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Goals for COPD treatment

Relieve symptoms 

Improve exercise tolerance 

Improve health status 

Prevent disease progression 

Prevent and Treat exacerbations

Reduce mortality 

REDUCE SYMPTOMS

REDUCE RISK

Outcomes of clinical trials: Lung function, exacerbation, mortality, PRO



Effects of intervention on disease progression 

David M.G.Halpin et al. COPD:J of COPD; 2009: 6: 211-225.



Key markers of disease modification in COPD

David M.G.Halpin et al. COPD:J of COPD; 2009: 6: 211-225.

Outcome measures Method Outcome measures Method

Pathophysiologic Patient-centered outcomes

Macrophages, neutrophils,  CD4+ 
and CD8+, lymphocytes

BAL, endobronchial Bx. Dyspnea
Baseline dyspnea index, 
TDI

Airway structural components Transbronchial Bx. Exercise capacity 6MWD

Cytokines, chemokines Induced sputum Health-related quality of life SGRQ-c

NO, CO, Volatile hydrocarbons Exhaled air Exacerbations Patient/physician report

Oxidative products, leukotrienes, 
cytokines, and pH

EBC Mortality 

IL6, IL8, TNF-α, CRP Plasma/serum sampling Mortality rate Physician report 

Physiologic

FEV1 Spirometry 



Natural history of lung function decline & smoking  

Fletcher C, Peto R. BMJ. 1977; 1: 1645-1648.
Scanlon PD et al. Am J Respir Crit Care Med 2000; 161: 381-390.

Smoking cessation ⇒ decrease the rate of lung function decline 

Physiologic marker



Pharmacological intervention in TORCH study 

Peter M.A. Calverley et al. N Engl J Med 2007;356:775-89.
Celli BR et al. Am J Respir Crit Care Med 2008; 178: 332-338. 

▪ Randomized, double-blind trial comparing salmeterol at a dose of 50 μg plus fluticasone propionate at a dose of 500 μg twice daily (combination 

regimen), administered with a single inhaler, with placebo, salmeterol alone, or fluticasone propionate alone for a period of 3 years. 

▪ 40-80 yrs, at least 10yrs smoking history, FEV1 < 60% pred. 

▪ The primary outcome was death from any cause for the comparison between the combination regimen and placebo

▪ The frequency of exacerbations, health status, and spirometric values were also assessed

-39mL/yr, p <0.001

-42mL/yr, p = 0.003

-42mL/yr, p = 0.003

-55mL/yr

Physiologic marker



Lung function change after 4-year tiotropium 
▪ Randomized, double-blind trial, compare 4 years of therapy with either tiotropium or placebo in patients with COPD who were permitted to use all 

respiratory medications except inhaled anticholinergic drugs. 

▪ The patients were at least 40 yrs, with FEV1 < 70%, post BD FEV1/FVC < 70%

▪ Coprimary end points were the rate of decline in the mean FEV1 before and after bronchodilation beginning on day 30. Secondary end points included 
measures of FVC, changes in response on St. George’s Respiratory Questionnaire (SGRQ), exacerbations of COPD, and mortality.

Tashkin DP et al. N Engl J Med 2008;359:1543-54

30±1 mL/yr

30±1 mL/yr

p = 0.95

40±1 mL/yr

42±1 mL/yr

p = 0.21

Physiologic marker



Pharmacotherapy and lung function decline from systematic 
review 
• Systematic review of placebo-controlled pharmacological trials lasting >1 year to address the question of whether therapy alters FEV1 

decline

• 33,051 patients in the analysis (active component, n = 21,941; placebo, n = 11,110 in nine studies)

Celli BR et al. Am J Respir Crit Care Med 2020; 203(6): 689-698.



Celli BR et al. Am J Respir Crit Care Med 2020; 203(6): 689-698.

Physiologic marker



1yr with tiotropium and dyspnea improvement
▪ Two identical randomized double-blind placebo-controlled 1-yr studies. Patients inhaled tiotropium 18 mg or placebo.

▪ The primary spirometric outcome was trough FEV1 (i.e. FEV1 prior to dosing). Changes in dyspnoea were measured using the Transition 
Dyspnea Index, and health status with the disease-specific St. George9s Respiratory Questionnaire and the generic Short Form 36.

PRO marker

Casaburi R et al. Eur Respir J 2002; 19: 217-224.

Tiotropium

Placebo

P <0.001



Improvement in exercise performance with tiotropium
▪ A randomized, double-blind, placebo-controlled, parallel group study

▪ 261 COPD patients (189 men and 72 women)

▪ To address whether administration of tiotropium in the early morning will provide sustained improvements in exercise tolerance 
throughout the period of the day

PRO marker

Maltais F et al. Chest 2005; 128:1168-1178.



Improvement in exercise tolerance with combination of 
tiotropium and pulmonary rehabilitation

▪ Randomized, double-blind, placebo-controlled trial (tiotropium, 18 µg qd, n =47; placebo, n=44) in COPD patients for 8 weeks 
of PR(treadmill training three times a week; > 30 min per session) at 17 sites

▪ Study drug was administered 5 weeks prior to, 8 weeks during, and 12 weeks following PR.

▪ The primary end point was treadmill walking (0% incline) endurance time at 80% of maximum speed attained in an initial 
incremental test. 

▪ The transition dyspnea index (TDI), St. George’s respiratory question-naire (SGRQ), and rescue albuterol use were secondary 
end points.

PRO marker

CasaBuri R et al. Chest 2005; 127:809-817.



PRO marker

CasaBuri R et al. Chest 2005; 127:809-817.



Change of HRQoL and therapeutic intervention

▪ Correlations between decline in HRQoL and other aspects of COPD, such as exacerbations, FEV1 decline, and mortality.

▪ Data from the ISOLDE (Inhaled Steroids in Obstructive Lung Disease) trial 

▪ SGRQ total scores in pts with moderate to severe COPD treated with fluticasone propionate 500 μg twice daily took longer 
to deteriorate by 4 points (the minimum clinically important difference) than patients treated with placebo (24 months 
versus 15 months)

PRO marker

David M.G.Halpin et al. COPD:J of COPD; 2009: 6: 211-225.
Spencer S et al. Am J Respir Crit Care Med 2001; 163: 122-128.



PRO marker

▪ Randomized, double-blind trial comparing salmeterol at a dose of 50 μg plus fluticasone propionate at a dose of 500 μg twice daily (combination 

regimen), administered with a single inhaler, with placebo, salmeterol alone, or fluticasone propionate alone for a period of 3 years. 

▪ 40-80 yrs, at least 10yrs smoking history, FEV1 < 60% pred. 

▪ The primary outcome was death from any cause for the comparison between the combination regimen and placebo

▪ The frequency of exacerbations, health status, and spirometric values were also assessed

Peter M.A. Calverley et al. N Engl J Med 2007;356:775-89.
Celli BR et al. Am J Respir Crit Care Med 2008; 178: 332-338. 

Pharmacological intervention in TORCH study 



Impact of exacerbations on deterioration of health status

▪ Randomised, double-blind, placebo-controlled, parallel-group design and was conducted in 18 hospitals in the UK (ISOLDE study)

▪ To test whether the effect of FP on health status was attributable to its effect on exacerbations

PRO marker

Spencer S et al. Eur Respir J 2004; 23: 698-702.



PRO marker

Spencer S et al. Eur Respir J 2004; 23: 698-702.



Death: ultimate consequence of disease progression

Mortaliy

David M.G.Halpin et al. COPD:J of COPD; 2009: 6: 211-225.

Intervention

- Behavioral

- Drugs

- Mechanical 

- Surgical 

▪ Lung function 

▪ Symptoms

▪ Exacerbations

▪ Functional status

▪ Cardiac Status

▪ Co-morbidities

▪ Others..

Death



Pharmacotherapy and survival in COPD 
PRO marker

▪ Randomized, double-blind trial comparing salmeterol at a dose of 50 μg plus fluticasone propionate at a dose of 500 μg twice daily (combination 

regimen), administered with a single inhaler, with placebo, salmeterol alone, or fluticasone propionate alone for a period of 3 years. 

▪ 40-80 yrs, at least 10yrs smoking history, FEV1 < 60% pred. 

▪ The primary outcome was death from any cause for the comparison between the combination regimen and placebo

▪ There were 875 deaths within 3 years after randomization; combination therapy group (12.6%), placebo group (15.2%), salmeterol group (13.5%), 
and fluticasone group (16.0%).

Peter M.A. Calverley et al. N Engl J Med 2007;356:775-89.

P= 0.007



Mortality from the UPLIFT trial

PRO marker

▪ Randomized, double-blind trial, compare 4 years of therapy with either tiotropium or placebo in patients with COPD who were permitted to use all 
respiratory medications except inhaled anticholinergic drugs. 

▪ The patients were at least 40 yrs, with FEV1 < 70%, post BD FEV1/FVC < 70%

▪ Coprimary end points were the rate of decline in the mean FEV1 before and after bronchodilation beginning on day 30. Secondary end points included 
measures of FVC, changes in response on St. George’s Respiratory Questionnaire (SGRQ), exacerbations of COPD, and mortality.

Tashkin DP et al. N Engl J Med 2008;359:1543-54



Clinically important deterioration (CID)

▪ MCIDs are usually derived by one of two approaches: distribution- and anchor-based. 

▪ Distribution-based methods use the frequency distribution of observed events, and 0.5 SD and 1 

SEM have been suggested as MCIDs, indicates a statistical difference, but this may not be 

perceivable by a patient or clinician.

▪ Anchor-based methods examine the relationship between scores on the assessment instrument 

and other measures of impaired health (the anchors).

CID

Mario Cazzola et al. Respiratory Medicine 2022; 205: 107054.



Mario Cazzola et al. Respiratory Medicine 2022; 205: 107054.



Clinically important deterioration (CID)

▪ Clinically important deterioration (CID)

- a composite tool that was developed to measure the progression of COPD

- used to assess the early deterioration of acute worsening of COPD symptoms 

necessitating additional treatment       

- changes from baseline of FEV1 ≥100 mL

- increase in total SGRQ score ≥4 units, increase in CAT score ≥2 units

- a moderate/severe exacerbation 

CID

Paul W Jones et al. Am J Respir Crit Care 2014; 198: 250-255.



Prevention of CID in COPD with dual bronchodilator

▪ Post hoc analysis of two 24-week, Phase III, multicenter, randomized, double-blind, 

parallel-group trials comparing UMEC/VI 62.5/25µg with UMEC 62.5 µg, VI 25 µg, or 

placebo (Study A; NCT01313650), or UMEC/VI 62.5/25 µg with tiotropium (TIO) 18 µg

▪ Deterioration was assessed through CID of FEV1 decline, SGRQ score, and exacerbation. 

Singh D et al. Int J Chron Obstruct Pulmon Dis 2016; 11: 1413-24.



Singh D et al. Int J Chron Obstruct Pulmon Dis 2016; 11: 1413-24.



Prognostic value of CID in COPD: IMPACT trial

▪ Phase III, double-blind, 52-week, multicentre trial. 

▪ Pts with symptomatic COPD and at least one moderate/severe exacerbation in the prior year were 

randomized 2:2:1 to fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) 100/62.5/25μg, 

FF/VI 100/25 μg or UMEC/VI 62.5/25 μg.

▪ Investigate the prognostic value of a CID event on future clinical outcomes and the effect of single-

inhaler triple versus dual therapy on reducing CID risk in patients in the IMPACT trial.

M.K.Han et al. ERJ Open Res 2021; 7: 00663-2020.

CID



M.K.Han et al. ERJ Open Res 2021; 7: 00663-2020.



M.K.Han et al. ERJ Open Res 2021; 7: 00663-2020.

Three-component definition (+SGRQ) Three-component definition (+CAT)

Exacerbation component only



The same in everyday practice as the RCT ?

▪ CRYSTAL was a 12-week, prospective, multicenter, randomized, open-label study conducted in clinical practice settings. 

▪ Of the 2,159 patients analyzed, 1,622 switched to IND/GLY and 537 continued their baseline treatments. 

▪ Three definitions of CID were used as FEV1 decline, TDI and/or CCQ and exacerbation. 

CID

T. Greulich et al. Int J Chronic Obstr Pulm Dis 2018; 13: 1229-12373



T. Greulich et al. Int J Chronic Obstr Pulm Dis 2018; 13: 1229-12373

IND/GLY vs. LABA or LAMA 

IND/GLY vs. LABA + ICS 



CID and adding ICS in COPD based on eosinophil
▪ Post-hoc analysis of four budesonide/formoterol (BUD/FORM) studies  (SUN, SHINE, US3, RISE) comprised 3576 symptomatic moderate-

to-very-severe COPD patients with a history of exacerbation. 

▪ Examine the performance and utility of CID in assessing the effect of inhaled corticosteroids (ICS) in COPD.

CID

M. Bafaddel et al. Respiratory Research 2020; 21: 17.



M. Bafaddel et al. Respiratory Research 2020; 21: 17.



M. Bafaddel et al. Respiratory Research 2020; 21: 17.



M. Bafaddel et al. Respiratory Research 2020; 21: 17.



Limitations of CID evaluation 

CID

T Ishii et al. Int J Chronic Obstruct Pulm Dis 2018; 13: 3459-3471. 

▪ PubMed searches to identify original research articles that were published up to May 15, 2017, using the search terms “COPD” 
AND “Japan” AND “exacerbation”. 

▪ Finally, the full text of these 50 papers identified a total of 14 studies that met the following criteria



One year CID and long term clinical course in Japan

CID

Y Abe et al. BMC Pulm Med 2021; 21: 159. 

▪ Among Japanese COPD pts in the Hokkaido COPD cohort study, 259 patients who did not drop out within the first year were 
analyzed in this study. 

▪ Two definitions of CID were used. Definition 1 comprised FEV1 ≥ 100 mL decrease, SGRQ≥ 4-unit increase from baseline, or 
moderate or severe exacerbation. For Definition 2, the thresholds for the FEV1 and SGRQ score components were doubled.



Y Abe et al. BMC Pulm Med 2021; 21: 159. 

Definition 1



Y Abe et al. BMC Pulm Med 2021; 21: 159. 

Definition 2



Future RCT for newly concept of COPD

• Early COPD

: “early” means “near the beginning of a process”

Biological “early” related to the initial mechanisms that eventually lead to COPD 

• Mild COPD

: “mild” should not be used to identify “early” COPD

only describe the severity of airflow obstruction measured spirometrically

• COPD in young people → Young COPD

: “Young COPD” for those patients included in the 20-50 years age range

Associated with significant structural and functional lung abnormalities.

• Pre-COPD

: People who have respiratory symptoms with or without detectable structural

and/or functional abnormality,  in the absence of airflow limitation. 

Global Initiative for Chronic Obstructive Lung Disease. Updated 2022 & 2023



Importance of early diagnosis in COPD

Daiana Stolz et al. Lancet 2022; 400: 921-72.



Quantification of small airways 

Koo HK et al. Lancet Respir Med 2018; 6: 591-602.



Koo HK et al. Lancet Respir Med 2018; 6: 591-602.

Destruction and loss of the terminal and transitional bronchioles before a decline in lung 

function is observed, even in the absence of emphysematous destruction.



Summary

▪ Outcomes of clinical trials of COPD are lung function, exacerbation, PRO, and mortality. 

▪ Endpoints of clinical trials are associated with disease modifications.

▪ Clinically important deterioration (CID) is  a composite tool that was developed to measure the 

progression of COPD. It was used to assess the early deterioration of acute worsening of COPD 

symptoms necessitating additional treatment.      

▪ Many clinical trials shows a good prognostic value of CID in treatment effect. 

▪ The universal application along all ethnic populations is still not determined. 

▪ Future action for finding the appropriate biomarkers of early COPD
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