Cough Hypersensitivity Syndrome

- From neurobiology to clinical phenotyping-

F

\J

0
{0
|0

4 Of T LRt

|'-IJ

HQ

0E



Contents

« Cough hypersensitivity syndrome
» Mechanism/Neurobiology
* Phenotype

e Treatable trait



Chronic cough

- Cough > 8 weeks
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Song W, et al. £ur Respir J, 2025; McGarvey LP et al. 2022



Chronic cough as a neuropathic disorder

Chronic cough

5

Investigate

-

-

Diagnose cause of causes, and
associated disorders (eg, PNOYUACS,
asthma, GORD, smoking, lung pathology)

Mo cawse or associated
disorders identified

.

Treat cause or causes, and associated

disorders

Substantial Part or no
reduction improvement
in cough in cough

Fatient continues
to cough

¥

Idiopathic cough

Figure 1: Diagnostic approach to chronic cough

PMND/UACS-post-nasal dripfupper-airway cough syndrome.

GORD-gastro- cesophageal reflux disease.

Urge to cough (50| ZFEZHESE, Allotussia (AF=0| OtHIH = 7| &
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Kian Fan Chung, et al. Lancet Respir Meqd, 2013



CHS demographics and characteristics

- Heightened response of afferent nociceptors within the upper airway
- Associated with discrete precipitating triggers

- Female > Male, most common age : 60-69 years
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Alyn H. Morice, et al. £ur Respir J, 2014



How to measure CHS?

- No objective measurement tool to define CHS

- Cough frequency measurement

I

Healthy
Smokers
Asthma
Cough variant asthma/eosinophilic bronchitis

Unexplained

16.8
33
107
321
477

Table Z Cough measurement tools and related outcomes

Category Tools and outcomes
subjective
Cough-related quality  Leicester Cough Ouestionnaire, Cough-specific
of Irfe (Quality-of-Life Queshonnaire
Cough seventy Visual analog scale
Objective
Cough frequency Leicester Cough Monitor, Hull Automated Cough
Counter, VitaloJAK

Cough reflex sensitivity  Tussigen inhalation challenge test (using capsa-
icin, citric acid, or ATP)/urge-to-cough, C2, C5,
maximal cough responses evoked by any tussi-
gen concentration (Emax)

AT, adenosine friphosphate.

WJ Song, et al. AA/R, 2017



Mechanism Of CHS - TRPV1 : capsaicin =&X||, C-fiber &¥,

IS0 2o St

- TRPA1T : thermosensor (<17°C)

Cerebral cortex
Central targets
Opioid receptor
Histamine H1 receptor
NMDA receptor
GABA receptor

- ATP : damage-associated molecule

Midbrain
P2X3 - P2X . ATP receptor
P2X3
TRPV1 Increased input
S
Ganglion
TRPA1 !

Vagal sensory afferent nerve Cough (motor act)

Current potential therapeutic targets in cough hypersensitivity syndrome.

WJ Song, et al. AA/R, 2017
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Transient receptor

INDIRECT ACTIVATION

TRPV1
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MS Grace, et al. Puim Pharmaco & Therapeutics, 2012

- TRP ion channels are widely expressed

throughout the body

Respond to a remarkable diversity of
intracellular and extracellular stimuli

PGE2, Bradykinin 7t GPCR 0f Z%tdt
PKA, PKC £ 2d3st AIZ|H TRP X2 E=
2HE3AFA, RHE0| O A EelAl St



Transient receptor potential (TRP)

- TRPA1 and TRPV1 receptors are coexpressed in vagal pulmonary C-fiber sensory nerves.
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- TRPA1 1t TRPV1 O] SA|0f 2d3tE B2 synergistic 282 &6l pulmonary C-fiber B1&%40]

- Ad cough receptor : thin myelin sheath, sensitive to mechanical stimulation and respond to acid

YJ Lin, et al. J Applied Physiology, 2014,MS Grace, et al. Puim Pharmaco & Therapeutics, 2012



ATP-P2X3

- 2AE|L 30| /Y= 7|k M| MEE ATPE Y=
- COPD 2tX}= breath condensate 0| ATP sSE7F =2
- ATP = P2x3 0f Z&&

- Gefapixant (P2X3 antagonist) — ZHI 7| & SHXIOf A 7|& 24 &

N Singh, et al. / Thoracic Disease, 2020



Neuro-immune reaction

Inhalational
triggers
Irritant
Chemical
Acid
Infection
Allergen
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. - Immune system
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WJ Song, et al. Clin Translational Allergy, 2015



Neurobiology

Meuropathic events
in chronic cough

Cortical and subcortical

»  Expansion of sensory fields

» Reduced descending inhibition
s+ Altered thalamic gating

Cortical

Urge to cough
Behavioural cough

O

d Subcortical

1A 7+ /80 of Tah &,

Brain stem: reflex cough, 0| 2,
XF=0[| 8l0{ = activate,
reorganize

Brain stem 2| A= 7} 227t
A E|H, 7|HStD A2 S50
O|AIMo Z Sl 7|%l0| Ot=0f

Brainstem ) I| C
« Central sensitisation C/B'rainstem - = |-
. SPFFTtar'renusattiruiq.r _GO ™ - gO
= Afferent terminal rearganisation Reflex coug . .
Cortical/subcortical | A& Z+2t
............................ o (- L=
= =Jl= 90| BOoX[1, X
Prl;a_r)rhaﬁelrent_nfaun_:rns Q - A|_I §7|- gll:-é-H X| —TI—, TE'I__Xl 7| -9| 7| %
« Peripheral sensitisation e
= Phenotypic changes Frimary Q Ol O|é|'0| ACISI |7_| |:|'
«  Primary afferent sprouting afferent
MELron 7
Motor / o .
L E AZO| o 2SHA U1, brain
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{0—= Both excitatory and inhibitory ﬁ;‘:ﬂ? |nh|b|t0ry Systemo'”E 7_—X'”7|‘ o a.
pathways exist

Kian Fan Chung, et al. Lancet Respir Med, 2013



Central neural mechanism of CHS

7|82 brain stem 3t 2OIA2F BL= Z0| OfL2}, ZZHe L= HYIRE, AHS AH/EHsHE
SOITR| k| FH O ZE ZEQ(St UEAT} SN 5

Altered expression of neuronal ion channels

Normal afferent signals are amplified by central events

Simultaneous subthreshold inputs can substantially lower the cough-reflex threshold of second order neurons in
the brainstem

Second order medullary neurons project to subcortical nuclei (pons, thalamus, hypothalamus, midbrain and
amygdala)

1) Changes in thalamic gating, 2) loss of descending inhibitory control, 3) altered brain response

Kian Fan Chung, et al. Lancet Respir Med, 2013



CHS = neuropathy?

Cough response
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Kian Fan Chung, et al. Lancet Respir Med, 2013




- OFMZe G5 MEE &4, HY MZEIt
AlZ{gotC2 x|.:L
o=l = =

9F . P2X3 (gefapixant)

ST E itx* OE Sl= 2f : gabapentin,

. PERIPHERAL
'ANTITUSSIVES

Vagal
neuropathy

* Neuroinflammation
+* Ganglionopathy

Inflammatory
sensitization

g;’ - ®
(1 ox s

.
b

-o;_
~
. .

* Neuroimmune
interactions

Inhalation Aspiration

Noxious
stimuli

Protective cough

Kian Fan Chung,
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inhibitory control
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Central
sensitization

N\
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et al. Annual Rev. Med, 2026



CHS = neuropathy?

Urge to cough Urge to cough

,1____2\

Noxiousstimuli | map | Physiclogicalcough | —) Pathological cough (e | Innocuous stimuli

(protective) | {hypersensitive)

Neural injury

Cough hypersensitivity Local neuropathy

syndrome =« Throat clearing/globus

» (Chest discomfort/tickle sensation
« Weak/hoarsevoice

= Virus infection

= Environmental pollutants

= (Chemical irritants

= Allergy

= Airway inflammation or
oxidative stress

« [Drugs (eq, angiotensin-comerting
enzy me inhibitor)

Systemic nevropathy

« Desophageal dysmotility

+ Sensorimotor neuropathy

« Cardiac arrhythmia (possibly)

Kian Fan Chung, et al. Lancet Respir Meqd, 2013



CHS — smaller anterior cingulate cortex

Stratification No chronic cough Chronic cough B
Left hemisphere 3,271 349 -88.11 —
Right hemisphere 3,271 349 -38.06 ——
Male 1,481 162 -242.58 =
Female 1,790 187 -15.98 &

| EE P TES TESS) [E (i) Py P T FOa FOel O] s Focs s (| P rror
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Adjusted mean anterior cingulate cortex
volume difference (cubic millimeter)

- Individuals with chronic cough have a smaller volume of the anterior cingulate cortex, which is a
brain region involved in cough suppression

JT Arinze, et al. CHEST 2023



CHS = neuropathy?

- Inflammatory pain and neuropathic pain evoked by

1) altered neural activity associated with tissue damage
2) disease of peripheral sensory nerve system or its central projection pathway

- Centrally acting neuromodulator (Gabapentin, pregabalin, baclofen and amitriptyline)
action on the spinal and higher brain networks regulating pain processing

- Slow-release morphine (not universally recommended)

Kian Fan Chung, et al. Lancet Respir Med, 2013



Heterogeneity of cough in the clinic

Current Cough hypersensitivity syndrome Future
Centrally acting nevromodulatory i ' Improve understanding of pathways: cough
therapies Cortex ¢ | neurobiclogy and dysfuncticn
eq, opioid receptor agonists, gabapentin, Increased ]
amitriptyline, speech and language therapy +  Ascending and central newral |
:  descending higher -— activation of :
i brain pathways ;EdLIEEdd '
' escending i
;E;:rphﬁ::ﬂ}f acting neuramodulatary H ) inhibition o] ldentify Develop Precision
i : Brainstem L | response targeted medicine
e, local anapsthetics, FZX3 receptor L ] ) )
. . i | blomarkers therapies approach
ok Sensary input from

perpheral afferents

Disease-specific therapies

. o . increased :
eq, steroids (asthma, rhinitis), proton- H :
. | . L Gt | i [
purip inhibitors (GORED) i g . s Z?;?:IDTJ ' y | Improved understanding of disease-specific
! i | endotypes in cough hypersensitivity syndrome

Stiart B Mazzone, et al. Lancet Respir Med, 2018



Heterogeneity of cough (Phenotype)

- Clinical phenotype

1) Upper airway cough syndrome

2) Rhinitis and rhinosinusitis

3) Obstructive sleep apnea and laryngeal hyperresponsiveness
4) Lower airway cough syndrome

5) Reflux —related cough syndrome

Rouadi, et al. World Allergy Organization Journal, 2025



Heterogeneity of cough (Endotype)

A

O Activated epithelium SRR e By
Inflammatory cells releasing Cough sensitising Cough evoking
: Eotr-id ’ ' A T = = - = 1T
et | | | |2 - 2AE HEO|M ATP H+ 2 €E8tD, IS M =0
Mucous acc =~ =35
@ Mucous accumulation | A—I %:l 8 DH 7H x—” % |:|C>|'E o|_|- E|-.

Oesophagus  Nose
(GORD)  (rhinitis)

- Chemosensitive receptor (TRPV1,TRPA1,P2X3),
Mechanosensitive receptor — cough evoking

- GORD, rhinitis — cough sensitising

o= EAZF R MeHX|= 2HALOLE BFE o RAL

Mechanosensitive
cough receptor

Inflamed or injured airway

Stiart B Mazzone, et al. Lancet Respir Med, 2018



Heterogeneity of cough (Endotype)

peripheral nerve -> brain stem -> thalamus and
other subcortical area -> motor cortical area,

sensory cortical area, cognitive cortical area

cognitive, motor cortical area : excitatory and
inhibitory pathways

SIAO|HELE, XM= *F &
_Q_X-” OA—I/7I-II-04, 3—|—Oﬂ
M Xl d S22 2/

=TT

Stiart B Mazzone,

A Thalamus and other
subcortical areas

/ Cough-evoking
Sensory inputs

— Multiple ascending cough sensory
pathways arise from different vagal inputs
=+ Multiple descending excitatory and
inhibitory pathways modulate cough
production

et al. Lancet Respir Med, 2018



Heterogeneity of cough (Treatable traits)

| Satia, et al. / Allergy Clin Immunol Pract, 2024



Assess and investigate possible causes of cough

Check

History Examination
Use of ACEI
Smoking status

AsSESS Test
¥ 1
¥ rometry +/- BDR
e . Chest Xray
0-10 NRS* scale Comglete blood count

[ identify and treat the treatable traits |
FrRanact | = T GER |
Eosnophikc Heutrophle:
AT ilmamnion ol CRS ensophagesl ILOWCD
iy Anvdty CANVAS ACEi Smoking Depression
Cough Hypersensitivity can overlap

Re-assess cough severity 0-10 NRS and impact on cough quality of life

Speech Therapy

i Cough Porsists

P2X3 receptor
> mnpunl:t

Gefapicant™

Is there benefit on cough severity using 0-10 NRS and impact on cough QoL ?

I_;‘I

L_3%

Monior Side effects

Titrate Dose

Try aliemate agent

Consider chnical trials

- Treatable trait approach

1) Check, Assess, Test

2) CHS can overlap

| Satia, et al. J Allerqy Clin Immunol Pract, 2024



Assessment of cough

Capsaicin and citric inhalation cough challenge

Cough visual analogue scale (VAS)

Leicester cough questionnaire (LCQ)

Chronic cough impact questionnaire (CCIQ)

Cough Assessment Test (COAT)

AH Morice, et al, £ur Respir J, 2007



[J Airway hyper-responsiveness and variable airflow obstruction

- asthma related cough : ICS/bronchodilator, LAMA, Leukotriene receptor antagonist

[] Airway eosinophilia
- type 2 high biomarker (blood eosinophil >0.3 x 10%/L), FENO > 25 ppb , ICS

[] Chronic bronchitis/neutrophilia
- smoking ,cough with phlegm

[] Gastroesophageal reflux disease

- Lifestyle changes, high-dose antacid trial

| Satia, et al. J Allerqy Clin Immunol Pract, 2024



[] Dysmotility

- Metoclopramide/Domperidone/Macrolides ~ limited evidence

[1 Upper airway symptoms

- Postnasal drip, 1,2 generation non-sedating antihistamines

[J Inducible laryngeal obstruction/vocal cord dysfunction

- Paradoxical vocal cord dysfunction, laryngeal hypersensitivity, speech and language therapy

[] Obstructive sleep apnea

- Exacerbate cough reflex sensitivity , CPAP

| Satia, et al. J Allerqy Clin Immunol Pract, 2024



Chronic cough in both phenotypes
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laryngeal sensation

- Baseline CHQ scores were similar between the groups

- Symptoms of cough hypersensitivity may not distinguish between asthmatic cough and RCC

- Shared mechanism in different treatable traits
MY Kim, et al. £R/J open, 2024



- BHY 7|B Q| AEal 9 230|0f 0| neuropathy o RARSH SRS JHAICH

- TRPV1, TRPA1, P2X3 & &= Ztzt=8X| 9| Z&t =3 MZAAH Q| ¥} neuroimmune reaction 0] CHS &

HABHCt
- CHS& £rY sto| OfL|a} 03] EHH0| SHEE BE Z20|0), SHFORE 7|HO| (12 EHY
25}7| of Lt

- Treatable trait approach (check-assess-test), multi-axis approach
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