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Patient scenario

• 63 y/o male; has been a patient for 5 years; Smoker; Known COPD; 
Last FEV1 in Feb 2019 was 18%.

• Sig SOB; cough; No night time or exertional O2; Quit smoking after 
last PFTs done; multiple exacerbations

• On multiple inhalers through the years. Now on ICS/LABA and LAMA.

• Asking for more options for treatment…





Agenda

• Eosinophils

• Combination therapy

• Theophylline

• Exacerbation reduction

• Bronchoscopic Lung Volume Resection





Relationship between blood Eos and ICS response tends to be linear
Threshold of 150-300 cells/mm3 (or a differential count of 2%) has been used as decision point



Yun JH and COPDGene and ECLIPSE Investigators. Blood eosinophil count thresholds and exacerbations in patients with COPD.
J Allergy Clin Immunol. 2018 Jun;141(6):2037-2047.e10.  doi: 10.1016/j.jaci.2018.04.010. Epub 2018 Apr 28. 



• Mechanism of increased ICS 
effect in COPD patients with 
higher blood Eos is not 
completely known.

• Effect of ICS containing 
regimens is higher in patients 
with high exacerbation risk (≥ 
2 exac and/or 1 hosp in the 
previous year)

https://www.thelancet.com/journals/lanres/article/PIIS2213-
2600(18)30095-X/fulltext

https://www.thelancet.com/journals/lanres/article/PIIS2213-2600(18)30095-X/fulltext


Blood Eos and ICS Effect – Positives

• Blood Eos predict the magnitude of effect of ICS (added on top of 
regular maintenance BD Rx) in preventing future exacerbations.

• Higher effects at higher counts (Continuous relationship)

• Minimal effect of ICS at < 100 cells/µL. (? identify patients who wont 
respond)

• Highest effect at > 300 cells/µL. (? identify patients with greatest Rx 
benefit) 

• Possible use as a biomarker in conjunction with clinical assessment

-Lipson DA et al. Once-Daily Single-Inhaler Triple versus Dual Therapy in Patients with COPD. N Engl J Med 2018;378(18):1671-80.
-Bafadhel M et al. Predictors of exacerbation risk and response to budesonide in patients with COPD: a post-hoc analysis of  three randomised trials. The Lancet 
Respiratory medicine 2018; 6(2): 117-26.
-Pascoe S et al. Blood eosinophil counts, exacerbations, and response to the addition of inhaled fluticasone furoate to vilanterol in patients with COPD: a 
secondary analysis of data from two parallel randomised controlled trials. The Lancet Respiratory medicine 2015;3(6): 435-42.



Blood Eos and ICS Effect – “Not so positive”

• Studies have differing results with regard to the ability of blood Eos to 
predict future exacerbation outcomes.

• Either no relationship or a positive relationship.

• There is insufficient evidence to recommend that blood Eos should be 
used to predict future exacerbation risk on an individual basis in 
COPD patients.

- Casanova C et al. Prevalence of persistent blood eosinophilia: relation to outcomes in patients with COPD. EurRespir J 2017; 50(5).
- Vedel-Krogh S et al. Blood Eosinophils and Exacerbations in COPD. The Copenhagen General Population Study. Am J respir Crit Care Med 2016; 193(9): 965-74.
- Yun JH et al. Blood eosinophil count thresholds and exacerbations in patients with COPD. J Allergy Clin Immunol 2018; 141(6): 2037-47.e10.
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Agenda

• Eosinophils

• Combination therapy

• Theophylline

• Exacerbation reduction

• Bronchoscopic Lung Volume Resection



Types of Handheld Inhalers

Metered Dose Inhalers  Use propellant, not breath-actuated

Dry Powder Inhalers  Do not use propellant, breath-actuated

Slow Mist Inhalers  Do not use propellant, not breath-actuated

MDIs

DPIs

SMIs



10 (and counting) handheld inhalers

MDIs

-Aerosphere

-HFA

DPIs

-Diskus

-Inhub

-Handihaler

-Pressair

-Aerolizer

-Ellipta

-Neohaler

SMI

-Respimat







LABA/LAMA vs monotherapy

• Most studies with LABA/LAMA combinations have been performed in 
patients with a low rate of exacerbations.

• (SPARK) Wedzicha et al. 2013  In patients with a history of 
exacerbations, a combination of LA BD is more effective than LA 
monotherapy for preventing exacerbations. 

• (1+1=2)

• (DYNAGITO) Calverley et al. 2018  combining LABA + LAMA did NOT 
reduce exacerbation rate as much as expected compared with a 
LAMA alone. 

• (1+1≠2)









ICS/LABA vs LABA/LAMA

• (FLAME) Wedzicha et al. 2014  In patients with a h/o exacerbations, 
combination LABA/LAMA decreased exacerbations to a greater extent 
than ICS/LABA combination. (LABA+LAMA > ICS/LABA)

• (IMPACT) Lipson et al. 2018  High exacerbation risk population (≥ 2 
exac and/or 1 hosp in the previous year); ICS/LABA decreased 
exacerbations to a greater extent than a LABA/LAMA combination (at 
higher blood eosinophil concentrations). (ICS/LABA > LABA/LAMA)









ICS withdrawal 
did not 

increase 
exacerbations 
in moderate to 
severe COPD 

or severe 
COPD

ICS 
withdrawal 

lead to a 
small 

significant 
decrease in 

FEV1
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Agenda

• Eosinophils

• Combination therapy

• Theophylline

• Exacerbation reduction

• Bronchoscopic Lung Volume Resection

https://medimoon.com/2013/04/counseling-parameters-for-theophylline/

https://medimoon.com/2013/04/counseling-parameters-for-theophylline/


https://memegenerator.net/instance/67668635/exo
rcism11-i-did-cocaine-and-theophylline

https://memegenerator.net/instance/67668635/exorcism11-i-did-cocaine-and-theophylline


http://learninglocker.nav.pitt.edu/assets/css/mechanism-action-theophylline-treating-copd.58.5840.17.php

http://learninglocker.nav.pitt.edu/assets/css/mechanism-action-theophylline-treating-copd.58.5840.17.php


https://www.researchgate.net/fi
gure/FACTORS-AFFECTING-
CLEARANCE-OF-
THEOPHYLLINE_tbl1_236835798

https://www.researchgate.net/figure/FACTORS-AFFECTING-CLEARANCE-OF-THEOPHYLLINE_tbl1_236835798


TWICS (theophylline with ICS) Trial

• Double-blind, placebo-controlled, randomized

• ≥ 2 exacerbations (Rx with Abx, OCS, or both) last year & on ICS (~80% 
ICS/LABA/LAMA)

Devereux G, Cotton S, Fielding S, et al. Effect of theophylline as adjunct to inhaled corticosteroids on exacerbations in patients with COPD: a randomized clinical trial. JAMA. 2018;320:1548-1559.

CONCLUSION - Addition of low-dose theo, did not reduce the 
number of COPD exac over a 1-year period

Theo Placebo

Total 1578 pts
Low-dose theo (200 mg)
For conc 1-5 mg/L]
Based on IBW and smoking

791 pts 787 pts

3430 exacerbations 1727 (mean 2.24 exac/yr) 1703 (mean 2.23 exac/yr)



• Outside of areas where cost and access to healthcare and drugs is 
problematic, ? use of low-dose theophylline

http://www.scaryforkids.com/coffin/

http://www.scaryforkids.com/coffin/


Agenda

• Eosinophils

• Combination therapy

• Theophylline

• Exacerbation reduction

• Bronchoscopic Lung Volume Resection







Hillas G, Perlikos F, Tzanakis N. Acute exacerbation of COPD: is it the "stroke of the 
lungs"? 2016:11(1) Pages 1579—1586. https://doi.org/10.2147/COPD.S106160





Agusti A, Calverley PM, Decramer M, Stockley RA, Wedzicha JA. Prevention of exacerbations in COPD: knowns and unknowns. Chronic Obstr Pulm Dis. 2014; 1(2): 166-184. doi: http://doi.org/10.15326/jcopdf.1.2.2014.0134

http://doi.org/10.15326/jcopdf.1.2.2014.0134


N-acetylcysteine 
(NAC)

https://images.app.goo.gl/XzGHrW7mvtdUEovV6



Mario Cazzola, Luigino Calzetta, Clive Page, et al. Influence of N-acetylcysteine on chronic bronchitis or COPD exacerbations: a meta-analysis. European 
Respiratory Review Sep 2015, 24 (137) 451-461; DOI: 10.1183/16000617.00002215





• In COPD patients not receiving ICS, regular treatment 
with mucolytics such as erdosteine, carbocysteine and 
N-acetylcysteine may reduce exacerbations and 
modestly improve health status.

• Due to the heterogeneity of studied populations, 
treatment dosing and concomitant treatments, currently 
available data do not allow one to identify precisely the 
potential target population for antioxidant agents in 
COPD.



https://images.app.goo.gl/KvvTvF4HUAEjvFwt6



EOS and HELIOS Trials

• Pts with severe COPD

• Allowed continuation of LABA and LAMA

• The preBD FEV1improved modestly when roflumilast was added to a 
long-acting bronchodilator

• EOS - mean preBD FEV1 ↑ by 49 mL (p<0·0001)

• HELIOS – mean preBD FEV1 ↑by 80 mL (p<0·0001)
• Studies ran for only 24 weeks

• Rate of acute exacerbations was not a primary end point

• Trend toward reduction of exacerbations

Fabbri LM, Calverley PM, Izquierdo-Alonso JL, et al; M2-127 and M2-128 study groups. Roflumilast in moderate-to-severe 
COPD treated with long acting bronchodilators: two randomized clinical trials. Lancet 2009; 374:695–703.

EOS - Salmeterol 
+ Roflumilast 
466 pts vs 467 
placebo

HELIOS - Tio
+ Roflumilast 
 371 pts vs 
372 placebo 



AURA and HERMES Trials

• 2009; Two 52-week placebo-controlled trials

• Patients with severe COPD with chronic bronchitis 
and a history of frequent exacerbations

• Maintenance therapy with LABA was continued

• ICS and LAMA were held

• Statistically significant improvements in preBD
FEV1 and reduction in the rate of exacerbations were 
observed (17% reduction, 95% CI 8–25, 1.14 v 1.37; 
P < 0.0003)

Calverley PM, Rabe KF, Goehring U-M, Kristiansen S, Fabbri LM, Martinez FJ. 
Roflumilast in symptomatic COPD: two randomized clinical trials. Lancet 2009; 
374:684–95.

Pooled 
analysis
NNT 5



Pooled AURA 
and HERMES 
data 
14% vs 11%
NNH - 35



https://images.app.goo.gl/gTgM6AqGnzLUPqnP9

https://images.app.goo.gl/GGbFA2z9HLrdz4Nb7



• 570 Azithro (250 mg daily) VS 
572 placebo for 1 year + usual 
care.

• Time to first exacerbation  266 
days (95% CI, 227-313) for 
Azithro VS 174 days (95% CI, 
143-215) for placebo (P<0.001).

• Frequency of exacerbations 
1.48 per pt-year for Azithro VS 
1.83 per pt-year for placebo 
(P=0.01). Figure 3. Rates of AECOPD per Person-Year, 

According to Study Group.



Figure 2. Proportion of Participants Free from 
AECOPD for 1 Year, According to Study Group.

• Hazard ratio for having an 
AECOPD per pt-year in the 
Azithro group was 0.73 (95% CI, 
0.63 to 0.84; P<0.001).

• Hearing decrements – more in 
the Azithro group than in the 
placebo group (25% vs. 20%, 
P=0.04).

• NNT to prevent one AECOPD 
was 2.86.
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• Exacerbation reduction

• Bronchoscopic Lung Volume Resection





Quezada W, Make B. Interventional Options 
for COPD- LVRS, Bronchoscopic Therapies 
and the Future. Chronic Obstr Pulm Dis. 
2016 Jan 15;3(1):446-453. doi: 
10.15326/jcopdf.3.1.2015.0171.

2003

capacity

(1218)



Bronchoscopic Lung Volume Resection

• Occlude airways proximal to 
nonfunctioning, hyperinflated areas of 
lungs.

• Blocking
• Endobronchial and intrabronchial valves

• Nonblocking
• Coils

• Thermal ablation

Fernandez-Bussy S, Labarca G, Herth FJF. Bronchoscopic lung volume reduction in patients with severe emphysema.
Semin Respir Crit Care Med. 2018;39:685-692.



Lee HJ1, Shojaee S, Sterman DH. Endoscopic lung volume reduction. An American perspective.
Ann Am Thorac Soc. 2013 Dec;10(6):667-79. doi: 10.1513/AnnalsATS.201306-145FR.



Types of Valves

• Zephyr Endobronchial Valve (Pulmonx Corporation; Redwood City, 
California)

• Spiration Valve System (Olympus Respiratory America; Redmond, 
Washington)



Shah PL, Herth FJ. Current status of bronchoscopic lung volume reduction with endobronchial valves.
Thorax. 2014 Mar;69(3):280-6. doi: 10.1136/thoraxjnl-2013-203743. Epub 2013 Sep 5.

Typically, collateral ventilation is assessed using 
quantitative CT software or the Chartis System (Pulmonx
Corporation)



Klooster K, Ten Hacken NH, Slebos DJ. The lung volume reduction coil for the treatment of emphysema: a new therapy in 
development. Expert Rev Med Devices. 2014 Sep;11(5):481-9. doi: 10.1586/17434440.2014.929490. Epub 2014 Aug 4.

*Endobronchial coils are not approved for use in the United States



*Thermal 
vapor 
therapies are 
not approved 
for use in the 
United States



• Head-to-head comparisons between therapies are not available

• Guidelines exist*

• Both valve types improve symptoms, QOL, and lung function

• Patient Selection -

• Evidence of air trapping on lung testing (RV > 175%) 

• Absence of collateral ventilation (CV) distal to the target area

* Slebos D, Shah PL, Herth FJF, Valipour A. Endobronchial valves for endoscopic lung volume reduction: best practice
recommendations from Expert Panel on Endoscopic Lung Volume Reduction. Respiration. 2017;93:138-150.
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Patient scenario

• 63 y/o male; has been a patient for 5 years; Smoker; Known COPD; 
Last FEV1 in Feb 2019 was 18%.

• Sig SOB; cough; No night time or exertional O2; Quit smoking after 
last PFTs done; multiple exacerbations

• On multiple inhalers through the years. Now on ICS/LABA and LAMA.

• Asking for more options for treatment…
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