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Abstract

Introduction: Patients with chronic cough experience considerable burden. The cough severity

visual analog scale (VAS) records patients’ assessment of cough severity on a 100-mm linear

scale ranging from “no cough” (0 mm) to “worst cough” (100 mm). Although cough severity

scales are widely used in clinical practice and research, their use in patients with refractory or

unexplained chronic cough has not been formally validated.

Methods: This analysis includes data from a phase 2b randomized controlled trial of the

P2X3-receptor antagonist gefapixant for treatment of refractory or unexplained chronic cough

(NCT02612610). Cough severity VAS scores were assessed at baseline and Weeks 4, 8, and 12.

The cough severity VAS was validated using several outcomes, including the Cough Severity

Diary (CSD), Leicester Cough Questionnaire (LCQ), patient global impression of change (PGIC)

scale, and objective cough frequency. Validation metrics included test-retest reliability,

convergent and known-groups validity, responsiveness, and score interpretation (i.e., clinically

meaningful change threshold).

Results: The analysis included 253 patients (median age, 61.0years; females, 76%). Test-

retest reliability of the cough severity VAS was moderate (intraclass correlation coefficient,

0.51). The cough severity VAS had acceptable convergent validity with other related measures

(Pearson rof 0.53 and -0.41 for CSD and LCQ total scores, respectively; p<0.0001 for each).

Known-groups validity was supported by significant differences in mean cough severity VAS

scores across severity groups defined using CSD, LCQ, and cough frequency tertiles. A large

effect size was observed in patients with the greatest improvements in PGIC (Cohen d = -1.8].

A = 30-mm reduction in the cough severity VAS was estimated as a clinically meaningful

change threshold for clinical trials in chronic cough. Correspondence to:
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Introduction chronic cough experience considerable burden centre for Human &
Chronic cough, defined in adults as a cough last- that can be long lasting, as chronic cough often égi‘;‘i‘i:?’iﬁggaéasic
ing more than 8 weeks, is a burdensome medical persists for many years, during which patients & Medical Biosciences,
condition with an estimated prevalence ranging may undergo numerous doctor visits to assess and Daecd“ilctiyngf k:;egicg‘lf:;e&
from approximately 4% to 11%.15 Patients with manage their cough.5-!! Although chronic cough London, London, UK
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typically is associated with an underlying condi-
tion, some patients with chronic cough have a
cough that persists despite optimal treatment of
underlying conditions according to practice
guidelines (refractory chronic cough (RCC)) or
have no identified diagnosable cause for cough
despite extensive assessment (unexplained
chronic cough (UCC)).1:2:12 There are currently
limited treatment options for patients with RCC
or UCC, as there are no treatments with approved
indications; however, the development of novel
antitussives for the treatment of RCC or UCC is
an active area of clinical research.13-15

Previous research suggests that patients with
chronic cough experience aspects of burden that
can be categorized into distinct but related facets,
including cough frequency, cough intensity, dis-
ruption of daily activities, and the impact of cough
on quality of life.®816 Several complementary clin-
ical outcome assessments have been used to meas-
ure these aspects of burden and to evaluate
treatment benefit in patients with chronic cough
who have been treated with pharmacologic or
nonpharmacologic  approaches.!”>18  Objective
cough frequency is often used to assess the effi-
cacy of antitussives in clinical trials, but use of
cough-monitoring devices in a clinical practice is
impractical.!® Previously validated cough-related
patient-reported outcomes (PROs) include the
Leicester Cough Questionnaire (LCQ),2° Cough-
Specific Quality-of-Life Questionnaire,?! and
Cough Severity Diary (CSD),2223 all of which can
also be used to monitor patients’ responses to
treatment. These tools evaluate the effect of cough
on quality of life and cough symptom burden.

The cough severity visual analog scale (VAS) is
a brief, easily administered PRO that is widely
used in clinical practice and clinical research to
assess cough severity in both acute and chronic
cough.13-15:2425 The cough severity VAS is often
100mm in length and captures patients’ self-
assessment of cough severity ranging from 0 mm
(no cough) to 100 mm (worst cough). Despite the
cough severity VAS being one of the most widely
used tools to assess cough in clinical trials and
clinical practice, it has not been formally vali-
dated, and its clinically meaningful change thresh-
old is unknown. Formal validation of this
instrument is important to ensure that changes in
patients’ cough severity in response to therapeutic
interventions can be reliably assessed in both clin-
ical practice and clinical research settings.

The aim of this analysis was to assess and report
the psychometric properties of the cough severity
VAS, including test-retest reliability, convergent
validity, known-groups validity, and responsive-
ness in patients with RCC or UCC. Furthermore,
analyses to estimate meaningful changes in cough
severity VAS scores were conducted to guide
score interpretation.

Methods

Data source

This study is a post hoc analysis of the psycho-
metric properties of the cough severity VAS using
data collected in a recent phase 2b study of the
P2X3-receptor antagonist gefapixant (Clinical
Trials.gov identifier: NCT02612610), for which
primary results have been previously reported.!3
This clinical trial assessed the efficacy and safety
of 3 doses of gefapixant or matching placebo in
adult patients with RCC/UCC. Key eligibility cri-
teria at screening included RCC or UCC (per
American College of Chest Physicians and British
Thoracic Society guidelines) for = 1 year, a
cough severity VAS score of = 40mm, and no
substantial abnormalities contributing to cough
within the past 5years as determined by a chest
x-ray; additional study eligibility criteria are
shown in Table 1. Blinded data from all patients
receiving any dose of gefapixant or placebo were
pooled into a single population for validation of
the cough severity VAS.

Outcome measures

Outcomes collected in the phase 2b study that
were used to evaluate the cough severity VAS in
this analysis included the CSD, the LCQ, the
patient global impression of change (PGIC) scale,
and objective awake cough frequency. The cough
severity VAS used in this study was measured on
a 100-mm scale ranging from “no cough” (0 mm)
to “worst cough” (100 mm), with a recall period
of today. The CSD includes 7 items capturing the
patients’ perceptions of cough in terms of fre-
quency, intensity, and disruptiveness on an
11-point scale ranging from 0 to 10, with a recall
period of today. The CSD total score is calcu-
lated by averaging scores from all 7 items, with
higher scores reflecting greater severity. Total
CSD scores for this study were calculated as the
average total daily CSD score over the previous
week. The LCQ is a 19-item cough-specific
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Table 1. Key inclusion and exclusion criteria for participants enrolled in NCT02612610.

Key inclusion criteria

Key exclusion criteria

« Adults aged <80years .
- Chest imaging (chest radiograph or CT .
thorax) within the last 5years confirming no .
abnormalities contributing to cough .

- Diagnosis of RCC or UCC for = 1 year
according to ACCP/BTS guidelines
« Score of = 40mm on the cough severity VAS ~ *

at screening .
+ Women with child-bearing potential and

male participants and their partners of .

child-bearing potential must have used .

2 acceptable forms of birth control from .

screening through the follow-up visit

Current smoker or history of smoking within 6 months before study entry
Initiation of treatment with an ACE inhibitor within 4 weeks of baseline visit

History of opioid use within 1 week of baseline visit

Requirement for concomitant therapy using prohibited medications
during study period (including pregabalin, gabapentin, thalidomide,
dextromethorphan, guaifenesin, benzonatate, opioids, and ACE inhibitors)

FEV,/FCV of <60%

History of respiratory tract infection or recent pulmonary status change

within 4weeks of baseline visit
History of cystic fibrosis/bronchiectasis
BMI of <18kg/m?or = 40kg/m?

History of renal diseases, kidney/bladder stones, conditions/disorders
predisposed to nephrolithiasis or conditions affecting drug absorption

ACCP, American College of Chest Physicians; ACE, angiotensin-converting enzyme; BMI, body mass index; BTS, British Thoracic Society;
CT, computed tomography; FEV,/FVC, percent of forced vital capacity exhaled in first second; RCC, refractory chronic cough; UCC, unexplained

chronic cough; VAS, visual analog scale.

health-related quality-of-life questionnaire com-
prising 3 domains that assess the impact of cough
on physical, psychological, and social function-
ing, with a recall period of the past 2weeks. Each
item is rated using a 7-point Likert-type scale; a
higher total score, calculated by summing the
domain scores, indicates a better quality of life.
The PGIC scale measures change in a patient’s
overall status on a 7-point scale, ranging from
“very much improved” (PGIC score of 1) to
“very much worse” (PGIC score of 7). Objective
cough frequency was monitored via ambulatory
cough recorders (VitaloJAK; Vitalograph,
Buckingham, UK), which were worn by patients
for 24-h periods; awake cough frequency was
derived from the corresponding 24-h sound
recordings during times in which the patient was
awake. Outcomes in the phase 2b study were
assessed at baseline and Weeks 4, 8, and 12;
PGIC was assessed at Weeks 4, 8, and 12.
However, baseline and Weeks 4 and 12 were the
primary time points used for the current
analysis.

Validation metrics and statistical analyses

All analyses were conducted following an a priori
validation analysis plan. All statistical tests used a
significance level of p<0.05.

Test-retest reliability. Cough severity VAS scores
were assessed for consistency over time in a subset
of patients characterized as “stable” from baseline
to Week 4 using 2 anchors: (1) patients with

a < 10% change in awake cough frequency and
(2) patients reporting “no change” on the PGIC
scale. Because of the long recall period for patients
to report their change using the PGIC scale, this
analysis was considered exploratory. Intraclass cor-
relation coefficient (ICC) and change scores using
paired r tests, as well as 95% confidence intervals,
were calculated between test scores at baseline and
retest scores at Week 4 in the stable subpopula-
tions. ICC values between 0.5 and 0.75 have been
suggested to indicate moderate reliability, whereas
values < 0.5 may reflect poor reliability.26

Convergent validity. The cough severity VAS was
assessed to determine the extent to which the
scores were consistent with other measures assess-
ing a similar construct (cough severity) and
closely related constructs (cough-specific quality
of life). The cough severity VAS was therefore cor-
related with related cough metrics (i.e., the CSD
and LCQ) at baseline using Pearson r. Correla-
tion coefficients with absolute magnitudes from
0.30 to <0.50 and = 0.50 to 0.70 were inter-
preted to reflect low and moderate correlations,
respectively.2”

Known-groups validity. Knowns-groups validity
was evaluated to capture the ability of the cough
severity VAS to discriminate between different
levels of cough severity. Patients were stratified
into tertiles using the sample distribution for the
CSD total score, LCQ total score, and awake
cough frequency at baseline and Week 4. Cough
severity VAS scores were compared between these
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tertiles using analysis of variance, with post hoc
comparisons assessed via the Scheffé test to deter-
mine whether cough severity VAS scores signifi-
cantly discriminate between tertiles.

Responsiveness. To evaluate the responsiveness of
the cough severity VAS in detecting meaningful
changes in other validated instruments, analysis of
covariance was used to compare change in mean
scores, controlling for baseline scores, by response
on the PGIC scale from baseline to Week 4 and by
change in awake cough frequency from baseline to
Week 4. For the analysis of cough frequency, patients
were considered responders by using 4 definitions
of response: = 30%, = 50%, and = 70% reduc-
tions in awake cough frequency and a reduction
of = 0.30 standard deviations (SD) in awake
cough frequency. The = 30%-reduction cutoff for
response was previously defined as a minimal clini-
cally important difference in objective cough counts
and has been used in clinical trials of RCC and UCC
(ClinicalTrials.gov  identifiers: NCT03449134,
NCT03449147, NCT04562155).28:2° The effect
size of mean cough severity VAS scores for the
groups defined above was calculated using a stan-
dardized mean difference by subtracting the mean
score at baseline from the mean score at Week 4
and dividing by the baseline SD. Previous guid-
ance suggests that effect sizes of 0.20, 0.50, and
0.80 be interpreted as small, moderate, and large,
respectively.30

Score interpretation. Anchor- and distribution-
based approaches were used to derive clinically
meaningful thresholds for change in the cough
severity VAS. Anchor-based approaches were
assessed using changes from baseline to both
Week 4 and Week 12. The PGIC scale was
grouped into 5 categories as follows: 1 or 2 (very
much improved, much improved), 3 (minimally
improved), 4 (no change), 5 (minimally worse),
and 6 or 7 (much worse, very much worse). The
meaningful change threshold for the cough sever-
ity VAS was estimated as the mean change in
cough severity VAS scores corresponding to
patients reporting themselves as at least “mini-
mally improved” (PGIC score of 3); the threshold
was also estimated in patients who reported them-
selves as “very much improved” or “much
improved” (PGIC score of 1 or 2).

Receiver operating characteristic (ROC) curves
were also evaluated to determine the threshold

values for change in mean cough severity VAS
score from baseline to Week 4 that would be most
predictive of patients rating themselves as “mini-
mally improved” (PGIC score of 3) or “very
much improved/much improved” (PGIC score of
1 or 2). Two ROC curves were therefore ana-
lyzed: one for predicting patients reporting 1 or 2
versus 3 to 7 on the PGIC scale and one for pre-
dicting patients reporting 1 to 3 wversus 4 to 7 on
the PGIC scale. The threshold for each curve was
defined as the point on the ROC curve closest to
100% sensitivity and specificity (i.e., the point
with the shortest difference from the upper left
quadrant (0,1) The Youden index was used to
determine the cough severity VAS change score
that optimized sensitivity and specificity for pre-
dicting global improvements on the PGIC scale.

Distribution-based methods were also used to
determine the minimum change needed to exceed
the inherent noise of the cough severity VAS.
Distribution-based estimates included calculation
of one-half of the SD of the cough severity VAS
scores at baseline and the standard error (SE) of
measurement (SEM), calculated by multiplying
the baseline SD by the square root of (1 — ICC).

By triangulating findings from the responsive-
ness, anchor-based, and distribution-based analy-
ses, a single estimate of the clinically meaningful
change threshold for the cough severity VAS was
proposed for use, with a specific focus on a thresh-
old to be used for clinical trial research. After esti-
mating this clinically meaningful change
threshold, an additional analysis was performed
to confirm the converse definition of this thresh-
old (i.e., by assessing PGIC scores among patients
who did vs. did not have a cough severity VAS
change exceeding this estimated threshold).

Results

Patient population

Baseline characteristics of this patient population
(N=253) have been previously reported.!323
Patients enrolled in the study were predominantly
female (76%), had a median (range) age of 61
(22-79) years, and had a mean (SD) cough dura-
tion of 14.5 (11.7) years. The mean (SD) cough
severity VAS score at baseline across treatment
groups was 57.5 (22.3) mm, with a median
(range) of 60 (7-100) mm.
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Table 2. Test-retest reliability of VAS scores from baseline to Week 4.

Parameter N Baseline cough Week 4 Mean change ICC
severity VAS, cough severity VAS, score difference,
mean (SD), mm  mean (SD), mm mm
Patients with < 10% change in awake cough 32 56.2 46.2 -10.0 0.45
frequency from baseline to Week 4 (25.8) (23.8)
Patients reporting “no change” on PGIC from 61 62.0 56.5 -5.5 0.51
baseline to Week 4 (20.6) (21.0)

ICC, intraclass correlation coefficient; PGIC, patient global impression of change; SD, standard deviation; VAS, visual analog scale.

Test-retest reliability

Patients who were defined as “stable” on the basis
of a change in awake cough frequency of < 10%
or a PGIC score of 4 (i.e., no change) had some
change in mean cough severity VAS scores from
baseline to Week 4 (ICCs of 0.45 and 0.51,
respectively), suggesting moderate test-retest
reliability (Table 2).

Convergent validity

Cough severity VAS scores were significantly cor-
related with other cough-related measures at
baseline including mean weekly CSD and its sub-
scales and the LCQ and its subscales (all
p»<0.0001; Table 3). Generally, moderate corre-
lations were seen between the cough severity VAS
and mean weekly CSD total score (r=0.53) and
subscale scores. Low to moderate correlations
were also seen with the LCQ total score
(r = -0.41) and physical, psychological, and
social subscale scores.

Known-groups validity

Patients were stratified into tertiles by weekly
CSD total scores, LCQ total scores, and awake
cough frequency at baseline and Week 4 (Table
4). Mean cough severity VAS scores were sig-
nificantly different between different known
groups for each comparator outcome at both
time points, supporting the known-groups valid-
ity of the cough severity VAS. Cough severity
VAS scores decreased with improvement in
mean weekly CSD total scores from baseline to
Week 4 (p<0.0001). Similarly, decreased
cough severity VAS scores were associated with
improvements in cough-related quality of life
(LCQ total scores) and awake cough frequency
(Table 4).

Responsiveness

Responsiveness of cough severity VAS scores
between baseline and Week 4 was assessed using
both PGIC and awake cough frequency as criterion
variables. The least-squares mean (LSM) changes
in cough severity VAS scores were compared
between different PGIC categories (Figure 1(a)).
Least-squares mean cough severity VAS scores
were significantly different between PGIC catego-
ries (F=64.64; p<0.0001). Notably, the number
of patients with worsening status (PGIC score
of = 5) was very small (z=9). Patients with the
greatest improvements in PGIC (i.e., a PGIC score
of 1 or 2) also had the greatest change in mean
cough severity VAS scores from baseline to Week 4
(-37.3mm), which corresponded with a large effect
size (d = -1.8; Table 5). Effect sizes (Cohen d) for
PGIC scores of 3, 4, 5, and 6 or 7 were -0.8, -0.3,
0.4, and 0.4, respectively (Table 5).

Similarly, LSM changes in cough severity VAS
scores were found to be significantly greater in
responders versus nonresponders using an awake
cough frequency responder threshold of = 30%
reduction from baseline (F=68.34; p<<.0001;
Figure 1(b)). Significant differences in LSM (SE)
cough severity VAS changes were also observed
between awake cough frequency responders wver-
sus nonresponders using a = 50%-reduction
threshold (-36 (2.3) vs -13 (1.7) mm; F=77.33;
$»<0.0001), a = 70%-reduction threshold (-39
(2.9) vs -16 (1.6) mm; F=67.68; p<<0.0001),
and a reduction of = 0.30 SD (-29 (2.0) vs -12
(2.1) mm; F=58.52; p<0.0001). Mean change
scores and effect sizes were consistently greater
for those who were considered responders wversus
nonresponders by awake cough frequency
responder thresholds, with effect sizes for
responders ranging from -1.3 to -1.8 (Table 5).
Patients with a = 30% reduction in awake cough
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Table 3. Convergent validity of cough severity VAS with other cough-related

measures at baseline.

Cough-related measure  Pearson r with cough severity  p value
VAS score

Cough severity diary
Total score 0.53 <0.0001
Frequency 0.57 <0.0001
Intensity 0.50 <0.0001
Disruption 0.42 <0.0001

Leicester Cough Questionnaire
Total score -0.41 <0.0001
Physical -0.34 <0.0001
Psychological -0.38 <0.0001
Social -0.34 <0.0001

VAS, visual analog scale.

frequency showed a mean cough severity VAS
score change of -29.0 (d = -1.3), compared with
-10.9 (d = -0.5) for those with a <30% reduc-
tion in awake cough frequency (Table 5).

Score interpretation

The clinically important change threshold was
defined using the PGIC scale response catego-
ries of “very much improved” or “much
improved” (PGIC score of 1 or 2) and “mini-
mally improved” (PGIC score of 3). Among
patients with a PGIC score of 1 or 2, mean (SD)
changes in cough severity VAS scores at Weeks
4 and 12 were -37.3 (24.8) and -37.6 (24.2)
mm, respectively. Patients with a PGIC score of
3 at Weeks 4 and 12 had mean (SD) changes in
cough severity VAS scores of -18.9 (22.3) and
-15.7 (24.9) mm, respectively.

An ROC curve analysis was then conducted using
two definitions of a response on the PGIC: a
PGIC score of 1, 2, or 3 (Supplemental Figure A)
or a PGIC score of 1 or 2 (Supplemental Figure
B). Changes in the cough severity VAS score of
20 or 30mm (for PGIC score of 1-3 or 1-2,
respectively) were found to maximize sensitivity
and specificity for predicting improvements on
the PGIC scale, as evidenced by the highest

Youden index values being observed at these two
thresholds (Table 6).

Results of the distribution-based analyses indi-
cated that the minimum changes in cough sever-
ity VAS needed to exceed the inherent baseline
noise of the measure were 11.2 and 16.6mm
based on the one-half SD and SEM estimates,
respectively.

After triangulating the results from the respon-
siveness analyses and score-interpretation meth-
ods, a clinically meaningful change threshold
of = 30mm was proposed for use in the context
of clinical research. This degree of change was
observed among patients rating themselves as
“very much improved” or “much improved” on
the PGIC scale and among patients categorized
as responders based on a = 30% change in awake
cough frequency; it was also consistent with the
threshold identified via the ROC curve analysis.
When patients were divided into responder versus
nonresponder groups based on this threshold and
the PGIC categories reported by these 2 sub-
groups were assessed (Table 7), a greater propor-
tion of patients who were VAS responders (i.e.,
achieved a = 30-mm reduction from baseline on
the VAS) had a PGIC score of 1, 2, or 3 com-
pared with nonresponders.

Discussion

Previous studies have suggested that the cough
severity VAS may be responsive, reproducible,
and associated with objective cough measures.31-32
This analysis confirms the psychometric charac-
teristics of the cough severity VAS in a population
of adults with RCC/UCC, wherein the measure
was found to have acceptable test—retest reliabil-
ity, strong convergent validity, known-groups
validity, and responsiveness. A =30-mm reduc-
tion was proposed as the clinically meaningful
change threshold for cough severity VAS after tri-
angulation of multiple anchor-based approaches.
A high proportion of patients considered as cough
severity VAS responders by this definition were
found to report themselves as improved on the
PGIC scale, supporting the meaningfulness of
this threshold.

The test—retest reliability for cough severity VAS
in this analysis (ICCs of 0.45-0.51) was found to
be moderate compared with that of previous stud-
ies of other cough-related measures (ICCs of
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(a)
-38.1 PGIC 1 or 2 (n=87)
-21.3 PGIC 3 (n=78)
2.4 PGIC 4 (n=61)
PGIC 5 (n=5) 21.6
PGIC 6 or 7 (n=4)
50 40 30 20 -0 0 10 20 30
LSM change in cough severity VAS score (baseline to Week 4), mm
(b)
Awake cough
-30.0 frequency reduction
230% (n=126)
Awake cough
-9.8 frequency reduction
<30% (n=102)
-40 -30 -20 -10 0 10

LSM change in cough severity VAS score (baseline to Week 4), mm

Figure 1. Responsiveness of cough severity VAS change scores by (a) PGIC category at Week 4 and (b] = 30%
vs. <30% reduction in awake cough frequency at Week 4. Error bars are standard error.
LSM, least-squares mean; PGIC, patient global impression of change; VAS, visual analog scale.

0.68-0.96).20,22,33,34 This finding was anticipated
on the basis of the long duration between test
periods (i.e., 4 weeks, compared with 1 to 2 weeks
in previous studies), as well as the lack of a gold
standard for defining a “stable” population.
Although defining stability using an objective
measure of awake cough frequency was consid-
ered a reasonable approach in this study, strong
reliability estimates were not expected because of
differences in the concepts measured with these
outcomes (i.e., cough frequency vs. perceived
cough severity) and previous reports of a lack of a
strong correlation between cough frequency and
cough-related PROs.3> Given these expectations,
the analysis of cough severity VAS changes among
patients reporting “no change” on the PGIC scale
may have provided a more reliable estimate of the
test—retest reliability in this study; however, the
ICCs for test-retest reliability were comparable
when defining stability by cough frequency and
“no change” on the PGIC. Similarly, convergent
validity measurements between the VAS and the
LCQ and CSD showed stronger correlations in
previous studies (Spearman rank correlation or

Pearson r of -0.72 and 0.84, respectively)20:22
compared with that of the current study (Pearson
r of -0.41 and 0.53, respectively). Differences in
the patient populations examined may contribute
to the differences in test-retest reliability and con-
vergent validity measurements between the cur-
rent study and previous studies. For example, the
inclusion criteria for the population in the current
study required a diagnosis of RCC or UCC
for = 1 year and baseline cough severity VAS
score of = 40mm. The mean cough duration in
this study was much longer than that in Birring
et al.?% (referenced above), which validated the
LCQ in patients with chronic cough (mean cough
duration: 14.5 vs. 5.0years, respectively).
Additionally, in previous work assessing the CSD
(Vernon ez al.; referenced above), only half of the
patients with chronic cough had a cough duration
greater than 1 year.?2 This study focused on vali-
dation of the cough severity VAS PRO in a patient
population with relatively severe cough of long
duration. Moreover, unlike other patient popula-
tions with chronic cough, it is possible that
patients with RCC or UCC with a lengthy history
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Table 5. Responsiveness of cough severity VAS by PGIC and awake cough frequency.

Category N Baseline cough Week 4 cough Mean change Effect sizeb
severity VAS, severity VAS, score difference
mean (SD), mm mean (SD), mm  (range), mma
PGIC score
1or2 87 56.5 (20.9) 19.2(15.8) -37.3(-84.0,26.0) -1.8
3 78 54.1(23.3) 35.1(18.9) -18.9 (-65.0,35.0) -0.8
4 61 62.0 (20.6) 56.5 (21.0) -5.5(-55.0,54.0) -0.3
5 5 77.2(18.8) 85.4 (14.5) 8.2 (0, 18.0) 0.4
bor7 4 56.5 (25.2) 67.6 (33.1) 11.1(-18.5, 57.0) 0.4
Awake cough frequency
=30% reduction
Responder 126 55.9(21.8) 26.9 (20.1) -29.0(-84.0,35.0) -1.3
Nonresponder 102 59.2(22.6) 48.3 (25.4) -10.9 (-65.0,57.0) -0.5
=50% reduction
Responder 79 57.8 (20.8) 21.5(16.5) -36.2 (-84.0, 24.0)  -1.7
Nonresponder 149  57.2(22.9) 444 (25.1) -12.8(-82.0,57.0) -0.6
=70% reduction
Responder 52 56.7 (21.4) 18.0 (15.7) -38.8 (-84.0,10.0) -1.8
Nonresponder 176 57.6(22.4) 41.9 (24.6) -15.6 (-82.0,57.0) -0.7
= 0.30 SD reduction
Responder 118  59.3(20.8) 29.0 (22.1) -30.4(-84.0,31.0) -1.5
Nonresponder 110 55.3(23.4) 44.5(25.5) -10.8(-73.0,57.00)  -0.5

PGIC, patient global impression of change; SD, standard deviation; VAS, visual analog scale.

aCalculated as Week 4 score - baseline score.
bCalculated as score difference/SD of baseline score.

of living with severe cough may experience greater
variability in perceived cough severity compared
with the impact of cough or disruption to activi-
ties captured by other PRO instruments.

Although the ROC curve analyses supported 2
potential definitions of a clinically meaningful
threshold for change in cough severity VAS
(i.e., = 20- or = 30-mm thresholds), a change in
cough severity VAS of = 20 mm may be reflective
of a minimum meaningful change threshold for
use in a clinical practice setting. Of note, the ROC
analyses demonstrated that the 20-mm-change

threshold had an equivalent Youden index value
to that of the 30-mm-—change threshold in patients
who reported greater changes on the PGIC scale
(i.e., PGIC score of 1 or 2). Moreover, patients
reporting themselves as minimally improved on
the PGIC (i.e., PGIC score of 3) had mean cough
severity VAS improvements between 16 and
19mm at Weeks 4 and 12. However, because of
the high placebo response rate observed in clinical
studies in cough,3® a greater threshold of a = 30-
mm change aligned with the highest categories of
improvement measured on the PGIC may be war-
ranted. Additionally, the test-retest reliability of
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Table_6. Receiver operating chara;te_ristic curve analyses for cough the VAS was only moderate, and VAS scores can
severity VAS score thresholds predictive of PGIC scores. exhibit high variability as evidenced by the distri-
VASchange  Sensitivity Specificity PPV NPV  Youden  Pution-based estimates. Ultimately, these consid-
score index erations suggest that a more conservative cough
threshold, mm severity VAS threshold change of = 30 mm is jus-

tified for clinical research settings to reliably assess

PGIC score of 1,2, or 3 treatment effects of novel antitussives. Although it

<-10 0.76 0.64 0.83 0.54 0.41 may be assumed that the = 20- and = 30-mm
threshold changes would correspond to 2- and
<-15 0.68 0.76 0.87 0.50 0.44 3-point reductions on 10-point scales often used
in a clinical practice setting (e.g., a Borg VAS),
<-18 0.64 0.81 0.89 0.49 0.6 further studies are needed to assess whether the

clinically meaningful thresholds for change identi-

<-20 0.61 0.8 0.91 0.48 047 fied in this study translate to these other scales.

=-30 0.48 0.89 0.91 0.42 0.37
These study findings suggest the single-item

<-40 0.38 0.93 0.93 039 031 cough severity VAS is a useful cough-related out-
come measure to assess changes in cough severity

=<-50 0.24 0.99 0.98 035 022 in patients with chronic cough. The responsive-
<60 0.12 100 100 032 012 ness of the cough severity VAS in this study was
- supported by large effect sizes of this measure
PGIC score of 1 or 2 among patients categorized as PGIC 1 or 2 or
PGIC 3. However, it is worth noting that the
=<-10 0.83 0.47 0.48 0.82  0.29 cough severity VAS is not designed to capture all
. 0.76 0.70 0.59 083 045 aspects of the bl'lrden of cough, as patienFs with
low cough severity VAS scores may experience a
<-30 0.66 0.79 0.65 080 045 notable burden from their cough due to different
factors (e.g., frequency, intensity, disruption).
<-40 0.55 0.86 0.71 0.77 0.42 Thus, it is important for studies assessing antitus-
sives in chronic cough clinical trials to include
<-50 0.37 0.95 0.80 0.72 0.3 multiple responsive PRO measures (e.g., the
e 0.17 0.97 0.79 067 015 LCQ, CSD) tq assess different aspects of patients’
cough and their responsiveness to treatment.
=-70 0.07 1.00 1.00 0.65 0.07

This was a large study (N=253) of a standardized
NPV, negative predictive value; PGIC, patient global impression of change; PPV, intervention that assessed correlations with the
positive predictive value; VAS, visual analog scale. cough severity VAS and multiple related instru-

ments, using both anchor- and distribution-based
approaches to derive clinically meaningful thresh-

Table 7. Proportion of cough severity VAS responders by PGIC group at Week 4. olds for change. A potential study limitation is

lack of generalizability, as the patient population

was a well-selected, blinded population of patients

PGIC score category, n (%)  VAS score change of = 30mm

Responder Nonresponder in the United States and United Kingdom with

(n=88) (n=147) RCC or UCC and a cough severity VAS score

of = 40mm at screening. Additional studies

Tor2 57 (65) 30 (20) examining a broader, more diverse population of
3 23 (26) 55 (37) patients with chronic cough irrespective of under-
lying conditions, as well as a patient population

4 8(9) 53 (36) with a lower cough severity VAS score at screen-

ing, are warranted to assess the generalizability of
these findings. Moreover, patients who have
bor7 0 4 (3) chronic cough for many years may become accom-
modated to their cough over time, which may alter
their perceptions regarding their cough severity.

5 0 5(3)

PGIC, patient global impression of change; VAS, visual analog scale.
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Therefore, it is possible that a cough severity scale
comparing current cough severity to a time before
the cough emerged (e.g., “how bad do you feel
now vs. before you had a cough?”) may be a useful
additional marker of cough severity to investigate
in future research. Finally, the use of VAS meas-
ures for PROs is susceptible to inherent limita-
tions, including the ceiling effect (which can
conceal variation in intensity perceptions) and
end-of-scale bias (where respondents are more or
less likely to utilize extreme ends of the scale).
Respondents may also be unable to make fine dis-
tinctions along a 100-mm scale; however, these
limitations should not prevent the application or
interpretation of VAS as a simple clinical tool.37-38

These findings support the cough severity VAS as
a reliable, valid, and responsive measure of cough
symptom severity in patients with RCC or UCC
that can discriminate clinically meaningful
changes in cough severity in clinical trials.
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