Overlapping Respiratory Disease
BE and NTM-PD
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Bronchiectasis

* Bronchiectasis is a chronic lung disease in which the bronchi are
permanently dilated, causing chronic respiratory symptoms and
repeated infections.




Prevalence of BE in the general population
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Bronchiectasis Prevalence

* Bronchiectasis prevalence in UK Ef=

Age years
—e—18-29  —e—60-49

el 1500 bl 15009 o 3039 ——70-7% .

E] g —e—40-49 280 -

E: -l 50-59 .
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2006 2006 2008 2000 2012 2014 2006 2006 208 2000 2012 2014

Yaar Year

301.2 (2004) -> 485.5 (2013) in Men 350.5 (2004) > 566.1 (2013) in Women



Bronchiectasis Prevalence in Korea

* HIRA-NPS 2012-2017 data
464 cases
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Approach to patient

Patients with bronchiectasis are heterogeneous and thus, their treatment must be individualized.

Dilated airways on Radiologic findings

Diagnosis +

Compatible symptoms

Sputum culture Lab findings

Etiology treatment
Dyspnea treatment

|dentify etiology

Target treatment

Pathophysiology treatment



The diagnosis usually is based on presentation with a persistent chronic cough
and sputum production accompanied by consistent radiographic features.

Chest X-ray HRCT

Non-specific.
Lack sensitivity.

More specific.




Diagnosis
HRCT : Golden standard

Signet-ring sign

bronchoarterial ratio > 1.5

Tram—track sign

parallel-dilated bronchial wall

Visible airway within 1cm of pleural
space

bronchial wall thickening & lack of tapering



Approach to patient

Patients with bronchiectasis are heterogeneous and thus, their treatment must be individualized.

Dilated airways on Radiologic findings

Diagnosis +

® Compatible symptoms

Sputum culture Lab findings

Etiology treatment
Dyspnea treatment
- Pathophysiology treatment

|dentify etiology

Target treatment




Etiology

Etiology of bronchiectasis

Idiopathic
In up to 50% of cases,
no underlying cause
Is identified

Cystic fibrosis bro ctasis (CFB)

Bronchiectasis is typically divided into CFB and NCFB; NCFB refers to all people with bronchiectasis,
except those with CF as the underlying condition

Bronchiectasis

Keir H, Chalmers J. Semin Pathophysiology of Bronchiectasis. Respir Crit Care Med 202142499

Schafer J et al. Pathogenesis, imaging and clinical characteristics of CF and non-CF bronchiectasis. BMC Pulm Med 2018;18:79




F/64

S U

- Massive hemoptysis 2 €

0
=

80
Uo

g
ok

—~ &0

L Ko

Br ar ol

0 RK
~

K = —

w ol S

s <

* Never—smoker

00
&3

il
10






[0

[Vote] XtQ] I 2K SRS 2 =5 A0l

1. COPD
2. 1B
3. ldiopathic

4. NTM-PD

r0



Etiology

" . TB Post-infective NTM Idiopathic Idiopathic NTM
Idiopathic (41%) (36%) (43%) (39%) (29%) (38%) (63%)
TB Post-infective Idiopathic Post-infective

Post-infective (21%)

(22%) (30%) (27%)
SIc Post-infective Idiopathic NTM COPD
(20%) (21%) (7%) (8%)
4th Asthma (5%) ABPA (9%) COPD (5%) PCD (4%) Asthma (7%)

5 COPD (5%) Asthma (1.5%) ABPA (4%) TB (5%)
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Assessment of BE

Diagnosis

i Exaterbation
Initial assessment ey

Micrabinlogy
(bacteria, mycobactsviaand fungi

Disease severity assessment
* BE severity index

« E-FACED —_

+ comorbidities (BE patients = avg 4 comorbidities)
+ extent of Sx
+ underlying cause

Chart 2. E-FACED score: acronym for Exacerbation, FEV,, Age, Chroric coloization with Pseudomonas acruginosa,
Bxtent (of CT findings), and Dysonea.

Bxacerbation o Zero
Yer 2
FEV, % predicted 250% zero
<5 2
Toyears Zero
70years 2
Chvonic colanization with P aerugircsz o Zero
Vs 1
Extent of C findings: number of afected lobes 121cbes Zero
2icker 1
Dyspnea, MR scale o1 Zero
. 1
TOTAL: 09 points
Severity: 0-3 points: mid; 46 points: moderate; and 7-9 points: severe.

MRC: modihed Medical esearch Coundl.




BE severity index

3

18 URE 7.9%
1~412 -0 582 >3 48 A2 E 9.3%
g8 -0 US -3 03
%S -0 AS 1

18 YRS 16.7%
1~28 -0 >28 ~1 459 NYE 29.2%
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£X0l el U HHS FAZ U

Sputum culture: K. pneumonia
mMRC : |




[Vote] EXHOIHI SHE = A= X=E=7?

1. JicHHiE MHEX =
2. ACT

3. Low dose AZIT

4. Mucolytic agent

5. 25 &t



BSI score

&8s % JE =3
Ltol (Age) 674 <70M
BMI 22 =185
FEV: % 69% 50~79%
a g as §ns
o3t &4/ 33| >33 A
MRC s&=28t mMRC Il 5S4 o
Pseudomonas &2} aAs As
GEz s K. pneumoniae UAS A
CT &e g9 Bilateral CH& >28 A

231 (Total) < sm >

Moderate (5~8&) — 14 YRS 7.9% / 48 ANYE 9.3%




.

Vote] SFIPOHHI oS Ol&ol)| fet e S

3. Low dose AZIT

4. Mucolytic agent



Exacerbations Definition

+ 2017 International Consensus definition (for clinical trials):
Deterioration of =3 key symptoms for at least 48h + clinician decision to change treatment

*x Key symptoms: cough, sputum volume/consistency, sputum purulence,
breathlessness/exercise intolerance, fatigue/malaise, hemoptysis

Mild/moderate exacerbation
¥ Severe exacerbation/hospitalisation
% Referral to bronchiectasis clinic

. :
J V*,% - Frequent exacerbations
—

/ )}%\

Disability V

Lungfunction &

—> double mortality risk
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Management

The first step in bronchiectasis management is to identify an
etiology that may be treatable or influence management.

Etiology influencing
management

ook g

Total It [ 9, IgM, IgG istory taking BFTANA / RF
putum cuiture ota’ g 9h gVl g Gene sequence _

Treatable etiology




Management of BE

. Target treatable traits in the
Most patients: .
No specific cause / OIF loInIe ALEErE s
no targeted treatment

. Focus on treatable traits
of bronchiectasis itself
Abnormal mucus
Chronic infection
Airway inflammation

Bacterial
infection clearance




—_

. Airway clearance
. Inhaled hyperosmolar agents &

. Pulmonary rehabilitation &

Airway clearance

Target treatable traits in the

of bronchiectasis

mucolytics

exercise

Bacterial

infection clearance




Impaired Mucociliary Clearance

Chest physiotherapy

a0




OPEP and bronchiectasis in Korea

Enrolment
On-OPEP z
At least 3 AE event Patient visit at months 0, 1, 3, 6 2 - "
1 year prior to enrolment Monthly assessment over the phone ) n=14
L | I3 =—3 = n=l
z
KMBARC Control window Treatment window 2 n2
Registr 1 year 6 months E -
ey o Lé 0 X
3 Total AE/year T 2 3 3 5 3
Control window Treatment window (months)
- | mascnnes s mont | pyaiue
BHG score | 557 (5616677 66.6 (@0.1733> | —o0.001
nt vi Monthly assessment 7s T
Months. Over the phone o '|'
+ Sputum volume + Acute exacerbation : incidence of AE o e
g
« Patient questionnaire : mMRC score « Adverse events : pneumothorax, haemoptysis, g s l

« Patient questionnaire : BHQ score (Baseline, 6 months) bronchospasm = s
« Spirometry, laboratory test (Baseline, 6 months) so

Baseline 6% month

Physiotherapy with an OPEP device in patients with bronchiectasis who have frequent

exacerbations may facilitate subjective symptom improvement and AE prevention without severe
adverse events.

Yang, in BMC Pul Med



Bacterial Infection

Target treatable traits in the
of bronchiectasis

1. Pseudomonas eradication
2. Inhaled antibiotics

Bacterial
infection clearance
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BSI score

&8s % JE
Ltol (Age) 674 <70M
BMI 22 =185
FEV: % 69% 50~79%
a g as as
o3t &4/ 33| >33
MRC S&28 inMRC |i 5S40 Ore
I Pseudomonas &2} aAs As
GEz s K. pneumoniae UAS
CT &e g9 Bilateral CH& >og

&2 (Total)

Moderate (5~8&) — 14 YRS 7.9% / 48 ANUE 9.3%




P. aeruginosa Management

Pseudomonas Management: Eradication

ERS & BTS guidelines: eradication antibiotics treatment for patients with newly
isolated P. aeruginosa s« european Respiratory Society (ERS): British Thoracic Society (BTS)
. Low evidence (lacking RCTs), but still recommended

Systemic ABX alone (27%) < systemic ABX + inhaled ABX (48% success)

| ~.

Recommended
regimen: oral fluoroquinolone / with .
(6 wks. ~ 3 mo.) IV antipseudomonal ABX / inhaled ABX
followed by




Inhaled antibiotics

Long—term, suppressive inhaled antibiotics therapy

. Rationale for using antibiotics:
| airway bacterial load — | inflammation & exacerbation risk

. Why inhaled?

(+) higher delivery to airway, less systemic side effects

. Long—term use:
ABX given for a long period even when patient is stable (not just during AE) =
preventive

. Aim: to reduce bacterial burden & prevent exacerbations



Bacterial load & inhaled antibiotics - QoL
(Aztrenonam Study - AIR-BX1 and AIR-BX2)

AIR-BX1 (n = 181), AIR-BX2 (n = 259)
Primary outcome = QolL-B improvement

AIR-BX1 AIR-BX2
AZLI Placebo AZll-placebo  pvalue AZLI Placebo AZLl-placebo  pvalue
(n=134) (n=132) difference, HR (n=136)  (n=138) difference, HR
(95%Cl) (95%C1)
Change from baseline QOL-B-RSS Less than MID - 8.0 point
At week 4, adjusted mean (SE) 6-4(1-4) 5.6 (1-4) 0-8 0-68* 79(13) 33(13) 46 0-011*
(-31t04-7) (11t08-2)
At week 12, adjusted mean (SE) 57(1:6) 4-4.(1-5) 13 0.56* 52(14) 41(14) 11 0.56%
(-30t05-6) (-27t05:0)
Time to first protocol-defined exacerbation
Kaplan-Meier estimates of patients with 033 026 HR1:26 033 033 027 HR1:23 0351
protocol-defined exacerbation at week 16 (0-79 to 1.99) (0-80t01.91)
Estimated median days (95% Cl) NE 120 £ @ NE NE

(117to NE)

Barker. The Lancet Respiratory medicine 2014:738-49.



Bacterial load — Disease severity & QoL

>
w

P=0.02

@
&
.

BS! (points)
=]
8

QoL-B-RSS (points)
@
g

FEV4 % predicted

p=0.007 <0.001

Low bacterial load: <10° CFU/g)
Moderate: 105-10° CFU/g)
High: >107 CFU/g).

189 clinically stable patients with bronchiectasis

Sibila et al, AJIRCCM 2019;200(1):33-41



Bacterial load & inhaled antibiotics - QoL
(Aztrenonam Study - AIR-BX1 and AIR-BX2)

A B
Bacterial load
80 p =001
: 3 | mmAzL
High 4 : = s B Placebo

3 @ 60
2
: B

Moderate - I g 40
[}
54

N % 20 B
Low - . T b
. [
2
[}

T T T T T ) o 0- S & <
-10 -5 0 5 10 15 20 N & Q;\Q
0?4
Favor placebo Favor Aztreonam Q°
Changes in QoL-B-RSS Bacterial Load

More than MID - 8.0 point

Sibila, AJRCCM 2019;200(1):33-41



Long-term inhaled Antibiotics vs. macrolide
| ___inhaledantibiotics [ ___________Macrolide __|

Studies RESPIRE 1,2 (= 2 AE) BAT (= 3AE) — AZIT 250mg QD
ORBIT 2-4 (> 2 AE) BLESS (= 2 AE) — ETM 400mg BID Daily
AIR-Bx 1-2 EMBRACE (> 1AE) — AZIT 500mg TIW

Nebulized tobramycin, ceftazidime,
gentamicin, colistin

Outcomes

AE Improved Improved
Rate ratio = 0.81(0.67-0.97) Adjusted incidence rate ratio = 0.49(0.36-0.66)
Time to first AE (HR) = 0.83(0.69-0.99) Time to first AE (HR) = 0.46(0.34-0.61)
Severe AE — Rate ratio = 0.43(0.24-0.78) A Aeruginosa — IRR, 0.36(0.18-0.72)

QoL No effect Improved QoL measured by the SGRQ (mean

improvement 2.93 points [0.03-5.83])

FEV, No improvement (Toward to No improvement (toward to improvement)

deterioration) (—2.00 to 0.26%pred) (67 mL at 1 year, —22-112)

Laska, Lancet Respir Med. 2019;7(10):855-869.
Chalmers, Lancet Respir Med. 2019;7(10):845-854.



Airway Inflammation

Target treatable traits in the

of bronchiectasis

normal mucus

1. Tx of neutrophilic
inflammation : Macrolide,
Brensocatib

2. Tx of eosinophilic
inflammation

Bacterial
infection

clearance



Airway Inflammation

Elevated sputum TH2
cytokines
+ blood
i ili * % eosinophils >300/uL /
EOSanDh”lC BE sputum eosinophils >3%
Distinct from asthma /
ABPA

Inhaled corticosteroids & anti-TH2 biologics




Long—term Macrolide

Macrolides
. Antibiotics, but more than just anti—bacterial
. Highly effective in reducing exacerbations in BE
Likely due to anti—inflammatory properties
May also alter microbiome & disrupt quorum sensing in

P.aeruginosa

**Quorum sensing: bacterial communication system that makes a bacteria more chronic,
resistant, and virulent (via biofilm production, toxin production---)

** Macrolides can interfere with quorum sensing, meaning it can weaken bacterial persistence

ERS & BTS guidelines: long—term macrolide therapy for frequent

exacerbators & those with chronic P. aeruginosa infection who have
not improved with inhaled antibiotics




Long—term Macrolide

Evidence for long—term macrolides therapy
. meta—analysis, n=341
| Exacerbation frequency (IRR 0.49, p<0.001)

T Time to first exacerbation (HR 0.46, p<0.001)
Greater benefit in patients with 2. aeruginosa infection (IRR 0.36, p=0.004)

Cautions

. Adverse effects
Rlsk of res] NTM > ) AEB
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s {2\
Lt0l (Age) 63Kl
BMI 20
FEV: % 78%
Y Y aus
o5 24/ =33
MRC S&28 mMRC |
Pseudomonas & & PA (+) 2024.03
Oz a8 PA ©t=
CT &g &l Bilateral C+&

& (Total)

Moderate (5~8&) — 14
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Brensocatib

» Brensocatib

+ a small molecule, oral, reversible inhibitor of dipeptidyl peptidase |
(DPP1), an enzyme responsible for activating neutrophil serine
proteases (NSPs), such as neutrophil elastase, in neutrophils when
they are formed in the bone marrow

w Protease activation
by DPP1

f—— Brensocatib

Band  Peripheral blood

Mysiobiast myelocyte neutrophl  neutrophil

mye‘mm Myelocyte

@eesdcs

~11- |2 days ~4 6 days
(maturation) (bone marrow storage)




Brensocatib

NCFBE confirmed by CT scan

With documented history of 22 pulmonary exacerbations in prior 12 months

Randomized 1:1:1
Double Bliind | Screening up to 6 weeks for sputum
256 Patients | evaluation and periodontal evaluation

]

INS1007
25 mg once daily

24 weeks treatment
4 weeks post-treatment follow-up

Primary Efficacy: Time to first pulmonary exacerbation
Secondary Efficacy

Rate of pulmonary exacerbations™

+ Change in the Respiratory Symptoms Domain Score of the Qualtty of Life

Bronchiectasis questionnaire

+ Change in post-bronchodilator FEV1

Change in concentration of active neutrophil elastase in sputum

Safety: Tolerabity (0., AES and AES of specialnierest - fection, ski, and
periodontal conditions)

“C

The WILLOW study met its primary endpoint, with
brensocatib significantly prolonging time to first pulmonary
exacerbation over the 24-week treatment period versus
placebo (p=0.027 for the 10 mg group; p=0.044 for the 25
mg group). The risk of exacerbation at any time during
the trial was reduced by 42% for the 10 mg group versus
placebo (HR 0.58, p=0.029) and by 38% for the 25 m
group versus placebo (HR 0.62, p=0.046).

c.f. )Macrolide HR = 0.49 (0.36-0.66)

Chalmers. N Engl J Med. 2020;383(22):2127-2137.



“Sputum neutrophil
elastase” below the limit of
quantification post-
baseline

“72%” lower risk of

AE

Chalmers. N Engl J Med. 2020;383(22):2127-2137.

Subgroup

Unadjusted Hazard Ratio (95% CI)

Overall —
Age
265 yr —_—
<65 yr _—
275 yr _
<TSyr —_—
No. of bronchiectasis exacerbations in previous 12 mo
2 ——
=3 —_—
Long:term use of macrolides
Yes —_—
No —_——
Pseudomonas aeruginosa colonization status
Yes —_—
No R
Baseline neutrophil elastase concentration in sputum
220 pg/ml —_—
LLOQ to <20 pg/ml —_—
<lLoQ —_—
Baseline Bronchiectasis Severity Index score
=5 —
<5 B
Percent of predicted FEV, at baseline
=50% —
<50% —_—
Geographic region
Europe —_—
North America —_—
Asia-Pacific _—
Eastern Europe B — e —
Hospitalized for exacerbation in previous 24 mo
Yes —_—
No —
001 010 1.00

Brensocatib (10 mg) Better

Placebo Better

0.56 (0.35-0.92)

0.49 (0.27-0.90)
0.75 (032-1.73)
0.81 (0.31-2.13)
0.46 (0.26-0.84)

0.56 (0.32-0.98)
0.56 (0.20-1.54)

059 (0.20-1.75)
0.56 (0.33-0.98)

0.64 (0.30-1.35)
0.51 (0.27-0.98)

0.66 (0.30-1.44)
0.67 (0.30-1.50)
028 (0.10-0.83)

0.59 (0.34-1.00)
0.48 (0.14-163)

069 (0.39-1.24)
035 (0.14-0.91)

063 (0.23-1.79)
0.62 (0.25-1.55)
0.57 (0.27-1.20)
0.22 (0.02-1.98)

0.70 (0.35-1.41)
0.46 (0.23-0.92)



Novel treatment approaches

// sV e
/ PRI LI Ty
8,0 0."00,0 a0 000

Immune cells
Ciliated epithelium

Airway neutrophils
+ Roflumilast ~Inhaled neutrophil elastase inhibitors
«Vitamin D - Recombinant GM-CSF
« ENaC inhibition

< RETR citfectors é‘_ Eosinophilic inflammation
W . Anti-intereukin s

) @ Teells
~VitaminD
& i
O Ng? & .
« Cathepsin (/DPP1 inhibitors — Macrophage function

- Recombinant GM-CSF

1 —

Systemic inflammation

+ CXCR2 inhibitors

« Oral neutrophil elastase inhibitors
- Statins

=g o

CathepsinC/DPP1 inhibitors

Lancet Respir Med. 2018 Sep;6(9):715-726.



Cathepsin C inhibition

Bone Marrow W Blood Lung

—

3 Neutrophil Serine
Proteases are
activated by the
enzyme Cathepsin C:

O = Neutrophile Elastase (NE
@ = Cathepsin G (CatG)
@ = Proteinase 3 (PR3)

+CatC -
Inhibitor



Cathepsin C inhibition

Kaplan—-Meier plot of time to first pulmonary exacerbation up to Week 48*

100
'_"\.‘ HR(95%Cl) 04 06 08 10 12 14

E 90 “"'"-..,.._ BI 5 mg vs pbo —nl"— P=0.0857
3 80 = BI 2.5 mg vs pbo - ) . )
i 11 mo vepoo osf Reduction in risk of
HE) e ‘ pulmonary exacerbation up
£ == .
5 50 to Week 48:
i
,5' 40
o
§ 3 \l/ 5 mg: 29%
€ Placebo
9 20
2 Bl 1mg
g BI25mg \I/ 2.5 mg: 34%
o —— BI5mg
0
0,
Baseline 4 8 12 16 20 24 28 32 36 40 44 48 7 /0
Time to first pulmonary exacerbation (weeks)

Placebo 109 100 93 89 74 69 59 39 28 24 19 14 1

Bl1img 53 51 47 41 37 33 28 26 15 15 13 9 1

BI25mg 53 49 46 a1 38 36 31 25 18 17 16 12 1

BI5mg 107 97 86 82 74 69 63 45 39 34 32 26 1

Patients at risk
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