Phenotype of COPD
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A brief history

* Hippocrates (460B.C.-370B.C.) Asthma
* 1679 Theophile Bonet (1620-1689)

— Description of ‘voluminous lungs'’

« 1769 Giovanni Morgagni — 19 cases of ‘turgid’

lungs



« 1784 Dr. Samuel Johnson died of asthma

« 1793 Matthew Ballie published ‘'The morbid anatomy of
some of the most important parts of the human body’

The lungs are sometimes, ..., formed into pretty large cells ... this
accumulation (of air) may break down two or three contiguous

cells into one, thereby, form a cell of very large size.

1814 Charles Badham first used the term ‘bronchitis’

— 'inflammatory changes in the mucous membrane’



A treatise on the diseases of the
chest and on mediate auscultation
(Laennec, 1837)

The disease..... by no means infrequent. |
consider many cases of asthma, .... as depending
on this cause.

In opening the chest, it is not unusual to find
that the lungs do not collapse,...... The bronchus
of the trachea are often at the same time a good
deal filled with mucous fluid.






Pathology







Definition
« The CIBA Guest Symposium (1959)

« ATS committee on Diagnostic Standards
(1962)

— Chronic bronchitis

« Sputum production lasting at least 3 months for at
leat 2 years (clinical term)

— Emphysema

 Enlarged alveolar spaces and loss of alveolar walls
(anatomical term)



Physiology




« 1846 Hutchinson invented spirometer

e 1947 Tiffeneau

— the concept of timed vital capacity as a

measure of airflow.

« 1950 Baensler FEV1, FEV1/FVC




Natural History

« 1976 Fletcher and Peto

« 1983 Peto smoking cessation
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Natural History

* 1976 Fletcher and Peto
« 1983 Peto smoking cessation

1987 Burrows

—low FEV1/FVC predicted the onset of rapid
decline in FEV1 “the horse riding effect”



Acronyms...

Chronic obstructive bronchopulmonary disease
Chronic airflow obstruction

Chronnic obstructive lung disease

Nonspecific chronic pulmonary disease

Diffuse obstructive pulmonary syndrome

Chronic obstructive pulmonary disease

— (Briscoe, 1965, 9t Aspen Emphysema Conference)



Definition of COPD

COPD is defined as a disease state
characterized by the presence of airflow
obstruction due to chronic bronchitis or
emphysema.

The airflow obstruction is generally
progressive, may be accompanied by
airflow hyperreactivity, and may be
partially reversible



Defining Characteristics

« Cause

 Change in Knowledge
— Structure emphysema
— Function COPD

 Clinical Finding(s)
— Multiple ... syndrome

— Single chronic bronchitis



COPD




British vs. Dutch

e Dutch (Orie and Sluiter, 1960)

— Genetically determined bronchial

hyperreactivity
e British (Stuart-Harris, 1953)

— Repeated infection and air pollution






Theophylline ;\JI

1888 Albrecht Kossel

— Extraction of theophylline from tea leaves
1895 chemical synthesis
1902 First clinical use as diuretic

1922 First description in asthma

treatment ‘bronchospasmolytic action’



Inflammatory modulation?

« 1990s Anti-inflammatory action of
theophylline
— Inhibit LAR and hyperresponsiveness

— Reduced eosinophilic infiltration of airway

— Decreased BAL CD4+ cells



PDE
inhibitor
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THE PDE4 ENZYME EXPRESSION

LEUKOCYTE PDE |SOFORM
Mast cells 4,7 <@ pjrway smooth muscle 1,2,3,4,57
Eosinophils 4,7 ‘ Epithelial cells 1,2,3,4,57,8
Neutrophils 4,7 .{ ‘} Endothelial cells 2,3,4,5
A=
Monocytes 1,3,4,7 1" Sensorynerve 1,3,4
Macrophages 1,3,4,5,7 |
7 Cholinergicnerves 1,3,4
T-cells Y,
(CD4* and CD8Y) 3,4,7

: Giembycz MA. Monaldi Arch Chest Dis 2002;57:48-64



The effect of a novel orally active selective PDE4
isoenzyme inhibitor (CDP840) on allergen-induced
responses in asthmatic subjects

P.L. Harbinson*, D. MacLeod**, R. Hawksworth+, S. O'Toole**, P.J. Sullivan¥*,
P. Heath+, S. Kilfeather*, C.P. Page*, J. Costello*, S.T. Holgate**, T.H. Lee+
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Fig. 1. — Effect of 9.5 days of treatment with CDP840 1[5 mg b.i.d. on the response to allergen, expressed as the percentage fall in FEV1 over
the 8 h period following exposure (n=13). Values are expressed as meantsem. CDP840 : phosphodiesterase 4 inhibitor; AFEV1: change in forced

expiratory volume in one second. -@--: placebo; —o—: CDP840 15 mg b.i.d.
ERJ 1997;10:1008



Cilomilast reduced CD8+ cells
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Pooled Analysis of M2-111, M2-112

Randomized
N=2690

Roflumilast 52w Placebo 52w
N=1327 N=1359

Completion Completion
N=894 N=1011




Moderate or Severe Exacerbation
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Rennard SI et al. Respiratory Research 2011;12:18
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Summary of post-hoc, pooled analysis

« Roflumilast reduced exacerbation

 Especially good in some subgroups
— Chronic bronchitis

— |CS user



Roflumilast in symptomatic chronic obstructive pulmonary
disease: two randomised clinical trials

Peter M A Calverley™, Klaus F Rabe*, Udo-Michael Goehring, Seren Kristiansen, Leonardo M Fabbrit, Fernando | Martinezt, for the M2-124 and
M2-125 study groups#

Lancet 2009; 374: 685-94



Study Outline of M2-124,125

Multicenter, multinational, double blind RCT
COPD (<FEV1 50%)

Bronchitic Sx, History of exacerbation

500 ug Roflumilast gqd vs. placebo for 1 yr
N=3,000

Coprimary endpoints — FEV1 and exacerbation

rates
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Roflumilast in symptomatic chronic obstructive pulmonary
disease: two randomised clinical trials

Peter M A Calverley*, Klaus F Rabe*, Udo-Michael Goehring, Seren Kristiansen, Leonardo M Fabbrit, Fernando | Martinezt, for the M2-124 and
M2-125 study groups?

Summary

Background The phosphodiesterase-4 inhibitor roflumilast can improve lung function and prevent exacerbations in
certain patients with chronic obstructive pulmonary disease (COPD). We therefore investigated whether roflumilast
would reduce the frequency of exacerbations requiring corticosteroids in patients with COPD.

Methods In two placebo-controlled, double-blind, multicentre trials (M2-124 and M2-125) with identical design that
were done in two different populations in an outpatient setting, patients with COPD older than 40 years, with severe
airflow limitation, bronchitic symptoms, and a history of exacerbations were randomly assigned to oral roflumilast
(500 pg once per day) or placebo for 52 weeks. Primary endpoints were change in prebronchodilator forced expiratory
volume in 1s (FEV)) and the rate of exacerbations that were moderate (glucocorticosteroid-treated) or severe. Analysis
was by intention to treat. The trials are registered with ClinicalTrials.gov, number NCT00297102 for M2-124, and
NCT00297115 for M2-125.

Findings Patients were assigned to treatment, stratified according to smoking status and treatment with
longacting B, agonists, and given roflumilast (n=1537) or placebo (n=1554). In both studies, the prespecified primary
endpoints were achieved and were similar in magnitude. In a pooled analysis, prebronchodilator FEV, increased by
48 mL with roflumilast compared with placebo (p<0-0001). The rate of exacerbations that were moderate or severe per
patient per year was 1-14 with roflumilast and 1-37 with placebo (reduction 17% [95% CI 8-25], p<0-0003). Adverse
events were more common with roflumilast (1040 [67%]) than with placebo (963 [62%]); 219 (14%) patients in the
roflumilast group and 177 (12%) in the placebo group discontinued because of adverse events. In the pooled analysis,
the difference in weight change during the study between the roflumilast and placebo groups was -2-17 kg.

Interpretation Since different subsets of patients exist within the broad spectrum of COPD, targeted specific therapies
could improve disease management. This possibility should be explored further in prospective studies.




Chronic bronchitis and Inflammatory Markers
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Chronic bronchitis and Inflammatory Markers

Serum CRP: Geometric Mean (95% C1) in mg/L
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Chronic bronchitis and exacerbations
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Burgel PR et al. Chest 2009;135:975
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Who's at risk?

Annual Exacerbation Rate
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Tendency to exacerbate is a PHENOTYPE
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Factors associated with
exacerbation risk

Women(n=376)

History of exacerbation during prev. year 8.89 <0.001

History of asthma 3.38 <0.001

Fibrinogen 1.95 <0.002
Men(n=569)

History of exacerbation during prev. year 7.38 <0.001

FEV1 (per 100ml decrease) 1.20 <0.001

Chronic wheezing 2.56 <0.001

Hurst JR et al. N Engl J Med 2010;363:1128-1138
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TLC

What is hyperinflation?

l
Vr
FRC I

Normal Exertion Severe COPD Severe COPD

Static Hyperinflation Dynamic Hyperinflation
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Bronchodilator responses
. Volume vs. Airflow

IC response

124 (31%)
No response

140 (35%)

Combined response

109 (27%) 29 (7%)

FEV, response

Newton et al. Chest 2002



Lung volume and VO, .,
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Lung volume correlates
with exercise endurance
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Any Causes Cumulative Survival

Lung volume correlates with
survival
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NETT trial
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EBV for emphysema without CV
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EBV for emphysema without CV
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Conclusion

* Patients with symptoms of
chronic bronchitis

» Patients with history of frequent
exacerbations

* Patients with emphysema with
exercise Intolerance



