Redefining COPD:

Etiotypes and Disease drivers
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Changes to major components of COPD definition

____ | pefiniion

2011~2016

2017~2019

2020~2022

2023~2025

COPD is a common, preventable and treatable disease that is characterized by persistent
airflow limitation that is usually progressive and associated with an enhanced chronic
inflammatory response in airways and the lungs to noxious particles or gases.

COPD is a common, preventable and treatable disease that is characterized by
persistent respiratory symptoms and airflow limitation that is due to airway and/or alveolar
abnormalities usually caused by significant exposure to noxious particles or gases.

COPD is a common, preventable, and treatable disease that is characterized by persistent
respiratory symptoms and airflow limitation that is due to airway and/or

alveolar abnormalities usually caused by significant exposure to noxious particles or
gases and influenced by host factors, including abnormal lung development.

COPD is a heterogeneous lung condition characterized by chronic respiratory symptoms
(dyspnea, cough, sputum production and/or exacerbations) due to abnormalities of the
airway (bronchitis, bronchiolitis) and/or alveoli (emphysema) that cause persistent, often
progressive, airflow obstruction.



Changes to major components of COPD definition

Year 2011-2016 2017-2019 2020-2022 2023-2025
Symptoms Persistent respiratory Persistent respiratory Chronic respiratory
symptoms symptoms symptoms (dyspnea,
cough, sputum and/or
exacerbations)
Exposure  Noxious particles or Noxious particles or Noxious particles or Not included in the

gases

Pathology Chronic inflammatory
response in airway and
the lungs

Physiology Persistent AFL

gases

Airway and/or alveolar
abnormalities

Persistent AFL

gases

Airway and/or alveolar
abnormalities

Persistent AFL

definition, but various
etiotypes were
separately mentioned.

Abnormalities of the
alrway (bronchitis,
bronchiolitis) and/or
alveoli (emphysema)

Persistent, often
progressive airway
obstruction

COPD: chronic obstructive pulmonary disease; AFL: airflow limitation.

Modlfied from Tuberc Respir Dis (Seoul). 2024,87(3):227-233.
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Causes and Risk Factors

« COPD results from gene(G)-environment(E) interactions
occurring over the lifetime(T) of the individual (GETomics)
that can damage the lungs and/or alter their normal
development/aging processes.
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Figure 6: Proposed classification of COPD according to major risk factors Stolz D et al. Lancet. 2022 Sep 17,400(10356):.921-972.



Proposed Taxonomy (Etiotypes) for COPD

Classification

Table 1.1

Description

Genetically determined COPD
(coPD-G)

Alpha-1 antitrypsin deficiency (AATD)

Other genetic variants with smaller effects acting in
combination

COPD due to abnormal lung
development (COPD-D)

Early life events, including premature birth and low
birthweight, among others

Environmental COPD

Cigarette smoking COPD (COPD-C)

Biomass and pollution exposure
COPD (COPD-P)

Exposure to tobacco smoke, including in utero or via
passive smoking

Vaping or e-cigarette use
Cannabis

Exposure to household pollution, ambient air pollution,
wildfire smoke, occupational hazards

COPD due to infections (COPD-)

Childhood infections, tuberculosis-associated COPD, HIV-
associated COPD

COPD & asthma (COPD-A)

Particularly childhood asthma

COPD of unknown cause (COPD-U)

*Adapted from Celli et al. (2022) and Stolz et al. (2022)

Panel: Classification of COPD by the Lancet Commission on
COPD

Type 1: genetically determined COPD

1.1 a, antitrypsin deficiency
1.2 Telomerase reverse transcriptase mutations
1.3 Other genetic variants

Type 2: COPD related to early-life events

2.1 Prematurity (chronic lung disease of prematurity,
bronchopulmonary dysplasia)
2.2 Childhood asthma

Type 3: infection-related COPD

3.1 Childhood respiratory infections
3.2 Tuberculosis-associated COPD
3.3 HIV-associated COPD

Type 4: COPD related to smoking or vaping

4.1 Tobacco smoking

4.2 In-utero exposure to tobacco smoke
4.3 Passive smoking (childhood and adult)
4.4 Vaping or e-cigarette smoking

4.5 Cannabis smoking

Type 5: environmental exposure-related COPD

5.1 Exposure to indoor air pollutants

5.2 Qutdoor air pollution and smog

5.3 Wildfire smoke

5.4 Occupational exposures (to vapours, gases, dusts,
or fumes)



Proposed Taxonomy (Etiotypes) for COPD

Classification

Table 1.1

Description

Genetically determined COPD
(coPD-G)

Alpha-1 antitrypsin deficiency (AATD)

Other genetic variants with smaller effects acting in
combination

COPD due to abnormal lung
development (COPD-D)

Early life events, including premature birth and low
birthweight, among others

Environmental COPD

Cigarette smoking COPD (COPD-C)

Biomass and pollution exposure
COPD (COPD-P)

Exposure to tobacco smoke, including in utero or via
passive smoking

Vaping or e-cigarette use
Cannabis

Exposure to household pollution, ambient air pollution,
wildfire smoke, occupational hazards

COPD due to infections (COPD-)

COPD & asthma (COPD-A)

Childhood infections, tuberculosis-associated COPD, HIV-
associated COPD

|

Particularly childhood asthma

COPD of unknown cause (COPD-U)

*Adapted from Celli et al. (2022) and Stolz et al. (2022)

Panel: Classification of COPD by the Lancet Commission on
COPD

Type 1: genetically determined COPD

1.1 a, antitrypsin deficiency

1.2 Telomerase reverse transcriptase mutations
1.3 Other genetic variants

Type 2: COPD related to early-life events

2.1 Prematurity (chronic lung disease of prematurity,
bronchopulmonary dysplasia)

2.2 Childhood asthma

Type 3: infection-related COPD
3.1 Childhood respiratory infections
3.2 Tuberculosis-associated COPD
3.3 HIV-associated COPD

Type 4: COPD related to smoking or vaping
4.1 Tobacco smoking

4.2 In-utero exposure to tobacco smoke

4.3 Passive smoking (childhood and adult)
4.4 Vaping or e-cigarette smoking

4.5 Cannabis smoking

Type 5: environmental exposure-related COPD

5.1 Exposure to indoor air pollutants

5.2 Qutdoor air pollution and smog

5.3 Wildfire smoke

5.4 Occupational exposures (to vapours, gases, dusts,
or fumes)




* What is the proportion of each etiotype?
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Figure 6: Proposed classification of COPD according to major risk factors



« What is the proportion of each etiotype?

* Deficiencies in o, antitrypsin are noted in 1-2% of white patients with
COPD.

« TERT mutation - predominantly found in women and in 1% of patients
with severe early onset COPD.



 COPDGene
« > 10 pack-year cigarette smoking history with and without COPD

« SPIROMICs

 Subjects with current or former history of tobacco use (220 pack-year)

« ECLIPSE
« smoking history of >10 pack-yrs

 Hokkaido COPD Cohort

« smoking history of at least 10 pack-years.

« CanCOLD, KOCOSS

* A history of smoking is not mandatory.
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Panel: Classification of COPD by the Lancet Commission on
COPD

Type 1: genetically determined COPD
1.1 o, antitrypsin deficiency
1.2 Telomerase reverse transcriptase mutations

1.3 Other genetic variants

Type 2: COPD related to early-life events

2.1 Prematurity (chronic lung disease of prematurity,
bronchopulmonary dysplasia)

2.2 Childhood asthma

Type 3: infection-related COPD
3.1 Childhood respiratory infections
3.2 Tuberculosis-associated COPD
3.3 HIV-associated COPD

Type 4: COPD related to smoking or vaping
4.1 Tobacco smoking

4.2 In-utero exposure to tobacco smoke
4.3 Passive smoking (childhood and adult)
4.4 Vaping or e-cigarette smoking

4.5 Cannabis smoking

Type 5: environmental exposure-related COPD

5.1 Exposure to indoor air pollutants

5.2 Qutdoor air pollution and smog

5.3 Wildfire smoke

5.4 Occupational exposures (to vapours, gases, dusts,

or fumes) Respir Med. 2024;230:7107679.




KOCOSS patients

Age 2 40 years
Post-bronchodilator FEV,/FVC < 0.7
From April 2012 to June 2022

A4

Study Enrollment
(n=3,476)

A 4

Analysis for the types
(n=3,412)

Exclusion due to missing data
(n = 64)

4

Classified into types
(n=3,392)

A 4

Patients were not classified into any types
(n = 20)

v

\4

Alpha-1 antitrypsin

Any respiratory event

Treatment history of TB
or

deficiency < 19 years TB scar or bronchiectasis on
chest x-ray or chest CT scan
Type 1 Type 2 Type 3
(COPD-G) (COPD-D) (COPD-I)
(n=0, 0%) (n=52, 2%) (n=1,339, 39%)

Smoking > 10 pack years

Exposure to biomass smoke
or
Occupational exposure

I

Type 4
(COPD-Q)
(n=2,930, 86%)

Type 5
(COPD-P)
(n=2,221, 65%)

Respir Med. 2024;230:7107679.
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Comparison of characteristics among non-overlapping patients with COPD ac-

cording to the new classification.

Type 3 Type 4 Type 5 P-value
(COPD-I) (COPD-C) (COPD-P)
only (N = only (n = only (n =
93) 712) 182)
Age, years 65.6]1 + 65.43 + 69.53 + 0.001
9.51 8.20 3.64
Sex, M 52 (56 %) £90 (97 %) 126 (69 %) 0.000
BMI, kgfm: 23.79 + 23.23 + 23.80 + 0.074
3.96 3.43 3.40
Mever smoker, % 71 (76 %) 0 (0 %) 49 (49 %) < 0,001
Ex-smoker, % 15 (16 %) 502 (71 %) 56 (31 %) <0.001
Current smoker, % 7 (B %) 210 (30 %) 37 (20 %) = 0.001
Pack-years 0.53 + 2.09 43.43 + 1.60 + 2,99 <0001
24,15
COPD grades
GOLD 1 12 (13 %) 106 (15 %) 24 (13 %) 0.770
GOLD 2 40 (43 %) 369 (52 %) 102 (56 %) 0.123
GOLD 3 34 (37 %) 193 (27 %) 50 (27 %) 0.159
GOLD 4 7 (8 %) 44 (6 %) & (3 %) 0.247

Acute exacerbation rates and frequency of non-overlapping COPD during pro-
spective follow-up according to the new classification.

Type 3 (COPD-  Type 4 (COPD-

Type 5 (COPD-  P-

I) only C) only F) only value
(n=41) (n = 296) (n = 86)
Moderate exacerbation over 1 year
Rate 15 (37 %) 115 (39 %) 26 (30 %) 0.345
Mean 073+ 1.23 0.86+ 1.04 0.60 + 1.27 0.336
number
Severe exacerbation over 1 year
Rate 6 (15 %) 22 (7 %) 2 (2 %) 0.038
Mean 0.24 + 0.73 0.11 £ 0.49 0.02 + 0.15 0.048
number

Respir Med. 2024;230:7107679.
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A)

39,759 subjects were enrolled in KNHANES between 2015-2019

B)

596 subjects with COPD were enrolled in KOLD

Excluded (n = 22,151)
Subjects under 40 years old® (n = 16,620)
Subjects without appropriate spirometry (n = 5,531)

17,608 subjects were selected for this study

Subjects with COPD Subjects without COPD
(n=2,430) (n=15,178)

Excluded [n=17)
Subjects with FEV,/FVC 20.7 (n = 17)

579 subjects were selected for this study

Risk factors

C (cigarette smoking)
| (infection)

P (pollution)

A (asthma)

U (unidentified)

Int J Chron Obstruct Pulmon Dis. 2023:18:2509-2520.



A)

COPD-I
(n = 229, 9.4%)
COPD-C
(n = 1326, 54.6%) 86
(3.5%)

2,430 COPD subjects from KNHANES

COPD-P
(n = 259, 10.7%)
COPD-A
103 (n =192, 7.9%)
(4.2%)
-
(3.4%)

COPD-Unidentified
(n =793, 32.6%)

Int J Chron Obstruct Pulmon Dis. 2023,18:2509-2520.



B)

COPD-C
(n =512, 88.4%)

(27.1%)

579 COPD subjects from KOLD

COPD-I
(n = 154, 26.6%)

COPD-P
(n =241, 41.6%)

4

COPD-A

(n =204, 35.2%)

(1.7%)

COPD-Unidentified
(n=18, 3.1%)

Int J Chron Obstruct Pulmon Dis. 2023,18:2509-2520.



Comparison of proportions

_____________KOCOSs KOLD

Type 2 : COPD - D

: COPD - A
Type 3 : COPD - |
Type 4 : COPD - C
Type 5: COPD - P

5.2% (n=52)

39% (n=1,339)
86% (n=2,930)
65% (N=2,221)

35.2% (n=204)
26.6% (n=154)
88.4% (n=512)
41.6% (n=241)

Respir Med. 2024;,230:107679.
Int J Chron Obstruct Pulmon Dis. 2023,18:2509-2520.



P

Sociedad Espariol ARCHIVOS DE =

Bronconeumologia

Bronconeumologia — ma

y Cirugia Toricica m
SEPAR

www.archbronconeumol.org

PRO/CON debate

Etiotypes in COPD: a pro/con debate )
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Towards the elimination of chronic obstructive pulmonary
disease: a Lancet Commission

Daiana Stolz, Takudzwa Mkorombindo, Desiree M Schumann, Alvar Aqusti, Samuel Y Ash, Mona Bafadhel, Chunxue Bai, James D Chalmers,

Archivos de Bronconeumologia 60 (2024) 678-681.
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* The 2024 GOLD document states that COPD is "a heterogeneous Iulnﬁg

condition that results from gene(G)-environment(E) interactions

occurring over the lifetime(T) of the individual(GETomics) that can
damage the lungs and/or alter their normal development/aging

processes’.

* Following this statement, GOLD proposes the existence of several

etiotypes.

Archivos de Bronconeumologia 60 (2024) 678-681.
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« Importantly, GOLD explicitly states that “this proposal has relatively little

impact on current clinical practice, other than illuminating this so-far

ignored aspect of COPD, but it is of the outmost importance to

highlight the need to explore current and future therapies in these

other etiotypes of COPD".

Archivos de Bronconeumologia 60 (2024) 678-681.
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« The continuous and endless use of new terms to try to define the
heterogeneity of COPD only creates more and more confusion to
clinicians. (COPD2| O] 2-d= §2|ot7| %o AlLoiM MEE 055 Al
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Conclusion

+ Pro - S91 231 COPDE HOIAE YAMX| A0 HOIS Ssfof B
CHe WaNS AX
v = QE|Q| CALS COPDEtE O|F Ol Z8fA[7[12, 1 QHof| A Lot Helds
= OF A}

v COPDEr= 8015 St 2HE 7he 29k CAL FEHO| oHgota, LIHA| HEf= 4
7] SEE Heto 2 F2|5HAL

|
- O 80| 2Xt=0A o ==0] ZX[?

> Time will tell.

Archivos de Bronconeumologia 60 (2024) 678-681.
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Bronchiectasis with airflow limitation
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Bronchiectasis with airflow limitation

e Lancet commissionM Al BronchiectasisOf| CH?H b2 o122 9 AIX|

Tuberculosis-associated COPD

Tuberculosis remains a major health problem in many
countries. There is a strong association between a
history of tuberculosis and the development of COPD
in non-smoking patients.” Despite successful treatment
of tuberculosis, impaired lung function often persists.”
The risk of airflow limitation in patients with a history
of tuberculosis is more than twice that in patients with
no history of tuberculosis. The chronic inflammatory
response and long-term tuberculosis-associated struc-
tural alterations, such as airway remodelling with scar
formation, stenosis, and bronchiectasis, are the
pathological basis for the development of COPD.

 Bronchiectasis7} COPD 2 &E0f| 7|7t =ICtd Azt £&20| YRS L L.



COPD due to infection
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Diagnosis of COPD

A diagnosis of COPD should be considered in any patient who has dyspnea, chronic cough or sputum production,

and/or a history of exposure to risk factors for the disease (Figure 2.1) but forced spirometry that demonstrates the
presence of a post-bronchodilator FEV1/FVC < 0.7 is mandatory to establish the diagnosis of COPD. %)

Pre- and Post- Bronchodilator Spirometry
Figure 2.6

Role of Spirometry in COPD

Figure 2.7
Measure
Pre-Bronchodilator
FEV1/FVC Diagnosis
Assessment of severity of airflow obstruction (for prognosis)
FEV1/FVC FEV1/FVC Follow-up assessment
20.7 <0.7

Therapeutic decisions

|

Measure

v

-~ Pharmacological in selected circumstances (e.g., discrepancy between spirometry and level of
symptoms)

Not COPD

- Consider alternative diagnoses when symptoms are disproportionate to degree of airflow obstruction
Post-Bronchodilator ; S ;
FEV1/FVC - Non-pharmacological (e.g., interventional procedures)
Identification of rapid decline
v

Measure Post-Bronchodilator
FEV1/FVC if volume responder FEV1/FVC FEV1/FVC
suspected e.g., low FEV1 or high

symptoms 20.7 <0.7

Flow response: needs COPD
follow-up with repeat confirmed
assessment



Symptoms

« Cough

» Dyspnoea

» Exacerbations

» Assess mMMRC and CAT

Yes

Symptoms and risk

Yes

f FEV,/FVC <07

COPD

or CT

Alternative testing

1 Diffusion
2 Resistance
3 Nitrogen washout

Alternate test using available options

4 Pathology=airway remodelling
5 Forced oscillation technique

Mormal | Abnormal

'

Alternative
diagnosis

+

COPD

Potential causes

1 Genetics

2 Early-life exposures
3 Infection related

4 Exposure to tobacco or combustibles
5 Environmental exposures

Lung function test No
available?
Yes (T available? No
Assess symptoms

1 Emphysema 1CAT =10
2 Airtrapping 2mMRC 22
3 Airway abnormalities 3 Exacerbation =1 per year

No Yes No Yes
Alternative COPD Alternative Probable
diagnosis diagnosis COPD

Figure 11: Proposed diagnostic algorithm for COPD
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CLINICAL TOPICS IN PULMONARY MEDICINE

B84 DIAGNOSIS OF COPD: A PRO CON
DEBATE

Assembly on Clinical Problems

2:15P.M. - 3:45 P.M.

Target Audience
Physicians, nurse practitioners, physician assistants, respiratory
therapists, researchers

-+ Itis time to redefine the O
. We have new, perhaps more
sensitive (and available?), tools 2N
. |tis a new era of COPD

2N

Objectives
At the conclusion of this session, the participant will be able to:

+ leam about the impact of using the lower limit of normal versus

the fixed 0.70 cutoff for FEV1/FVC, their strengths and pharmacotherapy _
limitations, and practical considerations for clinical practice . We need to broaden (and simplify)

: iate the implications of restricting diagnosis of COPD t our definitions
appreciate the implications of restricting diagnosis o 0 s . N

spirometric impairment versus expanding diagnosis beyond =
spirometry to include imaging and symptoms V
: « Itis the O in COPD
+ Obstructed spirometry is the
cornerstone of COPD diagnosis ;
+ Spirometric obstruction is included 4
in almost all clinical COPD trials /

+ gain new knowledge of the definition of Pre-COPD, and its
pros and cons

2:15  Pro: COPD Should Be Diagnosed Using the Lower
Limit of Normal for Airflow Obstruction

2:29  Con: COPD Should Be Diagnosed Using the Fixed
FEV1/FVC Ratio for Airflow Obstruction

>

e

¥

2:48  Pro: COPD Should Be Diagnosed on the Basis of
Spirometric Airflow Obstruction

/l | LUNG HEALTH

J

est University

N
3:00 Con: The Diagnosis of COPD Should Extend ; -\
Beyond Spirometric Airflow Obstruction '

3:17  Pro: Pre-COPD Is Real and Will Impact Clinical
Practice

3:29  Con:Pre-COPD Is A Premature Concept



JAMA | Original Investigation

A Multidimensional Diagnostic Approach
for Chronic Obstructive Pulmonary Disease

COPDGene 2025 Diagnosis Working Group and CanCOLD Investigators

Figure 1. Diagnostic Schema for Chronic Obstructive Pulmonary Disease
(COPD) Using Major and Minor Criteria
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DIAGNOSTIC CRITERIA

Airflow obstruction
FEV,/FVC <0.70

or

FEV,/FVC <LLN

Emphysema
=Mild visual emphysema

Bronchial wall
thickening

Dyspnea
mMMRC score =2
Quality of life

SGRQ score 225
or
CAT score =10

Chronic bronchitis

-~

Chronic obstructive pulmonary disease

Minor diagnostic category
=3 Minor criteria

If symptoms are explained by
other diseases, both imaging
criteria should be met.

Major diagnostic category

Major criterion

plus
=1 Minor criterion

!

DIAGNOSIS

™
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Figure 2. Reclassification of Participants by New Diagnostic Schema by Global Initiative for Chronic Obstructive
Lung Disease (GOLD) Stage
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Figure 3. Associations Between Clinical Outcomes and Chronic Obstructive Pulmonary Disease (COPD) Status by New Diagnostic Schema

in Genetic Epidemiology of COPD

Multivariable cumulative hazards plot of all-cause
mortality by COPD category

0.8 Strata
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Time, v
No. at risk
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By major diagnostic 3884 3495 3100 2626 2160 1763 1015
category

By minor diagnostic 811 670 5938 517 423 354 201
category

Adjusted hazard ratio for all-cause

mortality by COPD category

Adjusted hazard
ratio (95% CI)

Overall COPD by new 2.58(2.35-2.84)

diagnostic schema

COPD by major 2.70(2.45-2.97)

diagnostic category

COPD by minor
diagnostic category

COPD per GOLD criteria

1.98 (1.67-2.35)
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Adjusted incidence rate ratio @ Adjusted annualized change in FEV;

for exacerbations Adjusted annualized

Adjusted incidence FEV; change, mL/y
rate ratio (95% Cl) . (95% CI)
Overall COPD by new 3.23(2.96-3.53) - Owerall COPD by new -16.1(-19.5to-12.7) —e—
diagnostic schema diagnostic schama
COPD by major 3.57(3.25-3.92) HeH COPD by major -19.5(-23.3t0-15.6) |I—e—
diagnostic category diagnostic category
COPD by minor 2.00(1.79-2.44) —e— COPD by minor -71.7(-13.2t0-2.3) —8—
diagnostic category diagnostic category
COPD per GOLD criteria 2.93(2.68-3.20) = = COPD per GOLD criteria -15.4(-18.9t0-11.9) —o—
| | | 1 | | | | | T T |
1 15 2 253 35 4 25 20 -15 -10 -5 0
Adjusted incidence Adjusted annualized FEV,
rate ratio (95% CI) change, mL/y (95% CI)
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Figure 4. Associations Between the Category Excluded From Chronic
Obstructive Pulmonary Disease (COPD) Diagnosis and Clinical Outcomes

in the Genetic Epidemiology of COPD Study®
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Conclusion

« Using the new COPD diagnostic schema, compared with individuals
classified as not having COPD, those with a new diagnosis of COPD had
greater all-cause and respiratory-specific mortality, more frequent
exacerbations, and faster FEV, decline.

 This new COPD diagnostic schema integrates multidimensional
assessments to include additional individuals with high respiratory
morbidity and to exclude individuals with air flow obstruction who do
not have respiratory symptoms or evidence of structural lung disease



Summary

 Definition - heterogeneous lung condition

« gene(G)-environment(E) interactions occurring over the lifetime(T) of the individual
(GETomics)

* Etiotype - the proportion of each etiotype?
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Summary

Figure 1. Diagnostic Schema for Chronic Obstructive Pulmonary Disease
(COPD) Using Major and Minor Criteria

-

DIAGNOSTIC CRITERIA

Airflow obstruction Emph}fsema Dyspnea

FEV,/FVC<0.70 =Mild visual emphysema  mMRC score =2

or Bronchial wall Quality of life

FEV,/FVC <LLN thickening SGRQ score 225
ar

CAT score =10
Chronic bronchitis

!

'a ™

DIAGNOSIS

Chronic obstructive pulmonary disease

Major diagnostic category | Minor diagnostic category

Major criterion ¢ 23 Minor criteria
plus - If symptoms are explained by
>1 Minor criterion other diseases, both imaging

criteria should be met.
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