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Mostly, based on Expert opinion and low-quality studies
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Unmet need : &N 21at7} H=E QICH (50%),

- CH=rE A 2[Z[2] 10%

More unpleasant situation in COVID-19 era

A2l & Ald

*Lung 2019:197:635



Pooled prevalence of chronic cough

30 million visits, $600 million spent on ] o o e 0
medication for coughin 2010 (US) Europe : 12.7% (95% C110.4-15.2%)

PSS TR in 344,522 subjects from 44 studies
XA ‘ X

P

R ASia:4.4% (95% C11.8-7.4%)

1o /in 131,566 subjects from 22
:studies
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In the meta-regression analyses, the regional differences in chronic cough prevalence were independent of smoking Song WJ et al, Eur Respir J 2015:45:1479



Prevalence of chronic cough in Korean community

Prevalence of

Population | Survey year Definition of chronic cough Cough duration

chronic cough

Participant of Point prevalence of chronic 1.6% had cough
Kang et al
KNHANES 2010-2012  cough (current cough lasting lasting for more 2.6%
(2017)
(> 18 yrs) more than 8 weeks) than one year
Point prevalence of chronic
Participant of Mean duration of
Won et al cough (cough on most days for
KNHANES 2010-2016 chronic cough: 3_5%
(2020) 3 months and more in the past
(> 40 yrs) 7.8 yrs
year)

Medicine (Baltimore) 2017;96:e6486.
Allergy Asthma Immunol Res 2020;12:964-79



I Prevalence according to age (Korea)
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EQ-5D-3L
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Health-related QoL and chronic cough

P =0.001 P < 0.001
1.0
0.89 £ 0.00
0.84+0.02 (g3:+0.00

0.71 + 0.02 0.8

—l

N

e
& 0.6
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Men Women

M No chronic cough M Chronic cough

~&— No chronic cough (men)
=¥~ Chronic cough (men)

u —&— No chronic cough (women)
~¥— Chronic cough (women)

T T | T
40-54  55-64  65-74 ¥ L

EQ-5D-3L, 3-level EuroQoL 5-dimension component
(1: perfect health, o: health state equivalent to death)

Allergy Asthma Immunol Res 2020;12:964-79



Classification of cough and main causes

arbitrary cut-off in cough duration & overlap (+)

acute subacute chronic
. M| U - 4 = 71H (mfe) e ZIEBEY (CVA) &
« o7|X A * causes of chronic cough = 448 7| 2HX| E (EB)
« MIIEI|EZZF (UACS
3EH'°.LJO|_|1 371 Ino—: ( )
- FIM=HFTE 2 (GERD)
- &f= 59, 1B, BE, COPD......

CVA: cough variant asthma, EB : eosinophilic bronchitis, GERD : gastroesophageal reflux disease
BE : bronchiectasis, UACS: upper airway syndrome (post-nasal drip syndrome)



Causes of chronic cough in China

Frequency of causes of chronic cough

35
30 Prospective, multicenter survey
through a strict diagnostic algorithm
25
20 18.6 172
15 13.2
10 8.4
£ 4.6 5.4
5 1 I
0

BCVA BUACS mEB mAC EGER-C mUnexplained mOthers

CVA (cough-variant asthma), UACS (upper airway cough syndrome), EB (eosinophilic bronchitis), AC (atopic cough),
GER-C (gastroesophageal reflux-related cough) CHEST 2013:143:613
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ia UAGCS
( due to Rhinitis or
rhinosinusitis, CVA
M ENEES A (cough variant asthma,
- " 718" H4Y) EB
(eosinophilic bronchitis,
< - SATY 7| 2R )
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UACS: Upper airway cough syndrome Kang SY et al, Asia Pacific Allergy 2016:6(4):198 (18 studies)
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I 2. 77 |E "7 14 AHCOugh Assessment Test: COAT)
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Allergy Asthma Immunol Res, 2018:10(6):591-613

COAT : cough assessment test ZHH7| R HIt=F 52, 0~20%) 71H R ZX|E 2020 (oA Bl 2 57(3t2)
Eur Respi J, 2020:55(1):1901136




O Ct O

Aol 2tg 7|18 HE A A=

He " 2 AMFET 42X AAF (how many...?)
% ZITh (Presumed diagnosis)

“A trial of therapy that is likely to be effective”

Response (+)

2HXl (Confirmation)



Example 1.

* F/37, cough lasting for 6 weeks

* non-smoker, no medication, no previous TB, no travel Hx E> r/o drugs, smoking
» No recent respiratory infection [ r/o post-infectious cough

e BMI = 25.1

* Post-nasal drip (+) : aggravation on supine position

* Nasal congestion : sometimes

* Frequent FB sensation or secretion in throat =
* dyspnea (-), GE reflux Sx (-)

* Fever (-), no wheezing/rale on auscultation

r/o GER-cough ?



Normal chest PA



Spirometry result : within normal limits

Ref Pre (Meas) Pre (% Pred) Post (Meas) | Post(%Pred) | Post (% Chg)
FVC (liters) 3.85 3.67 95 3.73 97 2
FEV1 (liters) 3.02 2.82 93 2.90 96 3
FEV1/FVC (%) 76 77 78
I(:LE/ZSC_;S 3.40 2.42 71 2.66 78 10
PEF (L/sec) 6.55 6.07 93 5.85 89 -4




Example 1.

PNS series

Relevant symptoms or signs

+
Exclusion of other diseases or triggers
Presumed Dx : cough due to rhinosinusitis
Trial of therapy
(S| AED + H SN HH|, H|ZEFAHE0|E, if indicated antibotics)

Response (+)

Confirmation : &7|= 7| M S (UACS)*

*UACS: upper airway syndrome (old term : post-nasal drip syndrome)



Upper airway cough syndrome (UACS)

* ACCP definition : chronic cough coexisting with upper airway Sx.
* Most common cause of chronic cough

* Sensory neuropathic process attributed by upper airway
* Formerly, postnasal drip syndrome

* Dx : Response to empirical anti-histamine or nasal decongestant

Chest 2006:129:638



Example 2.

F/63, Chronic dry cough lasting for 12 weeks (aggravation at night)

non-smoker, no medication, no previous TB, no travel Hx > r/o drugs, smoking

No recent respiratory infection, atopy (-)

Post-nasal drip (-), Nasal congestion (-) > r/o UACS

E> r/o GER-cough

Frequent FB sensation or secretion in throat (-)

GE reflux-associated Sx (-)

dyspnea (-), productive sputum (-)

Fever (-), no wheezing/rale on clinic visit



Normal chest PA




ot= J¢ TI7|YR0|M 2 ==t

“Eosinophilic inflammation”

909 UACS
( due to Rhinitis A
C e r \
or rhinesinusitis)
60 . CVA Eosinophilic
(cough variant asthma) bronchitis (EB)
— [
E |
M 40 T- A s
f
204 .,
|
AV7| £ A B} H A 47| 2K E

UACS: Upper airway cough syndrome Kang SY et al, Asia Pacific Allergy 2016:6(4):198
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Fractional exhaled nitric oxide measurement

FENO=



FA AL (induced sputum analysis)

ZHE
= O

Tk

Eosinophil > 3%




FENO measurement tool

FENO = Fraction of exhaled nitric oxide

HEH (E583IC

ol
[0
-

E
[0

Filter : 17,000 &
Device : 600-700 ZH&

40

NObreath®

0
S0|0tA|
e
oz =9
3]
Q-




FENO (27|42t & 4

e Non-invasive and needs much less efforts than induced

sputum analysis
— Standardized
— Comfort
— Needs less time and technician’s labor

e Examination within a day, without reservation!
— FeNO, spirometry, chest X-ray / PNS view , rhinoscopy

o Effect of smoking, respiratory infection, food

BAL eosinophil (%)

40

35
15

[

AL

r=10:78
p<0.001

20
eNO (tidal) ppb



FENO as a predictor of response to steroid

* Easy to use in private clinic (portable device), Non-invasive tool

* Increased FENO ( > 30~35 ppb)
* Eosinophilic inflammation-associated cough (asthma or EB) ... !!

* Expectation of favorable response to steroid ... !!

* Limitation
* Higher specificity (89%) and moderate sensitivity (73%)*

. HA| TICHHT| BX o2 L Q851K %3

LS &

* J Allergy Clin Immunol, 2017:!40:701 (from 15 studies, 2187 patients with chronic cough)



Exhaled NO (FENO) in screening of adults with chronic cough

p < 0.001

60

50

40

30

FENO (ppb)

20

10

B Asthma B EB mGERD UACS
EB : eosinophilic bronchitis

GERD : gastroesophageal reflux disease
UACS: upper airway syndrome (post-nasal drip syndrome) Respir Med, 2015:109:970



Example 2.

F/33, no smoker, no medication

No post-nasal drip

=)

7| £t2E A (FENO) = 55 ppb

Serum eosinophil (5%)

No GER-associated Sx, dyspnea (-)

No wheezing/rale, aggravated cough at night

Presumed Dx : cough due to eosinophilic bronchitis or CVA

Trial of therapy (8 24HZ0|E)

Response (+)

Confirmation : eosinophilic bronchitis (EB) or CVA




Differentiation of asthma and EB
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Example 2.

7|2 K| A AL
(Bronchial
provocation test)

Z+H
O =

Cough-variant asthma

Ref Pre
Meas
Dose
FVC Liters 520 4.00
% Chg

FEV1 Liters 4.10 3.00
% Chg
FEF25-75% 4.36 2.32
% Chg
PEF Lisec 939 7.73
% Chg

PC 15 FEV1: 19.9

Pre

120 0 5 15 35

100 4

80

60

% Ref Meas Meas Meas
0 5 15

77 404 395 371
1 -1 -7

73 284 270 267
-6 -10 -11

53 198 185 203
-15 -21 -13

82 706 6.11 558
-9 -21 -28

Pre Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7Level 8 Level 9  Post

Meas Meas Meas Meas Meas Meas Meas

35
3.31

-17
2.33
-22
1.72
-26
9.21
-33

Post

3.88
-3

2.97
-1

2.53

Q0

v

7.27




Example 3.

* M/55

* Ex-smoker, no medication, cough lasting for 3 months E> r/o drugs, smoking

* BMI = 31, no definite infectious events E> r/o post-infectious cough
* Dyspnea (-), Nasal congestion or post-nasal drip (-) > r/o UACS ?
 GER-related Sx. like Heart burn (-) > r/o GER-cough ?
 Wheezing/rale (-/-), normal PFT ) r/o COPD

» Normal PNS and CXR, FENO = 22 ppb ) r/o CVA or EB ?

What would you do for this patient ... ?
24-hr pH monitoring or PPI trial 2



PPl use is effective in the treatment of GER-Cough?

I PPI Placebo I Odds Ratio Odds Ratio

Study or Subgroup Events Total BEwvents Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
3.1.1 Medical clinics based enrolment

Kiljander 2000 7 9 12 12 8.2% 012001, 2.85] -

Ours 1999 7 8 g9 9 7.4% 0.26 [0.01,7.43]

Subtotal (95% CI) 17 21 15.6% 0.17 [0.02, 1.7 3] *—

Total events 14 21

Heterogeneity: Tau*=0.00; Chif=011,df=1{(P=0.74), F=0%
Testfor overall effect £=1.49{P=0.14)

3.1.2 Otolanymgology based enrolment

Eherer 2003 2 5 4 B 13.5% 0.33 [0.03, 3.93] =
Vaezi 2006 79 94 43 48 70.9% 0.61 (0.21,1.80] t
Subtotal (95% CI) 99 54 B4.4% 0.56 [0.21, 1.49]

Total events 81 47

Heterogeneity: Tau®= 0.00; Chi®=0.20, df=1 (P = 0.66), F= 0%
Testfor overall effect. Z=1.17 (P =0.24)

|_Tuta| {95% CI) 116 75 100.0% 0.46 [0.19, 1.15] R =
Total events 95 68
Heterogeneity: Tau®=0.00; Chi*=114,dfi=3(P=0.77), F=0%
Testfor overall effect Z=1.66(P=010)

0.005 0.1 10 200
FPl better Placebo better

Insufficient evidence to conclude definitely that GERD treatment with PPI

is universally beneficial.

Cochrane Database Syst Rev 2011



Expert consensus® about a trial of PPI

Cough and reflux
Question 12

UM XHE I A M| (PPIs)7t GER-Cough O] &

}xol X|z 017}

A+ Agree strongly

A Agree with minor reservations
A- Agree with major reservations
D- Disagree with major reservations
D Disagree with minor reservations

D+ Disagree strongly

~

13
9

L2 =] =]

38.6% (17/44)

Task Force does NOT support that a trial of PPI should be used in routine Mx.

—_

=, #710], Z{LtCt, Ol =, &=, B0Ot3, 22|, OfHE E, O|F 2|0, 2| F

OFL|OF, AT Ql, L HBtct ®=, 0] 0| 7| A

I:I
I_I

7t CH

At
o

ERS Task Force Report, ERJ 2014:44:1132



Changes in international guideline

Chest 2006

Patients with chronic cough who have Gl symptoms that are consistent with GERD
should be considered to have a high likelihood of having GERD and should be

prescribed antireflux treatment even when they have no Gl symptoms.

Chest 2016 (the US)

In adult patients with suspected chronic cough due to reflux-cough syndrome, but
without heartburn or regurgitation, we recommend against using PPI
therapy alone because it is unlikely to be effective in resolving the cough.

ERS 2020 (Europe)

We suggest that clinicians do not routinely prescribe anti-acid drugs in
adult patients with chronic cough




GERD and PPl use in chronic cough

Only 1.7% of patients with chronic cough : GERD-related cough*
Pathophysiology is still controversial : reflux may have a minor role (reflux ---> reflex theory)

Empirical PPl use : less effective than expected, controversies on efficacy among experts

01 B 7| A BRFOIA SAXHEZARIR (PP1)2] B ALGO| 7|3 S AN LI

Mot o 20k AL A5 @1 (acid reflux S410] Betot )

SHEO| EXN7I AR FI| 8 Al FEE2| 8|7t F (pneumonia, fracture, hypomagnesemia, dementia, anemia,
CDAD ...)

Ther Adv Respir Dis 2019;13:1753466619891520
Chest 2013:143:605



Example 3. (Continued)

M/55
Ex-smoker, cough lasting for 3 months

BMI = 31

Dyspnea (-), Nasal congestion or post-nasal drip (-)
GER-related Sx. like Heart burn (-)

Wheezing/rale (-/-), No previous respiratory infection Hx.
Normal PNS and CXR, FENO =22 ppb,

* No response to PPI

Next, what would you do for this patient... ?



Positive predictive values

A R
o Tr .
for cause of chronic cough

PNS x-ray 48 ~ 697%
ENT exam with rhinoscopy 63 ~ 75%
Esophageal pH monitoring 68 ~ 847%
Bronchial provocation test 22 ~ 88%
Spirometry 25 ~ 66%

Thorax 1998:53:738, Chest 1999:116:281, Arch Intern Med 1998:158:1222, Am Rev Respir Dis 1990:141:640
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= O| E (Inhaled corticosteroids, 1CS)

14] 9 S AT 7| X Yol RYE0| £O0 BTE

0 O A2, high-dose ICS for 2-4 weeks AFESI1 4 F
C

Ol &

SR A EZ| UK (leukotriene receptor antagonists, LTRA)

c ICSEAMES 7 BlE ERUANUMZ ALE

Proton-pump inhibitor (PPI)

- 582 ZX7IAD Z7 58 Al FAHEL[ N7t HAM Reflux &

o0

2hd 7180 tiet 88H K=

ME=ROE =

E

Of



Example 4.

F/58, cough lasting for 6 months

No medication, Non-smoker, No previous respiratory infection Hx.
BMI =22.6

Dyspnea (-), Nasal congestion or post-nasal drip (-), GER-related Sx (-)
Wheezing/rale (-/-), Normal PNS and CXR, FENO =19 ppb

Chest CT : no abnormalities, Methacholine provocation test (-) : 2At HZ 2

suboptimal response to PPI, ICS, and anti-histamine for 4 weeks

i Unexplained/Refractory/idiopathic cough

B



Concept... Paradigm...!

Causal
relationship?

Unexplained
cough




Conventional concept for chronic concept
‘“anatomical diagnostic protocol”

Cerebral cortex

“Finding the cause and treating it”

Pharynx ]' UACS Post-nasal drip

Larynx

Cough centre

Superior laryngeal nerve

Vagus (X) nerve

Trachea
Carina

Main bronchi
CVA/EB
Oesophagus
} I

Based on anatomical distribution of cough receptors and vagal afferent pathways




The|Cough Hypersensitivity Syndrome: A Novel Paradigm
for Understanding Cough

Alyn H. Morice ‘

Abstract Formany years patients with chronic cough have
been investigated in an attempt to diagnose the cause of the
cough. Here I suggest that the overwhelming majority of
patients with chronic cough have a single diagnosis: cough
hypersensitivity syndrome. This is demonstrated by the
homogeneous nature of the clinical history and investiga-
tional results of patients attending cough clinics. The
hypersensitivity facet of the syndrome is demonstrated by
objective testing with capsaicin and other protussive agents.
Within the cough hypersensitivity syndrome there are dif-
ferent phenotypes. Those patients with a predominantly
Th2-type mmmune response will develop eosinophilic

“Umbrella” concept

inflammation and either cough-variant asthma or eosino-
philic bronchitis. Those with predominantly heartburn
symptoms will have a phenotype that reflects GERD and
cough. However, the similarities between the different
phenotypes far outweigh differences in a unifying diagnosis
of the cough hypersensitivity syndrome, providing a more
rational understanding of chronic cough.

Alyn H. Morice, Lung, 2010:188:587



Model 1. (Anatomincal diagnostic protocol)

Factors + Normal cough reflex

PAd=

o]
G

| -

o
10

Chronic

Model 2. (Cough hypersensitivity : Neuropathy) Cough

Factors + abnormal /
cough reflex 4

thE g trigger/modulator Too sensitive, disorganized alarm




Causes Effects

Rhinitis/rhinosinusitis -

Cough variant asthma —

¥

Eosinophilic bronchitis

—

a

GERD
Idiopathiccough

(A) Anatomic diagnostic protocol

—3C_ Chronic cough

Paradigm for chronic cough

L

Asia Pac Allergy 2014;4:3-13 (modified)

TN
[ —

ll
\
\

Rhinitis/rhinosinusit&

W

Chroni; cough
hyperjénsitivity

Intrjr(sic mechanism

-

\

o

Asthma/eosinophilic bronchitis

Reflux diseases

Associated diseases
= triggers or modulators

(B) Cough hypersensitivity syndrome




Increased cough reflex in allergic rhinitis

10 - P<0.01

- B
2 t
i
v
o
= 14
cS
i
"g” 2

o
€ o011
o
‘o
a
o
o

. 0.01
Cough provocation test healthy subjects allergic rhinitis
(n=25) (n=23)

Pulm Pharma Ther, 2009:22:121



Upregulation of TRPV1 in intraepithelial nerves in chronic cough

(%) 4 -
p=0.0003
O Increased expression of TRP
3 C% norciceptors in airway epithelium
=
2
7 ]
S
= 2
=
E &
-
~2 1 R — S .
= ﬁ o Neuronal hypersensitivity*
@
0 S %:
Chronic cough® Healthy
(n=29) (n=16)
TRPV1 = Transient Receptor Potential Vanilloid 1 Am J Respir Crit Care Med, 2004:170:1276

*Thorax 2014:69:46



Concept of cough
hypersensitivity syndrome
proposed (2014)

triggered by low levels of thermal, mechanical or chemical exposure

Cough response

' Cough equivalent of hyperalgesia —

I
l .
o

i Hypertussia €———

Cough equivalent

of allodynia —,

— ; — Cough hypersensitivity
— Normal

4— Innocuous stimuli

Noxious stimuli >

Stimulus intensity

JE=

Hyperalgesia (& Zf 1t 21), allodynia (FSl A= &35




Greater susceptibility in women

——, —

=, 0j=, U2, 29 H, ot=, S22 0y g 7|2 = ofz|& 2hite| d &, LHO|E 2 &

El] ]EUU" O Male b]
1000- B Female

800+
600+
4004
2004 |—I
0 I_- |_I |
o~ o o
— =~ [T

O~

L)
I [ I I I
= = L =
— ) LA

Patients n

U-‘?
=100

90-99

o=
~F T y)
ge group in years

Eur Respir J, 2014:44:1149
Allergy Asthma Immunol Res, 2014:6:401



40 -

Ac

30

Proportion(%)
kd
(=

—
=]
i

ite & subacute

o 4 8 12

Chronic

self-limiting vs. persistent

| | el I.II — -

16

20 24 28 32 36 40

Cough duration (weeks)

Medicine (Baltimore) 2017;96:€6486



Components of cough hypersensitivity syndrome

SFME tHelofl M2 Fol

Central nervous systems

Functional changes \ Targets for novel treatment
(P2X3, NK1R, TRP channels)
A 4

“‘NEUROPATHIC PROCESS” > Hypersensitive changes in the cough reflex
1 { Allotussia
Hypertussia
Extgrnal el i Impaired cough supperssion

Virus Airway vagal neurons

Allergen - Functional changes )

Pollutant Triggering changes Phenotypic changes

Irritant..

A

w417 Tl 0l A2l Bof

= -

Triggering changes

. Qleg b
Intrinsic factors
Eosinophilic inflammation e O|EZt (O|AZEZE
Lung diseases |E = ( | e = _I)
GERD... =
o APATEXIFO| 7| A : urge-to-cough

Korean J Intern Med 2020;35:811-822



Peripherally acting antitussives

Levodropropizine
Theobromine
Antihistamine

P2X3 receptor antagonist

Vagal cough sensors

Higher Brain

Brain stem

Centrally acting antitussives

Dextromethorphan
Codeine

Morphine

Gabapentin and Pregabalin




Pharmacological therapy for chronic refractory cough

e Successful clinical trials

— * Opioids (2007): low-dose SR morphine (5mg bid), codeine

Central acting | — * Gabapentin (2012)

— * Pregabalin (2014)

Pph. acting * P2X3 antagonist (Gefapixant) (2020)




Treatment for unexplained chronic cough

* Opioids
e Codeine (morphine 2| prodrug), Morphine
« =Lj2| B, Morphine 2 7|HEH MO = {7} AIO| GIZ

« Codeine : cytochrome P45001| 2|5l CH At

* Morphine may be more reliable than codeine

* Marked variance in response
 HH|(40%), TI’"8 2k (25%) Off Cio X[£X QI 2L EHE > M EH 2 T

N

|ZFALE
* Codeine 20mg qid : morphine £t 2|EH0| X Z
« 715 MotXOM =2, M7 MotXoM 8 222 28 wla

« FAFN| : dihydrocodeine, pholcodine



Treatment for unexplained chronic cough

* Opioids

* ERS guideline (2020) - Chronic refractory cough

* Strong recommendation /| moderate level of evidence
* 50% of patients responded to opiates
* Ceiling effect of therapeutic responses : ~20mg of daily dose (morphine)

* Stop if there is no response in 1~2 weeks

Morice et al, Eur Respir J. 2020:55:1901136



* Gabapentin and Pregabalin

Treatment for unexplained chronic cough

« Low quality and low quantity of studies, = LH Of| A

= eHG 022 M Its

* Gabapentin (300 ~ 1800 mg/day, gradual increase) : nausea, fatigue in 30%

* Pregabalin (~ 300mg/day) : blurred vision, cognition disturbance, dizziness, weight gain

18 —&— Gabapentin
—i- Placebo

p=0-004

Leicester cough questionnaire score

(&)
=
7o)

o

(Meanand 9

20 -
18
16
14 4
12
10
8 4

o N A O
[ B |

Leicester cough questionnaire scores

P =.0242

P =.702

—+— SP + PREG
—=— SP + PLAC

T T
Baseline Posttreatment Follow-up
Study visit

Ryan N et al. Lancet 2012, Vertigan AE et al. Chest 2016



Treatment for unexplained chronic cough

* Gabapentin and Pregabalin

* ERS guideline (2020) - Chronic refractory cough

e Conditional recommendation / low level of evidence

Morice et al, Eur Respir J. 2020:55:1901136



Novel therapy : sensory nerve targeted

Bradykinin, PGE, -

ki « H,Rc antagonist (chlorpheniramine): co*** syrup
| « Theobromine (any*****)

Temperature > 42 °C
capsaicin, resinoferotoxin
L_H* fatty acid metabolites, anandamide, allyl

isothiocyanate

Allyl isothiocyanate, allicin, cannabinol, garlic,
acrolein, diesel exhaust particles,
oxidative stress products (reactive oxygen

Action potential A

species (ROS)), nitrative (RNS) and carbonilyc . ’ \\\
(RCS) stress; cigarette smoke, _ Generator . *ZfV 5o 1 Impulse
aeroallergens (3 potential —,"ambn //
2+ | /

CaCa2 i b
Moderate temperature (> 24°C) ) o
hypotonic solution, fog, distilled water, H, " mmm TRPV4* e « C-fiber : Levodropropizine (levo*** syrup)
arachidonic acid metabolites

mechanical stress

ATP increase

« P2X3 receptor antagonist (Gefapixant)

Mild temperatures (15-28°C), ,
menthol, icilin, eucalyptol .

Expert Review of Respiratory Medicine, 2020:14:1217



O Placebo
# AF-219

P2X3 receptor antagonist 2 s
(Gefapixant) ‘1‘““-“; and per-protocol

* Proof-of-concept study

 N=34, RCT

Daytime cough frequency (coughs perh)

e Qutcomes

« Daytime cough frequency at

two week

(o) _"‘"""""I"-"'_‘-' I l
* 75% reduced (p=0.0003) _ g ot

Figure 2: Changes in objective daytime cough frequency from baseline to end of the treatment period
Intention-to-treat analysis included the blue and red data points, whereas the per-protocol included data in
red only.




Phase 3 study (Gefapixant) and FDA approval

Age > 18, more than 1 year with unexplained cough

75% female, mean age=58, mean cough duration = 11 yr

COUGH-1(n=730, 12 weeks) ’FIERCE BIOTECH RESEARCH CRO  MEDTECH  TREND|

4 Biotech

24-hour cough frequency me

digital audio recording devic

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
improvements in several measures of chronic cough symptoms but confirmed tolerability concerns.

45mg bid of gefapixant redy
frequency (COUGH-1and CO

compared with baseline. 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.

Discontinuation due to AE :

Eur Respir J, 2020:56:3800 (Late Breaking Abstract)



First step (identify treatable traits)

« History, P/E, chest x-rays, and spirometry ~— Potential treatable traits
« Additional investigations when indicated

Eosinophilic inflammation
Airway obstruction

Acid reflux
Second step (control of cough triggers) <

« Specific therapy based on a patient’s trait Non-acid reflux

« Sequential drug trial if a trait is no identifiable

Nasal inflammation

Laryngeal dysfunction

\— Bacterilal bronchitis (in children)

Third step (control of cough hypersensitivity)

(In adults with chronic refractory cough)

« Best available anti-tussives
« Speech language pathlolgy treatment



Example 4. (Unexplained refractory cough)

* F/58, cough lasting for 6 months

* No medication, Non-smoker, No previous respiratory infection Hx.

BMI =22.6

Dyspnea (-), Nasal congestion or post-nasal drip (-), GER-related Sx (-)
Wheezing/rale (-/-), Normal PNS and CXR, FENO =19 ppb

Chest CT : no abnormalities, Methacholine provocation test (-) : 2A} & & 2| E|

* No response to PPI, ICS, and anti-histamine for 4 weeks

=» Try anti-tussive(s) that are expected to most effective and
monitor their side effects



Conclusions |

* Cough lasting for over 8 weeks in adults
e Some of them can be persistent or frequently recurrent

* Older > Younger, Female > Male

* FENO can be a useful tool in primary clinics (with CXR/PNS) during work-up

* Paradigm shift for chronic cough

* Concept of “hypersensitivity cough sydrome” has emerged and been incorporated into
conventional anatomical protocol.

* Further studies for neuropathophysiology are required



Conclusions Il

* Triggers or associated diseases should be controlled, if they are evident

_

e CVAandEB : ICS
* UACS : anti-histamine + anticongestant ... —  Control of treatable traits

* GERD with Sx : PPIs

* Sequential trial can be considered.

* Unexplained refractory cough
 Peripherally or Centrally acting anti-tussives
* Older drugs : inadequate efficacy & significant side effects = monitoring

* Novel drugs (Gefapixant) for specific cough receptors : promising






