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COPD exacerbation의 진단 & 예측인자
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Blood lab – Serum IgG

Serum IgG Levels and Risk of COPD Hospitalization, Chest, 2020

Serum IgG deficiency (<7g/L) is associated with morbidity in COPD.
→ whether concentrations in the lower end of the normal range?

• Method – SPIROMICS
- multicenter study of current and former smoker
- 40-80yrs, until July 2015
- First 1497 participants to enroll

1026 with COPD 471 at risk for COPD

• Measurement : ELISA to measure IgG

• Primary outcome
- Risk of any exacerbation and risk of severe exacerbation

• Statistical Methods - Cutoff value of IgG
1) 5% increments between the 5th and 50th percentiles of IgG
→ AIC calculation (lowest AIC = optimal cutoff)

2) 35th percentile level or 1,225mg/dL

 

AJRCCM, 2025/02
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Blood lab – Serum IgG

+ history of Exacerbation

─ Total IgG
─ IgG1
─ IgG2
─ IgG3
─ IgG4

With or at risk for COPD

Low serum IgG concentration is an independent factor for prevalent COPD and the risk of exacerbations among ever-smokers.



CT images – Airway mucus plug

• CT Assessment
Mucus plugs were identified on baseline non enhance chest CT

AJRCCM, 2025/05

Multicenter observational prospective study
(2007/11~2011/4)
United states based
45-80yrs
≥10-pack-year smoking history
Exacerbation assessed biannually

3year multicenter observational study

12 countries (multinational)
40-75yr
≥10-pack-year smoking history
Exacerbation assessed monthly

- 18 bronchopulmonary segments
- Medium to large sized airways 

(2–10mm lumen diameter) 
- completely occluded the lumen 

of an airway



CT images – Airway mucus plug

• Outcome
- Primary outcome : Total number of AE
- Secondary outcome : Severe AE

44.4% 46.0%

Mucus plug가 1개 증가할 때 마다 exacerbation risk 가 3%증가 (dose response relationship)

8-11%

8-41%

CT-based mucus plugs represent an independent risk factor for AEs. This highlights the critical role of mucus clearance.

(Airway wall thickness)



CT images – Emphysema on CT

(Mild to moderate COPD)

<-950 Housefield unit
5% cutoff IEEE Xplore, Moon et al

1) Multicenter, prospective, observational study
2) 40-80yrs
3) Tobacco exposure ≥ 20 pack-year

기본 인구통계학적 변수 보정

폐/기도구조지표 추가변수 보정



CT images – Emphysema on CT

But, EC group had 1) worse health-related quality of life and 2) a higher rate of acute respiratory exacerbations compared with NEC.



Pulmonary Pressure

• Aim
1) Whether pulmonary pressures were elevated during 

hospitalization with AECOPD compared with the stable 
phase?

2) Association between TR gradient and day alive and out 
of hospital (DAOH)

RA
(back door)

RV
(pump)

PA
(main pipe)

1. (폐동맥압 높은경우) RV 수축으로 압력이 올라가면

2. 일부 혈액이 삼첨판을 통해 우심방으로 이동
RA와 RV사이 압력차가 크면 더 빠르게 역류 = TR gradient올라감
→ 따라서, TR gradient는 폐동맥압의 간접 지표



Pulmonary Pressure
• Primary Outcome
: TR gradient (mmHg)

• Method
1) COPD Exacerbation and Pulmonary hypertension study
- Multicenter prospective paired measurement study in Denmark
2) Inclusive criteria
- COPD for GOLD
- Inclusion within the first 72hr of hospitalization 
3) Stable phase
- Discharged for at least 1M following hospitalization from AECOPD

( 2020/2 – 2023/12 )

( AECOPD + stable phase TR gradient )

P=0.001*

AECOPD에서 증가하는 폐혈관 저항의 경우 일시적으로 증가, 
RV size등과 같은 구조적 지표의 변화까지는 즉시 반영되지 않음



Pulmonary Pressure

• Secondary analysis : 
Out of the 232 participants with an index TTE, 
158 had a measurable TR gradient during AECOPD and available data to 
measure DAOH (Day alive and out of hospital)

P=0.0394*

Further research is needed whether elevated pulmonary pressures contribute to exacerbation development and DAOH 
or are simply a consequence of the acute exacerbation phase.



COPD exacerbation의 원인



COPD exacerbation의 원인 - Infection
Retrospective study, 28 hospitals in South Korea
1,186 patients diagnosed with AECOPD from January 2015 to December 2018 

• Inclusion criteria
(1) ≥40yrs and a history of COPD confirmed by PFT
(2) diagnosis of moderate-to-severe AECOPD
(3) assessment using all standard tests for pathogen detection
→ conducted within 48hr following diagnosis of AECOPD

Group 4-5 sputum, 
predominant microorganism

1139 (95.8)



COPD exacerbation의 원인 - Infection

Systemic steroid를 사용한 것이 PDR infection 의 risk 를 증가시키지 않지만, 
ICS를 사용하는 것은 PDR infection의 risk를 높이는 경향성이 있구나!



COPD exacerbation의 예방 & 치료

(1) Vaccination : RSV, Covid-19

(2) Eosinophil / systemic inflammation
: biologics, anti-inflammatory agents

(3) Treatment related factor

(4) Comorbidities control



Table 3. Reported annual positive rate of respiratory viruses from 2015 to 
2019 in Korean Influenza and Respiratory Surveillance System (KINRESS)

MDedge, 2024

Severe RSV Requiring hospitalization in America (2022.10-2023.04)

Table 4. Rates of RSV co infection with respiratory diseases in Korea

COPD exacerbation의 예방/치료 – (1) Vaccination

3~25% of COPD patients in RSV infection



COPD exacerbation의 예방/치료 – (1) Vaccination

Lancet, 2025

안정화된 pre-fusion 상태의 
F protein 단백질



2020-2021
COVID pandemic

* Inclusion criteria
1) ≥20yrs
2) Dx COPD before 2021/2/26
3) COV19 infection before 2022/3/31

COPD exacerbation의 예방/치료 – (1) Vaccination

1:1



ExCOPD의 예방/치료 – (2-1) EO inflammation

The Emerging Role of Alarmin-Targeting Biologics in the Treatment of Patients With COPD, 2025, Chest

TSLP

Tezepelumab

IL 4/13 Rc : Dupilumab

IL-5 : Mepolizumab
IL-5 Rc : Benralizumab

상피세포에서 분비되는 alarmin



ExCOPD의 예방/치료 – (2-1) EO inflammation

IL 4/13 Rc : Dupilumab→ IL-4/IL-13 pathway 전체 억제, 넓은 범위의 Type 2 염증 억제

IL-5 : Mepolizumab → IL-5를 중화해 호산구 생존 신호 차단
IL-5 Rc : Benralizumab → IL-5Rc에 붙어 NK세포로 하여금 호산구를 직접 죽이게 함 (ADCC)

CTS, 2024 Eosinophils and Their Role in Human Health and Disease, 2024



항목 BOREAS Trial NOTUS Trial

연도 2023 (NEJM) 2024 (NEJM/Press release)

연구 디자인 Phase 3, RCT, 무작위, 이중맹검, 위약 대조

약제 Dupilumab 300 mg SC Q2W

배경 치료 ICS/LABA/LAMA triple inhaler 유지

대상 지역 미국·유럽·아시아 포함 다국가

주요 목적 COPD 악화 감소 및 폐기능 개선 확인

Inclusion 
criteria

연령 : 40-85 yrs
COPD 진단 : GOLD 기준
흡입기 치료 : ICS + LABA + LAMA ≥3개월, except ICS for contraindication
혈중 호산구: ≥300 cells/μL
악화력 : 지난 1년간 moderate ≥2회 or severe COPDEx ≥1회 
흡연력 : ≥10 pack-years
FEV1 : 30–70% predicted

ExCOPD의 예방/치료 – (2-1) EO inflammation

Dupilumab group
938 (50.1%)

SC 300mg every 2weeks 
for 52weeks

Placebo group
936 (49.9%)

1:1
matched



ExCOPD의 예방/치료 – (2-1) EO inflammation

Reduction in the annualized rate of 
moderate to severe exacerbation

High FENO → good effect for dupilumab



eosinophil recruitment chemokines

ExCOPD의 예방/치료 – (2-1) EO inflammation



ExCOPD의 예방/치료 – (2-1) EO inflammation

Baseline



• Methods
- MATINEE : a phase 3, double-blind, randomized, placebo-

controlled trial conducted at 344 centers in 25 countries 
- October 2019 through August 2023

• Inclusion criteria
- Patients with COPD
- History of exacerbation (지난 1년간 moderate ≥2회 or 

severe COPDEx ≥1회 )
- Blood eosinophil ≥ 300 cells/uL
- Patients receiving triple inhaled therapy for COPD

ExCOPD의 예방/치료 – (2-1) EO inflammation

mepolizumab 
(at a dose of 100 mg) 

SC every 4 weeks 
for 58-104 weeks

Placebo group1:1



ExCOPD의 예방/치료 – (2-1) EO inflammation

mepolizumab 군에서 전체 악화 “총 횟수”가 더 적음
→ mepolizumab은 반복 악화를 줄이는 효과

첫 악화발생이 더 늦고, 첫 악화발생의 비율도 낮음
→ mepolizumab은 첫 악화 발생을 지연시키는 효과



• Method
- ABRA Trial : multicentre, phase 2, double-blind, double-dummy, 

active placebo-controlled randomised trial completed in the UK
- At the time of an AE of asthma or COPD, adults with blood 

eosinophil counts of ≥ 300 cells per µL
- randomly assigned in a 1:1:1 ratio 

(prednisolone 30 mg for 5 days, 100 mg benralizumab SC, dual) 

ExCOPD의 예방/치료 – (2-1) EO inflammation

Pooled BENRA group

* Treatment failure
Death
Admission to hospital
Retreatment (steroid or anti)

급성 악화 치료로 benralizumab의 사용이 이후 경과를 바꿀 수 있다.



ExCOPD의 예방/치료 – (2-2) anti-inflammation

TSLP

Tezepelumab

TLSP : Tezepelumab
IL-33 : Tozorakimab



ExCOPD의 예방/치료 – (2-2) anti-inflammation



ExCOPD의 예방/치료 – (2-2) anti-inflammation

LABA + LAMA + Roflumilast effect  “Broad, non-steroidal, anti-inflammatory effects”



• Methods and study populations
- phase 3, global, multicenter, randomized, double-blind, parallel-group, 

placebo-controlled clinical trials 
- 40-80yrs patients with symptomatic (mMRC≥2) moderate to severe COPD
- assigned randomly 5:3 to receive ensifentrine 3 mg bid or placebo 

over 24 weeks via a standard jet nebulizer
- Exclusion : Patients with asthma or a history of life-threatening COPD, 

recent hospitalizations for COPD, pneumonia/COVID-19 within 12 weeks 
or COPD exacerbation requiring oral or IV steroids within 3 months

Table 1. Demographic and Clinical 
Characteristics of the ENHANCE Pooled 
Modified Intention-to-Treat Population

ExCOPD의 예방/치료 – (2-2) anti-inflammation

5:3



Subgroup analysis. Forest plot showing HRs of time to first moderate to 
severe exacerbation by model covariate over 24 weeks

ExCOPD의 예방/치료 – (2-2) anti-inflammation

Kaplan-Meier plot showing time to first moderate to 
severe COPD exacerbation over 24 weeks

Eosinophil이 높지 않은 그룹에서 ensifentrine이 하나의 대안이 될 수 있다.



ExCOPD의 예방/치료 – (3) Treatment factors

 X축 = Inspiratory effort (kPa)
환자가 힘주는 정도

 Y축 = Flow rate (L/min)
실제로 기기에서 나오는 유량 → PIF로 측정하는 것 
(환자가 흡입기를 통해 실제로 만들어낸 흡기 유량)

 더 높은 resistance 
= 더 수평에 가까움 (즉 같은 힘에서 flow 상승이 적음)

Parameter Value

Type of inhaler

Ellipta 33 (46%)

Breezhaler 25 (35%)

Turbuhaler 14 (19%)

* Inclusion criteria
1) 72 patients hospitalized for acute 
exacerbation of COPD
2) received DPI therapy as maintenance 
treatment prior to admission

* Exclusion criteria
current diagnoses of asthma, ILD, lung cancer, 
decompensated HF, and pneumonia, as well as 
cognitive impairments

* Peak inspiratory flow meter (PIF)
Optimal : ≥60 L/min
Suboptimal : <60 L/min

Peak inspiratory flow meter
(incheck dial g16)



PIF : 55 L/min → 71.5 L/min
Suboptimal PIF : 38 (52.7%) → 14 (19.4%)

ExCOPD의 예방/치료 – (3) Treatment factors

고령(>70), FEV1<35% 환자는 DPI 비적합 가능성이 높다
이 환자군은 DPI보다 pMDI + spacer 또는 nebulizer가 더 적절할 수 있음

ROC cut-off:
• Age >70
• FVC <73% predicted
• FEV1 <35% predicted
• RV >194% predicted
• RV/TLC >70% 
• DLCO <36% predicted



ExCOPD의 예방/치료 – (4) Comorbidities
• Method
- 3개의 1:1 propensity score-matched 코호트 연구:

SGLT-2i vs DPP-4i (n=27,991)
GLP-1RA vs DPP-4i (n=32,107)
SGLT-2i vs GLP-1RA (n=36,218)

 - 미국 3개 보험청구 데이터베이스(Optum, MarketScan, Medicare)를 사용

• Study population : ≥40yrs, T2DM + active COPD 환자



ExCOPD의 예방/치료 – (4) Comorbidities



ExCOPD의 예방/치료 – (4) Comorbidities

DPP4 inhibitor 보다는 GLP-1Rc agonist 나 SGLT inhibitor가 Moderate to severe exacerbation을 더 감소시키는 경향이 있더라.



Take Home message

1. COPD Exacerbation의 진단 & 예측인자

1) Blood lab : serum IgG – 정상범위라도 낮을수록 COPDEx↑

2) CT images : Airway mucus plug, emphysema - COPDEx↑

3) Pulmonary pressure : High TR gradient - Day alive and out of hospital↓

2. COPD Exacerbation의 원인

1) Infection

2) Eosinophil/systemic inflammation

3) Treatment related factor

4) Comorbidities

3. COPD Exacerbation의 예방 & 치료

1) Infection – Vaccination (RSV, Covid)

2) Eosinophil inflammation – Dupilumab, Mepolizumab, Benralizumab

3) Non eosinophilic inflammation - Ensifentrine

4) Treatment related factor – optimal PIF, 고령(>70), FEV1<35%, RV 증가 환자는 DPI 비적합 가능성

5) Comorbidities – DM control (GLP-1Rc agonist & SGLT inhibitor more favorable than DPP4 inhibitor)



Thank you
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