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Lung-Function Trajectories Leading to Chronic Obstructive
Pulmonary Disease

Peter Lange, M.D., Dr. Med. Sc., Bartolome Celli, M.D., Alvar Agusti, M.D., Ph.D.,
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.  Framingham Offspring Cohort
* Copenhagen City Heart Study

* Lovelace Smokers Cohort

™ . AIYAL: FEV, > 80% vs. FEV, < 80%
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N Engl J Med 2015;373:111



>80% <80%
2207 657
158 (7%) 174 (26%) N=552

COFD

decliner

N Engl J Med 2015;373:111



A Trajectory 1: FEV, =80% at Baseline and No COPD

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

at Final Examination
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C Trajectory 3: FEV, =80% at Baseline and COPD

D Trajectory 4: FEV, <80% at Baseline and COPD
at Final Examination
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Long-Term Exposure to Traffic Emissions and Fine Particulate Matter
and Lung Function Decline in the Framingham Heart Study

Mary B. Rice1, Petter L. Ljungman1’2, Elissa H. Wilker1, Kirsten S. Dorans1'3, Diane R. Gold4, Joel SChwartz4,
Petros Koutrakis?, George R. Washko®*®, George T. O’Connor®’, and Murray A. Mittleman'

Am J Respir Crit Care Med 2015;191:656
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PM, 5

Association with Average FEV, Association with Change in FEV,

Difference in FEV,, ml N Difference in FEV, change, ml/yr
(95% CI) (95% CI)

PM,* 4,872 -13.5 (-26.6 t0 -0.3) 4,444 -2.1 (-4.1t0 -0.2)

*2 microg/m3
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Asthma-COPD Overlap

Clinical Relevance of Genomic Signatures of Type 2 Inflammation in Chronic
Obstructive Pulmonary Disease

Stephanie A. Christenson?, Katrina Steilings"“, Maarten van den Berge5’6, Kahkeshan Hijazi7, Pieter S. Hiemstra®,
Dirkje S. Postma®®, Marc E. Lenburgg""g, Avrum Spira3'4'9, and Prescott G. Woodruff'?

Am J Respir Crit Care Med 2015;191:758
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B COPD: heterogenous

B COPD subgroup: biologically comparable to asthma

B COPDOJ|A asthma-associated gene expression=S XA}
»COPD pathogenesis

> AH|Z20|E 83 H= 0|=5t= biomarker
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Asthma Dataset

Epithelial brushings and endobronchial biopsies
obtained from 3rd to 4th generation bronchi in:

r&

endghranchial biopsy-derived
Compared airway epithelial gene expression by: T2S Scordrelated to:
1. GSEA
2. epithelium-derived

‘ 2. Change in lung function parameters after
l Th2 gene signatures (TGM, T2S) l Placebo vs ICS + LABA

\=8¢
=237 / = ‘L ~a
2 Y
COPD Dataset 3

COPD Dataset 1 COPD Dataset 2 GLUCOLD
BAEC SAEC

1. Subjects with mild-moderate asthma
2. Healthy control subjects

1. Airway biopsy cell counts at baseline

Endobronchial biopsies obtained from

Epithelial brushings obtained from Epithelial brushings obtained from ~ 3rd to 4th generation bronchi in
6th to 8th generation bronchi in: 10th to 12th generation bronchi in: subjects with moderate fo severe COPD at:
1. Former and current smokers with normal lung function 1. Healthy non-smokers 1. Baseline
2. Formal and current smokers with COPD 2. Current smokers with normal lung function 2.6 and 30 months after randomization
3. Current smokers with COPD to Placebo or ICS + LABA
\ y . v \

Am J Respir Crit Care Med 2015;191:758




Genes most altered in Airway Epithelium
in Asthma evaluated in COPD

l I |L|J|;|Jregu‘at|ed‘|n ASI’[Uma (p<O. ODH}l |H II‘
1

|I || I I L1
ngh FEV, L ow FE
No COPD % Severe COPD

Downregulated in Asthma (p<0.001)
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Heatmap of 100-gene T2S score
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Host Response to the Lung Microbiome in Chronic Obstructive

Pulmonary Disease

Marc A. Sze'?*, Pedro A. Dimitriu®*, Masaru Suzuki'*, John E. McDonough'?, Josh D. Campbell®, John F. Brothers®,
John R. Erb-Downward®, Gary B. Huffnagle®, Shizu Hayashi'*, W. Mark Elliott'?, Joel Cooper’, Don D. Sin'?,
Marc E. Lenburg®, Avrum Spira®, William W. Mohn®, and James C. Hogg'*

Am J Respir Crit Care Med 2015;192:438



Patient Demographics

Age, yr

Sex, M:F
FEV,/FVC
FEV,% predicted

Samples per individual (n)

53.8+4.3
4:0
N/A
N/A
8(3),5(1)

60.0+1.6
3:2

0.31+0.07

17.89+5.47
8 (5)




Phylum (&) relative % abundances
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8GN =R &
(1=Z vs. GOLD 4

Prevotella oralis

Streptococcus

Prevotella oris

Porphyromonas

Flavobacterium succinicans

l Haemophilus influenzael

Bacteroidales

Elizabethkingia meningoseptica

Dialister

Flavobacterium gelidilacus

Am J Respir Crit Care Med 2015;192:438



Microbiome &(Quantitative Histology & Micro-CT)

Comparison Coefficient P Value FDR
Dialister and Vv of neutrophils 0.32 6.93x 1077 9.01x10°°
Elizabethkingia meningoseptica and Vv of 0.23 1.58 x 107* 0.01

elastin
Haemophilus influenzae and number of 0.01 7.0x10 4 0.02

terminal bronchioles
Flavobacterium gelidilacus and|surface area 30x10 % 6.32x10* 0.02
Bacteroidales and Vv of neutrophils 0.62 1.24 x 103 0.03
Dialister and number of|terminal bronchioles 27x107° 249x10°° 0.05
Streptococcus and Vv of neutrophils 1.35 3.65x10 3 0.06
Flavobacterium succinicans and Vv of —2.58 3.96 x 1073 0.06

CD4 T cells
H. influenzae and Vv of neutrophils 0.48 4.35x 10 3 0.06
E. meningoseptica and Lm 0.02 4.40 x 1073 0.06
E. meningoseptica and Vv of CD4 T cells 1.00 5.03x107° 0.06
E. meningoseptica and Vv of total collagen —0.08 8.00x 1073 0.09

Definition of abbreviations: FDR = false discovery rate; Lm = mean linear intercept; Vv =volume
fraction.

Am J Respir Crit Care Med 2015;192:438
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Lung microbiome dynamics in chronic
obstructive pulmonary disease
exacerbations
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BEAT-COPD

Biomarkers to Target
Antibiotic and Systemic
Corticosteroid Therapy in
COPD Exacerbations

874
476 sputum
@ otH Al
@ <3}
@ XN=E =25
@ 3|=J| 6%
16S ribosomal RNA survey

Consent to enter study
(n=230)

h 4

Screening visit
completed (n=218]

Excluded [n=12)
Did not attend screen visit [n=4)
Died before stable visit [n=2)
Withdrew consent [n=6)

h 4

341 exacerbations
captured [n=151)

67 subjects did not have an
exacerbation captured
during study

v

96 exacerbations did not have
suitable sputum for analysis

245 exacerbations
with sputum [n=135)

v

224 exacerbations with
DNA extraced sputum
(n=116)

21 exacerbations did not have
enough sputum for bacteria
DNA extraction

>

137 exacerbations with
sequential preceding

stable and proceeding
follow-up visit [(n=87)

25 exacerbations did not have
enough sputum for bacterial
DNA extraction at follow-up

62 exacerbations did not have
sputum with bacterial DNA
selection at sequential visits

Eur Respir J 2016
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Shannon's H

Relative abundance %
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Exacerbation Phenotypes

1

Proteobacteria (others)

.
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Endobronchial Valves for Emphysema
Iwithout Interlobar Collateral Ventilation|

Karin Klooster, Nick H.T. ten Hacken, M.D., Ph.D., Jorine E. Hartman, Ph.D.,
Huib A.M. Kerstjens, M.D., Ph.D., Eva M. van Rikxoort, Ph.D.,
and Dirk-Jan Slebos, M.D., Ph.D.

N Engl J Med 2015;373:2325



Baseline Characteristics

Characteristic EBV Control
(N = 34) (N = 34)

Female — no. (%) 18 (53) 28 (82)
Age —yr 58+10 5918
BMI — kg/m? 24.1+£3.5 24.2+4.0
Smoking — pack-yr 37+18 35+19

Lung function

FEV,—L 0.86%0.30 0.79%0.27
FEV, % predicted 29+7 29+8
FVC-L 2.80+0.83 2.50+0.90
FVC % predicted 78116 77120
a-1 antitrypsin deficiency — no. (%) 4 (12) 3(9)

Previous pneumothorax — no. (%)

N Engl J Med 2015;373:2325



Change from Baseline to 6 Mo (ml)

Primary Outcomes
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Serious Adverse Events

P <0.001

= EBVY m Control

N Engl J Med 2015;373:2325



Bronchoscopic lung volume reduction with endobronchial

valves for patients with heterogeneous emphysema and
intact interlobar fissures (the BeLieVeR-HIFi study):

a randomised controlled trial

Claire Davey*, Zaid Zoumot*, Simon Jordan, William H McNulty, Dennis H Carr, Matthew D Hind, David M Hansell, Michael B Rubens,
Winston Banya, Michael | Polkey, Pallav L Shah, Nicholas S Hopkinson

Lancet 2015; 386: 1066



|atients assessed for eligibility

L 1 had significant comorbidity

54 excluded
35 did not meet inclusion criteria
28on(CT
3 on BMWD
3on PFTs

10 declined to participate
9 for other reasons
4 unable to contact
3 treated locally
2 died

50 patients randomly assigned

.

)

25 received bronchoscopic lung volume reduction
with endobronchial valves

25 received bronchoscopy and sham valve

placement (control)

2 lost to follow-up
1 died after removal of valves and
respiratory failure
1 died after COPD with cor pulmonale

1 lost to follow-up (too unwell to attend follow-up)

nalysed
23 had baseline and follow-up data
2 values imputed

v
nalysed

24 baseline and follow-up data
1 baseline measurement used as follow-up
measurement




FEV, change from baseline (%)

150

100+

Collateral
ventilation

Bronchoscopic lung
volume reduction

Control

Lancet 2015; 386: 1066



Adverse Events

BLVR (n=25) Control (n=25) p value
Events Patients Events  Patients
Exacerbation (total) 23 16 22 20 0-42*,0-35%
Of which required hospitalisation 5 - 3 - 0-70
Pneumonia (respiratory tract infection 2 2 0 0 0-49
with radiograph changes)
Pneumothorax 2 2 1 1 1.0
[Deaths 2 ] 0 0-49
Respiratory failure 1 0 1.0
COPD with cor pulmonale 1 0 1.0
[Expectorated valve 5 ] 4 0 0
Removal of valves 2 2 0 0
Seizure (unrelated) 0 0 1 1 1.0

p value is for x* test. BLVR=bronchoscopic lung volume reduction. COPD=chronic obstructive pulmonary disease.
“Comparison of patients. fComparison of events.

Lancet 2015; 386: 1066



Targeted lung denervation for moderate to severe
COPD: a pilot study

Dirk-Jan Slebos, Karin Klooster," Coenraad F N Koegelenberg,? Johan Theron,?
Dorothy Styen,® Arschang Valipour,* Martin Mayse,> Chris T Bolliger®>

Thorax 2015;70:411



20 watt cohort |
n=12

v

Treatment #1
n=12

Subject 2-S01
Withdrawn by
Investigator after CABG

e

\ 4

2-S03 missed visit €—

Treatment #2
n=11

4

30-Day Follow-Up |
11/11(100%)

90-Day Follow-Up |
11/11 (100%)

180-Day Follow-Up |
11/11 (100%)

\ 4

270-Day Follow-Up |
10/11 (91%)

v

, _ .. | 1365-Day Follow-Up
2-S06 missed visit 10/11 (91%)

| 15 watt cohort |

n=10
Treatment #1
n=10
Subject 2-S10 Refused
Treatment #2 g
(continued follow up) *
Treatment #2
n=9
\ 4
2-S08, 2-S10 ra 30-Day Follow-Up
missed visit 8/10 80%)
2-510 . 90-Day Follow-Up
missed visit 9/10 (90%)
\ 4
2-508, 2-S09 — 180-Day Follow-Up
missed visit 8/10 (80%)
2-508, 2-510 ra 270-Day Follow-Up
missed visit 8/10 (80%
2

365-Day Follow-Up
10/10 (100%)




Targeted Lung Denervation (TLD) catheter

Thermocouple and Coolant Inflow
Catheter Shaft Power Line Conduit

£

‘
Balloon Electrode Coolant Outflow
Conduit

Thorax 2015;70:411




TLD procedure

Thorax 2015;70:411
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Secondary Efficacy Endpoints

FEV1 (% relative change)
FVC (change, mL)

[ I [ ) I |
Tio 30 90 30 90

Trough Days Days Days Days

Cycle Erg. Endurance

20

15

Endurance (change in min)

[
30 90
Days Days

Thorax 2015;70:411




ACOS

copb Microbiome

copp 7|2 A A 2| =

COPD Biomarker

copp 0| =




[ Original Research COPD J % CH EST

Serum Bilirubin and Disease Progression in Mild
COPD

Scott Apperley, MD,; Hye Yun Park, MD, Daniel T. Holmes, MD,; S. F. Paul Man, MD,; Donald Tashkin, MD,
Robert A. Wise, MD, John E. Connett, PhD,; and Don D. Sin, MD, FCCP

Chest 2015;148:169
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* Lung Health Study (LHS)

* 4,680 544}

« 35~60A]

* Mild to moderate airflow limitation
* Bilirubin

* Post-BD FEV,

* FEV, decline over 3~9 yrs

- Total and disease-specific mortality

Chest 2015;148:169



= HEf0]] M= 22| FH S5

P <0.001

P=0.02 P <0.001

M Sustained Quitters M Intermittent Quitters M Continued Smokers

Chest 2015;148:169
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p-value for linear
trend=0.03
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Clinical and Immunological Factors in Emphysema Progression

Five-Year Prospective Longitudinal Exacerbation Study of Chronic Obstructive
Pulmonary Disease (LES-COPD)

Sivasubramanium Bhavani', Chu-Lin Tsai®®, Sarah Perusich', Sean Hesselbacher', Harvey Coxson?,
Lavannya Pandit'>, David B. Corry’>®’, and Farrah Kheradmand'~>*°"

Am J Respir Crit Care Med 2015;192:1171



[ LES COPD: 3-5 Year Prospective Study and 10-Year Mortality J

Longitudinal v

Current or former }

smokers

Exacerbation Study
of COPD (LES-COPD) < (NoCTin6'

4
T cell cytokine Ever-smoker cohort with | Baseline and ]

response to EF baseline PFTs and CT annual BMWT?
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