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COPD Prevalence
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» COPD affects >400 million people and is the third leading cause of death worldwide.
* Prevalence in adults >40 years was 10.6% (480 million cases) in 2020, and is projected to rise to ~592
million by 2050.




COPD Prevalence

Figure 2. Prevalence of diagnosed and undiagnosed COPD (post-BD FEV1/FVC<LLN) and relative underdiagnosis by study site

* A 27-country collaborative study
found a prevalence of COPD, of
9.7%, with 81% of COPD cases
being undiagnosed.
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* The problem of COPD
underdiagnosis(90-95% of
COPD cases) was worse in
LMICs.
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Proportion of global population with access for diagnosis of COPD
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(B) Chest CT

Primaryand Primary  Specialist  Limited” Not
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both

Lower-middle-income countries (n=11)

Spiromatry 208%) o 4(36%)  5{a5%) o

Reversibility testing 1(9%) o B(s5%)  4(36%) o

Whole body plethysmography 0 o %) 5(4E%) 3(27%)

Diffusion capacity measurement 0 3 37%)  5(45%) 3(27%)

Arterial blood gas analysis 0 o 6(s5%)  5(a5%) o

Chest radiography 6(s5%) 3(7%) o

ChestCT 1@%) o o

Upper-middie-income countries (n=15)

Spimamety 3(20%) (3% 5% A(FH a

Raversibility testing 2(13%) 1% B(E%) 4N Cl

Whole body plethysmography 0 [ 5(33%)  9(60%) 17%)

Diffusion capacity measurement 0 o 6(a0%)  B(s3%) 10%)

Asterial blood gas analysis 17%) 2(13%)  8(s3)  4(TW) o

Chest radiography 8(53%) a@w®)  320% o© o

+CT 3 (atse) o ¢ o

High-income countries (n=17)

Spirmmety ) 16w 308%)  1(6%) a

Reversibility testing 8(47%) [ 9(:3%) o o

Whole body plethysmography 0 o 16(04%)  1(6%) o

Diffusion capacity measurement 1 (6%) o 14(82%)  2(12%) o

Arterial blood gas analysis 1(6%) [ 15(88%)  1(6%) o

Chest radiography 12 71%) o 4(4%)  1(6%) o

ChestCT s @) o 13 {71%) o

m ilability of tests

discase, by country income group.




Proposed diagnostic algorithm for COPD

Symptoms Potential causes
- Cough 1Genetics
+ Dyspnoea. 2 Early-life exposures

« Bxacerbations.
- Assess MMRC and CAT

3 Infection related
4 Exposure to tobacco or combustibles
5 Environmental exposures

symptomsand risk

Lung function test
available?

-
o
Aftemative testing Yes CF availabler No
orct = |
‘Alternate test using avail 1 1CAT=10
1Diffusion 2Ainpping 2mMRC22
2 Resistance 3JAinvay abnormalities 3 Exacerbation =1 peryear

3 Nitrogen washout
4 Pathology=ainway remodelling
5 Farced oscillation technique

Normal | Abnormal No Yes No Yes

Alternative CoPD ‘ Altemative Alternative Probable ‘

diagnosis diagnasis diagnosis CoPD

Figure 11: Proposed diagnostic algorithm for COPD
COPD-=chronic obstructive pulmonary disease. mMRC-modified medical research council scale. CAT=COPD assessment test. FEV.~forced expiratory volume in 15.
FVC=forced vital capacity.



Screening and Case-Finding

An Algorithm for COPD Case-finding

Factors that May Be Associated with COPD Underdiagnosis (0
Figure 2.8 .9
Targeted Individuals Individuals at Risk
Why does COPD go
undiagnosed until disease is foreample thoseundrgong < rgez 3
tar advanced? lun cancer sreering or i e r ok ok boushold
consistentwit parenchyml or AEEs
rvayadonders Prematurity & early lfe disadvantage factors

Respiratory symatoms

Patient-related Healthcare system-related Healthcare provider-related
factors factors factors
Pretest with Screening Questionnaire
LFQ, CDQ, COPD-PS, PUMA, CAPTURE, etc

Poor understanding of COPD

Patient under-recognition and/or

under-reporting of symptoms
Patient adaptation of activities to
minimize breathlessness

Milder disease or milder impairment

diagnostic criteria
Inadequate training in the use and
interpretation of spirometry
Inadequate investigations and

Positive
Screening
Questionnaires

!

in undiagnosed subjects referral to specialists for respiratory.
S In Specialty Care In Primary Care Negative
i P Setting
Confirmatorypre8D | POSE  Hand devices (PEF,
+ Poor access to diagnostic testing (spirometry) PNy, ormaRes
« Disparities in access to healthcare, even in high-
Dspeities’p aces posiive Negative
« Lack of access to quality healthcare in many LMICs
o Lack of human resources and academic training f""“"“"i’f‘vf 2""" M:’;‘“" SV";P"D'“ &
programs specializing in respiratory healthcare in Ll address sk factors
post.8D spirometry) &
hills management

Adapted from: Aaron et al. Am ) Respir Crit Care Med. 2024 Apr 15,209(8]:928-937.

Adapted rom: Aaron et al Am ) Resaie Crt Care Med. 2023 Apr 15,209(8):928-937
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ROC curves for combination of SGRQ and PEF

Population-Based Screening for Chronic Obstructive Pulmonary
Disease Using the St. George’s Respiratory Questionnaire in

Resource-Limited Settings

@ William Checkley'%, Mingling Yang'-%, Nicole M. Robertson™?, Arun K. Sharma®, Ram K. Chandyo®,
Laxman Shrestha®, Santa K. Das®, Bruce Kirenga®, Patricia Alupa®, Gonzalo Gianella’, Trishul Siddharthan®®,
Suzanne L. Pollard'#?, Shumonta Quaderi?, Natalie Rykiel'2, Oscar Flores-Flores®™?, John R. Hurst?, and
Robert A. Wise"; the Global Excellence in COPD outcomes (GECu) Study Investigators i
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Departientof Pumanology and Crical Cere, Insitu of Medicine: Tbhuvan Universiy I; “Department of
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Faculiad de Medicina, Universidad Peruana Cay of Pulmonary and Crifical Care, Miller School
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Study Design: Population-based COPD screening study ol If AUG 185% CI)
Participants: Adults aged >40 years : ifice
Screening Tools:
St. George’s Respiratory Questionnaire (SGRQ) s
Pre-bronchodilator Peak Expiratory Flow (PEF) i "y T = o 5
COPD Definition: Post BD FEV1/FVC Z-score < -1.645 Specticity
8GR0 — PEFp — S5GR0G + PEFplsax) — SGR0O + PEFs(sex)
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JAMA | Original Investigation

A Multidimensional Diagnostic Approach
for Chronic Obstructive Pulmonary Disease

COPDGene 2025 Diagnosis Working Group and CanCOLD Investigators



New Diagnostic Criteria for COPD

Figure 1. Diagnostic Schema for Chronic Obstructive Pulmonary Disease
(COPD) Using Major and Minor Criteria
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Airflow abstruction Emphysema Dyspnea
FEV/FVC<D.70 2Mild visual emphysema  mMRC score 22
o Bronchial wall Quality of life

FEV/FVC<LLN thickening

SGRQ score 225
or
CAT score 210

Chronic bronchitis
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Chronic obstructive pulmonary disease

Major diagnostic category
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i Minor diagnostic category
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If symptoms are explained by
other diseases, both imaging
criteria should be met.
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15.4% (811/5,250) without airflow obstruction were
newly classified as COPD (minor criteria).

6.8% (282/4,166) with airflow obstruction were
classified as non-COPD.



Table 1. Clinical and Imaging Characteristics of Participants in COPDGene by Reclassification Status

Reclassification overall (N = 0416

No airflow Airflow
COPD by both obstruction obstruction No COPD by both
«old and new but COPD present but no COPD old and new
diagnostic according to new according to new  diagnostic
schemas diagnostic diagnostic schemas
(n = 3884) schema (n=811) | schema(n = 282) (n=4430)
Lung function, mean (SD)
FEV, % predicted 56.1(22.2) 85.2(16.4) 813(14.9) 92.8(15.0)
Questionnaires
Chronic bronchitis, No. (%) 1073 (27.6) 410 (SU.G.D ] 306 (6.9)
mMRC dyspnea score, 2.0(1.4) 25(11) 0.2(0.4) 06(L1)
mean (SO
mMRC dyspnea score 22, 2412(62.1) 690(85.1) 0 772(17.4)
No. (%)"
SGRQ total score, mean (SD) 3840223 46.7(17.1) 86(7.1) 14.5(15.7)
SGRQ score 225, No. (%) 2705 (69.6) 765(94.3) 0 863 (19.4)
Frequent exacerbations, No. (%)  640(16.5) 87(10.7) 5(1.8) 110(2.5)
Imaging visual estimates, No. (%)
Emphysema (zmild)® 3150(81.1) 449 (55.4) 0 046 (21.3)
Bronchial wall thickening® 2757 (71.0) 416 (51.3) 0 572(12.9)
Imaging guantitative estimates,
mean (5D .
Emphysema, % <-950 HU 12.5(12.5) 16(2.6) 3.8(4.2) 1927
Pi10, mm 2,68 (0.59) 248(0.63) 2.12(041) 2.06(0.47)
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Respiratory lnvestigation 64 (2026) 101368
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Figure 1. Diagnostic Schema for Chronic Obstructive Pulmonary Disease

Respiratory Investigation (COPD) Using Major and Minor Criteria

DI

ELSEVIER journal w) Isevier.
i ; Aitflow obstruction | Emphysema Dyspea
Original. article ") FEVy/FVC <0.70 2Mild visual emphysema  mMRC score 22
ifvi ioh-1ri i i imi i i g a5 Bronchial wall Quality of life
Identifying high-risk smokers without airflow limitation using new COPD | %=1 FEVL/FVC<LLN e b Bl
criteria: pooled analysis of two Japanese cohorts o oot

Chronic bronchitis

Naoya Tanabe ™ ' @, Shotaro Chubachi ™', Kunihiko Terada®, Takashi Shimada",
Yoshinori Seri*, Hidetoshi Nakamura ', Koichiro Asano “©, Atsuyasu Sato ), Susumu Sato ™
Koichi Fukunaga "®, Toyohiro Hirai *®

Chronic obstructive pulmonary disease

* Deparoment of Respiratory Medicine, Kyoto University Graduate School of Medicine, 54 Kawahara-cho, Shogoin. Sakyo-ku. Kyoto, 606-8507, Japan
Major diagnostic category © Minor diagnostic category

*® Division of Pulmonary Medicine, Deparmment of Medicine, Keio University School of Medicine, 35 Shinanomachi, Shinjukiuku, Tokyo, 160-8562, Japan

§ el Gl Ry M e G rcs,Goknys  doamac, o Hyogs, 670849, Jgan Major criterion 23 Minor criteria
¢ Department of Respiratory Medicinc, Saitama Medical Uriversity, 1397-1 Yamane, Hidaka:Giy, Saitama, 350-129, Japan plus f symptorns are explained by
 Divisio of Pulmanary Medicine, Deparment o Medicie, Toka Universy, School ay Medicin, 143 Shimokasuya, lsehara, Kanagawa, 259-1195, Japan, >1 Minof criterion other diseases, both imaging

Respr Medicine, Grad: . 54 K ‘Shogoin, Sakyo-ku., Kyoto, 606-0507, criteria should be met.

Japan

Methods

+ Pooled analysis of two Japanese smoker cohorts (>40 years).

+ COPD was defined by airflow limitation plus >1 minor criterion or by >3 minor criteria.
+ 3-year exacerbation risk was compared across groups.



\ 517 smokers in two cohorts \

[ . 3

FEVA/FVC<0.7 or FEV/FVC 20.7 and
FEV1/FVC <LLN FEV1/FVC > LLN
(n=404) (n=113)

l e B s

Major criteria No more COPD Non-COPD Minor criteria-only
COPD (new criteria) (both criteria) COPD
N=364 N=40 N=87 N=26

Fig. L. Subject flow FEV]/FVC — forced expiratory volume in 1 s/forced vital capacity. LLN — lower limit of normal.

No. exacerbations

Non-GOPD Dioos! ® Ret ® et

(both criteria) | :

No more COPD 0181 —e— —e—ij
(new criteria) s !

Minor criteria-only 0250 b e . =

coro | IRR: 4.95 |

Major criteria 0270 [ ] L ey
COPD | |
i IRR: 3.95

00 01 02 03 051020 50 051020 50

Iperson-year IRR (95% ClI) IRR (95% Cl)



Predictors of Exacerbation

Table 2
Negative binomial models for a risk of exacerbation in patients with COPD based
on new diagnostic criteria (n = 390).

Variable IRR (95 % CI) P value
|car 1.04 (1.04, 1.07)) 0.002 |
WA% 0.99 (0.99_1.01) 0.42
[LaA% 1.02 (1.01. 1.04) 0.0097 |
BMI 0.97 (0.90, 1.04) 0.29
age 1.01 (0.95, 1.04) 0.39
Male 1.88 (0.77. 4.57) 0.16
packyear 1.00 (0.99, 1.00) 0.55
Former smokers 0.67 (0.40, 1.11) 0.12

BMI = body mass index. CAT = COPD assessment test. FEV1 = forced expiratory
volume in 1 5. FVC = forced vital capacity. LAA% = low attenuation area per-
centage. WA% — wall area percentage in segmental airway.
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Goals for Treatment of COPD

Goals for Treatment of Stable COPD

Figure 3.1

* Relieve Symptoms

= Improve Exercise Tolerance ’ REDUCE SYMPTOMS

 Improve Health Status

Prevent Disease Progression

Prevent and Treat Exacerbations ’ REDUCE RISK

Reduce Mortality

- 2026 GOLD Guideline



Disease Activity

» Disease activity refers to biological pathways that
@ cause the pathological outcomes of disease, and
@ are potentially reversible or controllable with treatment
« If untreated or treatment is ineffective, disease activity leads to
 disease progression
+ permanent organ damage and dysfunction

* A key objective of COPD management is to reduce disease activity,
with the aim that patients have:

v'no exacerbations
v'no worsening of symptoms
v'no accelerated loss of lung function

2026 GOLD Guideline



) Check forupcstos
Is Disease Stability an Attainable Chronic Obstructive Pulmonary

Disease Treatment Goal?

a Dave Singh', MeiLan K. Han?, Surya P. Bhatt®, Marc Miravitlles*, Chris Compton®, Stefanie Kolterer®,
Tharishini Mohan®, Suneal K. Sreedharan®, Lee Tombs’, and David M. G. Halpin®

Optimize therapy to Establish and maintain disease stability in addition
achieve improvements to to seeking improvements in clinical status
: the highest degree possible
! Stable Not stable
1
f ; Exacerbations No exacerbations
1
1
1 Age-corrected
H * % Lung function lung function decline or
g1 10 ling function deciine
£l Diseose | S’
; 1 ‘stability
29 \
L "
1
I —— Treatment change
1 (optimization) leads ~
toimprovement -
1 “ gt
== Progression continues . - e e RN
1 despite treatment Sm= ~
{ change (optimization) AT 4
- = i ) i e i e




Table 2. Preliminary Definition for Disease Stability

Exacerbations:

Components Frequency Health Status: SGRQ or CAT Lung Function: FEV,
Thresholds* No exacerbations No warsening in 8GRQ or CAT score, No decrease; consideration
altematively, no clinically of correction for
significant worsening age-related decline
Timeline » _6-12 months, comprising one or multiple visits in that time

» Benchmark current measurements against previous 6-12 months at each visit
Individual vs. composite . Stabili% can be achieved in one or multiple components
assessments « Dependent on patient factors, availability of spirometry, and setting

Context and setting » Primary care or in-clinic and research settings
o All disease severities, phenotypes/stiotypes, and interventions

Other considerations » “Clinically significant’ worsening will require definition
o Biomarkers may be implemented in future components once validated
s An expert consensus on the definition of disease stability should be reached among key experts

Deafinition of abbreviations: CAT=COPD Assessment Test; COPD = chronic obstructive pulmonary disease; SGRQ = St. George's Respiratory
Questionnaire.

*Some patients may experience improvements with treatment optimization and other holistic interventions (e.g., smoking cessation, vaccination);
this is also considered to be achieving disease stability



ARTICLI

[ Original Research ] Z CHEST

Clinical Outcomes in Patients With COPD
With Disease Stability
Data from the Korea COPD Subgroup Study Cohort

Eunjeong Son, MD, PhD; Hyewon Seo, MD, PhD; Seung Won Ra, MD, PhD; Seoung Ju Park, MD, PhD;
So0-Jung Um, MD, PhD; Seong Yong Lim, MD, PhiD; Hyoung Kyu Yoon, MD, PhD; Kwang Ha Yoo, MD, PhD;
Joon Young Choi, MD, PhD; and Chin Kook Rhee, MD, PhD

= No exacerbation

 No lung function decline
« Mo SGRQ decline

DS definition period
-

Martallty

Figure 1 - Study time frame. This study defined a 1-y DS period, subsequently followed by a 1-y pcr!nd of acute exacerbation eccurrence, 2y llfi‘ﬂ!lg
function changes. and mortality rates investigated using national mortality data for up to 10 y. DS = disease stability, SGRQ = 5t. George’s Res-
piratary questionmaire.




TABLE 3] Cox Proportional Hazards Regression of All-Cause Mortality According to Disease Stability TABLE 1] Comparison of Exacerbation Frequency

Crude Multivariate Accort_iing to the Presence of Disease
HR 95% CI P Value HR 95% CI P Value Stability
Disease stability 0.56 0.37-1.09 .096 0.56 0.32-0.96 .036 Exacerbations IRR 95% (1 PValue
Age 1.07 1.07-1.11 <.001 1.07 1.05-1.09 <.001
Moderate-to-severe .3 .20-0.43 .03
Female sex 0.71 0.34-0.90 .018 0.73 0.32-1.66 457 Oderat 1 B 2280 =
BMI 0.87 0.87-0.93 <.001 0.87 0.83-0.91 <.001 Severe 0.26 0.10-0.58 002

Smoking status
Adjusted variables include age, sex, BMI, smeking status, and post-

Never (Referance) (Raference) bronchedilater FEV, (L). IRR = incident rate ratio.
Prior 1.74 1.12-2.70 .014 1.51 0.73-3.10 267
Current 1.98 1.25-3.15 .004 2.16 1.02-4.57 .045

HTN 1.27 1.02-1.58 .036 1.49 1.12-2.00 .007

HF 1.78 1.08-2.94 .025 0.70 0.26-1.90 481

DM 1.00 0.75-1.33 .986

MI 131 0.81-2.10 1269

CVA 1927, 0.56-2.87 572

CVA = cerebrovascular accident; DM = diabetes mellitus; HF = heart failure; HR = hazard ratio; HTN = hypertension; MI = myocardial infarction.
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Assessment of COPD

GOLD ABE Assessm:

Figure 2.13

Spirometrically Assessment of |

i Assessment of
risk
confirmed diagnosis airflow obstruction | 4 " of
exacerbations
EXACERBATION
HISTORY
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GRADE (5 predicted) R
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GOLD 1 280 moderate or severe E
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GO 3 30-49 Zero (0)
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M) Copn sor vprdming.

Exacerbation Risk and Mortality in Global Initiative for
Chronic Obstructive Lung Disease Group A and B Patients
with and without Exacerbation History

Lowie E. G. W. Vanfleteren', Anne Lindberg®, Caddie Zhou®, Fredrik Nyberg®, and Carcline Stridsman®

ICOPD Genter, Depariment of Respiratory Medicine and Allergology, Sahlqrenska Uriversity Hospilal, Gothenburg, Sweden;
“Department of Internal Medicine and Clinical Nulrition and “School of Public Health and Community Medicine, Institute of
Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden; *Division of Medicine/The OLIN Unit, Depariment ¢
Health and Clinical Medicine, Umea University, Umea, Sweden, and “Center of Registers Vistra Gotaland, Gothenburg, Sw

OACID 1Ds: QDD0-0002-A387 4086 (L E.GWN.); D000-0002-3292-7471 (A L), D000-0001-6622- 3638 (C.5 ).

Study Design

Population

* Included 45,350 COPD patients aged >30 years (2017-2020)
Classification

* AO0: GOLD A, no exacerbation in previous year

Nationwide retrospective cohort study using the Swedish National cohort

Patients wilh COPD in SHAR
belween Jsmanry 2017 o Augusl 2020
07084

ourygee tian 30 yeats
n-58
Missing dta on both CAT and mMRC
- 25,433
Inconec visk-date
n-3

Eligie paliends for s cludy
n~ 45350

[

I
! 1

« A1: GOLD A, one moderate exacerbation ’
+ BO0: GOLD B, no exacerbation

COPD GOLD A palients
0~ 12967 (25%)

U H -

- 24,487 (53%) n- 7829 OTR)

» B1: GOLD B, one moderate exacerbation
» E: >2 moderate or >1 severe exacerbation

I T
comeow || corpeow || corocown || corocow
A0 patssats A1 s B0 pstents BY pualients.
=122 @) | o 1730 (a%) | |0 - 20,026 (aay) | - 4,801 (10%)




Risk of Exacerbations and Hospitalization

Time to First Exacerbation Time to Hospitalization
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Risk of Mortality

Time to death for any cause
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Comparison of Clinical Outcomes

Table 5. Crude and Adjusted Hazard Ratios for Moderate Exacerbation and for All-Cause, Respiratory, and Cardiovascular
Hospitalization and Mortality for Group B1 versus Group B0

Moderate Exacerbation
Group Crude HR (95% CI) Adj. HR (95% CI)

B0 Ret Ref
B1 2.72 (259-2.87) 2.56 (2.40-2.74)

All-Cause Hospitali piratory Cardi Hospitalization®
Group Crude HR (95% CI) Adj. HR (95% CI) Crude HR (95% CI) Adj. HR (95% CI) Crude HR {95% CI) Adj. HR (95% CI)

BO Aef Ret Ref Aef Ret Ref
B1 124 (1.18-1.31) 1.28 (1.21-1.35] 1.69 (1.55-1.85) 1.44 (1.27-1.62] 1.10 (0.98-1.23) 1.12 (0.96-1.30)
All-Cause Mortality y Mortality* Cardiovascular Mortality*

Group Crude HR (95% CI) Adj. HR (95% CI) Crude HR (95% Cl) Adj. HR (95% Cl) Crude HR (95% CI) Adj. HR (95% Cl)

BO Ref Ret Ref RAef Ret Ref
B1 1.19 (1.08-131) 1.04 (0.91-1.18) 1.62 (1.26-2.07) 1.13 (0.79-1.84) 1.18 {0.82-1.69) 0.90 (0.53-1.53)
D ion of abbraviations: Adj. = adjustment for age, sex, emaking status, and lung function (FEV,% predicted), Cl= confidence interval;

H iazard ratic; Ref= reference group.

B0 and B1 groups are Global Initiative for Chronic Cbstructive Lung Disease classification B patients without and with an exacerbation in the
pas! year, respectively.

"Death from ather cause considered as competing risk.
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Management of COPD

Initial Pharmacological Treatment

Figure3.8

INITIAL treatment - for patients with COPD who are naive
to maintenance pharmacological treatment

EXACERBATION
HISTORY
(PER YEAR)

Oneormore(21) || GROUPE
moderate or severe LABA + LAMA*
exacerbations i the

previous year consider LABA+LAMAHCS* if blood eos > 300

Zero (0) GROUP A GROUP B
e | A bronchodilator LABA + LAMA*
the previous year
J
‘MMRC 0-1, CAAT < 10 J mMRC 2 2, CAAT 2 10 J

SYMPTOMS

*single i P
treatment

Exacerbations refers to the pe
modified ART™: Cf Test™.

; MMRC:




® The effect of exacerbation history on
outcomes in the IMPACT trial
CrossMark

David M.G. Halpin', Mark T. Dransfield®, Meilan K. Han®, C. Elaine Jones®,
Sally Kilbride®, Peter Lange™’, David A. Lipson ®®7, David A. Lomas'®,
Fernando J. Martinez'', Steve Pascoe™'%, Dave Singh‘s. Robert Wise ©'* and
Gerard J. Criner’®

Study design
* Post-hoc subgroup analysis of the 52-week IMPACT trial(N=10,355).
* Included 10,355 symptomatic COPD patients with prior exacerbation history
» Divided by prior 12-month exacerbation history:
» Single Moderate group: 1 moderate, 0 severe
« Frequent Moderate group: >2 moderate, O severe
« Severe group: 21 severe, any moderate
* Randomized (2:2:1) to Once-daily FF/UMEC/VI vs. FF/VI or UMEC/VI



Annual Exacerbation Rates During Treatment

Annual rate of moderate to severe exacerbations

sl Treatment A Trestment 8 RR(95% G p-value T —
FFUMEC/W FEm Treatment A Treaiment 8

FFUMECIVI versiss FFVT —

Single moderate suhgrovp  DAS (078052 L0S[0FI-115]  0BODII-0S0  enomd ——

Fraquent moderate subgroup 085(080-0%1)  096(090-103  0E9 (081091 0015 ——t

Severs subgroup ioslose1iel  izsllieid]  osilorensal  nom ——

FFIUMEG/VI versus UMECIV  FE/UMEC/VI umEC

Single moderate subgrovp 085 (078-092)  103(092-1161  082(071-095 0007 ——

Frequent moderste subgroup. 085 (080-091  121(110-132) 071 {06079  <nom ——

Severs subgroup 10600981161 4301231411 0740045086 0001 ——

UMEG/YI versus FE/M UMEC/N FFVI

Single moderate subgroup  1.03(0.92-116]  106(097-115)  098fosb-103  n7m2 ——

Frequent moderate subgroug: 1.2 (1.10-132)  036(090-1.03] 12612141 <0001 —

[ ——— 1A-en  tzsle I zEyez nm ———t

05 06 07 0B 09 10 11 12 13 14 15

RR [95% CH}
Time-to-first moderate to severe exacerbation
al Treatment A Treatment B HRISSHCI  p-value U
FF/UMEC/VI FEMI Treatment A Treatment B
FF/UMEC/VI versus FF/VI —
Single moderate subgroup  545/1198 [45] 405/1262 (£9] 081(072-091] <0001 ——
Frequent moderste subgroup  B59/1866 [46] 847/1827 |56} 0.9210.83-1.01] 0.069 [ |
Severs subgroup 555/1087 (511 587/1069 |50 0811072091 <0001 ———
FF/UMEC/VI versus UMEC/VI  FF/UMEC/YI UMEC/VI
Single moderate subgroup 545/1198 145] 2817616 (48] 0.9210.79-1.06} 0246 —
Frequant moderate subgroup  B5%/1866 (46] 4780939 (511 0.8010.72-0.90} 0.001 .
Severe subgroup 555/1087 1511 277/515 (541 0.8110.70-0:934 0.003 e
UMEG/ VI versus FF/VI UMECHYI FRVL
Single maderate subgroup 2817614 144] 405/1242 (49) 0.8810.76-1.021 0.080 ——
Frequent moderate subgroup  478/937 {51] B47/1823 [56) 114 11.02-1.271 0023 ——
Severs subgroup 2774515 54l 587/1069 [55] l00l087-118 0591 —
—_—
W5 07 o8 o3 10 11 1z 13
HR[95% CIl



Exacerbation Rates According to BEC

Annual rate of moderate or severe exacerbations SGRQ Improvement by Inhaled Therapy

Single moderate Fraquent moderate Seuere
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Follow-up Pharmacological Treatment

Figure 3.9

CONTINUE CURRENT TREATMENT
unless dyspnea or exacerbation(s) require optimization

© IF PERSISTENT DYSPNEA

LABA or LAMA
LABA + LAMA®

+ Consider switching inhaler device or
molecules

« implement or escalate
non-pharmacologica treatmentls)

+ Consider adding ensifentrine.

+ Investigate (and trea) other causes
of dyspnea

 IF ONE OR MORE MODERATE OR
SEVERE EXACERBATION

LABA or LAMA

Ll

LABA + LAMA® “
8%y l

) LABA + LAMA + ICS*

Roflumilast Azithromycin Biologic Therapy:*
FEVI<SONE preferenily in (see Fiure 3.1)
chvoncbronchits | formersmoters

‘Mepolizumab.

o
Misted in order of approval i the U

tobeassociated with the development o exacerbations




Table 2. Primary and Secondary Efficacy End Points.™
The NEW ENGLAND JOURNAL of MEDICINE prs— Pracebo
End Point (N=403) (N=401)
“ ORIGINAL ARTICLE ” Primary end point
Annualized rate of maderate or severe exacerbations 0.80 (0.70-0.81) 1.01 (0.83-1.15)
M li b to P tE bati {95% Cl) — events/yr
€po; 1zurr}a o reYen _X,acer atlons Rate ratio vs. placebo (95% CI) 0.79 (0.66-0.94) —
of COPD with an Eosinophilic Phenotype Pilié a0 _

F.C. Sciurba,' GJ. Criner,? SA. Christenson,’ F.J. Martinez,* A. Papi,’ N. Roche,* ARSI
J. Bourbeau,’ S. Kor,® M. Bafadhel,* M.LK. Han, S. Kolterer, K. Miller,
D. Mouneimne, ™ J. Fletcher,” B. Mayer,' . Min,* and 1.D. Pavord,®
for the MATINEE Study Investigators*

Placebo (N=401)

Study Design

* Phase 3, randomized, double-blind, placebo-controlled trial
Study Population S I S S S e
« Patients with COPD Wesks o Erent

Cumulative No.

+ History of exacerbations S
+ Blood eosinophil count 2300 cells/uL . o
* Receiving triple therapy ir LA
Intervention 5 » A wepatamas
» 1:1 ratio, to receive mepolizumab (100 mg, SC) or placebo 27 F
every 4 weeks for 52 to 104 weeks. S W]
Primary Endpoint TR LR TR R
» Annualized rate of moderate or severe COPD exacerbations T
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5. Clinical Implications: SAO, Mucus, and Frail



| cneck or updates |

Distinct Morphological Types of Small Airway Obstructions in
Smokers with Emphysema and End-Stage Chronic Obstructive
Pulmonary Disease

8 Vincent Geudens', Charlotte De Fays'?, Lynn Willems', Astrid Vermaut', Gitte Aerts’, Pieterjan Kerckhof',
Janne Kaes', Charlotte Hooft, Xin Jin!, Hanne Beeckmans', Yousry Mohamady', Lucia Aversa’, Tinne Goos',
Marie Vermant', Iwein Gyselinck', Janne Verhaegen', Jan Van Slambrouck', Celine Aelbrecht’, Andrew Higham®,
Walter Coudyzer*, Emanuela E. Cortesi', Arno Vanstapel’, John E. McDonough®, Marianne S. Carlon’,
Rozenn Ouamk‘, Matthieu N. Boone7, Lieven J. Dupont‘, Birgit Weynands, Charles Pilettez, Stephanie Everaens‘,
Dirk E. Van Raemdonck', Laurens J. Ceulemans', James C. Hogg®, Tillie-Louise Hackett®, Robin Vos',
Wim A. Wuyts', Wim Janssens’, Joseph Jacob®'?, Bart M. Vanaudenaerde', and Ghislaine Gayan-Ramirez'

Study design

+ Cross-sectional analysis using explanted lungs and donor controls
Population

» Non-smokers (control)

+ Smokers without emphysema

» Smokers with emphysema

+ End-stage COPD

Techniques

» Micro-computed tomography (micro-CT)

+ Histological analysis



Multiple types of obstructions in terminal bronchioles

MicroCT
w0

(’u\\ﬂ‘?&e —

™

Segmentation

Occlusions Webs

Collapses

‘Am J Respir Crit Care Med. 2025 Aug 13;211(12):2307-2317.



Total and Aerated number of terminal bronchioles

Control SNE SE COPD
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Stratification Based on Alveolar Surface Density(SfD)
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Airway Changes with Disease Progression
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ORIGINAL ARTICLE

Oscillometry-defined Small Airway Dysfunction in Tobacco-exposed
Adults with Impaired or Preserved Airflow

B Mustafa Abdo'>2, Henrik Watz**, Frederik Trinkmann®?, Sabine Bohnet®, Miriam Annabelle Marcella Guess®,
Johannes Roeben®, Katharina MayE Martin Reck'?, Bsn'zmln Alexander Bonmann“g Susanr\e Stiebeler" ',
Sabine Dettmer™®, Benjamin Waschki®>'", Klaus F. Rabe'?'2, Klaas Frederik Franzen®**, and
Jens Vogel- claussen””’ on behalf of the HANSE Trial Group

ILungenClinic Center Norih, Germany, “Department of Prieumology and Critical
rare Medicine, Thoraxkinicat Hs1de|ber University Hospital, Translational Lung Research Center Heidelberg, Heidelberg, Germany,
3German Center for Lung Re: s‘% Germany; “Velocity Clinical Research Germany GmbH, Ahrensburg, Germany;
“Department of Respiratory Memcme and 6Depanmem of Ramo{ogy Universi Medlcal Cen(ev Scmeswwgﬁows(em Libeck,
Germany; ‘Dey ainentof G epart
Hannover Medical School, Hannover, Ger e Oncirasia Lu

ey, “Raciclogechs Allanz. | Hamburg Germany; 'lizehoe Hospital, itzehoe, Germany; and ' v Abrechis
University of Kiel, Kiel, Germany

ORCID IDs: 0000-0002-3300-1398 (M A.); 0000-0002-1070-3661 (B.W.).

Study design
» Subcohort analysis of the HANSE lung cancer screening trial in Germany

Population

» 1,628 tobacco-exposed adults (55-79 yrs) with >10 pack-years
Assessments

» Spirometry, oscillometry, Al-based CT, EQ-5D-5L questionnaires
Groups

« AFO

* PRISm

* PA-SAD (FDR or AX > ULN)
* Normal



Clinical and Functional Differences Across Groups

Table 1. Baseline Clinical and Imaging Characteristics According to Study Group

Normal Lung
PRISm PA-SAD Function
Variable AFO (n=353) (n=245) (n=266) (n=758) PValue  Post Hoc
Demographics
Age, yr 64+6 63:6 65+6 646 0.021 d
Sex, male 56 57 53 58 0.62
BMI, kg/m?® 264+45 288+52 293+49 261 +37 <0.001
Smoking status, active smokers 60 59 49 51 0.003
Smoking quantity, PY 47+19 47+25 41+17 40+17
Smoking abstinence, yr 3869 41+74 63+9.0 55+86
Regular physical activity 78 76 81 87
Symptoms and QoL
EQ-5D-5L score 0.91+0.14 088+0.19 089 +0.16 0.93+0.12 ™"
EQ-5D-5L VAS 77.6+160 771+170 787 =160 81.1+15.0 "
mMRC score = 1 243 147 85 47 i
Respiratory disease and
cardiometabolic comorbidities
Respiratory disease 50 26 20 13 18
Astma 15 11 10 60 o
COPD 40 18 7 6 b
Metabolic disease 50 61 81 44 "
CVD 54 65 65 50 L
Spiror
FEV| % predined 63+ 14 68+5 85+8 «tisig
FEV, z-score —227+0.83 -2.05+029 —0.90* 053 13810
FVC?% predicted 86+ 14 735 88+9 <t
FVC z-score -09+094  -1.75+038 —077+0.6 ot
FEV,:FVC 0.57+0.08 071005  075+0.05 “tan
FEV,:FVC z-score ~254+072  -083+0.6  —0.30+066 19y
MEF75% z-score 24 +0.90 32 +0.50 3.8 +0.50 s
FEF25-75%:FVC 0.27+0.09 051+0.14 063 +0.18 Vi
FEF25-75% 2-score ~218+0.58 —1.32+047 —0.41-059  —026+0.69 4
Airway oscillometry
 kPa-L7'.s7" 0.41+015 040 +0.14 045 +0.12 0.27+0.08 1398
RS, z-score 067+ 158 076+162 080+ 185 0.03+0.67 m
FDR, kPa-L™'.s™" 0.12+008 0.11+0.08 0.13+0.06 0.03+0.03 “150y
FDR, z-score 1.24+1.80 0.80 + 1.80 133+ 143 -0.77 +0.79 13503
AX, kPa-L~" 1.94+185 176 +1.72 20+1.23 0.43+0.27 et
AX, z-score 3.9+40 36+40 39+27 03106 i
Fros 212+68 205+63 227+4.0 13435 e
X5, kPa-L™".s7" -023+0.17 -0.24+0.16 —0.25+0.12 —0.11+0.04 1301




Airway Structural Changes Across Study Groups

AWT-Pi10 (mm) Luminal diameter
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SAD Aggravates Airway Remodeling in AFO and PRISm
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Predictors of Small Airway Dysfunction

Table 2. Linear Mixed-Effects Model Demonstrates Predictors of Small Airway

Disease
Standard
Predictor Estimate SE P Value
Predictors of AX
Age 0.250 0.026 <0.001
Sex, male —-0.410 0.047 <0.001
BMI 0.380 0.023 =0.001
Smoking status, former —0.056 0.081 0.35
Smoking quantity 0.001 0.023 0.97
Duration of abstinence —0.120 0.033 =0.001
Physical activity —0.170 0.061 = 0.01
History of respiratory disease 0.440 0.054 =.0.001
Intercept 1.35 0.100 0.24
Predictors of FDR
Age 0.150 0.027 <0.001
Sex, male —0.230 0.048 <0.001
BMI 0.350 0.025 =0.001
Smoking status, former -0.010 0.060 0.0
Smoking quantity 0.036 0.024 0.13
Duration of abstinence —0.065 0.034 0.058
Physical activity —0.180 0.083 0.01
History of respiratory disease 0.346 0.056 <0.001
Intercept —-2.70 0.99 <0.001

AX=area under the reactance curve; BMI =body mass index; FDR =frequency dependence of
resisiance.



CHEST

\\]

{ Original Research ]

Association of Physical Frailty With ® creckerpoes
Incidence and Life Expectancy of COPD

A Population-Based Cohort Study

Chao Liu, MD; Hui Xiong, MD; Xia Han, MD; Yanling Lv, MD; Decai Wang, MD, Jiannan Hu, MD; Ziling Li, MD;
Xinyue Ma, MD; Yunfei Zhu, MD; Shuyun Xu, PhD; and Liangkai Chen, PhD

Study Design

« Population-based cohort study using the UK Biobank

Papulation

« 412,351 adults without COPD at baseline

+ 60,584 adults with COPD

Mean follow-up

* 13.5years

Physical frailty assessed

+ using five components; weight loss, exhaustion, low physical activity, slow gait speed, and low grip strength
Classification

* Nonfrailty; 0 components, Prefrailty; 1~2 components, Frailty; >3 components.



TABLE 1] Basic Characteristics of Frailty Phenotypes Among Participants With and Without COPD

AT Frailty Phenotype g Frailty Phienotype:
Witent eoeh Heafraity Prefraiby Fraiity Wil Norfrailty
I =412,351; (0 = 23777; (n = 155,114; (n = 13460; g0, (n = 34297 Prafrailty (n = Fraity (n = 3,159,
Variables 100.0%) 59.19%) 376%) 33%) 100.0%) 56.6%) 25,138; 382%) 5.2%)
Age,y 56.1[8.1] 55.9 [8.1] 56.3[8.2] 57.4(7.8] 59.2[7.4] 58.9 (7.5] 59.5 [7.4] §0.0[6.7]
BMI, kg/m* 27.5[4.8] 26.7 [4.2] 28.4(5.1] 31.5(6.6] 26.9[4.7] 26.0[3.9] 27.7 (511 30.1067]
Male 182,641 (44.3) | 113,461 (46.5) | 64,471 (41.6) | 4,709 (35.0) | 33,406 (55.1) | 19,743 (57.6) | 12,196 (52.7) 1,467 (46.4)
White ethnicity 388,601 (94.2) | 234,246 (96.1) | 142,792 (92.1) | 11,563 (85.9) | 60,333 (99.6) | 34,245 (99.9) | 22,980 (99.4) 3,108 (98.4)
Townsend -22(-3.7t0 | -25(-38t0 | -19(-35t0c | 0.1(-26t0 | -1.9(-35t0 | -2.3(-38® -15(-3.3t0 11(-20t0
Deprivation 0.4) -0.2) 1.0) 32) 1.0) 0.1) 1.7) a.0)
Index
Smoking status
Does not smoke 235,303 (57.1) | 142,418 (58.4) | 85,980 (55.4) | 6,905 (51.3) | 24,228 (40.0) | 15,142 (44.2) 8,323 (36.0) 763 (24.2)
Previously smoked | 139,543 (33.8) | 82,176 (33.7) | 52,918 (34.1) | 4,449 (33.1) | 24,667 (40.7) | 13,749 (40.1) 9,656 (41.8) 1,262 (40.0)
Currently smokes 37,505 (9.1) 19,183 (7.9) 16,216 (10.5) | 2,106 (15.7) | 11,689 (19.3) | 5,406 (15.8) 5,149 (22.3) 1,134 (35.9)
Alcohol consumption
frequency
Daily or most days 82,037 (19.9) | 54,430 (22.3) | 26,301 (17.0) | 1,306(9.7) | 14,937 (24.7) | 9,377 (27.3) 5,132 (22.2) 428 (13.6)
3-4 times a week 96,425 (23.4) | 63,985(26.3) | 31,028 (20.0) | 1,412(10.5) | 13,847 (22.9) | 8,835 (25.8) 4,617 (20.0) 395 (12.5)
1-2timesaweek | 107,904 (26.2) | 64,456 (26.4) | 40,691 (26.2) | 2,757 (20.5) | 14,622 (24.1) | 8,293 (24.2) 5,673 (24.5) 656 (20.8)
1-3timesamonth | 46,899 (114) | 25,729 (10.6) | 19,477 (12.6) | 1,693 (12.6) | 5909 (9.8) 3,092 (9.0) 2,477 (10.7) 340 (10.8)
Never or special 79,086 (19.2) | 35,177 (14.4) | 37,617 (24.3) | 6,292(46.8) | 11,269 (18.6) | 4,700 (13.7) 5,229 (22.6) 1,340 (42.4)
‘accasions only
Sedentary behaviar, 4.5 [2.6] 4.3 [2.4] 47127 5.5[3.3] 4.7 [2.6] 4.3(2.4) 5.0 [2.7] 5.8
h/d
No. of long-term
morbidities
o 146,632 (35.6) | 100,993 (41.4) | 44,336 (28.6) | 1,303 (9.7) | 14,192 (23.4) | 10,018 (29.2) 4,048 (17.5) 126 (4.0)
1 137,442 (33.3) | 83,654 (34.3) | 51,016 (32.8) | 2,772 (20.6) | 18,860 (31.1) | 11,895 (34.7) 6,588 (28.5) 377 (119)
2 77,233 (18.7) | 39,945 (16.4) | 33,897 (21.9) | 3,391 (25.2) | 13,857 (22.9) | 7,474 (21.8) 5,723 (24.7) 660 (20.9)
3 33,219 (8.1) 14,004 (5.7) 16,379 (10.6) | 2,836 (21.1) | 7,624 (12.6) | 3,297 (9.6) 3,635 (15.7) 692 (21.9)
4 12,036 (2.9) 3,892 (1.6) 6,407 (4.1) 1,737 (12.9) | 3,532(5.8) 1,132(33) 1,849 (8.0) 551 (17.4)
=5 5,789 (1.4) 1,289 (0.5) 3,079 (2.0) 1,421 (10.6) | 2,519(4.2) 481 (1.4) 1,285 (5.6) 753(238)

Date are presented as Mo, (%), mean [SD], or meddian (interquartile range),



TABLE 2 ] Association Between Physical Frailty and Incident COPD

Characteristic

No.

(Cases/Person-Years

Model 1

Model 2

Model 3

Physical frailty phenotype
Nonfrailty
Prefrailty
Frailty

Components of frailty
Weight loss
Exhaustion
Low physical activity
Slow gait speed
Low grip strength

24,3777
155,114
13,460

61,999
49,476
35,685
29,457
57,372

4,084/3,222,704
5,301/2,010,021
1,310/164,261

1,858/806,275
2,232/637,701
2,125/45,4460
2,559/363,388
2,751/727,324

1.00 (reference)
1.92 (1.85-2.01)
4.96 (4.65-5.28)

1.22 (1.16-1.29)
2.16 (2.06-2.27)
2.4 (2.33-2.57)
3.32 (3.17-3.48)
1.66 (1.59-1.74)

1.00 (reference)
1.45(1.39-1.51)
2.23 (2.08-2.39)

1.03 (0.98-1.08)
1.39 (1.33-1.46)
1.54 (1.47-1.62)
1.86 (1.77-1.95)
1.31(1.25-1.38)

1.00 (reference)

1.45 ( 1.39-1.51!
2.21 (2.06-2.37)

1.04 (0.98-1.09)
1.24 (1.18-1.31)
1.32 (1.25-1.39)
1.63 (1.54-1.71)

1.19 (1.14-1.25)




Analysis of incident COPD risk according to frailty

Subgroup N Case/person-years HR (95% Cl) HR (95% CI)

Normal lung fuction i i
Nonfrailty 130,803 1470/1736201 1.0 (reference) % 100 feference) =
Prefrailty 71398 1,556/934,777 1.40 (1.30, 1.50) i- 1.37 (1.27, 1.48) 3+
Frailty 4245  287/53283 223(195256) | = 209(1.82,240) | @ ——

LBISm. i |
Nonfrailty 9512  392/123910 266(237,207) | = 1.00 reference)

Prefrailty 8012  598/101,303 3.18(287,852) | = 125(1.10, 143 =
Frailty 1123 189/12,870 1.36(3.70,5.13)] ! — 1.87 (154,228 | —=—
:
é 1{5 al 4l5 é s R R T

P value for interaction = .0027

Figure 2 - Joint and stratified analysis of incident COPD risk according to frailty phenotype in PRISm and normal lung function. Model adjusted for
age, sex, race, Townsend Deprivation Index, and assessment centers, sedentary behavior, smoking status, alcohol consumption, BMIL number of long-



Life Expectancy by Frailty
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(M) Check for updates

Airway Mucus Plugs on Chest Computed Tomography Are Associated
with Exacerbations in Chronic Obstructive Pulmonary Disease

Emily Wan'*®, Andrew Yen’, Rim Elalami?, Scott Grumley®, Hrudaya P. Nath®, Wei Wang>®, Sharon Brouha’,
Padma P. Manapragada®, Mostafa Abozeed®, Muhammad Usman Aziz®, Mohd Zahid®, Asmaa N. Ahmed®,
Nina L. Terry®, Pietro Nardelli*®, James C. Ross*®, Victor Kim®, Sushilkumar Sonavane'®, Seth J. Kligerman'",
Jargen Vestbo'?, Alvar Agusti'®'*'5'®, Kangjin Kim', Rall San José Estépar*®, Edwin K. Silverman'2€,
Michael H. Cho'?*®, and Alejandro A. Diaz>®

Study design

» Multicenter prospective cohort study
Population

+ GOLD 2-4 COPD from two cohorts

+ COPDGene (n=3,250), ECLIPSE (n=1,716)
Assessment

» Baseline chest CT — mucus plug score (0, 1-2, 23) Figure 1. Example of a mucus plug on chest computed tomography imaging. Computed

tomography axial (A) and sagittal (B) sections showing a mucus plug (encircled) occluding the
lumen of an airway in the left lower lobe of a COPDGene (Genetic Epidemiology of COPD)
participant with COPD. COPD = chronic obstructive pulmonary disease.

it Care Med . 2025 May;211(5):814-822.



Association Between Mucus Plug Score and Exacerbation

Table 2. Association between Ordinal Mucus Plug Score Groups and AEs

COPDGene ECLIPSE
0 1-2 >3 0 1-2 =3

No. of patients 1,808 753 689 926 373 a7
Moderate to severe AEs Ref. s .
ef.




Summary

1. 2026 GOLDO| A= COPD M'H & 2|3t screening U case-finding®fl CHst ECt AH&H QI H2 Mef
O| MA|E| A& LICH

2. E3HZSE 34 Yep7h 13| 0|40 AREEH E 1R BREIM, X2 S22 biologics?!
mepolizumabO| MEA =gtz AL Ct

3. COPDO| MER X|& SHEZ %3}, 54 22 H7|s X372t 9le HEiQl Disease stability”i 0|
A E| A& LT

4. Small airway dysfuntion= spirometryZt H&0|0{ & 0|0 EXE = = AMFHOE Fas HH
olct.
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5. Frailty2} mucus plug= COPD 0| 2ot 2 E S35t QAKX L|Ct
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Thank you for your attention




