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Heterogenous disease

« Geographic and ethnic variation has been noted in the
characteristics of patients with bronchiectasis.

Post-infectious-related disease has high prevalence in Asia

Bronchiectasis is common in indigenous populations in the Pacific
region

Non-tuberculous mycobacteria is a great burden in North America
Idiopathic disease is predominant across Europe.

Important it is to learn about geographic and ethnic variations on patients' characteristics

Improve understanding of patients' subtypes and the clinical heterogeneity

Breathe (Sheff). 2016 Sep;12(3):222-235.



Heterogenous disease
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Lancet Respir Med . 2022 Mar;10(3):298-306.
Lancet. 2018 Sep 8; 392(10150): 880-890.



Geographic variation

Korea (n = 598)

Australia (n = 653)

Europe” (n = 2596)

India™ (n = 2195)

Age, years 66 (60-72) 73 (64-79) 67 (57-74) 56 (41-66)
Men 264 (44.1) 195 (29.9) 1010 (38.9) 1249 (56.9)
BMI, kg/m” 22.9 (20.7-25.4) 25.0 (21.5-29.0) 24.8 (21.8-28.1) 21.5 (18.5-24.5)
Aetiology of bronchiectasis (top five in orders)
First Idiopathic (41%) Idiopathic (29%) Idiopathic (42%) TB (36%)
Second TB (20%) Post-infective (27%) Post-infective (17%) Post-infective (22%)
Third Post-infective (20%) NTM (7%) COPD (9%) Idiopathic (21%)
Fourth Asthma (5%) PCD (4%) Asthma (6%) ABPA (9%)
Fifth NTM (4%) ABPA (4%) Connective tissue diseases COPD (5%)
(6%)
Treatment
Long-term antibiotics 23 (3.9) 205 (31.4) 503 (19.4) 271 (12.3)
Inhaled antibiotics 0 27 (4.1) 166 (6.4) 79 (3.6)

Heterogenous disease

Significant differences in the etiology, comorbidities and treatment of bronchiectasis
among the different countries and regions

Respirology. 2021;26:618-620.
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Bronchiectasis in Europe

* Describe the clinical
characteristics of bronchiectasis
 Four regions
B UK
Northern and western Europe
Southern Europe

Central and eastern Europe

Lancet Respir Med . 2023 Jul;11(7):637-649.



Microbiology of bronchiectasis
in the EMBARC cohort
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Figuwre 2: Microbiology of bronchiecta<izs in the EMBARC cohort

(&) Microbiology of the overall EMBARC cohort {n=16 263) showing the percentage of patients who isolated the most common pathogens; this analysis incluedes any isolation of the pathogen in either
a sample taken when stable or at exacerbation (amy sample). (B) Percentage of patients in different countries isolating Pseuvdomonas aeruginosa inany sample over the previous 1 year: the denominators
are patients isolating at least one pathogenic microarganism during the previows year. (C) Percentage of patients in different countries from whorm any one of the six most common pathogens or
grouvps of pathogens was isolated from any sample owver preceding 1 year; the denominators are patients from whom least one pathogenic microorganism was isolated from any sputem sample during
the previows year.

Lancet Respir Med . 2023 Jul;11(7):637-649.



Severity of disease and exacerbations
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Figuwre 3: Sewverity of disease and exacerbations of bronchiectasis across Europe

Across Europe with the causes, severity, microbiology, and treatment being highly

dependent on the region and patient characteristics

Lancet Respir Med . 2023 Jul;11(7):637-649.



Summary

e Cohort studies in various countries

Bronchiectasis
m) Heterogenous disease

* Clinical guidelines for bronchiectasis in individual countries need to
address these issues based on epidemiological data because they may
vary from country to country
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Algorithm for the Treatment

Table 3. Algorithm for the Treatment of Bronchiectasis.*

Goal

All patients

Patient education

Action

Basic disease education, CT image review,
provision of patient-friendly educa-
tional materials

General health care

Vaccinations, nutritional suppeort, smok-
ing cessation

Address treatable causes
Obstructed airway

Cystic fibrosis

Immunoglobulin deficiency
Recurrent aspiration
Esophageal dysfunction

Allergic bronchopulmonary
aspergillosis

Bronchoscopy

CFTR modulators

Immunoglobulin replacement
Aspiration precautions
Aspiration precautions

Systemic glucocorticoids, antifungal
therapy

Airway clearance therapy

Exercise, huff coughing, active cycle of
breathing techniques, autogenic drain-
age, slow expiration with ELTGOL

QOutcome Measurement

Patient understands options for diag-
nosis and treatment

Pneumococcal, influenza, and Covid-19
vaccines; maintaining healthy
weight; lung-function improvement

Removal of foreign body or tumor

Improvement in lung function, overall

health
Reduction in infectious exacerbations
Reduction in exacerbations
Reduction in exacerbations

Improved bronchiectasis

Improved endurance, improved mucus
clearance, reduced cough

N Engl J Med 2022; 387:533-545




Algorithm for the Treatment

Targeted patients

Airway clearance techniques
for bothersome symp-
toms and exacerbations

Oscillatory positive-expiratory-pressure
devices, high-frequency chest-wall
oscillation devices, pulmonary reha-
bilitation, hypertonic sodium chloride
nebulization

Oral antibiotics for mainte-
nance in patients with
=3 exacerbations per
year

Long-term macrolide treatment, azithro-
mycin ( 500 mg three times per wk or
250 mg daily)

Mebulized antibiotics for main-
tenance in patients
with =3 exacerbations
per year

Eradication of specific organ-
isms, targeted to new
growth of P. aeruginosa

Surgical therapy

Inhaled aminoglycosides (tobramycin,
gentamicin, amikacin), inhaled
fluoroquinolones (ciprofloxacin, levo-
floxacin), inhaled aztreonam, inhaled
colistin

Antibiotics targeted to known pathogen;
intravenous antibiotic for 2 wk, plus
nebulized antibiotic for 3 mo

Resection of most involved section of lobe
or lobes, lung transplantation

Improved mucus clearance, reduced
cough, reduction in exacerbations

Reduction in exacerbations; need
to monitor for adverse effects,
including antibiotic resistance,
gastrointestinal effects, hearing
loss, cardiac electrophysiological
derangements, and drug—drug
interactions

Reduction in exacerbations; need to
monitor because none of these
drugs have been approved by regu-
latory authorities for this use; clini-
cal trials have shown mixed results

Eradication for =6-12 mo

Reduction of infectious or inflamma-
tory burden, treatment of advanced
disease with bpoor prognosis

N Engl J Med 2022; 387:533-545
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 Targeting the neutrophil



Targeting the neutrophil

* Neutrophils are the dominant inflammatory cell in the
airway of most individuals with bronchiectasis.

 Patients have amplified numbers of neutrophils and other
inflammatory cells compared with healthy controls,
*|Neutrophil elastase|
- Myeloperoxidase
« Matrix metalloproteinases
* [Cathepsins |
« Aantimicrobial peptides (eg, LL-37)
* Neutrophil-derived DNA.

The Immune System 4th Ed



Targeting the neutrophil

* Neutophilic extracellular trap formation (NETosis)
 meshwork of extracellular fibers
(chromatin DNA, histones, and bactericidal proteins)
« immobilize and disarm pathogens

* not effective to Pseudomonas and Heamophilus
Phagocytosis NETosis

Bactena

Phagolysosome

The Immune System 4th Ed



Proteomics of patients with mild and severe
bronchiectasis

A Sputum protein profiling
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Lancet Respir Med. 2021 Aug;9(8):873-884.



Histone-elastase complexes

NET concentration and BE outcomes
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NETs identified as a key marker of disease severity and treatment response in bronchiectasis.

Lancet Respir Med. 2021 Aug;9(8):873-884.



Matrix Metalloproteinases and Bronchiectasis
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Increased MMP levels (particularly MMP-8 and MMP-1) and MMP/TIMP ratios in patients

with bronchiectasis compared with healthy control subjects correlated with lower lung
function and higher levels of inflammatory markers.

Lancet Respir Med. 2021 Aug;9(8):873-884.



Free aiway elastase (pg/ml)

Role of Neutrophil Elastase

NE activity in sputum
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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

@ Protease activation
by DPP1
—— Brensocatib
Pro- Meta- Band Peripheral blood
Myeloblast myelocyte Myelocyte myelocyte neutrophil neutrophil
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https://investor.insmed.com/
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Brensocatib

NCFBE confirmed by CT scan

With documented history of 22 pulmonary exacerbations in prior 12 months

Randomized 1:1:1
Double Blind Screening up to 6 weeks for sputum

256 Patients evaluation and periodontal evaluation

INS1007 INS1007
10 mg once daily 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 Quality of Life
Bronchiectasis questionnaire
» Change in post-bronchodilator FEV1
» Change in concentration of active neutrophil elastase in sputum
Safety: Tolerability (e.g., AEs and AEs of special interest — infection, skin, and
periodontal conditions)

*Company plans to advance development of INS 1007 with trial resuits of a minimum of 20% reductionin rate
of pulmonary exacerbations between placeboand active study arms and an acceptable safety profile

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 mg group versus placebo (HR 0.62, p=0.046).

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

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



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



Cathepsin C inhibition

Bone Marrow W Blood = Lung

Lysosome
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- PFT
FVC 246 L, /3%
FEV1 1.30L, 56%
FEV1/FVC 53%

« FENO 18
* Blood eosinophilia




Gene Expression Profiling in

Nadia N. Hansel and Gregory B. Diette

Department of Medicine, School of Medicine, and Department of Epider
Baltimore, Maryland

Asthmais a chronic inflammatory disease of the lungs, characterized
by airway hyperreactivity, mucus hypersecretion, and airflow ob-
struction. Despite recent advances, the genetic regulation of asthma
pathogenesis is still largely unknown. Gene expression profiling
techniques are well suited to study complex diseases and hold sub-
stantial promise for identifying novel genes and pathways in
asthma; however, relatively few studies have been completed in
human asthma. The few studies that have been done have identified
many novel candidate genes and pathways in asthma pathogenesis,

including ALOX15 and serine proteinase inhibitors cathepsin C and
G. The interpretation AT remTeeTTReme T hoeTT Tmmtious,
Visit | Random as limitations include small sample sizes and heterogeneity of study
populations and tissues sampled. In the future, the promise of gene
expression studies would be enhanced by the use of larger sample
sizes and attempts to standardize phenotype, sample collection
techniques, and analysis. As the field of expression profiling in
asthma advances, we hope it will improve our understanding of
critical questions about mechanisms involved in susceptibility to the
disease, as well as help to personalize care by improving appropriate
selection of patients for prevention and treatment strategies.




Proteomics in Korea
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Proteomics in Korea

AE vs Stable (All) : 1577 proteins
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R-HSA-381426: Regulation of Insulin-like Growth Factor (IGF) transport and uptake by Insulin-like Growth Factor Binding Proteins (IGFBPs)
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A Sputum protein profiling
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Initial Visit

MPO and Bronchiectasis in Korea
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MPO and Bronchiectasis in Korea
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 Personalized medicine and appropriately targeting treatment

 Targeting the eosinophil



The percentage of patients with eosinophil counts of >300 cells/pl

' Dundee, single center, N = 123
Newcastle, single center, N = 112

. FRIENDS UK, N = 263
FRIENDS Israel, N = 207

. FRIENDS Belgium, N = 178
FRIENDS Spain, N = 72

‘ FRIENDS ltaly, N = 231 18.1%

19.5%

BRIDGE study, N =210

29.5%
N

Am J Respir Crit Care Med. 2022 Apr 15;205(8):894-902.



The role of eosinophilic inflammation in the development of
bronchiectasis
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Eosinophilic inflammation and bronchiectasis

« BEC was unrelated to a greater number or severity of
exacerbations .

* Mortality was lower in patients with peripheral
eosinophilia compared with the reference group (hazard
ratio [HR] = 0.47; 95% Cl, 0.28-0.80; P = .005).

Am J Respir Crit Care Med. 2022 Apr 15;205(8):894-902.



Bronchiectasis exacerbation and Blood
eosinophil counts
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Risk of bronchiectasis exacerbation based
on blood eosinophil counts
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Figure 5. Kaplan-Meier survival curve showing the percentage of exacerbation event-free
survival from randomization.

Am J Respir Crit Care Med. 2022 Apr 15;205(8):894-902.
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The U-Shaped Relationship Between

Eosinophil Count and Bronchiectasis
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Figure 1. Graph showing the U-shaped relationship between exacerbations and hospitalizations
and multidimensional severity indexes in bronchiectasis.
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The relationship between the BEC and the severity of bronchiectasis presents a U-shaped

relationship, whereas the group with < 50 eosinophils/mL showed the greatest severity.




Figure 2. Graph showing the U-shaped relationship between exacerbations and hospitalizations
and number of peripheral eosinophils in the previous year.
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Eosinophilia and bronchiectasis in Korea
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« Immunomodulatory drugs



Treatments for bronchiectasis in active clinical development
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Lancet Respir Med. 2018 Sep;6(9):715-726.



Immunomodulatory drugs

* Inflammation in bronchiectasis is complex and it is uncertain
that targeting neutrophils alone will be sufficient to improve
clinical outcomes. Several other anti-inflammatory
treatments with a wide range of clinical effects are in
development or have been tested.

« Vit. D

 Granulocyte-macrophage colony-stimulating factor
« Phosphodiesterase 4 inhibitors

» Statins




Vitamin D and bronchiectasis

Leicester Cough Questionnaire
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Vitamin-D deficiency is common in bronchiectasis and is associated with a higher frequency

of bacterial colonization, more exacerbations and worse quality of life.

Thorax 2013; 68: pp. 39-47.



Granulocyte-macrophage colony-
stimulating factor

 Granulocyte-macrophage colony-stimulating factor (GM-CSF)

 Glycoprotein secreted by macrophages, T cells, mast cells, natural
killer cells, and epithelial cells

* Increased susceptibility to P aeruginosa infection and defective
alveolar macrophage phagocytosis, killing, and hydrogen peroxide
generation

GM-CSF could reverse abnormalities in diseased airway
neutrophils is unknown and requires investigation.

Cytokine 2014; 66: pp. 160-163.



Statin and bronchiectasis
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6 months of atorvastatin improved cough on a quality-of-life scale in patients with

bronchiectasis.

Lancet Respir Med 2014; 2: pp. 455-463.
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« Targeting mucociliary clearance and cough



EUROPEAN RESPIRATORY JOURNAL
ERS OFFICIAL DOCUMENTS

B. HERRERO-CORTINA ET AL.

European Respiratory Society statement on airway clearance
techniques in adults with bronchiectasis

Beatriz Herrero-Cortina»®3, Annemarie L. Lee ©*°, Ana Oliveira ®%7-%2 Brenda O’Neill'°,
Cristina Jacome ®%12, Simone Dal Corso'*!4, William Poncin ®'5:1%17 Gerard Mufioz'®1?,
Deniz Inal-Ince??, Victoria Alcaraz-Serrano ©®*?2, Gregory Reychler ®>1¢17 Angela Bellofiore
Annette Posthumus?®, Patient representative?®, Thomy Tonia?’, James D. Chalmers?® and
Arietta Spinou ©2%3°

23,24
)

Eur Respir J. 2023 Jul 20;62(1):2202053



Q1. Physiological rationale for the use of ACTs in
adults with bronchiectasis?

Ann Am Thorac Soc. 2016 Apr; 13(Suppl 2): S156-S162.
Transl Respir Med. 2014; 2: 6.



Q2. The effectiveness of ACTs,?

* A reduction in the impact of cough, improvement in health-related
quality of life and reduction in the risk of exacerbations

* ACTs increase the expectorated sputum during or following a single
session of ACTs. Despite being frequently used in clinical practice, the
interpretation of sputum changes is ambiguous.

* no evidence exists about the optimal frequency or the number of sessions

« To date, no studies have investigated the effect of ACTs on mortality or changes
in disease severity using the bronchiectasis severity index or FACED.




OPEP and bronchiectasis in Korea

Enrolment

On-OPEP “ 5
At least 3 AE event Patient visit at months 0, 1, 3, 6 o
. L
1 year prior to enrolment Monthly assessment over the phone = n=14
| | = 3 - n=1
VT (=)
S i
, . < '
KMBARC Control window Treatment window L ' 5
Registry 1 year 6 months = i :/' & 8 8 "=
= 1
1 I &) Total AE/year | 1 2 3 4 5 6
1
Baseline Enrolment Control window | Treatment window (months)
—_— I Baselines 6™ month | P_value
BHQ score | 58.7 (56.1-66.7) 66.6 (60.1-73.2) | =0.001
Patient visit Monthly assessment 75 T
Months 0, 1, 3, 6 Over the phone - -|_
» Sputum volume » Acute exacerbation : incidence of AE T
[=13
» Patient questionnaire : mMRC score + Adverse events : pneumothorax, haemoptysis, g 6o J_
» Patient questionnaire : BHQ score (Baseling, 6 months) bronchospasm = ss J_
+ Spirometry, laboratory test (Baseling, 6 months) so
4as
40
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.




Mucus plugging predicts higher NE?
Mucus plugging predicts higher aNE
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Mucus plugging predicts higher MPO?
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Table 2. Comparison of baseline characteristic according to the extent of mucus plugging

Extent of mucus Extent of mucus P-value:
plugging = 9« plugging = 9«
=60 N=18:

Age_ vears a5 (59-7T1) 70 (65-75) 0.061-
Sex, male: 35 (58.3) 7 (38.9) 0.182
BMI, kg/m> 22.1(19.5-23.7) 206 (18.3-21.2) 0.024-
Smoking history: ‘ ‘ 0243+
Never-smoker 40 (66.7) 13 (83 3) ‘
Current- or ex-smoker 20(33.3) 3(16.7)

Comorbidities: ‘ ‘ ‘
Hypertension- 11 (18.3) 0 0.059¢
COPD- 21 (35.0) 6(33.3) 1.000-
Asthmas 5 (8.3) 4 (22.2) 0.199
IDhabetes Mellitus: 10 (16.7) 2{11.1¥ 0.722
Cardiovascular disease: 13 (21.7) 3(16.7) 0751+
Neurologic disease: 5 (8.3) 0 0336
Malignancy 3 (5.0) 2 (6.4) 0.584
Connective tissue disease: 6 (10.0) 1(5.6) 0684
History of tuberculosis: 20 (33 3 6 (33 3) 1.000-
History of Pertussis: 6 (10.0) 0 0327
MNTM: 16 (26.7) 5 (27.8) 1.000-
Microbiology ‘ ‘ ‘

B aeruginosa 14 (3.3) 3(16.7) 0,748
Orthers: 26 (43 3) 11 (61 1 0. 282
Spirometry ‘ ‘ ‘
FVC, L+ 26 (2331 2.0 (1.8-2.6) 0.011-
FVC, % predicted: 77 (70-BT7y 65 (62-73) 0.004-
FEWV1, L+ 1.9(1.4-2.2) 1.3 (0.9-1.6) 0.005
FEWV1, % predicted: 73 (58-85) 54 (47-66) 0.004-
FEV1/FVC ratio 72 (63-76) 62 (52-69) 0.012:
mRC: 1 {0-2y 1{1-2¥ 0.143-
BSI score- 8 (5-9) 8 (6-12) 0.192:
Previous history of AE: 1 (0-1} 0 (0-1) 0596+

WBC count, /gl

6535 (5615-T910)

9690 (7705-11875) =10.001+

Neutrophil count, /gL 4050 (3079-4804 ) 6311 (4556-9657)- =0.001
Albumin, g/dL- 4.2 (4.0-4 4y 4.3 (3.4-4.5) 0.506-
hs-CRP, mg/dL- 0.3 (0.1-1.4) 1.1 (0.4-4.0) 0.023:

THmdm e amsrmmmamd A mm dlem s Adiman Fiimdmar e madila e e 2™ mar smmmsma e e PO

Unpublished data
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 Multi-omics, and the microbiome



Microbiome and broncbiectasis

 Patients with Veillonella spp. predominance had frequent
exacerbations despite lower levels of neutrophilic
inflammation than in patients with other bacterial taxa.

Frequent exacerbations not caused by an underlying infection, who
» are unlikely to respond to antibiotic therapy, but who might respond
to another type of immunomodulatory or mucoactive approach.

Ann Am Thorac Soc. 2014 May;11(4):496-503.



Microbial Dysregulation of the Gut-Lung Axis
in Bronchiectasis
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A dysregulated gut-lung axis, driven by lung Pseudomonas, associates

with poorer clinical outcomes in bronchiectasis.

Ann Am Thorac Soc. 2015 Nov;12(11):1602-11.



Multi-omics

* Aiming to individualize therapeutic interventions based on
multi-omic datasets and integrate this information with the
type and severity of disease and the individual's potential
response to a particular treatment regimen.

Considering bronchiectasis heterogeneity, understanding of patients'
subtypes with translational research should now be a priority.



Sputum Exosomal microRNAs Profiling
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Summary

* One therapeutic approach will be not effective in all groups
of patients with bronchiectasis?

* The clinical and molecular heterogeneity of bronchiectasis
must be addressed through detailed endo-phenotyping
studies, which might then permit enhanced patients’
stratification leading to better treatment and translate to
improved clinical trial designs and outcomes.




Personalized medicine and appropriately

targeting treatment

Treatable (therapeutic) traits

Chronic airway infection
« Antibiotic therapy

« Inhaled

« Targeted

» Macrolides

Pathogen acquisition
» Pseudomonas aeruginosa eradication therapy

Immunodeficiency
» Immunoglobin replacement
» Prophylactic antibiotics

NTM
= Antibiotic therapy

ABPA

= Corticosteroids

» +/-antifungals

Airflow obstruction and functional impairment
= Pulmonary rehabilitation
= Bronchodilators
Sputum production

= Airway clearance

= Mucoactive drugs
Asthma and eosinophilia
» Inhaled corticosteroids
Low BMI

« Nutrition

GORD

= PPI

» +/- prokinetics

Other comorbidities

= Treat appropriately

s

-

Other factors

« Ethnic differences

= Environmental exposures
« Climatic variation

= Lifestyle

= Psychosocial

Targetable (endophenotypic) traits

Microbial {bacterial) dysbiosis
= Probiotics

Mycobiome (fungal) dysbiosis
= Antifungals

Neutrophil dysfunction
= Neutrophli elastase inhibitors

Protease-mediated lung damage
= Protease inhibitors

Ciliary dysfunction
(primary or secondary)

= Airway clearance

« CFTR potentiator therapy

Systemic inflammation and vascular
dysfunction
= Anti-inflammatory therapy

CFTR dysfunction
« CFTR potentiators
« CFTR correctors

Innate immune deficiency
= TLR-based therapeutics
= Antibiotic prophylaxis
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