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The “Dutch” Hypothesis

The “Dutch” Hypothesis

Common Disease?
Common Mechanisms

Orie et al. Bronchitis Il Second International Symposium. Assen,
Netherlands: Royal Van Gorcum; 1964:398-99
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Asthma

Bronchial Inflammation

CNSLD

The “Dutch” Hypothesis

The “Dutch” Hypothesis

“.one must be impressed by the very long road medicine musttravel before an
understanding of disease is reached, even when its lnical symotomatology is
relatively simple” (Bronchitis, 1961, page 1)

Common Disease?
Common Mechanisms

Asthma .....CNSLD.......... COPD

Orie et al. Bronchitis Il Second International Symposium. Assen,
Netherlands: Royal Van Gorcum; 1964:398-99




The Debate Continues...

The “Dutch” Hypothesi

The British Hypothesis

Common Disease?
Common Mechanisms

O Different Diseases

Different Mechanisms
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Orie et al. Bronchitis Il Second International Symposium. Assen,
Netherlands: Royal Van Gorcum; 1964:398-99
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The Overlap Between Asthma and COPD
Traditional View
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Am J Respir Crit Care Med. 1995;152(5 pt 2):577-5121.
Soriano JB, et al. Chest. 2003;124:474-481.

Jeffery PK. Am J Respir Crit Care Med. 2001;152:528-538.

What Is Asthma?

* A chronic inflammatory disorder
of the airways in which many cells
and factors play a role

 Inflammation results in
— Recurrent symptoms
— Variable airflow obstruction
that is mostly reversible
— Increase in existing bronchial
hyperresponsiveness

1. National Heart, Lung and Blood Institute. National Asthma Education and
bi.nih

Prevention Program. http// i

2. Global Initiative for Chronic Obstructive Lung Disease. http://www.goldcopd.org

What Is COPD?

* A preventable and treatable disease

* Associated with significant
extrapulmonary effects and important
comorbid conditions

* Characterized by airflow limitation that
s
— Not fully reversible
— Usually progressive
— Associated with an abnormal
inflammatory response to noxious
particles or gases




Asthma and COPD Share Some Common
Environmental Risk Factors

Eder W et al., NEJM 2006;355:2226-2235
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Risk / Precipitating Factors

COPD

Asthma
Genetic susceptibility

Airway hyperresponsiveness

Obesity

Environmental

— Allergen exposures

— Viral respiratory infections

— Tobacco smoke and air pollution

* Disease triggers
— Exercise
— Changes in weather
— Exposure to cold air
— Emotional factors
— Endocrine factors

H

* E

ost factors
al-Antitrypsin deficiency
Other genetic factors (?) not yet identified
Airway hyperresponsiveness

Lung growth: reduced maximal attained pulmonary
function

nvironmental factors
Tobacco smoke
Occupational dusts and chemicals
Outdoor and indoor air pollution

Infections: history of severe respiratory infection in
childhood

Socioeconomic factors

Clinical Presentation Between Asthma and
COPD - Traditional View

COPD m=m)

*Onset in mid-life.
*Symptoms slowly progressive.
eLong smoking history.

eDyspnea duri

ng exercise.

Asthma m==)

Onset early in

Symptoms vary from day to day.
Symptoms at night/early morning.
Allergy, rhinitis, and/or eczema also present.

Family history

life (often childhood).

of asthma.




Clinical Course: Asthma vs. COPD
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Phenotypes: Asthma vs. COPD

Chronic

Hypoxemia

Allergic 5

CRALT i . > Exercise/ Activity
. Intolerance/

Hyperinflation

Comorbidities.
Cardiac,
Nutritional

Radiologic

Airway (CB,
bronchiectasis), Symptom Burden
Emphysema

Chen X etal. Front. Med. . Oga Tetal. Chest.
671-680 Westwood M et al. Respir Res. 2011;12:40.

Hekking P et al. J Allergy Clin Immunol Pract. 2014;

Co-morbidities: Asthma vs. COPD
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Boulet LP et al. Expert Rev. Respir. Med. 5(3), (2011) Kao C, Hanania, NA. Atlas of COPD, 2008




Traditional Approach in Differentiating Asthma and

COPD - Clinical Presentation
[Asthma__Jcorp |

Onset early in life Onset after age 40

Often atopic Usually not atopic

Night and early morning  Dyspnea with activity

symptoms

Variable P

Usually non-smokers Smoker >10 pack.year

One phenotype Blue bloater and pink puffer
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Traditional Approach in Differentiating Asthma and

COPD - Clinical Presentation

Onset early in life Onset after age 40 Asthma is frequently diagnosed in adults and
older people (late onset)

Often atopic Usually not atopic Atopy also occurs in COPD and not in all
people with asthma (30% are not)

Night and early morning Dyspnea with activity specific to the pathophysiological

symptoms component of the disease rather than specific

Variable symptoms Progressive symptoms diagnosis

Usually non-smokers Smoker >10 pack.year 25% of asthma patients smoke, high

proportion of COPD patients are never
smokers (20-40%)
One phenotype Blue bloater and pink puffer Multiple asthma and COPD phenotypes have
now been identified

Immunology of Asthma and COPD: Traditional View
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Inflammatory Cells/ Mediators

Asthma vs. COPD - The Tradional View
ASth ma COPD

— Eosinophils and mast cells — Macrophages and neutrophils

= Neutrophils (severe) — Eosinophils (exacerbations)
— CD4+T,2 cells — CD 8+ Teells,
— LTC4, D4, E4 — LTB4, Interferony
— Cytokines — Cytokines
e IL4,IL5,1L13 * IL§, IL-1
* RANTES, eotaxins, MCP-1 * TNF-a

Fabbri, et al. Am J Respir Crit Care Med 2005; Vol 171: 686-698,
Sutherland. J Allergy Clin Immunol 2004; Vol 114 (4): 715-724
Mauad T, Dolhnikoff M. Curr Opin Pulm Med 2008; 14: 31 - 38
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Pathology of Asthma and COPD
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Airway Inflammation Biomarkers
Asthma vs. COPD
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Pathobiology of Asthma: Beyond TH2-

Inflammation

Pelaia G, et al. Nature Reviews. Drug Discovery 2012; 11: 958 - 972
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Pathobiology of COPD: Beyond Neutrophilic
Inflammition

+ Sptemicinarmaton
ST

Chung KF, et al. Eur Respir J. 2008;31:1334-56.

Inflammation- Similarities

Alveolar inflammation demonstrated in asthma !
Severe asthma / Smokers with asthma/ Elderly Asthma- BAL with
neutrophils 2
COPD: tissues and airway eosinophils in some patients and
during exacerbations

— Pts with eosinophils have better response to steroids 3

* Kraft M.Am J Respir Crit Care.Med 1996:154:1505
2 Wenzel S Am J Respir Crit Care Med:1999:160:1001
3 Chanez P Am J Respir Crit Care Med 1997:155:1529




Asthma with Features of COPD

Unsuspected Loss of Lung Elastic Decreased. Elastic
Recc.l T Mhcawia MNacalctact Actlaaa ok

Z=CHEST

Arthur F
Noe Zamw

™ Unraveling the Pathophysiology of the Asthma-COPD
{ Overlap Syndrome

Unsuspected Mild Centrilobular Emphysema Is Responsible
for Loss of Lung Elastic Recoil in Never Smokers With
Asthma With Persistent Expiratory Airflow Limitation
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Bronchial CD8 Cell Infiltrate and Lung Functlon

Decline in Asthma P
Elizabeth L. |. van Rensen, Jacob K. Sont, Christine E. Evertse, Luuk N. A. Willoms, Thais Mauad
Pioter S. Hiemstra, Peter |. Sterk, and the AMPUL Study Group:
Leicken, The Netherland
e
0 100- -
. it
o *e - 50- -
e . - £ "
50 - L - -t
. - . -
100- - % A
P
155 0 b 100 =030 - -
200] o003 o] peo 008 ®
200 after 2 years ~180- =0 038 after 7.5 years
r "0 % =0

COB+ (catu0. 1mm?) GDB+ (calsn. 1mm )

Traditional Approach in Differentiating Asthma and
COPD- Immunology/ Pathology

Airway i ion— Airway i ion-
Eosinophilic Neutrophilic
predominant predominant

Predominantly medium  Predominant small

airway ir ion airway i ion and
parenchymal lung
destruction




Traditional Approach in Differentiating Asthma and
COPD- Immunology/ Pathology

Airway i ion—

Eosinophilic
predominant

Airway i
Neutrophilic
predominant

The presence of inflammatory cells in the
airways does not differentiate asthma from
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Predominantly medium  Predominant small
airway ir ion airway i

parenchymal lung
destruction

COPD but their measurement may guide
treatment decisions.

Airway inflammation is heterogeneous and
multiple endotypes for both have been
identified

Airway inflammation in asthma often
involve the small airway and parenchymal
changes including lung destruction have
been described.

Inflammation in COPD can involve multiple
components of the lung as well can be
associated with systemic inflammation

Physiologic Differences: Traditional View

Asthma

* Reversible airway obstruction
¢ Normal DLCO

* Normal lung volume

¢ Normal elastic recoil (except in
severe disease)

¢ Flow dominant BD response
* BHR almost always present

Sciurba FC, CHEST 2004;1175-124S
Gelb AF, Curr Opin Pulm Med 2008; 14: 24 - 30

COPD

* Partially reversible obstruction
e Abnormal DLCO

* Hyperinflation

* Decreased elastic recoil

¢ Volume dominant BD response
* BHR only in some patients

Boulet L Can Respir J 1998:5:270
Fabbri LM Am J Respir Crit Care Med 2003:167:418
Magnussen H. Clin Exp Allergy 1998 28:187

Clinical Heterogeneity in the Severe Asthma Research Program

Wendy C. Moore®, Anne M. Fitzpatnck?, Xingnan Li', Annatta T. Hastie®, Huashi Li', Deborah A. Meyers'

and Eugene R. Bleecker'

Lower Lung Function

Paor dlassification of this group

More alopie
Belter Lung Funelion

Low Lung Function
Older Age
Later onset

Lower Lung Function
Very early anset
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Severe Asthma
Lessons Learned from the National Heart, Lung, and Blood Institute Severe
Asthma Research Program

Nizar N. Jarjour
Suzy A A. C

rpil €. Erzurum?, Eugene R. Bleecker’, William |. Calhoun’, Mario Castro®,
. Kian Fan Chung®, Douglas Curran-Everett”, Raed A. Dwelk?, Sean B. Fain'
\ Benjamin M. Gaston®, Elfiot Israel™, Annette Mastie’, Eric A, Hoffman'i,
Bruce D. Levy'®, Deborah A. Meyers’, Wendy C. Moore?, Stephen P. Poters?,

Residual Volumes 1

air trapping?

Lung Volume (iiters)

emphysema?
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Acute Bronchodilator Response Does not
Differentiate Between Asthma and COPD

Total % not reversible
at aach visit
Visit 0 Visit 0: 58%
—
e 1 (287) Visit 1: 82%
TN,

N
viskz € KA B visic 2: ses%

Bl Roversibl @ Not Reversible

Numbers in circles refer to the total classified as positive responders at that visit and
those in squares are e NONresPoNAers on the same occasion.

Lung Function Decline: Asthma vs. COPD

N Asthma CcopPD
’ 4
o Nonsmoker
3
FEVI/HE 3
= I
(L/m3) 3 Average smoker
0.4 __ Normal & Symptams_ ..o s oLl
— Asthma Exacerhations
0.2 -... Smokers with Asthma N ! Death Susceptiblesmoker
20 40 60 80 DR R VR B VI
Age (¥rs.) Age (years)
Peat JK. Eur J Respir Dis. 1987 Mannino DM. Chest. 2002;121:1215-1265.

Fletcher and Peto, 1977

11



Longitudinal Lung-Function Trajectories in

Asthma

Plateau phase
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5 10 ~——Normal growth
K ~~Early decline Factors associated with reduced
E .
£ st o |05 lunggrowth:
i AN sage2  * Lower baseline FEV1
5 5 & com,  + Smaller bronchodilator
£ decline :I GoLD
2 stage 3 response
e * AHR at baseline
z = * Male sex
0 10 20 0
Age (yr)
M.J. McGeachie et al. N Engl J Med 2016;374:1842-52.
Airway Hyperresponsiveness
Positive Methacholine occurs in 0.
nearly all asthmatics, < 5% normals =
63% of men and 87% of women i
with COPD show AHR with < 25 }
mg/ml of metacholine - "
— Lower PFT’S associated with >AHR, b
decline in lung function and 3 *
mortality 4
— Smoking cessation has positive 1
effect on AHR and improves FEV1 200 *
greater in those with AHR |

Follow-up years)

Tashkin D An J Crit Care Med 1996:153:1802

Wise RA et al. Chest 2003; 12: 4:449- 458

Tkacova R et al. J Allergy Clin Immunol 2016

Traditional Approach in Differentiating Asthma and

COPD- Physiology

Reversible airway obstruction

Normal DLCO
Normal lung volumes

Airway hyperresponsiveness
(AHR)

Lung function decline

Only partially reversible
airflow obstruction

Low DLCO (emphysema)
Hyperinflation and gas
trapping

No airway
hyperresponsiveness (AHR)

Lung function decline

12



Traditional Approach in Differentiating Asthma and
COPD- Physiology

Reversible airway obstruction Only partially reversible A subgroup of patients with long standing
airflow obstruction asthma do not demonstrate reversible airflow
obstruction. Acute bronchodilator
reversibility are common features of COPD

Normal DLCO Low DLCO (emphysema) Some patients with severe asthma have

Normal lung volumes Hyperinflation and gas physiologic abnormalities seen in COPD
trapping (Increase RV/TLC, low DLCO)

Airway hyperresponsiveness No airway Some patients with asthma fail to

(AHR) hyper i (AHR) AHR, 60% of COPD patients

have AHR (correlate with poor outcomes)
Lung function decline Lung function decline In a subgroup of asthma, lung function

decline may result in airway obstruction that
resembles COPD

7/31/2016

Similar Goals of Management

Reducing
Impairment

S

Reducing Risk

Treatment Guidelines
GINA GOLD

* Two different sets of guidelines

e Two different treatment paradigms

* Similar pharmacologic agents

A T e
A A
s GAQBALSTRATEGY FOR G S i R e e
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Medications for Asthma and COPD
Asthma COPD
Anti-inflammatory drugs Bronchodilators
Corticosteroids B short and Long-acting B-agonists
B Antileukotrienes B Short and Long-acting Anticholinergics
| Theophylline (?) Theophylline
Bronchodilators Anti-inflammatory drugs
B Short and Long-acting B-agonists B Corticosteroids
| Short-af\ti{!ghapd Long-Acting B PDE4 Inhibitor (Roflumilast)
nuenolnersic ICS/LABA Combination
ICS/LAI?AA tcf(:omEblnatlon Mucoactive drugs
A "t_' "!_3 5 Antibiotics
i Vaccination

7/31/2016

Asthma and COPD Pharmacological
Treatment Options: Current Guidelines

LAMA

Short-acting Long-acting
(SAMAORSABA) | (LAMA ORLAGA)
1CS +LABA

G e
ot Lowie
es ocyiine”
- e
st sun2 s st s
Holgate ST, et al. Nat Rev Dis Primers. 2015;1:15025. Adapted from: Global Strategy for the Diagnosis, Management, ary
Prevention of Chronic Obstructive Pulmonary Disease

Traditional Approach in Differentiating Asthma and
COPD- Response to Therapy

Steroid-responsive Relative steroid resistant

Partial response to

Marked response to
bronchodilators

bronchodilators

LABA h safe

LABA unsafe

14



Traditional Approach in Differentiating Asthma and
COPD- Response to Therapy

Steroid-responsive Relative steroid resistant * A moderate prportion of COPD
patients have eosinophilic airway
inflammation which predict
response to inhaled steroids.

* Asthma patients with Low T2 airway
inflammation or no inflammation do
not respond to steroids

Marked response to Partial response to * Variable according to disease
bronchodilators bronchodilators severity and duration.
* COPD patient demonstrate volume
response
LABA unsafe  LABA h safe * Some patients with COPD have

asthma component

7/31/2016

Pathways to Chronic Airflow Obstruction

No Asthma No allergies Smoking
No family history  Risk factors

Asthma Allergies No Smoking

Family history No Risk factors

Pathways to Chronic Airflow Obstruction

No Asthma No allergies Smoking
No family history  Risk factors

No Asthma No allergies Smoking Clinical features of
No family history +/-Risk factors  asthma
Allergies Smoking I a
Asthma Family history ~ +/-Risk factors
Asthma Allergies No Smoking

Family history No Risk factors

15



The Overlap Between Asthma and COPD
Emerging View: Is this ACOS??

Eosinophilic

Neutrophilic
Asthma

Smoker + Other
o .1 Asthma
asthma

Phenotypes

Airflow
obstruction
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ERJ Express. Py 23,2016 as dol: 10. .00436-20°

Chronic Airilow Limitation: A What is asthma—COPD overlap syndrome?
Asthma A Crosenark Towards a consensus definition from a

Diagnosis of Diseases of

COPD and round table discussion
Asthma - COPD a5t
byt S Oon D. Sin', Marc Miraitles?, Dayid M, Manning’, Joan B. Saiancs
\ ro Oavid Price™, Bartolome it Callr” Jonice M Louna'. Yasutaka Nakano',
e Yon Park. Pater A Workis and Michael €. Wochiler’"

TABLE 1 Criteria for diagnosis of asthma-chronic obstructive pulmonary disease overlap syndrome

Major Minor
1. Persistent airflow limitation (post-bronchodilator FEVI/FVC <0.70 1. Documented history of atopy or allergic rhinitis
or LLN) in individuals 40 years of age or older; LLN is preferred
2. At least 10 pack-years of tobacco smoking 2. BDR of FEV1 >200 mL and 12% from baseline values on 2 or
OR more visits

equivalent indoor or outdoor air pollution exposure (e.g. biomass)
3. Documented history of asthma before 40 years of age 3. Peripheral blood eosinophil count of 300 cellsuL™"
oR

BOR of >400 mL in FEV1

The committee recommends presence of all three major criteria and at least one minor criterion for asthma-chronic obstrucive pulmonary)
disease overlap syndrome. FEV1: forced expiratory volume in 1s; FVC: forced vital capacity; BDR: bronchodilator response using 400 ug of

albuterol/salbutamol [or equivalent]; LLN: Lower limit of normal

Prevalence of Overlap Syndrome Increases
with Age

» DM [ —
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Libson P G, and Simpson J L Thorax 2009;64:728-735 de Marco R et al. PLoS ONE 2013: 8: 62985

16



What do we know about ACOS?
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Measure Asthma ACOS corp
Symptoms Intermittent, worse at night _ Progressively worsen Progressively worsen
or in the morning
FEV/FVC 270 <70% <70%
FEV, %predicted”  >80% <80% <80%
12 ml <i2ml >12 ml
PBinceasein  =12% and 400 mi (marked  212% and 2200 ml (reversible) 212% and 2200 ml
FEV, reversibility) (reversible)
FeNO >50 ppb. 25-50 ppb <25 ppb
Dlco Normal, although smokers  Normal-low <80% predicted
may present with a lower
Lco
Imaging Usually normal Bronchial wall thickening, emphysema, gas trapping on expiratory chest CT Bronchial wall thickening,
scans, greater segmental wall area on inspiratory CT scans, fibrosis, emphysem, fibrosis,
hyperinfiation hyperinfiation
Inflammation  Eosinophils > neutrophils,  Eosinophils and neutrophils, CD4+ and CD8+ T lymphocytes Neutrophils > eosinophils,
mast cells, CD4+ T D4+, D8+ T hymphocytes
Iymphocytes
IgE, IL-4/-5/-13, eotaxin IGE, IL-4/-5/-13/-1B/-8/-6, TNF-a, eotaxin, proteases 1L-1B/-8/-6, TNF-q, proteases
Test for atopy,  Commonly allergic to Commonly allergic to environmental allergens Do not rule out COPD, ACOS
environmental allergens may be more likely
Exacerbations  >3/year, well controlled by ~ More frequent than asthma and COPD alone >2year

treatment

B. Ding & A Enstone. Expert Rev Respir Med 2016; 10:3, 363371,

Exacerbation Rate in Patients with ACOS

‘ W ACOS group COPDgroup W Asthma group ‘

Exacerbation rate

o

Hardin et al** Miravitlles et al** Menezes et al***

International Journal of COPD 2015:10 1443-1454

Moving from the Oslerian Paradigm to Post-genomic Era:

Are Asthma and COPD Outdated Terms?

Complex interaction between genetic predisposition and the
environment

Inflammation plays a key role for both, neutrophilic and
eosinophilicinflammation can be seen in both

Heterogeneous (variable) natural history & clinical course
Airway obstruction and hyperresponsiveness underly
pathophysiology and is associated with progressive loss of lung
function

The presence or absence of reversibility of FEV1 does not
distinguish one from the other

Approach to management for both involves risk factor
modifications, self management education and pharmacotherapy
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