =098
% Change in 24-h cough frequency Combined —4.0 (—11.6, 3.5) —25(—102,52) p=0.78
LS mean (95% CI) (periods 1 & 2)
Period 1 —10.1 (=206, 03) —9.1 (=203,2.1)  p = 0.90
Period 2 2.1 (—8.8, 13.0) 4.1 (—6.5, 14.7) p =079
% Change in sleep cough Combined 0.6 (—5.9, 7.1) 3.3 (=34, 10.0) p =057
frequency (periods 1 & 2)
LS mean (95% CI)
Cough severity visual analog scale Combined —8.5 mm —14.3 mm p =031
(VAS) (periods 1 & 2) (—164, —0.6) (=223, —6.3)
LS mean (95% CI)
Cough Quality-of- Combined 12 (=22,2.7) 1.2 (=22, 2.6) p =098
Life Questionnaire (CQLQ) (periods 1 & 2)
LS mean (95% CI)
Daily Cough Severity Diary (CSD) Combined —-0.7 (—12, —0.1) —1.7 (=22, —-12) p = 0.005
LS mean (95% CI) (periods 1 & 2)
University of California, San Diego Combined 1.6 (—2.1, 5.3) —24 (—6.1, 1.3) p =013
Shortness of Breath Questionnaire (periods 1 & 2)
(UCSD SOBQ)
LS mean (95% CI)
Borg CRI10 Scale Combined 0.3 (0.5, 1.0) —0.1 (—0.8, 0.7) p =053
LS mean (95% CI) (periods 1 & 2)
% Change from baseline in cough Combined —11.4 (51.2) —18.4 (66.7) N/A

severity VAS
Mean (SD)

(periods 1 & 2)

* p values for secondary endpoints were not adjusted for multiplicity

endpoints generally exhibit a positively skewed
distribution, which can be normalized for
analysis by log transformation. The analysis of
log-transformed data, therefore, has greater
statistical power for detecting potential treat-
ment effects compared with the analysis of the

raw data. Thus, the planned analysis of the
primary endpoint of awake cough frequency in
this study was not optimal for demonstrating
efficacy. Indeed, the post hoc analysis of the
log-transformed data provides some evidence of
a treatment effect, a 25% reduction in cough
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Table 4 Safety summary (safety set)

Placebo Gefapixant 50 mg Gefapixant 50 Gefapixant
n =45 BID BID/150 mg BID combined
n =47 n=4 n =47
Any AEs 24 (53.3%) 49 (91.5%) 3 (75.0%) 43 (91.5%)
Drug-related AEs 9 (20.0%) 37 (78.7%) 0 37 (78.7%)
Serious AEs 3 (6.7%) 3 (6.4%) 1 (25.0%) 4 (8.5%)
Discontinuations due to AEs 2 (4.4%) 2 (4.3%) 0 2 (4.3%)
Deaths 1 (22%) 1 (2.1%) 0 1 (2.1%)
AEs of special interest
Renal/urologic AEs 4 (8.9%) 6 (12.8%) 0 6 (12.8%)
Oral paresthesia/hypoesthesia- 0 9 (19.1%) 0 9 (19.1%)
related AEs
Taste-related AEs 1 (22%) 37 (78.7%) 0 37 (78.7%)
Dysgeusia 1 (2.2%) 25 (53.2%) 0 25 (53.2%)
Ageusia 0 11 (23.4%) 0 11 (23.4%)
Hypogeusia 0 5 (10.6%) 0 5 (10.6%)
Most common AFEs
Dysgeusia 1(2.2%) 25 (53.2%) 0 25 (53.2%)
Ageusia 0 11 (23.4%) 0 11 (23.4%)
Cough 6 (13.3%) 6 (12.8%) 0 6 (12.8%)
Hypogeusia 0 5 (10.6%) 0 5 (10.6%)
Nausea 0 5 (10.6%) 0 5 (10.6%)

frequency over placebo with a nominal p value
close to statistical significance (p = 0.07). We
also note that a higher proportion of gefapixant
patients achieved at least 30% reduction in
cough frequency in this study. Reductions in
cough frequency of 20-30% are considered
clinically meaningful in RCC [25]. Together
with the significant improvement in the CSD
and numerical improvements in the majority of
patient-reported outcomes, these data are con-
sistent with effects of potential clinical rele-
vance in IPF. However, this study was
underpowered to adequately assess the benefit
of gefapixant versus placebo using patient-re-
ported outcomes. Only the cough-specific

quality-of-life questionnaire suggested no effect
of gefapixant. Although some evidence sup-
ports the validity of the CQLQ in IPF patients
[26], such questionnaires were developed in
patients with RCC and may not capture or be
responsive to the impacts of coughing most
important to patients with IPF.

Despite the possible antitussive effect of
gefapixant in IPF suggested by our data, this was
clearly not as marked or robust as the effects
seem in patients with RCC [16-18]. This may
reflect differences in the biological mechanisms
of cough in different disease populations, with
ATP/P2X3 interactions important for cough
only in a subgroup of IPF patients. Recent data
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support significant heterogeneity of chronic
cough with likely different endotypes [27-29].
This notion is also supported by differing ther-
apeutic responses to inhaled sodium cromogly-
cate seen in a recent study comparing IPF
patients with RCC [13]. Another consideration
is that the effective doses of gefapixant in RCC
might be insufficient to treat cough in IPF.
Much higher doses of gefapixant (up to 600 mg
BID) were evaluated in the initial RCC studies
and are known to be safe although they resulted
in all patients experiencing a taste-related AE
[17, 18]. It is unknown whether differences in
the biological mechanisms underpinning cough
in IPF might necessitate higher doses of P2X3
antagonism to achieve more substantial
improvements in cough.

Importantly, the safety profile of gefapixant
in this patient group was similar to that previ-
ously reported. Urological and renal AEs were
infrequent and similar between placebo and
active treatment, although there was a numer-
ically higher incidence on gefapixant. Urologi-
cal or renal AEs have not been observed in
previous studies of gefapixant in patients with
RCC or unexplained chronic cough [16-18, 20].
Despite a patient population with severe lung
disease, the overall incidence of serious AEs was
similar between active therapy and placebo.
One death was deemed possibly related to study
medication by the investigator, although respi-
ratory failure and pneumonia are known com-
plications of the underlying lung disease [2, 30].
Although AE monitoring did not reveal any
specific safety concerns, tolerability was affected
by gefapixant, with taste-related AEs and oral
paresthesia/hypoesthesia comparable to that
seen in previous studies at this dose level [16].

In addition to issues noted above, this study
was also limited by its relatively small sample
size, a protocol amendment where the dose
regimen was altered (leading to exclusion of
some patients who completed the original dose
regimen from the primary mITT analysis popu-
lation), and a randomization error resulting in
eight subjects not receiving crossover medica-
tion as planned (leading to additional exclu-
sions from the mITT population). Additionally,
the study of cough treatments for IPF patients is
complicated by multiple comorbidities that are

not well understood with regard to their asso-
ciation with chronic cough and likely not
optimally accounted for in this exploratory
study. These limitations did not have an impact
on the interpretation of safety data in this trial.
Although some subjects received more study
medication than originally planned due to the
randomization error, previous studies have
evaluated higher dosing regimens, and safety of
subjects was not compromised; these patients
were retained in the analysis of safety data.

CONCLUSION

In summary, this study demonstrates that
gefapixant did not meet the pre-specified pri-
mary objective of reduction in awake cough
frequency in patients with IPF complicated by
cough. Gefapixant was well tolerated, with the
most commonly reported AEs to be related to
taste effects known to be associated with this
therapy. Although they must be interpreted
with caution, post hoc analyses and secondary
endpoints suggest a potential therapeutic effect
and the need for further research in patient
populations that may be particularly amenable
to therapeutic treatment of cough complicating
IPF.
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