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Difficulties of ACO research

* In 2014, GINA and GOLD published a joint document on ACOS

e Current definition

« "Asthma-COPD overlap” are terms used to collectively describe patients who have persistent airflow

limitation together with clinical features that are consistent with both asthma and COPD.

GINA 2020



GINA & GOLD : stepwise approach

Features: if present suggest - | ASTHMA

Age of onset

O Before age 20 years

Pattern of symptoms O Variation over minutes, hours or days

O Worse during the night or early morning

O Triggered by exercise, emotions
including laughter, dust or exposure
to allergens

Lung function

O Record of variable airflow limitation
(spirometry or peak flow)

Lung function betws
symptoms

Past history or fami} Shaded columns list features that, when present, best identify patients

*Syndromic diagnosis of airways disease: how to use Box 5-2b

with typical asthma and COPD. For a patient, count the number of
check boxes in each column. If three or more boxes are checked for
either asthma or COPD, the patient is likely to hove that disease. If

Time course there are similar numbers of checked boxes in each column, the
diagnosis of ACO should be considered. 5ee Step 2 for more details.
an immediate response (]
bronchodilators or to ICS over weeks
Chest X-ray 0O Normal

GINA 2019



Prevalence

ranged between 9% and 55%, with variation by gender and age (GINA 2020)

No unified definition
Excluded from either asthma or COPD study

Exact prevalence is unknown

It varies according to diagnostic criteria
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e Pubmed ACO =& X : 366 results

« 7Ll ACO ==& : 32 results
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ACOS : (1) & (2)

ACO in asthma cohort 1) BDR (+) or AHR ()

2) post-BD FEV,/FVC <0.70 for 3mo

« Asthma cohort, 240 years & 1) BDR (+) or AHR (+) (N=256)
« Asthma only (N=159, 62%) vs. Overlap group (N=97, 38%)

Asthma in COREA cohort (N=959) : positive BDR or AHR
ACOS (N=228, 23.8%) vs. "only” asthma (N=731, 76.2%)
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Fig. 1. The percentage of patients diagnosed with overlap in different age
groups. The values above each bar represent the percentage of patients
diagnosed with overlap in each age groups.

HY Lee et al. Yonsei Med J 55(4):980-986, 2014 SY Park et al. Clin Exp Allergy. 2019;49:603-614.



ACO in asthma cohort

» Specialist-diagnosed asthma-COPD overlap in Severe Asthma

» KoSAR cohort with severe asthma (N=482)
« 23.7% (N=114) were ACO
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ACOS : Specialists judgement

Fixed airflow limitation

55%
16
2 {w
Fftv;:;::;?e 6 15 24 Smoking history
o 76%

Reasons for diagnosis of ACO by specialists

H Lee et al. Allergy. 2021,76:223-232.



ACO in COPD cohort

ACO : >45years, FEV1/FVC <0.7 &

. . Asthma was diagnosed based on
Single center cohort : ASAN medical center GINA definition

Of the 2933 COPD patients, 767 (26.2%) were overlap syndrome

MA Kim et al. INT J TUBERC LUNG DIS 19(7):864-869

KOCOSS cohort (n:'] 504) ACO : FEV1/FVC <0.7 & BDR (+)
Of the 1504 COPD patients, 223 (14.8%) were ACO

HJ Park et al. Allergy Asthma Immunol Res. 2017 September;9(5):431-437.



ACO In COPD cohort

SNUH COPD cohort (N=301)

« Exacerbation analysis in 194 patients who followed up >1 year
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Modified ATS PLATINO  GINA/GOLD
Spanish Roundtable

YS Jo et al. Ann Allergy Asthma Immunol 118 (2017) 696-703

KOCOSS cohort
ACO (47.7%, 660/1383) by modified Spanish criteria
ACO (1.9%, 26/1383) by ATS Roundtable criteria

JH Song et al. Medicine (2018) 97:36(e12049)



ACO in COPD cohort

« KNHANES
« FEV,/FVC ratio <0.7 & FEV1 >260% predicted (N=2,140)
» Clustering analysis using 6 key input variables

- age, BMI, FEV,; % predicted, self-reported wheezing, smoking status, and pack-years of smoking
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Near- | Near- [
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Figure 2 Distribution of five clusters according to mean FEV % predicted and amount of smoking.

JH Lee et al. International Journal of COPD 2017:12



ACO in COPD cohort

« KOCOSS cohort : ACO study by the Korean Asthma Research Group since 2016

TABLE I. The prevalence of asthma-chronic obstructive pulmonary disease overlap based on 5 diagnostic criteria

» 5 diagnostic criteria roprE——

Criteria Meet the criteria Do not meet the criteria
Specialists” diagnosis ACO 264 (24.7) 720 (67.5)
ATS moundtable criteria'”
Major
Post-BD FEV/FVC <(.7 and age >40 1067 (100) -
Smoking > 10 pack-years or exposure to air pollution >10 y 898 (89.4) 53 (5.3)
138 / 1067 221/ 730 History of asthma before 40 y or BDR =400 mL in FEV, 75 (7.0) 911 (85.4)
0, 0, m
(12.9%) 72 (7%) (20.7%) Minor o
History of atopy or allergic rhinitis T7(72) 893 (83.7)
Separate BDR >12% and 200 mL 45 (4.2) 1022 (95.8)
Blood eosinophil count =300 cells/uL 234 (21.9) 739 (69.3)
20 (2%) 39 40/ ACO (all 3 major and at least 1 minor) 3230 841 (78.8)
1 (0%) (4%) GINA/GOLD document*
Component of asthmatic feature >3 152 (14.2) 915 (85.8)
Component of COPD feature >3 1026 (96.2) 41 (3.8)
ACO (>3 asthma and >3 COPD features) 138 (12.9) 929 (87.1)

14 (1%)

68 (6%)

Modified Spanish COPD guidelines
Major criteria

2 (0%)

Previous history of asthma 330 (30.9) T22 (67.7)
6 (10/0) BDR >15% and 400 mL 13(12) 1054 (98.8)
21 (2%) Minor crteria

IgE =100 IU, or history of atopy 396 (37.1) 305 (28.6)

4 00/ BDR >12% and 200 mL 45 (42) 1022 (95.8)

( °) Blood eosinophil >5% 180 (16.9) 832 (78.0)

ACO (at least 1 major or 2 minor) 171 (16.0) 821 (76.9)

32 / 873 171 / 992 Updated Spanish COPD guidelineﬁ'3
0, ack-vears, 5 " & 0 2 56 (5.0
(3.0%) 6 (l /0) (16.00/0) Age _35._ :mck_er __I(J pack_yem. and post-BD FEV /FVC <(0.7 BO8 (84.2) 56 (5.3)
Current diagnosis of asthma?® 10 (0.9) 1057 (99.1)
s BDR =15% and 400 mL, and/or eosinophilia in blood =300 cells/uL 243 (22.8) 731 (68.5)
R

ACO (1 and 2 or I and 3) 221 (20.7) 509 (47.7)

ACO, Asthma-COPD overlap; ATS, American Thoracic Society; BDR, bronchodilator response; COPD, chronic obstructive pulmonary disease; FeNO, fractional exhaled nitric
oxide; FEV), forced expiratory volume in | s; FVC, forced vital capacity: GINA, Global Initiative for Asthma; GOLD, Global Initiative for Chronic Obstructive Lung Disease;
GINA/GOLD ———  Updated Spanish PEF. peak expiratory flow.
p p *GOLD/GINA criteria—hased ACO was defined if the patients met at least 3 items in both the asthma and COPD categories.' ™'
FCurrent diagnosis of asthma must include () and (b): (a) respiratory symptoms of variable course with history andfor symptoms causing clinical suspicion; family asthma
ATS mundlable S ———— modiﬁed Spanish history or personal history of asthma in childhood, or personal history of atopy. or inflammation of the upper airway (eg. thinosinusitis), (b) post-BD FEV, >12% and 200 mL,
or diurnal vansbility of PEF >20%, or FeNO =50 ppb

YS Jo et al. J Allergy Clin Immunol Pract 2020;8:1625-33



Clinical features

There is broad agreement that patients with features of both asthma and COPD experience

Frequent exacerbations

Have poor quality of life

More rapid decline in lung function
Higher mortality

Greater use of healthcare resource

compared with patients with asthma or COPD alone

GINA 2020



Clinical features

Clinical features of ACO in asthma study

Author ACO definition Demographics symptoms Lung function Laboratory Medication
HY Lee et al. 1) BDR (+) or AHR (+) Older Low FEV, Lower blood
Yonsei Med J 2) post-BD FEV,/FVC <0.70 | More male Lower FEV,/FVC ratio eosinophil count
55(4):980-986, 2014 More former smoker High FRC & RV
Lower PC20/PD15
- Single center
SY Park et al. 1) BDR (+) or AHR (+) Older Longer Low FEV,
Clin Exp Allergy. 2) post-BD FEV,/FVC <0.70 | More male symptom Low FEV,/FVC ratio
2019;49:603-614. for 3mo More former smokers duration More FEV, change &
high BDR (+)
- COREA cohort More atopy test positive Lower PC20
Longer duration of
asthma (47.8 vs 75.1 mo)
H Lee et al. Specialist-diagnosed Older * No Lower FEV,; & FVC Lower blood More LAMA
Allergy. 2021;76:223- | asthma-COPD overlap in More male difference Lower FEV,/FVC ratio eosinophil % & More xanthine
232. Severe Asthma cohort More former smoker in QoL higher More sustained

- KoSAR cohort

* No difference in
FeNO

neutrophil %

* No difference in
Sputum
eosinophil %

systemic steroid

* No difference in
ICS/LABA, LTRA,
omalizumab




Clinical features of ACO in COPD study

Author ACO definition Demographics symptoms Lung function Laboratory Medication
CK Rhee et al. 1) COPD : >40years, ICD-10 More male, younger More ICS containing
COPD. 2014 codes for COPD or inhaler
Apr;11(2):163-70. emphysema (J42.x-J44.x,
except J430), use of COPD
- NHI database drug >2/year
2) Asthma : ICD-10 code for
asthma (J45.x-J46), use of
asthma drug >2/year
MA Kim et al. >45years, FEV1/FVC <0.7 older, less male Low FEV,/FVC ratio More ICS/LABA
Int J Tuberc Lung Dis. Less smokers Low FEV, Less Tiotropium
2015 Jul;19(7):864-9. Asthma was diagnosed based on More BDR (+)
GINA definition
- ASAN COPD cohort
YS Jo et al. Modified Spanish Low ACT, low mini-AQLQ High FEV,, FVC High blood
Ann Allergy Asthma ATS Roundtable High FEV,/FVC ratio eosinophil
Immunol 118 (2017) 696- | PLATINO High CAT, high SGRQ, high CCQ - only in MS High total
703 GINA/GOLD IgE

- SNUH cohort

More BDR (+)

JH Lee et al.
International Journal of
COPD 2017:12

COPD predominant overlap in
cluster analysis

Older & more male &
more former smokers
than asthmatic

Less self-reported wheezing than
asthmatics

Lower EQ-5D index than asthmatics

Less LAMA than COPD

More SABA &
theophylline than asthma

- KNHANES More PY than
asthmatics, less PY More wheezing than COPD More OCS, IVCS than
than COPD asthmatics

HJ Park et al. FEV,/FVC <0.7 & BDR (+) More male Low SGRQ

Allergy Asthma Immunol
Res. 2017
September;9(5):431-437.

- KOCOSS

More current smoker




Clinical features of ACO in COPD study

(Cont)

Author

ACO definition

Demographics

symptoms

Lung function

Laboratory

Medication

MH Kim et al.
International Journal of
COPD 2018:13 1251-1260

(1) 240 years & FEV1/FVC
<0.7 & FEV,; 2 50%
(2)  Self-reported wheezing

Low SES in asthma-
predominant ACO

Low EQ-5D in asthma-
predominant ACO

Low FEV,, FVC

More ICS containing
inhalers

More LAMA, more LTRA,
more OCS, more SABA,

- KNHANES more systemic
bronchodilator, more
theophylline

HY Park et al. ATS roundtable Better FEV,, high Less emphysema, % More ICS containing

Respiratory Research (2018)
19:36

- KOLD cohort

reversibility

(14.9 vs 14.7%)

inhalers (38 vs 53%,
p=0.051)

YS Jo et al.
Allergy. 2019;74:186-203.

- KOCOSS cohort

YS Jo et al.
J Allergy Clin Immunol
Pract 2020;8:1625-33

- KOCOSS cohort

Specialists’ Dx
ATS Roundtable
GINA/GOLD
Modified Spanish
Updated Spanish

Less male & less former
smoker in Specialists &
GINA/GOLD

High mMRC
High CAT, SGRQ

More Sx variation (diurnal,
seasonal)

High FEV,, FVC
High FEV,/FVC ratio
High Dlco

High BDR (+)

High IC

- in Specialists’ &
GINA/GOLD

High blood eosinophil

High total IgE, esp in
modiofied Spanish &
updated Spanish

More ICS containing
inhaler use




Previous Exacerbation history

Author

CK Rhee et al.
COPD. 2014 Apr;11(2):163-70.

- NHI database

H Lee et al.
Allergy. 2021;76:223-232.

- KoSAR cohort

HJ Park et al.
Allergy Asthma Immunol Res. 2017
September;9(5):431-437

- KOCOSS cohort

YS Jo et al. Ann Allergy Asthma
Immunol 118 (2017) 696-703

- SNUH cohort

HR Kang et al.
Respiratory Research (2019) 20:80

JH Song et al.
Medicine (2018) 97:36(e12049)
- KOCOSS cohort

YS Jo et al.

J Allergy Clin Immunol Pract
2020;8:1625-33

- KOCOSS cohort

ACO definition

1) COPD : >40years, ICD-10 codes for COPD

or emphysema (J42.x-J44.x, except J430), use
of COPD drug >2/year

2) Asthma : ICD-10 code for asthma (J45.x-J46),
use of asthma drug >2/year

Specialist-diagnosed asthma-COPD overlap in
Severe Asthma cohort

FEV,/FVC <0.7 & BDR (+)

Modified Spanish, ATS Roundtable, PLATINO,
GINA/GOLD

ICD-10 code for COPD & asthma

Modified Spanish
ATS Roundtable

Specialists’ Dx, Modified Spanish, ATS
Roundtable, PLATINO, GINA/GOLD

Definition of previous AE

Hospitalization

Steroid burst Tx >3days
Steroid burst Tx >5days

Unscheduled ER visit
Hospitalization / ICS admission

Any AE required systemic corticosteroid,
antibiotics or both

Severe AE requiring hospitalization

Any AE

Moderate to severe AE

ICD codes for primary Dx related to COPD (or
asthma in ACO) & moderate to severe AE
(hospitalization/ER visit/ outpatient clinic with
either an OCS or anti within 5 days of the visit)

Total AE (/yr)
Severe AE (/yr)

Moderate to severe AE

Results

More in ACO (14.5 vs 6.1%, p<0.001)

More in ACO group (52.7% vs 38.2%, p=0.012)
More in ACO group (22.6% vs 11.5%, p=0.005)

More in ACO group (23% vs 10.6%, p=0.006)
Not different

27.5% of pure COPD vs 20.3% of ACO (p=0.086)
12.7% vs 8.3% of COPD vs ACO (p=0.150)

More in ACO group
50.5 vs 19.5% in MS
40.7 vs 20% in PLATINO

More in ACO group
46.1 vs 14.0% in MS
34.3 vs 15.3 in PLATINO

No difference in frequent AE (>2)
No difference in Hospitalization/ED
visit/outpatient visit

N-S
N-S

More in ACO
22.8 vs 13.6% in MS criteria



Comorbidities

Author

ACO definition

Comorbidities

CK Rhee et al.
COPD. 2014 Apr;11(2):163-70.
- NHI database

1) COPD : >40years, ICD-10 codes for COPD or emphysema
(J42.x-)44 %, except J430), use of COPD drug >2/year

2) Asthma : ICD-10 code for asthma (J45.x-J46), use of asthma
drug >2/year

More IHD, DM, HTN, less CHF
More osteoporosis
More depressive disorder

DW Lee et al.
Int J Tuberc Lung Dis. 2015 Oct;19(10):1246-51.
- KNHANES IV & V (2008-2011)

DW Lee et al.
International Journal of COPD 2017:12 2355-2362
- KNHANES IV & V (2008-2011)

1) Physician diagnosed asthma before 40 YO, or wheeze
during exercise for 1yr

2) Aged > 50yrs with FEV,/FVC <0.7

Low BMD, high osteopenia

Sarcopenia, osteopenia, osteoporosis, low BMD
- Profound risk in Sarcopenic group, esp in ACO
patients

JH Lee et al.
International Journal of COPD 2017:12
- KNHANES

COPD predominant overlap in cluster analysis

More HTN, DM, hyperlipidemia, coronary artery
disease than asthmatics

MH Kim et al.
International Journal of COPD 2018:13 1251-1260
- KNHANES

1) > 40 years & FEV,/FVC <0.7 & FEV,; > 50%
2) Self-reported wheezing

More osteoporosis in asthma-predominant ACO

H Lee et al.
Allergy. 2021;76:223-232
- KoSAR cohort

Specialist-diagnosed asthma-COPD overlap in Severe Asthma
cohort

Less AR & chronic sinusitis
Less aspirin intolerance
More PTB history

More HTN

HR Kang et al.
Respiratory Research (2019) 20:80
- NHI database

ICD-10 code for COPD & asthma

More Depression & anxiety

YS Jo et al.
J Allergy Clin Immunol Pract 2020;8:1625-33
- KOCOSS

Specialists’ Dx, ATS Roundtable, GINA/GOLD, Modified Spanish,
Updated Spanish

More asthma
More atopy / AR




Mood disorders

National Sample Cohort data
from the National Health Insurance Service
n=1,113,656
T
Patients = 40 years of age who were diagnosed with COPD
(ICD-10 codes: J42-J44) at least twice
and prescribed COPD medication at least once
between 1 Jan, 2003 and 31 Dec, 2011

n=28,116
T
Patients who were diagnosed Exclusion criteria:
with asthma at least twice = Patients diagnosed with
(ICD-10 codes: J45, J46) anxiety or depression
and prescribed asthma within 1 year from the
medication at least once index date (n= 1,769)

n= 15,648

Exclusion criteria:

+ Patients diagnosed with
anxiety or depression
within | year from the
index date (n=2,782)

T ¥

Patients with asthma-COPD Patients with COPD alone
overlap n = 10,699
n= 12,866

Propensity-based matched cohort
n= 15,644

Patients with ACO Patients with COPD alone
n=72822 . n=7.822

The risk of depression
Higher in ACO (aHR 1.10; p=0.0039)
aged 40-64 years & female

The risk of anxiety
Higher in ACO (aHR 1.06; p=0.0272)
aged 40-64 years

HR Kang et al. Respiratory Research (2019) 20:80



Osteopenia / Osteoporosis & Sarcopenia

ACOS : (1) & (2)
1) Aged = 50yrs with FEV,/FVC <0.7
- KNHANES IV & V (2008-2011) 2) Physician diagnosed asthma before 40 YO, or wheeze during exercise for 1yr

* Obstructive Lung disease (OLD) (N=979)

|— 0.927 —‘ r <0.001 —| r
P=0.023 100% ~
90 - 80% -

0.017 —|

80 —~ 70%- .
S In the ACOS, sarcopenia group had
70 g 0% higher risk of
,, 80 & 50%- - Osteopenia (oR 6.6)
& 50 @ Normal E 40% - - Osteoporosis (OR 9.6)
@ Osteopenia a - Low BMD (OR 6.9)
40 . 30% - 2
m Osteoporosis Than the nonsarcopenia group
30 20% -

10 MNonsarcopenia Sarcopenia Nonsarcopenia Sarcopenia Nonsarcopenia Sarcopenia

. . 0 I | | | |

Asthma COPD ACOS
Asthma COPD ACQOS [l Osteoporosis [l Osteopenia [l Normal ‘

DW Lee et al. INT J TUBERC LUNG DIS 19(10):1246-1251. DW Lee et al. International Journal of COPD 2017:12 2355-2362



Biomarker

Urinary L-histidine

* Prospective cohort : Asthma (N=32), COPD (N=38), ACO (N=37) by Spanish recommendation

* Urinary L-histidine levels using liquid chromatography-mass spectrometry & metabolomic analysis

P=0.001 P=0024
i *
200,000 - ] | ] |
. 200,000 ]_ == |
f | | 5 —
3 — 5
] &
5 =
- | —— =
> 100,000 2 100,000 |
1] o
= =
= =
: L : i
0 i 0 ;
| I 1 I I |
Asthma COPD ACO Asthma COPD Smoking- COPD with a
(n=32) (n=38) (n=37) (n=32) (n=38) related  very positive
ry
obstructive BDR and/or
asthma blood
(n=27) eosinophilia
(n=10)

JY Oh et al. International Journal of COPD 2018:13 1809-1818
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Serum club cell secretory protein

» Prospective cohort : Asthma (N=32), COPD (N=38), ACO (N=37) by Spanish recommendation

» Serum CC-16 level by ELISA kits

CC-16 (pg/mL)

CC-16 (pg/mL)

T _

|

Asthma
{n=32)

15.07

10.0

5.0 7

0.0 o

Table 2 Comparison of frequent and nonfrequent exacerbators

Frequent exacerbators Non-frequent exacerbators P-value
n=12 n=95
Age (years) 61.5 (54.3-72.3) 64.0 (57.0-70.0) Q.ea7
Sex, male 10 (83.3%) 71 (75.8%) 0.547
Smoker 10 (83.3%) 64 (67.3%) Q.ono
Ex-smoker 9 (75.0%) 35 (36.8%)
Current smoker 1 (8.3%) 19 (30.5%)
Smoking amount (pack-years) 37.5 (12.5-48.8) 40.0 (33.8-54.8) 0.301
= FEV, (% predicted) 44.0 (28.3-75.8) 71.0 (55.0-85.0) .02l
CC-16 (pg/mL) 4.09 (2.31-5.57) 5.49 (3.92-7.53) Q.023

Mote: Data are presented as the median (IQR) for continuous variables and percentage (number) for categorical variables.

J_ L

I I
Smoking- COPD with a
related wvery positive
obstructive BDR and/or
asthma blood
{n=27) eosinophilia

(n=10)

JY Oh et al. International Journal of COPD 2018:13 3411-3417



« 137 COPD patients from CODA cohort : COPD (N=60) vs. ACO (N=77) by BDR positivity or history of asthma

« ELISA kits
Table 2 Radiologic feature and inflammatory markers in patients with non-ACO and ACO
Variable MNon-ACO (n=60) ACO (n=77) P value
Radiclogic finding
Emphysema index 9.7+8.3 7.2+7.1 0.06
Mean wall area (%) 69.2+4.7 69.5+5.2 0.78
Inflammatory markers
IL-6 (pg/mL}) 2.7+3.5 3.0x4.4 0.77
IL-8 (pg/mL) 16.6+20.8 21.2+235 0.20
MNGAL (ng/mL) 15.9+7.9 15.6+6.6 0.92
Blood eosinophil, % 2.7+3.6 3.324.0 0.11
Blood eosinophil, cell/pL 18B.7+286.2 230.9+361.8 0.04
hs-CRPF, mg/dL 0.22+0.28 0.42+0.88 0.91

B Female
1.001 ?
[ ®
L ] ES
» £ A
4 *
0.754 ,_t.:I_‘—“ /
>
> [
2 0.50 b
U A b
.
0.25{%
o
L J
©
0.004%
0.00 0.25 0.50 0.75 1.00
1-specificity
| -~ AUROC for NGAL:0.77 -+ AUROC for eosinophil: 0.79

E — Reference

YS Jo et al. J Thorac Dis 2018;10(8):5047-5056



Diagnostic approach for better ACO classification

» Regional ventilation abnormalities in ACO (N=21) & COPD (N=46)
« Xenon-ventilation dual-energy CT (DECT)
1) peripheral wedge/diffuse defect, 2) diffuse heterogeneous defect, 3) lobar/segmental/subsegmental defect,

and 4) no defect on ventilation maps

| Disease Pattern (1) Pattern (2) Pattern (3) p*
ACOS (n=21) 14 (66.7) 2 (9.5) 5(23.8) <0.001!
COPD (n=46) 5(10.9) 21 (45.7) 20 (43.5)
B

4
Table 3. Quantitative Analysis of Xenon-Ventilation and Quantitative CT Densitometry in Patients with ACOS and COPD

V

-

Variables ACDS COPD p*
Emphysema index (%) 7.7+6.6 120 +12.4 0.070
“‘r Airway measurement (Pi10) (mm) 5.0+ 0.6 4.7+0.7 0.0411
s Ventilation_whole lung (HU) 22.2+2.2 23.3+3.7 0.130
 Ventilation_peripheral lung (HU) 21.3+23 2284 3.7 0.045!
4 Ventilation_central lung (HU) 241+ 2.4 244+ 4.1 0.710

A HJ Hwang et al. Korean J Radiol 2020;21(9):1104-1113



ACOS : (1) & (2)

Genome-wide association study (GWAS) DERR ) CHATR (6]

2) post-BD FEV,/FVC <0.70 for 3mo

« Asthma in COREA cohort (N=959) : positive BDR or AHR 3 .
« ACOS (N=228, 23.8%) vs. “only” asthma (N=731, 76.2%) ‘% -
« GWAS : 1433 patients with genetic information in the COREA cohort, 2 =

: ACOS (N=77) vs “only” asthma (N=1356) &

| | 1 J

1

~10g;s(P-value)
0 1 2 3 4 5 6 7

r T reor e rrrLrT I nmnmrT TrrTrrTrT rrIrn
1 2 3 4 S 6 7 g8 9 10 11 12 14 16 18 20

Chromosomal coordinates

No significant SNPs were found b/w ACOS and “only” asthma group

SY Park et al. Clin Exp Allergy. 2019;49:603-614.



Approach to initial treatment with ACO

CLINICAL PHENOTYPE - ADULTS WITH CHRONIC RESPIRATORY SYMPTOMS (dyspnea, cough, chest tightness, wheeze)

HIGHLY LIKELY TO BE ASTHMA
if several of the following features
TREAT AS ASTHMA

FEATURES OF BOTH ASTHMA + COPD
TREAT AS ASTHMA

HISTORY HISTORY
+ Symptoms vary over time and in intensity + Symptoms intermittent or episodic
- Triggers may include laughter, exercise, - May have started before or after age 40
allergens, seasonal May have a history of smoking and/or other
- Onset before age 40 years toxic exposures, or history of low birth weight
- Symptoms improve spontaneously or or respiratory iliness such as tuberculosis
with bronchodilators (minutes) or ICS Any of asthma features at left (2.g. common
(days to weeks) triggers; symptoms improve spontaneously or
Current asthma diagnosis, or asthma diagnosis with bronchodilators or ICS; current asthma
in childhood diagnosis or asthma diagnosis in childhood)

LUNG FUNCTION LUNG FUNCTION
+ Variable expiratory airflow limitation Persistent expiratory airflow limitation
Persistent airflow limitation may be present +  With or without bronchodilator reversibility

LIKELY TO BE COPD
if several of the following features
TREAT AS COPD

HISTORY

Dyspnea persistent (most days)

- Onset after age 40 years

- Limitation of physical activity

- May have been preceded by cough/sputum
- Bronchodilator provides only limited relief
History of smoking and/or other toxic exposure,

or history of low birth weight or respiratory illness
such as tuberculosis

No past or current diagnosis of asthma

LUNG FUNCTION

Persistent expiratory airflow limitation

+  With or without bronchodilator reversibility

INITIAL PHARMACOLOGICAL TREATMENT (as well as treating comorbidities and risk factors. See Box 3-5A)

» ICS-CONTAINING TREATMENT IS ESSENTIAL + ICS-CONTAINING TREATMENT IS ESSENTIAL
to reduce risk of severe exacerbations and to reduce risk of severe exacerbations and
death. See Box 3-5A death. See Box 3-5A

- As-needed low dose ICS-formoterol may be + Add-on LABA and/or LAMA usually also needed

used as reliever. See Box 354 Additional COPD treatments as per GOLD
* DONOT GIVE LABA and/or LAMA without ICS - DO NOT GIVE LABA andlor LAMA without ICS

© Aveid mainienance OCS Avoid maintenance OCS

TREAT AS COPD (see GOLD report)
- Initially LAMA and/or LABA

- Add ICS as per GOLD for patients with
hospitalizations, 22 exacerbations/year
requiring OCS, or blood eosinophils 2300/ul

« Avoid high dose ICS, avoid maintenance CCS

Reliever containing ICS is not recommended

REVIEW PATIENT AFTER 2-3 MONTHS. REFER FOR EXPERT ADVICE IF DIAGNOSTIC UNCERTAINTY OR INADEQUATE RESPONSE

« ACO is a single phenotype?

Pivotal role of ICS in ACO?
ICS beneficial on outcome of ACO?

Lack of Evidence.

GINA 2020. Box 5-2



Heterogeneity of chronic airway disease

« "Asthma” and "COPD" are umbrella labels for hAeterogeneous conditions. Each include several different

clinical phenotypes, and are likely to have several different underlying mechanisms, some of which may be

common to both asthma and COPD. GINA 2020

Heterogenous Heterogenous

Asthma

Late onset
asthma

= BDR (+) =  Smoker

= Eosinophil 1 in Sputum/Blood = Eosinophil | in Sputum/Blood



COPD with BDR (+) : ICS/LABA K|=A| AE risk &2

p-value

aOR with 95% ClI G L
for interaction

Korean 4 prospective COPD cohort (N=854)
Primary outcome: severe exacerbation BDR >12% AND 200m! (FEV1) [GOLD]

. 0.03*
| ABA MPR k It *
CS/LAB >0.5 0.044*
ICS/LABA MPR <0.5 *
BDR 212% AND 200m| (FEV1 or FVC) [ATS] . 0.04*
ICS/LABA MPR >0.5 &
0.547

ICS/LABA MPR <0.5

L]

JH Kim. Respir Res 2017;18:107.
COPD with high Blood Eo = ICS/LABA or ICS/LABA/LAMAX|Z A| AE risk &2~

16+ — FF/UMEC/V1 vs UMEC/VI . :
— FF/VIvs UMEC/VI Inclusion : age>40, CAT 210 and either

14 - FEV,<50% pred & > 1 AE
- FEV,; 50-80% pred & >2 moderate or >1 severe AE
Single Ellipta inhaler, DPI, 52wks, N=10,355
Triple (fluticasone/umeclidinium/vilanterol) vs ICS/LABA vs LABA/LAMA
Primary endpoint: moderate-to-severe AE

12+

1.0+

0-8

0-6 1

0-4

0-2 4

ratios for rates of mod or sev exacerbations
Rate ratios (95% Cl)

0 T T T T T 1
0 100 200 300 400 500 600

Baseline blood eosinophil count (eosinophils per plL) Pascoe S. Lancet Respir Med 2019,7745‘56



Asthma + Smoker = ICS &1} |

Mild asthma with low Sputum Eo = no difference

RCT of BA with self-reported active smoking 0.5-2 ppd (N=1,019) in response to ICS or Tio than placebo

Montelukast vs FP 250 ug BID vs Placebo for 6 months

Primary endpoint: % of asthma control days

RCT of low sputum eosinophil (<2%) (SIENA trial) (N=295)

Momethasone 200pqg bid (ICS) vs TIO SMI 5 ug qd (LAMA) vs
Placebo for 12 weeks

100+

90+
80

Primary outcome: Response (composite outcome of asthma
control : treatment failure, annualized asthma control days, FEV1)

704
60

504 B Primary Analysis

— Tiotropium Placebo +F— P=0.029

40-
301
20-

% of asthma control days

10+

04

T | T T T T T T T 1
100 30 60 40 20 0 20 40 60 80 100

Baseline smoking History Pack years

Percent of Patients with Differential Response

—a— Montelukast - « = Fluticasone ---<-- Placebo

Price D. J Allergy Clin Immunol 2013;131:763. Lazarus S. N Engl J Med 2019;380:20009.



Asthma-COPD overlap, also called asthma + COPD

 This is not a definition of a single disease entity, but a descriptive term for
clinical use that includes several different clinical phenotypes reflecting

different underlying mechanisms.

GINA 2020.



Heterogeneity of ACO

ACOS : (1) and/or (2)
(1) FEV,/FVC <0.7 with BDR (+)

(2) BHR (+)
|
100% I 100%
90% I o0%
80% 66.7% I 80%
70% - 61.1% I 70% 1.0 *
60% : | g% | S24% 524% ey
0 E <300] so% [ I s0% 38.1% 38.1% & . .
c 40% 33.3% [ I ape o 0.9-
3 30% ! I 30% > '
° 2 16.7% , " D
0 20% - | | 20% 9.5% 0 -
= "ol — ' 8 5808 |
g' Group B_: Group D QL m
£ I .g E 0.7 -
§ 100% : 100% E g .
90% 90%
T 9 : ' so% = %
8 f;g .: 66.7% e : i 65.0% 'E @ 06 - -
m 60% 60% =R
@ E£2300 50% : 50% 40.0% E
30% - 20.8% 20.8% i 30% 20.0% 22.5% )
20% 8.3% | 20% 1 [1 s | e B s G [
10% - | > 13: } | ' : i | I
e kg Group C 0 2000 4000 6000 8,000 10,000
Smoking <10 Pyrs Smoking 210 Pyrs F0||0w.up (da}rs)

Smoking history -

B ics+1aBA B LAMA B LABA LI PDE4l [ LTRA

HS Joo et al. International Journal of COPD 2017:12 697-703



Heterogeneity of ACO ACOS : ()&

(1) > 40 years & FEV1/FVC <0.7 & FEV, > 50%
(2) Self-reported wheezing

« KNHANES 2007-2012

« 4 group by (1) Self-reported wheezing : index of airway hyper-responsiveness, & (2) Smoking : S- indicates

never smoked or had smoked <100 cigarettes in lifetime

= Asthma-predominant ACO

W- §- W- S+

- lowest SES, FEV,, FVC, QoL level
N=681 N=1178
W+ S- W+ S+ = COPD-predominant ACO
(asthma- (COPD- - highest hospitalization rate

predominant ACO) predominant ACO) , e

- medical cost & health care utilization

N=154 N=256

MH Kim et al. International Journal of COPD 2018:13 1251-1260



ACOS : (1) & (2)

ICS treatment on ACO : FEV,, AE 1) Age 240 years, smoking PY 210

2) post-BD FEV,/FVC <0.70 &
BDR (+) or AHR (+)

« ACOS from SNUH cohort (N=125)

1.001 e i e 1
* ICS treatment aroup (N=90) vs. non-ICS treatment aroup (N=35) % 080-
Table 2 JE- '
Annual rate of decrease in FEV; in patients with asthma—chronic obstructive pulmonary disease overlap syndrome in non-ICS and ICS treatmen @ 0.60-
Total dataset (unadjusted) Total dataset (adjusted) PS-matched dat: s
P — o
4 4 -
AFEV; (mlL/y), mean (95% CI) Pvalue AFEV; (mL/y), mean (95% CI) P value AFEV; (mL[y), ir E L0
o
ICS _7.25(—34.21 to 5.07) 521 9,61 (—2051 to 1.29) 598 ~12.88 (—34.49 i w3
Non-ICS —14.57 (-17.91 to 3.40) —15.68 (—35.41 to 4.06) 1237 (-31.15 0.00
Abbreviations: Cl, confidence interval: A, change: FEV;, postbronchodilator forced expiratory volume in 1 second; ICS, inhaled corticosteroid: 6 ‘II é ‘3 :’ ‘ é
Table 3 Years Since Enroliment
Incidence rates of severe exacerbation of patients with asthma—chronic obstructive pulmonary disease overlap syndrome Number at risk
Total dataset PS-matched dataset ICSMPR <05 104 104 99 91 4 53 0
ICSMPRz205 21 21 21 20 17 12 0
ICS (n = 90) Non-ICS (n = 35) IRR® for ICS vs non-ICS (95% CI) ICS (n = 31) Non-ICS (n = 31) IRR? for ICS vs non-ICS (95% CI)
| ICSMPR<05 —-—-- ICSMPR 205
n (%) Rate” n (%) Rate” n (%) Rate® n (%) Rate®
Severe exacerbation 15 (16.7) 0.06 3 (8.6) 0.03 1.88 (0.37-9.71) 4(129) 002 2(645) 0.01 1.24 (0.44—3.46) Figure 3. Probabilities of survival between the ICS treatment group with an MPR
Abbreviations: CI, confidence interval; ICS, inhaled corticosteroid; IRR, incidence rate ratio; PS, propensity score. less than 50% and that with an MPR of at least 50% during 6 years with censoring of
*Adjusted by age, sex, body mass index, smoking history (pack-years), postbronchodilator forced expiratory volume in 1 second (percentage of predicted), degree of initial the data analysis at 7 years (P = .473, log-rank test). ICS, inhaled corticosteroid; MPR,
response to 32 agonist (percentage of change in forced expiratory volume in 1 second), and medication possession ratio of long-acting §» agonist, long-acting muscarinic medication possession ratio.

antagonist, short-acting 8, agonist, short-acting muscarinic antagonist, and theophylline.

PIncidence rate (per patient-year).

™NOon-I £ L8 £1 W & © NOM-ILAS 81§91 $1 @1 Y b &L v 1e 11 i

LD 00 9D 90 30 AL
ICS 80 90 90 B89 B4 75 66 57 50 38 28 ICs 31 31 31 31 28 28 26 22 20 15 10

Figure 2.
matched bySiigs

ICS treatment on ACO : no significant effect on FEV, decline & severe AE, mortality

HS Lim et al. Ann Allergy Asthma Immunol 113 (2014) 652e657



ICS/LABA on ACO & COPD : FEV, improvement

ACOS :1)&2)
1) COPD : Age 240 years, smoking PY >10,
* KOLD cohort & post-BD FEV,/FVC <0.70
* ICS/LABA on ACOS (N=45) vs. COPD (N=107) 2) History of asthma, and self-reported
wheezing within 1 year & BDR (+)
ACOS COPD alone P-value
(N=45) (N=107) A oo P=0.209 B .
P=0.005 © i
Changes of pulmonary function and symptom score . P=0.025 :
300- o 60- s
A FEV,, mL 240.2433.5 124.6+19.8 0.002 TEI T -.5;- E ,:
A FVC, mL 304.8+59.0 150.2438.1 0.030 >" 2001 s — % 104 & s
ATLC, mL 435.31264.0 888.31247.7 0.213 % : - ':'_ e
100+ P 0 ~" 204 =
ARV, mL —93.3+156.0 102.8+129.5 0.380 e w e
AIC, mL |66.9+84.9 141.5+62.6 0.820 0- s o Lk T
A mMRC 0.0540.17 0.39+0.08 0.126 Mild-to-moderate Severe to very severe Mild-to-moderate  Severe to very severe
m —LUaT, —WLadTy, .
Acute exacerbation, % 15.0 12.2 0.719 [ AcOS_[3 COPD alone |

ICS/LABA on FEV, improvement: better in ACO compared with COPD alone

SY Lee et al. International Journal of COPD 2016:11 2797-2803



ICS on AE risk

« KOCOSS cohort : ACO study by the Korean Asthma Research Group since 2016

ACO : 5 sets of diagnostic criteria

- GINA/GOLD guideline
- ATS roundtable

- Modified Spanish

- Updated Spanish

- Specialist’s judgement

IRR (95% CI) Pvalue
History of Asthma before 40 years
without ICS I 1 (Reference) 0.92
with ICS 0.96 (0.45-2.07) ’
2757 patients with COPD History of atopy or allergic rhinitis
‘ without ICS n 1 (Reference) A
with ICS L 1.24 (0.56-2.73) ’
Survey for specialists’ diagnosis of ACC BDR >15% and 400 mL
Survey for GINA/GOLD questionnaire 2 25 o
without ICS n 1 (Reference)
Survey for history of allergic disease and age of asth with ICS s 1.50 (0.25-8.98) 0.66 GINA non-ACO
Measurement of blood eosinophil and total ! ' e (N = 929)
Spirometry with bronchodilator respons BDF'L >12% and 200 mL L R ics With ICS Without ICS
‘ without ICS 044 7 P value (N = 268) (N = 472) P value
with ICS L 1.50(0.53-4.21) ’
Identified ACO according to five diagnostic criterij - : 65 05 3.0 + 2.08 333 4+ 4.57 64
S — Blood eosinophil count =300 cell/uL N
__.a—f—-"'__d’,:;;/ | = ::-:_-_H___""-—ﬁ_. without ICS | ] 1 (Refc[ence) 046 0.90 (0.67-1.22) 49
P l | withics - 0.52(0.29-0.04y 003 046 0.90 (0.66-1.23) 51
— sa : . 011 0.92 (0.67-1.28) 64
Specialists’ ATS roundtable GINA/GOLD | | modif B"".’dhe"sfg‘s’m ESs I (Reference) 031 0.96 (0.68-1.35) 81
diagnosed ACO criteria defined document defined crite: Without 0.73
(n=264) ACO (n=32) ACO (n=138) Aoy  TRES LORR S-S TL)
T IgE =100 TU
. ; without ICS 1 (Reference) 0.6
l Eroppectvelyfalle  colhifed 0.92 (0.62-1.38) '
604 patients were included in exacerbation an ; . " ’
ICS better Without ICS better
IRR for exacerbation
ICS reduce the risk of AE in ACO |
YS Jo et al. J Allergy Clin Immunol Pract 2020;8:1625-33




ICS/LABA vs triple on AE & FEV,

ACO : 1) & 2)

1) Positive BDR or provocation test

« The ACO Treatment with Optimal Medications (ATOMIC) Study

2) FEV,/FVC<0.7
* ACO with FEV, >30% & moderate to high dose of ICS/LABA were enrolled
* Noninferiority trial comparing ICS/LABA (N=154) vs. ICS/LABA/LAMA (N=149)

Primary endpoint : time to first exacerbation

1CS+LABA 20/154 (18.83%) ICS+LABA 1oiEn san T = I . =
ICS+LABA+LAMA 28/149 (18.79%) B ICS+LABA+LAMA ICS + LABA ICS + LABA + LAMA
el Characteristic Baseline Last visit P value Baseline Last visit P value
______ ==+ Pulmonary function tests
. ¢ = Prebronchodilator FVC (L) 294 £ 090 294 4+ 0.87 871 295 +£ 095 3.07 £ 092 001
E- E Prebronchodilator FVC (%) 78.92 £ 12.90 79.07 £ 12.98 .838 79.43 £+ 16.14 83.48 + 15.29 <.001
E - ‘.i:j e | Prebronchodilator FEV, (L) 1.90 £ 0.65 1.92 £ 0.64 476 1.82 £+ 0.61 1.93 £+ 0.62 001
.:g: - % = Prebronchodilator FEV, (%) 68.09 £ 13.11 69.59 £ 14.11 075 65.32 £ 12.96 70.27 + 13.80 <.001
é _% Prebronchodilator FEV,/FVC (%) 64.56 + 10.44 65.14 £ 10.45 313 62.39 + 11.34 6324 + 11.24 245
g' 31 E‘ S ACT score 21.68 £ 3.27 21.87 £ 3.22 595 21.02 +£3.72 21.34 + 3.58 358
& =
. o Characteristic ICS + LABA ICS + LABA + LAMA P value
< < Change in FEV, (L) 0.017 £ 0.244 0.108 + 0.352 .023
’W Change in FVC (L) —0.004 + 0.270 0.125 + 0.386 .004
R ~ - ICSHLABAHLAMA S Change in ACT score 0.183 + 3.768 0.315 + 3.902 786
0 - - T . T - I 0 50 100 1t

LAMA add on ICS/LABA : time to first exacerbation (-), lung function improvement (+)

FIGURE 2.
LABA group and the ICS + LABA+ LAMA group. Exacerbation events were not significantly different between the groups. (B) Comparison
involving only those patients who had experienced at least 1 or more exacerbation in the previous year. SY Park et al. ) AIIergy Clin Immunol Pract 2020 Nov 9 ePub



Outcome

Exacerbation

Lung function

Healthcare utilization / medical cost

Mortality



Exacerbation

Author

MA Kim et al.
Int J Tuberc Lung Dis.
2015 Jul;19(7):864-9.

YS Jo et al.

Ann Allergy Asthma
Immunol 118 (2017) 696-
703

HJ Park et al.

Allergy Asthma Immunol
Res. 2017
September;9(5):431-437

MH Kim et al.
International Journal of
COPD 2018:13 1251-1260

JH Song et al. Medicine
(2018) 97:36(e12049)

SY Park et al.
Clin Exp Allergy.
2019;49:603-614

Single center
cohort

SNUH cohort

KOCOSS cohort

KNHANES

KOCOSS cohort

COREA cohort

ACO definition

>45years, FEV1/FVC <0.7

Asthma was diagnosed based on
GINA definition

Modified Spanish, ATS
Roundtable, PLATINO,
GINA/GOLD

FEV1/FVC <0.7 & BDR (+)

1) 240 years & FEV1/FVC <0.7 &
FEV1 > 50%
2) Self-reported wheezing

Modified Spanish
ATS Roundtable

1) BDR (+) or AHR (+)
2) post-BD FEV,/FVC <0.70 for
3mo

Outcome

Hospitalization due to respiratory
cause

All cause mortality

Moderate to severe

Any AE required systemic
corticosteroid, antibiotics or both

Severe AE requiring hospitalization

Severe Exacerbation
(hospitalization or ER visit)

Health care utilization

Moderate to severe

Acute moderate to severe AE rate
over Tyr & 3yr

Results

High risk of hospitalization (31.3% vs 13.0%, p<0.001)

Higher death rate (54.9 vs 45.1%, p<0.001)

aHR 1.97%, 1.07, 1.35 and 2.01 for criteria

- At 1yr FU : 20.9% vs 18.0% (p=0.461)
- At 2yr FU : 19.7 vs 14.3% (p=0.144)

- At 1yr FU : 5.5 vs 1.5% (p=0.030)
- At 2yr FU : 5.6 vs 0.8% (p=0.015)
of COPD vs ACO

aHR 1.79 and 2.11 compared to the W-S- & W-S+ group
in COPD-predominant ACO

Greater medical costs in COPD-predominant ACO

aHR 0.73, 0.63 for modified Spanish & ATS Roundtable
criteria, p for both 0.11 & 0.449

1.61 vs 2.38; p<0.001 for 1yr &
0.73 vs 0.65; p=0.07 for 3yr



Longitudinal changes of Lung function in asthma cohort

TABLE 2 Longitudinal analysis over 1 and 3 vy

Method 1
Mean = SD AFEV1 over 1y, %
Mean = SD AFEV1 over 3 vy, %
Mean + SD AFVC over 1y, %
Mean + SD AFVC over 3 vy, %
Mean + SD AFEV1 over 1 vy, mL
Mean + SD AFEV1 over 3 vy, mL
Mean + SD AFVC over 1y, mL
Mean = SD AFVC over 3y, mL
Mean + SD A(FEVLUFVC) over 1y
Mean + SD A(FEVUFVC) over 3 y
Method 2
Mean + SD {(MAX){MIN)JFEV1 over 1y, %
Mean + SD {(MAX){MIN)]FEV1 over 3 y, %
Mean + SD {(MAX)}{MIN)}FVC over 1y, %
Mean + SD {(MAX)H{MIN)IFVC over 3 y, %
Mean + SD {(MAX){MIN)IFEV1 over 1 y, mL
Mean + SD {(MAX){MIN)IFEV1 over 3 y, mL
Mean + SD {(MAX)H{MIN)}IFVC over 1 y, mL
Mean + SD {(MAX)H{MIN)IFVC over 3 y, mL
Method 3
Lung function decline FEV1 over 1y, %
Lung function decline FEV1 over 3 y, %
Lung function decline FVC over 1y, %
Lung function decline FVC over 3 vy, %
Lung function decline FEV1/FVC over 1y, %g
Lung function decline FEV1/FVC over 3 vy, %
ACT score
Change in ACT score over 1y
Change in ACT score over 3 y

“Only” asthma

6.36 £ 4.26 (n = 345)

4.82 £ 2.64 (n = 149)

6.08 £ 4.90 (n = 345)

4.69 £ 3.29 (n = 149)
175.82 £ 129.27 (n = 349)
133.36 £ 91.88 In = 151)
172.89 + 133.31 (n = 349)
128.65 £ 84.12 n = 151)
0.04 £ 0.02 (n = 349)

0.03 £ 0.01 (n = 151)

15.92 + 11.29 (n = 345)
2225 + 11.58 (n = 149)
15.98 + 11.64 (n = 345)
22,60 + 13.64 (n = 149)
449.48 = 364.64 [n = 349)
616.69 + 415.65 (n = 151)
441.95 + 357.38 (n = 349)
605.36 + 412.98 (n = 151)
]

0.44

017

0.83

017

-0.001

0.001

-0.029
0.004

ACOS

7.19 + 507 (n = 135)

5.76 = 346 (n = 70)

7.97 £ 646 (n = 135)
6.13 + 3.90 (n = 70)
208.55 £ 165.91 (n = 136)
158.10 + 105.9 (n = 70)
261.53 + 181.53 (n = 135)
195.33 £ 100.61 (n = 70)
0.04 £ 0.03 (n = 138)
0.03 £ 0.02 (n = 70)

18.17 + 12.57 (1 = 135)
23.85 + 11.29 (n = 70)
19.19 + 1391 (n = 135)
26,19 £ 1581 (h = 70)
518.90 £ 419.99 (n = 136)
649.86 £ 372.18 (n = 70)
636.18 £ 434.69 (n = 136)
817.29 + 41045 (n = 70)
Standard error

0.26

0.10

0.27

0.10

0.01

0.0

0.08
0.03

P-value

0.09
0.045
0.002
0.005
0.040
0.095
<0001
<0001
0.004
0.005

0.058
0.336
0.018
0.086
0.092
0.569
<0.001
<0.001
P-value
0.080
0.082
<0.001
0.100
0.840
0.190

0.730
0.88

COREA cohort : ACOS vs “ Only asthma”

Greater AFEV, & FVC decline in ACOS

SY Park et al. Clin Exp Allergy. 2019;49:603-614.



I Changes of Lung function in COPD cohort

FEV1 (mL)

1800 2000

1600

1200

1000

1400

KOLD cohort
 ACO (n=47, 19.7%) vs non-ACO COPD (n=192, 80.3%)

——#—— Non-ACOS COPD

—&— ACOS

ACO : 3 major & at least 1 minor (“ATS

roundtable criteria”)

Major : 1) post-BD FEV,/FVC <0.7

2) atleast 10 PY of smoking history

3) history of asthma or BDR >400 mL

Minor : 1) history of atopy or allergic rhinitis

2) 2 separate BDR (+)
3) blood eosinophil >300 cells/uL

Table 4 Longitudinal changes in annual pre-bronchodilator forced expiratory volume in 1 s (mL) between non-ACO COPD and ACO

Non-ACO COPD (n=192) ACO (n=47) P for interaction®
Crude, mL —29.26 (-35.78, —22.75) —1387 (- 27.22, - 0.52) 0.042
Model 1, mL —29.17 (- 3573, - 2261) —1358 (- 27.01, - 0.14) 0.041
Model 2, mL —29.19 (- 3574-22.64) -13.64 (- 2707, - 0.22) 0.041
Model 3, mL —29.16 (- 3573, — 22.60) —13.61 (- 27.06, — 0.17) 0.042

Data are presented as mean (95% confidence interval)

Model 1: Adjusted for baseline age, baseline body mass index and smoking status during the study period; Model 2: Further adjusted for at least 2 exacerbations

per a year during study period; Model 3: Further adjusted for use of ICS/LABA or ICS during the study period

0

1

2

3

4
Follow-up year

5

o]

ACO has favorable longitudinal changes in lung function than COPD alone

HY Park et al. Respiratory Research (2018) 19:36



Changes of Lung function in COPD cohort

. . — 0 — 0
KOCOSS cohort : COPD (n=1281, 85.2%) vs ACO (n=223, 14.8%) ACO : FEV,/FVC <07 & BDR (+)
EZ B 1?
e, OPD T : COPD
E‘D | seallany .E'LCD . AED U;
58 | g, 16 '
£ % f * =
= = 15 *
Eow Z
52 |-
14 -
5[] -
43 T 1 ] 1 13 1 1 ] ]
0 12 24 % 0 12 24 %%
(m) 9 (m) e

ACO showed a higher likelihood of FEV, recovery than those with pure COPD

HJ Park et al. Allergy Asthma Immunol Res. 2017 September;9(5):431-437



ACO : 5 sets of diagnostic criteria
- GINA/GOLD guideline

- ATS roundtable

- Modified Spanish (SEPAR)

Changes of Lung function in COPD cohort

- Specialist’s judgement

« KOCOSS cohort

B 0.2% D -0.2%
2 7 -4.3% S

07 " -5.4%

AFEV, (%) (3 yr)
1
P
AFEV, (%) (3 yr)
A

-6 -6
-8 - -8 -
p=0.024 0 p=0.003
-10 - , |
ACO (n=45) | Non-ACO (n=253) | ACO (n=72) Non-ACO (n=170)

Modified SEPAR Specialist diagnosis

ACO by modified SEPAR definition & specialists diagnosis,
FEV, decreased more than COPD alone

JU Lim et al. Tuberc Respir Dis 2020;83 Supple 1:534-545



Socioeconomic impact :

ACO: (1) & (2)

(1) COPD : >40years, ICD-10 codes for COPD or
emphysema (J42.x-J44.x, except J430), use of
COPD drug >2/year

(2) Asthma : ICD-10 code for asthma (J45.x-J46),
use of asthma drug >2/year

Table 2. Healthcare utilization of COPD patients'

Overlap COPD without
syndrome asthma p-value
Cost of all medical utilization (USD)
Cost of outpatient services 790+ 11 13 +£512 <0.001
Cost of inpatient services 3373+£4628 3,010+5013 <0.001
Total cost 1,807 + 3,096 829+2215  <0.001
Used days
Outpatient services 9.2+9.76 74+811 <0.001
Inpatient services 2544+3474  2319+3641  <0.001
Total used days 1681 +£2456 105+1746  <0.001

Data are expressed as the mean £ 5D.
"Costs or used days per person. Costs and used days are restricted to COPD-related
ones.

CK Rhee et al. COPD. 2014 Apr;11(2):163-70.

Healthcare utilization & Cost

ACO : self-reported wheezing history & FEV,/FVC <0.7

ACOS COoPD Asthma P value
Total length of healthcare 60 45 33 <0.001
utilization, days
Outpatients, days 57 43 41 <0.001
Inpatients, days 15 13 14 0.165
Total Medical cost, US dollar 1629 1303 1287 <0.001
Outpatients 1221 953 951 <0.001
Inpatients 1909 2154 1834 <0.001

Higher healthcare utilization & medical costin ACO

JH Kim et al. J Thorac Dis 2017;9(6):1547-1556



I Mortality associated with PM,, exposure

Variable

3 months

Men
Total COPD
Pure COPD
ACO

Women
Total COPD
Pure COPD
ACO

Adjusted Hazard Ratio for Mortality
B Total COPD M Pure COPD M ACO

ACO: (1) & (2)

(1) COPD : >40years, ICD-10 codes for COPD or
emphysema (J42.x-J44.x, except J430), use of
COPD drug >2/year

(2) Asthma : ICD-10 code for asthma (J45.x-)46),
use of asthma drug >2/year

1 (NHIS-NSC) database, a population-based cohort

Variable

3 months

Never smokers
Total COPD
Pure COPD
ACO

Former smokers
Total COPD
Pure COPD
ACO

Current smokers
Total COPD
Pure COPD
ACO

Adjusted Hazard Ratio for Mortality
B TotaicorD M Pure cOPD M ACO

N (%) HRE 95% CI aHR 05% CI

12 months

Total COPD 6,313 1.018 1.001 1.035 1.011 0.994 1.027
Pure COPD 3,186 (50.47) 1.015 0.992 1.040 1.004 0.981 1.028
ACO 3,127 (49.53) 1.020 0.997 1.044 1.015 0.993 1.039
& months

Total COPD 6,313 1.179 1.167 1.190 1.123 1.111 1.135
Pure COPD 3,186 (50.47) 1.186 1.170 1.202 1.124 1.106 1.142
ACO 3,127 (49.53) 1.171 1.155 1.188 1.125 1.108 1.143
3 months

Total COPD 6,313 1.166 1.156 L.176 1.117 1.107 1.128
Pure COPD 3,186 (30.47) 1.169 1.155 1.183 1.116 1.100 1.131
ACO 3,127 (49.53) 1.163 1.149 L177 1.124 1.109 1.140
I month

Total COPD 6,313 1.035 1L.019 1.051 1.022 1.009 1.036
Pure COPD 3,186 (50.47) 1.035 1.012 1.059 1.017 0.9938 1.036
ACO 3,127 (49.53) 1.035 1.012 1.057 1.026 1.007 1.046

1.05 11

YM Lee et al. Sci Rep. 2020 Feb 12;10(1):2402.




Summary
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Thank you
for your attention !




