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Abstract

Chronic cough is defined in adults as a cough that lasts for >8 weeks. When it proves intractable to
standard-of-care treatment, it can be referred to as refractory chronic cough (RCC). Chronic cough is now
understood to be a condition of neural dysregulation. Chronic cough and RCC result in a serious, often
unrecognized, disease burden, which forms the focus of the current review.

The estimated global prevalence of chronic cough is 2-18%. Patients with chronic cough and RCC report
many physical and psychological effects, which impair their quality of life. Chronic cough also has a
significant economic burden for the patient and healthcare systems. RCC diagnosis and treatment are often
delayed for many years as potential treatable triggers must be excluded first and a stepwise empirical
therapeutic regimen is recommended.

Evidence supporting most currently recommended treatments is limited. Many treatments do not address
the underlying pathology, are used off-label, have limited efficacy and produce significant side-effects.
There is therefore a significant unmet need for alternative therapies for RCC that target the underlying
disease mechanisms. Early clinical data suggest that antagonists of the purinergic P2X3 receptor, an
important mediator of RCC, are promising, though more evidence is needed.

Introduction

Under normal circumstances, cough is a protective reflex preventing aspiration, but in some individuals, it
can become prolonged, excessive and debilitating [1]. Generally accepted definitions of cough in adults in
terms of duration are acute (<3 weeks), subacute (between 3 and 8 weeks) and chronic (>8 weeks) [1]. The
terms refractory chronic cough (RCC) or unexplained chronic cough (UCC) were used to define patients
entering clinical trials. Whether they represent different subgroups of patients whose cough is considered
either refractory to conventional treatments [2] or remains unexplained following assessment [3] is
controversial. There was no difference in symptom profile, assessed with the Hull Airway Reflux
Questionnaire (HARQ), between patients classified as having RCC or UCC in a rigorously defined
population of patients in a recent clinical trial [4]. Regardless of how it is termed, chronic cough is
associated with a serious disease burden and there is an unmet need for better treatments. While chronic
cough has previously been regarded as a persistent symptom of other underlying conditions, recent
advances in our understanding suggest it is a distinct condition with characteristic pathophysiology which
can be targeted by new treatments [5].

Involuntary cough is a reflex activated by sensory nerves from the territory of the vagal afferents [6]. In
response to detection of potentially noxious stimuli by airway sensory nociceptors, impulses travel up the
vagus nerve via the nodose and jugular ganglia to the medulla, where they are modulated by central
pathways. A signal is then sent through somatic efferents to the larynx, respiratory muscles and diaphragm
to result in a cough [6-8]. Chronic cough is often triggered by low levels of thermal, mechanical or
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chemical exposure [2, 9], reflecting a common aetiology, known as cough hypersensitivity syndrome
(CHS) [10]. CHS is characterized by dysregulation of neural pathways and receptors in the central nervous
system, vagal afferent sensory nerves, and ganglia [5, 9-12] (figure 1 [5, 13]), as demonstrated by the
observation that many antitussive drugs have neuromodulatory properties [1, 2, 14].

CHS is an umbrella term encompassing multiple complex multifactorial processes and different cough
phenotypes or traits [5, 15-17]. Traditionally, it was believed that chronic cough arose from acute cough
associated with respiratory viral infections, from clinically diagnosed diseases such as asthma or gastro—
oesophageal reflux disease (GORD), oesophageal dysmotility or, more controversially, from a poorly
defined condition referred to as post-nasal drip syndrome or upper airways cough syndrome [2, 5, 16-19].
Additionally, certain drugs such as angiotensin-converting enzyme inhibitors can increase cough sensitivity
[20]. These conditions, however, fail to capture the complex heterogeneity of presentation of these airway
diseases in the clinic and there has been a move in recent years to think in terms of treatable traits when
managing patients with chronic airway diseases [21]. Notably, sensitivity in the neural pathways
responsible for eliciting cough appears to be a consistent feature of patients with chronic cough, regardless
of the overall clinical presentation [5]. CHS therefore represents a specific disease state that can be targeted
by therapeutic interventions. In the context of chronic cough, therefore, CHS represents a significant
treatment target [9].

This review summarises the epidemiology of chronic cough and the burden it imposes on patients and
healthcare systems. It presents an overview of our current understanding of patient burden and the
important role of patient report-based measures in capturing this. It also highlights gaps in current
treatment and describes emerging treatment options designed to target the underlying CHS.

Epidemiology

Cough is the most common presenting symptom in adults who seek medical treatment in non-hospital
settings [22]. However, conclusions from epidemiological studies aimed at establishing the prevalence of
chronic cough or RCC vary widely and reflect differences in study design, definitions of patient
population, disease, conventional treatments and refractory status. The prevalence of RCC may be
overestimated if patients are designated “refractory” because of a poor response to therapies that do not
actually address the underlying pathology of the cough. Conversely, it may be under-reported or
underestimated if the cough is regarded as a complication of another condition rather than as a distinct
entity. This is demonstrated in a 1-year retrospective study of primary care data from approximately
200000 patients in England, in which 18% of patients presented at least once with a cough-related
condition, but only 0.2% were explicitly diagnosed with chronic cough [23]. Repeated presentation with
“chest infections” was, however, common [23].

The global prevalence of self-reported chronic cough in adults has been estimated from a meta-analysis to
be approximately 10% [24] with regional variations of 2% in Africa to 18% in Oceania [24]. In respiratory
outpatient practice, it ranges from 10% to 38% [25]. In addition to differences in study designs or disease
definitions, these differences in prevalence are likely to be driven by environmental and socioeconomic
factors, such as levels of obesity or smoking [24]. Unlike chronic cough, prevalence data for RCC are very
limited, although one study showed that 42% of patients referred to a UK chronic cough clinic (n=100)
were diagnosed with RCC [26].

The population of patients with chronic cough is predominantly middle-aged, though there are some
regional differences. In a survey conducted in the UK, the Netherlands, Sweden, South Korea, China and
the USA (n=10032), the most common age for presentation overall was 60—69 years, while a lower age
(3039 years) was observed in China [27]. Other studies have confirmed the early onset of chronic cough
in China, with most patients presenting in their late thirties or early forties [28]. Age is a risk factor for
chronic cough, as demonstrated in a Finnish community study (n=3697), which reported an adjusted odds
ratio per decade for age of 1.15 (95% confidence interval (CI) 1.05-1.26; p<0.01) [29].

Chronic cough is more prevalent in females than males, with studies reporting 66—73% of patients to be
female [27, 30]. This mirrors similar findings for chronic pain, and comorbid daily chronic pain and
chronic cough, which are also more prevalent in women than in men [31], possibly due to shared neural
pathways. Data from a functional magnetic resonance imaging study, involving inhalation of subtussive
concentrations of capsaicin, suggest these gender prevalence effects may reflect differences in central
neural processing of the cough sensation [27]. Interestingly, boys and girls have a similar cough reflex
sensitivity, and this gender difference appears during puberty [32]. It can be speculated that women have
evolved a heightened cough reflex to protect themselves against aspiration during pregnancy.
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FIGURE 1 a) Ascending and descending neural pathways involved in the cough reflex. b) Stimulation and activation of airway sensory neurons.
Essentially, noxious stimuli or inflammation cause an increase in intracellular calcium which opens the pannexin channel and releases ATP to
activate P2X3 channels on sensory nerves. This leads to cell depolarisation potentially triggering the opening of NaVs and generating an action
potential which is carried through the vagus nerve to the central nervous system. Mechanisms for the cough reflex still have to be fully established
in humans; many other pathways and receptors are probably involved. Ca®*: calcium; NaV: voltage-gated sodium channel; Na®: sodium; TRPA:

transient receptor potential ankyrin; TRPM: transient receptor potential melastatin; TRPV: transient receptor potential vanilloid. Reproduced and
modified from [5, 13].
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Gender and age effects are likely to be modulated by environmental or social influences. In some
countries, such as South Korea [33] and China [28], chronic cough is more prevalent in males, with a
study of chronic cough in the general population of South Korea (n=18071) reporting a prevalence of 3%
in males compared with 2% in females (p<0.001) [33]. The authors attributed this to differences in
smoking habits. A study in China of 1882 patients with chronic cough, of whom 87% had never smoked,
found that they tended to be younger (43 years) than is typically observed in Western countries, with no
observable gender differences [34]. The authors speculated that the different characteristics of their patient
population reflected the levels of air pollution to which their patients were exposed.

Chronic cough can persist for many years [35]. In a cross-sectional European survey (n=1120), 20% of
patients reported a cough duration of >10 years [36] and approximately 10% of patients reported a cough
duration of >30 years in a questionnaire-based survey in the UK (n=373) [30]. A study in Finland (n=421)
found that 57% and 26% of patients still had chronic cough 1 and 5 years, respectively, after their first
assessment [37], with symptoms of peptic gastro—oesophageal reflux being the main predictor of
persistence at 1 year (n=165) [38]. Of the patients with symptoms of peptic gastro—oesophageal reflux,
63% had received treatment with proton pump inhibitors. A longitudinal study of unexplained chronic
cough in the UK over 7-10 years (n=42) also demonstrated that not only does cough persist, with cough
severity unchanged in 24% of patients, but there was an increase in severity over time in 36% of patients.
Unexpectedly, patients with longitudinal spirometry data were also found to have declines in forced
expiratory volumes over 1 s that were well above what would be expected in a population of non-smoking
patients of the same age [39].

Physical effects of chronic cough

Cough is typically assessed in terms of frequency using electronic cough monitors [40, 41] and in terms of
severity with a visual analogue scale. Monitors assess cough frequency (typically expressed as coughs per
hour measured over a 24 h period), but do not capture the episodic nature of chronic cough — a primary
factor in the disease burden experienced by patients. Typically, higher cough rates are observed during the
day, with recent clinical trials in patients with RCC recording mean rates of 37-65 coughs per hour during
the day (awake) and 4-10 coughs per hour during sleep at baseline [42, 43]. Cough frequencies in excess
of 700 per hour have been reported [44].

In addition to the physical act of coughing, patients report numerous physical and/or psychosocial effects
associated with cough [45]. These commonly include breathlessness, wheezing, fatigue, exhaustion, sleep
disturbance, impairment of speech, retching, vomiting and interference with daily activities [2, 30, 45, 46],
as well as urinary incontinence. This last symptom is most common in women, with 55-66% of women
versus only 5% of men reporting it as an issue with a significant impact on their quality of life (QoL) [2,
30, 47, 48]. If the cough is sufficiently severe, it can generate very high intra-abdominal and intrathoracic
pressures, producing chest pain and, less commonly, rib fractures and hernias [46]. Around 10% of patients
[30], almost exclusively male, develop cough syncope [49], sometimes with fatal consequences, and the
mandatory driving licence loss has a major impact on employment prospects [50].

Misdiagnosis of the underlying cause of the cough also adds to patient burden since patients are
unnecessarily exposed to inappropriate investigations or ineffective treatments. For example, cough is often
reported as the most troublesome symptom in patients where CHS co-exists with asthma or chronic
obstructive pulmonary disease (COPD) and oral corticosteroids may be escalated to treat the presumed
asthma symptoms [5] with little impact on the chronic cough, but an increased risk of serious side-effects
[51, 52]. More generally, antibiotics are also often prescribed to treat cough. In a recent UK survey (n=198
151), 43% of adult patients with probable chronic cough (n=1600) and 55% of patients with possible
chronic cough (n=10913) were prescribed an antibiotic on the index date of the study [23]. Such
indiscriminate use of these medications not only has consequences for healthcare costs, but it also
represents a risk to the patient in potential adverse events (AEs) as well as contributing to increased
antibiotic resistance within the community.

A number of conditions, including irritable bowel syndrome [2], obstructive sleep apnoea [2], obesity [33,
53], thyroid disease [54], neuropathic syndromes [2], GORD [44], asthma [44] and allergic rhinitis [44],
are common in patients with chronic cough, contributing to the disease burden.

Psychological effects of chronic cough

A high prevalence of psychological effects is associated with chronic cough and the impact on mental
health has been reported to be comparable to that of stroke or Parkinson’s disease [55]. In a US
observational study of patients with chronic cough (n=136), the most frequent patient-reported problems
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were frustration, anger and anxiety [56]. A UK study assessing psychological profiles of patients with
chronic cough (n=67 (explained cough, n=42; RCC, n=25)) versus 22 healthy participants without cough
symptoms reported that RCC patients had significantly higher levels of anxiety, depression, fatigue and
somatic physical symptoms than non-cough participants [57]. They also had higher depression and fatigue
scores and significantly more negative illness representations than patients with explained cough [57].
Clinical levels of anxiety were more common in patients with RCC (52%) than patients with explained
cough (38%) [57]. Anxiety and depression have been reported in 33-52% and 16-91% of patients with
chronic cough, respectively [36, 57-59]. A UK-based study reported higher levels of emotional distress
including anxiety (48% of cough patients) and psychoneurotic symptoms than would be expected in a
healthy population [59]. One reason for this anxiety, as highlighted in a US study (n=39), is a fear that the
chronic cough represents serious disease [45].

Gender-related differences in psychological effects have also been noted. In a European survey (n=1120), a
significantly higher proportion of women than men reported feeling fed up or depressed (difference in
proportion: 5% (95% CI 0-9%)) as well as experiencing more limitations on their activities (difference
in proportion: 10% (95% CI 4-16%)) due to their cough [36].

Effects of chronic cough on QoL

Reflecting the frequency and the severity of bouts of coughing, chronic cough can have a serious negative
impact on patients’ QoL. Indeed, the impact on QoL is reported to be similar to that of other respiratory
diseases including COPD, asthma and bronchiectasis [45, 60]. This effect remains even after factoring out
contributions from comorbid asthma and COPD, or other independent confounding variables such as
depression or arthritis [61].

The psychological and physical impacts of chronic cough interfere with all aspects of patients’ lives,
including daily living activities, social interactions, home management and recreational activities [30, 36].
Importantly, patients may experience cough in response to trivial triggers, such as odours, changes in air
temperature, fatigue/stress or talking [62, 63], that are very difficult to avoid. As a result, chronic cough
can have a substantial psychosocial impact, with the potential for reduced work productivity and even job
loss [37, 61, 64]. In a multinational European survey (n=1120), 96% of patients reported that their cough
affected their QoL, 94% that it disturbed or worried their family and friends, and 81% that it affected
activities they liked to do [36]. QoL in women seems to be particularly affected by chronic cough. They
tend to score higher than men on the Cough-specific QoL Questionnaire (CQLQ), possibly because they
are more likely to be affected by incontinence with psychosocial consequences due to embarrassment [65].
They may also have a lower pain threshold which possibly indicates higher pain sensitivity [66]. Data from
a Korean population (n=30021), based on the EuroQoL five-dimension three-level component index score,
further suggest that women aged >65 years with chronic cough are particularly impacted versus a similar
group without chronic cough (0.55+0.04 versus 0.70+0.01, p<0.001) [61]. Patients may avoid or be
uncomfortable in social situations due to the embarrassment of coughing or its effects (e.g. urinary
incontinence, retching, vomiting) and/or the perception by others that they have a contagious condition
(particularly epidemics associated with respiratory diseases) or are a heavy smoker [46]. This was
demonstrated in a UK survey (n=373) in which 64% of patients felt that their cough interfered with their
social life [30].

Chronic cough also has a negative impact on personal relationships, with “spouses not being able to
tolerate the cough” stated as one of the key reasons for patients’ health-related dysfunction in a US
observational study (n=39) [45]. The effect of chronic cough on QoL is not necessarily limited to the
frequency or severity of the cough. Despite only occasional paroxysms of coughing, it may still seriously
impact a patient’s QoL if they experience effects such as cough-related double incontinence or
life-threatening cough syncope [67].

Economic burden

Though little studied to date, chronic cough is likely to have a significant economic burden as a
consequence of impacts on job productivity, including time missed from work and absenteeism to provide
care to others [68, 69]. For example, in a Finnish survey (n=421), 16% of patients with chronic cough had
>7 sick days and 20% had >3 doctor’s visits due to cough within 12 months [37]. Further direct costs
include physician fees or consultation costs, diagnostic tests and prescription or over-the-counter drug
costs. These costs may be unaffordable for many patients, particularly in low-income countries [70].

Costs for treating cough are compounded by poor general understanding of chronic cough and RCC, and
multiple unnecessary and often unhelpful investigations. In a community-based questionnaire survey about
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chronic cough (n=373), 91% of respondents had seen a general practitioner for their cough, while 61% had
been referred to hospital specialists and only 40% had been successfully treated [30]. Furthermore, some
investigations involving tools such as computerized tomography are unlikely to be informative about
chronic cough, but the increased exposure to radiation increases the risk of AEs or cancers, particularly
breast cancer, in a population of patients which predominantly comprises middle-aged women [2].

Diagnosis

The patient’s journey to diagnosis of RCC is often protracted due to several limiting factors, further
impacting the patient burden. Several respiratory societies have published guidelines for the diagnosis and
management of cough, but they vary in the terminology and definitions of RCC [2, 3, 68, 71]. Generally,
guidelines recommend a comprehensive clinical history [72], physical examination and focused diagnostic
testing, followed by a stepwise empirical therapeutic regimen [2]. Initial investigations are designed to
detect or exclude treatable causes or serious underlying disorders [2, 22, 25]. Once obvious causes for the
cough have been excluded, clinicians can focus on understanding the impact of the cough on the patient
and the options for management. Not surprisingly, treatment can be substantially delayed due to this
prolonged diagnostic testing, with too many tests and physician visits and poor access to specialist cough
centres. In one study of patients in tertiary care (n=136), the median duration of cough was 18 months,
with the mean exceeding 4.5 years [56]. Patients complained about frequent physician visits and testing.
This frustration can be further compounded if an explanation for the cause of their cough is not
established. These findings highlight the need to consider patient satisfaction in patient management
guidelines.

Assessing the impact of chronic cough in the clinic typically relies on the use of standard instruments for
the assessment of other respiratory conditions such as asthma [2, 73]. However, these only consider cough
as a symptom, and the possibility that the cough represents a distinct condition (CHS) is frequently
overlooked, particularly in primary care [23]. These instruments also fail to capture some of the key issues
impacting patients with unexplained cough, such as anger and frustration over the ineffectiveness of
therapies and the perception of helplessness [56].

Patient report-based outcome (PRO) measures play a vital role in supporting assessment in clinical studies.
They capture many issues that cannot be assessed effectively by objective measures as well as being
cheap, readily available to all clinics, and convenient and easy to use for the patient, unlike objective
measures of cough frequency. A number of PROs have been designed to capture different aspects of
interest for the clinician (table 1 [74-98]).

The simplest method for gauging cough severity is to ask the patient to score their cough out of 10. Patient
diaries including the Cough Severity Diary [92] and more recently the Severity of Chronic Cough Diary
[99] have been developed to capture the severity and impact of cough and potentially to define endpoints
for clinical trials [99].

The HARQ was specifically developed to codify the symptom complex in chronic cough, assessing
diagnostic components of the history [94]. It has since been used to assess patients with unexplained
respiratory symptoms [18] and to support the diagnosis of chronic cough in patients participating in
clinical trials [95, 96]. For, example, in COUGH-1 and COUGH-2, the HARQ score was elevated in 95%
of over 2000 rigorously identified patients with chronic cough [4].

A number of health-related QoL (HRQoL) tools are available for assessing the impact of chronic cough on
QoL (table 1). The most commonly used tools are the Leicester Cough Questionnaire (LCQ) [74-76, 83—
85] and the CQLQ [77, 86, 87], which have been used in numerous clinical trials [78-81, 88, 89] and are
recommended by guidelines [2, 82]. HRQoL tools and PROs targeting symptoms, severity and impact of
CHS will help to streamline the diagnostic pathway.

One way to improve the individualised management of cough is to move away from rigid definitions of
airway disease and consider cough in terms of treatable traits [5, 21, 100]. It is important to diagnose the
mechanism driving CHS in each patient and find validated methods to identify patients likely to respond.
Predictors of response identified to date include eosinophilic airway inflammation as a predictor of
corticosteroid response or elevated oesophageal acid as a marker of GORD-related cough and potential
benefit of proton pump inhibitors [5, 100]. Higher baseline cough frequency may predict the response to
P2X3 receptor antagonists [43], although further research is needed to identify predictors of the efficacy of
these agents. Comprehensive understanding of the relationship between biological mechanisms (endotypes)
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TABLE 1 Patient report-based outcome (PRO) to assess disease burden or treatment efficacy in adults with chronic cough

HRQoL tools

Name Domains/items Rating MCID Comments
LCQ [74] 19 items over three domains: physical; Seven-point Likert scale 1.5-2.5 [75, 76, 77] Developed and validated in chronic
psychological; social. (1=all of the time; cough [74].
7=none of the time). Used to assess treatment efficacy in

clinical trials [78-81].
Recommended in guidelines [82].
Well validated [77].

MCID defined [76, 77].
Translations are available in 60
languages, including a range of

European languages, Thai [83],

Mandarin Chinese [84] and

Korean [85].

cQLQ 28 items over six domains: physical Four-point Likert scale 10.6 [87] Developed and validated in chronic
score complaints; extreme physical (1=strongly disagree; 10.6-21.9 cough [86].
[86] complaints; psychosocial issues; 4=strongly agree). [77, 82] Used to assess treatment efficacy in
emotional wellbeing; personal safety clinical trials [88, 89].
fears; functional abilities. Recommended in guidelines [82].

Well validated [77].
MCID defined [77].

ACOS [45] 29 items over two domains (physical; Yes or no. 10.6-21.9 [82] Superseded by CQLQ [82].
psychosocial).
CSS [90] Two items: cough severity in daytime Six-point scale (0=no Little clinical experience [77].
and night-time. symptoms; 5=most MCID not defined [77].
severe). Has been translated into Korean [91].
CSD [92] Seven items: frequency (three items); 11-point scale (0O=never;  >1.3 CSD (total Developed in response to patient
intensity (two items); disruptiveness 10=constantly). score) feedback [92].
(two items). —1l4to-1.1 Validated and MCID defined [93].
(domain Widely used in clinical trials.
scores) [93]
HARQ [94] 14 items covering major components Six-point scale (0=no 16 [94] Designed as a diagnostic test for
of chronic cough symptoms; 5=most chronic cough based on the
severe) symptoms of airway reflux [94].

High sensitivity and specificity [94].

Used in clinical trials [95, 96].

Translations are available in over 20
languages, including Mandarin
Chinese [97] and Swedish [98].

Available for download at
https://issc.info/

ACOS: Adverse Cough Outcome Survey; CQLQ: Cough-specific QoL Questionnaire; CSD: Cough Severity Diary; CSS: Cough Symptom Score; HARQ:
Hull Airway Reflux Questionnaire; HRQoL: health-related quality of life; LCQ: Leicester Cough Questionnaire; MCID: minimal clinically important
difference; RCC: refractory chronic cough. Adapted from [77].

and observed clinical features (phenotypes) is necessary if precision medicine is to become a reality for
treatable traits [21, 100].

Current treatments for chronic cough

A range of treatments is currently recommended for managing chronic cough (table 2 [101-111]). The
drugs with the strongest level of recommendation in European Respiratory Society (ERS) guidelines are
neuromodulators including low-dose morphine [78], gabapentin [96, 80], pregabalin [81] and amitriptyline
[112]. Identifying the correct treatment can be challenging, since it is often not clear which phenotype of
cough should be treated and patients can vary greatly in responsiveness [2]. Moreover, many of the
recommended treatments are used off-label, evidence for efficacy is limited or weak, and with
the exception of non-pharmacological treatments [101, 102], they can produce AEs [103-105, 106-109].
The ERS guidelines thus recommend that treatments be given as short-term trials (generally 1-2 weeks for
opiates and 2—4 weeks for other drugs) and either discontinued where there is no response or continued for
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Treatment

Evidence of efficacy/treatment recommendations

CHRONIC COUGH | A. MORICE ET AL.

Side-effects

Non-pharmacological cough control
therapy, such as physiotherapy
and speech therapy

Non-opioid and non-anaesthetic
antitussives
ICS and antileukotrienes

ICS and an LABA

Macrolides, e.g. azithromycin

Opioids

Tricyclic antidepressants

Gabapentin

Pregabalin

Few studies of non-pharmacological therapies.

Physiotherapy/speech and language (2 months)
[101]: reduced subjective cough score compared
with placebo treatment (MD 2.8 points; 95% Cl
1.3-4.0).

Physiotherapy/speech and language (weekly for
4 weeks) [102]: improved LCQ (+1.53 points; 95%
Cl 0.21-2.85); reduced cough frequency per hour
(fold change, 0.59; 95% CI 0.36-0.95); no
significant effect on VAS severity or QoL
outcomes.

Evidence is limited and of variable quality [2, 3, 25].

Evidence supporting the use of ICS or
antileukotrienes is weak [2]. Available trial data
are affected by incomplete assessments of
asthma, allergy and non-asthmatic eosinophilic
bronchitis [3].

ERS recommends a short trial (2—4 weeks).

Moderate evidence supporting use in patients with
fixed airway obstruction.

Salmeterol+fluticasone twice daily [106]: improved
cough severity score compared with placebo
(scale: 0-4) (MD —0.09; 95% CI —0.17, —0.01).

Short-term trials of 24 weeks are recommended.

Limited evidence for routine use.

Can be considered if chronic bronchitis refractory to
other therapy for a 4-week trial [2].

COPD GOLD stage >2 and chronic productive cough
[108]: improved cough-specific QoL (LCQ; MD 1.3;
95% Cl 0.3-2.3; p=0.01).

In a double-blind, placebo-controlled study,
slow-release morphine sulphate, 5 mg twice daily,
improved the LCQ score by 3.2 points (p<0.01
versus baseline; p<0.02 versus placebo) and
reduced cough severity recorded in a daily cough
diary (p<0.01 versus baseline) [78].

In a small case series, 72% of patients responded to
treatment, as determined by subjective physician
assessment of percentage improvement in cough
symptoms [111].

Significant improvement in LCQ versus placebo in a
randomized, double-blind, placebo-controlled
trial. Mean between-group difference: 1.80 (95%
Cl 0.56-3.04; p=0.004) [80].

Reduction in cough frequency versus placebo (1 h of
observation). Mean between-group difference:
—27.3% (95% Cl —51.8 to —2.9; p=0.028) [80].

Reduction in cough severity versus placebo. Mean
difference on VAS: —12.23 points (95% Cl —23.2 to
—1.3; p=0.029) [80].

Improvement in LCQ versus placebo in a
randomized, controlled trial (both arms received
speech pathology therapy). Mean difference: 3.5
points (95% CI 1.1-5.8; p=0.024) [81].

Improvement in cough severity. Mean difference on
VAS: 25.1 (95% Cl 10.6-39.6; p=0.002) [81].

None.

Vary depending on the treatment used: see
literature for details.

Sore and dry throats (ICS) [103].

Headache, gastrointestinal disturbances, increased
mucus production [104]; neuropsychiatric events
(antileukotrienes) [105].

Sore and dry throat (ICS) [103], muscle cramps
and muscle twisting (LABA) [103], potential risk
of pneumonia with fluticasone in patients
comorbid with COPD [107].

Nausea, diarrhoea, headaches or changes to sense
of taste [109].

Constipation, drowsiness, risk of dependency [2, 3,
110].

Sedation, dry mouth, anxiety [111].

Confusion, dizziness, dry mouth, fatigue, nausea,
blurred vision, cognitive changes [2, 3].

Dizziness, fatigue, cognitive changes, nausea,
blurred vision [2].

Cl: confidence interval; COPD: chronic obstructive pulmonary disease; ERS: European Respiratory Society; GOLD: Global Initiative for Chronic
Obstructive Lung Disease; ICS: inhaled corticosteroids; LABA: long-acting bronchodilator; LCQ: Leicester Cough Questionnaire; MD: mean difference;
QoL: quality of life; VAS: visual analogue scale.
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a couple of months until the cough subsides [2]. While rational in the context of available treatments, this
strategy can be lengthy.

Treatments for RCC under investigation

The unsatisfactory efficacy of many current treatments is illustrated by a Europe-wide survey (n=1120), in
which limited or no effectiveness was reported by 57% and 32% of subjects, respectively [36]. This
reflects the fact that available treatments fail to target the underlying cough phenotypes [2]. New classes of
treatment are, however, beginning to emerge.

The hypothesis that ATP is a neurotransmitter acting via specific purinergic receptors was first proposed by
Geoffrey Burnstock in the 1970s [113, 114]. Subsequent research demonstrated that ATP is a
co-transmitter in all peripheral and central nerves, leading to the investigation of purinergic receptor
antagonists in a wide range of settings, including pain, overactive bladder, endometriosis and chronic
cough [115-117]. Signalling by ATP occurs via purinergic P2 receptors, including ligand-gated ion
channels (P2X) and G-protein-coupled receptors (P2Y) [118-120]. There are seven subunits of P2X
receptor (P2X1-P2X7), which can form homotrimers (e.g. P2X3) and heterotrimers (e.g. P2X2/3) [120-
122]. The P2X3 receptor has been shown to regulate afferent sensory nerve fibre ATP-mediated signalling
in the vagus of animals and humans, provoking the cough reflex [7, 123-125]. It is still not clear whether
CHS results from changes in P2X3 receptor function, increased receptor density or excessive release of
ATP from damaged cells acting on the receptors, although recent studies have demonstrated increased
airway sensory nerve density in chronic cough [12]. In reality, cough hypersensitivity is likely to be a
combination of several pathophysiological mechanisms.

The development of new potential treatments for RCC, including the first-in-class P2X3 and P2X2/3
receptor antagonist gefapixant [41, 42, 126, 127], as well as more the recently developed eliapixant (BAY
1817080) [128], filapixant (BAY 1902607) [129], BLU-5937 [130], sivopixant (S-600918) [131, 132] and
agents acting on other pathways, has provided new insights into the pathophysiology of RCC including the
role of P2X3 receptors in humans [13, 133-135]. The clinical effects of these agents are in contrast to data
from animal studies [136]; this observation demonstrates the marked differences in receptor distribution
and function between species.

In randomized controlled trials, gefapixant was found to reduce cough reflex sensitivity, cough frequency
and cough severity compared with placebo in patients with RCC [42, 43, 126, 137, 138]. It was also
shown to diminish cough induced by ATP and distilled water, but not the protective cough reflex induced
by either citric acid or capsaicin, providing evidence for the peripheral target engagement of ATP-activated
P2X3 receptors in the pathophysiology of chronic cough [137]. However, though serious AEs were rare,
taste AEs, mainly dysgeusia, were observed in 58-69% of patients receiving gefapixant 45 mg twice daily
in phase III trials [138].

Gefapixant has marginal selectivity for P2X3 over P2X2/3 receptors and the observed taste disturbances
are thought to reflect an off-target effect on the P2X2/3 heterotrimers located in the taste buds [2, 42, 130,
139]. Preclinical studies and early clinical trials suggest that compounds more selective for the P2X3
homotrimeric receptor over the P2X2/3 heterotrimer, such as eliapixant [128], BLU-5937 [130] and
sivopixant [131, 132], reduce cough frequency (table 3) and severity (table 4), although substantial placebo
effects complicate the interpretation of the results. The data also suggest a reduced risk of taste AEs
compared with gefapixant, although the findings need to be treated with caution since no comparative
studies between P2X3 receptor antagonists have been published, and comparisons across trials are
complicated by differences in design, treatment duration, patient population and extent of placebo effects.
Further investigations are therefore needed to confirm the potential of P2X3 receptor antagonists as a class
for the treatment of patients with RCC.

Apart from P2X3, other pathways/receptors appear to be involved in CHS, including neurokinin-1 receptor
(NK-1) and the transient receptor potential vanilloid (TRPV) 1 and 4 receptors (figure 1). Alternative
classes of drugs are in development to target these receptors [134], with mixed results. The archetypal
TRPV1 agonist capsaicin is under investigation for the relief of cough and airway symptoms in patients
with chronic idiopathic cough (NCT04125563). The NK-1 receptor antagonist orvepitant reduced cough
frequency and severity in a phase 2 pilot trial [140]. Drugs acting as antagonists of the TRPV 1 and 4
receptors, TRPA 1 receptors and voltage-gated sodium channel subtype NaV1.7 have so far proven
ineffective in phase II studies [1, 139, 141-144], as has the o7 neuronal nicotinic receptor agonist
bradanicline [145].
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TABLE 3 Clinical phase Il and phase IlI trial results assessing effects of P2X3 receptor antagonists versus placebo on awake cough frequency in patients with refractory chronic cough (RCC)

Drug

Dose regimen (n); design, duration

Cough frequency

Baseline coughs per hour,

End of treatment coughs per

Mean % change in

Taste AEs, % (dysgeusia,

time period meanzsp hour, meanzsp cough frequency versus hypogeusia)
Placebo Active Placebo Active e, (£ Gl Placebo Active
Gefapixant, (phase II) 600 mg twice daily (n=24); 2 weeks Awake 65.5£163.4 37.14£32.2 43.6+51.4 11.0+8.3 —75 (—88, —50), p=0.0003 0,0 88, 54
[42] (n=21) (n=19) (n=21) (n=19)
24 h 44.7+105.2 26.6+22.6 28.9+31.2 7.7+6.0 —74 (—87, —46), p=0.001
(n=20) (n=18) (n=20) (n=18)
Gefapixant dose Part 1: 50-200 mg twice daily (n=29); Awake Part 1: Part 1: Part 1: Part 1: Part 1: —41 (—59, —15), 0,0 Part 1: 46—
escalation, (phase crossover, 16 days 52.8+40.4 54.5+41.1 54.0£39.3 28.0+23.8 p<0.05 to —57 (-73, —31), 85,
1) [43] Part 2: Part 2: Part 2: Part 2: Part 2: p<0.05 7-15
7.5-50 mg twice daily (n=30); 46.1+39.8 49.6+44.0 50.6+34.4 27.0£27.4 Part 2: —15 (=35, 13) to Part 2: 7-53,
crossover, 16 days —56 (—72, —31), p<0.05 NA
24 h Part 1: Part 1: Part 1: Part 1: NA, p<0.05
37.9£27.5 39.7£28.4 40.6+28.4 21.3£18.0 NA, p<0.05
Part 2: Part 2: Part 2: Part 2:
32.2+28.0 36.3+32.3 37.3+25.9 20.84+20.5
Gefapixant, (phase Iib) 7.5-50 mg twice daily (n=253); Awake 27.6+2.3" 24.143.0* to 18.243.1% 11.3+2.8" to —22 (—42, —5), p=0.097 to 5,2 10-48, 0-24
[126] 12 weeks 28.8+2.2" 14.5+3.7% —37 (-53, —15), p=0.0027
24 h 20.5+2.2" 17.6+3.0" to 13.7+2.9% 8.5+2.8" to —21 (—40, 5), p=0.10 to
21.9+2.2% 10.8+3.6" —38 (=53, —17), p=0.0014
Gefapixant (phase I11) 15 mg twice daily; 45 mg twice daily 24 h COUGH-1: COUGH-1: COUGH-1: COUGH-1: 9.7%; COUGH-1: 2 (-16, 23), ns COUGH- 1: COUGH-1:
[138] COUGH-1 (n=730): 12 weeks 22.8" 19.9"; 18.2" 10.3" 71" —18 (—33, —1), p=0.041 3 11, 58
COUGH-2 (n=1314): 24 weeks COUGH-2: COUGH-2: COUGH-2: COUGH-2: 8.1"; COUGH-2: -1 (-14, —14), COUGH-2: COUGH-2:
19.5" 19.4"; 18.6" 8.3" 6.8" ns 8 20, 69
—15 (26, —1), p=0.031
Eliapixant (phase lla) 10-750 mg twice daily (n=40); Awake 33.3+2.5" 35.4+2.5" 30.5+2.5" 10 mg: 10 mg: 5 (=11, 24)", ns 3,0 0-10, 0-3
[128] crossover, 3 weeks (n=39) 30.0+2.7 (n=39) 50 mg: —16 (—29, 0.3)",
50 mg: p<0.05
25.642.8 (n=39) 200 mg: —24 (-36, —11)",
200 mg: p=0.002
229427 (n=39) 750 mg: —26 (-38, —13)",
750 mg: p=0.002
22.6+2.4 (n=38)
24 h 25.5+2.5% 26.6+2.5" 22.642.5 10 mg: 10 mg: 10 (=7, 29)", ns
22.842.6 (n=39) 50 mg: —15 (—28, 0.4)", ns
50 mg: 200 mg: —23 (—34, —-9)",
18.8+2.8 (n=39) p=0.004
200 mg: 750 mg: —25 (-37, —12)°,
17.1£2.6 (n=39) p=0.002
750 mg:
16.6+2.4 (n=38)
Filapixant (phase lla) 20-250 mg twice daily (n=23); 24 h NA NA NA NA 20 mg: NA, ns 12 4-57
[129] crossover, ascending-dose, 4 days 80 mg: —17, p=0.015
per dose 150 mg: —28, p<0.001
250 mg: —37, p<0.001
Sivopixant (phase lla) 150 mg every day (n=31); crossover, Awake NA NA NA NA —32 (—54, 1), p=0.055 NA 3,3
[131] 2 weeks 24 h NA NA NA —31, (p=0.0386)

Data are arithmetic meanzsp unless otherwise stated. *: Geometric meantgeometric sp. ‘. Geometric mean. *: 90% credible limits. AE: adverse event; Cl: confidence interval; NA: not available; ns:

non-significant; RCC: refractory chronic cough.
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TABLE 4 Clinical phase Il and phase Il trial results assessing effects of P2X3 receptor antagonists versus placebo on cough severity (VAS) in patients with refractory chronic cough (RCC)

Drug

Dose regimen (n); design, duration

Baseline cough severity
(VAS) mm, meanzsp

End of treat

ment cough

severity (VAS) mm, meanzsp

Estimated mean difference from
baseline in cough severity (VAS)
mm, (95% CI)

Mean change in cough
severity versus placebo,
(VAS) mm, (95% Cl)

Placebo Active Placebo Active Placebo Active
Gefapixant, (phase Il) 600 mg twice daily (n=24); 2 weeks 52.7£16.1 48.8+20.7 52.0£20.7 27.4+28.0 NA NA —25.6 (—41.5, —9.6), p=0.003
[42]
Gefapixant dose Part 1: 50-200 mg twice daily Part 1: Part 1: Part 1: Part 1: NA NA Part 1: —20.0 (—33.6, —6.3) to
escalation (phase (n=29); crossover, 16 days 52.2+19.2 58.4+18.7 55.61£24.1 28.0£26.2 —33.8 (—48.4, —19.1)
1) [43] Part 2: 7.5-50 mg twice daily Part 2: Part 2: Part 2: Part 2: Part 2: —15.6 (—27.6, —3.6) to
(n=30); crossover, 16 days 57.2+23.7 54.5+24.3 48.0+£27.0 30.4+25.3 —15.4 (—30.4, —0.5)
Gefapixant (phase 7.5-50 mg twice daily (n=253); 57.4+23.1 56.7+20.7 to 39.3+28.1 27.9+22.4 to -16.7 —21.1 (-27.2, —15.1) -4.4 (-12.9, 4.0), p=0.3 to
Ib) [126] 12 weeks 58.325.1 35.0£23.6 (—22.7, to —27.9 (—34.1, -11.2 (-19.7, -2.6), p=0.0108
-10.7) —21.6)
Eliapixant (phase Ila) 10-750 mg twice daily (n=40); 70.6+17.3 71.4+16.3 66.4+19.1 10 mg: 2.9 10 mg: —4.2 (1.3, 10 mg: —1.4 (3.9, —6.4), ns
[128] crossover, 3 weeks (n=39) (n=39) 67.2421.8 (1.7, 7.5)%, —9.7)% ns 50 mg: —6.7
(n=38) ns 50 mg: —9.6 (—4.3, (-1.7, =11.7)*, p<0.05
50 mg: -15.1)*, p<0.05 200 mg: —9.3 (—4.1, —14.4)",
61.0£21.4 200 mg: —12.2 p<0.05
(n=39) (—6.8, —17.6)“, 750 mg: —14.5
200 mg: p<0.05 (—9.4, —19.6)", p<0.05
58.5+23.2 750 mg: —-17.4
(n=39) (—12.1, —22.9)",
750 mg: p<0.05
53.0+£23.3
(n=38)
Filapixant (phase lla) 20-250 mg twice daily (n=23); NA NA NA NA NA NA 20 mg: NA, ns
[129] crossover, ascending-dose, 4 days 80 mg: —8.1 (1.9, —14.3),
per dose p=0.017
150 mg: —14.3 (-8.0, —20.7),
p<0.001
250 mg: —20.8 (—14.7,
—217.0), p<0.001
Sivopixant (phase lla) 150 mg every day (n=31); crossover, NA NA NA NA -12.4 —18.8 —6.4, p=0.1334

[132]

2 weeks

Data are meanzsp unless otherwise stated. *: 90% credible limits. Cl: confidence interval; NA: not available; ns

: non-significant; VAS: visual analogue scale.
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In the search for an effective treatment for RCC, it is important to note that there are many gaps in current
understanding of the condition, including its complex pathophysiology, epidemiology, assessment and
management, and more particularly its disease burden [2]. It is clear, however, that RCC is heterogeneous
in its central and peripheral nervous pathways, underlying diseases and clinical presentations [5, 146]. It is
unlikely that a single treatment will be effective in all patients and combination therapy may be required in
selected patients. To identify more effective antitussives, it will be important to establish effective research
collaborations across multiple sites supported by common investigative and management approaches. With
this end in mind, the NEw Understanding in the tReatment Of COUGH (NEUROCOUGH) Clinical
Research Collaboration was recently set up [147]. Its key aims are to improve patient care by enhancing
clinical expertise, to establish a registry of patients with chronic cough, to increase general understanding
of chronic cough through public engagement and to enhance training and research capacity through
encouraging young clinicians to enter the cough field.

Other issues that should be considered when evaluating treatments for RCC include placebo effects and
regression to the mean. Some studies have suggested that up to 85% of the efficacy of cough medicines is
due to a placebo effect [148]. This effect derives partly from “physiological” actions relating to the
formulation or taste of the preparation, and possibly a specific effect of a sweet taste, independent of any
active ingredient [148-150]. This is a substantial component in the efficacy of cough syrups, though it has
little or no relevance to tablet or capsule formulations [148-150]. There is also the “psychological”
placebo effect of the patient’s belief in the efficacy of therapy, which may influence central cough
pathways [149, 151], and natural recovery during the period of administration [148]. Regarding regression
to the mean, patients with high activity of a variable disease tend to have values closer to the mean on
reassessment even without treatment [152, 153]. When such individuals receive treatment or are recruited
into clinical trials, this can lead to artificial inflation of efficacy results [152, 153]. Randomized,
placebo-controlled trials can diminish this tendency, as all treatment groups should be equally subject to
regression effects, and analysis of covariance can be used to adjust each patient’s follow-up measurement
based on their baseline values [152, 153].

Conclusions

CHS, the underlying entity of chronic cough and RCC, has been recognized as a distinct condition in
recent years. Available evidence suggests a considerable disease burden of chronic cough, including
physical and particularly psychological effects that significantly impair QoL. There is also an economic
burden, both on patients and on society, from loss of productivity and ineffective use of healthcare
resources. This is particularly true in patients with RCC, who by definition are refractory to current
therapy, reflecting the fact that these therapies are only partially effective in treating the underlying
pathology of cough. New treatments targeting underlying CHS are in advanced development, with the
potential to reduce the enormous clinical and societal burden of RCC.
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