Pre-COPD : dSubtypes and
Characteristics
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Lung function criteria

e Defined using postbronchodilator spirometry
e PRISM (Preclinical Respiratory Syndrome) : FEV1/FVC = 0.7 and FEV1 < 80% predictea
e GOLD grade 0 : FEV1/FVC = 0.7 and FEV1 = 80% predicted

e Obstruction: FEV1/FVC < 0.7



Early stages of COPD

Pre-COPD
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PFT criteria for COPD

ATS ERS NICE GOLD : integrated criteria
COPD diagnosis: FEV1/ , .
COPD diagnosis: FEV1/FVC FVC <0.7 COPD diagnosis: FEV1/
FVC <0.7AND

<0.75 or below the Perc5 Sx (cough, sputum FEV1 <800
based on age and sex. production, and ’ StageO at risk E 3t At risk aroun AFH] = Atm7

g X =1 (CAT, mMR
FEV1<80% :COPD dyspnea) and smoking : i FE=7 (CAT, mMRC)

L]

1987 1995 1997 2001 2011 2020




COPD at risk

Abandon

COPD at risk in 2001 GOLD guideline
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EARLY STAGE OF COPD



Pre-COPD

Disease burden

mMMRC dyspnea score =2

Smoker stage0

Gas trapping

Emphysema

23%

Smoker having
Normal FEV1/FVC

spirometry. JAMA Intern Med 2015;175:1539-1549.

Normal

0%

43%

Smoker having
FEV1/FVC

Genetic Epidemiology of COPD (COPDGene) Investigators.Clinical and radiologic disease in smokers with normal

10 yr

20.5% COPENHAGEN

CHRONIC
CBSTRUCTIVE
FULMONARY
DISEASE
Copenhagen City Heart Study Group. Association of chronic mucus

hypersecretion with FEV'1 decline and chronic obstructive pulmonary J \’\‘. ,J \‘-, % .’(,‘; ,;‘, :\‘,
disease morbidity. Am J Respir Crit Care Med 1996,153:1530-1535. /“ o . &

Airway wall

thickening

ARIC (Atherosclerosis Risk in Communities) cohort

60% 1
LAARIC

Mortality

HR, 1.6 for death among participants at GOLD
stage 0 as compared with unobstructed
individuals without symptoms

COPDGene

(Orp Casate
ldemiaiony

A. Global Initiative on Obstructive Lung Disease (GOLD) classification of
lung disease and mortality: findings from the Atherosclerosis Risk in
Communities (ARIC) study. Respir Med 2006,100:115-122



Pre-COPD

Symptoms as a Biomarkers of Disease Progression
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Ten-year cumulative incidence of COPD and risk factors for incident disease in a symptomatic cohort. Chest 2005; 127:1544-1552.
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Pre-COPD

Symptoms as a Biomarkers of Disease Progression

Without Chronic bronchitis With Chronic bronchitis

Over 15yrs follow-up

23% 42%

Developed airflow
limitation

Chronic bronchitis before age 50 years predicts incident airflow limitation and mortality risk. Thorax 2009;64:894-900

Additional 4.5ml/yr FEV1

Bronchitis ""—'\\

Sedion th;ougb
carfiloge Foop

3
Clistad lining ol hinnchus

National Survey

46 of Health and
Development

The presence of chronic mucus hypersecretion across adult life in relation to chronic
obstructive pulmonary disease development. Am J Respir Crit Care Med 2016,193:662-672.
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Pre-COPD

Physiologic Measurements as Biomarkers of Disease Progression

e Incident COPD occurred earlier in subjects with low lung function at baseline At Baseline At Baseline
. . . . , , , , e Normal spirometr e Normal spirometr
e the hazard ratio was higher in subjects with low LF at baseline and rapid rate of decline P y P /
e Normal Dlco e Low Dlco
- - . 1! .
108 . . g] 90)- | p<‘]0 4 | p<
106 —— High LF/ND n = 40 Incident COPD = 2 T - i T T
—— High LF/RD n = 63 Incident COPD =3 80+
—— Low LF/ND n = 70 Incident COPD = 3 g 0711 - T 717777777 B P el
;g —— LowLF/RDn=44Incident COPD=10 g 401 ‘ - ‘
O .
= ig 0.07+0.11% 0.14+0.18%
s d .07=0. :
i i
= 30-
A > .
L 20-
10- =
................................................... - 0 [ . I | : | o | v I
First follow-up spirometry Incident Spirometric GOLDII COPD Baseline  Last Baseline  Last Baseline '-_a-‘?t Baseline ngt
visit visit visit visit
Did not develop Developed Did not develop Developed
0 500 1000 1500 COPD [n=57) COPD (n=2] COPD (n=34) COPD (n=10)
The course of lung function in middle-aged heavy smokers: incidence and time of early onset or chronic obstructive pulmonary disease. Risk of COPD with obstruction in active smokers with normal spirometry and reduced diffusion capacity.

Am J Respir Crit Care Med 2018,198:1449-1451 Eur Respir J 2015, 46:1569-1597.



Pre-COPD

Imaging Biomarkers of Disease Progression
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Pre-COPD

Imaging Biomarkers of Disease Progression

Emphysema : LAA %, Perc15 HU
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Pre-COPD

Imaging Biomarkers of Disease Progressi

Table 2. Correlation Between FEV4 and PD15 at Baseline and

Decline in FEV1 and PD15

Subgroup

Correlation Between

FEV1 and PD15
at Baseline

(95% confidence interval)

p-value

Correlation Between

Decline in FEV1
and PD15

(95% confidence interval)

p-value

o DLCST 1178 0.171 (0.115-0.226) <0.001 0.044 (-0.013-0.101) 0.133
ECLIPSE 970 0.433 (0.381-0.483) <0.001 0.111 (0.049-0.173) <0.001
Sex Male 1281 0.735 (0.709-0.759) <0.001 0.098 (0.043-0.152) <0.001
Female 867 0.707 (0.672-0.739) <0.001 0.055 (-0.012-0.121) 0.105
Smoking Former 1033 0.746 (0.718-0.772) <0.001 0.037 (-0.024-0.098) 0.231
Current 1115 0.600 (0.561-0.636) <0.001 0.100 (0.042-0.158) <0.001
No 687 0.056 (-0.019-0.130) <0.1494 -0.061 (-0.139-0.017) 0.127
. ) I 317 0.047 (-0.063-0.157) <0.400 0.094 (-0.019-0.204) 0.105
Spirometric
I 630 0.394 (0.326-0.458) <0.001 0.112 (0.037-0.185) 0.003
GOLD stage
11 406 0.197 (0.101-0.289) <0.001 0.167 (0.070-0.260) <0.001
A% 108 0.099 (-0.091-0.283) <0.306 0.148 (-0.024-0.312) 0.092
All 2148 0.716 (0.694-0.736) <0.001 0.081 (0.038-0.122) <0.001

Correlation between emphysema and lung function in healthy smokers and smokers with COPD. Chronic Obstr Pulm Dis (Miami)

2015,2:204-213.
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Table 3 Results of linear mixed models analysis for the cohort (change
in FEV, per unit change in covariable)

Estimated effects of specified increments in covariables: changes in FEV,; (ml)

Change in FEV,
Increment or per unit change

Covariate comparison  in covariable 95% CI p Value

Study centre Utrecht vs +43.5 —100 to 13.8 0.137
Groningen

Years in study  Plus 1 year —65.6 — 69.4 to —61.6 <0.001

Smoking status  Current vs —186.7 —241.0to —132.2 <0.001
former

Age (years) Plus 1 year —36.2 —41.3 to —31.1 <0.001

Height (cm) Plus 1 cm +38.6 34.7 to 42.7 <0.001

Pack-years Plus 1 year —5.16 —6.62 to —3.68 <0.001

HU 15th Decrease of —4.75 —3.30 to —6.10 <0.001

percentile at CT 1 HU

FEV,, forced expiratory volume in 1s; HU, Hounsfield Unit.

CT-quantified emphysema in male heavy smokers: association with lung function decline.
Thorax 2011,66: 782-787



Pre-COPD

Imaging Biomarkers of Disease Progression

AIR-TRAPPING : < -856 HU on the expiration scan were classified as PRMfSAD (functional small airway disease)

.  normal lung parenchyma (green), functional small airway disease (fSAD; yellow) and emphysema (red)
Baseline 5-year follow-up S

Mf . PRM ISAD > emph: PRM ISAD -> emph:
rev;’,‘:’:&%’.&w 57% fEV)P: p,g'd'?(':,‘é" 30% Baseline fSAD conversion to Follow-up emphysema converted from
FEV1/FVC: 0.41 FEVI/FVC: 0.35 follow-up emphysema baseline fSAD
ISAD: 44%, emphysema: 24% ISAD: 36%, emphysema: 35%

Voxel-wise longitudinal parametric response mapping analysis of chest computed tomography in smokers. Acad Radiol 2019;26: 217-223.



Pre-COPD

Imaging Biomarkers of Disease Progression

AIR-TRAPPING : < -856 HU on the expiration scan were classified as PRMfSAD (functional small airway disease)

000 Effects of PRMfSAD and PRMEmph on DLCO GLI z-score Clinical interpretation for non-obstructed individuals
' —e— PRMfSAD effect
3.0}
-0.02}
2.5}
©
Q —_
E . S PRMfSADZF 10% Z 78t Ik
n — V. i @ ! -
! s20 DLCO % Ol &FX17F 3.1% 24
: :
O _ i = 1.5
2 —0.06 5
5 P
o o 1.0f
£ —0.08} §
0.5}
-0.10}
e PRMfSAD
msm PRMEmph 0.0t

Non-obstructed GOLD 1-2 GOLD 3-4 0 2 4 6 8 10
Increase in PRMfSAD (%)

Relationship between diffusion capacity and small airway abnormality in COPDGene. Respir Res 2019;20:269.



Pre-COPD

Imaging Biomarkers of Disease Progression

Ljzte| Saj|=H 7| EX M EH =

° 7|E§==,|7£'; LH |'_Q| '||7|- 04 7|-T'—|'I|7|'
ZOFHCHE 242 ojn)

o 7IBX|H H|Z A5 MRSt TP

Lirear Regression of sqrt(Wall Araa) ve Lumen Perimeter

17|15 7F - Lo E8|= 7| = JHerR = e T

i

,.
N

Root of Wall Area (sqrt{A))
=)

o0

Pi10

™

Square

1S9

® 3sa measurement of airway wall thickness.

o & FH QLI =2 AfO|S] EAIE Halsty| floll 8 BHO| g MeZ2 2= Het

o (4 OIE K= ChEo| 7|5kEHE E A0 ni2t 2

- - - -1

X 4
o LHZIO| SR|7HOmmYUTY HHA HZ2 : 7| 2K | SHS Y| | DE7}
A

e Zt0| 2E airway wall thickness 57t

» Quter radius (OR)

: .-' Ratio of wall thickness and outer radius

7" (T/OR)

Internal perimeter (Pi)




Pre-COPD

Imaging Biomarkers of Disease Progression

e alarger FEV1 decline or will develop airflow

Covariable Increment or Changes in FEV1 after 95% CI p-value mitati
comparison follow-up per unit imitation.

change in covariable p e Pi10 (standized wall thickness)
Years in study o1 year a8 mL —60-—14 0.001 Development of airflow limitation
Baseline FEV1 —10mL —-8.8 mL —-8.6--9.0  <0.001 * both emphysema and airway wall thickness are
Smoking status Current versus former -85 mL -77--33 <(0.001 independently associated with a lower FEV1 after
Age years +1 year -5 mL -7--3 <(0.001 3 foll od
Height cm +1 cm +3 mL 1-5 0.006 dl dVETage S-ycar ToTow-Up perio
Pack-years +10 pack-years -10 mL -15--5 <(0.001
Pito mm +1 mm ~34 mL —56--12 0.002 A Hthick o with forced exiratory volume in 1 d decline and
Percis Hounsfield Units 10 Hounsfield Units lower ~10 mL ~15--5 0.006 B A

development of airflow limitation. Eur RespirJ 2015,45:644-65

Pi10: square root of wall area of a 10-mm lumen perimeter; Percis: 15th percentile method.

Annual Change in FEV,* (ml) Incident COPD" CLRD Hospitalization/Mortality*
{n = 1,830) (n=1,717) Cases {n = 6,029) Events (n =84 [1.4%))
. . {n =40 [2.3%)])
e early changes in airway morphology predict
: : : : Model! B per SDS (95% Cl) P Val OR per SD® (95% Cl) P Val HR per SDS (95% ClI P Val
e risk of chronic lower respiratory disease and that piﬁ’ofsequemiah per SD* {95% Cl) alue per SD { ) ue per SD* (35% C1) ue
i i adjustment
P10 and other CT measures of large airway Unadjusted ~2.46 (—4.32,0.60)  0.010 1.49 (1.11, 2.01) 0009  1.33(1.17, 1.52) <0.001
dimensions at 5-year follow-up Partially adjusted —-2.45 (—4.26, —0.64) 0.008 1.71 (1.24, 2.35) 0.001 1.30 (1.13, 1.50) <0.001
Fully adjusted ~2.47 (—4.28, —0.66)  0.008 1.87 (1.26, 2.78) 0.002 1.38 (1.20, 1.80) <0.001
Genetic risk adjusted ~-2.66 (—4.54, —0.79)  0.005 2.21.(1.47,.3.33) <0.001 1.41.(1.22,.1.63) <0.001
FEV; adjusted -2.45 (—-4.36, —0.55)  0.0118 2.22 (1.43, 3.45) <0.001 1.57 (1.00, 2.45) 0.0496
Prognostic significance of large airway dimensions on computed tomography in the Directly measured airway
general population: the Multi-Ethnic Study of Atherosclerosis (MESA) lung study. Ann gg}‘é}:ﬁ‘s’ fully
Am Thorac Soc 2018;15:718-727. Lumen diameter —0.58 (—2.64, 1.48) 0.582 0.37 (0.25, 0.56) <0.001 0.75 (0.59, 0.96) 0.023
AWT —1.95 (—3.98, 0.07) 0.059 1.97 (1.25, 3.10) 0.004 1.34 (1.01, 1.78) 0.040




Pre-COPD

Patterns of Progression: Lung Function Trajectories

e Mean declinein FEV1 : 23ml/yr

e Mean decline in FEV1 : 53ml/yr

A Trajectory 1: FEV, 280% at Baseline and No COPD
at Final Examination

B Trajectory 2: FEV, <80% at Baseline and No COPD
at Final Examination

25+ 25+
20- 20 -
3 X
g 154 g 15-
& 3]
‘G 10 % 10+
g 3
& 54 £ -
0 T T 1 0+ I 1
-100 -50 0 50 100 150 -100 =50 0 50 100 150
Decline in FEV; (ml/yr) Decline in FEV; (mlfyr)
C Trajectory 3: FEV, >80% at Baseline and COPD D Trajectory 4: FEV, <80% at Baseline and COPD
at Final Examination at Final Examination
254 25
20 20
g g
a b w157
< .
g %
G 10- ‘5 104
€ T
9 g
- 5- & 5-
0 T T 0 |
-1CC -30 0 30 10C 150 -100 -30 C 30 100 150

Decline in FEY; (ml/fyr)

Decline in FEV; (mlfyr)

Lung-function trajectories leading to chronic obstructive pulmonary disease. N Engl J Med 2015,373:111-122.

e Mean decline in FEV1 : 2ml/yr

e Mean decline in FEV1 : 27ml/yr



Pre-COPD

Patterns of Progression: Lung Function Trajectories
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Pre-COPD

From GOLD Stage 0 to Pre-COPD

Pre-COPD

radiographic
abnormalities

CT emphysema
Small airway abnormalities

Large airway abnormalities

physiologic

Respiratory abnormalities
Ssymptoms Low DLCO
Cough with sputum production @ Hyperinflation
Dyspnea 4:% Small airways obstruction
Exacerbation Accelerated FEV1 decline

GOLD stage 0



Pre-COPD

Key Takeaways

e Current COPD Definition  |mportance of Recognizing Pre-COPD
® |t may not capture early disease abnormalities. e Symptoms in pre-COPD and NOCB are significant.
o Sensitivity Issues: Early-stage COPD may not show reduced FEV1/ * Recognizing these conditions can lead to better patient outcomes.
FVC ratio.

e Biomarkersin Pre-COPD

o (T:

* |ntroduction of Pre-COPD
e small airway disease and early emphysema detection

e Pre-COPD refers to individuals without airflow obstruction
detectable by spirometry but at risk of developing COPD. * Airway wall thickening and gas trapping

e Earlyidentification is crucial for disease management and e PFT:Dlco
prevention.






Multi-faced assessment for diagnosis

O —_—
o1 AbE 7}
e Sx assessment

e Risk factor
identification :
smoking,
environment

PFT

e Spirometry
e Lung Volume : TLC,RV

e Diffusion capacity : Dlco

0

CT image

o GO X2 7| HH,
7|5, 7|E £F He}

T W51E 2K

=7| 1
=
o
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Biomarker

e Blood test: Eosinophil, CRP,
fibrinogen, inflammatory
markers

e Exhaled breath analysis: FENO

e GGenetic test : genetic
predispositions, polymorphisms

Advanced Tools:

e BFS : airway, tissue biopsy

e Sputum analysis : for
inflammatory cells, pathogens



Clinical assessment
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sSymptom phenotypes ot COPD



ARIC (Atherosclerosis Risk in Col

LAARIC

HR, 1.6 for death among par

GOLD stage 0 as compared with
unobstructed individuals without symptoms

A. Global Initiative on Obstructive Lung Disease (GOLD) classification of lung disease and mortality: findings from
the Atherosclerosis Risk in Communities (ARIC) study. Respir Med 2006,;100:115-122




