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The Majority of Healthcare Costs for Managing COPD: Ar |

Associated With Exacerbations

* Total costs for COPD were estimated to be $49 billion in 2020

* Annual Cost of COPD 3X higher in Severe COPD compared to
Mild COPD

* 50%-75% of direct costs for COPD are for services associated
with exacerbations
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Health Care Utilization/Costs
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Stephenson et al: Int J Chron. Obstructive Lung Disease 2017 12:1947-1959
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Major Causes of Death in COPD; Data from Major ClinicalTria

(% of trial participants)

Respiratory

Mean FEV,(L) Cardio-vascular Cancer (non- Other Trial Reference Studysize (n) Deaths Study follow-up
malignant)

2.75° 22% 54% 8% 16% LHS 11l 5887 731 up to 14.5 years

2.54° 39% 39% 11% 11% EUROSCOP 1277 18 3 years

1.41° 32%° 32%° 22% 13%°¢ ISOLDE 751 68 3 years

1.22° 26% 21% 35% 18% TORCH 6184 911 3+ years

1.32° 16% 22% 39% 23% UPLIFT 5993 941 4 yej;: 30

Berry et al COPD. 2010 October ; 7(5): 375-382
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Consequences of Exacerbations: | s

* Accelerated frequency of future exacerbations
* Accelerated loss of lung function

*Reduced quality of life

*Increased risk of rehospitalization

*Increased risk of death (all cause mortality)
*Especially Severe (hospitalized) exacerbations




Pathobiology
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COPD vs Asthma Clinical Presentation

Asthma vs COPD Diagnosis
Asthma

Who gets it? Age usually < 45 Age usually > 45
History (personal or family) of atopy is frequent Usually has smoked > 20 pack years

Symptoms? Cough Cough

Dyspnea Dyspnea

Wheeze Symptoms of right heart failure
Chest tightness

Usually symptomatic between
May be asymptomatic between exacerbations exacerbations

Usually normal, if between exacerbations Decreased breath sounds
Hyperresonance
Hypoxemia/Cyanosis
Barrel chest

Pursed lip breathing
Subxiphoid PMI

PFT Variably abnormal spirometry: Persistently abnormal spirometry

findings? = FEV,/FVC <70% = FEV,/FVC <70%

= Scooped out expiratory flow-volume curve = Modest improvement following
Low peak expiratory flow bronchodilator can be present
Improvement following bronchodilator
Spirometry often normal or near normal
between attacks

Copyright © Strong Medicine - Dr. Eric Strong
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Evaluation/Classification Of COPD Pati

Spirometrically Assessment of ‘ Assessmen.t of
confirmed diagnosis airflow obstruction } symptoms/{'lsk of
exacerbations
EXACERBATION
FEV1
GRADE (% predicted) HISTORY
> 2 moderate
GOLD 1 280 exacerbations or E
Posth hodil 2 1 leading to
ost-bronchodilator T
50-79 hospitalization
FEV1/FVC<0.7 GOLD 2 y
GOLD 3 30-49 Oor1l modferate
exacerbations A B
(not leading to
GOLD 4 <30 hospitalization)
y Y. v
mMRCO-1 | mMRC>2 |
CAT< 10 CAT 210

”

SYMPTOMS
GOLD 2023Agusti et al: Archivos de Bronconeumologia 59 (2023) 232-2
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Goals of COPD Maintenance Therapy

Reduce Symptoms:

* Dyspnea

* Cough

e Sputum production
Reduce Risk

* Exacerbations

* Hypoxia

* Hypercapnia
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Initial Pharmacological Treatment

= 2 moderate GROUP E
exacerbations or LABA + LAMA*
> 1 leading to
hospitalization consider LABA+LAMA+ICS* if blood eos = 300
y, Y,
GROUP A GROUP B

0 or 1 moderate
exacerbations

(not leading to A bronchodilator LABA + LAMA*

hospital admission)

7 b Y,

mMRC 0-1, CAT < 10 mMRC = 2, CAT 2 10

*single inhaler therapy may be more convenient and effective than multiple inhalers
Exacerbations refers to the number of exacerbations per year

GOLD 2023: Agusti et al: Archivos de Bronconeumologia 59 (2023) 232-248

Do not distribute



IMPACT TRIAL PROTOCOL

Study Design

TRELEGY Ellipta

ICS/LAMA/LABA
(n=4,151)

Run-in period
(Medication unchanged ICS/LABA (FF/VI)

from pre-study COPD (n=4,134)
maintenance therapy)

Follow-up

LAMA/LABA
(N=10,355) (UMEC/VI)
(n=2,070)

Pasco et al: Eur. Respir. J. 2016;48(2):320-
330.
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IMPACT TRIAL

Significant Reduction in Moderate to Severe Exace a" |
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Lipson et al New Engl .J Med. 2018;378(18):1671-16¢
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IMPACT TRIAL

Significant Reduction in Severe Exacerbations

LABA/LAMA ICS/LABA ICS/LABA/LAMA 340
0.20 / / Yo
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(]
§ 0.14
:g g 0.12 1
%5 010 o
23 3o
2o 008 REDUCTION
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& ' (P=NS)
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= 002 B TRELEGY 100 (n=4145)
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W BREO 100 (n=4133)

Lipson et al: N Engl. J Med. 2018;378(18):1671-
1680
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ETHOS Trial Study Design

Phase I, multicenter, randomized, double blind trial
Primary Outcome: Reduction in Moderate to Severe Exacerbations

Patient Inclusion
« >1 moderate or 52-week Treatment Period  N=8588)

H=c sl slexacekiatian A BGF MDI 320/14.4/10 ug BID  (ICS/LABA/LAMA)
* within past year N
* FEV1 25-65% D
TRl % BGF MDI 160/14.4/10 ug BID (ICS/LABA)
. M
_— lZ /10/ (ICS/LABA) ]
BFF MDI 320/10/ug BID  (ICS/LABA
Screening EE—p A follow up
|
(0]
N
Week -4 0 4 8 12 16 20 24 28 36 44 52 54
Visit 1 23 4 6 7 8 9 10 11 12 13 14
B: Budesonide. G: Glycopyrolate. F: Formoterol Fumarate Rabe et al New. Engl J Med 202;35-48
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Significant Reduction in Moderate to Severe

Exacerbations

24% 16%
Reduction Reduction

! | g

Annualized
Exacerbation ' RR: 0.87
Rate (0.79,0.95)

P <0.0027

LABA/LAMA  ICS/LABA/LA ICS/LABA
Rabe et al New Engl. ] Med 2018 202;35-48
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Annual rate. Of severe exacerbations

BGF 320/14.4/10 pg vs GFF Events (n) RR (95% CI)  P-value
<100 cells/mm? . 53vs49 097 (0.60,1.55) 0.8864
=100 cells/mm? i 219vs 238  0.82(0.66, 1.02) 0.0741

>100-<300 cells/mm?® e 183vs 184  0.95(0.74,1.21) 0.6640

L ]

=300 cells/mm?® 36 vs 54 0.43(0.25,0.73) 0.0019

BGF 160/14.4/10 pg vs GFF

<100 cells/mm? o 57 vs 49 1.10 (0.69, 1.76) 0.6902
=100 cells/mm? e | 228vs 238 0.84 (0.67,1.04) 0.1129

>100-<300 cells/mm?* el 188vs 184 096 (0.76,1.23) 0.7564
=300 cells/mm? = | 40 vs 54 0.47(0.28,0.80) 0.0053

L 3

BGF 320/14.4/10 pg vs BFF
<100 cells/mm? b 1 53vs 72 0.61(0.39,0.94) 0.0264
=100 cells/mm? —— 219vs 251  0.85(0.68,1.05) 0.1364

L 3

=100-<300 cells/mm? —— 183 vs 205 0.86 (0.68, 1.09) 0.2047
>300 cellsfmm? = 36 vs 46 0.77 (0.45,1.32) 0.3482
BGF 160/14.4/10 pg vs BFF

<100 cells/mm? b o 57vs 72 0.69 (0.45,1.07) 0.0976
=100 cellsfmm? it 228vs 251 0.87(0.70,1.08) 0.1991
=100-<300 cells/mm? 1 188 vs 205  0.87 (0.69, 1.10) 0.2522
=300 cells/mm?* ; * 1 40 vs 46 0.86 (0.51, 1.45) 0.5656

[ T 1
0.25 0.50 1.00 2.00
RR

+——— Favors triple therapy

Rabe et al New. Engl J Med 202;35-48
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PULMONARY PEI

ICS Use and Blood Eosinophil Count

Blood Eosinophils and Chronic Obstructive Pulmonary Disease
A Global Initiative for Chronic Obstructive Lung Disease Science Committee

2022 Review

@ Dave Singh', Alvar Agusti®, Femando J. Martinez®, Alberto Papi*, lan D. Pavord®, Jadwiga A. Wedzicha®,
Claus F. Vogelmeier’, and David M. G. Halpin®

ORCID IDs: 000C

The Global Int ic Obstructive
Lung Disease (GOLD) published its first
report for the diagnosis and management of
chronic obstructive pulmanary disease
(COPD) in 2001 (1). Since then, GOLD has
updated it yearly (2), the last time in 2022
(wwwgoldcopd arg). Ta do so, GOLD.
eritically evaluates the new evidence since the
previous publication and decides whether it
merits (or not) inclusion € MOSt e
update. GOLD publishes specific
recommendations and, sometimes, the main
arguments behind them, but it ofien lacks
space for a detailed discussion regarding the
pros and cons behind each recommendation
To address this limitation, the Scientific
Committee of GOLD decided 1o ps
separately from the main annual update, a
series of papers that review and discuss topics
icular current interest for dlinical

ive for

onmended
using blood cosinophil counts (BE

ecision medicine strategy 1o identify
the most suitable patients for inhaled

Aedicing, Unive
Exeler Medical

" in COPD,
Here, we discuss the role of BEC a3 a COPD
biomarker, focusing on new advances and
summarnizing the associated changes in th
GOLD 2022 report (shown in Table 1)

A Brief Overview of
Eosinophil Biology

Eosinophils originatc from bonc marrow
stem cell
granulocyte-monocyte <ol
factor, Il s

p

response 1o stimulation by
y-stimulating

eration,
and survival of cosin

(T2) inflammat
13, and eotaxins,

ators, such as
ssinophil

hese
bacterial and viral clearance,
although the extent of these roles in humans,
as opposed 1o anis
(4,5). Eosinophil-derived granule proteins

sdels, is unclear

oxidase drives
hemical propertics of
crlic airway mucus plugging
evidence that eosinophil

subsets exist, with tissue-resident cells having
a predominantly homeostati
inflammatory cosinophils are recruited inta
the lungs nd systemic

hyperec re examples in
which increased systemic and lung,
easinophil numbers, coupled with activation
contribute to disease pathophysiology (4).

ole, whereas

e

BEC as a Predictor of
ICS Benefit

COPD s a heterageneous condition,
exemplified by the between-individual
variation in the nature

inflammation (3, 8.

dlinical characteristics (phenotyping) and
biological information (endotyping) to target
therapies to subgroups of individuals who

Pulmonary Perspactive

Singh et al . Am. J. Respir Crit Care Med 2022 Jul 1;206(1)17-24
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GOLD 2022 Report: Key Evidence and Recommendations for Blood Eosinophil Counts

in Chronic Obstructive Pulmonary Disease "

Prediction of ICS benefits

e BEC should be used with exacerbation risk history

* Relationship is continuous as BEC increase the greater likelihood of benefit

* <100 eos/mcL Lowest benefit/ > 300 eosinophils/mcL greatest likelihood of benefit
* These are Estimates not precise cutoff values

T2 Inflammation

* High BEC correlate with higher lung eosinophils and higher T2 markers in the airways
* The difference in T-2 inflammation c/w the differential ICS response according to BEC.
* Microbiome

* Lower BEC associated with a greater presence of protobacteria, Hemophilus, increased
bacterial infections and pneumonia

Future Risk of Exacerbations/disease progression:

* In younger individuals without COPD - the higher the BEC the > increased risk of FEV1 decline
and development of COPD

Singh et al. Am J Respir Crit Care Med 2022 Jul 1;206(1)17-24
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T-2 Genetic Signature Predicts Steroid Response in COPD patients

Christensen, S. et al AIR

Asthma Dataset

Epithelial brushings and endobronchial biopeies

obtained from 3rd to 4th generafion bronchi in:
1. Subjecis with mild-moderate asthma
2. Healthy confrol subjects

- — - endobronchial biopsy-derved
Compared ainway epithelial gene exprassion by: T25 Score related fo:
1. GBEA

9 epilhefium-des 1. Airway biopsy cell counts at baseline

2. Change in lung function parameiers after

Th2 gene signatures (TGM, T25) Placebo vs ICS = LABA
/ " i , COPD Datasst 3
COPD Dataset 1 COPD Dataset 2 GLUCOLD
BAEC SAEC
Endobronchial biopsies obtained from
- : e - : : 3rd to 4th generafion bronchi in
Epithelial brushings obtained from Epithalial brushings obtained from . o= .
Eﬂﬂuﬂhgﬂnaraljunbmd\ih: 1Dﬂ1|:u12thganemﬁunhrmd1ih: suhpa-:mwiimudﬂmmmmmmDDF'Dm.
1. Former and curment smokers with normal lung function 1. Healthy non-smokers 1. Basalina
? Formal and current smokers with COPD 2. Current smokers with nomal lung function 3 & and 30 monthe after randomization
3. Current smokars with COPD to Placebo or ICS + LABA
— ty
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T-2 Genetic Signature Predicts Steroid Response in COPD* !

patients
 Higher T2 score (T2S) Associated with:
e Greater Airflow obstruction (p<0.001)
 Decreased Lung function (p<0.001)
* |ncreased airway wall eosinophil counts
* Increased blood eosinophil percentage (p=0.03)
* Bronchodilator reversibility (p=0.01)
 Improvements with hyperinflation after

corticosteroid treatment ( p=0.019)

* *Not with asthma history (N.S.)

Christensens.A et al AJRCCM 2015 vol. 191.7.758-766
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IF RESPONSE TO INITIAL TREATMENT IS APPROPRIATE, MAINTAIN IT.

IFNOT: e Check adherence, inhaler technique and possible interfering comorbidities
¢ Consider the predominant treatable trait to target (dyspnea or exacerbations)

— Use exacerbation pathway if both exacerbations and dyspnea need to be targeted
¢ Place patient in box corresponding to current treatment & follow indications

* Assess response, adjust and review

¢ These recommendations do not depend on the ABE assessment at diagnosis

DYSPNEA

LABA or LAMA J
LABA + LAMA* J

!

¢ Consider switching inhaler device or
molecules

* Implement or escalate
non-pharmacologic treatment(s)

¢ Investigate (and treat) other causes
of dyspnea

EXACERBATIONS

LABA or LAMA J

if blood _J
eos < 300
if blood
eos 2 300
LABA + LAMA* |
- A |
' * %
if blood I
€0s <100 i piood v
eos 2 100

) LABA+LAMA +ICS* J

[ |

Roflumilast J Azithromycin

ud

FEV1 < 50% & chronic bronchitis Preferentially in former
smokers

GOLD 2023Agusti et al: Archivos de Bronconeumologia 59 (2023) 232-2-
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Effects of oral corticosteroids

Side Effects of Oral Steroids for COPD

Freumeania

sdrenal insuffidency

'DHIEE'FlI:lrI:lHS B Diahenas

Fluld retension
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Inhaled Corticosteroids and Pneumonia

Inflammatory cells Structural cells
Eosinophil
J,( Num:)er_s )6 Epithelial cell
apoptosis) m « /
pos ‘:.‘ @ J{Cytokines
T-lymphocyte Mediators

Endothelial cell

Leak
CORTICOSTEROIDS ""'Q !

Mast cell

J(Cytokinés @

J Numbers o o Airway smooth muscle
o ————_ =_1| R2-Receptors
Macrophage = | Cytokines

iCytokines@

o

Mucus gland

Dendritic cell Mucus
¢ Numbers secretion

Barnes PJ. Inhaled Corticosteroids. Pharmaceuticals. 2010; 3(3):514-540. https://doi.org/10.3390/ph3030514
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Risks of ICS Use in COPD patients

INCREASED EXACERBATION SEVERITY PNEUMONIA

4

Mucus
Hypersecretion

f T Potentially :

FPathogenic bacteria [ =
o ithin microbi =
gﬂ o T Virus within microbiota &

replication t =
"‘ -;:.%t
* 4 Antimicrobial _

4 IFN- - eg .0 peptides | 1' Cathepsin-D

] g

A. Singanayagam, et al J Allergy Clin Immunol 2020;146:1292-4.
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CT Scan of COPD Patient with Recurrent Pneu o'ni

* 62-year-old male with COPD X 8 years of Recurrent Pneumonias

* 30 pack-year-history

e D/C about 5 years ago

* 4 exacerbations in past 12 months treated with antibiotics and OCS

* Maintenance Medication
* ICS/LABA/LAMA
* Albuterol rescue
* Adherence, compliance, good technique confirmed

PMH:

* GERD

e Asthma

* Hypertension
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CT Scan of COPD Patient with Recurrent Pneumoniaiss

Consistent With Recurrent Aspiration
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ICS and Reduced Mortality “Signal”

Evidence Supporting a Reduction in Mortality with Pharmacotherapy
and Non-pharmacotherapy in COPD Patients Figure 6

Therapy RCT™* Treatment effect on mortality Patient characteristics
Pharmacotherapy
LABA+LAMA+ICS* Yes Single inhaler triple therapy compared to dual Symptomatic people with a
LABD therapy relative risk reduction: history of frequent and/or
IMPACT: HR 0.72 (95% Cl: 0.53, 0.99)% severe exacerbations
ETHOS: HR 0.51 (95% Cl: 0.33, 0.80)*"
Non-pharmacological Therapy
Smoking Yes HR for usual care group compared to Asymptomatic or mildly
cessation? intervention group (smoking cessation) symptomatic
HR 1.18 (95% ClI: 1.02, 1.37)?
Pulmonary Yes Old trials: RR 0.28 (95% CI1 0.10, 0.84)3® Hospitalized for exacerbations
rehabilitation®# New trials: RR0.68 (95% Cl 0.28, 1.67)%*" of COPD (during or < 4 weeks
after discharge)
Long-term oxygen Yes NOTT: 2 19 hours of continuous oxygen vs < 13 PaO, = 55 mmHg or < 60
therapy” hours: 50% reduction*® mmHg with cor pulmonale or
MRC: = 15 hours vs no oxygen: 50% reduction*® secondary polycythemia
Noninvasive Yes 12% in NPPV (high IPAP level) and 33% in Stable COPD with marked
positive pressure control hypercapnia
ventilation® HR 0.24 (95% Cl1 0.11, 0.49)>
Lung volume Yes 0.07 deaths/person-year (LVRS) vs 0.15 deaths/ Upper lobe emphysema and
reduction surgery® person-year (UC) RR for death 0.47 (p = 0.005)° low exercise capacity

*RCT with pre-specified analysis of the mortality outcome (primary or secondary outcome); *lnconclusive results likely due to differences in
pulmonary rehabilitation across a wide range of participants and settings.

1. a) IMPACT trial (Lipson et al. 2020) and b) ETHOS trials (Martinez et al. 2021); 2.Lung Health Study (Anthonisen et al. 2005); 3. a) Puhan et al.
(2011) and b) Puhan et al. 2016; 4. 2a) NOTT (NOTT, 1980) and b) MRC (MRC, 1981); 5. Kohlein trial (Kohlein et al. 2014); 6. NETT trial (Fishman et
al. 2003)

ICS: inhaled corticosteroid; IPAP: inspiratory positive airway pressure; LABA: long-acting betaz-agonist; LABD: long-acting bronchodilator; LAMA:
long-acting anti-muscarinic; LTOT: long-term oxygen therapy; NPPV: noninvasive positive pressure ventilation; LVRS: lung volume reduction
surgery; UC: usual treatment control group.

GOLD 2023
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Triple Therapy and “MortalitySigna

Balkissoon Journal of COD Foundation COPD Journal 2021

Chronic Obstructive Pulmonary Diseases:
Journal of the COPD Foundation COPD

Journal Club

Journal Club: Do Inhaled Corticosteroids Reduce All-Cause
Mortality in Chronic Obstructive Pulmonary Disease? What is the
Latest Evidence?

Ron Balkissoon, MD, MSe, DIH, FRCPC!

Abkrevistions chronic obstructive pulmonary disesse, COPD; Towarde a Revolution in COPD Health study, TORCH; fluticascne
propionate, FP; salmeterol, SAL; Study to Understand Mortality and Maorbidity in COPD, SUMMIT, fluticascne furcate, FF; vilanterol, VE
Imvestigating Wew Standards for Prophylaxds in Reducing Exacerbations study, INSPIRE; inhaled corticostercid, ICE; long-acting beta2-
agontst, LABR: long-acting muscarinie antegonist, LAMA: bipropionate, BDP; formaterol fumeorate, FORF, glycopymmontum bromide, &;
InforMing the Pathway of COPD Treatment, IMPACT, Efficacy and Safety of Trple Therapy in Obstructive Lung Diseass, ETHOS; foreed
expiratory volume in 1 second, FEV1; umeclidinium, UMEC; budesonide, BUD

Citation: Falldssoon R Joumal club— Do inhaled corticosteroids reduce all-casse mortality in chronic obstructive pulmonary disease?
What is the latest evidence? Chrontc Obstr Pulm Dis. 2021:8{1):177-184. doi: httpe://doi.org/10.15326/ jeopdf 2020.0196
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Torch Trial

A Discontinuation of Study Drug

B Death from Any Cause

C COPD-Related Death

48 - 1
gf | 18 Placebo 8 Placebo
13 40 | 16 Salmeterol l Salmeterol |
= = ! £ Fluticasone 4 g 2 Fluticasone
H | : = Combination therapy =11\ = | Combination therapy
£ o5 = 124 : =
£ 28 a o a
S 5 . 5
s z 3 {2 =
= Placebo = | ¥ =
= Salmeteral = 6 K
= Fluticasone g 4 HR, 0.825 I £
£ Combination 2 (95% CI, 0.681-1.002)
therapy P=0.052 (log-rank test)
43 72 9 120 156 [} 24 43 72 9 120 156
Weeks Weeks Weeks
No. of Patients No. of Patients No. of Patients
Placebo 1524 1264 1141 1074 1005 937 640 Placebo 1500 1464 1428 1399 1361 1293 Placebo 1524 1513 1499 1486 1476 1463 1433
Salmeterol 1521 1336 1240 1160 1093 1036 717 Salmeterol 1 1502 1481 1451 1417 1368 1316 Salmeterol 1521 1515 1502 1492 1475 1450 1428
Fluticasone 1534 1361 1247 1134 1112 1039 681 Fluticasone 1512 1487 1450 1409 1363 1238 Fluticasone 1534 1527 1515 1503 1485 1461 1428
Combination 1533 1397 1296 1224 1164 1104 758 Combination 1533 1514 1487 1456 1426 1393 1339 Combination 1533 1525 1513 1499 1490 1477 1460
therapy therapy therapy
D Health Status E FEV,
s
2 4 Placebo
14 I 1[ - » Salmeterol
T 3

Adjusted Mean Change in Total Score
(units)
1

sod
=
—4-
=5
]
No. of Patients
Placebo 1149
Salmeteral 1148
Fluticasone 1155
Combination therapy 1133

=1
|
|
'
'
'
I
'
'
'

W
T

96

Weeks

854 78l 726
906 8344 807
942 343 807
941 873 8l4

675
723
751
773

Fluticasone

t Combination
therapy

120 156

635 569
701 634
686 629
731 681

(ml)

Adjusted Mean Change in FEV,

-150-
0
No. of Patients
Placebo 1524
Salmeterol 1521
Fluticasone 1534
Combination therapy 1533

therapy

Salmeterol

1 Placebo
24 48 72 96 120 156
Weeks
1248 1128 1049 979 906 819
1317 1218 1127 1054 1012 934
1346 1230 1157 1078 1006 908
1375 1281 1180 1139 1073 975

Combination

Fluticasone
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IMPACT

FF/UMEC/VI Reduces Risk of All Cause Mortality compared to U

2.0 4

Hazard Ratio for death 0.72 }

28% observed relative Difference
FF/UMEC/VI vs UMEC/VI

°1 (C1(0.53-0.99) P=0.42)

1.4

On Treatment Deaths

FF/UMEC/VI: 1.20%
FF/VI: 1.19%
UMEC/VI 1.88%

1.2 4 "

.0 T

0.8 ———

0.6 - P

0.4 s

0.2 . e

o — v
o 28 56 84

Probability of event (%)

1;10 1é8 156 2é4 2é2 2EI50 S(I)S 356 31:54

Time to event (days)

FF/UMEC/YI 4,151 4,082 3,968 3,898 3,838 3,752 3,714 3,690 3,613 3,581 3,545 3,486 3,454 3,346
4,134 3,984 3,798 3,694 3,619 3,496 3,443 3,391 3,291 3,258 3,230 3,182 3,152 3,044
2,070 1,993 1,880 1,820 1,769 1,713 1,685 1,656 1,612 1,595 1,578 1,548 1,531 1,485

T
112

Lower Rates of Cardiovascular
and Respiratory Deaths

B
359 FE/UMECAN
3.0 FF/VI
_— UMEC/VI
2L imis.]
= =
@
Off Treatment. Deaths g Lo g
P p
= 1.5 i
3 e
£ 1.0 } T
o i
e
0.5 !
. =
o — T T - T T - T T v T |
o 28 56 84 112 140 168 196 224 252 280 308 336 364

Time to event (days)
FF/UMEC/VI 4,151 4,150 4,142 4,137 4,131 4,119 4,113 4,107 4,097 4,092 4,082 4,073 4,062 3,919

4,134 4,129 4,123 4,118 4,111 4,106 4,095 4,082 4,065 4,060
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Ethos Trial: Reduction in All Cause Mortality for Triple Therapy

Versus ICS LABA an LABA/LAMA

Patients at risk
BGF 320/18/9.6 ug
BGF 160/18/9.6 ug

GFF 18/9.6 ug

BFF 320/9.6 ug

Kaplan-Meier cumulative incidence (%)

—— BGF 320/18/9.6 pg

BGF 160/18/9.6 pg

—— GFF 18/9.6 pg

—— BFF 320/9.6 ug

0 - [:77 T T :,_ - T T T T T T T T T +Clensoredl
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Weeks
2137 2,186 2,134 2,131 2,130 2,127 2,423 2,122 2,118 2,112 2,106 2,103 2,100 2,075
2,121 2121 2,120 2,118 2,110 2,104 2,102 2,101 2,098 2,087 2,084 2,076 2,072 2,062
2120 21417 2,112 2,106 2,100 2,097 2,095 2,089 2,086 2,082 2,077 2,069 2,067 2,045
2,131 2127 2,122 2,120 2,118 2,416 2,110 2,108 2,102 2,099 2,097 2,094 2,088 2,075
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49% relative
difference in
Mortality with
ICS/LABA/LAMA
S

LAMA/LABA

Rabe et al New Engl. ] Med 2018 202;35-48



CRP. And Pathogenesis of Cardiovascular Disease And Other Comerbidi

Chronic inflammation
Self-perpetuating oxidants
et o

Pulmonary pathologies:
Emphysema

Airway/vascular remodelling
Mucus hypersecretion
Progressive airflow limitation

\

s ) Systemic inflammation J

Cytokines: [L-6, IL-10, [EMa, TNF-u, h"
Acute phase 'prulcin.qub SAA 3 -

V

iy
Q) & 'ddt T U
Cardiovascular disease: ] Metabolic_abnormalities:

Ischemic heart disease
Vascular thrombosis

Obesity

Other extra-pulmonary comorbidities: High blood pressure

Hypertension
Pulmonary hypertension
Heart failure

Skeletal muscle wasting

Loss of bone density
Obstructive sleep apnoea
Depression and anxiety disorder
Abnormal appetite
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Insulin resistance

Fasting hyperglycemia
Atherogenic-dyslipidemia
Fatty liver

Chan et al Pharmacol Ther. 2019 Jun; 198: 160-188




Meta Analysis 26 articles on
COPD late and early mortality
e 15 late mortality

* 16 early mortality

First author [ref.]

KULLER [35]

ManN [36]

DaHL [37]

DE TORRES [38]
MEHROTRA [39]
Liu [40]

ZHANG [41]
HoiseTH [42]
CaNo [45]

DeNG [43]
MOBERG [44]
ForD [46]
KLEBER [47]
BLUMENTHAL [48]
LopPrINZI [49]
Overall (/2=68.7%, p=0.000)

Hazard ratio

| (95% Cl)
= 280(1.43-5.50)
Fall 1.79 (1.25-2.56)
L) 1.40 (1.09-1.79)
1.00 (0.82-1.22)
1.12 (0.93-1.35)

1.48 (1.28-1.71)
2.40(1.75-3.29)
1.51 (1.13-2.02)
2.71(1.05-7.00)
1.50 (1.07-2.10)
1.26 (0.95-1.67)
1.94 (1.10-3.44)
2.25(1.02-4.9¢6)
1.33(1.02-1.73)
1.53 (1.32-1.77)

5.15(1.63-16.31)

Weight
%

3.39
6.96
8.90
9.75
10.00
1.43
10.64
7.66
8.11
2.00
7.31
8.31
4.25
2.68
8.63
100.00

T
0.15
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Leuzzi G. et al Eur. Resp. Review 2017; 26:



CRP Levels and Mortality in COPD

Lung “Spillover Hypothesis”

Bone Marrow
Systemic Co-morbidities

Blood
IL-6, GM-CSF, Others Elements
Oxidants
m IL-6, TNF-a
' — Mediators and Cells Systemic

Circulation

Smoking IL-6. IL-1B /
\E)thers (CPR)Fibrinogen,

Airway and Lung ' LI
Inflammation

Liver

o
&

Other Organs

&

Figure = The "spillover hypothesis” for comorbid conditions in patients with COPD.2°
CRP. Creactive protein; GM-CSF, granulocyfe macrophage colony-stimulating factor; IL, interleukin; TMF, tumor necrosis factor alpha.

Reprinted with permission from: Kao CC, Hanania NA. Co-morbidifies of COPD: systemic inflammation. In: Crapo ), ed. Atlos of Chrenic Obsructive Pulmonary
Disease. Philodelphia, PA: Current Medicine Group; 2009:169-177.
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Macrolide Properties

* Antimicrobial

e Anti-inflammatory

* Augment Macrophage function
* Enhance Steroid efficacy
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Azithromycin: Mechanisms of Action and

Their Relevance for Clinical Applications.

Azithromycin

Inhibit: Ongoing infection/chronicinflammation
e |L-8
e |L-6
* TNF alpha
 LTB, (%9
PG-E2 % + Compromised autophagy
- and intracellular mycobacterial killin
NF Kappa B AL . "
i il £T7 s !r..—-??d' [ :".}_‘_--;'-
- : }k_’ 2 .
@ © 2 e A
* Inhibited « Inhibited . .

bacterial growth, mucin production,

virulence factors, inflammatory cytokines, + Modulated autophagy

biofilm lysosomal enzymes and acquired immunity

« Enhanced PMNL <+« Enhanced . Enhanced + Resolution of inflammation

degranulation, PMNL generation of M2-like Enhanced macrophage phagocytosis

ROS, some apoptosis macrophages and and PMNL efferocytosis

cytokines regulatory DCs

IMMEDIATE FIRST 24H 2-3 DAYS WEEKS - MONTHS

Fig. 2. Proposed time course of azithromycin actions on infection and chronic inflammation.

Increase:
Histone
deacetylase -
Restores anti-
inflammatory
effect of
steroids

Parnham et al. Pharmacology&Therapeutics 143(2014)
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Azithromycin for Prevention of Exacerbations of COPD

DESIGN:

 azithromycin, 250 mg daily (570 participants) vs placebo (572 participants)
* 1 year in addition to their usual care.

* follow-up: 89% in the azithromycin group; 90% in the placebo group.
RESULTS:

* The median time to the first exacerbation was
* Azithromycin: 266 days (95% confidence interval [Cl], 227 to 313) azithromycin
* Placebo: 174 days (95% Cl, 143 to 215) (P<0.001).

* The frequency of exacerbations: exacerbations per patient-year
* Azithromycin: 1.48 vs Placebo: 1.83 (P=0.01)

Hazard ratio for having an acute exacerbation of COPD per patient-year for
azithromycin group was 0.73 (95% Cl, 0.63 to 0.84; P<0.001)

Albert et al. NEJM 2011 Aug 25;365(8):689-98
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Azithromycin for Prevention of Exacerbations of COPD

Loy 1577 Subjects

0 \\ . Azithromycin n=558
o Placebo n=559
Proportion free o
of COPD o 139
Exacerbations 0a °
”? 32%
0._1 p= 0.001 by log rank test and Wilcoxon signed rank test

0.0 40 80 120 160 200 240 280 320 360

Follow up (days)
Albert et al. NEJM 2011 Aug 25;365(8):689-98

Do not distribute



PDE3/PDE4 Inhibitor

* Inhaled agent
* PDE3 smooth muscle relaxant

* PDE4 anti-inflammatory with effects on neutrophils

Therapeutic targets of
phosphodiesterase
inhibitors 3 and 4

) Bronchoconstriction

Lumen obstruction

Smooth muscle contraction

Mucus hypersecretion

Ciliary dysfunction

Inflammatory cell infiltration Airway wall thickening
5- 4 3 yon
R R NN
Macrophages Eosinophils T cells
Neutrophils Monocytes Dendritic cells
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Safety Adverse Effects of PDE3/PDE4

Roflumilast(PDE4) : oral
Gastrointestinal: diarrhea, nausea, weight loss

RPL554/Ensifentrine (PDE3/PDE 4) 0.4 mg to 24 mg inhaled
Fewer side effects: cpristensen, s. et al AIRCCM 2015

Increased heart rate

Fall in blood pressure

*Recent ATS Abstract showed Phase 3 study improved lung
function and reduced exacerbations Poster session B22 K
Rickard et al
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Challenges/Questions

* Smoking cessation

 Alternative Treatments to Steroids

e Optimum ldentification/treatment of Comorbidities
e Understanding T-2 vs Non-T2 COPD

* Understanding role of Microbiome in COPD

* Defining Other Phenotypes\Endotypes

* Rapid Decliners

* Preserved Ratio Impaired spirometry (PRISm)

* Role for biologics?
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Precision Medicine: Treatable Traits

Precision medicine is defined as “treatments targeted to the
needs of individual patients on the basis of genetic,
biomarker, phenotypic, or psychosocial characteristics that
distinguish a given patient from other patients with similar

clinical patients.”

Agusti, et al. ERJ 2016;47:359-361.
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Phenotype to Endotype
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Current and Proposed COPD Phenotypes

Accepted Phenotypes Proposed Phenotypes

1. Alpha-1 AT Deficiency Non-smokers

2. Emphysema/hyperinflation Rapid decliners

3. Frequent Exacerbator Asthma/COPD overlap
Eosinophilic

Mild airflow obstruction/severe dyspnea
Chronic bronchitis

GERD comorbidity

Cardiovascular co-morbidity

OSA comorbidity

10. CT Phenotypes

W L N O U A WwN P
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Phenotype and Networks
Many overlaps and connections are end|es

OSA
comorbidity

Alpha-1 AT
Deficiency GERD

comorbidity

Cardiovascular

co-morbidity '
Emphysema/ Obesity
hyperinflation Comorbidity

Smoking Status
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T2 High COPD vs Non T2 COPD

Pollutants, oxidative stress,

Allergens SMOKING ~  Poliutants, oxidative stress,
- = micrabes

: : : SMOKING
o] e, oac;ﬁ' microbes

S0

Epithelium
and RBM

ca y \ i
~ 9
1@ ! ||.-17.23\-1."In
N -1, 8, t

f ——
1) @ Tel TNF-0l .
@ i Type 3 innate i @
Type 2 innate lymphoid cell ‘QU )
TERRENE % TJ/T17

g ! lymphoid cell

Neutraphil

Yousef A et al JCOPD:2018;15(2)99-107
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Biologics and Chronic Obstructive Pulmonary Disease:

BIOLOGIC TARGETS FOR NON T2 COPD

Cigarette Smoke
and other irritants)

=== |
Epithelial cells . Macrophage
el |15 ] i
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——=IFM-y = _/
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( fcxcrs UML)
4 w4 h s b
- f__.*'/k ) i_’ ‘ | - i

Perforin

Meutrophil

il ; Meutrophil Elastase
PROTEASES MMP-2 (MMP-12)
' IR ORONOOL “ PEEAE
3 » A -
L *_/./\ﬂ TGF-o g d *n 104
& A a— Mucus Hypersecretion

——

e : Chronic Bronchitis
Fibrosis Alveolar Wall Destruction
(Small Airways) (Emphysema)

Pavord et al. JACI 2018: 141; 1983-1991
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TREATMENT OPTIONS FOR: COPD

SUMMARY

* COPD patients are a heterogeneous population with a wide array of
variable characteristics that can impact response to treatment

* Phenotypes lack precision to find one intervention that will address all
components of their COPD

* Identifying treatable traits is the most practical approach
* Identifying endotypes will allow for greater precision in treatment
* Managing co-morbidities is often as important as managing their COPD
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