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Disclaimer

        �e Nursing Continuing Professional Education materials produced by APRNWORLD® 

are made as an integrated review of current evidence available from  multiple sources. �e bulk 

of the information is taken from major scienti�c journals and other relevant publications. 

APRNWORLD® made every reasonable e�ort to cite these resources appropriately however, 

may have omissions made inadvertently due to the vast and generic nature of the scienti�c 

information available. APRNWORLD® does not hold copyright of any of such information. 

�e copyright of such information belongs to the speci�c author/ publisher or their legal 

designee. Even though we made every reasonable e�ort in ensuring the quality and correctness 

of  information, APRNWORLD® does not bear the responsibility of the accuracy of the infor-

mation as it was taken from publicly available sources. �e education material is meant for 

licensed professionals with a solid body of knowledge, experience and understanding of 

complex medical scenarios. �e material presented here does not replace sound scienti�c and 

up-to-date guidelines from professional sources. Because of the dynamic nature of medical and 

scienti�c advancements, these training materials should not be used as the sole basis for medical 

practice. Individual practitioner should exercise their critical thinking and clinical reasoning 

skills in dealing with complex medical scenarios. APRNWORLD® does not bear any responsi-

bility for the claims that the information presented through its platforms caused injury or 

unwanted outcomes in any clinical situations.
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Need Assessment
 Chronic Obstructive Pulmonary 
Disease (COPD) is characterized by a 
chronic and persistent air�ow limitation 
that is progressive and interferes with 
normal breathing. It is one of the leading 
yet under-recognized causes of morbidity 
and mortality worldwide. Even in people 
with mild or moderate chronic obstructive 
pulmonary disease, work productivity is 
lower than in people without chronic 
obstructive pulmonary disease and about 
3-fold decrease in productivity has been 
reported in chronic obstructive pulmonary 
disease patients with symptom burden.

chronic obstructive pulmonary disease
Identify two combination pharmaco-
logic agents in chronic obstructive pul-
monary disease management
Describe pharmacologic therapy to 
prevent chronic obstructive pulmo-
nary disease exacerbations

Discuss the role of in�ammation in the 
pathogenesis of chronic obstructive 
pulmonary disease
Describe the role of long acting bron-
chodilators in management of chronic 
obstructive pulmonary disease
Understand how combination bron-
chodilator works in management of 

Objectives 

Goal
 �e goal of this article is to focus on 
identifying and managing patients with 
chronic obstructive pulmonary disease 
pharmacologically according to their risk 
and type of exacerbation and discuss cur-
rent and evolving pharmacologic strategies
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Introduction 

 Chronic obstructive pulmonary 
disease is a progressive, irreversible in�am-
matory disease of the lungs that makes it 
hard to breathe. Chronic obstructive pul-
monary disease (COPD) is associated with 
high morbidity and mortality. It’s a group 
of lung diseases that block air�ow and make 
it di�cult to breathe. Emphysema and 
chronic bronchitis are the most common 
conditions that make up chronic obstruc-
tive pulmonary disease (as shown in �gure 
1). Emphysema slowly destroys air sacs in 
your lungs, which interferes with outward 
air �ow. Bronchitis causes in�ammation 
and narrowing of the bronchial tube, which 
allows mucus to build up. Chronic obstruc-
tive pulmonary disease is typi�ed by persis-
tent, progressive air�ow limitation and a 
range of respiratory and systemic symptoms 
such as breathlessness, coughing, wheezing, 
depression, anxiety, general fatigue, and 
sleeping di�culties (as shown in �gure 2). 
Despite receiving treatment for chronic 
obstructive pulmonary disease, many 
patients su�er from regular symptoms that 
a�ect their daily lives and lead to increased 
morbidity. �ese symptoms vary in severity, 
frequency and type and can occur at any 
time throughout the 24-h day, with over 
half of 

patients with chronic obstructive pulmo-
nary disease experiencing symptoms in the 
morning, during the day and at night-time. 
 Despite the prevalence of symptoms, 
patient and physician perception of the 
impact of chronic obstructive pulmonary 
disease symptoms on patients’ lives is not 
always in concordance. Dual bronchodila-
tor therapy with a long-acting muscarinic 
antagonist (LAMA) and long-acting beta 
agonist (LABA) has the potential to treat 
the symptoms of chronic obstructive pul-
monary disease in addition to improving 
lung function. �e symptoms of chronic 
obstructive pulmonary disease are trouble-
some, variable, can occur during all parts of 
the 24-h day and have a substantial impact 
on patients’ health status and quality of life. 
In order to provide e�ective, patient-orien-
tated care, patients with chronic obstructive 
pulmonary disease should be evaluated on 
the basis of lung function, the frequency of 
symptoms, and patient-perceived impact 

Figure 1: Conditions that make up COPD
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 Chronic obstructive pulmonary 
disease results from the combined processes 
of peripheral airway in�ammation and nar-
rowing of the airways. �is leads to air�ow 
limitation and the destruction and loss of 
alveoli, terminal bronchioles and surround-
ing capillary vessels and tissues, which adds 
to air�ow limitation and leads to decreased 
gas transfer capacity (as shown in �gure 3). 
�e cellular in�ammation in stable chronic 
obstructive pulmonary disease is character-
ized by the presence of increased numbers 
of macrophages, neutrophils, T lympho-
cytes, dendritic cells and B lymphocytes. 
Increased numbers of neutrophils and B 
lymphocytes are usually associated with the 
most severe chronic obstructive pulmonary 
disease. During chronic obstructive pulmo-
nary disease exacerbations, there is also a 
recruitment of eosinophils, particularly 
during virus-induced severe chronic 
obstructive pulmonary disease exacerba-
tions. T lymphocytes in chronic obstructive 
pulmonary disease are predominantly 
CD8+, but CD4+ cells are also increased. 
T-helper (�)-1 and T-cytotoxic (Tc)-1 
subtypes, characterized by production of 
interferon (IFN)-γ, predominate, although 

of symptoms on their lives. �erapy should 
be chosen carefully based on individualized 
assessment, ensuring personalization to the 
individual needs of the patient. [1, Rank 5]

Overview of In�ammation
in the Pathogenesis of chronic 
obstructive pulmonary disease

Figure 2: Signs and symptoms of COPD
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�2 cytokines are also increased in stable 
chronic obstructive disease  patients with 
increased interleukin (IL)-4 expression in 
CD8+ cells (Tc2 cells) from bronchoalveo-
lar lavage (BAL). 
 In the blood there are increased pro-
portions of IFNγ+ and TNFα+ , CD8+ 
T-cells in stable chronic obstructive pulmo-
nary disease patients correlating with 
Global initiative for chronic obstructive 
lung disease grades when compared with 
healthy never-smoking controls. An 
increased number of �17 cells are also 
present in bronchial biopsies of patients 
with stable chronic obstructive pulmonary 
disease.

 Many in�ammatory cells and media-
tors are involved in the in�ammatory pro-
cess of chronic obstructive pulmonary 
disease (as shown in �gure 4).  It is clear 
that cigarette smoke itself can directly acti-
vate many cells, such as epithelial cells or 
macrophages, to release cytokines and 
chemokines, leading to in�ammatory cell 
recruitment and activation and to tissue 

®

Chronic obstructive pulmo-

nary disease is an umbrella 

term for a group of condi-

tions involving progressive 

and irreversible lung damage. 

Symptoms are often referred 

to as “smokers cough” or a nat-

ural part of ageing rather 

than an incurable disease. 

T lymphocytes in chronic 

obstructive pulmonary disease 

are predominantly CD8+

Figure 3: Pathogenesis of COPD
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destruction. TNFα, IL-1β, granulocyte- 
macrophage colony-stimulating factor 
(GM-CSF), and CXCL8 (IL-8) are released 
by airway epithelial cells exposed to ciga-
rette smoke, in addition to transforming 
growth factor (TGF)-β1, which is implicat-
ed in the activation of myo�broblasts and 
airway smooth-muscle cells to cause prolif-
eration and �brosis. Alveolar macrophages 
are also activated by cigarette smoke extract 
to release a similar pro�le of cytokines as 
epithelial cells, including TNFα, CXCL8, 
CCL2 (monocyte chemo attractant protein 
[MCP]-1) in addition to leukotriene B4 
and oxidants (reactive oxygen species). 
Alveolar macrophages, like bronchial epi-
thelial cells, can also release a number of 
other chemokines, including CXCL9 (mo-
nokine-induced by IFNγ), CXCL10 
(IFN-inducible protein 10) and CXCL11 
(IFN-inducible T-cell alpha chemo attract-
ant), which are chemotactic for CD8 T 
cells through the CXCR3 receptors. In 
addition, there is the synthesis of elastolytic 
enzymes, such as matrix metalloprotein-
ase-2 (MMP-2), MMP-9, MMP-12 and 
cathepsins. Regulation of these cytokines is 
likely to be under the control of nuclear 
factor (NF)-κB, which is activated in mac-
rophages from chronic obstructive pulmo-
nary disease patients. An increased number 
of macrophages in 

the lungs are probably due to increased 
recruitment of blood monocytes to lungs or 
due to increased local proliferation and sur-
vival of lung macrophages. [2, Rank 4]
 �ere are increased numbers of neu-
trophils in sputum and bronchial lavage in 
chronic obstructive pulmonary disease and 
their numbers correlate with disease severi-
ty. Chemotactic signals for neutrophil 
recruitment include leukotriene B4, 
CXCL1 (previously known as growth-relat-
ed oncogene [GRO]-α), CXCL2 (GROβ), 
CXCL3 (GROγ), CXCL5 (epithelial neu-
trophil-activating peptide 78), and 
CXCL8, the expression of which is 
increased in chronic obstructive pulmonary 
disease and likely to be derived from alveo-
lar macrophages and epithelial cells. 
GM-CSF and granulocyte CSF may 
increase the survival of neutrophils.
 �ere is now increasing interest in 
the participation of the in�ammasome in 
chronic obstructive pulmonary disease, 
which could be the origin of some 
cytokines. �e in�ammasome’s primary 
role is defending against invading patho-
gens, including bacteria and viruses. �e 
innate immune system is characterized by 
its ability to recognize and respond to an 
array of infectious agents and endogenous 
molecules (as shown in �gure 5), such as 
double-stranded deoxyribonucleic acid and 
extracellular adenosine triphosphate 
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released during cell and tissue injury. �is is 
mediated through the detection of these 
pathogen-associated and danger-associated 
molecular patterns by receptors termed pat-
tern-recognition receptors. �ese include 
the Toll-like receptors (TLRs), 
the intracellular retinoic acid-inducible 
gene-like helicases and the

intracellular nucleotide-binding oligo- 
merization domain-like receptors (NLRs). 

Figure 4: Examination of the client

Smoking cessation is the key 

intervention for all COPD 

patients who continue to smoke



9

® Newest Pharmacologic Agents for Management of COPD

agonists. A typical in�ammasome is com-
posed of an NLR, an adaptor protein, such 
as apoptosis-associated speck-like protein 
containing a caspase-recruitment domain 
(ASC) and an e�ector caspase that activates 
proin�ammatory cytokines, in particular 
IL-1β and IL-18. �ree NLR proteins have 
been shown to form in�ammasomes: 
NLRP1, NLRP3  also known as 

 NLRs are characterized by three 
domains, including an N-terminal interac-
tion domain that mediates protein–protein 
interactions with downstream signalling 
intermediates and that can be used to cate-
gorize the NLRs into �ve subfamilies (as 
shown in �gure 6) -- NLRA (containing an 
acidic transactivation domain), NLRB 
(containing a baculovirus inhibitor of 
apoptosis protein repeat), NLRC (contain-
ing a caspase-recruitment domain), NLRP 
(containing a pyrin domain), and NLRX 
(containing an unknown domain).
 NLRs respond to pathogen-associat-
ed and danger-associated molecular pat-
terns through the formation of in�ammas-
omes: multimeric cytoplasmic protein 
complexes that act as molecular platforms 
for the activation of in�ammatory caspases 
following stimulation by foreign 

Figure 5: In�ammasome in COPD

Figure 6: Subfamilies of NLRS



10

® Newest Pharmacologic Agents for Management of COPD

cryopyrin or pyrin-containing Apaf 1 -like 
protein 1), and NLRC4 (also known as 
Ipaf ) (as shown in �gure7).

 Stimulation of the NLRP3 leu-
cine-rich repeat domain by a foreign ago-
nist is postulated to unfold the NLRP3 
molecule, enabling recruitment of the ASC 
adaptor proteins and procaspase 1. �us, 
the in�ammasome acts as a platform for the 
autoproteolytic cleavage of procaspase 1 to 
produce active caspase 1, which in turn 
cleaves pro-IL-1β and pro-IL-18 to pro-
mote their secretion in conjunction with 
the alarming high-mobility group. In 
chronic obstructive pulmonary disease, 
there is evidence of an increase in the 
number of CD8 T-cells expressing TLRs 1, 

2, 4, 6, and TLR2/1, with only TLR2/1 
increased on lung CD4 T-cells and TLR2 
on CD8 natural killer T-cells. �ere is 
evidence that TLRs are involved in the 
release of cytokines, such as IL-12 and 
IL-17 from T-cells. [3, Rank 3]
 �ere is a very long list of cytokines 
and chemokines that have been implicated 
in the many facets of the pathogenesis of 
chronic obstructive pulmonary disease. 
Some of these have been supported through 
genome-wide association studies on chron-
ic obstructive pulmonary disease, lung 
function and chronic obstructive pulmo-
nary disease complications. Proin�amma-
tory cytokines of importance include TNF
α, IFNγ, IL-1β, IL-6, IL-17, IL-18, IL-32, 
and thymic stromal lymphopoietin 
(TSLP). [4, Rank 5]

 Pharmacological therapy for chronic 
obstructive pulmonary disease is used to 
reduce symptoms, reduce the frequency 
and severity of exacerbations and improve 
exercise tolerance and health status 

Primary role of in�ammasome’s 

is defending against invading 

pathogens, including bacteria 

and viruses.

CD8+ T lymphocytes are known 

to play a critical role in the 

pathogenesis of COPD

Figure 7: NLR proteins forming in�ammasomes

Aim of pharmacological 
therapy in Chronic 

obstructive pulmonary disease 



11

® Newest Pharmacologic Agents for Management of COPD

(as shown in �gure:  8). Long acting bron-
chodilator therapy is the cornerstone treat-
ment for most patients with chronic 
obstructive pulmonary disease, for some 
patients with mild disease and low symp-
tom burden, short acting bronchodilators 
may su�ce for symptom control, but in 
many cases they should be used only as 
rescue medications. Inhaled long acting β
2-agonists and long acting anticholinergic 
(or antimuscarinic) bronchodilators are 
regularly used for maintenance treatment. 
Combining bronchodilators of di�erent 
pharmacological classes may improve e�ca-
cy and decrease the risk e�ects compared 
with higher doses of monocomponents. 

 `Short-acting bronchodilators, such 
as ipratropium, albuterol, and metaproter-
enol, have formed the cornerstone of initial 
chronic obstructive pulmonary disease 
therapy for the past two decades. Subse-
quently, long-acting bronchodilators were 
developed (as shown in �gure 11). 

 �e twice-daily long-acting beta ago-
nists salmeterol and formoterol �rst became 
available for maintenance therapy of chron-
ic obstructive pulmonary disease more than 
15 years ago, while the once-daily long-act-
ing muscarinic antagonist tiotropium has 
been available for 10 years and is the most 
widely prescribed maintenance monothera-
py bronchodilator in chronic obstructive 
pulmonary disease. Inhaled bronchodila-
tors, as monotherapy or in combination, 

 Two key classes of bronchodilators 
(as shown in �gure 9, 10) have been devel-
oped in chronic obstructive pulmonary 
disease: β2-agonists and muscarinic 
antagonists.

Long-Acting Bronchodilators

Figure 8: Aim of pharmacological therapy in COPD

Figure 9: Main types of bronchodilators
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Dual bronchodilation improves lung func-
tion compared with a single bronchodilator

remain the mainstay for patients in all cate-
gories. Long-acting bronchodilators, such 
as tiotropium, formoterol, and salmeterol, 
are proven to provide long-term improve-
ments in lung function, quality of life, and 
exacerbations in patients with chronic 
obstructive pulmonary disease. Long-acting 
bronchodilators (e.g., tiotropium, salmeter-
ol) also reduce lung hyperin�ation and 
dyspnea and increase exercise endurance. 
�e once-daily long-acting beta agonist 
indacaterol, the once-daily long-acting 
muscarinic antagonist glycopyrronium, and 
twice-daily long-acting muscarinic antago-
nist aclidinium represent newer, recently 
licensed therapies and there are also several 
once-daily long-acting beta agonists and 
long-acting muscarinic antagonists in 
development, including olodaterol, vilan-
terol, and glycopyrrolate. [5, Rank 3]

Figure 10: Classi�cation of bronchodilators 

Figure 11: Examples of long acting bronchodilators

Combination Bronchodilation

Combination therapy has the 

potential to improve outcomes 

when compared to monotherapy
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 Guidelines recommend combination 
therapy involving two long-acting bron-
chodilators with di�ering modes of action 
in patients whose chronic obstructive pul-
monary disease is not su�ciently controlled 
with monotherapy. Airway smooth muscle 
relaxation (leading to bronchodilation) can 
be achieved via two main routes (Figure: 
12):

 Targeting these two mechanisms of 
bronchoconstriction, theoretically, has the 
potential to maximize the bronchodilator 
response without increasing the dose of 
either component and helps to overcome 
the inter- and intra-patient variability in 
response to individual agents seen in chron-
ic obstructive pulmonary disease. However, 
β2-agonists can amplify the bronchial 
smooth muscle relaxation directly induced 
by the muscarinic antagonist by decreasing 
the release of acetylcholine via modulation 
of cholinergic neurotransmission. Addi-
tionally, muscarinic antagonists have been 

demonstrated to augment β2-agonist-stim-
ulated bronchodilation by reducing the 
bronchoconstrictor e�ects of acetylcholine 
in preclinical models.
 �e rationale for improved broncho-
dilation has been tested in preclinical 
models with a speci�c investigational 
long-acting muscarinic antagonist / 
long-acting beta agonist combination, (as 
shown in �gure 13) tiotropium plus olo-
daterol, demonstrating synergistic e�ects 
on bronchoprotection in vivo. Combina-
tion treatment in ovalbumin-induced bron-
choconstriction in anesthetized guinea pigs 
has demonstrated improved bronchopro-
tection in a dose-dependent manner, with 

Inhibition of acetylcholine signaling 
via muscarinic M3 receptors on 
airway smooth muscle with a mus-
carinic antagonist 
Stimulation of β2-adrenoceptors 
with a β2-agonist. 

Rationale

Figure 12: Mode of action with combination therapy 
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e�ective dose (ED) 50 values 10-fold lower 
than the ED 50 of olodaterol alone (p < 
0.05); similar results were reported versus 
tiotropium monotherapy in acetylcho-
line-induced bronchoconstriction in anes-
thetized dogs. Indacaterol synergistically 
potentiates the e�ects of glycopyrronium to 
inhibit metacholine-induced contraction of 
airway smooth muscle in vitro. However, 
speci�cally designed clinical studies are 
required to assess whether such synergistic 
e�ects can be observed with therapeutic 
doses in humans. [6, Rank 4]

and albuterol, o�enoterol and ipratropium 
clearly provides bene�ts over monotherapy 
with either component. Additionally, dual 
bronchodilation with ipratropium and alb-
uterol resulted in a consistently longer 
response and more patients achieved a 
pre-speci�ed response level (12-15%) in 
forced expiratory volume in 1 second 
(FEV1) with the combination versus indi-
vidual components (p<0.05), with an 
equivalent or improved safety pro�le.

 �e concept of adding a muscarinic 
antagonist to a β2-agonist is by no means 
new.  �ese medications work quickly to 
decrease shortness of breath.  A �xed-dose 
combination (FDC) of the short-acting 
agent’s (as shown in �gure: 14) ipratropium 

Figure 13: Combination bronchodilators

Short-acting muscarinic 
antagonist plus short-acting 

β2-agonist

Figure 14: Examples of SABA and SAMA
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 Relatively few studies have examined 
the combination of long-acting muscarinic 
antagonists and long-acting beta agonists. 
Until recently, research focused on free 
combinations of existing therapies and has 
demonstrated bene�ts on lung function 
and other outcomes. Following proof of 
concept in terms of a bene�t on FEV1 and 
in patients with acute exacerbations, several 
randomized controlled trials have reported 
improved lung function for tiotropium plus 
formoterol versus tiotropium alone. Some 
trials have also identi�ed signi�cant 
improvements in symptom scores and 
reductions in rescue medication use. A 
recent meta-analysis con�rmed the bene�ts 
of tiotropium plus formoterol on average 
FEV1, trough FEV1, and Transition Dysp-
nea Index (TDI), with initial reports also 
suggesting that the combination may pro-
vide statistically signi�cant improvements 
in e�ort-induced dynamic hyperin�ation 
and exercise tolerance.
 Currently available data on tiotropi-
um plus salmeterol are con�icting. Initial 

investigations indicated the bene�ts of 
tiotropium plus salmeterol versus either 
monotherapy alone, while suggesting 
co-administration of once-daily salmeterol 
plus tiotropium was inadvisable, due to the 
shorter duration of bronchodilation pro-
vided by salmeterol. �e Canadian Opti-
mal �erapy of chronic obstructive pulmo-
nary disease trial investigated the impact of 
tiotropium plus placebo, tiotropium plus 
salmeterol, or tiotropium plus salmeterol/ 
�uticasone on clinical outcomes in 449 
patients with moderate to severe chronic 
obstructive pulmonary disease. Tiotropium 
plus salmeterol/�uticasone (but not tiotro-
pium plus salmeterol) statistically improved 
lung function and quality of life, while no 
improvement in overall exacerbation rate 
was seen, it reduced the number of hospi-
talizations for exacerbations compared to 
tiotropium plus placebo. A more recent 
study, however, demonstrated signi�cant 
improvements in FEV1 with salmeterol 
once or twice daily plus tiotropium and the 
combination was also associated with clini-
cally signi�cant improvements in Transi-
tion Dyspnea Index. �ese inconclusive 
data suggest that further research is neces-
sary to determine any advantage of salmet-
erol plus tiotropium. Initial investigation of 
other free combinations has also been 
reported; tiotropium plus indacaterol 

Free combinations of 
LAMA plus LABA

The most commonly used SABA is 

salbutamol, the onset of action is 

within 3 minutes
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has been demonstrated to improve lung 
function and inspiratory capacity, as well as 
providing a further reduction in use of 
rescue medication. �e long-acting mus-
carinic antagonist GSK233705 twice daily 
plus salmeterol has also demonstrated 
signi�cantly improved trough FEV1 from 
baseline compared to monotherapy. Over-
all, these data broadly con�rm that combi-
nation therapy has the potential to improve 
outcomes versus monotherapy and justify 
further research in this area. [7, Rank 3]

Dose-�nding studies are required to estab-
lish minimal e�ective doses for each agent 
in the combination, as it cannot be 
assumed that these doses are the same as 
would be used in monotherapy. [8, Rank 5]
 A number of �xed-dose combina-
tions are in development, (as shown in 
�gure 15) with substantial clinical pro-
grams and some Phase II/III results are 
available. In all cases, there is evidence of 
improved lung function parameters with 
the combinations versus monotherapy 
components. Glycopyrrolate/ glycopyrro-
nium are being developed as part of two 
combinations: the former plus formoterol 
as a twice-daily combination and the latter 
plus indacaterol as a once-daily combina-
tion. Glycopyrrolate plus formoterol has 
recently reported improvements in FEV1 
area under the curve from 0–12 hours 
(AUC0-12) versus monotherapy with gly-
copyrrolate, formoterol, or tiotropium and 
in inspiratory capacity versus tiotropium 
monotherapy. Indacaterol is approved at 
doses of 150 and 300 μg in the EU and 75 
μg in the US. Early studies investigated 
high doses of indacaterol in combination 
with glycopyrronium, but the recent 
SHINE, ILLUMINATE and ENLIGHT-
EN studies have examined the e�ects of 
indacaterol (110 μg) plus glycopyrronium 
(50 μg). �e SHINE study reported signi�-
cantly greater improvements in trough 

 Fixed-dose combinations of long-act-
ing muscarinic antagonists and long-acting 
beta agonists o�er the potential of 
improved convenience and compliance 
over use of separate inhalers and during 
their development, the dose of each agent 
to be used in combination can be opti-
mized. A major challenge associated with 
development of �xed-dose combinations is 
provision of improved bronchodilation 
over monotherapy components while bal-
ancing the associated adverse e�ects. 

Fixed Dose Combinations

Dual bronchodilator therapy with a 

long-acting muscarinic antagonist 

and long-acting beta agonist has the 

potential to treat the symptoms of 

COPD and improves lung function
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FEV1 after 26 weeks’ treatment with the 
combination compared to monotherapy 
with indacaterol (mean di�erence 70 mL), 
glycopyrronium (90 mL), or tiotropium 
(80 mL). �is study also demonstrated 
improvements in dyspnea (versus placebo 
and tiotropium), St George’s Respiratory 
Questionnaire (versus placebo) and 
reduced use of rescue medication (versus 
placebo and all monotherapies). �e ILLU-
MINATE study has provided interesting 
information on the relative e�ects on lung 
function of a long-acting beta agonist / 
long-acting muscarinic antagonist combi-
nation versus long-acting beta agonist/ 
inhaled corticosteroids (ICS): signi�cant 
sustained and clinically meaningful 
improvements in trough FEV1, peak 
FEV1, and FEV1 AUC0-12 with indaca-
terol plus glycopyrronium versus the 
long-acting beta agonists/ ICS salmeterol/ 
�uticasone (p < 0.001 for all comparisons). 
Mean treatment di�erence for indacaterol 
plus glycopyrronium versus salmeterol/ 
�uticasone ranged from 103 mL (trough 
FEV1) to 155 mL (peak FEV1). Addition-
ally, the longer-term ENLIGHTEN study 
reported signi�cant improvements in lung 
function with the combination versus pla-
cebo sustained for 52 weeks, with no 
evidence of tachyphylaxis. [9, Rank 4]
 Clinical Phase II trials have investi-
gated the optimal dosing for olodaterol 

added to a �xed dose of tiotropium and for 
tiotropium added to a �xed dose of olo-
daterol. Signi�cant improvements in peak 
FEV1 were demonstrated with tiotropium/ 
olodaterol 5/2 μg (p=0.008), 5/5 μg (p= 
0.012), and 5/10 μg (p<0.0001) versus 
tiotropium monotherapy. Signi�cant 
improvements were also seen in trough 
FEV1 with tiotropium/ olodaterol 5/10 μg 
versus tiotropium monotherapy (p= 0.034), 
and with all doses of the combination 
tested versus olodaterol monotherapy with 
evidence of dose ordering.
 Of the long-acting muscarinic antag-
onist/ long-acting beta agonist’s �xed-dose 
combinations currently under investiga-
tion, tiotropium plus olodaterol, ume-
clidinium plus vilanterol, aclidinium plus 
formoterol, and glycopyrronium plus inda-
caterol have the largest Phase III programs, 
focusing on e�cacy, safety, exacerbations, 
exercise, and dyspnea. �e development 
program for umeclidinium plus vilanterol 

Figure 15: Fixed dose combinations
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involves four large pivotal trials, one large 
safety study, and two studies assessing exer-
cise endurance, with two ongoing trials 
investigating lung function and e�cacy. 
Phase III studies of glycopyrronium plus 
indacaterol will compare the combination 
with a range of comparators, including 
�uticasone/salmeterol combination and 
tiotropium, across a variety of end points 
(FEV1, exacerbations, TDI, and safety). 
�e tiotropium plus olodaterol develop-
ment program includes two main registra-
tion trials, three examining exercise and 
functional capacity, one examining 
long-term safety and a comprehensive lung 
function trial.
 Several of the long-acting muscarinic 
antagonist/ long-acting beta agonists/ 
�xed-dose combinations in development 
will be delivered once daily (such as ume-
clidinium plus vilanterol and tiotropium 
plus olodaterol) while others will have 
twice-daily dosing (e.g., aclidinium plus 
formoterol). �is diversity has the potential 
to increase the personalization of medica-
tion to individual needs; for instance, 

 While a substantial body of evidence 
demonstrates the importance and impact of 
symptoms to patients, patient and physi-
cian perceptions of this impact may not 
always correspond. Overall, patients appear 
to underestimate their morbidity and are 
possibly undertreated as a result. Based on 
an objective breathlessness scale, in patients 
classi�ed as too breathless to leave the 
house, a third described their condition as 
mild to moderate. In another study, while 
both physicians and their patients identi-
�ed breathlessness, fatigue, and coughing as 
the main symptoms of chronic obstructive 
pulmonary disease that had most e�ect on 
patients’ lives, within the other symptom 
categories, such as expectoration, dry 
mouth, despondency, wheezing, sleeping 
di�culties and chest pain, there were vary-
ing perceptions (in terms of rank) of the 
impact of these symptoms. �ere was a 
greater degree of physician-patient con-
cordance in patients with more severe 
chronic obstructive pulmonary disease.

twice-daily combinations could be consid-
ered where patients su�er from night-time 
symptoms, while once-daily combinations 
may be prescribed to improve adherence. 
[10, Rank 5]

Bronchodilators are a corner-

stone of COPD treatment

Short acting bronchodilators 

are an option for patients 

with occasional dyspnea, at 

low risk of exacerbations

Patient and Physician 
Perceptions 
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 Another study observed good concordance 
between the frequencies of night-time 
symptoms reported by patients and physi-
cians, but also found that physicians signi�-
cantly underestimated the impact of chron-
ic obstructive pulmonary disease symptoms 
on patients’ lives.
 As current treatment options still lack 
control over symptoms, there remains a 
need for additional therapies. �e explora-
tion of treatment options that target both 
airway obstruction and chronic obstructive 
pulmonary disease symptoms throughout 
the 24-h day may therefore provide patients 
with relief from the substantial impact that 
these symptoms can have on their health 
status. [11, Rank 4]

of a single bronchodilator (as shown in 
�gure 16). Unfortunately, clinical trial 
inclusion criteria do not always match the 
phenotypes of patients used by guidelines. 
For example, exacerbation frequency may 
not be speci�ed as an inclusion criterion, or 
if exacerbation criteria are speci�ed, the 
frequency (≥1) may be di�erent than those 
speci�ed by guidelines (≥2).

 Bronchodilation with long-acting 
muscarinic antagonists (LAMAs) and 
long-acting β2-agonists (LABAs) alone or 
in combination, is a recommended treat-
ment option for most patients with chronic 
obstructive pulmonary disease. Long-acting 
bronchodilators reduce exacerbation risk by 
improving expiratory air�ow when patients 

 Pharmacological therapy for chronic 
obstructive pulmonary disease is to reduce 
symptoms, reduce the frequency and severi-
ty of exacerbations. Characterizing chronic 
obstructive pulmonary disease phenotypes 
may identify patients who will respond 
better to a speci�c type of treatment and 
thereby individualize therapy. Combining 
bronchodilators with di�erent mechanism 
and durations of action may increase the 
degree of bronchodilation with a low risk of 
side e�ects compared to increasing the dose 

Pharmacologic �erapy to
Prevent COPD Exacerbations

Figure 16: Management of exacerbations 

Long Acting Bronchodilators
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are stable; thereby decreasing air trapping 
that develops during an exacerbation.
 Several studies have demonstrated 
the e�cacy of long-acting bronchodilators 
in reducing exacerbation risk in popula-
tions of patients with or without a history 
of exacerbations. Some of these studies have 
speci�cally recruited patients with a history 
of ≥1 exacerbation in the previous year, in 
order to “enrich” the population with 
patients more likely to exacerbate during 
the study period. Long-acting bronchodila-
tors reduce exacerbation rates compared 
with placebo both in these “enriched” pop-
ulations and in studies where there were no 
speci�c inclusion criteria regarding exacer-
bation history. �is demonstrates the broad 
ability of long-acting bronchodilators to 
prevent future exacerbations irrespective of 
previous exacerbation history.
 Long-acting beta agonists monother-
apy with salmeterol has been shown to 
reduce the annual rate of moderate or 
severe exacerbations by 15 % compared 
with placebo (p < 0.001) in a population of 
patients that may or may not have a history 
of exacerbations and by 20 % compared 
with placebo (p = 0.003) in patients with 
more than one exacerbation in the prior 
year. Other long-acting beta agonists seem 
to be e�ective at reducing exacerbations 
and in a post-hoc pooled analysis of 
6-month data from three large Phase III 

trials of indacaterol 150 and 300 μg once 
daily versus placebo in 2716 patients with 
moderate-to-severe chronic obstructive 
pulmonary disease, exacerbation rates were 
signi�cantly reduced by about 30 % with 
both doses of indacaterol (rate ratios: 0.69; 
95 % con�dence interval [CI] 0.55, 0.87 
and 0.71; 95 % CI 0.57, 0.88, respectively; 
both p = 0.002). [12, Rank 2]
 �e Understanding Potential 
Long-term Impacts on Function with 
Tiotropium (UPLIFT) trial in patients 
with stable chronic obstructive pulmonary 
disease demonstrated a 14 % reduction in 
exacerbations with tiotropium 18 μg once 
daily versus usual treatment at 4 years’ 
follow-up (p < 0.001). In a recent systemat-
ic review of 22 studies and >23,000 patients 
with stable chronic obstructive pulmonary 
disease, which included UPLIFT, 

Long acting bronchodilators 

(as monotherapy or in combi-

nation) are used in acute exac-

erbations. 

Combining bronchodilators 

with different mechanism 

and durations of action may 

increase the degree of bron-

chodilation with a low risk of 

side effects compared to 

increasing the dose of a single 

bronchodilator. 
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UPLIFT, tiotropium was associated with a 
22 % reduction in exacerbations versus pla-
cebo (OR 0.78; 95 % CI 0.70, 0.87). 
Other long-acting muscarinic antagonists 
have also demonstrated e�cacy on exacer-
bations. In the GLOW 1 and 2 studies, 
where ~95 % of patients had an exacerba-
tion history of 0 or 1 at baseline, glyco-
pyrronium signi�cantly reduced the risk of 
�rst moderate or severe exacerbation (by 31 
%, p<0.05) and the rate of moderate or 
severe chronic obstructive pulmonary 
disease exacerbations (by 34 %,p=0.001) 
versus placebo. Data on exacerbations with 
aclidinium are mixed, with one study show-
ing fewer patients experiencing a moderate 
or severe exacerbation (hazard ratio [HR] 
0.7; 95 % CI 0.55, 0.90; p = 0.0046) com-
pared with placebo and another study 
showing no e�ect, although the overall 
exacerbation rate was low, which can reduce 
the ability to detect an e�ect of treatment. 
Studies speci�cally in patients with prior 
exacerbations suggest that long-acting mus-
carinic antagonists may be more e�ective 
than long-acting beta agonists at reducing 
the risk of exacerbations. For example, in 
the Prevention Of Exacerbations with 
Tiotropium in chronic obstructive pulmo-
nary disease (POET-COPD) study, which 
included patients having had at least one 
exacerbation requiring treatment or 

hospitalization in the previous year, tiotro-
pium signi�cantly reduced the risk of exac-
erbations by 17 % versus salmeterol (p< 
0.001). Genotyping of a subgroup of 
patients in this study highlighted that poly-
morphisms of the β2-adrenoceptor can 
a�ect exacerbation outcomes in response to 
salmeterol but not tiotropium, and this 
may have contributed to the di�erence 
between treatments in exacerbations. [13, 
Rank 4]
 Data are emerging on the bene�ts of 
long acting beta agonists/ long-acting mus-
carinic antagonist combination therapies in 
reducing the risk of exacerbations versus 
various comparators. In a pooled analysis of 
two 6-month randomized trials, aclidini-
um/ formoterol (long-acting beta agonist/ 
long-acting muscarinic antagonist �xed 
combination) reduced the rate of moderate 
or severe exacerbations by 29 % compared 
with placebo (p<0.05). In the SPARK study 
of 2224 patients with GOLD stages 3–4 
chronic obstructive pulmonary disease and 
≥1 moderate chronic obstructive pulmo-
nary disease exacerbation in the past year, 
indacaterol/ glycopyrronium (IND/GLY) 
signi�cantly reduced the rate of moder-
ate-to-severe exacerbations by 12 % (p= 
0.038) and all exacerbations by 15 % (p= 
0.0012) compared with glycopyrronium 
monotherapy. In addition, IND/GLY 
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reduced the risk of all exacerbations vs 
tiotropium monotherapy (14%;p = 0.0017) 
and had a trend to a reduction in the risk of 
moderate-to-severe exacerbations (10 %; p 
=0.096). Recently, the LANTERN study of 
744 patients with moderate-to-severe 
chronic obstructive pulmonary disease and 
one or no exacerbations in the previous year 
reported a signi�cant 31 % reduction in the 
rate of moderate or severe exacerbations (an 
exploratory endpoint) with IND/GLY 
compared with salmeterol/ �uticasone pro-
pionate (SFC) (p<0.05). �e FLAME 
study has investigated the e�ect of IND/G-
LY compared with salmeterol/ �uticasone 
propionate on exacerbations as the primary 
outcome in a population of 3362 patients 
with a history of exacerbations, and 
demonstrated that IND/GLY was more 
e�ective than salmeterol/ �uticasone propi-
onate for reducing the rate of all exacerba-
tions by 11 % (p = 0.0003) and moderate 
or severe exacerbations by 17% (p < 0.001). 
Moreover, although the annual rate of 
severe exacerbations did not reach statistical 
signi�cance between the two treatment 
arms due to the low number of events, the 
time to �rst severe exacerbation was signi�-
cantly longer with IND/GLY compared 
with salmeterol/ �uticasone propionate (19 
% lower risk, p = 0.046).

 Much data are available demonstrat-
ing the e�ectiveness of long-acting bron-
chodilators in terms of exacerbation reduc-
tion in patients with chronic obstructive 
pulmonary disease, with studies showing 
rate reductions compared with placebo of 
up to 20–30 % with long-acting beta ago-
nists and 34–35 % with long-acting mus-
carinic antagonists. Interestingly, combin-
ing a long-acting beta agonist and long-act-
ing muscarinic antagonist results in a 
reduction of risk compared with a long-act-
ing muscarinic antagonist alone and more 
importantly, a signi�cant reduction of exac-
erbation risk compared with long acting 
beta agonists/inhaled corticosteroids. [14, 
Rank 4]

 Inhaled corticosteroids (ICS) are 
generally licensed in chronic obstructive 
pulmonary disease for use in combination 
with a long-acting beta agonist for patients 
with a history of exacerbations in the past 
year. GOLD (as shown in �gure: 17) rec-
ommends that patients with ≥2 exacerba-
tions (or one hospitalization) should be 
considered for inhaled corticosteroids 
long-acting beta agonist treatment. �e 
Spanish, the Finnish and Czech guidelines 

Inhaled Corticosteroids and 
Long Acting Bronchodilators
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recommend inhaled corticosteroids for 
patients classi�ed as frequent exacerbators 
or of the ACOS phenotype.
 Although inhaled corticosteroids (as 
shown in �gure 18) alone have been shown 
to produce modest reductions in the occur-
rence of exacerbations, their e�cacy is 
enhanced when combined with a long-act-
ing beta agonist, as demonstrated in a 

Cochrane review and in a Bayesian network 
meta-analysis. In the Towards a Revolution 
in Chronic obstructive pulmonary disease 
Health (TORCH) study, salmeterol/ �uti-
casone propionate was associated with a 25 
% reduction in exacerbation rate versus pla-
cebo (p < 0.001), a 12 % reduction versus 
salmeterol (p = 0.002) and a 9 % reduction
versus �uticasone propionate (p=0.02).  

Figure: 17 Pharmacological management based on 

GOLD criteria 



Although salmeterol/ �uticasone propion-
ate was more e�ective than salmeterol mon-
otherapy for reducing the risk of moder-
ate-to-severe exacerbations, there was no 
signi�cant di�erence in the risk of severe 
exacerbations (requiring hospitalization). 
 Similarly, in a study of 797 patients 

with chronic obstructive pulmonary disease 
(FEV1<50 % predicted and at least one 
exacerbation in the year prior to the study), 
SFC signi�cantly reduced the annual rate 
of moderate/ severe exacerbations (30.4 %, 
p < 0.001) versus salmeterol. An analysis of 
pooled data from two studies in which
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Figure 18: Examples of corticosteroids in management of 

COPD
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participants were given �uticasone furoate/ 
vilanterol also noted signi�cantly fewer 
moderate or severe exacerbations compared 
with vilanterol alone (rate ratio 0.7; 95 % 
CI 0.6, 0.8; p < 0.0001). In patients with 
severe air�ow limitation (GOLD stage III 
or IV) and ≥1 exacerbation in the previous 
year, a combination of budesonide/ formo-
terol signi�cantly reduced the risk of exac-
erbations by 28.5, 22.7 and 29.5 % vs pla-
cebo, budesonide and formoterol respec-
tively (p < 0.05 for all). In a similar popula-
tion, budesonide/ formoterol have been 
reported to reduce severe exacerbations by 
24 % vs placebo. [15, Rank 3]
 Long-term use of inhaled corticoster-
oids in patients with chronic obstructive 
pulmonary disease is associated with an 
increased risk of pneumonia, fractures and 
diabetes, among other potential side e�ects. 
With questions concerning the long-term 
safety of inhaled corticosteroids and also 
data showing similar exacerbation rates 
with inhaled corticosteroids/ long-acting 
beta agonist compared with some long-act-
ing bronchodilators, there is emerging con-
sensus that withdrawal of corticosteroids 
may be appropriate in some patient popula-
tions. �e WISDOM trial, a 12-month, 
double-blind, active-controlled study of 
2485 patients with severe/ very severe 
chronic obstructive pulmonary disease  and 
a history 

of exacerbations, showed no increase in the 
risk of moderate or severe exacerbations in 
patients who withdrew from inhaled corti-
costeroids therapy but remained on 
long-acting beta agonist / long-acting mus-
carinic antagonist compared with those 
who remained on inhaled corticosteroids 
with long-acting beta agonist/ long-acting 
muscarinic antagonist, although there was 
an initial drop in FEV1 of approximately 
40 mL. Corticosteroid withdrawal without 
long-acting bronchodilation in severe 
chronic obstructive pulmonary disease 
patients may produce a di�erent pattern of 
results. �is observation supports a system-
atic review of other trials of inhaled corti-
costeroids withdrawal in which there was 
no conclusive evidence that withdrawal of 
inhaled corticosteroids increased exacerba-
tions. Moreover, switching to long-acting 
beta agonist from long-acting beta agonist/ 
inhaled corticosteroids has been shown to 
occur without loss of e�cacy or increase in 
exacerbations in patients with a low risk of 
exacerbations in the INSTEAD (Indacater-
ol: Switching Non-exacerbating Patients 
with Moderate chronic obstructive pulmo-
nary disease from Salmeterol/ Fluticasone 
to Indacaterol) and OPTIMO (Real-Life 

Inhaled corticosteroids are cen-

tral to the management of COPD 
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study on the aPpropriaTeness of treatment 
In MOderate chronic obstructive pulmo-
nary disease  patients) studies.
 Patients with  asthma-chronic 
obstructive pulmonary disease overlap syn-
drome may be particularly likely to bene�t 
from inhaled corticosteroids therapy 
because of the predominance of eosinophil-
ic bronchial in�ammation associated with 
this chronic obstructive pulmonary disease 
phenotype. In fact, it has been demonstrat-
ed that a high �2 signature in chronic 
obstructive pulmonary disease correlates 
with increased airway wall and blood eosin-
ophil counts and greater response of hyper-
in�ation to inhaled corticosteroids in 
chronic obstructive pulmonary disease 
patients with �2 type of in�ammation. 
[16, Rank 5]
 �e response to inhaled corticoster-
oids in patients with respiratory disease can 
be predicted by sputum eosinophil counts. 
A randomized crossover trial in patients 
with chronic obstructive pulmonary disease 
in the absence of clinical diagnosis of 
asthma demonstrated an improvement in 
post-bronchodilator FEV1 with inhaled 
corticosteroids treatment (mometasone 
furoate) compared with placebo in those 
patients with the greatest degree of sputum 
eosinophilia. More recently, two post-hoc 
analyses have shown that blood eosinophil 

counts may predict the e�ects of inhaled 
corticosteroids/ long-acting beta agonist 
combination treatment on exacerbation 
rates. �us, the identi�cation of patients 
with eosinophilic in�ammation in chronic 
obstructive pulmonary disease, even in the 
absence of asthma, may be a useful pheno-
type to target those most likely to bene�t 
from inhaled corticosteroids therapy, 
although this approach should be validated 
in prospective studies �rst.
 �ere is little doubt from the studies 
reviewed that inhaled corticosteroids com-
bined with a long-acting beta agonist is an 
e�ective intervention for patients with a 
history of exacerbations. As shown, such 
treatment is associated with reductions in 

Long term treatment with 

inhaled corticosteroids is 

recommended with severe 

COPD and frequent exacerba-

tions that are not adequately 

controlled by long acting 

bronchodilators Long-term 

use of inhaled corticosteroids 

in patients with chronic 

obstructive pulmonary 

disease is associated with an 

increased risk of pneumonia, 

fractures and diabetes, 

among other potential side 

effects. 
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of exacerbations and have a chronic bron-
chitis phenotype. In a pooled analysis of 
two 1-year, placebo-controlled, dou-
ble-blind, multicenter studies, ro�umilast 
(a PDE-4 inhibitor) was associated with a 
17 % reduction in the rate of moder-
ate-to-severe exacerbations compared with 
placebo in patients with severe chronic 
obstructive pulmonary disease, chronic 
bronchitis and a history of previous exacer-
bation (p < 0.0003). A subsequent system-
atic review of 29 trials with phosphodiester-
ase-4 inhibitors (15 ro�umilast studies, 14 
cilomilast studies) has con�rmed these 
observations. More recently, ro�umilast 
was noted to reduce the rate of moderate or 
severe exacerbations by 13.2 % vs placebo 
in high-risk patients (severe chronic 
obstructive pulmonary disease, symptoms 
of chronic bronchitis and ≥2 exacerbations 
in the previous year) receiving long-acting 
beta agonist/ inhaled corticosteroids (of 
which ~70 % were on triple therapy) in the 
REACT (Ro�umilast and Exacerbations in 
patients receiving Appropriate Combina-
tion �erapy) study. Overall, ro�umilast is 
well tolerated with a safety pro�le consist-
ent with that expected for the phosphodi-
esterase-4 inhibitor class. �e most 
common adverse events with ro�umilast 
are gastrointestinal in nature, speci�cally 
diarrhea, nausea and weight loss. 

exacerbations averaging 25 % compared 
with placebo and between 23–36 % (12 % 
if we include the TORCH study) compared 
with long-acting beta agonist monotherapy. 
However, there is growing evidence indicat-
ing that not all patients with chronic 
obstructive pulmonary disease respond to 
inhaled corticosteroids treatment. Given 
the potential for pneumonia and other 
important side e�ects with inhaled corti-
costeroids in chronic obstructive pulmo-
nary disease populations, emerging data 
reveal that it may be possible to withdraw 
the inhaled corticosteroids component in 
certain patient groups provided that ade-
quate bronchodilation is in place. [17, 
Rank 2]

 PDE-4 inhibitors (as shown in �gure 
19) represent an anti-in�ammatory 
approach that is recognized as a treatment 
option for patients with chronic obstructive 
pulmonary disease who are at high risk 

Adavir is one of the most com-

monly used inhalers for the 

maintenance treatment for 

COPD. It is a combination of �uti-

casone, a corticosteroid and 

salmeterol, a long acting bron-

chodilator

Phosphodiesterase 4 Inhibitors
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Psychiatric events (insomnia, anxiety, 
depression/ suicidal behavior) are also more 
common with ro�umilast in clinical trials. 
However, studies have demonstrated bene-
�cial e�ects of ro�umilast in terms of glyce-
mic parameters and risk of major adverse 
cardiovascular events.
 Overall, current clinical trial data 
indicate that the phosphodiesterase-4 
inhibitor ro�umilast is associated with a 
reduction in the rate of moderate/ severe 
exacerbations of 13–17 % when compared 
with placebo in a subset of patients that 
exhibit symptoms of chronic bronchitis and 
are at a high risk of exacerbations despite 
optimal inhaled therapy. However, toler-
ance of ro�umilast may be a hurdle for 
more extensive use in severe chronic 
obstructive pulmonary disease. [18, Rank 
5]

 �e macrolides are bacteriostatic 
antibiotics with a broad spectrum of activi-
ty against many gram positive bacteria (as 
shown in �gure 20).  Bacterial infections 
can trigger chronic obstructive pulmonary 
disease exacerbations and consequently, 
long-term antibiotic use has been consid-
ered as a strategy for the prevention of exac-
erbations. A meta-analysis of six rand-
omized controlled trials on the use of 
prophylactic macrolide antibiotics has 
reported a 37 % risk reduction for exacer-
bations compared with placebo. 
 A systematic review of seven trials 
covering more than 3000 patients identi-
�ed a signi�cant e�ect of continuous anti-
biotics for reducing the number of patients 
experiencing an exacerbation (OR 0.55; 95 
% CI 0.30, 0.77). Since these analyses, a 
small study (n=92) con�rmed a 42 % 
decrease in exacerbation rate with mainte-
nance azithromycin treatment compared 
with placebo (OR 0.58; 95 % CI 0.42, 
0.79; p = 0.001) in patients that su�ered at 
least three exacerbations the previous year 
while on maximal respiratory medications. 
�e continuous use of antibiotics may raise 
a concern about bacterial resistance and an 
increase in respiratory pathogens resistant 
to macrolides has been identi�ed with this 

 NLRs are characterized by three 
domains, including an N-terminal interac-
tion domain that mediates protein–protein 
interactions with downstream signalling 
intermediates and that can be used to cate-
gorize the NLRs into �ve subfamilies (as 
shown in �gure 6) -- NLRA (containing an 
acidic transactivation domain), NLRB 
(containing a baculovirus inhibitor of 
apoptosis protein repeat), NLRC (contain-
ing a caspase-recruitment domain), NLRP 
(containing a pyrin domain), and NLRX 
(containing an unknown domain).
 NLRs respond to pathogen-associat-
ed and danger-associated molecular pat-
terns through the formation of in�ammas-
omes: multimeric cytoplasmic protein 
complexes that act as molecular platforms 
for the activation of in�ammatory caspases 
following stimulation by foreign 

P h o s p h o d i e s t e ra s e - 4 ( P DE 4 ) 

inhibitors are a relatively new 

class of medicines to improve 

COPD. They have both bronchodi-

lator and anti-in�ammatory 

effects.

Figure: 19 PDE4 inhibitors

Macrolide Antibiotics
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approach in patients with chronic obstruc-
tive pulmonary disease.
  Long-term use of macrolides has also 
been linked to hearing loss and gastrointes-
tinal events. �us, this approach may be 
best for patients who experience frequent 
bacterial exacerbations despite optimal 
treatment with bronchodilators and 
anti-in�ammatory agents and it may be 
prudent to limit their use to reference cen-
tres with adequate follow-up. A post-hoc 
analysis of patients treated with continuous 
azithromycin reported that ex-smokers and 
patients who are older and have milder 
chronic obstructive pulmonary disease may 
have a better treatment response. Based on 
the evidence reviewed here, macrolide anti-
biotic therapy may be a bene�cial strategy 
for patients who su�er frequent bacterial 
exacerbations while on maximal broncho-
dilator therapy, as demonstrated in clinical 
trials that show reductions in exacerbations 
ranging from 27 to 42 % compared with 
placebo. Nevertheless, given the potential 
for development of bacterial resistance 
alongside long-term safety concerns, such 

 Mucolytics (as shown in �gure 21) 
can dissolve thick mucus and are usually 
used to help relieve respiratory di�culties. 
�ey do this by breaking down the chemi-
cal bonds between molecules in the mucus. 
�is in turn can lower the viscosity by alter-
ing the mucin–containing components. 
Mucolytic therapies, such as carbocysteine 
or N-acetylcysteine, may represent an 
attractive treatment strategy for frequent 
exacerbators with chronic bronchitis, and 
particularly those who may be unable to 
receive inhaled corticosteroids.
 A systematic review of 30 trials has 
reported an increased likelihood of being 
exacerbation free with mucolytic therapy 
compared with patients without mucolytic 
therapy (OR 1.84; 95 % CI 1.63, 2.07). 
However, it should be noted that there are 
considerable di�erences in the patient pop-
ulations and de�nitions of exacerbations 
used in these studies; for example, some of 

treatment needs to be targeted to the most 
appropriate patient and include careful 
supervision. [19, Rank 1]

Mucolytics

Figure: 20 Macrolide antibiotics 

Macrolides have immunomodu-

latory as well as antibacterial 

effects in COPD
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these studies were performed in patients 
with chronic bronchitis, without the 
requirement for chronic obstructive pulmo-
nary disease to be diagnosed. More recently, 
a study in 1006 patients with moder-
ate-to-severe chronic obstructive pulmo-
nary disease reported that long-term use of 
high-dose N-acetylcysteine (600 mg b.i.d.) 
was associated with a signi�cant decrease in 
exacerbations compared with placebo (risk 
ratio 0.78; 95 % CI 0.67, 0.90; p = 0.0011. 
A smaller study has also con�rmed a bene�t 
of high-dose N-acetylcysteine (600 mg 
b.i.d.) for reducing exacerbations in 
high-risk patients. Treatment with mucol-
ytics appears to be well tolerated, with simi-
lar frequencies of adverse events compared 
with placebo. Erdosteine, a mucolytic agent 
with anti-in�ammatory, antioxidant and 
bacterial anti-adhesive properties, has 
recently been reported to reduce the rate 
(17 %) and duration (44 %) of exacerba-
tions compared with placebo in patients 

with chronic obstructive pulmonary disease 
GOLD stage II-III and at least two exacer-
bations requiring medical intervention in 
the previous year.
 In summary, while data indicate that 
the risk of exacerbation is reduced with mu-
colytic therapies compared with placebo in 
patients with chronic obstructive pulmo-
nary disease, as demonstrated in an updated 
systematic review, much heterogeneity 
exists meaning that current data should be 
interpreted cautiously. [20, Rank 5]

 β2-agonists reduce air�ow limitation 
in chronic obstructive pulmonary disease 
by increasing airway diameter as a conse-
quence of a direct relaxant activity on 
airway smooth muscle. β2-adrenoceptors 
occur throughout the airways, principally 
on airway smooth muscle, but also on a 
variety of pulmonary cells including 

Figure 21: Mucolytics
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airway smooth muscle. Whilst the relative 
clinical potency of this drug class may 
di�er, there is no demonstrable di�erence 
in clinical e�ectiveness, as exempli�ed by 
the di�erent ultra-long-acting long-acting 
beta agonists in terms of the degree of 
improvement in lung function. �eir utility 
in the management of chronic obstructive 
pulmonary disease is clear and numerous 
clinical studies report improvement in base-
line lung function leading to a reduction in 
residual volume and de�ation of the lung 
which is re�ected as improvement in symp-
toms, quality of life and reduced incidence 
of exacerbations. [21, Rank 5]

epithelium, submucosal glands, and mast 
cells. To what extent activation of β
2-adrenoceptors on non-airway smooth 
muscle cells contributes to reducing airway 
obstruction in chronic obstructive pulmo-
nary disease remains to be resolved. β2-Ag-
onists can be broadly classi�ed (as shown in 
�gure 22) according to their duration of 
action; hence short acting beta agonists 
including salbutamol, terbutaline and 
fenoterol have pharmacodynamic half-lives 
between 2–6 h whereas long-acting beta 
agonist's including salmeterol and formo-
terol require twice daily treatment, while 
ultra- long-acting beta agonists(ULAMA), 
e.g. indacaterol, require once-a-day dosing. 
Other β2-agonists, which are currently 
being developed as once-a-day treatment, 
include vilanterol, olodaterol, carmoterol, 
abediterol, milveterol and TD-5471. 
 �e clinical e�ectiveness of these 
drugs for the treatment of chronic obstruc-
tive pulmonary disease is not surprising 
given their similarities in e�cacy in activat-
ing the canonical Gs protein pathway lead-
ing to elevation of cyclic AMP. �ese 
long-acting beta agonist's have similar asso-
ciation and dissociation kinetics for the β
2-adrenoceptor and as a result their long 
duration of action is attributed to drug e�-
cacy and/ or retention within the airways 
and close proximity to β2-receptors in 

 �e introduction of tiotropium bro-
mide has proven to be bene�cial for the 
management of chronic obstructive pulmo-
nary disease as shown in clinical trials in 
terms of improvements in respiratory 

Figure 22: Broad classi�cation of β2-Agonists

LAMA
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symptoms, lung function (FEV1), quality 
of life and reduction in the frequency of 
exacerbations. As a consequence other 
long-acting muscarinic antagonist's includ-
ing glycopyrronium bromide, aclidinium 
bromide, umeclidinium bromide and dar-
tropium bromide are in clinical develop-
ment. �is drug class is not generally used 
in the treatment of asthma, although, 
tiotropium bromide has been shown to 
produce bronchodilation of a similar mag-
nitude to salmeterol and proved clinically 
e�ective in patients with di�culty to con-
trol asthma. �e long duration of action of 
anti-muscarinic drugs has been attributed 
to a slower o�-rate from the M3- receptors 
versus the M2-receptor; however, it is now 
recognized that these rate constants have 
been overestimated as a result of in vitro 
binding studies undertaken under 
non-physiological conditions. �eir long 
duration of action has been attributed to 
high a�nity for muscarinic receptors and 
to retention within the lung following inha-
lation. Similar to long-acting beta agonists, 
clinical trials have also shown chronic use of 
long-acting muscarinic antagonists not 
only reduces air�ow limitation due to the 
disease, but is also associated with improve-
ments in quality of life, symptom scores 
and reduced exacerbations. �e latter most 
likely is due to the ability of long-acting 

 �ere is increasing evidence that 
long-acting beta agonist/ long-acting mus-
carinic antagonist combinations can cause 
greater improvements in air�ow limitation 
than either component drug alone. �is 
might be due to suboptimal doses with 
either component, and hence, additional 
bronchodilation a�orded by the combina-
tion. It has been suggested that β2-recep-
tors that are located pre-junctionally on 
parasympathetic nerve terminals can sup-
press acetylcholine release thereby restrict-
ing any potential functional competition by 
acetylcholine at post-junctional muscarinic 
receptors on airway smooth muscle and 
submucosal glands occupied by long-acting 
muscarinic antagonist. Post-junctional 
M2-receptors on airway smooth muscle are 
negatively coupled to adenylyl cyclase, 
hence, a non-selective muscarinic antago-
nist would inhibit a mechanism which 
would restrict the ability of long-acting beta 
agonists to raise intracellular cyclic AMP in 
airway smooth muscle cells. Such a hypoth-
esis is questionable given the explanation 
proposed to account for the long duration 

muscarinic antagonists to suppress mucus 
secretion thereby reducing the colonization 
with bacteria that trigger exacerbation 
events. [22, Rank 3]

Combination of LABA/LAMA
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of action of long-acting muscarinic antago-
nists because of more favourable and faster 
o�-rates from pre-junctional M2-receptors. 
A third possibility is that β2-agonists and 
long-acting muscarinic antagonists might 
act synergistically to promote bronchodila-
tion. [23, rank 3]

 Synergy is de�ned as the phenome-
non whereby the pharmacological response 
to two drugs of di�erent classes given in 
combination exceeds the response that 
could be explained by their additive e�ect. 
Studies investigating the pharmacological 
e�ect of combinations of drugs including 
antimicrobials, chemotherapies and analge-
sics showed documented evidence of syner-
gism. �is phenomenon o�ers numerous 
advantages including improvement in clini-
cal e�ectiveness, reducing the incidence of 
drug resistance or pharmacological toler-
ance; and reducing the incidence of side 
e�ects of these drugs since potentially lower 
pharmacological doses of the component 
drugs can be employed. Whilst synergy is a 
biological (functional) e�ect, its evaluation 
requires a mathematical approach in which 
the observed e�ects of drug combinations 
are compared with the theoretical additive 
e�ect (or zero interaction) of the drug 

combination. Several methods exist to eval-
uate synergy including the Bliss independ-
ence model and Loewe additivity model, 
the latter using an isobolographic technique 
for the comparison of the dose equivalent 
e�ect of drugs when used alone compared 
with their combined e�ect. �e use of dose 
equivalence is attractive because it requires a 
comparison of the dose–response relation-
ship for two drugs (though it is possible to 
undertake an analysis of n combinations of 
drugs) at di�erent e�ect levels (e.g. between 
10 and 90% Emax) to calculate the zero 
interaction (i.e. theoretical additive 
response). �is can be represented by a 3D 
response surface that can be used to com-
pare all possible combinations of drug pairs. 
Furthermore, with the aid of computing 
this mathematical approach is amenable to 
analysis and to determine statistical signi�-
cance. Whilst much of our understanding 
of drug synergy stems from in vitro studies, 
these mathematical approaches can be used 
to study drug synergy in human subjects. 
Indeed, a number of studies have used an 
isobolographic method to demonstrate syn-
ergy between various combinations of 
anaesthetics and of analgesics in clinical 
studies. A similar question as to possible 
synergism should be asked with the increas-
ing move to �xed dose combinations of 
long acting beta agonists/ long-acting 

Synergy of LAMA/LABA 
Combination



34

® Newest Pharmacologic Agents for Management of COPD

muscarinic antagonists for the management 
of chronic obstructive pulmonary disease. 
[24, Rank 4]

 A number of studies have investigat-
ed whether combinations of β2-agonists 
and muscarinic antagonists yielded syner-
gistic bronchoprotection. For example, a 
synergistic interaction between tiotropium 
bromide and carmoterol and tiotropium 
bromide and olodaterol has been reported 
against airway obstruction in the guinea pig 
in vivo. In a third study, evidence was pro-
vided to support the view that combination 
of ipratropium bromide and salbutamol, in 
a dose ratio equivalent to Combivent® was 
synergistic. �e data presented in those 
studies is di�cult to interpret since the 
authors did not use a mathematical 
approach based on drug equivalence to spe-
ci�cally analyse for additivity or synergy. In 
two out of three of these studies, the data 
was re-analysed based on the information 
provided (see Supplementary �le for inter-
ested readers) and there was some evidence 
for drug synergy between a β2-adrenocep-
tor agonist and muscarinic antagonist.
 �e underlying mechanism of the 
synergism is not well understood although 
evidence is emerging from studies to suggest 

that the long-acting muscarinic antagonist 
component of the combination might 
disinhibit GI mediated suppression of calci-
um activated potassium channel opening. 
�is would lead to hyperpolarization of the 
airway smooth muscle membrane and 
hence promote relaxation induced by acti-
vation of the canonical Gs pathway. �is 
would not only lead to further activation of 
these ion channels but also other intracellu-
lar signalling pathways involved in mediat-
ing relaxation by the long-acting beta ago-
nist component. [25, Rank 2]

 A recent study has documented syn-
ergy between the bronchodilator e�ect of 
glycopyrronium bromide and indacaterol in 
chronic obstructive pulmonary disease 
patients. �e bronchodilator response to an 
inhaled dose of glycopyrronium (50 µg) or 
indacaterol (150 µg) alone and in combina-
tion was monitored over 3 h. In order to 
determine synergy, the bronchodilator 
response at each time point was expressed as 
a percentage of the maximum bronchodila-
tion observed with salbutamol in the same 
patients and then using the Bliss independ-
ence method to evaluate synergy. It appears 
that synergism was only observed during 
the rising phase of the bronchodilator 

Preclinical Studies

Clinical Studies
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response, but not at its peak.
 Numerous clinical studies have 
reported the bene�cial e�ects of the com-
bined use of long-acting beta agonists and 
long-acting muscarinic antagonists over a 
number of variables indicating bene�t; 
these included improvement in trough 
FEV1, rates of exacerbation, dyspnoeic 
event as well as control of symptoms for 
tiotropium bromide/ indacaterol, ume-
clidinium bromide/ vilanterol, and glyco-
pyrronium bromide/ indacaterol.
  �is bene�cial e�ect, of the 
combination therapy versus drug compo-
nent, appear to be most marked for the 
spirometric variables (mostly re�ecting the 
large airways), while less evident on disease 
control and disease progression, a not unex-
pected �nding in view of the fact that the 
drugs used are not considered disease modi-
�ers. One would anticipate that a change in 
baseline FEV1 might be re�ected by an 
increase in the diameter of the small airways 
resulting in lung de�ation and a reduction 
in lung volume and consequently improve-
ments in symptom scores and reduction in 
rates of exacerbation of symptoms and 
therefore the clinical relevance of the �nd-
ings could be questioned.
 To date, there are no studies that have 
systematically compared the bronchodilator 
e�ectiveness of long-acting beta agonist or 

long-acting muscarinic antagonist used 
alone or in combination on spirometric var-
iables including FEF25-75, MFEF, impulse 
oscillometry or high-resolution computer 
tomography (HRCT) to monitor changes 
in small airway calibre. Assuming that small 
airway calibre is improved, the additional 
bene�t achieved with the combination does 
not appear to be re�ected in symptom 
scores. Alternatively, symptoms associated 
with chronic obstructive pulmonary disease 
may be independent of FEV1 per se and 
more sensitive indices that re�ect residual 
lung volume, or use of forced oscillation 
techniques to monitor the calibre of small 
airways might show a better relationship 
between changes in spirometry and symp-
toms. Alternatively, bronchodilators can 
reduce airway wall sti�ness which might 
also contribute to their ability to reduce 
dynamic hyperin�ation and lung volume.
 In theory the advantage of �xed dose 
combination over monotherapy would be 
to provide additional bronchodilation par-
ticularly if some patients are insu�ciently 
dosed on monotherapy while combination 
therapy o�ers the opportunity of reducing 
the dose of each bronchodilator, but not at 
the expense of clinical e�ectiveness, while 
reducing the risk of adverse side e�ects with 
high dose monotherapy. Indeed, a greater 
degree of airway obstruction, indicative of 
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more severe disease, reduces bronchodilator 
e�ectiveness particularly with lower doses of 
bronchodilator. Hence, maintaining high 
levels of bronchodilator tone with combina-
tion therapy could be advantageous. [26, 
Rank 2]
 None of the clinical trials that have 
demonstrated a greater degree of broncho-
dilation a�orded by �xed combination 
doses over monotherapy were designed to 
speci�cally address the question of synergy. 
�erefore, an analysis was undertaken using 
the available literature to investigate wheth-
er �xed dose combinations of umeclidinium 
bromide/ vilanterol and glycopyrronium 
bromide/ indacaterol are synergistic. �ese 
studies were chosen because dose–response 
relationships for each of these bronchodila-
tors have been published and large clinical 
trials in moderate to severe chronic obstruc-
tive pulmonary disease have been undertak-
en which provides an adequate and relevant 
data set for analysis. Moreover, there is no 
evidence that there is anything demonstra-
bly unique concerning the bronchodilator 
e�ectiveness of a range of long-acting beta 
agonist's and long-acting muscarinic antag-
onist's and any di�erence between them 
could be reasonably attributed to the use of 
doses that were not clinically equi-e�ective.
 Dose–response relationships for ume-
clidinium bromide and vilanterol were 

plotted using linear regression of the log 
dose versus trough FEV1 after 1-month 
treatment. �ese data also included the 
single drug data sets from the publications 
that compared �xed dose combination with 
either bronchodilator alone. It is noticeable 
that the slope of the dose–response relation-
ship is �at particularly in the case of ume-
clidinium bromide. �e dose (µg) and 95% 
con�dence interval (95% CI) which caused 
a 150 mL di�erence in trough FEV1 was 
250 (62–1010) and 55 (16–181) for ume-
clidinium bromide and vilanterol, respec-
tively. A change of 160 mL in FEV1 is con-
sidered clinically important and related to a 
change in St George's respiratory question-
naire (SGRQ) of four units. Several studies 
have evaluated the e�ects of di�erent �xed 
dose combinations of these agents (ume-
clidinium bromide/ vilanterol) including 
125/25 µg evaluated over a 24-week period 
and 52-week period and 62.5/25 µg over a 
24-week period. [27, Rank 3]
 In all cases, there were signi�cant 
improvements in the primary objective 
measure of trough FEV1 with combination 
versus single drugs and in other spirometric 
measures (e.g. peak FEV1); however, only 
the trough FEV1 data was analysed because 
dose–response relationships for these indi-
ces of symptoms was not available. As with 
earlier trials, the combination therapy is not 

added to a �xed dose of tiotropium and for 
tiotropium added to a �xed dose of olo-
daterol. Signi�cant improvements in peak 
FEV1 were demonstrated with tiotropium/ 
olodaterol 5/2 μg (p=0.008), 5/5 μg (p= 
0.012), and 5/10 μg (p<0.0001) versus 
tiotropium monotherapy. Signi�cant 
improvements were also seen in trough 
FEV1 with tiotropium/ olodaterol 5/10 μg 
versus tiotropium monotherapy (p= 0.034), 
and with all doses of the combination 
tested versus olodaterol monotherapy with 
evidence of dose ordering.
 Of the long-acting muscarinic antag-
onist/ long-acting beta agonist’s �xed-dose 
combinations currently under investiga-
tion, tiotropium plus olodaterol, ume-
clidinium plus vilanterol, aclidinium plus 
formoterol, and glycopyrronium plus inda-
caterol have the largest Phase III programs, 
focusing on e�cacy, safety, exacerbations, 
exercise, and dyspnea. �e development 
program for umeclidinium plus vilanterol 
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always demonstrably better than single 
drugs in terms of risk of exacerbation rate, 
quality of life scores and dyspnoea scores. 
For example, improvement in the SGRQ 
score was greater with the 125/25 µg dose 
combination compared with the single 
drugs, although this was not con�rmed in 
another study in patients with similar 
disease severity. For a lower dose combina-
tion (62.5/25 µg), the improvement in 
trough FEV1 over the component broncho-
dilators did not translate to a signi�cantly 
greater improvement in symptoms scores 
though in both studies, the risk of exacerba-
tion was similar across all treatments. Using 
a di�erent long acting beta agonists/ 
long-acting muscarinic antagonist combi-
nation, it was demonstrated that glyco-
pyrronium bromide/ indacaterol (50/110 
µg) was associated with signi�cant improve-
ment in trough FEV1, reduced exacerba-
tion rates and improvement in symptom 
scores compared with glycopyrronium bro-
mide alone as there was no long-acting beta 
agonist arm of the trial. Whether some of 
these studies were not powered or not of 
su�cient duration (e.g. maximum study 
period was 1 year) to detect di�erences in 
rate of exacerbation and symptom score is a 
distinct possibility.
 �e ‘bronchodilator potency’ of the 
combination was de�ned as the dose of 

bronchodilator which caused a 150 mL 
improvement in trough FEV1 and this was 
four times lower than that which could be 
ascribed to an additive e�ect. Furthermore, 
the interaction index (alpha) was signi�-
cantly di�erent from unity which is also 
indicative of synergy at both dose combina-
tions. �e latter estimate implies that a 
10–20 fold reduction in the combination 
dose will achieve the same e�ector response 
as either drug acting alone. �ere was also a 
signi�cant di�erence in the observed and 
the expected trough FEV1 values, again 
supporting the notion of synergy. [28, rank 
3]
 A second analysis of the bronchodila-
tor e�ectiveness of �xed dose combinations 
of glycopyrronium bromide and indacaterol 
also shows evidence of synergy. Dose–re-
sponse data for glycopyrronium bromide as 
well as single dose studies plus dose–re-
sponse data for indacaterol was analysed 
using linear regression for trough FEV1 
values versus log dose (µg). �e dose (mean 
with 95% CI) producing a 150 mL 
improvement in trough FEV1 was 152 
(90–258) and 320 (104–986) µg for glyco-
pyrronium bromide and indacaterol respec-
tively. Various studies have examined the 
e�ect of �xed dose combinations of glyco-
pyrronium bromide and indacaterol of 
50/110 µg and 50/300 µg and the
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 improvement in trough FEV1 by each 
bronchodilator alone was also used in the 
determination of bronchodilator potency. 
�e ‘bronchodilator potency’ of the combi-
nation when de�ned as the dose which 
caused a 150 mL improvement in trough 
FEV1 was an order of magnitude greater 
than that which could be ascribed to an 
additive e�ect. Furthermore, the interaction 
index (alpha) was less than unity again 
indicative of synergy at both dose combina-
tions tested. �e analysis implies that a 
10–20 fold reduction in the combination 
dose will achieve the same e�ector response 
as if either drug was acting alone. �ere was 
also a signi�cant di�erence in the observed 
and expected trough FEV1 values support-
ing the presence of synergy. 
 It is important to acknowledge some 
limitations in the foregoing analysis. �e 
data was obtained from a number of clinical 
studies with di�erent treatment durations 
and whilst the subjects tended to be pre-
dominantly within the moderate to severe 
disease classi�cation, one cannot rule out 
possible di�erences in bronchodilator 
response in di�erent patient cohorts and 
di�erences in measurement of FEV1 
between di�erent clinical sites. �e bron-
chodilator response to each single compo-
nent in the combination clinical trials was 
included in the analysis to obtain better 

estimates of drug potency across a number 
of studies. However, there may have been an 
overestimation of the bronchodilator 
potency of the �xed combination and the 
interaction index because the dose–response 
relationships of each bronchodilator was 
characterized by low slope values and cou-
pled with the constraint of limited number 
of di�erent �xed dose combinations availa-
ble for analysis. �e analysis would have 
bene�ted if the �xed dose combinations had 
the same proportions of long-acting beta 
agonist/ long-acting muscarinic antagonist 
and if the number of �xed dose combina-
tions was greater than that which was availa-
ble for analysis so as to give better estimates 
of potency and the interaction index for the 
combination therapy. Furthermore, each 
bronchodilator and di�erent combinations 
of the bronchodilators should be evaluated 
in the same patient using crossover designs, 
or alternatively by recruiting a relatively 
large patient group and using a parallel 
design. [29, Rank 4]

 Another approach to achieving better 
drug therapy of chronic obstructive pulmo-
nary disease could be in the development of 
dual acting  muscarinic antagonism and β2- 
agonism (MABAs) (as shown in �gure 23)  

 Bronchodilation with long-acting 
muscarinic antagonists (LAMAs) and 
long-acting β2-agonists (LABAs) alone or 
in combination, is a recommended treat-
ment option for most patients with chronic 
obstructive pulmonary disease. Long-acting 
bronchodilators reduce exacerbation risk by 
improving expiratory air�ow when patients 

Bifunctional Molecules
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suitable for once-a-day treatment as exem-
pli�ed by GSK961081. 
 �is drug o�ers the advantage of a 
single molecule with a single pharmacoki-
netic pro�le and potential bene�ts concern-
ing formulation of one as opposed to two 
separate molecules which o�ers greater sim-
plicity for patients undergoing triple thera-
py (as shown in �gure 24, 25) with combi-
nation long-acting beta agonist/ long-acting 
muscarinic antagonist /inhaled corticoster-
oids in chronic obstructive pulmonary 
disease
 It might not be unreasonable to sug-
gest that MABA's are inherently synergistic 
in terms of their pharmacological e�ect on 
airway calibre. A change from baseline 
trough FEV1 was 215 and 277 mL with a 
once daily dose of 400 and 800 µg 
GSK961081, respectively. GSK961081 has 
both a β2-adrenoceptor agonist (carbostyryl 
group) and muscarinic antagonist (biphenyl 
carbamic acid) pharmacophore that are 

covalently linked. �e pharmacological 
characteristics of this molecule include 
non-selectivity for di�erent muscarinic 
receptor subtypes and selectivity for β2- 
versus β1-adrenoceptors. �is drug class is 
characterized by a relatively short half-life 
on either receptor which cannot account for 
the long duration of action seen in vivo as a 
bronchodilator. Such a long duration is 
likely due to retention of the drug within 
the lung environment. �is is re�ected in a 
2–3 fold order of magnitude di�erence in 
selectivity for the airways over extra-pulmo-
nary sites containing muscarinic and β
2-adrenoceptors. 
 One characteristic not been reported 
for GSK961081, but is a feature of this 
drug class, is the simultaneous binding to 
orthosteric and allosteric sites of the mus-
carinic and β2-adrenoceptor. As a conse-
quence, these molecules can retard the
dissociation of an orthosteric ligand from  

Figure 23: Examples of bifunctional molecules

Figure 24: Triple therapy
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these receptors as exempli�ed by the proto-
typical muscarinic antagonism and β2- 
agonism, THRX-198321 which contains a 
nine carbon aliphatic chain between the 
two binding moieties. �is unique property 
might manifest in greater clinical e�ective-
ness because of synergistic e�ects as sug-
gested for THRX-200495 which contains a 
propyl ethyl biphenyl ether linker group. 
Whilst THRX-200495 was investigated for 
additivity and synergy in guinea-pigs, a 
formal mathematical assessment of dose 
equivalence was not undertaken. It would 
appear that this agent does demonstrate 
synergy, but only at low to moderate dose 
combinations. No formal statistical analysis 
could be undertaken hence the estimates 
are qualitative in nature. Notwithstanding 
the fact that the selectivity of the β2-agonist 
and muscarinic antagonist components of 
the MABA was assumed to be 1:1, the anal-
ysis suggests that a three-fold lower dose of 
the muscarinic antagonism and β2- ago

nism is required to produce an equi-e�ec-
tive response with either component acting 
alone. [30, Rank 3]

 RPL554 is a mixed PDE3/4 inhibi-
tor that has been demonstrated to have 
bronchodilator and bronchoprotective 
activity in mild asthmatic subjects and 
patients with chronic obstructive pulmo-
nary disease, a feature not observed to any 
degree with oral or inhaled phosphodiester-
ase-4 inhibitors. It was previously shown 
that cilomilast does not cause bronchodila-
tion per se when measured after a single 
oral dose and for ro�umilast, the changes in 
baseline FEV1 in chronic obstructive pul-
monary disease develops over a period of 
weeks. 
 �e modest success of the phos-
phodiesterase-4 inhibitor ro�umilast for 
the treatment of chronic obstructive pul-
monary disease has kept interest in the 
PDE �eld for the development of new 
drugs for the treatment of this disease. �e 
additional bronchodilator bene�t observed 
in patients who were maintained on 
long-acting beta agonist or long-acting 
muscarinic antagonist is unlikely to be 
attributed to a direct action on airway 
smooth muscle, since functional studies in 
vitro demonstrate that ro�umilast at 

Figure 25: Examples of triple therapy

Bifunctional PDE Inhibitors
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concentrations that are two to three orders 
of magnitude greater than the Ki for inhibi-
tion of phosphodiesterase-4 is without 
demonstrable relaxant activity. Hence, the 
improvement in FEV1 is likely to be due to 
an anti-in�ammatory activity as evident by 
the ability of this drug class to suppress 
neutrophil recruitment to the airways and 
various in�ammatory biomarkers of rele-
vance to chronic obstructive pulmonary 
disease. �is is also consistent with the abil-
ity of ro�umilast to cause improvements in 
quality of life scores and reduce rates of 
exacerbation by virtue of an anti-in�amma-
tory activity. Intriguingly, a number of 
inhaled phosphodiesterase-4 inhibitors 
administered daily for between 1 and 6 
weeks have proved disappointing in a 
number of phase II clinical trials despite 
evidence for phosphodiesterase-4 inhibito-
ry activity; however, this was not su�cient 
to result in any clinical bene�t. �e reason 
for a lack of clinical e�ectiveness of these 
highly potent and long lived inhaled phos-
phodiesterase-4 inhibitors might be a result 
of the presence of other PDE subtypes 
within the lung (e.g., PDE2, 3, 7) that 
might contribute to airway in�ammation 
in chronic obstructive pulmonary disease. 
�e mixed PDE3/4 inhibitor, RPL554 was 
evaluated in a number of phase II clinical 
trials in both asthma and chronic obstruc-
tive pulmonary disease subjects and shown 

to be an e�ective bronchodilator of compa-
rable e�ectiveness to salbutamol and with 
long duration of action following single 
nebulized dose (circa 6–10 h). Of particular 
interest was the ability of this inhaled drug, 
administered daily for up to 1 week, to 
inhibit neutrophil recruitment to the 
airways and consequently the �rst demon-
stration of an inhaled PDE inhibitor with 
an anti-in�ammatory signal. Furthermore, 
relaxation of human airways in vitro was 
augmented when combinations of RPL554 
and atropine or glycopyrronium bromide, 
was used and there was evidence of synergy 
using the method of dose equivalence. [25, 
rank 5]
 Another strategy has been the linking 
of a phosphodiesterase-4 inhibitor with a β
2-agonist (indacaterol) with a view to devel-
op a bifunctional bronchodilator and 
anti-in�ammatory drug. GS-5759 inhibit-
ed cytokine release, oxygen radical produc-
tion and chemokine release from various 
in�ammatory cells and it appears the β
2-agonist component of the molecule par-
ticipates in the anti-in�ammatory activity 
of the phosphodiesterase-4 component. 
Interestingly, this bifunctional molecule 
was more e�ective than ro�umilast in some 
of the in vitro assays and suggests that 
anti-in�ammatory activity can be boosted 
by agents which elevate cyclic AMP within 
target cells. Hence, bifunctional or mixed 
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 Like many in�ammatory diseases, 
the complex interplay between in�amma-
tory cells and structural cells within the 
lung and the mediators they release pro-
vides a wealth of potentially novel targets to 
treat respiratory conditions such as chronic 
obstructive pulmonary disease. Glucocorti-
costeroids are potent anti-in�ammatory 
drugs and can reduce the rate of moderate 
to severe exacerbation but at the expense of 
the development of pneumonia and frac-
tures and whilst combination long-acting 
beta agonist/ glucocorticosteroid was no 
better than a long-acting muscarinic antag-
onist in reducing the rate of exacerbation in 
chronic obstructive pulmonary disease, 
mortality was signi�cantly lower and quali-
ty of life better with dual therapy. With-
drawal of glucocorticosteroid treatment 
from a triple therapy regimen did not 
appear to lead to a deterioration of disease 
but was associated with a worsening in 
baseline spirometry compared with place-
bo. Finally, glucocorticosteroids do not 
appear to reduce the annual rate of decline 
in FEV1 in chronic obstructive pulmonary 

disease and patients with severe chronic 
obstructive pulmonary disease do not 
appear to bene�t in terms of reducing rates 
of exacerbation, from adding glucocorticos-
teroid to long-acting beta agonist compared 
with long acting beta agoinsts alone despite 
improvement in FEV1. �ese studies clear-
ly highlight the unmet need to develop new 
types of anti- chronic obstructive pulmo-
nary disease agents.
 �e documented presence of cells of 
the innate and adaptive immune system in 
chronic obstructive pulmonary disease 
could provide suitable targets. �e protein-
ase hypothesis of chronic obstructive pul-
monary disease also provides numerous 
drug targets, for example neutrophils which 
are implicated in the pathogenesis of chron-
ic obstructive pulmonary disease, secrete 
neutrophil elastase which plays a role in 
stimulating mucus secretion and damage to 
the parenchymal tissue. Unfortunately, the 
neutrophil elastase inhibitor, AZD9668 
was without clinical bene�t in symptomatic 
chronic obstructive pulmonary disease 
patients taking tiotropium bromide follow-
ing a 3 months treatment protocol. �e 
lack of e�ect of this treatment on biomark-
ers of matrix degradation indicates that 
pharmacodynamic relevant concentrations 
were not achieved in the lung and hence the 
primary outcome measure was not evident. 
Alternatively, other proteinases (e.g. 

PDE inhibitors o�er the advantage of pro-
viding both a bronchodilator and anti-in-
�ammatory activity which would be bene�-
cial to the patient. [22, Rank 4]

recommend inhaled corticosteroids for 
patients classi�ed as frequent exacerbators 
or of the ACOS phenotype.
 Although inhaled corticosteroids (as 
shown in �gure 18) alone have been shown 
to produce modest reductions in the occur-
rence of exacerbations, their e�cacy is 
enhanced when combined with a long-act-
ing beta agonist, as demonstrated in a 

Cochrane review and in a Bayesian network 
meta-analysis. In the Towards a Revolution 
in Chronic obstructive pulmonary disease 
Health (TORCH) study, salmeterol/ �uti-
casone propionate was associated with a 25 
% reduction in exacerbation rate versus pla-
cebo (p < 0.001), a 12 % reduction versus 
salmeterol (p = 0.002) and a 9 % reduction
versus �uticasone propionate (p=0.02).  

Anti-in�ammatory Drugs
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 A multiple treatment comparison 
meta-analysis of 26 studies has compared 
the e�ects of various combinations of treat-
ments and noted that, although combina-
tion therapies di�er in their e�ects for 
reducing the risk of chronic obstructive 
pulmonary disease exacerbations, they 
reduce risks more than monotherapy. Fur-
ther studies are required to con�rm the 
optimal combinations for reducing exacer-
bations (as shown in �gure 26).  However, 
randomized controlled studies to evaluate 

the e�ects of treatments on exacerbation 
risk are ongoing or have recently complet-
ed, such as the FLAME study comparing 
IND/ GLY with SFC, and a comparison of 
umeclidinium/ vilanterol/ �uticasone furo-
ate with �xed-dose dual combinations of 
�uticasone furoate/ vilanterol and ume-
clidinium/ vilanterol. Various other combi-
nation therapies are being developed for the 
prevention of exacerbations, including 
triple therapies of inhaled corticosteroids/ 
long acting beta agonists/ long-acting mus-
carinic antagonist. In addition, combined 
phosphodiesterase-3 and phosphodiester-
ase-4 inhibitors (RPL554), monoclonal 
antibodies and p38 mitogen activated pro-
tein kinase inhibitors are in development 
for the prevention of exacerbations. Benral-
izumab, an anti-interleukin-5 (IL-5) recep-
tor alpha monoclonal antibody, has been 
investigated in Phase II studies in patients 
with sputum eosinophilia and chronic 
obstructive pulmonary disease. Although 
no signi�cant bene�t was noted with ben-
ralizumab on the rate of exacerbations in 
the overall study population, a non-signi�-
cant numerical improvement was seen in 
subgroups of patients with elevated blood 
eosinophils. [15, Rank 5]

MMP's) implicated in chronic obstructive 
pulmonary disease would be una�ected by 
this treatment. [20, Rank 4]

Future �erapeutic Strategies

Figure 26: Pharmacological management strategies in 

COPD
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 Although chronic obstructive pul-
monary disease is speci�cally de�ned, it is a 
vastly heterogenous condition and the 
experience of living with it di�ers from one 
individual to another, both in its impact on 
quality of life and manifestations of the 
disease. �ere are currently several treat-
ment options/actions (as shown in �gure 
27) for patients with chronic obstructive 
pulmonary disease that can help to reduce 
and/or manage their symptoms, including 
pharmacologic therapies, pulmonary reha-
bilitation, and smoking cessation, all of 
which can also improve bronchodilation, 
reduce the frequency and severity of exacer-
bations and improve health status and exer-
cise tolerance. However, many patients still 
su�er from regular symptoms that a�ect 
their daily lives and lead to increased mor-
bidity. �erefore, selecting the right thera-
pies and optimizing treatment to reduce 
airway obstruction and improve symptoms 
is key in improving quality of life for each 
patient with chronic obstructive pulmo-
nary disease. [10, Rank 5]

of exacerbations, showed no increase in the 
risk of moderate or severe exacerbations in 
patients who withdrew from inhaled corti-
costeroids therapy but remained on 
long-acting beta agonist / long-acting mus-
carinic antagonist compared with those 
who remained on inhaled corticosteroids 
with long-acting beta agonist/ long-acting 
muscarinic antagonist, although there was 
an initial drop in FEV1 of approximately 
40 mL. Corticosteroid withdrawal without 
long-acting bronchodilation in severe 
chronic obstructive pulmonary disease 
patients may produce a di�erent pattern of 
results. �is observation supports a system-
atic review of other trials of inhaled corti-
costeroids withdrawal in which there was 
no conclusive evidence that withdrawal of 
inhaled corticosteroids increased exacerba-
tions. Moreover, switching to long-acting 
beta agonist from long-acting beta agonist/ 
inhaled corticosteroids has been shown to 
occur without loss of e�cacy or increase in 
exacerbations in patients with a low risk of 
exacerbations in the INSTEAD (Indacater-
ol: Switching Non-exacerbating Patients 
with Moderate chronic obstructive pulmo-
nary disease from Salmeterol/ Fluticasone 
to Indacaterol) and OPTIMO (Real-Life 

Conclusion

Figure 27: �erapeutic management strategies in COPD

*Important information for post-test is highlighted in red letters, boxes and diagrams.



45

® Newest Pharmacologic Agents for Management of COPD

counts may predict the e�ects of inhaled 
corticosteroids/ long-acting beta agonist 
combination treatment on exacerbation 
rates. �us, the identi�cation of patients 
with eosinophilic in�ammation in chronic 
obstructive pulmonary disease, even in the 
absence of asthma, may be a useful pheno-
type to target those most likely to bene�t 
from inhaled corticosteroids therapy, 
although this approach should be validated 
in prospective studies �rst.
 �ere is little doubt from the studies 
reviewed that inhaled corticosteroids com-
bined with a long-acting beta agonist is an 
e�ective intervention for patients with a 
history of exacerbations. As shown, such 
treatment is associated with reductions in 
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