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Abstract
Purpose We evaluated gefapixant, a P2X3 receptor antagonist, in participants with recent-onset (≤ 12 months) refractory 
chronic cough (RCC) or unexplained chronic cough (UCC).
Methods Participants (≥ 18 years of age; ≥ 40 mm on a 100-mm cough severity visual analog scale [VAS] at screening and 
randomization) with chronic cough for < 12 months were enrolled in this phase 3b, double-blind, placebo-controlled, paral-
lel group, multicenter study (NCT04193202). Participants were randomized 1:1 to gefapixant 45 mg BID or placebo for 
12 weeks with a 2-week follow-up. The primary efficacy endpoint was change from baseline at Week 12 in Leicester Cough 
Questionnaire (LCQ) total score. Adverse events were monitored and evaluated.
Results There were 415 participants randomized and treated (mean age 52.5 years; median [range] duration 7.5 [1–12] 
months): 209 received placebo and 206 received gefapixant 45 mg BID. A statistically significant treatment difference of 
0.75 (95% CI: 0.06, 1.44; p = 0.034) for gefapixant vs. placebo was observed for change from baseline in LCQ total score at 
Week 12. The most common AE was dysgeusia (32% gefapixant vs. 3% placebo participants); serious AEs were rare (1.5% 
gefapixant vs. 1.9% placebo participants).
Conclusion Gefapixant 45 mg BID demonstrated significantly greater improvement in cough-specific health status from 
baseline compared to placebo, in participants with recent-onset chronic cough. The most common AEs were related to taste 
and serious AEs were rare.

Keywords P2X3 receptor antagonists · Antitussives · Chronic cough · Refractory chronic cough · Unexplained chronic 
cough

Introduction

Patients with chronic cough (cough persisting > 8 weeks) 
experience considerable burden to health-related quality of 
life. While chronic cough associated with underlying con-
ditions (e.g., asthma, allergic rhinitis, or gastroesophageal 

reflux disease) can be successfully treated in some patients, 
it persists in many patients despite treatment for those 
underlying conditions (refractory cough; RCC). For other 
patients, no associated condition is identified despite thor-
ough workup (unexplained chronic cough; UCC). For both 
groups of patients, there are no licensed treatments, which 
represents a considerable unmet medical need.

Gefapixant is a P2X3 receptor antagonist with recently 
confirmed efficacy in two large phase 3 randomized, con-
trolled clinical trials of participants with RCC or UCC who 
had suffered from chronic cough for many years [1]. Eligibil-
ity for enrollment in these Phase 3 trials required a duration 
of chronic cough for more than 1 year, although among the 
participants who were enrolled in the trials, the actual mean 
duration of chronic cough was over 11 years [1, 2]. How-
ever, it is unknown if patients with chronic cough lasting less 
than 1 year may benefit from treatment with gefapixant. The 
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present study assesses the efficacy and safety of gefapixant 
in participants with RCC or UCC who were considered to 
have recent-onset chronic cough (ROCC), defined for the 
purpose of this trial as cough that has persisted for less than 
1 year from the onset of chronic cough.

Methods

This was a Phase 3b, double-blind, randomized, parallel 
group, placebo-controlled study (NCT04193202, Sponsor 
Protocol Number 043). The study was approved by local 
institutional review boards and followed principles of Good 
Clinical Practice. All participants signed written informed 
consent.

Study Design and Participants

Participants were 18 years of age or older with ROCC, 
defined as a chronic cough (i.e., cough lasting > 8 weeks) 
with an onset < 12  months prior to the screening visit 
(i.e., < 14 months after the onset of cough symptoms). Par-
ticipants’ chronic cough was diagnosed as either RCC or 
UCC according to the American College of Chest Physi-
cians (ACCP) guidelines [3]. Specific definitions for RCC 
and UCC can be found in the Supplement. Participants’ self-
rated cough severity using a 100-mm visual analog scale 
[VAS; 0 = no cough, 100 = extremely severe cough] was at 
least 40 mm at both screening and baseline visits and they 
had no substantial abnormalities on chest radiograph or 
computerized tomography (CT) scan of the thorax (within 
1 year of study participation and after the onset of cough) 
contributing to chronic cough.

Major exclusion criteria included active or recent smok-
ing (within 12 months), angiotensin-converting enzyme 
inhibitor treatment (within 3  months), and FEV1/FVC 
ratio < 60% within a year prior to study entry. Study proce-
dures are detailed in Fig. 1 and the Supplement.

 Randomization and Blinding

Eligible participants were allocated to either placebo or 
gefapixant 45 mg BID in a 1:1 ratio. The randomization 
was stratified by sex and geographic region and was done 
by a centralized interactive response technology system. The 
randomization schedule was computer generated. This study 
used a double-blind design in which participants and all per-
sonnel involved with the conduct and the interpretation of 
the study were blinded to study treatment.

Outcome Measures

Our hypothesis was that gefapixant is superior to placebo 
in improving cough-specific health status in patients with 
ROCC. The primary efficacy outcome was the Leicester 
Cough Questionnaire (LCQ) and was analyzed as the total 
score change from baseline at Week 12. A within-patient 
1.3-point increase from baseline in total LCQ is considered 
to be a clinically meaningful improvement (i.e., responder) 
[4]. As one of the pre-specified key secondary endpoints 
in COUGH-2 was a responder analysis for the LCQ end-
point, we also conducted a post hoc analysis to evaluate 
LCQ responders. Subgroup analyses were conducted for 
the following baseline factors: sex (male, female), region 
(North America, Europe, Asia–Pacific, Other), age group 
(< 60, ≥ 60 years old), and baseline cough severity VAS 
(< 60 mm, ≥ 60 mm).

The secondary efficacy endpoint was the change from 
baseline in Cough Severity VAS score at Week 12. We also 
evaluated the Cough Severity Diary (CSD). For both VAS 
and CSD, a mean weekly total score was calculated from 
the daily scores.

The Patient Global Impression of Change (PGIC) and the 
Work Productivity and Activity Impairment (WPAI) ques-
tionnaires were administered and evaluated as exploratory 

Fig. 1  Study design
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endpoints. Further descriptions of the efficacy outcome 
measurements are detailed in the Supplement.

Assessments of adverse events (AE) and discontinua-
tions due to AEs were additional secondary objectives in 
this study. AEs were assessed by clinical evaluation. Other 
study parameters including vital signs, physical examination, 
and laboratory safety tests were also evaluated. Investigators 
evaluated AEs for relationship to study medication, intensity, 
and seriousness. Taste-related AEs (i.e., ageusia, dysgeusia, 
hypergeusia, hypogeusia, and taste disorder) were predefined 
as AEs of special interest.

Statistical Analysis

The planned sample size was 414 participants (207 per treat-
ment group) for comparing the primary endpoint of LCQ 
change from baseline in total score at Week 12, assuming a 
pooled SD of 3.5 points. These assumptions were based on 
a phase 2 study in participants with RCC or UCC [5]. In this 
study, the sample size was planned to detect a treatment dif-
ference of 1.1 points or more with at least 80% power at an 
overall one-sided 0.025 alpha level, adjusted for the interim 
analysis (α = 0.001) for strong benefit and the final analysis 
(α = 0.024). This sample size accounted for a 15% attrition 
rate, targeting for 352 evaluable participants at Week 12.

The primary efficacy analyses were based on the Full 
Analysis Set (FAS) and were conducted based on the 
observed data only with no imputation for missing diaries or 
missing questionnaire items. The pattern of missingness was 
assumed to be missing at random. The primary efficacy end-
point of this study is the change from baseline in LCQ total 
score and the primary analysis approach used a longitudinal 
ANCOVA model. In this model, the response vector con-
sisted of the change from baseline in LCQ total score at each 
post-baseline visit. The model included factors for interven-
tion group, visit, interaction of treatment by visit, gender, and 
the baseline LCQ score. The model used all available LCQ 
data at Weeks 6 and 12. Contrasts were constructed to com-
pare the gefapixant arm to the placebo arm and least squares 
(LS) mean change from baseline with associated standard 
errors were calculated for each intervention group. Overall 
estimated treatment differences (gefapixant − placebo) were 
assessed along with corresponding p-values and 95% CIs. 
Statistical methodology for secondary, exploratory, subgroup, 
and post hoc efficacy analyses is shown in the Supplement.

Results

Participants

Of 498 screened participants, 419 were randomized and 415 
received treatment (n = 209 in the placebo group and n = 206 

in the gefapixant 45 mg BID group). There were 11 (5.3%) 
participants in the placebo arm and 31 (15.0%) participants 
in the gefapixant arm who discontinued treatment (Fig. 2). 
Of the 415 treated participants, 268 (65%) were female, 300 
(72%) were white, and the mean age was 52.5 years old. The 
primary diagnosis of participants was RCC [n = 294 (71%)] 
or UCC [n = 121 (29%)]. (Table 1). The mean duration of 
chronic cough was 7.2 months, with a median duration of 
7.5 months. The distribution of duration for all patients is 
illustrated in Supplemental Fig. 1.

Efficacy Outcomes

There were improvements in total score for the primary end-
point (change from baseline in LCQ total score at week 12) 
for both treatment groups. The model-based mean changes 
from baseline (95% CI) were 3.59 (3.09, 4.09) for placebo 
and 4.34 (3.84, 4.83) for gefapixant. This resulted in an esti-
mated difference of 0.75 (0.06, 1.44) indicating that gefapix-
ant 45 mg BID was superior to placebo in improving LCQ 
total score at Week 12 (p = 0.034) (Fig. 3).

Results for the post hoc analysis revealed a larger per-
centage of participants in the gefapixant 45 mg BID arm 
achieved a 1.3-point improvement from baseline in LCQ 
total score compared with those in the placebo arm (80.6% 
vs. 67.4%) with an estimated difference of 13.19% (95% CI: 
3.46, 22.81) and an estimated odds ratio of 2.01 (95% CI: 
1.21, 3.32).

The subgroup analysis according to baseline character-
istics (sex, region, age group, and baseline cough severity 
VAS scores) demonstrated similar improvement in LCQ 
total score among each subgroup (Supplemental Fig. 2).

A treatment difference of − 6.92 (95% CI: − 11.88, 
− 1.97) based on LS mean change from baseline in mean 
weekly cough severity VAS score at Week 12 and − 0.47 
(95% CI: − 0.88, − 0.06) change from baseline for CSD total 
score were observed, showing improvement with gefapixant 
vs. placebo in both endpoints (Table 2).

There were a greater proportion of participants treated 
with gefapixant 45 mg BID who reported improvement 
on the PGIC compared to those in the placebo arm. The 
estimated treatment difference for the responder definition 
was 8.8% (95% CI: 0.50, 17.11). The greatest difference 
between gefapixant 45 mg BID and placebo on the catego-
ries used to define responders was in those who reported 
feeling “much better” (33.8% vs. 19.6%) (Supplemental 
Fig. 3).

Additionally, the WPAI assessment indicated that the 
gefapixant arm had greater work productivity and activity 
scores, with notable differences in the categories of impair-
ment while working due to cough and overall work impair-
ment due to cough items. (Supplemental Fig. 4).
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Summary of Adverse Events

The percentages of participants with AEs were 43.1% in 
the placebo group and 65.5% in the gefapixant 45 mg BID 
group. The most common AEs were related to taste and were 
more commonly reported by participants on gefapixant. 
The overall incidence of serious AEs was < 2% and similar 
between placebo and gefapixant. There was one death, which 
occurred in the placebo group. Discontinuations due to AEs 
were higher in the gefapixant 45 mg BID group (Table 3).

Discussion

The findings from this study confirm our hypothesis that, 
compared to placebo, gefapixant significantly improves 
cough-related quality of life in patients with ROCC, 
consistent with previous Phase 3 data from COUGH-1 
and COUGH-2 in RCC and UCC participants who had 
chronic cough of longer  duration1. The demographics of 
participants randomized in this study were broadly sim-
ilar to those of COUGH-1 and COUGH-2 and consist-
ent with previous chronic cough clinical trials as well as 
data reported from observational studies in the general 

population [1, 6]. In this trial, the mean age of participants 
was approximately 7 years younger and duration of chronic 
cough was considerably shorter, as expected, compared 
with COUGH-1 and COUGH-2 (i.e., mean of ~7 months 
vs. ~11 years) [1].

Our results suggest that treatment with gefapixant 45 mg 
BID improves cough-specific health status to a greater extent 
than placebo in patients with RCC or UCC who are younger 
and have had chronic cough for a shorter period of time than 
previously studied. The majority of the PROs improved by 
6 weeks, when the first measurements were collected, and 
benefits continued to improve over the 12-week study.

While a statistically significant improvement in the in 
LCQ total score was observed with gefapixant compared 
to placebo, it should be acknowledged that the estimated 
between-group difference was numerically small (0.75), due 
primarily to the large improvement in LCQ observed for 
both the gefapixant and placebo groups. However, results 
from the post hoc analysis to determine the proportion of 
participants reporting a clinically meaningful improvement 
in LCQ total score (i.e., a > 1.3-point improvement in total 
LCQ score) showed that a greater proportion of participants 
randomized to gefapixant 45 mg BID were LCQ responders 
compared to those in the placebo group. This finding that 

N=498
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Subjects randomized but never

received treatment
N=415

Randomized subjects who 
received double-blind 

treatment

N=206
Gefapixant 45 mg BID
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Included in FAS population N=206
Included in LCQ total score at week 12 analysis
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Completed N=175 (85.0%)
Discontinued N=31 (15.0%)
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Withdrawal by participant n =3 (1.4%)
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N=79
Did not meet inclusion/

exclusion criteria
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Fig. 2  CONSORT diagram
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treatment with gefapixant conferred a greater likelihood of 
improvement than placebo is consistent with the findings in 
COUGH-2 [1].

The results of the additional PROs assessed in this study, 
the change in mean cough severity VAS score, and mean 
weekly CSD total score were consistent with the primary 
endpoint and supportive of our hypothesis that gefapixant 
is superior to placebo in the treatment of RCC and UCC in 
patients with ROCC. The results from the PGIC, which pro-
vides an impression of how patients generally feel regarding 

treatment of their cough, demonstrated improvement in a 
higher proportion of patients receiving gefapixant compared 
to placebo with greatest differences between treatments 
noted in the category of those feeling “much better.” Results 
from the WPAI suggested improvement in work productiv-
ity and less activity impairment for gefapixant compared to 
placebo.

We did not identify any single baseline characteris-
tic to be more associated with mean change in LCQ from 
baseline, which is consistent with an analysis of baseline 

Table 1  Baseline participant characteristics

*Other includes countries in Central and South America; ** Participants may have had more than one comorbid cough-associated condition

Placebo N = 209 Gefapixant 45 mg BID N = 206
n (%) n (%)

Female 134 (64.1) 134 (65.0)
Age (yr), Mean ± SD 52.5 ± 13.8 52.5 ± 13.8
 < 60 135 (64.6) 130 (63.1)

  ≥ 60 74 (35.4) 76 (36.9)
 Median (range) 55.0 (18 to 83) 54.0 (18 to 81)
Race
 White 151 (72.2) 149 (72.3)
 Multiple 29 (13.9) 29 (14.1)

 American Indian or Alaska Native 27 (12.9) 22 (10.7)
 Asian 2 (1.0) 3 (1.5)
 Black or African American 0 (0.0) 3 (1.5)
 Hispanic or Latino 75 (35.9) 71 (34.5)

Region
 Europe 123 (58.9) 122 (59.2)
 Other* 74 (35.4) 72 (35.0)
 North America 11 (5.3) 10 (4.9)
 Asia–Pacific 1 (0.5) 2 (1.0)

Primary diagnosis
 Refractory chronic cough 144 (68.9) 150 (72.8)
 Unexplained chronic cough 65 (31.1) 56 (27.2)

Most common comorbid cough-associated conditions**
 Asthma 82 (39.2) 88 (42.7)
 Gastroesophageal reflux disease 61 (29.2) 63 (30.6)
 Allergic rhinitis 34 (16.3) 35 (17.0)
 Chronic gastritis 23 (11.0) 35 (17.0)

Duration of chronic cough with diagnosis (months)
 Mean ± SD, months 7.2 ± 2.7 7.3 ± 2.8
 Median, months 7.0 8.0
 Range, months 2 to 12 1 to 12

Baseline LCQ total score
 Mean (SD) 11.30 (2.80) 10.82 (3.08)

Baseline mean weekly cough severity VAS (mm)
  < 60 80 (38.3) 73 (35.4)
  ≥ 60 129 (61.7) 133 (64.6)
 Mean ± SD 66.2 ± 14.9 67.2 ± 14.9
 Median (range) 64.7 (22.3 to 100.0) 65.8 (27.7 to 100.0)
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Fig. 3  LS mean change from baseline in efficacy endpoints over 12 Weeks

Table 2  Summary of patient-reported outcomes assessing treatment efficacy

*Based on the Longitudinal Analysis of Covariance Model, consisting of the change from baseline in mean weekly cough severity VAS score 
at each post-baseline visit (up to Week 12) as response. The model includes terms for treatment group (gefapixant 45 mg BID and Placebo), 
visit (Weeks 6 and 12), the interaction of treatment by visit, gender, and the baseline mean weekly cough severity VAS score. The unstructured 
covariance matrix is used to model the correlation among repeated measurements
**Based on the logistic regression model. The covariates include treatment, visit, the interaction of treatment by visit, gender, and the baseline 
LCQ total score
† Number of participants based on FAS population in participants with non-missing values at both baseline and Week 12

Placebo Gefapixant 45 mg BID
Pre-specified analyses

Primary Endpoint
 LCQ total score at week 12
   Number of Participants  Evaluated† 199 199
   Model-Based Mean Change from Baseline (95% CI)* 3.59 (3.09, 4.09) 4.34 (3.84, 4.83)
   Estimated Difference (95% CI) from Placebo, p-value 0.75 (0.06, 1.44), p=0.034
Secondary and exploratory endpoints
 Mean weekly cough severity VAS score at week 12
   Number of Participants Evaluated 205 201
   Model-Based Mean Change from Baseline (95% CI)* − 24.87 (− 28.41, − 21.32) − 31.79 (− 35.37, − 28.20)
   Estimated Difference (95% CI) from Placebo − 6.92 (− 11.88, − 1.97)
 Mean weekly CSD total score at week 12
Number of Participants Evaluated 205 201
Model-Based Mean Change from Baseline (95% CI)* − 2.32 (− 2.61, − 2.03) − 2.79 (− 3.08, − 2.49)
Estimated Difference (95% CI) from Placebo − 0.47 (− 0.88, − 0.06)

Post hoc analysis

Participants with ≥ 1.3-point increase from baseline in LCQ total score at week 12
   Number of Participants Evaluated 208 202
   Percent Responders 67.4% (Placebo) 80.6%
   Estimated Difference (95% CI) from Placebo ** 13.19 (3.46, 22.81)
   Estimated Odds Ratio vs. Placebo(95% CI) * 2.01 (1.21, 3.32)
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characteristics in relation to 24-h cough frequency in the 
COUGH-1 and COUGH-2 trials. Similar to the results 
presented here for ROCC, no baseline characteristics were 
found to be associated with reduced or greater efficacy in 
COUGH-1 or COUGH-2 in participants with RCC or UCC 
of longer baseline duration [1].

Results from this trial are consistent with previous 
research with gefapixant in that the most commonly reported 
AEs were taste related [1, 5, 7]. However, serious AEs 
occurred in a similar proportion among both the gefapix-
ant- and placebo-treated participants.

The large placebo response observed in the current study 
is consistent with other gefapixant trials [1, 5] and studies 
of chronic cough [8, 9]. As with gefapixant, improvement 
in health status with placebo was evident at the first study 
time point (6 weeks) and continued to the end of study at 
12 weeks. It is not clear whether such improvements would 
be maintained over longer periods of time in the ROCC 
group of patients with RCC or UCC. There is likely a mul-
tifactorial cause for the placebo responses that have been 
observed consistently in trials of treatments for chronic 
cough. One factor may be anticipation of a treatment that has 
shown positive results in a condition that has no approved 
treatment. However, it is unlikely to be the sole contribu-
tor based on the magnitude of the response observed. Such 
dramatic improvements in health status among patients with 
chronic cough have not been reported in other settings in the 
absence of an active treatment. Another contributor to the 
observed phenomenon is that cough is a reflex that can be 
under voluntary control with higher brain involvement [9, 
10]. Higher brain involvement has been suggested as a factor 

for placebo responses in other respiratory conditions [11–14] 
and has been observed as a factor in cough challenge studies 
[15]. Nonetheless, although a large placebo response was 
observed in this trial, participants in this trial experienced 
important improvements in cough-specific health status with 
gefapixant vs. placebo.

There were limitations in this study that should be 
acknowledged. There was no objective cough measure 
to compare with the primary endpoints of Phase 2b and 
Phase 3 studies. There was also no pre-specified analysis 
plan to reliably determine the timing of onset of efficacy. 
Additionally, while we demonstrated that intervention with 
gefapixant earlier in the natural history of RCC or UCC 
was successful in terms of improvements in cough-related 
health status, longer-term benefits of earlier treatment have 
yet to be evaluated. Nevertheless, results from this study 
demonstrate favorable effects on multiple PROs that are 
consistent with results observed in the larger, Phase 3 stud-
ies [1].

In summary, treatment with gefapixant 45 mg BID pro-
vided significantly greater improvements in cough-specific 
health status than placebo in patients with ROCC. Patients 
treated with gefapixant were also more likely to report clini-
cally meaningful improvements in cough-specific health 
status and larger reductions in patient-reported measures 
of cough severity compared to placebo. The most common 
AEs were related to taste, consistent with previous stud-
ies of gefapixant.[1, 5]. Serious AEs with gefapixant 45 mg 
BID were uncommon and occurred in a similar proportion 
of participants as those on placebo. These data indicate a 
favorable benefit/risk profile for gefapixant in the treatment 
of individuals with RCC or UCC with a diagnosis of chronic 
cough for less than a year.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00408- 023- 00606-w.
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