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Mechanisms and Rationale for Targeted 
Therapies in Refractory and Unexplained 
Chronic Cough
Stuart B. Mazzone1,* and Lorcan McGarvey2,*

Chronic cough, defined as a cough lasting > 8 weeks, is a common medical condition that exerts a substantial 
physical, mental, and social burden on patients. A subset of patients with chronic cough are troubled with a cough 
that persists despite optimal treatment of presumed associated common and uncommon conditions (refractory 
chronic cough; RCC) or in which no diagnosable cause for cough can be identified despite extensive assessment 
(unexplained chronic cough; UCC). Many of these patients exhibit clinical features of cough hypersensitivity, including 
laryngeal paresthesia, hypertussia, and allotussia. Over-the-counter cough remedies are ineffective and can lead to 
intolerable side effects when used for RCC/UCC, and the lack of approved treatments indicated for these conditions 
reflects a major unmet need. An increased understanding of the anatomy and neurophysiology of protective and 
pathologic cough has fostered a robust clinical development pipeline of several targeted therapies for RCC/UCC. 
This manuscript reviews the mechanisms presumed to underly RCC/UCC together with the rationale and clinical 
evidence for several targeted therapies currently under clinical investigation, including transient receptor potential 
channel antagonists, P2X3-receptor antagonists, voltage-gated sodium channel blockers, neuromodulators, 
and neurokinin-1–receptor antagonists. Finally, we provide an overview of targets that have been investigated in 
preclinical models of cough and other airway diseases that may hold future promise for clinical studies in RCC/UCC. 
Development of targeted therapies with different sites of action may foster a precision medicine approach to treat 
this heterogeneous, underserved patient population.

Chronic cough (CC), defined as a cough lasting > 8 weeks, is a com-
mon medical condition with a global prevalence of approximately 
10% and a higher prevalence in Oceania, Europe, and the United 
States.1,2 The burden of CC can be severe, as patients with CC expe-
rience substantial physical effects (e.g., stress urinary incontinence, 
sleep disturbance, and chest pain), psychological consequences (e.g., 
frustration, anxiety, and depression), and social impairments (e.g., 
social distress/isolation and inability to carry out daily activities), 
leading to a reduced quality of life.3–5 Moreover, the burden of CC is 
often long-lasting, as some patients with CC experience symptoms 
that persist for several years despite numerous doctor visits, empiri-
cal treatment trials, and frequent medical testing.4–6

Although CC is often associated with underlying medical con-
ditions (e.g., asthma, gastroesophageal reflux disease (GERD), 
nonasthmatic eosinophilic bronchitis, and upper-airway cough 
syndrome), a subset of patients with CC have a cough that is ex-
tremely difficult to control. These cases may be characterized by 
either a cough that persists despite optimal treatment of presumed 
associated common and uncommon conditions according to best 
practice guidelines in an adherent patient (refractory chronic 
cough, RCC) or circumstances in which no diagnosable cause for 
cough can be identified despite extensive assessment for common 
and uncommon causes (unexplained chronic cough, UCC).2,7–9 

There is a significant unmet need for patients with RCC/UCC, 
as there are no treatments that have approved indications for these 
conditions. Over-the-counter, symptomatic cough suppressants 
(e.g., codeine, dextromethorphan, and benzonatate) have been 
used to treat CC but are associated with limited efficacy or promi-
nent drug-related adverse events (AEs), including sedation, risk of 
abuse, or overdose.10,11 Furthermore, treatments that successfully 
resolve CC associated with a specific condition may have no ef-
fect in RCC/UCC. For example, proton pump inhibitor therapy 
can be effective in relieving cough in patients with GERD with 
pathologic esophageal acid exposure by blocking gastric acid se-
cretion, but proton pump inhibitor therapy has limited efficacy 
in patients with normal esophageal acid exposure and in patients 
with UCC.12,13 Similarly, there is evidence that treatments such as 
inhaled corticosteroids and montelukast can be effective in reduc-
ing cough, but typically only in patients with evidence of an eo-
sinophilic phenotype.14,15 There is an imperative need for targeted 
therapies that can successfully block the pathways associated with 
pathologic cough responses that underly RCC and UCC while 
maintaining protective cough.

Although nonpharmacologic approaches have been investi-
gated for management of CC, this review provides an overview 
of pharmacologic treatments in development for RCC and 
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UCC that selectively target pathways implicated in the dysregu-
lation of the cough response. This review begins with a summary 
of current knowledge regarding the neurobiological and neuro-
physiological processes that are dysregulated in CC, followed by 
an overview of the most recent preclinical and clinical data for 
therapies that are in development for RCC/UCC. Finally, we 
briefly discuss novel targets that have been identified in preclin-
ical studies which may be potentially relevant for future treat-
ment of CC.

NEUROBIOLOGY OF PROTECTIVE AND PATHOLOGIC COUGH
Protective cough
Cough is needed to prevent aspiration and facilitate the clear-
ance of foreign bodies, irritants, and excess secretions from the 
airways.16,17 This typically occurs reflexively by activation of air-
way sensory fibers that arise from the nodose (inferior) or jugular 
(superior) ganglia of the vagus nerve and terminate peripherally 

Figure 1 The anatomical and molecular mediators of cough. (a) 
The cough cascade can be triggered in the airway by activation 
of vagal sensory neurons originating from the jugular and nodose 
ganglia. Airway sensory nerve activation results in an action potential 
being carried along the vagus nerve to the central nervous system 
via projections to the brain stem, specifically at the nTS and the 
Pa5. Release of neurotransmitters by these primary afferents can 
activate reflex pathways controlling respiratory muscles to evoke 
involuntary cough and/or second-order neurons projecting to higher 
brain regions that evoke behavioral cough or sensations of an urge 
to cough. (b) Stimulation and activation of airway sensory neurons. 
Ion channels expressed by vagal sensory nerves respond to various 
chemical and mechanical stimuli to trigger depolarization of the 
plasma membrane. Influx of calcium may trigger sensory nerves 
to release neuropeptides. One action of neuropeptides may be to 
bind to receptors on epithelial cells (e.g., NK-1), inducing release 
of proinflammatory mediators. Ion channels can also be found on 
airway epithelial cells, where stimulation can lead to calcium influx 
that triggers release of inflammatory mediators that may perpetuate 
further sensory nerve activation. Although the underlying mechanisms 
are not precisely known, ATP can be released through pannexin 
channels and activate P2X3 channels, leading to cell depolarization. 
Cumulative depolarization of a sufficient magnitude can trigger the 
opening of NaVs expressed by sensory nerves, leading to generation 
of an action potential carried through the vagus nerve to the central 
nervous system. (c) Action potentials carried by vagal afferents 
can trigger the release of glutamate to activate postsynaptic brain 
stem neurons via NMDA receptors. These afferent neurons may 
also release substance P, which can bind to NK-1 receptors and 
propagate the signal leading to cough. α7 nAChR agonists may play 
a role in cough via expression on separate neurons which, when 
activated, release GABA to inhibit the postsynaptic brain stem 
neuron, thereby halting the cough cascade. The actual CNS sites 
of action of therapies for chronic cough may be different and more 
complex than depicted, and the mechanism of action in chronic cough 
for some therapies (e.g., gabapentin, amitriptyline/nortriptyline) 
are not currently well known. ATP, adenosine triphosphate; Ca2+, 
calcium; CNS, central nervous system; GABA, γ-aminobutyric acid; 
Glu, glutamate; GPCR, G protein–coupled receptor; nAChR, nicotinic 
acetylcholine receptor; NaV, voltage-gated sodium channel; NA+, 
sodium; NK-1, neurokinin-1 receptor; NMDA, N-methyl-D-aspartate 
receptor; nTS, nucleus of the solitary tract; Pa5, paratrigeminal 
nucleus; P2X, ATP-gated (purine) cation channel subtype 3 and 2/3; 
SP, substance P; TRP, transient receptor potential; TRPA, TRP ankyrin; 
TRPM, TRP melastatin; TRPV, TRP vanilloid.
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near the epithelium in the larynx, trachea, and large intrapulmo-
nary bronchi and centrally in the brain stem (Figure 1a–c).16–18 
Two distinct subtypes of vagal afferent fibers are thought to be 
the primary mediators of the cough response. Aδ-fibers, origi-
nally referred to as “cough receptors,” are axons of myelinated 
neurons that are sensitive to punctate mechanical stimulation 
(touch) and rapid acidification but relatively insensitive to other 
chemical stimuli.16–18 Because of this responsiveness to mechan-
ical stimuli, Aδ-fibers are thought to play a critical role in me-
diating the protective cough reflex in response to foreign body 
aspiration and excessive secretions. In contrast to Aδ-fibers, 
C-fibers are unmyelinated and express receptors that enable 
them to respond to a wide array of chemical stimuli, including 
capsaicin, bradykinin, ozone, allyl isothiocyanate, prostaglandin 
E2 (PGE2), adenosine, adenosine triphosphate (ATP), nicotine, 
and many cytokines.17 Characterization of airway Aδ-fibers and 
C-fibers has predominantly been performed in preclinical spe-
cies (e.g., guinea pigs and mice), though immunohistochemical 
research using biopsies from humans have revealed comparable 
nerve terminal structures in the airway mucosa.19 Additionally, 
the ability of humans to functionally respond to mechanical and 
chemical stimuli suggests that functionally equivalent receptors 
are most likely also present in human airways.20

Chemical, mechanical, and thermal stimuli can trigger the opening 
of specific ion channels expressed by the terminals of vagal sensory 
nerves, which in turn induces a membrane depolarization known as 
a “generator potential.”21 Generator potentials of sufficient magni-
tude stimulate the opening of voltage-gated sodium channels, lead-
ing to action potentials and sensory nerve activation. The majority of 
chemical mediators that evoke generator potentials act via ionotropic 
receptors (e.g., transient receptor potential vanilloid-1 (TRPV1) 
and P2X receptors), which consist of ion channels that are opened 
in response to binding specific ligands such as capsaicin or ATP.21,22 
Sensory nerve excitability can also be affected by ligands binding to G 
protein–coupled receptors (GPCRs), which then gate ion channels 
or increase or decrease the responsiveness to ionotropic-receptor acti-
vation through complex signaling pathways.21,22

Experiments in preclinical species have demonstrated that 
airway sensory nerve activation results in an action potential 
being carried along the vagus nerve to the central nervous sys-
tem (CNS) via projections to the brain stem nucleus of the 
solitary tract (nTS) and paratrigeminal nucleus.23,24 Release of 
neurotransmitters at synapses between these projecting neurons 
and second-order brain stem neurons can lead to activation of 
projections to other brain stem nuclei involved in cough gener-
ation or higher brain regions involved in cough perception and 
descending modulatory control (Figure 1a,c).16,17,24–26 Central 
neurotransmission by vagal afferent neurons is predominantly 
mediated by glutamatergic signaling through non–N-methyl-
d-aspartate (NMDA) receptors, although other transmitters 
(e.g., substance P, neurokinin A, γ-aminobutyric acid (GABA), 
and ATP) and NMDA receptors can also play a role.17,23,25 
Ultimately, activation of these pathways can lead to involun-
tary cough reflexes, an urge to cough that may evoke voluntary 
cough, or behavioral controls that may lead to cough facilitation 
or suppression.24,26

Pathologic cough responses
Chronic cough is thought to arise from dysregulation of the vagal 
sensory nerves that mediate cough. The causative factors that con-
tribute to this dysregulation are the subject of intense investiga-
tion and could include both pathologic processes and genetic risk 
factors. Here, we focus our discussion on the pathologic processes 
as the potential roles of genetic factors that may influence this dys-
regulation are not currently well understood and are considered 
outside the scope of the current review.

The clinical characteristics of patients with CC have been previ-
ously described. Many patients with CC may exhibit features of hy-
persensitivity that are analogous to mechanisms that underly chronic 
pain.17,24,27 For example, many patients with CC exhibit laryngeal 
paresthesia, often reported as an abnormal sensation or irritability 
in the throat.27–29 Hypertussivity, which could be analogous to hy-
peralgesia, is characterized by stronger cough reactions in response 
to tussive agents.24,27 Allotussia occurs when low-level stimuli that 
do not usually evoke cough (e.g., talking, singing, and laughing) lead 
to a strong urge to cough, a feature similar to allodynia.27–29 Such 
features are sufficiently typical in CC that the term “cough hyper-
sensitivity syndrome” has been endorsed to describe this condition.24

Multiple interrelated mechanisms have been hypothesized to con-
tribute to cough hypersensitivity syndrome, although direct evidence 
for neural dysfunction in humans is currently limited.24,29 These mech-
anisms include increased activation or excitability of sensory neurons 
to chemical stimulation in the periphery or the heighted responsivity 
of CNS cough networks to peripheral inputs, respectively termed pe-
ripheral and central sensitization. The current state-of-the art mecha-
nistic understanding of these two processes are described below.

Increased activation or excitability of sensory neurons. Some 
airway sensory neurons express chemically sensitive receptors 
(e.g., TRPV1, TRP ankyrin-1 (TRPA1), or P2X3) that enable 
them to respond to both endogenous stimuli (including protons, 
lipid mediators, oxidant chemicals, and ATP) produced by 
mucosal inf lammation and exogenous irritants.17,18 Some 
patients with CC have an increased sensitivity to cough 
challenges with the tussive agents capsaicin, citric acid, and 
ATP compared with healthy volunteers.30,31 Previous research 
has suggested that endogenous inf lammatory mediators are 
associated with an increased sensitivity to irritants,16,17 and it 
has been proposed that the excessive cough noted in patients 
with CC may be in part due to increased levels of endogenous 
inf lammatory mediators (e.g., histamine, PGE2, and ATP).32,33 
However, the mechanisms underlying this enhanced sensitivity 
in humans are not precisely known. One possible mechanism 
for increased excitability via inf lammatory mediators is 
through GPCR signaling. For example, sensory neurons express 
receptors for many cytokines and inflammatory mediators, 
which, when activated, can augment the activity of downstream 
excitatory ion channels or inhibit potassium-leak currents, both 
of which can increase depolarization to stimuli.21 Examples of 
these receptors can be found in Table S1.

Increased activity of airway sensory nerves can also be driven 
by changes in receptor expression or phenotypic switches that 
allow these nerves to release new mediators. Preclinical research 
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in models of lung inflammation has demonstrated there is an in-
creased expression of ion channels or receptors (e.g., TRPV1 and 
tachykinin receptors) by airway sensory nerves, thereby modifying 
their sensitivity to chemical stimuli,17 which is consistent with the 
increase in cough sensitivity to many cough challenge agents seen 
in humans with RCC. These findings are supported by the overex-
pression of TRPV1, a key mediator of chemical-induced cough, in 
patients with CC compared with healthy volunteers.34 Vagal neu-
rons may also develop the ability to express neuropeptides (e.g., 
substance P and calcitonin gene–related peptide) in response to 
prolonged inflammation, which could play a role in the develop-
ment of central sensitization.17,35 Of note, inflammatory airway 
and systemic inflammatory disease are not always associated with 
cough as a primary or major symptom, which suggests increased 
expression of inflammatory mediators alone may not be sufficient 
to drive CC.

Neuroplasticity and changes in central transmission (central 
sensitization). It has also been proposed that changes in central 
transmission, rather than peripheral transmission alone, may 
promote CC.17,36 Imaging in humans has revealed differences in 
central processing, particularly in the midbrain, in these patients 
in response to chemical stimuli.36 Patients with CC exhibit 
some features consistent with central sensitization, a process also 
observed in patients with chronic pain.16,24 Central sensitization 
may underly the chronicity of CC, as central sensitization can 
persist long beyond the original injury and inflammation that 
induced the sensitization. However, the exact role of central 
sensitization and any underlying mechanisms in humans with CC 
are currently unclear. Substance P is thought to play a role in the 
increased excitability of CNS neurons in airway disease, including 
pathologic cough.35 However, it is unlikely that a single CNS 
target underlies this central dysregulation, as evidence in chronic 
pain indicates more complex changes in central glial cells, second-
order neuron sensitivity, and altered descending central pathways 
may all be involved.37,38

TARGETS FOR TREATMENT OF RCC AND UCC
A number of pharmacologic targets have been proposed and inves-
tigated as treatment of RCC/UCC. In this section, we describe the 
underlying rationale for assessing these targets and review clinical 
data published or presented in the past 5 years. Manuscripts and 
abstracts describing clinical studies in RCC/UCC were identified 
using common disease state terms (i.e., chronic cough, refractory 
cough, unexplained cough, idiopathic cough, unresolved cough, 
and troublesome cough) over a time span from January 1, 2014, 
through February 29, 2020. Because of the underlying role of neu-
ronal hypersensitivity in RCC/UCC, many of the investigational 
therapies described below are also being investigated in other 
conditions related to neuronal hypersensitivity, including pain or 
itch. However, disease states other than RCC/UCC are outside 
the scope of this review.

Transient receptor potential channels
Transient receptor potential channels comprise a large family of 
ion channels that, upon opening, induce depolarization of sensory 

nerves to a variety of stimuli (such as chemical mediators, tem-
perature, stretching, and pH changes).39,40 Depending on the type 
of channel, TRP channels can be expressed both in the airways 
(on smooth muscle, epithelial cells, and sensory nerves) and in the 
CNS, in addition to other body tissues and organs.39,40

TRPV1: rationale for targeting in CC. TRPV1 is a calcium (Ca2+)-
permeable channel directly activated by capsaicin, an agent 
commonly used for inhaled challenge–evoked cough, as well 
as pH changes, increased temperature, and various endogenous 
mediators.40,41 TRPV1 channels can also be indirectly activated 
by signaling that occurs downstream of GPCR activation by 
mediators associated with airway inflammation and cough (e.g., 
bradykinin and PGE2).40,42 TRPV1 is expressed by both nodose 
and jugular neurons; although TRPV1 gating predominantly 
activates C-fibers, it has been suggested that stimuli of these 
receptors may directly or indirectly activate some Aδ-fibers.43 
In addition to the ability of TRPV1 activators to evoke cough in 
preclinical species and humans, the potential role of TRPV1 in CC 
in humans is supported by the roughly fivefold greater expression 
of TRPV1 channels in patients with CC compared with healthy 
volunteers, as well as a greatly potentiated response to capsaicin in 
patients with CC.34,44 Preclinical evidence supports the potential 
therapeutic use of TRPV1 antagonism, as TRPV1 antagonism in 
guinea pigs sufficiently inhibited vagal nerve activation and cough 
induced by various chemical stimuli, including capsaicin, PGE2, 
bradykinin, and pH changes.42,45

TRPV1: clinical evidence in CC. Two selective TRPV1 antagonists 
have been investigated in patients with RCC. The TRPV1 
antagonist SB-705498 was investigated in a randomized, 
double-blind, placebo-controlled trial of 21 patients with RCC 
(Table  1).46 Although SB-705498 decreased the responsiveness 
to capsaicin challenge, there was no significant improvement in 
objective cough frequency or patient-reported measures compared 
with placebo. The authors of this study suggested that increasing 
TRPV1-receptor occupancy (e.g., by using a more potent TRPV1 
antagonist or prolonging dosing) may yield better efficacy. 
XEN-D0501, a TRPV1 antagonist with 1,000-fold greater potency 
vs. SB-705498 in blocking capsaicin-induced activation in isolated 
vagus nerves from guinea pigs and humans, was subsequently 
investigated in 20 patients with RCC (Table 1).45 Treatment with 
XEN-D0501 for 14 days reduced sensitivity to capsaicin but did 
not significantly improve objective or most subjective measures 
of cough in these patients. These studies suggest that capsaicin 
cough sensitivity may not translate to a reduced objective cough 
frequency in patients with RCC and that TRPV1 channels may 
not play an important role in the etiology of CC. In addition to 
the limited efficacy observed with TRPV1 antagonists, TRPV1 
inhibition is also associated with thermoregulation issues and 
insensitivity to thermal pain due to the role of TRPV1 in thermal 
regulation.45 Ultimately, the limited efficacy and safety profile of 
TRPV1 antagonists to date may hinder further clinical work in 
this area.

In addition to TRPV1 antagonism, the ability of oral capsaicin 
to induce desensitization of the cough reflex through TRPV1 has 
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Table 1 Data from prospective clinical studies investigating targeted therapies in RCC/UCCa

Drugs Study design Patient population Efficacy Safety

TRPV1-targeting agents

SB-705498 • Phase II, double-blind, 
placebo-controlled, crossover 
RCT (NCT01476098)46

• Single dose (600 mg) with 
4-week washout between 
treatment periods

• Primary end points: cough 
response to capsaicin at 
2 hours after dose; objective 
cough frequency over 24 hours 
after dosing

• 21 pts with RCC (must have 
undergone full investigation 
with treatment trials for pos-
sible causes)

• Current smokers and ex-
smokers with history of > 5 
pack-years were excluded

• C5 ≤ 250 μM
• Mean (range) age: 53 

(34–70) year
• 71% female

• Significant reduction in 
capsaicin sensitivity at 
2 and 24 hours after 
treatment

• No significant difference 
in objective hourly cough 
count

• No significant changes in 
PROs (cough severity or 
urge-to-cough VAS, CQLQ 
scores)

• No serious AEs
• Most common AE: 

headache (two pts 
during SB-705498)

• No reports of fever or 
significant changes in 
tympanic temperature

XEN-D0501 • Phase II, double-blind, 
placebo-controlled, 
crossover RCT (EudraCT: 
2014-000306-36)45

• 14-day treatment period (4 mg 
b.i.d.) separated by 14-day 
washout

• Primary end point: ACF

• 20 pts with RCC by BTS 
guidelines

• ACF > 1.5 coughs/h; Emax 
> 4 coughs

• Current smokers and 
ex-smokers (history > 20 
pack-years) and pts receiving 
cough modulators excluded

• Mean (SD) age: 63 (9) years
• 75% female

• Significant reduction to 
capsaicin sensitivity

• No change in objective 
ACF or 24-hour or sleep 
cough frequency

• No significant improve-
ments in PROs (15-point 
GRC, CQLQ), other than 
small but significant 
reduction in ACF VAS

• 1 discontinuation due 
to a TEAE (fatigue)

• No serious AEs
• 103 TEAEs reported 

by 18 (95%) pts 
receiving XEN-D0501

• Most common AEs 
were related to tem-
perature sensations 
or mouth-related 
events

Capsaicin 
(desensitiza-
tion)

• Double-blind, placebo-con-
trolled, crossover RCT44

• 0.4 mg of pure capsaicin 
q.d. for 2 weeks followed by 
0.4 mg b.i.d. for 2 weeks

• Primary end point: capsaicin 
sensitivity (C2log, C5log)

• 24 nonsmoking pts with UCC 
lasting ≥ 1 year with claimed 
sensitivity to environmental 
irritants

• Negative SPT to most com-
mon respiratory allergens 
and negative methacholine 
test

• Mean (SD) age: 52 (12) year
• 91% female
• Median (range) duration of 

cough: 15 (2–50) year

• Significant reduction in 
capsaicin sensitivity (C2log 
but not C5log)

• Significant improvement 
in cough symptoms score 
(assessed by Hull Cough 
Questionnaire)

• Pts generally 
experienced fewer 
symptoms during the 
last week of active 
treatment compared 
with the week before 
baseline

• Symptoms occurring 
at a greater rate than 
baseline and placebo 
included diarrhea 
(18%), stomach pain 
(46%), flatulence 
(50%), and reflux 
(29%)

TRPV4-channel blockers

GSK2798745 • Phase I/II, double-blind, 
placebo-controlled, crossover 
RCT (NCT03372603)52

• GSK2798745 or placebo q.d. 
for 7 day with 14-day to 21-day 
washout between treatments

• Primary end point: ACF

• Pts with RCC from four spe-
cialist clinics

• 12 pts included in interim 
futility analysis

• 32% increase in awake 
cough count vs. placebo

• Study terminated because 
of lack of efficacy

Not reported

P2X3-receptor antagonists

Gefapixant • Double-blind, placebo-
controlled, crossover RCT 
(NCT0142730)65

• Treatment periods: 600 mg 
b.i.d. or placebo for 2 weeks, 
in randomized sequence sepa-
rated by 2-week washout

• Primary end point: daytime 
objective cough frequency

• 24 pts with RCC per BTS 
guidelines

• Current and ex-smokers 
(< 6-month abstinence or 
> 20 pack-year history) and 
pts receiving cough modula-
tors excluded

• Median (IQR) age: 54 
(24–70) years

• 75% female
• Median (range) duration of 

cough: 9 (3–25) years

• Significant 75% placebo-
adjusted reduction in 
mean daytime cough 
frequency

• Significant reduction in 
24-hour cough frequency, 
numerical reduction in 
nighttime cough frequency

• Significant reductions in 
daytime cough severity 
VAS, urge to cough VAS, 
and CQLQ total score

• Nonsignificant decrease in 
nighttime cough severity 
VAS

• No serious AEs; all 
AEs were mild or 
moderate

• 100% of pts 
experienced taste 
disturbances 
during treat-
ment, which were 
typically reversed 
within 24 hours of 
discontinuation

• Most common AE: 
dysgeusia (88%)

 (Continued)
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Drugs Study design Patient population Efficacy Safety

• Phase IIa, double-blind, 
placebo-controlled, crosso-
ver, dose-escalation RCT 
(NCT02349425)66

• Gefapixant or placebo for 16 
days with crossover to alterna-
tive treatment for 16 days 
after washout

• Cohort 1: gefapixant 50, 100, 
150, and 200 mg b.i.d.; 3-day 
to 7-day washout

• Cohort 2: gefapixant 7.5, 15, 
30, and 50 mg b.i.d.; 14- to 
21-day washout

• Primary end point: ACF

• 59 pts with RCC/UCC last-
ing ≥ 1 year and cough se-
verity VAS ≥ 40 mm; current 
and ex-smokers (< 6-month 
abstinence or> 20 pack-year 
history) excluded

• Mean (range) age: 63 
(47–76) year

• 83% female
• Median (range) duration of 

cough: cohort 1, 15 (1–55) 
years; cohort 2, 13 (2–43) 
years

• Cohort 1: significant, 
statistically equivalent 
placebo-adjusted improve-
ments in ACF ranging from 
−41% to −57% at 50 and 
200 mg b.i.d., respectively

• Cohort 2: dose-related, 
significant placebo-
adjusted reductions in ACF 
at 15 mg (−25%), 30 mg 
(−37%), and 50 mg (−56%)

• Dose-related improve-
ments in cough severity 
VAS and CSD

• Significant improve-
ments in LCQ scores that 
exceeded the MCID after 
16 days of gefapixant 
treatment in both cohorts

• Four pts discontin-
ued early because 
of AEs (one for taste 
disturbance)

• 93% and 63% of pts 
experienced drug-
related AEs in cohort 
1 and 2, respectively

• Taste disturbances 
were most common 
AEs and were dose 
related; dysgeusia 
was most common 
AE and occurred in 
79% and 53% of pts 
in cohort 1 and 2, 
respectively

• Phase IIb, double-blind, 
placebo-controlled, parallel-
group RCT (NCT02612610)67

• Gefapixant (7.5, 20, or 50 mg 
b.i.d.) or placebo for 12 weeks

• Primary end point: ACF

• 253 pts with RCC/UCC per 
ACCP/BTS guidelines last-
ing ≥ 1 year and cough se-
verity VAS ≥ 40 mm; current 
and ex-smokers (< 6-month 
abstinence) excluded

• Mean (SD) age: 60 (10) 
years

• 76% female
• Median duration of cough: 

11 years

• Significant 37% placebo-
adjusted reduction in ACF 
at 50 mg b.i.d.; nonsig-
nificant 22% placebo-
adjusted reduction in ACF 
at 7.5 and 20 mg b.i.d.

• Significant improvements 
in 24-hour objective cough 
frequency, cough severity 
VAS, CSD total score, and 
LCQ total score at 50 mg 
b.i.d.

• Dysgeusia was most 
common AE (48% at 
50 mg b.i.d.)

• Incidence of taste 
AEs correlated with 
dose (10%, 49%, 
and 81% for 7.5, 20, 
and 50 mg b.i.d., 
respectively)

• 10 (16%) pts treated 
with 50-mg b.i.d. 
dose discontinued 
because of an AE

• Phase II, double-blind, 
placebo-controlled, crossover 
RCT (NCT02476890)31

• Two 1-day treatment periods 
(gefapixant 100 mg or 
matching placebo) separated 
by ≤ 48-hour washout

• Primary end points: C2 and C5 
for four different challenges 
(ATP, capsaicin, citric acid, 
and distilled water)

• 24 pts with RCC lasting ≥ 1 
year and significant cough 
symptoms (score > 20/70 
on HARQ) and 12 healthy 
volunteers

• All participants were non-
smokers for ≥ 5 years

• RCC pts mean (range) age: 
61 (48–73) years

• RCC pts: 88% female
• Mean (range) duration of 

cough: 15 (3–44) years

• Gefapixant decreased 
sensitivity to ATP and 
distilled water challenges 
in RCC pts and, to a lesser 
extent, healthy volunteers

• No effect of gefapixant 
on capsaicin or citric acid 
challenge

• Gefapixant improved 
cough severity VAS, 
urge-to-cough VAS, and 
frequency in RCC pts

• Dysgeusia was most 
common AE (67% 
of RCC pts, 75% of 
healthy volunteers)

• No serious AEs 
or AEs leading to 
discontinuation

BLU-5937 • Phase I, randomized, double-
blind, placebo-controlled study 
(NCT03638180)69

• Divided into SAD and MAD 
cohorts

• SAD: 50–1,200 mg q.d.
• MAD: 100–400 mg b.i.d.
• Objective: investigate safety, 

tolerability, and PK profile

• 90 healthy volunteers (60 
in SAD cohort, 30 in MAD 
cohort)

NA • 4% incidence of 
taste alterations at 
predicted therapeutic 
dose of 50–100 mg

• No complete taste 
loss

• Most taste events 
were mild (one very 
bothersome)

S-600918 • Phase IIa, double-blind, 
placebo-controlled, crossover 
RCT (JapiCTI-184027)70

• Two 2-week treatment periods 
(150-mg S-600918 or match-
ing placebo q.d.) separated by 
a 2–3–week washout

• Primary end point: reduction 
in placebo-adjusted objective 
daytime cough frequency

• 31 pts with RCC
• Mean (SD) age: 50 (15) 

years

• Nonsignificant 32% reduc-
tion in objective daytime 
cough frequency (primary 
end point)

• Significant 31% reduc-
tion in 24-hours cough 
frequency (secondary end 
point)

• No significant dif-
ferences in overall 
incidence of TEAEs 
between active and 
placebo cohorts

• 3% incidence of taste 
changes and 3% 
incidence of taste 
injury during active 
treatment

Table 1 (Continued)
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BAY 1817080 • Phase I/IIa, double-blind, 
placebo-controlled, crossover 
RCT (NCT03310645)71

• 10, 50, 200, or 750 mg of BAY 
1817080 or matching placebo 
b.i.d. in 7-day periods

• Primary end point: frequency/
severity of AEs

• 40 nonsmoking pts with 
RCC/UCC for ≥ 1 year

• Median (range) age: 63 
(20–76) years

• 78% female

• Significant reduction in 
24-hour cough frequency 
at higher doses (23% 
reduction at 200 mg; 25% 
reduction at 750 mg)

• Significant improvement 
in cough severity VAS at 
doses ≥ 50 mg

• AEs occurred in 
41–49% of pts receiv-
ing BAY 1817080 
(most mild)

• Taste-related AEs: 
5%, 10%, 15%, and 
21% of pts at 10, 50, 
200, and 750 mg, 
respectively

NaV1.7 blockers

GSK2339345 • Phase II, three-part, 
double-blind, placebo-
controlled, crossover RCT 
(NCT01899768)76

• Part A: 3 study days with pts 
receiving two inhaled doses 
of GSK2339345 (1 mg) or 
placebo via inhaler device

• Parts B and C: full dose-re-
sponse cough challenges with 
capsaicin (part B) and citric 
acid (part C) after single dose 
of GSK2339345 or placebo

• Primary end point: 8-hour 
cough count

• 16 pts with RCC per BTS 
guidelines

• Mean (SD) age: 57 (10) years
• 81% female

• Significant increase in 
8-hours cough count with 
GSK2339345 compared 
with placebo

• GSK2339345 had protus-
sive effect in all pts

• No effect on 4-hours or 
hourly cough count, urge-
to-cough VAS, or cough 
severity VAS

• No difference in sensitivity 
to capsaicin and citric acid 
challenge

• Low incidence of 
AEs with no notable 
difference between 
GSK2339345 and 
placebo

• No serious AEs 
or oropharyngeal 
anesthesia

Neuromodulators

Gabapentin, 
amitriptyline, 
or nortriptyline

• Single-center, prospective 
study of pts prescribed 
gabapentin, amitriptyline, or 
nortriptyline85

• First neuromodulator treat-
ment trial: 19 pts received 
gabapentin, 6 received 
amitriptyline, 3 received 
nortriptyline

• Second neuromodulator 
treatment trial: 4 pts received 
amitriptyline, 2 each received 
gabapentin or nortriptyline

• One pt received a third neu-
romodulator treatment trial 
(nortriptyline)

• Primary end point: LCQ

• 28 pts assessed with ACCP 
algorithms with history 
suggestive of cough hyper-
sensitivity and refractory 
to empiric treatment for 
common causes of cough

• Mean (range) age: 61 
(34–77) years

• 57% female
• Mean (range) duration of 

cough: 8 (0.2–21) years
• 12 pts underwent concurrent 

speech pathology–led cough 
suppression therapy

• Significant improvement in 
LCQ after 2 and 6 months 
of treatment with gabapen-
tin (median dose of 600 
and 900 mg, respectively)

• Significant improvement 
in LCQ after 2 months 
of treatment with TCAs 
(median dose of 30 mg)

• 19 pts failed first neuro-
modulator trial, with most 
common causes for failure 
being tachyphylaxis (n = 7) 
or lack of benefit (n = 5)

• Side effects led to 
discontinuation in 
four (14%) pts during 
the first neuromodu-
lator trial

Pregabalin 
and SPT

• Phase III, double-blind, 
placebo-controlled RCT 
(ACTRN12611001186943)82

• Pregabalin (≤ 300 mg per day) 
plus SPT vs. SPT plus placebo 
for 12 weeks

• Primary end points: cough 
frequency, cough severity VAS, 
LCQ

• 40 pts with RCC/UCC
• No SPT for cough or dyspho-

nia within past 12 months
• No concomitant medical 

treatment for cough
• Mean age: 61 years 

(SPT + pregabalin) vs. 64 
years (SPT + placebo)

• 70% female (SPT + pre-
gabalin) vs. 65% female 
(SPT + placebo)

• Mean duration of cough: 
94 months (SPT + pre-
gabalin) vs. 151 months 
(SPT + placebo)

• Subjective cough meas-
ures (LCQ, cough severity 
VAS) significantly improved 
in both groups but sig-
nificantly greater improve-
ment was observed in 
group receiving pregabalin

• Cough frequency signifi-
cantly decreased in both 
groups, but no significant 
differences were observed 
between groups

• Cough reflex sensitivity 
significantly improved in 
both groups, but no signifi-
cant differences observed 
between groups

• 75% incidence of AEs 
in each group

• Blurred vision, cogni-
tive changes, dizzi-
ness, and weight gain 
were significantly 
greater in group 
receiving pregabalin
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Morphine • Single-center, double-blind, 
placebo-controlled, crossover 
RCT91

• Low-dose, slow-release 
morphine (5–10 mg b.i.d.) 
or matching placebo for two 
5–7–day treatment peri-
ods separated by 5–7–day 
washout

• Outcomes: objective cough 
frequency (24 hours, daytime, 
nighttime), daytime and night-
time cough severity VAS, and 
CQLQ

• 22 pts receiving low-dose 
morphine for RCC who 
volunteered to withdraw from 
morphine therapy and enter 
study

• Mean age: 62 years
• 82% female
• Mean cough duration: 14 

years

• Significant reductions in 
daytime, nighttime, and 
24-hour objective cough 
frequency

• Significant improvement 
in daytime and nighttime 
cough severity VAS and 
CQLQ score

• Treatment was well 
tolerated (one serious 
AE unrelated to study 
treatment)

NK-1 receptor antagonists

Orvepitant • Phase II, single-center, open-
label pilot study (EudraCT: 
2014-003947-36)

• Orvepitant q.d. for 4 weeks
• Primary end point: objective 

daytime cough frequency
• End points were measured at 

week 1 and week 4 and at 4 
weeks after treatment cessa-
tion (week 8)

• 13 pts with RCC/UCC last-
ing ≥ 3 months

• Daytime cough frequency 
> 3 to < 250 coughs/hour

• No recent history of RTI (4 
weeks), ACE inhibitors (3 
months), NK-1 antagonists (4 
weeks) or opioids, anticon-
vulsants, or TCAs (2 weeks)

• Current or past smokers 
(< 6-month abstinence) with 
> 10 pack-years history were 
excluded

• Mean (range) age: 60 
(51–75) years

• 85% female
• Mean (range) duration of 

cough: 158 (9–312) months

• Significant reductions in 
objective daytime cough 
frequency from baseline at 
week 1, week 4, and week 
8

• Other than nighttime 
cough frequency, all objec-
tive and subjective cough 
measures were signifi-
cantly improved through-
out 4 weeks of treatment

• 26 AEs in nine pts (all 
mild or moderate)

• No serious AEs or 
withdrawals due to 
AEs

• Most common AEs 
were related to tired-
ness: fatigue (n = 2), 
lethargy (n = 1), and 
somnolence (n = 2)

• 12 AEs in five pts 
were considered 
treatment related

NMDA-receptor antagonists

Memantine • Phase IV, open-label, dose-
escalation study (EudraCT: 
2011-005151-13)101

• Escalating doses titrated 
weekly from 10 mg q.d. (initial 
dose) up to 40 mg or MTD

• End points: daytime cough 
frequency, CQLQ after up to 4 
weeks of treatment

• 14 pts with RCC
• Mean age: 58 years
• 93% female

• No significant improve-
ment in mean daytime 
cough frequency

• CQLQ scores remained 
stable

• MTD was lowest 
investigated dose 
(10 mg) for majority 
of pts (10/14; 71%)

• Dose-limiting AEs 
included dizziness 
(71%), tiredness 
(43%), and drowsi-
ness (36%)

Other targets

PA101 (in-
haled sodium 
cromoglicate)

• Phase II, double-blind, 
placebo-controlled RCT 
(NCT02412020)102

• Two 2-week treatment periods 
(40 mg of PA101 or placebo 
t.i.d.) separated by a 2-week 
washout

• Primary end point: daytime 
cough frequency

• 28 pts with CC not respon-
sive to targeted therapies for 
possible underlying triggers

• Median (range) age: 62 
(23–73) years

• 78% female
• Mean (SD) duration of cough: 

9.9 (9.8) years

• No significant difference in 
daytime cough frequency

• No significant differ-
ences in 24-hour cough 
frequency, LCQ, or cough 
severity VAS

• No severe or serious 
AEs

• Most common TEAEs: 
cough (12%), dry 
mouth (12%), oro-
pharyngeal pain (8%), 
pharyngeal hypoes-
thesia (8%), tremor 
(8%)

• Four discontinuations 
due to AEs

ACCP, American College of Chest Physicians; ACE, angiotensin-converting enzyme; ACF, awake cough frequency; AE, adverse event; ATP, adenosine triphosphate; 
b.i.d., twice daily; BTS, British Thoracic Society; CC, chronic cough; Cn, concentration of capsaicin inducing at least “n” coughs after capsaicin inhalation; CQLQ, 
Cough-Specific Quality-of-Life Questionnaire; CSD, cough severity diary; Emax, maximal capsaicin cough response over four inhalations; EudraCT, European 
Union Drug Regulating Authorities Clinical Trials Database; GRC, global rating of change; HARQ, Hull Airway Reflux Questionnaire; IQR, interquartile range; LCQ, 
Leicester Cough Questionnaire; MAD, multiple-ascending dose; MCID, minimal clinically important difference; MTD, maximum tolerated dose; NA, not applicable; 
NK-1, neurokinin 1; NMDA, N-methyl-D-aspartate; PK, pharmacokinetic; PRO, patient-reported outcome; pt, patient; P2X3, ATP-gated (purine) cation channel 
subtype 3; q.d., once daily; RCC, refractory chronic cough; RCT, randomized controlled trial; RTI, respiratory tract infection; SAD, single-ascending dose; SD, 
standard deviation; SPT, skin-prick test; TCA, tricyclic antidepressant; TEAE, treatment-emergent AE; t.i.d., three times daily; TRPV, transient receptor potential 
vanilloid; UCC, unexplained chronic cough; VAS, visual analog scale.
aIncludes prospective studies presented or published from January 2014 to February 2020.
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also been investigated in 24 patients with UCC and 15 healthy 
control patients in a crossover, randomized, double-blind study.44 
Regular intake of oral capsaicin decreased sensitivity to capsaicin 
in patients with UCC and healthy volunteers and improved cough 
symptoms in patients with UCC. This study was limited by the 
lack of a washout period between crossover arms, the use of a non–
cough-specific questionnaire, and the absence of objective cough 
measurements. Moreover, orally administered capsaicin is rapidly 
metabolized before reaching general circulation, suggesting min-
imal systemic absorption of intact capsaicin.47 This suggests that 
the capsaicin-induced desensitization observed in this study was 
potentially mediated by an unknown local action in the gastrointes-
tinal tract or nonspecific effects. Ultimately, additional research is 
needed to assess whether capsaicin-induced desensitization is an ef-
fective treatment of RCC/UCC. An ongoing phase II clinical trial 
will assess the effects of oral capsaicin vs. placebo on cough reflex 
and symptoms in patients with UCC (NCT04125563; Table 2).

TRPA1: rationale for targeting in CC. TRPA1 is a Ca2+-permeable 
channel activated by cold temperatures in addition to several chemical 
stimuli, including natural products (e.g., cinnamaldehyde, and allyl 
isothiocyanate), products of oxidative stress, and environmental 
irritants (e.g., ozone).39,40 Similar to TRPV1 receptors, TRPA1 
channels may also be indirectly activated by signaling that occurs 
downstream of GPCR activation by endogenous tussive agents (e.g., 
bradykinin and PGE2).42 Preclinical evidence suggests TRPA1 
channels may activate C-fibers and nonneuronal airway cells that 
express TRPA1 channels (e.g., airway epithelial and smooth muscle 
cells), but not Aδ-fibers.40 TRPA1 agonists can evoke coughing in 
preclinical guinea pig models, and the selective TRPA1 antagonist 
GRC 17536 can inhibit citric acid–induced cough in guinea 
pigs.48,49 Moreover, the TRPA1 agonist cinnamaldehyde can 
induce cough in healthy human volunteers.48 These data suggest 
that TRPA1 could play a role in CC.

TRPA1: clinical evidence in CC. Despite promising preclinical 
data, an unpublished double-blind, placebo-controlled study 
assessing GRC 17536 found no evidence of objective or subjective 
efficacy in patients with CC.50 However, it is unclear if dosing 
in this study was adequate, as no data from target engagement 
functional assays were provided; thus, TRPA1 antagonism 
cannot yet be ruled out as a potential antitussive approach for 
RCC/UCC.

TRPV4: rationale for targeting in CC. TRPV4 is a Ca2+-permeable 
ion channel that responds to both exogenous and endogenous 
stimuli, including hypoosmolarity, arachidonic acid (and its 
metabolites), and mechanical stress.39,40 TRPV4 channels are 
seldom expressed on vagal sensory neurons and therefore plausibly 
promote sensory nerve activation through indirect means.43 For 
example, TRPV4 activation on airway macrophages and epithelial 
cells is associated with ATP release, which may activate sensory 
neurons through P2X3 receptors.51

TRPV4: clinical evidence in CC. Despite TRPV4 receptors playing 
a putative role in indirect activation of sensory nerves, there are D
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no ongoing trials assessing TRPV4-targeted agents for treatment 
of CC, and a phase I/II trial investigating the TRPV4 antagonist 
GSK2798745 in patients with RCC/UCC (NCT03372603) was 
terminated early because of a lack of efficacy.52

TRPM8: rationale for targeting in CC. TRP melastatin-8 (TRPM8) 
channels are Ca2+-permeable channels that are activated by cold 
temperatures and cooling compounds (e.g., menthol, icilin, 
and eucalyptol).39,40 TRPM8 channels are expressed by ~ 60% 
of nasal trigeminal afferent neurons and have lower expression 
on bronchopulmonary vagal sensory neurons.53 Although the 
TRPM8 agonist menthol activates some vagal sensory neurons, 
it exerts antitussive effects that are seemingly due to activation 
of the nasal trigeminal neuronal pathway,53 which suggests 
completing sensory inputs to the brain can lead to cough 
modulation.

TRPM8: clinical evidence in CC. Inhaled menthol has been 
demonstrated to reduce cough sensitivity in cough challenges 
in both healthy human volunteers and in patients with CC.54,55 
However, the effects of menthol on objective cough frequency 
and subjective measures of CC have yet to be investigated 
in clinical studies. The selective TRPM8 agonist AX-8 was 
recently investigated in an uncontrolled pilot study in patients 
with RCC (European Union Drug Regulating Authorities 
Clinical Trials Database (EudraCT) identifier, 2017-003108-
27). The study was announced to have met its primary end point 
by significantly reducing awake cough frequency (compared 
with that of baseline), and results have been posted in the 
European Union Clinical Trials Register; however, study data 
have yet to be published in peer-reviewed literature (Table 2). 
Initial data suggest treatment with AX-8 led to numerical 
reductions in objective awake cough frequency, cough severity, 
urge to cough, and throat irritation; however, the implications 
of these data are currently unclear because of the small sample 
size, lack of a control cohort, and lack of a reported statistical 
analysis.

P2X3 receptors
The purinergic P2X family comprises ATP-gated ion channels 
that consist of homotrimers or heterotrimers of P2X subunits 
P2X1 to P2X7.56 Homotrimeric P2X3 and heterotrimeric 
P2X2/3 receptors are the most well-studied P2X receptors on 
vagal sensory neurons, which are expressed by vagal sensory neu-
rons at both peripheral terminals in the airways and central ter-
minals in the CNS.56,57 Preclinical studies have suggested that 
stimulation of the P2X3 homotrimeric receptor (expressed by 
jugular vagal afferent neurons) leads to a transient, rapidly inac-
tivating current, whereas stimulation of P2X2/3 heterotrimeric 
receptor (expressed by nodose vagal afferent neurons) leads to a 
longer-lasting, slowly inactivating current, suggesting that stim-
ulation of P2X2/3 receptors may be required to elicit action 
potentials.57

The role of P2X3 and P2X2/3 receptors in CC is also supported 
by the involvement of these receptors’ principal endogenous ligand, 
extracellular ATP, in airway diseases and inflammation.58 ATP can 

be released from airway epithelial cells through pannexin-1 chan-
nels in response to several stimuli and mechanisms, including in-
jury, inflammation, and environmental stimuli (e.g., allergens and 
pollutants).59–61 Once released, extracellular ATP acts as a dam-
age signal that can drive further inflammation by stimulating the 
release of proinflammatory cytokines.59–61 ATP may play a direct 
role in cough, as challenge with exogenous ATP is sufficient to 
evoke cough in healthy volunteers and, to a greater extent, in pa-
tients with CC.30 Moreover, evidence in animals suggests that ATP 
potentiates acid-evoked cough in animals, and P2X3-receptor 
antagonists can reduce this effect.62 However, it remains unclear 
whether the role of P2X2/3 and P2X3 receptors in pathologic CC 
is driven by an enhanced sensitivity to ATP, increased ATP in the 
airways potentially driven by the TRPV4/pannexin axis, reduced 
ATP degradation, or a combination of these factors.30,43,63

Gefapixant/AF-219: clinical evidence in CC. Gefapixant (formerly 
AF-219) is a P2X3 antagonist with moderate selectivity for 
the P2X3 receptor over the P2X2/3 receptor.64 The efficacy 
of gefapixant has been investigated in multiple clinical trials to 
date. The efficacy of gefapixant was originally demonstrated in a 
double-blind, placebo-controlled, crossover study in 24 patients 
with RCC or UCC (Table  1).65 A large reduction in placebo-
adjusted objective daytime cough frequency was observed at a 
dosage of 600 mg twice daily for 2 weeks. Although gefapixant was 
generally well tolerated, all patients experienced mild or moderate 
taste disturbances while receiving gefapixant and six patients 
discontinued because of these effects. As a result, lower doses have 
been investigated in subsequent clinical trials. In a phase II dose-
escalation trial, treatment with gefapixant 15, 30, or 50 mg twice 
daily resulted in significant reductions in awake cough frequency, 
and fewer taste disturbances were reported at doses of ≤ 50 mg twice 
daily compared with the rate observed with the supratherapeutic 
600-mg twice-daily dose.66 The ability of gefapixant to treat CC at 
lower doses was most recently investigated in a phase IIb, double-
blind, parallel-group trial in 253 patients with CC (Table  1).67 
Significant reductions in objective cough frequency (awake and 
24-hour) were observed at the 50-mg twice-daily dose. As with 
the original study, gefapixant was generally well tolerated, and 
taste disturbances (specifically dysgeusia) were the most common 
treatment-related AEs. Gefapixant was recently investigated in 
two phase III clinical trials (COUGH-1/NCT03449134 and 
COUGH-2/NCT03449147) in patients with RCC/UCC 
(Table  2). It was announced that both trials met the primary 
efficacy end point for the higher dose (45 mg twice daily); primary 
data for these trials have not yet been posted or published.

Gefapixant has also been investigated for its ability to reduce 
cough-reflex sensitivity in a phase II, randomized, double-blind, 
crossover, placebo-controlled study in patients with RCC/UCC 
and healthy volunteers (Table 1).31 Treatment with a single dose of 
gefapixant 100 mg reduced sensitivity to ATP and distilled water 
cough challenges; however, no effects were observed on capsaicin 
or citric acid cough challenges, suggesting that these tussive agents 
may activate cough through distinct pathways. Patients treated 
with gefapixant also reported improvements in patient-reported 
cough severity, urge to cough, and cough frequency.
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On the basis of preclinical data, it has been hypothesized that 
taste disturbances are related to the role of P2X2/3 receptors in 
signaling between taste buds and gustatory sensory nerves.68 
Consequently, multiple P2X3 antagonists have been developed 
with higher selectivity for P2X3 heterotrimers with the aim of re-
ducing the incidence of taste disturbances.

BLU-5937: clinical evidence in CC. The P2X3 antagonist BLU-
5937 has an approximately 1500-fold higher affinity for P2X3 
compared with the P2X2/3 receptor.62 A phase I study in 
healthy volunteers reported a low incidence (4.2%) of taste 
alterations at doses proposed to be potentially therapeutic on 
the basis of preclinical pharmacokinetic modeling (Table 1).69 
A phase II dose-escalation trial was conducted to assess 
whether these doses are efficacious in patients with RCC 
(NCT03979638; Table  2). Per ClinicalTrials.gov (https://
clini caltr ials.gov/), this trial was terminated early owing to 
the impact of COVID-19 on trial activities; top-line data 
released by the sponsor reported that the trial failed to meet 
its primary end point for any tested dose, though the drug was 
reported as well tolerated (with taste effects reported in 6.5–
10.0% with BLU-5937 compared with 4.9% with placebo), and 
significant reductions in awake cough frequency were observed 
in a prespecified subgroup analysis of patients with high cough 
counts at baseline.

S-600918: clinical evidence in CC. S-600918 was recently 
investigated in a phase II, double-blind, randomized, crossover 
trial in 31 Japanese patients with RCC/UCC (registry identifier, 
JapicCTI-184027).70 Although the study did not meet its primary 
end point of significantly reducing daytime cough frequency, 
a trend toward improvement in daytime cough frequency was 
observed after 2 weeks of treatment, and a significant improvement 
in 24-hour cough frequency was reported. The study reported a 
low incidence (3.2%) of taste changes during S-600918 treatment 
that was comparable with that of placebo. S-600918 will be further 
investigated in a phase IIb trial in approximately 372 patients with 
RCC/UCC (NCT04110054).

Other P2X3 antagonists: clinical evidence in CC. BAY1817080 
was recently investigated in a phase I/II proof-of-concept trial in 
patients with RCC (NCT03310645).71 Significant reductions in 
24-hour cough frequency were observed at higher doses, with the 
frequency of taste-related AEs ranging from 5% to 21% across dose 
levels (Table 1).

A separate P2X3 antagonist—BAY1902607—is also 
being investigated in a phase I/II proof-of-concept trial 
(NCT03535168; Table  2). This study has been reported as 
completed on ClinicalTrials.gov, but data have not yet been 
posted or published.

Voltage-gated sodium channels
Voltage-gated sodium channels: rationale for targeting in CC. 
Voltage-gated sodium channels, or NaVs, are critical for action-
potential induction in neurons, including sensory nerves 
mediating cough.21,72 These channels are ultimately responsible 

for action-potential generation in response to generator potentials 
arising from the opening of other ion channels.21 As such, NaVs 
are natural targets for potentially blocking the sensory nerve 
activation that leads to activation of the cough cascade. Although 
nonselective systemic blockade of NaVs can be lethal, some 
specific NaV isoforms (i.e., NaV 1.7, 1.8, and 1.9) appear to be 
selectively expressed on vagal sensory neurons in guinea pigs and 
have therefore been proposed as promising therapeutic targets for 
CC.72 Further supporting this hypothesis, selective inhibition of 
NaV1.7 via gene silencing in nodose sensory neurons reduces the 
excitability of these neurons and inhibits mechanically induced 
and citric acid–induced cough in guinea pigs.73,74 Although 
NaV1.8 and NaV1.9 have been studied in preclinical pain models, 
relatively little information is available regarding the role of these 
isoforms in CC.72 Another approach to block NaVs while avoiding 
systemic exposure and toxicity is the use of inhaled, nebulized 
lidocaine to treat patients with CC.75 However, this approach 
does not appear to have been investigated in randomized, placebo-
controlled trials to date.

NaV blockade: clinical evidence in CC. The selective NaV1.7 
inhibitor GSK2339345 was investigated in a randomized, double-
blind, placebo-controlled crossover study in 16 patients with RCC 
(Table  1).76 Paradoxically, GSK2339345 significantly increased 
8-hour cough counts compared with placebo and had a protussive 
effect in all tested patients, leading to termination of the trial. The 
authors suggested that induction of transient cough by the study 
drug may have been due to activation and sensitization of TRPV1-
expressing sensory neurons. However, the quality of evidence 
for this hypothesis was low as GSK2339345 had no effect on 
capsaicin-induced cough. Moreover, it was unclear whether 
GSK2339345 adequately reached the target NaV on the basis of 
inconclusive findings in the capsaicin and citric acid challenges 
employed in the study.

An additional compound described as a charged sodium chan-
nel blocker (NTX-1175) is reported as being in development for 
RCC; however, to our knowledge no preclinical or clinical data 
have yet been published.

Neuromodulators
Several different neuromodulators have been investigated for 
treatment of RCC/UCC on the basis of preclinical research as 
well as the use of neuromodulators in treatment of other neuro-
pathic disorders.

GABA-related agents: rationale and clinical evidence in CC. 
Some patients with CC present with central sensitization, 
which suggests that drugs with a central site of action may be 
appropriate for these patients.17,24 As central sensitization is also 
a feature of chronic pain and CC exhibits shared qualities with 
neuropathic disorders, neuromodulators that have been used to 
treat chronic neuropathic pain (e.g., gabapentin) have also been 
investigated for treatment of CC.24,27,77 Although the precise 
mechanism of action in CC remains unclear, the GABA-related 
neuromodulators gabapentin and pregabalin are both believed to 
act by blocking a subset of central voltage-gated calcium channels 
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that contain the α2δ subunit and do not appear to act directly at 
GABAA or GABAB receptors.78 Gabapentin was demonstrated to 
be effective for treatment of RCC in a randomized, double-blind, 
placebo-controlled trial, with a greater effect in patients with 
features of central sensitization.79 Treatment guidelines for CC 
have suggested the use of gabapentin for adults with RCC/UCC, 
although recent European Respiratory Society (ERS) guidelines 
have provided a conditional recommendation based on the level of 
available evidence.7,8

A recent systematic review was conducted regarding the effi-
cacy and safety of gabapentin for patients with CC.80 Seven ret-
rospective and prospective studies were identified that included a 
total of 159 patients treated with gabapentin at varying dosages. 
Gabapentin generally demonstrated efficacy in reducing both 
objective and subjective cough measures in these trials, although 
measured outcomes and results differed by study and treatment ef-
fects tended to wear off after treatment discontinuation. The most 
common side effects were CNS symptoms (e.g., fatigue, somno-
lence, and dizziness). The authors concluded that considerable 
variations in study design, dosage, and outcomes precluded per-
forming a formal meta-analysis, and that further randomized con-
trolled trials should be conducted to identify the optimal dose and 
duration of gabapentin therapy for RCC/UCC. A retrospective 
review conducted in 38 patients treated at a tertiary clinic with 
either gabapentin (n = 9) or pregabalin (n = 29) reported a high 
discontinuation rate and adverse safety profile, and the authors 
concluded that gabapentin and pregabalin are effective in a subset 
of patients but are significantly limited by their safety profile.81

The GABA analogue pregabalin has also been investigated in 
combination with speech therapy compared with speech therapy 
alone in a randomized, double-blind, placebo-controlled trial in 
patients with RCC/UCC (Table 1).82 Addition of pregabalin to 
speech therapy improved subjective, but not objective, measures of 
cough. The authors proposed that this discrepancy may be due to the 
psychoactive properties of pregabalin, which may alter the percep-
tion of cough (i.e., subjective cough measures such as cough severity 
or cough-related quality of life) but not objective cough frequency.

Antidepressants: rationale and clinical evidence in CC. Similar 
to gabapentin, tricyclic antidepressants (e.g., amitriptyline 
and nortriptyline), which can treat chronic neuropathic pain, 
have been investigated for treatment of CC because of shared 
similarities between CC and chronic neuropathic pain.24,27,77 
The mechanism of action of tricyclic antidepressants is not well 
understood in CC, but these agents are known to exert effects 
on serotoninergic, noradrenergic, adrenergic, histaminergic, and 
muscarinic signaling.83 A retrospective chart review of 48 patients 
with RCC/UCC revealed that the vast majority of patients 
treated with amitriptyline reported a subjective improvement 
in their cough.84 An anonymous survey deployed 2–3  years 
after initiation of amitriptyline treatment revealed that many 
patients still reported an improvement in their cough; however, 
64% of patients who responded to the survey had stopped 
taking amitriptyline, with the most commonly cited reasons for 
discontinuation being side effects (e.g., sedation and dry mouth) 
and lack of improvement.

Short-term and long-term effects of GABA-related agents and 
tricyclic antidepressants in RCC/UCC. A recent study investigated 
the short-term and long-term effects of gabapentin, amitriptyline, 
and nortriptyline in 28 patients with UCC (Table  1).85 Most 
patients in this study received gabapentin, and some patients 
received tricyclic antidepressants after discontinuing gabapentin 
therapy (and vice versa). Significant improvements in subjective 
cough measures were observed with both gabapentin and the 
tricyclic antidepressants after 2 months of therapy. Improvements 
in Leicester Cough Questionnaire scores were sustained after 
6  months of treatment with gabapentin, but too many patients 
discontinued the tricyclic antidepressants to reliably analyze 
efficacy. Most treatment failures were due to tachyphylaxis, 
defined as a diminishing therapeutic effect of the neuromodulator, 
and the lack of perceived benefit was the most common cause for 
drug discontinuation.

The incidence of tachyphylaxis and dependence with neuro-
modulator therapy was further investigated by the same group 
in a retrospective study of 68 patients with RCC/UCC treated 
with various neuromodulators (amitriptyline, desipramine, ga-
bapentin, nortriptyline, and tramadol).86 Most patients in this 
study group were initially prescribed amitriptyline. Most patients 
experienced a treatment success after one or more lines of neu-
romodulator treatment, and the concomitant use of behavioral 
cough suppression therapy significantly improved the success 
rate. Over half of the patients in this study exhibited at least one 
incident of tachyphylaxis or dependence. Side effects led to drug 
discontinuation in 26% of patients treated with amitriptyline 
and > 40% of patients treated with gabapentin or nortriptyline, 
with sedation being the most commonly reported side effect for 
all 3 treatments.

Morphine: rationale and clinical evidence in CC. Morphine is a 
selective μ-opioid–receptor agonist, although the exact role of 
opioid receptors in cough regulation in humans is unclear.87 
Morphine has been demonstrated to inhibit capsaicin- and 
citric acid–induced cough in preclinical species, with its 
antitussive activity attributed to both central and peripheral 
sites of action.87–89 In humans, low-dose morphine was 
previously suggested to be effective for CC treatment on 
the basis of a randomized, double-blind, placebo-controlled 
study that demonstrated improvements in subjective cough 
measures in 27 patients with chronic treatment-resistant 
cough, although objective cough ref lex to citric acid cough 
challenges was not significantly altered.90 The most frequently 
observed AEs were constipation (40%) and drowsiness (25%). 
More recently, the objective efficacy of low-dose morphine was 
investigated in a double-blind, placebo-controlled, crossover 
study in 22 patients with RCC (Table  1).91 Treatment with 
morphine 5–10 mg twice daily significantly reduced daytime, 
nighttime, and 24-hour objective cough frequency, as well 
as patient-reported measures of cough. The most recent ERS 
guidelines recommend low-dose, slow-release morphine as 
the preferred neuromodulatory agent to treat RCC/UCC, 
although this approach is not uniformly endorsed by other 
society guidelines.7,8
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Neurokinin-1 receptors
Neurokinin-1 receptors: rationale for targeting in CC. Tachykinins, 
such as substance P, play a role in the periphery neurogenic 
inflammation and also act centrally as neuromodulators 
via neurokinin (NK) receptors expressed in the brain.17 
Tachykinins have been suggested to play both a peripheral and 
central role in the cough cascade,92 and infusion of substance 
P into the nTS augments cough responses, potentially via 
augmentation of glutamatergic signaling in the nTS.35 Selective 
antagonism of the NK-1 receptor has been demonstrated to 
block capsaicin-induced and citric acid–induced cough in 
preclinical species.93,94

NK-1–receptor antagonists: clinical evidence in CC. The highly 
CNS-penetrable NK-1–receptor antagonist orvepitant has 
been investigated in 13 patients with RCC in an open-label 
pilot study.95 Treatment with orvepitant led to a significant 
improvement in objective and subjective cough measures, 
with some improvements maintained 4  weeks after treatment 
discontinuation (Table  1). A phase IIb, randomized, placebo-
controlled, dose-ranging study (NCT02993822) was recently 
completed (Table 2); although it has been announced that there 
were significant improvements in patient-reported (but not 
objective) measures of cough compared with placebo, the results 
of this trial have not yet been published.

A different NK-1–receptor antagonist, serlopitant, was investi-
gated in a phase II trial (NCT03282591). The study did not meet 
its primary end points and the compound is no longer in develop-
ment. The results of this trial are unpublished but are available on 
ClinicalTrials.gov.

Nicotinic receptors
Nicotinic receptors: rationale for targeting in CC. Activation of 
nicotinic acetylcholine receptors (nAChRs) via nicotine has been 
demonstrated to stimulate rat vagal pulmonary sensory neurons.96 
However, nicotine has been previously demonstrated to reduce 
the urge to cough following capsaicin challenge in healthy 
smokers and nonsmokers.97 The ability of nicotine to reduce 
citric acid–induced cough seems to be dependent on α7 but not 
α4β2 receptors, and the CNS-penetrant, α7 nAChR–selective 
agonist bradanicline (ATA-101) has been demonstrated to reduce 
sensitivity to citric acid cough challenges in guinea pigs.98

α7 nAChR: clinical evidence in CC. A phase II, randomized, 
double-blind, placebo-controlled, crossover, dose-escalation trial 
investigating bradanicline in patients with RCC (NCT03622216) 
was recently completed, though results have not been announced 
or published to date (Table 2).

NMDA receptors
NMDA receptors: rationale for targeting in CC. NMDA receptors 
expressed in the brain stem are thought to transduce cough 
signals from vagal afferent nerves and therefore are a potential 
therapeutic target for alleviating CC.23,25 Preclinical experiments 
have demonstrated that NMDA-receptor antagonism by 
different administration routes (i.e., microinjection into the nTS, 

intraperitoneal injection, or oral administration) is sufficient to 
inhibit bradykinin-evoked or citric acid–evoked coughing.23,25,99 
Moreover, the NMDA-receptor antagonist memantine inhibits 
capsaicin-induced cough in healthy human volunteers.100

NMDA receptors: clinical evidence in CC. Memantine was 
investigated in an open-label, dose-escalation trial in 14 patients 
with RCC (Table 1).101 Memantine did not significantly improve 
objective or subjective cough after up to 4 weeks of treatment and 
was poorly tolerated.

Additional investigated targets
An inhaled formulation of sodium cromoglicate (PA101), a ther-
apy reported to reduce activity of sensory C-fibers via an orphan 
GPCR, was investigated in a randomized, double-blind, pla-
cebo-controlled trial that included two separate cohorts of pa-
tients with idiopathic pulmonary fibrosis or RCC (Table 1).102 
Although PA101 reduced cough frequency in the cohort of pa-
tients with idiopathic pulmonary fibrosis, PA101 did not improve 
objective cough frequency or subjective cough-related outcomes in 
patients with RCC.

The cyclooxygenase inhibitor indomethacin is currently being 
investigated in a randomized, double-blind, placebo-controlled 
trial in patients with RCC on the basis of the hypothesis that in-
domethacin may reduce levels of airway prostaglandins that can 
induce cough (NCT03662269; Table 2). Data for this trial have 
not yet been reported.

POTENTIAL NOVEL TARGETS FOR TREATMENT OF CC
Several additional targets investigated in preclinical research to 
date may be promising in the future development of targeted 
therapies for RCC/UCC. These include neuromodulatory en-
zymes (e.g., ATPase), ion channels (e.g., chloride, potassium 
sodium, and other TRPs), and receptors (e.g., GABA receptors, 
receptors for cytokines, interferons, and other inflammatory me-
diators), which have been identified on the basis of their role in 
airway processes that are thought to be dysregulated in patho-
logic cough. A list of these potential targets on the horizon is 
included in Table S1, along with a brief summary of preclinical 
research to date that may support investigation of these targets 
in clinical trials.

FUTURE DIRECTIONS
A wide range of targets have been investigated for treatment of 
RCC/UCC. Successfulness of recent early-phase clinical trials has 
varied, with P2X3-receptor antagonists perhaps showing the most 
promise for treatment of patients with RCC or UCC. However, 
it is already evident that not all patients with CC respond to even 
the most promising compounds, highlighting the importance of 
continued research in this field. Improved understanding of the 
cellular and molecular drivers of CC could pave the way for a pre-
cision medicine approach to CC, whereby treatment is based on 
the clinical and molecular characteristics of individual patients. 
Indeed, accumulating evidence suggests that patients can express 
different endotypes of CC and cough hypersensitivity as a func-
tion of respiratory comorbidities and heterogeneity in underlying 
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neural dysregulation.103 Although the concept of precision med-
icine for CC is currently aspirational, the heterogeneity and 
multifactorial nature of cough supports the adaptation of such 
an approach, including identification of patient subgroups that 
respond to specific treatments. Additionally, different end points 
and assessments have been used in CC clinical trials, including 
objective assessment of cough frequency using cough-monitor-
ing devices and subjective cough-related patient-reported out-
comes.104 Well-designed clinical trials including objective cough 
monitoring will be important to support regulatory approval of 
novel antitussives for CC.

Ultimately, a multidisciplinary approach may be the most vi-
able strategy for the management of patients with RCC/UCC. 
An example of this strategy is the NEUROCOUGH Clinical 
Research Collaboration, which has been established to facili-
tate partnership between clinicians, academic researchers, and 
the pharmaceutical industry, with the aims of improving our 
mechanistic understanding of cough; developing a robust in-
frastructure for CC clinical trials and patient identification; 
enhancing public engagement and recognition of CC; and 
fostering training and clinical research capacity within CC.105 
NEUROCOUGH and similar initiatives may provide a plat-
form to develop CC treatments that can help these underserved 
patients in the future.

CONCLUSION
CC is a burdensome condition that is thought to be character-
ized by dysregulation of the vagal sensory neurons that medi-
ate cough. Several molecular targets have been investigated on 
the basis of their potential roles in the underlying pathophys-
iology of RCC and UCC. Although results to date have var-
ied between investigative approaches and there are currently 
no new approved treatments with indications for these condi-
tions, promising results have been reported for some investi-
gated pharmacologic treatments. Owing to the heterogeneity 
underlying chronic cough, it is likely that the best therapeutic 
approach will vary by patient and further multidisciplinary 
research is needed to establish the best treatment pathways for 
this patient population.
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