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Definition of COPD



Challenges with current definition of COPD



COPD is not one disease



Airway narrowing is an important early marker of smoking-related lung
injury
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Decreasing numbers of small airways on CT with increasing
severity of COPD
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The myth of the “healthy smoker”



Approaches to emphysema quantification



Quantitative phenotyping: emphysema

PERC 15



Correlation between emphysema index (threshold -950) and
morphometric extent of emphysema



Quantitative phenotyping: emphysema




Obstructive small airways disease in COPD

Inspiration Expiration




Expiratory air trapping



Quantitative phenotyping: air trapping




Parametric response mapping




QCT identification of COPD in lung cancer screening scans



Inflammatory small airways disease in COPD:
Respiratory bronchiolitis




Texture-based detection of centrilobular nodules

Ginsburg et al. Acad Radiol 2016; 23:1349-1358



Quantitative phenotyping:
Larger airways (bronchi)




Airway parameters
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Prediction of COPD: ROC analysis

ROC analysis for prediction of
COPD

Base model includes

Age

Gender

BMI

pack years
smoking status
TLC

LAA%-950

Base model AUC= 0.85
Model with Pi1l0 AUC=0.91
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J-P Charbonnier: manuscript in progress



CANCold study: Decreasing total airway count with
increasing severity of COPD



CANCold study: Multivariable Regression Model for FEV1/FVC

Parameter Standardized
Estimate

LAAse [ <0.0001
0.20 <0.0001

Total airway count 0.40 <0.0001

-0.02 0.48

Inner Area 0.08 0.009



Radiology 2015; 277: 192-205



Visual scoring of emphysema



Distribution of visual emphysema grades in COPDGene (n=3156)

N Total (%)

No emphysema 1080 (34%)

Trace CLE 541 (17%)

Mild CLE 580 (18%)

Moderate CLE 478 (15%)

Confluent CLE 337 (11%)

Advanced 140 (4%)
destructive CLE




Emphysema grade vs death rate

N Total (%)

No emphysema 1080 (34%) 70 (6%)

Trace CLE 541 (17%) 52 (10%)

Mild CLE 580 (18%) 79 (14%)

Moderate CLE 478 (15%) 99 (21%)

Confluent CLE 337 (11%) 143 (42%)

Advanced 140 (4%) 51 (36%)
destructive CLE




Emphysema grade vs survival:
base model*

N Total (%) Hazard 95% Confidence P Value
Ratio Interval

Vol s meel 1080 (34%) 70 (6%) Reference
(44 541(17%)  52(10%)  1.40 097  2.03  0.0733
VST 580(18%) 79 (14%)  1.78 136 235 <0001
VLl eis 478(15%) 99 (21%)  2.58 175  3.81 <0001
CU0ieid 337(11%) 143 (42%)  5.52 407 749 <0001
Advanced 140 (4%) 51 (36%) 4.36 256  7.44 <0001
destructive CLE




Emphysema grade vs survival:
model with LAA-950*

N Total (%) Hazard 95% Confidence P Value
Ratio Interval

Vol s meel 1080 (34%) 70 (6%) Reference
Trace CLE 541 (17%) 52 (10%)  1.38 0.95 2.01 0.09
Mild CLE 580 (18%) 79 (14%)  1.69 1.27 2.24 0.0003
Moderate CLE 478 (15%) 99 (21%)  2.10 1.39 3.15 0.0004
Confluent CLE 337 (11%) 143 (42%)  3.23 2.20 4.75 <.0001
Advanced 140 (4%) 51(36%)  1.96 1.07 3.58 0.03
destructive CLE
%LAA-950 1.03 1.02 1.04 <.0001




Emphysema grade vs survival:
model with LAA-950 and FEV1

N Total (%) Hazard 95% Confidence P Value
Ratio Interval

Ve Feger 1080 (34%) 70 (6%) Reference

(UG 541(17%)  52(10%) 122 085 175 0.28

VST 580(18%) 79 (14%) 138 104 182 0.02

VLSS 478 (15%) 99 (21%) 146 097  2.19 0.07

SO 337(11%) 143 (42%) 225 154 327  <.0001
Advanced 140 (4%) 51 (36%)

, 150 081 277 0.20

destructive CLE
AL 1.01 1 102 0045

FEV1 0.45 038 055  <.0001




Emphysema Subtypes by Local Histogram Analysis







Longitudinal change in lung density:
EXACTLE study of Alpha-1 antitrypsin deficiency



Longitudinal change in lung density:
RAPID study of Alpha-1 antitrypsin deficiency



Longitudinal change: ECLIPSE study

e N=1928
e Mean annual decline
-1.13 g/L

* Progression is greater in;
— Current smokers
— Women




COPDGene:
Longitudinal change in emphysema parameters

I COPD
el os%C

Lung Vol (L)
0.05 -0.02,0.11

Log(LAA-950%)
0.13** 0.05,0.22

MLD (HU)
-1.81 -3.98, 0.36

Volume-adjusted
density (g/L) -3.97** -5.20,-2.73



COPDGene:
Longitudinal change in emphysema parameters

COPD No COPD

Measurement Value 95% ClI Value 95% Cl
Lung Vol (L)

-0.02,0.11 0.07* 0.02,0.13

Log(LAA-950%)
0.13** 0.05, 0.22 No fit

MLD (HU)

-1.81 -3.98, 0.36 -3.73**  -593,-1.54
Percl5 (HU)

-3.41** -5.04, -1.78 -2.38* -3.88, -0.87

Volume-adjusted
density (g/L) -3.97** -5.20,-2.73 -1.49**  -2.36,-0.62



Longitudinal change in adjusted lung density

| WithoutFEVlinmodel |
GOLD stage Value 95% ClI P
w -2.96 -5.03, -0.90 0.005
_ -1.06 -2.02,-0.10 0.03
-3.16 -5.64, -0.69 0.01
- -3.31 -4.97,-1.65 <.0001
- -3.64 -6.05, -1.24 0.003
- -7.58 -11.81,-3.34  0.0006




Longitudinal change in adjusted lung density

| WithoutFEVlinmodel | WithFEVlin model
GOLD stage Value 95% Cl P Value 95% ClI P
“ -2.96 -5.03, -0.90 0.005 -2.94 -5.02,-0.87  0.006
_ -1.06 -2.02,-0.10 0.03 -1.02 -1.98, -0.06 0.03
-3.16 -5.64, -0.69 0.01 -2.82 -5.36, -0.28 0.03
- -3.31 -4.97,-1.65 <.0001  -2.58 -4.24,-0.92  0.002
- -3.64 -6.05, -1.24 0.003 -3.21 -5.59,-0.82  0.009
_ -7.58 -11.81,-3.34 0.0006 -7.46  -11.70,-3.22 0.0008




Change in Pi10 according to smoking status

0.30
0.25
0.20
0.15
0.10

never smoker controls
0.05

B persistent former smokers
0.00

o0s B persistent current smokers

0.10 B quit smoking after phase 1

-0.15 O started smoking after

phase 1

-0.20



Limitations of quantitative imaging



Quantitative Imaging Biomarkers Alliance:
Standardizing measurement of emphysema progression




Standardized Phantom: COPDGene

Original COPDGene phantom COPDGene Phantom with
NIST-Calibrated foams



Standardized Phantom: COPDGene




Perc 15: Meta-analysis of Reproducibility Studies
Forest plots of repeatability coefficient

Before Volume Adjustment After Volume Adjustment
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Courtesy: Sean Fain, PhD, Heather Chen-Meyer, PhD



Bland-Altman: Typical Result
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Conclusions of Meta-Analysis



Claims: Formal Statement

Without volume adjustment

With volume adjustment



These claims hold when:



Summary
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