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Key Messages
e Chronic cough in adults is defined as a cough lasting more than 8 weeks.

o Refractory chronic cough is defined as a cough that persists despite a thorough evaluation, including guideline-driven workup and treat-
ment.

e Chronic cough has a profound negative impact on patients’ quality of life, affecting physical, psychological, and social aspects of daily living.

e Most cases of chronic cough in adults are due to 1 or more of the following 3 main underlying causes: upper airway cough syndrome,
asthma or non-asthmatic eosinophilic bronchitis, and gastroesophageal reflux disease.

e Cough hypersensitivity syndrome is characterized by a cough that is often triggered by low levels of thermal, mechanical, or chemical
exposure and typically accompanied by a tickle or itching sensation in the larynx leading to an urge to cough.

ARTICLE INFO ABSTRACT
Article history: Cough is one of the most common reasons patients seek medical care in the outpatient setting. Chronic cough
Received for publication October 4, 2024. (CC) in adults is defined as a cough lasting more than 8 weeks, with a global prevalence of approximately 10%.
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CC significantly impairs quality of life, affecting physical, social, and psychological well-being. In most cases, CC
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is attributed to 1 or more of the following 3 key conditions: upper airway cough syndrome, gastroesophageal or
laryngopharyngeal reflux, and asthma or non-asthmatic eosinophilic bronchitis—assuming a normal chest x-ray
result and no use of angiotensin-converting enzyme inhibitors. If the cough persists despite thorough guideline-
based evaluation and treatment, it is classified as refractory CC (RCC). RCC is thought to arise from neuronal dys-
regulation involving both peripheral and central mechanisms, termed cough hypersensitivity syndrome. This is
typically characterized by a tickle or itch sensation in the throat, leading to an urge to cough in response to seem-
ingly harmless stimuli. Current treatment options for RCC include “off-label” use of centrally acting neuromodu-
lators and speech therapy. In addition, a new peripherally acting oral P2x3 receptor antagonist, gefapixant, has
been approved in the European Union, United Kingdom, Switzerland, and Japan, though not in the United States
or Canada. Emerging treatments hold promise for improving management in the future.

© 2025 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc.

Introduction significantly impaired quality of life (QoL) due to sleep disturbances,
social embarrassment, and psychological distress.>® Furthermore,
the considerable economic impact of CC includes direct health care
costs and indirect costs such as loss of productivity.”

Despite its significant prevalence, CC often presents diagnostic chal-
lenges and unmet clinical needs due to its diverse etiologies and impact
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Chronic cough (CC) is characterized by a cough that persists more
than 8 weeks in adults, and it affects almost 10% of the population.'
In addition to physical symptoms, the burden of CC includes a
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disease (GERD), upper airway cough syndrome (UACS), and angioten-
sin-converting enzyme inhibitor (ACE-I) use.®"'? Refractory CC (RCC)
is defined as a cough that persists despite a thorough evaluation,
including guideline-driven workup and treatment."'*> Another CC
classification often used is unexplained CC, defined as a cough that
persists longer than 8 weeks, and remains unexplained after investi-
gation and guidelines recommended therapeutic trials. In this manu-
script, we use RCC and cough hypersensitivity syndrome (CHS) to be
consistent with the most recent guidelines. It is well accepted that
CHS, a distinct condition, underlies the persistent RCC.'* CHS is char-
acterized by a cough that is often triggered by low levels of thermal,
mechanical, or chemical exposure and typically accompanied by a
tickle or itching sensation in the larynx leading to an urge to
cough.'®'> Epidemiologic studies suggest that CC affects all ages and
sexes, with increasing prevalence in females and older
populations.”'®!” The prevalence also varies by region globally with
higher prevalence in Europe and North America than in Asia.>!”-%°
This review will evaluate the clinical approach to patients with CC,
focusing on RCC and CHS, including QoL impact, multidisciplinary
diagnostic workup, RCC pathophysiology, and currently available and
emerging treatment options.

Alterations in Neuronal Pathways in Refractory Chronic Cough

An integrated network of peripheral and central sensory nerves
control cough. Airways are densely innervated by peripheral sensory
nerve fibers capable of provoking cough in response to a wide spec-
trum of tussive triggers.”! Sensory fibers are broadly classified based
on whether they respond to mechanical vs chemical stimuli, termed
Ad- and C-nerve fibers, respectively.”> Airway sensory fibers send
signals to the paratrigeminal nucleus and the nucleus of the solitary
tract in the brainstem, which, in turn, relay input to cortical regions
and to efferent brainstem centers (eg, central pattern generator) to
provoke conscious and reflexive cough (Fig 1).> Changes in the neu-
rons at each level of this network have been implicated in RCC, par-
ticularly in the development of a central feature of RCC known as
cough hypersensitivity, in which noxious and innocuous stimuli pro-
voke the urge to cough.

Peripheral Mechanisms

Changes in airway sensory nerves have been found in humans
with RCC and in animal studies. For example, in the airways of
patients with RCC, airway sensory nerve density is significantly
increased, which is predicted to increase cough triggering.”* Whether
these changes precede the onset of RCC or develop because of fre-
quent coughing that in turn contributes to the persistence of RCC is
unknown. Sensory nerves express a spectrum of cough receptors and
ion channels, including transient receptor potential (TRP) channels
(-A1, -V1, and -M8), purinergic P2 x 3 receptors, voltage-gated sodium
channels (subtypes 1.7 and 1.8), and neurokinin-1 (NK-1) receptors.
Inflammatory mediators (eg, interferons and tumor necrosis factor
alpha) and endogenous autocoids (eg, histamine, bradykinin, and
prostaglandin E2) increase nerve responsiveness to tussive ligands of
these receptors, and in some cases, directly provoke cough.?>>? In
this manner, conditions associated with coughing, such as respiratory
virus infections and asthma, sensitize peripheral sensory nerves to
increase cough generation.

Endogenous cough ligands may also play a prominent role in
cough hypersensitivity. Of these, extracellular adenosine triphos-
phate (ATP) has emerged as an important target that triggers cough
by activating sensory nerve P2x3 receptors and increasing cough
sensitivity to other tussive agonists such as capsaicin.>> ATP levels
are increased in the airways of subjects with RCC associated with
chronic obstructive pulmonary disease and asthma,***> and cough
sensitivity to ATP is increased in patients with idiopathic or

unexplained CC.>® Similarly, the sensory nerve NK-1 receptor ligand
substance P provokes cough in RCC associated with idiopathic pulmo-
nary fibrosis (IPF) but not in healthy volunteers,>” and nasal sub-
stance P levels are increased in RCC.>® Both P2x3 and NK-1 receptors
have garnered interest as promising therapeutic targets.

Central Mechanisms

Functional magnetic resonance imaging has revealed that subjects
with cough hypersensitivity exhibit increased activation of cortical
regions responsible for cough generation, including left, right, and
dorsal midbrain, on exposure to tussive stimuli.>® Interestingly, acti-
vation of regions associated with cough suppression (eg, dorsomedial
prefrontal cortex and anterior midcingulate cortex) was concurrently
reduced.®® Attenuation of voluntary cough suppression was similarly
found in a cough challenge study, in which subjects with RCC were
less able to suppress capsaicin-evoked cough compared with healthy
volunteers.*° Given that both the urge to cough and cough generation
are modulated by voluntary cough suppression, loss of cortical cough
suppression is central to cough hypersensitivity in RCC.

Cumulatively, the combination of structural and phenotypic
remodeling of peripheral nerves, alterations in central control of
cough, and an increase in endogenous tussive ligands are predicted
to contribute to cough hypersensitivity in RCC synergistically.

Quality of Life

CC has a profound negative impact on patients’ QoL, affecting
physical, psychological, and social aspects of daily living.>**'**> The
impact of CC on a patient stems from interrelated variables of cough
frequency, intensity, and disruptiveness.***>

Physical Impairment

Physical symptoms vary and can include sore throat, hoarseness,
chest pain, sleep disturbance, fatigue, exhaustion, dizziness, vomit-
ing, and urinary incontinence.>*' Notably, stress urinary inconti-
nence can occur in up to 63% of female patients.” Because patients
may fail to voluntarily share this symptom, providers should proac-
tively inquire about it.

Cough syncope, although uncommon, reflects the intensity of the
cough. Coughing can generate intrathoracic pressures of up to
300 mm Hg, leading to circulatory effects that may cause syncope.*®
Cough syncope can lead to self-injury, with even more severe conse-
quences if the individual is driving or operating machinery during an
attack. Rib fractures can result from the mechanical stress of repeti-
tive coughing.*’

Social Impairment

Patients with CC are often triggered by innocuous stimuli (eg,
scents or talking), making social activities and communication chal-
lenging, which can strain relationships and lead to social isolation.*®
In one study, 57% of patients with refractory or unexplained CC
reported communication difficulties and 30% had trouble socializing.’
Patients frequently struggle with phone conversations, prolonged
talking, and attending activities such as church, movies, or dining
out.>%*149 patients with CC often face negative reactions from others
and feel that they are being perceived as ill or contagious.

Furthermore, patients with CC perceive their cough as bother-
some to those around them. Many feel that their partner or room-
mate cannot tolerate it, sometimes resulting in sleeping in separate
rooms.>>° At work, they worry about how their cough affects their
colleagues, feeling embarrassed if they are hacking in a group set-
ting.*® These experiences highlight the challenges of functioning at
work and can hinder productivity.
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Figure 1. Cough mechanisms. Airway nerves detect exogenous and endogenous ligands and relay information to the nucleus of the solitary tract and paratrigeminal nucleus in the
brainstem. These brainstem centers then relay information to brainstem reflexive cough centers and to cortical regions responsible for cough perception, generation, and suppres-
sion. ATP, adenosine triphosphate; IFN, interferon; TNF, tumor necrosis factor; Trp, transient receptor potential; NK1R, neurokinin 1 receptor.

Psychological

Patients with CC frequently experience a range of negative emo-
tions, including anger, frustration, worry, anxiety, and depression.*’
A 2022 population-based study revealed that patients with CC report
more depressive symptoms than those without CC.”'

CC can also elicit fear due to concerns about the unknown under-
lying cause of the condition. French et al’ found that up to 77%
needed reassurance that their cough was not due to a serious medical
condition. Patients frequently undergo numerous physician visits and
extensive testing.’® The uncertainty associated with the testing pro-
cess can create a significant emotional and financial burden.

Cough-Specific Quality-of-Life Questionnaires

Cough-specific health-related QoL validated questionnaires can
provide meaningful information regarding how cough affects multi-
ple aspects of life. The Leicester Cough Questionnaire (LCQ) is the
most widely used for evaluating all 3 physical, psychological, and
social domains.>? It was recently established that the content validity
of LCQ is also appropriate for patients with RCC and unexplained
CC.>® The total score ranges from 3 to 21, with a higher score corre-
sponding to a worse QoL. The minimal important difference is typi-
cally reported as 1.3 points for the LCQ; however, additional studies
suggest that the minimal important difference may be closer to 1.5 to
2.0.°4%° There is also the cough QoL questionnaire that can evaluate 6
domains of physical complaints, psychosocial issues, functional abili-
ties, emotional well-being, extreme physical complaints, and per-
sonal safety fears.”® The score ranges from 28 to 112, with a lower
score indicating minimal impairment.

Differential Diagnoses

Multiple prospective studies have revealed that most cases of
CC in adults are due to 1 or more of the following 3 main under-
lying causes: UACS (formerly postnasal drip syndrome; rhinitis),
asthma or NAEB, and GERD.”’ Thus, the initial evaluation must
include a thorough evaluation for the presence of these underly-
ing, treatable causes after elimination of known contributing fac-
tors such as cigarette smoking and use of ACE-I (Fig 2).°% A
patient can have more than 1 underlying etiology of CC.>° Thus, a
partial but incomplete response to an empiric therapeutic trial
may indicate that only 1 of multiple underlying causes of CC has
been addressed.

Given prolonged wait times and barriers to subspecialty consulta-
tions,°° a thorough initial evaluation by a primary care provider (PCP)
can help identify treatable causes of CC or prompt a quicker subspe-
cialist referral.

Pulmonary Etiologies of Chronic Cough

Although the evaluation of a patient with CC is often a multi-
disciplinary endeavor involving allergists, otorhinolaryngologists,
and gastroenterologists, most patients are first referred to pulmo-
nologists. The pulmonologist can determine whether further diag-
nostic evaluation beyond a chest radiograph and spirometry is
indicated for a specific patient. Cough management guidelines
published by the European Respiratory Society do not recom-
mend routine performance of computed tomography of the chest
in patients with normal chest radiograph and physical examina-
tion results.! The European Respiratory Society guidelines
assigned a research recommendation with very low level of
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Diagnosis of chronic cough (cough lasting >8 weeks)

[ Address “red flags" that may indicate condition requiring urgent attention: fever, chest pain, dyspnea, purulent sputum, hemoptysis J

Initial diagnostic evaluation should include chest x-ray, spirometry and FeNO levels
Additional diagnostic studies based on clinical judgement: methacholine challenge, endoscopy, esophageal manometry, sinus imaging

( Address obvious potential contributors: smoking/vaping; ACE-inhibitors J

Rhinologic Pulmonary

Esophageal

Neurologic Systemic disease

Empiric therapy for underlying etiologies

s R 4 N N N R
eg., upper airway eg., asthma/ eg., gastroesophageal + Pharmacologic cough * No empiric therapy
cough syndrome non-asthmatic reflux disease/ suppression* recommended

eosinophilic laryngopharyngeal « Respiratory retraining
- Topical nasal bronchitis reflux disease « Laryngeal
corticosteroid _ _ desensitization
- Antihistamines + Inhaled corticosteroid « Anti-refiux lifestyle
« Topical nasal (+/- bronchodilators) measures
ipratropium * Leukotriene receptor « PPI trial half an hour
« Antibiotics if concem antagonist before meal for at
for bacterial infection = Short trial of systemic least 8 weeks
°°fﬁ9°§ter°fid5 if - Alginate therapy
suspicion of .
diagnosis remains Motiiity agents ‘
> 4
. J L J \ J - J \ J

Objective testing

« Allergy testing * PFT « Barium swallow « MRI brain scan « Serology
« Sinus CT scan « FeNO * TNE + Modified barium « Tissue biopsy
- Rhinoscopy or - Methacholine - EGD swallow « Neck CT scan
nasal endoscopy challenge « 24-hour pH study « Laryngeal EMG « PET scan
* Chest CT scan « Impedence
= Bronchoscopy « Manometry

*Pharmacologic cough suppression is intended for symptomatic relief but should not delay ongoing objective evaluation of contributing

diagnoses, including the possibility of aspiration.

Figure 2. Example diagnostic-management protocol aimed at treatable underlying etiologies of chronic cough. ACE, angiotensin-converting enzyme; CT, computed tomography;
EGD, esophagogastroduodenoscopy; EMG, electromyography; FeNO, fractional exhaled nitric oxide; MRI, magnetic resonance imaging; PET, positron emission tomography; PFT,

pulmonary function test; PPI, proton pump inhibitor; TNE, transnasal esophagoscopy.

evidence for the use of fractional exhaled nitric oxide (FeNO) lev-
els and blood eosinophil levels to predict response to inhaled cor-
ticosteroid or leukotriene-receptor antagonists, citing an absence
of high-quality evidence in patients with CC.! In a prospective
study of subjects with CC of unclear etiology and elevated FeNO
levels more than or equal to 25 parts per billion, a 3-week trial
of inhaled corticosteroid led to improvement in cough; however,
this did not correlate with changes in FeNO levels.®’ Additional
diagnostic studies including bronchoprovocation challenge and
bronchoscopy are not recommended in published guidelines for
routine implementation but are left to the physician’s
discretion.'*’

Upper Airway Cough Syndrome

The complex nature of CC is revealed by the interrelatedness of
multiple disease states, which often confounds likely contributing
factors.® Regardless of the triggers, it is universally recognized that
cough is primarily centered in the larynx. Vocal fold closure is
required to increase intrathoracic pressure, and relaxation of the
vocal folds laterally is required to allow for air egress, permitting
accelerative expulsion and producing the characteristic sound of a
cough.

Overlapping physiology involved in the cough results in synergies
that often magnify the effects of each disease (Fig 3). Rhinologic
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Figure 3. Factors contributing to chronic cough. GERD, gastroesophageal reflux disease; LPR, laryngopharyngeal reflux.

diseases associated with UACS include allergic rhinitis, rhinosinusitis,
and non-allergic rhinitis. Mucosal edema, inflammatory cell and
mediators,®® altered mucus viscosity,’* mechanical obstruction of
the sinonasal outflow tracks, changes to the microbiome, and
abnormal immune mechanisms®> may be present in each of the
UACS scenarios.

Rhinologic contributions are considered a dominant trigger for
CC %% although there is a relative paucity of literature linking the two.
Controversy remains because sinonasal-related postnasal drainage
does not lead to CC in most patients, suggesting that airway
hypersensitivity may play a more important role in some patients.®’
Nevertheless, the nose is often the first site of occupational and envi-
ronmental exposures that can either trigger cough directly through
mechanical and chemosensory mechanisms, or through any of the
other combined secondary mechanisms.®®

Mucus trafficking of altered airway surface liquid, epithelial cell
type, ciliary function, and goblet cell mucus production are similar
between the upper and lower airways.®® Despite different microbio-
logical environments in the nose and lungs, bacterial communication
or chronic antibiotics may lead to shifts of the microbiome that are
common to the upper and lower airways.®®’° Also, the inflammatory,
immune responses, and eventually, gene regulation drive this patho-
physiological communication from the upper airway to the trachea
and lungs.”! New insights also offer possible learned mechanisms of
cough sensitivity in patients with rhinitis.”? Nevertheless, upper and
lower airway communication likely exacerbates cough triggers
beyond traditional UACS and pulmonary etiologies (Fig 3).

Management of UACS depends on clinical symptoms and exami-
nation findings and often starts with empiric therapy (Fig 2). Otolar-
yngologists, allergists, and others skilled in flexible nasopharyngeal
laryngoscopy can identify specific findings. In the absence of convinc-
ing findings (such as pus from a sinus outflow track or in the subglot-
tis), objective testing, such as formal allergy testing and a sinus
computed tomography, is recommended after aggressive medical
therapy.

Gastroesophageal Reflux Disease

An extra-esophageal manifestation of GERD, termed laryngo-
pharyngeal reflux (LPR),”® is often associated with CC. Both
GERD and LPR involve regurgitation of gastric contents, but they
may result in different symptom presentations or disease find-
ings than the traditional GERD symptoms of heartburn, aware-
ness of regurgitation, or dyspepsia.”* CC can also be an extra-
esophageal manifestation of eosinophilic esophagitis (EoE) even
sometimes in the absence of typical gastrointestinal symptoms
classic of EoE.”>"77

Although the exact role of reflux in CC is unclear, typical patients
with LPR present with nonproductive throat clearing, a cough-like
behavior. This is often accompanied by a globus sensation near the
cricoid cartilage, associated with increased cricopharyngeal tone on
manometry.”® Cricopharyngeal hypertonicity has also been linked to
reflux.”® These studies suggest that distal esophageal reflux may
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precipitate a reflexive laryngeal cough response,®’ whereas esoph-
ageal hypersensitivity may heighten the cough reflex.®’

The relationship between GERD and cough is complex, with
multiple possible mechanisms and synergies (Fig 3). Direct reflux-
ate to the larynx will precipitate cough as a protective mecha-
nism, in part through mechanical and acid sensitivity of the
cough receptors. Cough-induced reflux may result from diaphrag-
matic excursion during the cough, increased abdominal pressures,
and lower esophageal sphincter relaxation.®? This regurgitation to
the larynx may result in gross aspiration or microaspiration, caus-
ing infectious or inflammatory pulmonary conditions that trigger
cough.

A diagnosis of reflux-related cough may be aided by patient symp-
toms, such as with the “COuGH RefluX weighted score.”®> Suspicion
increases when physical examination findings from flexible nasopha-
ryngeal laryngoscopy align with a significant history of reflux disease
occurring concomitant with the cough. The presence of posterior
glottal edema may be sensitive, but it alone is not specific because
edema can result from coughing itself. If patients present with CC
and symptoms such as dysphagia, vomiting, or abdominal pain, then
upper gastrointestinal endoscopy and biopsy should be considered to
evaluate for EoE.

Initial Management of Chronic Cough

The initial evaluation needs not include an extensive battery of
diagnostic tests; a chest x-ray and spirometry are often sufficient’
unless there are specific signs suggesting need for further testing.
Although published guidelines outline recommended management
algorithms for patients with CC, including diagnostic-therapeutic
trials of medications,>” many patients experience CC for months or
years without adequate exclusion of underlying, treatable causes.
Common shortcomings in the evaluation of CC include the follow-
ing: not considering a trial of an oral first-generation antihistamine,
such as extended-release chlorpheniramine, before excluding UACS
as an underlying etiology (first-generation antihistamine works as a
centrally acting agent, although adverse effects of drowsiness and
potential risk of dementia should be considered®*); relying solely on
an unsuccessful trial of inhaled corticosteroids and then not escalat-
ing to a short course of oral corticosteroids if history suggests
asthma or NAEB, before excluding a steroid-responsive cough
(asthma; NAEB); and, not performing an appropriate trial of anti-
reflux therapy and reflux preventive measures in patients with a his-
tory of heartburn.®> Long-term use of anti-reflux therapies is best
guided by established clinical practice guidelines and a relative risk
discussion with the patient.®®3” In cases in which there is insuffi-
cient response to the cough with acid-suppressing medication, the
latest CHEST Cough Guidelines recognize that objective testing for
reflux is warranted in patients with suspected reflux disease who
have symptoms despite treatment,”* which will determine the pres-
ence of reflux disease, severity, and indications for more aggressive
management.

Only when CC has not responded to a thorough diagnostic-thera-
peutic protocol (Fig 2) aimed at all treatable underlying etiologies is a
subsequent diagnosis of RCC appropriate. Because there are currently
no Food and Drug Administration—approved drugs for CC in the
United States and many parts of the world, it is essential to uncover
potential treatable causes of CC.

Treatment of Refractory Chronic Cough

In patients with CC, treatment targeting any underlying traits or
conditions including asthma, NAEB, GERD, and UACS, or withdrawal
of ACE-I and smoking cessation should be recommended.®3-°! How-
ever, despite these attempts, if coughing persists in patients with

underlying conditions or investigations, do not reveal an underlying
cause or trait, then we consider such patients to have RCC. At this
point, the cough is often driven by neuronal dysfunction, and treat-
ment is targeted toward suppressing the pathology, that is, neuronal
hypersensitivity.”> These include centrally acting neuromodulators
which are used “off-label” and speech therapy (SP). A new peripher-
ally acting oral P2x3 receptor antagonist, gefapixant, has also been
licensed in the European Union, United Kingdom, Switzerland, and
Japan, but not in the United States or Canada. Table 1'-10:11:93-108 gym_
marizes current options for RCC.

Centrally Acting Neuromodulators

Neuromodulator treatment includes low-dose morphine,®® gaba-
pentin,'® and pregabalin.’® Randomized controlled trials (RCTs)
have revealed that all 3 therapies can improve symptoms and QoL.
However, these studies were limited by small sample sizes, and the
doses used were associated with notable adverse events, such as diz-
ziness, somnolence, unsteadiness, and fatigue.

A trial of low-dose, slow-release opioid therapy may be consid-
ered for an initial period of 2 weeks after a discussion with the
patient about the potential benefits and risks. Morphine doses of 5 to
10 mg of slow or modified release, administered twice daily, are typi-
cally sufficient in responders, with improvement often observed
within 3 to 7 days.”® A recent study has revealed that a 1-week course
of treatment can reduce objective cough frequency by up to 72% in a
responder group.'® For those who do experience improvement, the
dosage may be adjusted to minimize adverse effects and doses should
not exceed 10 mg twice daily. Adjustments to the dose schedules,
such as once-nightly or alternate day dosing or administering 3 to
4 hours before social or public engagements, may help reduce
adverse effects. Codeine is generally not recommended, as studies
have not supported its efficacy in acute cough or in chronic obstruc-
tive pulmonary disease.''°

Gabapentinoids, such as gabapentin and pregabalin, are alterna-
tive options for patients with RCC, as they have been found to allevi-
ate symptoms and improve QoL.'*> However, concerns about misuse
and dependency necessitate careful dose titration and close monitor-
ing. Gabapentin is typically initiated at a low dose of 100 mg 3 times
daily and titrated to a maximum dose of 600 mg 3 times daily. A pla-
cebo-controlled trial found that gabapentin improved LCQ scores by
1.80 (95% CI: 0.56-3.04; P = .004), with a number needed to treat of
3.58.'%% Pregabalin can be trialed at an initial dose of 25 mg twice
daily, with gradual increases to a target dose of 75 mg twice daily
(maximum dose 150 mg twice daily), if needed. In one study, a com-
bination of pregabalin and SP produced significantly greater
improvements in LCQ scores than SP combined with placebo (mean
LCQ difference = 3.5 [1.2]; 95% CI of difference: 1.1-5.8; P = .024).°*
Notably, although LCQ scores improved, no significant reduction in
cough frequency was observed using the Leicester Cough Monitor.
There is also limited evidence supporting the use of amitriptyline,
with one unblinded study using 10 mg at bedtime revealing some
symptomatic benefit, though the absence of a placebo control and
validated outcome measures limits the study’s conclusions.!%* Baclo-
fen, a peripheral and central gamma-aminobutyric acid (GABA) ago-
nist, has been trialed in small studies'''; however, there is limited
value of these agents in clinical practice due to adverse effects and
tolerability."

Peripheral Antagonist

Gefapixant (formerly AF-219) is a novel oral purinergic antagonist
that inhibits the P2X3 receptor on vagal afferent nerves. Two phase 3
studies confirmed that a 45-mg twice-daily dose achieved the pri-
mary end point of a statistical reduction in 24-hour cough frequency
compared with placebo.'’® A dose-response meta-analysis from 9
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Treatment Options for Patients Presenting With Refractory Chronic Cough
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Therapy type

Dosage/frequency

Mechanism

Pros

Cons

Non-pharmacologic
Speech therapy or
PSALTI®®

Pharmacologic
Low-dose morphine”®

Pregabalin®*

Gabapentin'®®

104

Amitriptyline

Variation in frequency
: 93
and duration

5-10 mg MR twice a
daygs

Up to 300 mg (maxi-
mum daily dose)™*

1800 mg (maximum tol-
erable daily dose)""

104

10 mg every day

Education on cough trig-
gers and suppression,
teaches breathing
exercises and laryn-
geal hydration strate-
gies, provides
counseling and throat
massage”’

Mu-opioid receptor
agonist®’

Calcium channel mod-
ulator acting on a28-1
SleLlnithq'mO

Calcium channel mod-
ulator®® acting on
«25-1%

Tricyclic antidepressant
and serotonin re-
uptake inhibitor'%®

o No adverse effects reported”>

e Patient led”

e Can be combined with
pregabalin®

o Reduces cough hypersensitivity®®

 Rapid reduction in cough score
observed in responders to treat-
ment; potential to improve cough-
specific quality of life®®

e Short trial duration feasible (4
wk)?®

® Acts directly on cough
hypersensitivity'

© Can be prescribed at low dose with
potential for dose escalation®*

e Acts directly on cough hypersensi-
tivity!

* Potential to improve cough-spe-
cific quality of life (LCQ) and cough
severity when combined with
speech therapy®*

® Can be prescribed at low dose with
potential for dose escalation'""'%*

e Acts directly on cough hypersensi-
tivity'

 Potential to improve cough-specific
quality of life (LCQ) and reduce
cough frequency and severity "'

 Potential to improve cough-specific
quality of life,'** depression, and
anxiety'%®

» Requires patient motivation®*

e Limited evidence of subjective improvement beyond
initial treatment period®®

o Therapist dependent”®

o Multicomponent intervention; difficult to
standardize®*

e Limited evidence from RCTs, no difference in 24-h
cough frequency beyond 4 wk,® small sample sizes”®

o Limited access to therapy'-**°

o Adverse effects include constipation and drowsiness”®

* Approximately half of patients have response to opi-
ates'

 Limited evidence of efficacy from RCTs based on cough
severity (0-9 numerical rating scale)’®

e Common adverse effects include weight gain, drowsi-
ness,'°! dizziness, fatigue, cognitive changes, nausea,
and blurred vision'-**

o Hallucinations, suicidal ideation,'°" and issues with
withdrawal'® have also been observed in some cases

 Limited evidence of efficacy from RCTs: no improve-
ment in objective cough frequency®*

o CNS-associated adverse effects may occur, such as seda-
tion and unsteadiness®’

o Other adverse effects include dizziness, fatigue, dry
mouth, disorientation, confusion, nausea, or blurred
vision'+1*

e Limited evidence of efficacy from RCTs: subjective end
points based on LCQ score, cough monitored for 1 h'%

o Adverse effects include dry mouth, fatigue,'®” tremor,
and weight gain'®®

o Limited evidence of efficacy from RCTs: no placebo arm,

only 10 d of therapy, subjective end points based on
quality-of-life cough questionnaire (CQLQ)'**

Abbreviations: CNS, central nervous system; CQLQ, Cough Quality-of-Life Questionnaire; LCQ Leicester Cough Questionnaire; MR, modified release; PSALTI, Physiotherapy, Speech

and Language Therapy Intervention; RCT, randomized controlled trial.

RCTs concluded that gefapixant reduced cough frequency by 17.6%
(95% CI: 10.6%-24.0%), reduced cough severity on a 100-mm visual
analog scale (mean difference: —6.2 mm; 95% Cl: —4.1 to —8.4), and
improved cough-specific QoL on the LCQ (mean difference: 1.0 point;
95% CI: 0.7-1.4).'' However, taste-related adverse effects occurred
in 69% of patients, with 12% discontinuing due to these adverse
effects. On the basis of these data, gefapixant was the first ever
licensed drug for RCC and unexplained CC by the European Medicines
Agency and regulatory authorities in the United Kingdom, Switzer-
land, and Japan. However, the Food and Drug Administration did not
approve the medication in the United States. Clinicians in approved
regions should engage in informed discussions with patients regard-
ing its benefits and risks. Importantly, taste adverse effects improved
in 25% of patients during treatment and resolved in nearly all after
discontinuation or even on treatment, and there was no associated
weight loss.

Speech and Language Therapy

Non-pharmacologic interventions, typically delivered by speech
and language therapists or physiotherapists, focus on actively sup-
pressing or controlling cough. These treatments can be used indepen-
dently or alongside pharmacologic therapies, particularly for patients
with RCC. Interventions include educating patients about their cough,

teaching cough suppression techniques, incorporating breathing
exercises, improving laryngeal hydration, and offering psychoeduca-
tional counseling to enhance cough control.!'® Six studies have been
completed, consistently revealing non-pharmacologic interventions
help reduce cough frequency and improve QoL and cough hypersen-
sitivity.'® In a multicenter RCT (PSALTI [Physiotherapy, Speech and
Language Therapy Intervention)], there was a 41% reduction in cough
frequency assessed objectively with the Leicester Cough Monitor,
and a clinically significant improvement in QoL was sustained
after therapy was completed at 3 months, but long-term data
beyond this are not available.''® The combination of SP with neu-
romodulators, such as pregabalin, has been evaluated, revealing
clinically significant QoL improvements, which were also main-
tained after therapy. Furthermore, SP is particularly useful for
patients with coexisting laryngeal disorders, such as muscle ten-
sion dysphonia, inducible laryngeal obstruction or vocal cord dys-
function, and voice disturbances, whereas physiotherapy is
beneficial for those with disordered breathing patterns.** How-
ever, the main limitations of non-pharmacologic treatments
include limited availability in primary and secondary care set-
tings, a shortage of trained staff, and issues with patient adher-
ence. Future research should focus on optimal referral timing, the
most effective components of therapy, and their best modes of
delivery. In addition, ongoing work is investigating the benefits of
delivering these therapies virtually or in group sessions, which
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may improve accessibility, reduce waiting times, and offer more
convenience to patients.

Laryngeal Procedures

A recent meta-analysis reviewed 4 retrospective studies involving
a total of 73 patients.!!” The experimental interventions included
superior laryngeal nerve block with local anesthetic (lidocaine or
bupivacaine) and corticosteroid (triamcinolone acetonide or methyl-
prednisolone), bilateral thyroarytenoid botulinum toxin injection,
and vocal fold augmentation with methylcellulose or hyaluronic
acid.''” These studies were limited by high bias risk, lack of control
groups, and weaknesses such as imprecision and indirectness. These
procedures have potential adverse effects. Patients undergoing bilat-
eral thyroarytenoid botulinum toxin injections reported temporary
liquid dysphagia and dysphonia. Superior laryngeal nerve block
recipients experienced brief episodes of laryngospasm and tempo-
rary throat paresthesia. In addition, there is a risk of serious compli-
cations such as blindness or stroke due to potential steroid
embolization into the arterial circulation.''®

Emerging Therapies

Camlipixant (BLU-5937) is a more specific P2X3 receptor antago-
nist found to have promising results in a phase 2b trial, reducing
cough frequency by 30% with minimal taste adverse effects, and is
now in phase 3 trials. Other P2X3 antagonists, such as eliapixant,
were discontinued due to liver toxicity, and sivopixant failed to have
significant benefit in a phase 2b parallel group study design.''® Phar-
macologic modulation of TRP channels has been investigated for the
treatment of CC."?%!2! However, the two phase 2 double-blind stud-
ies of TRP vanilloid 1 did not reveal improvements in spontaneous
cough frequency.'?*'?* Nalbuphine is a centrally acting mixed opioid
agonist-antagonist at the mu and kappa receptors found to have posi-
tive phase 2a results in patients with RCC with IPF.>* Phase 2a study
in patients with RCC without IPF and a larger and longer phase 2b in
RCC with IPF are currently ongoing.

Conclusion

There is significant unmet need in understanding and managing
CC, especially RCC. Current treatments often do not result in sufficient
improvement in coughing or patients’ QoL. Future targeted therapies
that address the underlying heterogeneous mechanisms hold prom-
ise for more effective symptom control.'?® In addition, increased
awareness among health care providers and the general public about
the impact of RCC is necessary to treat this chronic vexing medical
problem effectively.
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