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1. Introduction and Physiology of cough
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E“RS guldelines on the diagnosis and treatment of chronic cough in
adults and children

« Changing concept
« Cough as a symptom of pulmonary « Cough hypersensitivity syndrome
disease as a diagnosis

Morice et al. £ur Respir / 2020;55:1901136



Cough hypersensitivity syndrome

e Sensitive to inhalation of environmental irritants
e Perfume, bleach, and cold air

« Sensations of tickling/irritation in the throat
 Urge-to-cough

« 1t Sensitivity of the neuronal pathway mediating cough
« Unique epidemiology: 2/3 of female (peak in 50s-60s)

« Cough hypersensitivity syndrome as a diagnosis
« discourage repetitive tests - therapeutic trial

Morice et al. £ur Respir / 2020;55:1901136



Physiology of cough reflex

2. Reflex cough - Brainstem
Vagal cough
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3. Higher order processes — Cerebrum

Discriminative processing
* Stimulus location
 Stimulus intensity

* Urge to cough

Sensory —

Affective processing
* Unpleasantness

* Emotions

* Mood

Voluntary cough control
-+ * Cough induction
* Effort modulation

Motor -

Cough suppression
* Voluntary
* Placebo
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Murray & Nadel's Textbook of Respiratory Medicine 7t Ed



1. Vagal cough sensors

e detection In airway: vagus nerve terminations

* receptors
* ion channels: TRPV1, TRPA1T TRPV4, ASIC, P2X3

e Jugular neurons

* Proximal trachea, main bronchi) Multiple cough pathways

* Environmental irritants, '
 Nodose neurons

- Distal_airways and lung

* Bronchoconstricti edema, muc
secretion

Jugular Nodose

Chemical Mechanical

//‘V




2. Cough reflex — brainstem

* vagal axons to brainstem

2. Reflex cough - Brainstem

nTS (nucleus tactus solitus) Vagal cough é
Sensors ;
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Cough pattern A

generator
\ Cough
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3. Higher brain processing

» voluntarily cough induction without peripheral sensory nerv
e activity

« modulatory effects on sensory processing
« patient conditioning — urge-to-cough evoked by inhaled capsaicin
- endogenous opioids

Multiple higher brain pathways

Discriminative processing
Ascending <

Affective processing

oluntary cough
oluntary suppression

< <
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Targets for antitussives

NK3 receptor antagonists
GABA-B agonists

o-agonists

p-agonists

NMDA glutamate antagonists

> Centrally acting
rCNS

nucleus
Tractus
Solitarius
(nTS)

Na*
channel blockers

TRPV1 antagonists = Lungs

TRPA1 antagonists

— Peripherally acting

Mechanoreceptors /
/ Diaphragm
Bronchoconstriction ; o "
Oedema Environmental irritants; SO,, Ozone, Toluene Diisocyanate
Mucus secretion Inflammation

Fig. 2. Multiple vagal afferent nerve subtypes innervate the airways and lungs. DICplnlgaItIS et al. Pharmacol Rev 201 4,66468



Cough hypersensitivity syndrome
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ERS guidelines on the diagnosis and treatment of chronic cough in adults and children

Alyn H. Morice, Eva Millgvist, Kristina Bieksiene, Surinder S. Birring, Peter Dicpinigaitis, Christian Domingo Ribas, Michele Hilton Boon, Ahmad Kantar, Kefang Lai, Lorcan McGarvey, David Rigau, Imran Satia,
Jacky Smith, Woo-Jung Song, Thomy Tonia, Jan W.K. van den Berg, Mirjam J.G. van Manen, Angela Zacharasiewicz

European Respiratory Journal 2020 55: 1901136; DOI: 10.1183/13993003.01136-2019

Cough d/t common cold
[ Evidence-Based Medicine J g k CH EST

Pharmacologic and Nonpharmacologic ) oo
Treatment for Acute Cough Associated With

the Common Cold
CHEST Expert Panel Report

Mark A. Malesker, PharmD, FCCP, Priscilla Callahan-Lyon, MD, Belinda Ireland, MD, Richard S. Irwin, MD,; Master FCCP;
on behalf of the CHEST Expert Cough Panel

Morice et al. fur Respir / 2020;55:1901136
Malesker et al. CHEST 2017;152:1021
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2. Centrally acting antitussive agents
 dextromethorphan
 codeine
* morphine
« gabapentin and pregabalin



Dextromethorphan

* first reported in 1953

* mc non-opioid central antitussive
* no undesirable side effects of codeine
« drowsiness, nausea, dependency, and constipation

« Unclear mechanism
« antagonize NMDA glutamate receptors in nTS

2. Reflex cough — Brainstem
Vagal cough

/‘;:t:}s\ensors

’ ‘ '] nTS (nucleus Tactus Solitarius)
Cough pattern /

generator

Dicpinigaitis et al. Pharmacol Rev 2014,;66:468



Dextromethorphan

e active ingredients in many OTC medicines
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Dextromethorphan

» Meta-analysis (vs. Placebo)

Cough severity (5 studies) Cough frequency (2 studies)
-« D
ChR - Dextromethorphan L3
05 0 0.5 1 15 0 02 04 06 08 1 1.2 14
Estimated Effect Sizes Relative to Placebo Estimated Effect Sizes Relative to Placebo
e Limitations
L B4 O O BhRbEO| T, KB, B Yo AWK &S

Yancy et al. Chest 2013;144:1827



Codeilne

- traditional opiate used for cough
« central antitussive activity
* prodrug

* Liver cytochrome P450 > morphine: major therapeutic action
« CYP2D6: genetic variability in drug metabolism

« Carefully use in patients with liver dysfunction
e caution in concurrent use with dextromethorphan
(two agents compete for metabolism)

Dicpinigaitis et al. Pharmacol Rev 2014,66:468
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* Animal study

Codeilne

¢ CONSCIOUS guinea pigs

« codeine > greater than 60% antitussive therapy
« Opioid receptors mediate inhibition of cough

% Inhibition of Cough

80+

60+

404

20+

-8 SB 227122 (delta)
-8-BRL 52974 (kappa) A
-¥-Codeine (mu) !
- A= Hydrocodone (mu)

1.0 3.0 10 30
Dose of Agonist (mg/kg)

Karlsson et al. Pu/m Pharmacol Ther 1990;252:863



Codeilne

« Cough evoked by capsaicin
« Outcomes: urge-to-cough sense and cough number

10

I 30
I I o5 | | Placebo
W I . ® 30 mg Codeine
2 20 )
£ -g A 60 mg Codeine
3
S 1 [ l . 2 197 f
: § 10-
g 5
> + Placebo o 0 -j {
® 30 mg Codeine
A 60 mg Codeine 0 T
0.1 5

’ 10 100 1000 0 50 100 150 200 250
Capsaicin Concentration Cpasaicin Concentration (uM)

Placebo vs. 30 mg codeine vs. 60 mg codeine: no intergroup difference

Davenport et al. Pul Pharmacol Ther 2007;20:338



Morphine

* long history of use

e particularly in the palliative care setting
 chronic cough research > metabolites of codeine

Dicpinigaitis et al. Pharmacol Rev 2014,66:468



Morphine

« Randomized double-blind placebo-controlled study
 Crossover design

» Patients with chronic cough
* 5 mg of morphine twice daily for T month vs. Placebo (n = 27)

* 10 mg of morphine twice daily for 1 month vs. Placebo (n = 18)
6 -

EW/\/\ placebo

morphine

cough score
] o e
1 L

"
1

o

||||||||||||||||||||||||||||

placebo ------- MST Morice et al. Am J Respir Crit Care Med 2007;175:312



Morphine

...... =8

ERS guidelines on the diagnosis and treatment of chronic cough in

adults and children

 Chronic refractory cough
« Low-dose morphine (5-10 mg twice dally)
 Strong recommendation/Moderate level of evidence
 Y> of patients responded to opiates
« stop if there is no response in 1 or 2 weeks

Morice et al. £ur Respir / 2020;55:1901136



Morphine

« Limitations for using in chronic cough
* legal issues
« ceiling effect of therapeutic responses: ~20mg of daily dose

* None of opiates: viewed as the gold standard
« marked individual variance in response
« morphine may be more reliable than codeine

Dicpinigaitis et al. Pharmacol Rev 2014,66:468



Gabapentin and pregabalin

* reduce chronic neuropathic pain via central mechanism
» voltage-gated calcium channel blocker
* inhibit neurotransmitter release

« Central mechanism - effective in chronic cough?



Gabapentin

* RCT

« 62 patients with refractory chronic cough
« Gabapentin (~1800 mg/day) vs. Placebo
« 10 weeks duration

18 4 —&— Gabapentin
- Placebo p=0-004

.CQ score

Cough-related
Qol score

Ryan et al. Lancet 2012;380:1583



Pregabalin

* RCT

40 patients with refractory chronic cough

 Pregabalin with SPT vs. Placebo with SPT
« SPT = speech pathology treatment

e 14 weeks Cough severity

2
§ 80 -
2 701 :
S O 60
. P = .002° P = .564
35 1 50 4 = T
2% -

Cough VAS 5 g 40 —
® e 30 4
TS | !
& Y ' '
) T | —+— SP + PREG
S ‘ —a— SP + PLAC
: O || 1 1
8 Baseline Posttreatment Follow-up

Study visit Vertigan et al. Chest 2016;149:639



Gabapentin and pregabalin

)]

|||||

adults and children

 Chronic refractory cough
« Conditional recommendation/Low level of evidence

« S/E: blurred vision, disorientation, dizziness, dry mouth, and nausea
» low dosage (300 mg once a day) - gradual increase
« up to 1800 mg/day (gabapentin)

Morice et al. £ur Respir / 2020;55:1901136
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. Peripherally acting antitussive agents
* benzonatate

* levodropropizine

 theobromine

* antihistamine

* novel drug



Benzonatate

* used since 1958
 anesthetizing stretch receptors in lung
and pleura

TRPV1 antagonists

TRPA1 antagonists

Mechanoreceptors
Bronchoconstriction , | : _
Oedema Environmental irritants; SO,, Ozone, Toluen

Mucus secretion Inflammation

Dicpinigaitis et al. Pharmacol Rev 2014,66:468



Benzonatate

« Case reports of using for opioid-resistant cough
 advanced cancer

« fatal overdoses were reported (< 10 years old)
* tremors, COﬂVU|SiOI’1, coma, cardiac arrest
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Doona M et al. Palliat Med 1998;12:55



Benzonatate + Guaifenesin

* RCT

 Guaifenesin: FDA-approved expectorant

« cough d/t acute viral infections (n = 30)

« Benzonatate vs. Guaifenesin vs. Combination vs. placebo

* 3 separate days within 7 day period (double-blind fashion)

 cough reflex sensitivity |
« Guaifenesin + Benzonatate vs. Placebo (p < 0.001)

Dicpinigaitis et al. Respir Med 2009;103:902



Guaifenesin

e active ingredients in many OTC medicines
- S o[ F J=(Sf 2007h)

sazu BIEN 0sa AZH2A  o%RA 220 i AEEY  ABM =%

ZHEILE 2120 E1-20

RESUHE >EETLI I
HE 35 0]
HE® a 22 HEgC =HOH A S Atk T2
L e .4 000000000 @ S TIH 2F(F) buprofen G0mg 2 B2 HE
Guaifenesin 100ma 2|
‘ IZYAAHEWE £43703430 IHUE(F) wut

M

Trimetogquinol
o I8Ny ~HENS BARIOEIE0 ¢ Z =M F(F)  hvdrochloride hydrate

=
=3
=

=2
1ma 2| 474
Pseudoephedrine
) AENEEHEYS BARIOSIE0 ¢ Z M ZF(F)  hydrochloride 15mg 2 4 H
M
JudEcEaanT ) Pseudoephedrine
N 648103350 @3 ZSH 2 (+)  hydrochloride 15mg 2] 4 ZHEE
g e
Pseudoephedrine
y JEIEFH U s GA3600130 4':- (e E-Fa hydrochloride 15mg 2| 6 L4

H

http://www.druginfo.co.kr



Levodropropizine

* influence firing of sensory C-fibers

* short-term symptomatic treatment
« adults
« children older than 2 years

« peak plasma levels within 40—-60 minutes
* rapid Gl absorption
* not need to be adjusted in elderly

| antagonists

\1 antagonists

/ :

Dicpinigaitis et al. Pharmacol Rev 2014,;66:468



Levodropropizine

» patients with allergic asthma or chronic bronchitis
 reduced cough vs. Placebo

e patients with acute and chronic bronchitis
 reduced cough severity/frequency
« dose-dependent manner

Bariffi et al. Drugs Exp Clin Res 1992;18:113
Bossi R et al. Arzneimittelforschung 1988;38:1159



evodropropizine
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Theobromine

« TRPV-1 XtH > Vagus nerve 278 = A K|
 Guinea pigs (citric acid) and human subjects (capsaicin)

% antitussive effect

100-

antitussive effect of theobromine

log1o C5 (uM)
o

0.5

Placebo Codeine Theobromine
Treatment

Usmani et al. FASEB J 2005;19:231
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H.-Receptor antagonists

e NnuMerous animal studies — antitussive

« unclear mechanism
- anticholinergic (sedative) effects?
« antagonize stretch receptors?

»independent of “sedative effects” and “effects on minute ventilation”

MclLeod et al. Pharmacology 1998;57:57
Bosler et al. £ur J Pharmacol/ 1995;277:159



H.-Receptor antagonists

* First-generation antihistamine dexbrompheniramine

« inhibit TRPV, activation

 potential mechanism
* rat experiment study

| antagonists

\1 antagonists

/ : Sadofsky et al. Exp Lung Res 2008;34:681
Dicpinigaitis et al. Pharmacol Rev 2014,66:468



H.-Receptor antagonists

30 A™ 300 AlH

In 100 ml: In 100 ml:

- Dihydrocodeine 50 mg - Dihydrocodeine 50 mg

- Chlorpheniramine maleate 15 mg - Chlorpheniramine maleate 15 mg
- Methylephedrine HCl 131.25 mg - Methylephedrine HCl 131.25 mg
- Ammonium Cl 1 mg - Guaifenesin 375 mg




H.-Receptor antagonists

* First generation antihistamine + Decongestants
« Chronic cough d/t upper airway cough syndrome
 Acute cough d/t common cold

e Limitations of recommendation

* Largely based on clinical experience and expert opinions
* Lack of adequately powered RCT

Malesker et al. Chest 2017;152:1021
[rwin et al. Chest 2006;129:1S



P2X3 receptor antagonist - Gefapixant

« ATP-gated ion channel
* peripheral sensory nerves in airways Cough reflex

larynx

« P2X3 receptor antagonist
* Novel drug for chronic refractory cough?

trachea

.....

Image source: bellushealth.com/wp-content
Abdulqawi et al. Lancet 2015;385:1198



Proof-of-concept study

* 34 individuals with chronic refractory cough
« RCT (AF-219 vs. placebo)

 OQutcomes

« Daytime cough frequency (primary endpoint): baseline and 2 week

« 75% reduced (p = 0.0003)

AF-219 Placebo Difference at 2 weeks
Baseline Week 2 Baseline Week 2 Placebo-adjusted effectof  p value
AF-219 (95% CIy*
Daytime cough frequency
[TT population
Patients in analysis 19 19 21 n
Coughs perh 3709 (32-23) 10-97 (830) 65-45 (163-36) 43-59 (51-42) -75% (-BB to-50) 0-0003
PP population
Patients in analysis 14 14 14 14 .
Coughs per h 4515 (33.23) 10:51 (7-47) 37-30(32-39) 41.57 (31.78) -84% (-04 to-60) 00005

ughs per h)

Daytime cough frequency (co

1000+
750
So0—
250+

5o+

O Placebo

4 ARG

— Intention-to-treat

— Intention-to-treat
* and per-protocol

(baseline) (treated)

Abdulgawi et al. Lancet 2015;385:1198



Phase 2 study

* Chronic refractory cough (n = 253)
 Placebo or Gefapixant (7.5mg, 20mg, or 50mg)
« 84 days

« Qutcome: placebo-adjusted change from baseline in awake cough
frequency

Awake objective cough frequency 24 h objective cough frequency
% difference from pvalue 20— 24—
placebo (95% CI) * —— Placebo
, —-7-5mg
Objective - 20mqg
Gefapbant 7.5 mg (n=59) o~ 220%(418t046) 0097 _ 25 —#-50mg 204
Gefapixant 20 mg (n=59) - -22.2% (-42-0t0 4-3) 0003 _g_ _g_
Gefapixant 50 mg (n=57) - -3 0% (-53310-14.9) 0.003 - »
I T T T T T T 1 =' 20 'y = 16
55 45 35 25 -5 50 51015 g - 2
+— —> = =
Greater effect  Greater effect g ol g
with gefapixant  with placebo = 154 — 2 124
Awake cough frequency d:':-j B A d:':-j
(12 weeks) 2 ' 2
© 104 R
Figure 2: Forest plot of change in awake cough frequency with gefapixant versus placebo in the full P
analysis set #
Data were assessed using a mixed model repeated measures analysis that included fixed effects for treatment /r /]/
group, visit, country, and treatment-by-visit interaction, and the baseline value as a covariate. The analysis of 0 T T 1 T T 0 T T T T T
change from baseline in awake objective cough frequency and 24-hour objective cough frequency was based on Baseline 4 8 12/ET 1“4 Baseline 4 8 12/ET 14
log-transformed data. Weeks

Weeks

Smith et al. Lancet Respir Med 2020;8:775



Phase 3 study

m) U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies v About Studies v Submit Studies ~ Resources v About Site v PRS Login

Home >  Search Results >  Study Record Detail

(J sSave this study

A Study of Gefapixant (MK-7264) in Adult Participants With Chronic Cough (MK-7264-027)

ClinicalTrials.gov Identifier: NCT03449134

The safety and scientific validity of this study is the
Recruitment Status € : Completed
First Posted @ : February 28, 2018
Results First Posted @ : June 16, 2021
Last Update Posted @ : June 16, 2021

responsibility of the study sponsor and investigators.

A Listing a study does not mean it has been evaluated by
the U.S. Federal Government. Read our disclaimer for
details.

Sponsor:
Merck Sharp & Dohme Corp.

Information provided by (Responsible Party):
Merck Sharp & Dohme Corp.

COUGH-1 (n = 730, 12 weeks)
24-hour cough frequency recorded
18.5% reduction

(vs. placebo)

COUGH-2 (n = 1314, 24 weeks)
14.6% reduction
(vs. placebo)

https://www.clinicaltrials.gov/ct2/show/NCT03449134



FDA accepts gefapixant for review in cough, positioning
Merck to get head start on Bayer and Bellus

by Nick Paul Taylor | Mar 1, 2021 8:15am

FDA is set to make a decision on whether to approve Merck's gefapixant by Dec. 21. (Merck)

The FDA has accepted a filing for approval of Merck’s P2X3 receptor antagonist gefapixant for

+ review. Merck is seeking approval on the basis of phase 3 trials that linked the oral drug to

f improvements in several measures of chronic cough symptoms but confirmed tolerability concerns.
’ Gefapixant is at the front of a pack of P2X3 prospects in development at companies including
Bayer, Bellus Health and Shionogi. Merck validated the target last year in a pair of phase 3 trials,

COUGH-1 and COUGH-2, that found gefapixant drove relative risk reduction in 24-hour coughs per
hour. Yet, 15% to 20% of subjects on the high dose dropped out due to adverse events.

in




Summary

* Physiology of cough and Antitussives

higher Brain

Brainstem

Vagal cough sensors

Peripherally acting antitussive « codeine

Centrally acting antitussive
« dextromethorphan

« benzonatate « morphine
* levodropropizine - gabapentin and pregabalin

« theobromine
 antihistamine
« P2X3 receptor antagonist






