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Lecture objectives

 Review the pathophysiology of COPD
» Understand COPD therapeutic approach

* Describe the mechanisms of action (MOA), pharmacokinetics and side
effects of agents used for COPD management




Facts & numbers

* Nearly half COPD patients say it limit
their work and social activity

» Known as disease of old age but can
Occur as young as 35 years

* SMOKING

* Approximately 15-20% of the cases
occur In nonsmokers.
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COPD is currently the

3RD

leading cause
of death
globally

384 MILLION

yeople suffer frc
people suffer from
. o

3 MILLION
people die
each year of

COPD

EARLY DIAGNOSIS - SYMPTOMS INCLUDE | BIGGEST RISK FACTORS
¢ Shortness of breath + Smoking
: # Indoor and outdoor pollution
+ Increase d phlegm or mucus production i = Occupational dusts and chemicals
S » Feeling tired
“-’ +« More frequent chest infections

¢ Longer to recover from a cold/chest infectiol

LEAVE NO ONE BEHIND. ON WORLD LUNG DAY CALL FOR
ni HEALTHY LUNGS FOR ALL

;; ;; WORLD LUNG DAY

« A repetitive cough
firsnet.org 25 september

#WorldLungDay

It IS NOT curable but treatable




Definition & sub-types

"an event characterized by
dyspnea and/or cough and
sputum that worsen over

<14 days, which may be
accompanied by tachypnea
and/or tachycardia and is often
associated with increased local
and systemic inflammation
caused by airway infection,
pollution, or other insult to the
airways"

Sofian Al Shboul ©

Defining “Chronic Obstructive Pulmonary Disease (COPD)”

Systemic disease, largely manifesting as an airflow-obstructing respiratory

COPD

Author: Yan Yu
Reviewers: Jason Baserman,

Jennifer Au, Ciara Hanly,
Zesheng Ye (M%), Yonglin

Mai (22 3k H)*, Naushad
Hirani*, Juri Janovcik*

disorder; can manifest in the form of any of the following disorders:

f

* MD at time of publication

‘ S EEEEEEEEEEF TSI EEEEEEEEEEEEERNF

= Emphysema = = Chronic Bronchitis -
E I EEEEEEEEN LA B AR RERRERRRNRERNRN'!
Lung tissue destruction & Chronic, productive
abnormal, permanent cough for a total
enlargement of lung duration of 3 months
acini: airspaces distal to per year, over 2
terminal bronchioles continuous years

Clinically, COPD is seen as:

* Progressive, irreversible : airflow
obstruction and lung hyperinflation (causing
respiratory symptoms like cough, sputum
production, and dyspnea)

* Post-bronchodilator spirometry results:
FEV1/FVC ratio <0.7 (FEV1 is not a defining
feature of COPD, but a marker of severity)

* M frequency & severity of acute exacerbations

* Systemic manifestations such as
deconditioning and muscle weakness

Bronchial tubes
are clear and
inflammation-free.

Alveoli (air sacs)
expand and
collapse with
each breath.

Oxygen moves
through the
air-sac walls

into the blood.

air sacs to be
exhaled.

The Lungs on COPD

Learn what damage from COPD looks like and
why it becomes so hard to breathe.

Carbon dioxide
moves info the

Alveoli lose their
elasticity and shape
making it hard
w_/ to exhale.

Air gets
trapped
in the lungs.

Bronchial tubes
become inflamed
and narrowed.

Thick mucus
forms causing
a chronic cough.



Pathogenesis

 Chronic bronchitis and emphysema:
CD8+ T-lymphocytes, neutrophils,
and CD68+ monocytes/macrophages
In the airways.

* the bronchial inflammation of
asthma: presence of CD4+ T-
lymphocytes, eosinophils, and
Increased interleukin (IL)-4 and IL-
B.
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% Pathogenesis of COPD

e i e

Smoke, irritants, carcinogens.
Tissue irritation & destruction
Inflam = Mucous production.
Airway damage -> Narrowing.
Alveolar damage - widening.

= |ncrease in

» Airway inflam - Bronchitis
» Alveoli damage - Emphysema.
= Both - COPD.

Neutrophil chermotactic factors
Intedeuking. leukotriene B,

+ Alveolar marcrophages
« CD8 Lymphocytes a1AT def..
« Neutrophils Foptysema

* Proteases.




Signs & symptoms

* Dyspnea

 Chronic cough

 Sputum production

* Wheezing and chest tightness
Breathlessness

Difficulty sleeping

* Fatigue.
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COorD

CHRONIC AIRFLOW LIMITATION
“EMPHYSEMA AND CHRONIC BRONCHITIS"

* Wheezing
* Pursed-Lip Breathing
e Chronic Cough
¢ Barrel Chest
* Dyspnea
* Prolonged Expiratory
Time

e Easily Fatigued
* Frequent Respiratory
Infections
e Use of Accessory
Muscles to Breathe
* Orthopneic

Tissecs

* Cor Pulmonale
(Late in Disease)

* Thin in
Appearance




Treatment & management

 Quit smoking

» education and counselling (about COPD ar
Inhaler techniques).

* Seasonal influenza and COVID-19 ol

vaccinations.

* Diet: no ideal COPD diet but excess weigr
can contribute to dyspnea >>> normal bod
mass index (BMI).
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REDUCE SYMPTOMS <

EEESM TOMS

MPROVE EXERCISE
TOLERANCE

PREVENT DISEASE
PROGRESSION

REDUCE MORBIDITY
AND MORTAUTY




~ Pharmacological agents

COPD pharmacological treatment include
1. Short-acting B, agonists (SABAS)
Long-acting 3, agonists (LABAS)

Inhaled corticosteroids (ICS)
Combinations of these classes
Vaccines, antibiotics and other agents

~N o 0k W
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The mainstays of drug therapy for
stable symptomatic COPD are inhaled
bronchodilators (beta-agonists and
muscarinic antagonists).

Short-acting muscarinic antagonist (SAMA)
Long-acting muscarinic antagonist (LAMA)



Pharmacological agents

MEDICATION
SHORT-ACTING [3; ADRENERGIC AGONISTS (SABAs)

Albuterol PROAIR, PROVENTIL, VENTOLIN
Levalbuterol XOPENEX
LONG-ACTING 3, ADRENERGIC AGONISTS (LABAs)

Formoterol FORADIL, PERFOROMIST

Olodaterol STRIVERDI RESPIMAT COPD
Salmeterol SEREVENT Asthma, COPD

INHALED CORTICOSTEROIDS

Allergic rhinitis, Asthma, COPD

Fluticasone FLONASE*, FLOVENT Allergic rhinitis, Asthma, COPD
Mometasone ASMANEX, NASONEX* Allergic rhinitis, Asthma

Asthma, COPD
Asthma, COPD

Ipratropium ATROVENT

Asthma, COPD

Tiotropium SPIRIVA

Roflumilast DALIRESP
Theophylline ELIXOPHYLLIN, THEO-24

Glycopyrrolate SEEBRI NEOHALER

Olodaterol/tiotropium STIOLTO RESPIMAT

INI LONG-ACTING 3, ADRENERGIC AGONIST/CORTICOSTEROID COMBINATION

Formoterol/budesonide SYMBICORT
Formoterol/mometasone DULERA
Salmeterol/fluticasone ADVAIR

SHORT-ACTING ANTICHOLINERGIC

SHORT-ACTING 32 AGONIST/SHORT-ACTING ANTICHOLINERGIC COMBINAT
Albuterol/ipratropium COMBIVENT RESPIMAT, DUONEB
LONG-ACTING ANTICHOLINERGIC (LAMA)

LABA/LAMA COMBINATION

Formoterol/glycopyrrolate BEVESPI AEROSPHERE COPD

COPD
Asthma, COPD

Asthma, COPD
Asthma, COPD
Asthma, COPD

Allergic rhinitis, Asthma, COPD
ON
COPD

COPD
Asthma, COPD

CopPD




SABAs LABAs (Long- | ICS LABAs+ICS | SAMA SABA/SAM | LAMA LABA/LAMA | others
(Short- Acting Beta (Inhaled (Short- A (Long-
Acting Beta | Agonists) Corticoste Acting Acting
Agonists) roids) Muscarinic Muscarinic
Antagonist) Antagonists
)
Albuterol Salmeterol Fluticason | Salmeterol/ | lpratropium | Albuterol/lp | Glycopyrrol | Formoterol/ | Roflumilast
e Fluticasone ratropium ate Glycopyrrol
ate
Levalbuterol | Formoterol Budesonid | Formoterol/ Tiotropium | Olodaterol/ | Theophyllin
e Budesonide Tiotropium | e
Olodaterol Mometaso | Formoterol/
ne Mometason

e




Pharmacological agents

Clinical Applications

Pharmacokinetics, Toxicities

Mechanism of
Action
BETA AGOMNISTS
= Albuterol Selective i, agonist | Prompt, efficacious
branchodilation
+ Salmeteral Selective B, agonist | Slow onset, primarily
preventive action; potenti-
ates corticosteroid effects

* Metaproterensal, terbutaline: Similar to albuterol; terbutaline availoble as an oral drug
+ Formaoterol: Similar to saimeteral

CORTICOSTERODIDS, INHALED
* Fluticasone Alters gene Reduces mediators of
axpression inflammation » powerful
prophylaxis of exacerbations

* Beclomethasone, budesonide, funisolide, athers: Similar to futicasone

Asthma, chronic obstructive
pulmonary disease (COPD)
* drug of choice in acute
asthmatic bronchospasm

Asthma prophylaxis

Asthma = adjunct in COPDr
* hay fever (nasal)

Aerosol inhalation = duration several
hiurs * also available for nebulizer
and parenteral use * Toxicity: Tremior,
tachycardia - overdose: amhythmias
Aerasol inhalation - duration 12-24 h
« Towicity: Tremor, tachycardia

= owerdose: arrhythmias

Aerosol = duration hours = Toxicity:
Limited by aerosol application

« candidal infection, vocal cord
changes

CORTICOSTERQIDS, SYSTEMIC
* Prednisone Like fluticasons Like fluticasone Asthima = adjunct in COPD Oral = duration 12-24 hours
= Towicity: Multiple + see Chapter 39
« Methyiprednisolone: Parenteral agent like prednisone
METHYLXANTHINES
= Theaphylline Uncertain Branchadilation, cardiac Asthma, COPD Oral + duraticn 8-12 h but
* phosphodiesterase | stimulation, increased extended-release preparations often
inhibition * adenos- skelatal muscle strength used * Toxicity: Multiple (see text)
ine receptar [diaphragm)
antagonist

Sofian Al Shboul ©
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\_/ Pharmacological agents:

32-adrenergic agonists (adrenergic 2 receptor

agonists):

act on the 32 adrenergic receptor:
»smooth muscle relaxation
»dilation of bronchial passages
»Vvasodilation in muscle and liver
»relaxation of uterine muscle
»release of insulin.

7|
g 1 o
A
e < < |

Bronchodilation

Peristalsis
Digestion
| S

Beta Receptors

Be

ta2 (Gs)

Gs Coupled Receptors: Increase cAMP
Smooth Muscle Relaxation

Gluconeogensis w
i Glucose
Glycogenolysis l "

[

Vasodilation

Urination

“*Primarily used to treat asthma and COPD.

Sofian Al Shboul ©
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Pharmacological agents:
32-adrenergic agonists

4. Salmeterol

»MOA:

Receptor activation (G protein ﬁGs) + adenylyl

cyclase) >> increases intracellular CAMP >> Selociive sasilits ol bats .-
activate protein kinase A (PKA) >> reduce adrenergicreceptors2  :oewem
Intracellular Ca2+ or decrease the sensitivity of g ewess.  Lsbund

Ca2+ >> inhibition of myosin light chain
phosphorylation (MLCK) >> preventing airway
smooth muscle contraction.

5. Pirbuterol

6. Isoetarine

7. Orciprinaline

-2 receptors
2 ] > Ld
g

» Anti-inflammatory effects?

5(3ducing Intercellular adhesion molecule-1 (ICAM-

reducing granulocyte-macrophage colony-
stimulating factors (GM-CSF) release

Sofian Al Shboul ©
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=’ Pharmacological agents:

32-adrenergic agonists
B2-adrenergic agonists (adrenergic
B, receptor agonists):

+¢*Side effects: See the figure

s All B2 agonists are available in inhaler
form: metered-dose inhalers (MDI) or
dry powder inhalers (DPI)

Sofian Al Shboul ©

KEY POINTS
Side effects: "off-target”
e Tremor i effects on
e Tachycardia beta-1 receptors
(palpitations) [ at high doses
e Nervousness ___ can lead to
e Cough these side
e Hyperglycemia effects

e Hypokalemia %%

Due to intracellular
shift of K+

15



~ Pharmacological agents:
muscarinic antagonist

COPD pharmacological treatment include
3. Short-acting muscarinic antagonist (SAMA)
4. Long-acting muscarinic antagonist (LAMA)

Sofian Al Shboul ©
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Pharmacological agents:
muscarinic antagonist (muscarinic receptor antagonist

v'Muscarinic receptors are predominately present
on _Iandular cells, smooth muscle cells, and Mechanism of action of muscarinic antagonists
cardiac muscle cells. ! |
:;?:"9"0"'0 — * Muscarinic antagonists block M,
A and M, receptors, thus
a» preventing binding of

v'Competitively inhibit the effect of
acetylcholiné (ACh) at muscarinic receptors
(Ml and M3) Postganglionic

v'M1: CNS

v"M3: smooth muscle GI, UT, airway, and blood
vessels

acetylcholine and inhibiting
airway smooth muscle
contraction

ACh, acetylcholine; M,, muscarinic rece, ptor; MA, muscarinic anta, gonist

==

Airway smooth muscle

Tashkin DP, Fabbri LM, Respir Res. 2010;11:149

v'Side effects: dry mouth, constipation and
urinary retention

Sofian Al Shboul ©
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“ Pharmacological agents:
Inhaled corticosteroids (ICS)

COPD pharmacological treatment include
5. Inhaled corticosteroids (ICS)

Sofian Al Shboul ©
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inhibit the release of arachidonic acid through inhibition of phospholipase A2

Pharmacological agents: . o
Inhaled corticosteroids (ICS)  aacie excervation 8UT generally theyare.

not recommended

o Anti-inflammatory agents that should be
reserved for patients with frequent or severe
exacerbations and hlgh blood eosinophils (~10% oot M B corpicte beorpiion
of the COPD population), or those with e rom lung
concomitant asthma - 2

Lung

Systemic
Circulation

Mouth and pharynx

* Do not relax airway smooth muscle directly but " acion
refgluce bgonchlal reactivity and potentiate the aosorpion §
_ rom gut iver
effects of B-receptor agonists . > ') Py
or mouth rinsing) N i'l:;::stti;,p;:is:n

« Main effect: inhibition of the infiltration of
lymphocytes, eosinophils, and mast cells.

Sofian Al Shboul ©
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Pharmacological agents:
Drug combinations

COPD pharmacological treatment include
6. Combinations of different drug classes

LONG-ACTING 3, ADRENERGIC AGONIST/CORTICOSTEROID COMBINATION

Formoterol/budesonide SYMBICORT Asthma, COPD
Formoterol/mometasone DULERA Asthma, COPD
Salmeterol/fluticasone ADVAIR Asthma, COPD

SHORT-ACTING 32 AGONIST/SHORT-ACTING ANTICHOLINERGIC COMBINAT
Albuterol/ipratropium COMBIVENT RESPIMAT, DUONEB

LONG-ACTING ANTICHOLINERGIC (LAMA)

LABA/LAMA COMBINATION

Formoterol/glycopyrrolate BEVESPI AEROSPHERE

Olodaterol/tiotropium STIOLTO RESPIMAT




Pharmacological agents:

Other agents

Roflumilast

* Oral phosphodiesterase-4 (PDEA4)
Inhibitor

* Reduces exacerbations in patients with
severe chronic bronchitis.

* Reduce inflammation by increasing
levels of intracellular cAMP in lung

cells.

Sofian Al Shboul ©




~ Pharmacological agents:
Other agents

 Roflumilast
* NOT a bronchodilator and i1s NOT indicated for the relief of acute
bronchospasm, It decreases inflammation in lungs

 Used In treating those with chronic bronchitis and a history of
exacerbations.

 Use Is limited by common adverse effects including weight loss, nausea,
diarrhea, and headache. used with caution in those suffering from

depression.

Sofian Al Shboul ©
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“ Pharmacological agents:

Other agents

* Methylxanthines such as theophylline which has mild
bronchodilatory effect in stable COPD. Theophylline is seen to
Improve breathlessness when used as an add-on to salmeterol.
Methylxanthines are not recommended for use in exacerbations due
to adverse effects.

« Cough medicines are not recommended. Beta blockers are not
contraindicated for those with COPD and should only be used
where there Is concomitant cardiovascular disease




CAT & mMMRC scales

Range of CAT scores from 0—-40. Higher scores denote a more
severe impact of COPD on a patient’s life.

How is your COPD? Take the COPD Assessment Test™ (CAT) Modified Medical Research Council

(mMRC) dyspnea scale

This questionnaire will help you and your healthcare professional measure the impact COPD (Chronic Obstructive
Pulmonary Disease) is having on your wellbeing and daily life. Your answers, and test score, can be used by you and
your healthcare professional to help improve the management of your COPD and get the greatest benefit from treatment.

For each itern below, place a mark (X) in the box that best describes you currently. Be sure to only select one response
for each question.

Example: |am very happy : ) ) x: 7_}(

Grade Description of breathlessness

;. | am very sad

SCORE
A cooo0006 0 I only get breathless with strenuous exercise
: L 1 I get short of breath when hurrying on level
Ihave no phlegm (mucus) NN N AN T My chest is completely . . .
inmy chest atal VO L2 )AL gull of phiegm (mucus) ground or walking up a slight hill
rMyhcheA::I!oesnotfeet ST Ay sy Mychestfeels verytight On level ground, I walk slower than people of
tight at L " S T T~
\ / the same age because of breathlessness, or
Wh 1k up a hill L R Wh Ik up a hill -
onefightofsakziam  (0)(1)(2)(3)(a)(5) enaflightofsmirsiam have to stop for breath when walking at my own
not breathless i S R i i very breathless
g pace
1am not limited doing /—--\: r’_'“';. ./'_"\; |'/_-\;. (/_'\‘. .,/'_\ 1am very limited doing
[T A4 ke | I stop for breath after walking about 100 yards
lamconfidentleaving ~ _______ amnotatallconfident or after a few minutes on level ground
my home despite my (0 )}( ) PiS : )\ ) leaving my home because
‘Iungmndltlon e SR i of my lung condition
) I am too breathless to leave the house or I am
N TN N N N Idon‘tsleep soundly .
fSaspasimiy (1 )(2)(3)(4)(5)  becauseof mylung breathless when dressing
| condition )
1 have lots of energy \ / ./ E _1[:- ( j’\/ \/ I have no energy atall
Sofian Al Shboul © COPD Assessment Test and the CATlogo are of th 3 TOTAL
£ 2009 GlaxoSmithKline. All rights reserved. SCORE 24




Treatment plans

Table 1: mMRC dyspnea scale Mew diagnosis of COPD*

Grade | Description of breathlessness +

Recommended general and preventative care for all patients:

0 I anly get breathless with strenuous exercise ® Avcidance of smoking and other risk factors

® Influenza, pneumococcal, and COVID-19 vaccinations

= Regular physical activity

® Short-acting bronchodilator as needed for acute dyspnea
(refer to below for selection)

1 I get short of breath when hurrying on level ground or
walking up a slight hill

2 On level ground, 1 walk slower than people of the same age

because of breathlessness or have to stop for breath when = Regular review of correct inhaler technigue

walking my own pace = Assessment of hypexemia and hypercarbia for long-term

oxygen and/or noninvasive ventilation

3 I stop for breath after walking about 100 yards or after a

few minutes on level ground +
4 I am too breathless to leave the house or I am breathless Has the patient had 2 or more moderate exacerbations 1 OR

when dressing at least 1 hospitalization for COPD exacerbation in the past year?

T ! 1
Mo Yes

¥ v

Quantify dyspnea and symptoms using the
mMRC dyspnea scale (refer to Table 1} and CAT. GOLD Group E

Does the patient have mMRC =2 or CAT =1047
I

I 1
Mo Yes

¥ ¥

Does the patient hawve high peripheral
eosinophil levels {z300/microl)

GOLD Group A GOLD Group B oR
Hospitalization for COPD exacerbation?
I

Mo Yas
¥ ¥
LAMA plus as-needed SABA (preferrad)
OR LAMA-LABA dual bronchodilator therapy LAMA-LABA dual bronchodilator therapy ICS-LAMA-LABA therapy
LABA plus SAMA-SABA or SABA S AND AND AMD
OR SABA as needed for acute dyspnea SABA as needed for acute dyspnea SABA as needed for acute dyspnea
Sofian Al Shboul © As-needed SAMA-SABA or SABAS oe



GOLD ABE assessment tool.

Sofian Al Shboul ©

GOLD ABE Assessment Tool

Spirometrically
confirmed diagnosis

Assessment of
airflow obstruction

Assessment of

X

Grade FEV,
(% pred)
GOLD 1 >80
Post-bronchodilator
FEV,/FVC <0.7 GOLD 2 50-79
GOLD 3 30-49
GOLD 4 <30

»  symptoms/risk of
exacerbations

Exacerbation history
(per year)

>2 moderate
exacerbations or
21 leading to
hospitalization

0 or 1 moderate
exacerbations
(not leading to

hospitalization)

mMRC 0-1 mMRC =2
CAT <10 CAT 210

Symptoms

Alvar Agusti et al. Eur Respir J 2023;61:2300239
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Initial pharmacological treatment

Initial pharmacological treatment

Group E
>2 moderate
exacerbations or LABA+LAMA¥#*
>1 leading to consider LABA+LAMA+ICS* if blood eos 2300
hospitalization
Group A Group B
0 or 1 moderate
exacerba'tlons A bronchodilator LABA+LAMA¥#*
(nOt leadlng to LAMA plus as-needed SABA (preferrad)
hospital ad mission) — EAM:)-F;ABA - cnmno LAMA-LABA dual l:::l;}chodilatnr therapy
OR SABA as needed for acute dyspnea
As-needed SAMA-SABA or SABAR
mMRC 0-1, CAT <10 mMRC =2, CAT =10
#: single inhaler therapy may be more convenient and effective than multiple inhalers
Exacerbations refers to the number of exacerbations per year

Sofian Al Shboul ©
Alvar Agusti et al. Eur Respir J 2023;61:2300239

If there is an indication for an

ICS, then LABA+LAMA+ICS has
been shown to be superior to
LABA+ICS and is therefore the
preferred choice

The use of LABA+ICS in COPD
is no longer encouraged.

27



Follow-up pharmacological treatment.

Sofian Al Shboul ©

Follow-up pharmacological treatment

If response to initial treatment is appropriate, maintain it

If not: « Check adherence, inhaler technique and possible interfering comorbidities
« Consider the predominant treatable trait to target (dyspnea or exacerbations)
- Use exacerbation pathway if both exacerbations and dyspnea need to be targeted
« Place patient in box corresponding to current treatment and follow indications
« Assess response, adjust and review
«» These recommendations do not depend on the ABE assessment at diagnosis

Dyspnea Exacerbations
LABA or LAMA LABA or LAMA
if blood
€0s <300
v
if blood
LABA+LAMA# LABA+LAMA?# 4—‘ €05 2300
ifblood
e0s <100 A
if blood ’
v 052100 h A

; L——»  LABA+LAMA+ICS*
« Consider switching inhaler device or

molecules

« Implement or escalate
non-pharmacologic treatment(s)

« Investigate (and treat) other causes

of dyspnea
Roflumilast Azithromycin
FEV, <50% and chronic bronchitis Preferentially in former
smokers

#: single inhaler therapy may be more convenient and effective than multiple inhalers

##: consider de-escalation of ICS if pneumonia or other considerable side-effects. In case of blood eos 2300 cells-pL-!
de-escalation is more likely to be associated with the development of exacerbations

Exacerbations refers to the number of exacerbations per year

N
Alvar Agusti et al. Eur Respir J 2023;61:2300239
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