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Chronic Obstructive Pulmonary Disease (COPD)

� It is predicted by the World Health 
Organization to become the third most 
common cause of death and the fifth most 
common cause of disability in the world by 
2020

� In the European Union, accounts for 56% of 
the costs of respiratory disease

� Diagnosed by spirometry with or without a 
bronchodilator (FEV) and questionnaires 
regarding respiratory symptoms

� ~90% of cases are smokers

http://www.goldcopd.org/
Buist, S. Smoking and other risk factors.  (Philadelphia: WB Saunders, 1988).
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COPD – Symptoms
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• constant cough 
• mucus from the lungs

• constant cough 
• lot of sputum 
• shortness of breath (especially during exercise)

•frequent exacerbations
•shortness of breath

• continuous cough
• severe  shortness of  breath
• severe heart problems

GOLD 1
Mild COPD

GOLD 2
Moderate COPD

GOLD 3
Severe COPD

GOLD 4
Very severe COPD

Symptoms can be treated with long-acting bronchodilators and inhaled glucocorticosteroids; 
do not prevent the long-term decline in lung function

http://www.goldcopd.org/
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COPD – Nature Outlook September 2012
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Need For COPD Diagnosis Tools

� Many patients are not diagnosed – COPD awareness is still relatively low

� Symptoms resemble asthma symptoms, but asthma treatments do not work

� Symptoms may partly be attributed to ageing

� Current diagnosis tools (spirometry and questionnaire) are not 100% reliable

� Early diagnosis not (yet) really possible

Willyard, C. Diagnosis: To catch a killer. Nature 489, S8-9 (2012).
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COPD-Heterogeneous Lung Disease and Related Gene Signatures

Small airway obstruction

Chronic bronchitis: inflammation of large airway

Emphysema: destruction of the alveoli

Notch 1 and canonical Wnt b-Catenin 2 pathway pathways affected in small airway brushing from 
COPD patients

“a number of genes the expression level of which tightly correlates with the physiologic severity 
and phenotypic expression of emphysema” 3

1. Tilley, A. E. et al. Down-regulation of the notch pathway in human airway epithelium in association with smoking and chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 179, 457-466, (2009).
2. Wang, R. et al. Down-regulation of the canonical Wnt beta-catenin pathway in the airway epithelium of healthy smokers and smokers with COPD. 
PLoS One 6, e14793, (2011).
3. Spira, A. et al. Gene expression profiling of human lung tissue from smokers with severe emphysema. Am J Respir Cell Mol Biol 31, 601-610, (2004).
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Challenge Set-up and Limitations

Majority of available COPD training datasets are from small airway*

Public large airway datasets* available only for healthy smoker and non smokers

Possible COPD test sets only available from large airway

Dataset Control Non-smokers Control Smokers COPD

GSE10006 13 18 12

GSE11784 47 58 20

GSE11906 35 63 18

GSE5058 12 12 8

GSE8545 18 18 18

Dataset
Control Non-

smokers
Control Smokers

GSE5057, GSE5059 9 11

GSE10006 9 20

GSE10135 55 37

GSE11906 21 32

* Lists are not exhaustive
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Identify COPD signature in the small airway (training 
set)

Large airway smoker vs. non-smoker datasets may 
give clues to 
1.Differences between small and large airways
2.Smoking-specific changes in the larger airway

Predict subject phenotype based on large airway data

COPD Challenge
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COPD Challenge – Test Dataset

Dataset licensed from GeneLogic (http://www.genelogic.com/)

40 CEL files: 16 control and 24 COPD individuals

Large airway brushings from control and COPD subjects 
COPD diagnosis based on spirometry tests and a respiratory symptoms questionnaire, 

according to GOLD practices

Additional information included age, gender, and comorbidities
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Outline

� Participation

� Unsupervised analysis of the test set

� Overview of predictions

� Comparisons with random predictions

� Robustness of Ranking

� Final results
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Most teams that participated in the COPD challenge also 
participated in all the other sub-challenges

The challenge prize was to be awarded to the teams that participated in all challenges.
This encouragement to participate in all challenges proved effective.

all                 COPD           COPD COPD COPD COPD COPD
LC                 LC LC MSD              Psoriasis
Psoriasis       MSD             MSS     Psoriasis

Psoriasis       Psoriasis
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Batch effects were not a confounding factor in the COPD sub-challenge

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

COPD
Control

Microarray scan date

Unsupervised clustering of the test set using PCA

No obvious clusters emerge after unsupervised 
PCA clustering.

Although the COPD microarrays were in general 
scanned later, the resulting gene expression values 
are pretty well mixed.

Before January 2006
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Overview of predictions

Case

Control

Belief is color coded

• Most teams did a poor job at classifying COPD cases from Controls. However, a few 
teams have good predictions, significantly better than random.

• Few systematic patient misclassification were observed.
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Comparison of performance with random predictions:
The “absolute” null hypothesis

5.3x10-5, 7.1x10-4

2.3x10-5, 4.6x10-4

4.4x10-8, 1.8x10-6 1.3x10-7, 5.2x10-6

1.4x10-4 , 0.0028

1.6x10-3, 0.0213

A few teams performed very well with respect to the null hypothesis of random predictions
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Robustness of ranking: bootstrapping the gold-standard

P-values were computed using the rank-sum Wilcoxon test for the ranks obtained 
by the teams in different bootstrapping realizations of the gold-standard.

P-val=1.8x10-6

P-val=8.7x10-4

• The ranking of the top 3 performers is robust with respect to the composition of the 
Gold Standard.

• The ranks of the participants with medium performance depend more on the specific 
composition of the Gold Standard.
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Aggregation of results: The Wisdom of Crowds

Average rank and average 
belief aggregation

Unsupervised PCA analysis of 
teams’ predictions

Aggregation of the top performers 
shows little improvement in performance 
when compared to the 1st ranked team.

The collective predictions have poor 
predictive power.

Random
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No normalization method conferred an added advantage

• Participants used the typical normalization methods such as MAS5.0 (37%) , RMA 
(49%) and GCRMA (14%).

• No advantage was conferred by the use of any of these normalization methods.
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No classification method conferred an added advantage

• The most used classification methods after feature selection were SVM, Logistic 
Regression and Random Forest methods.

• No specific advantage was conferred by the use of any of these classification 
methods.
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Final Ranking
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Best performing team in the COPD IMPROVER Sub-Challenge

Team: RGLM2
Team Members: Steve Horvath & Lin Song 
Institution: University of California, Los Angeles


