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Abstract: Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death 
across the globe. Its repeated exacerbation will seriously worsen the quality of life, aggravate the 
patients’ symptoms, and bring a heavy burden on the patients and the society. Understanding the 
current status of drug therapy and the role of pharmaceutical care is essential for the management 
of COPD. In addition to the drugs already on the market, recent clinical trials also show that 
emerging novel drugs for treating COPD are being developed to prevent the symptoms, reduce 
the frequency of acute exacerbation, and improve the quality of life. Recent progress in new drug 
research should lead to novel treatment options for COPD patients in future clinical practice. The 
pharmaceutical care has shown significantly favourable impacts on addressing drug-related 
problems, supporting its vital role in the management of COPD, especially when there are 
a wide range of therapeutic agents. This review not only provides an overview of current 
treatment strategies but also further underlines the importance of new drug development and 
pharmaceutical care for patients with COPD. 
Keywords: chronic obstructive pulmonary disease, drugs, clinical trial, complications, 
pharmaceutical care

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic progressive airway 
disease characterized by gradual lung function decline and airway remodeling.1 The 
clinical symptoms of COPD include sputum, chronic cough, wheezing, along with 
slow onset and long duration. Persistent COPD exacerbations will aggravate the 
patients’ symptoms and seriously affect the patients’ quality of life. Currently, 
COPD is the fourth leading cause of death across the globe, while the World 
Health Organization (WHO) predicts that COPD will become the third leading 
cause of death by 2030.2

The pathogenesis of COPD involves gene-related susceptibility, atopy, lung 
damages, immune regulation abnormalities, and repeated airway infection.3,4 

Meanwhile, smoking, biofuel smog, occupational dust exposure, and air pollution 
are key environmental factors for the onset of COPD.5 Many studies have con
firmed that lifestyle changes and risk factor avoidance could help to relieve the 
symptoms of COPD and reduce the frequency of the acute exacerbation of COPD 
(AECOPD).6,7 AECOPD is a rapid deterioration of respiratory symptoms requiring 
hospital admission and escalation of pharmacological and non-pharmacological 
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care including more severe cases of respiratory failure and 
admission to an intensive care unit (ICU).8 Some COPD 
patients experience frequent exacerbations (≥2 per year) 
independently of disease severity, but are associated with 
impaired health-related quality of life, reduced physical 
activity and poor disease prognosis.8 The cornerstone of 
pharmacotherapy for stable COPD is long-acting bronch
odilators or combined with inhaled corticosteroids (ICS), 
while the treatment for AECOPD also includes anti- 
infective drugs.9 The treatment strategies will be more 
complicated especially for patients with complex compli
cations. Thus, the selection of drugs with different 
mechanisms and the pharmaceutical care will be of great 
importance in the management of COPD.

Here, we summarize the representative drugs for 
COPD treatment and other agents that may be effective 
in clinical trials, aimed at providing a comprehensive over
view of current treatment strategies and the associated 
pharmacological mechanisms. Furthermore, the impor
tance of pharmaceutical care and the development of 
new drugs is further emphasized.

Conventional Treatment Strategies 
in Patients
Although few strategies have been proven effective in 
reversing the gradual decline in lung function, many 
drugs have been developed to alleviate the symptoms, 
reduce the frequency and severity of acute exacerbation, 
and ultimately improve the quality of life for patients with 
COPD.

Bronchodilators
Clinically, the main measures to improve COPD symp
toms are to dilate the bronchi and relieve airflow limita
tion. The primary pharmacologic treatments for both the 
maintenance and exacerbations of COPD is bronchodila
tor, including long-acting muscarinic antagonists 
(LAMAs), long-acting beta-agonists (LABAs), LAMA/ 
LABAs, non-selective phosphodiesterase (PDE) inhibitors 
(such as theophylline) and newly discovered PDE-4 inhi
bitors (such as roflumilast). For the maintenance treatment 
of COPD, LAMAs, LAMA/LABAs and ICS/LABAs 
could lead to a significantly greater improvement in trough 
the forced expiratory volume in one second (FEV1) com
pared with placebo and short-acting muscarinic antago
nists (SAMAs) monotherapy at weeks 12 and 24 in 
a frequentist meta-analysis, while LAMA/LABAs had the 

highest probabilities of being ranked the best agents in the 
transition dyspnea index, FEV1 improvement and St 
George’s Respiratory Questionnaire outcomes.10

Tiotropium bromide, the first LAMA available for 
COPD in clinical practice, is safe and effective as a long- 
term and once-daily LAMA for the maintenance treatment 
of COPD and for reducing AECOPD.11 The use of tiotro
pium bromide in low-grade COPD patients could increase 
FEV1 level and reduce its annual decline.12 Recent clinical 
results indicated that treating patients who were mainte
nance naive at baseline with tiotropium/olodaterol resulted 
in greater improvements in lung function, health status and 
dyspnoea severity compared with tiotropium alone, with
out compromising patient safety.13 It supports the use of 
dual bronchodilation (such as tiotropium/olodaterol) as 
first-line maintenance treatment in patients with COPD. 
Indacaterol/glycopyrronium, a new drug in LAMA/LABA, 
with 110/50 μg once daily, was demonstrated to improve 
lung function, daily symptoms, dyspnoea, health-related 
quality of life and lower exacerbation rates greater than 
mono LAMA in COPD patients.14 It was also confirmed 
that indacaterol and salmeterol/fluticasone propionate 
could reduce all-cause mortality in patients with 
COPD.15 The lung function was obviously improved dur
ing treatment with terbutaline and budesonide nebulized 
inhalation, accompanied by better clinical outcomes in 
preventing COPD deterioration.16 With lung atomization 
inhalation, there will be fewer systemic adverse reactions 
and higher medication compliance, and worthy of routine 
use in COPD patients.

The representative theophylline drugs such as theo
phylline, aminophylline, doxofylline, can increase the con
centration of cyclic adenosine monophosphate in airway 
smooth muscle cells with bronchodilator effects. Recent 
studies have confirmed that tiotropium combined with 
low-dose theophylline significantly improved the symp
toms and general health of patients with stable COPD 
after 6 months of follow-up.17 However, for patients with 
high risk of AECOPD, the addition of low-dose oral 
theophylline to a drug regimen that includes glucocorti
coids confers no overall clinical or health economic 
benefits.18 Besides, the safe blood concentration of theo
phylline is a narrow range with large individual differ
ences, and thus its dosage should be adjusted 
accordingly. It has also been reported that tiotropium bro
mide combined with doxofylline could significantly 
improve the pulmonary function, relieve dyspnea, and 
increase clinical efficacy of patients with stable COPD.19 
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Therefore, doxofylline may be a better theophylline drug 
in combination with other regimens or alone for improving 
COPD symptoms.

Inhaled bronchodilators (ie, LABAs and LAMAs) are 
the main drugs in reducing lung hyperinflation secondary 
to reduced airway resistance and in turn relieving dys
pnoea during AECOPD.8,20 These drugs are also used in 
the treatment of stable COPD and AECOPD in the non- 
ICU or community setting. Recently developed drugs such 
as roflumilast, specific PDE-4 inhibitors, play a role in the 
prevention of exacerbations and hospitalizations in the 
real-world population with severe COPD.21 Nevertheless, 
the most frequently reported adverse events (AE) of roflu
milast were weight loss (10.8%), loss of appetite (10.8%) 
and nausea (8.4%), while 19.3% of them discontinued it 
due to AE.21 Besides, it is worth noting that other drugs 
like quinolones have an effect on the metabolism of theo
phylline, the combination of which was reported to induce 
severe theophylline toxicity.22,23 If clinically appropriate, 
alternative antibiotics should be considered especially for 
elderly COPD suffers when receiving theophylline treat
ment. During the use of bronchodilators and development 
of new drugs, both of the pharmacological effects and AE 
should be comprehensively evaluated, meanwhile, the 
pharmaceutical care should concern about the risks asso
ciated with drug interactions.

ICS
As reported, long-term use of ICS in the stable stage of 
COPD can not prevent the downward trend of FEV1.3 But 
the long-term and regular use of ICS in the maintenance 
treatment of COPD is applicable to patients with FEV1 
value less than 50% of the estimated value (grades III and 
IV) accompanied by repeated aggravation.3 It also showed 
that oral use of glucocorticoids was beneficial for the 
treatment of AECOPD via promoting the remission of 
patients’ symptoms and recovery of lung function, improv
ing hypoxemia, reducing early relapses and failure rate, as 
well as shortening the length of hospital stay.24 

Atomization budesonide could not immediately reduce 
airflow restriction during AECOPD.25 However, its com
bination with short-acting bronchodilators could improve 
the symptoms and lung function, increase the quality of 
life and reduce the frequency of AECOPD.25 It also does 
not recommend the use of long-term oral glucocorticoids 
and single ICS in COPD patients.3 Short-term (seven days) 
and long-term (ten to fifteen days) use of glucocorticoids 
were similarly effective in treating patients with AECOPD 

at the same daily dose.26 In addition, COPD patients 
receiving ICS showed an increased risk of community- 
acquired pneumonia and deteriorative prognosis.27 

A pulmonary function test is often needed to determine 
whether a patient has the indication for long-term use of 
ICS.3

ICS use has been restricted only to selected COPD 
patients mainly based on the risk of AECOPD. The patients 
can continue taking ICS-based therapy when the patients 
were on the presence of co-existence of asthma or high 
eosinophil counts and frequency of moderate or severe 
exacerbations in the previous 12 months.28 However, sev
eral observational studies showed a high rate of prescribed 
ICS for COPD, irrespective of clinical recommendations, 
questioning the efficacy of these compounds in unselected 
patients, and leading to increased complications (weight 
gain, osteoporosis, cataract) and community-acquired pneu
monia related to ICS use.29,30 ICS treatment in COPD 
patients needs to be personalised based on whether the 
patient is currently receiving LABA/ICS or LAMA/ 
LABA/ICS.28 LAMA/LABA inhalers could be the main
tenance therapy in COPD, especially in the longer duration 
trials, which may be able to successfully switch from cur
rent ICS/LABA therapy to LAMA/LABA inhalers, and 
potentially reduce the use of ICS.30

Anti-Infective Drugs
Pathogen (bacterial and/or viral) infection is a leading 
cause of AECOPD. AECOPD often follow increased air
way inflammation, mainly due to infection, and lead to 
decreased airflow and increased lung hyperinflation rela
tive to stable COPD.8 The role of bacterial infection in 
AECOPD is mainly manifested by the primary bacterial 
infection in lower airway, secondary bacterial infection 
along with viral infection, followed by bacterial antigen- 
induced hyperresponsiveness of airway, and eosinophil 
inflammation.31 Streptococcus pneumoniae, Haemophilus 
influenzae, Moraxella catarrhalis, Enterobacter, and 
Pseudomonas aeruginosa, are prevailing bacteria classes 
in COPD patients. Moreover, Staphylococcus aureus and 
Klebsiella pneumoniae were identified more in mortality 
group of AECOPD.32 A multicenter clinical trial con
firmed that amoxicillin/clavulanic acid (500/125 mg three 
times daily for 8 days) was effective in treating mild to 
moderate COPD at a rate of 74.1%, and significantly 
prolonged the next time interval of AECOPD.33 

Levofloxacin has a good antibacterial effect on 
Pseudomonas aeruginosa infection. It has been reported 
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that levofloxacin synergism with imipenem or colistin, can 
be used as combination therapy for infections by multi
drug-resistant bacteria.34 A randomized controlled trial 
found that three months of azithromycin for an infectious 
AECOPD requiring hospitalization significantly reduced 
the treatment failure during the highest-risk period.35 As 
acute exacerbations are a main common and detrimental 
event in COPD patients, effective antimicrobial therapies 
and regimens should be optimized. Therefore, the selec
tion of antibiotics should take into account the patients’ 
bacterial infection, comorbidities or other high-risk fac
tors. Clinical pharmacists need to follow the guidelines of 
COPD treatment and avoid the off-label use, overuse and 
inappropriate combination of antibiotics. Furthermore, the 
effectiveness and adverse reactions should be routinely 
evaluated to promote the rational use of antibiotics.

In COPD patients, viral infections also play a relevant 
role in worsening lung function, therefore, favor disease 
progression.36 Virus infection in COPD was reported to 
alter the respiratory microbiome and precipitate secondary 
bacterial infection, indicating increased infection burden 
and potentially complex drug treatments.37 Recent study 
further showed that reduced abundance of bacteriophages 
in COPD patients with viral pathogens implicates skewing 
of the virome during infection, with potential conse
quences for the bacterial populations, during infection.38 

Viral infection is prone to occur in the AECOPD phase.39 

Jafarinejad et al have discovered that the overall estima
tion of the prevalence of viral infection was 37.4%, while 
the highest and lowest prevalence rate was related to 
rhinovirus and echovirus, respectively.39 It also demon
strated that all virus infections were seasonal, with influ
enza virus and rhinovirus mainly identified in the winter, 
parainfluenza virus in the summer, and metapneumovirus 
in the spring.32 These studies will improve the manage
ment of COPD by using antibiotics and other treatments. 
For example, acyclovir and valacyclovir were proved bet
ter for curing viral infections in patients who used sys
temic glucocorticoids in patients with COPD.40 The 
pharmaceutical care should consider the presence of 
virus infection during the hospitalization of COPD patients 
and the following antiviral therapy.

Expectorants
Cough and sputum are common symptoms in patients with 
COPD. However, antitussive should not be used if the 
sputum is difficult to cough up, especially the central 
antitussive. As the central antitussive can suppress the 

respiratory center, block cough reflex, and then leave the 
sputum in the airway, which not only affects breathing but 
also prone to secondary infections. A meta-analysis 
demonstrates that mucolytics are useful in preventing 
AECOPD as maintenance add-on therapy to patients 
with frequent exacerbations, the effectiveness of which is 
independent of the severity of airway obstruction and the 
use of inhaled corticosteroids.41 In vitro, mucolytic agents 
like ambroxol, could regulate airway inflammation by 
inhibiting NF-κB activation through reducing the produc
tion of inflammatory cytokines during tracheal epithelial 
rhinovirus infection.42 It suggests that ambroxol may be 
also beneficial for rhinovirus infection associated with 
COPD.

Antihypoxic Drugs
Red blood cells in patients with COPD have increased 
internal viscosity, reduced deformability, and enhanced 
aggregation due to pulmonary circulation hemodynamic 
disorders and hypoxia, CO2 retention, acidosis or other 
factors.43 At this time, the blood was hyperviscosity, 
prone to respiratory failure and acidosis. It has revealed 
that almitrine could reduce blood viscosity and blood flow 
resistance, improve oxygen carrying capacity of red blood 
cells, change intracellular fluid or intracellular viscosity, 
and thereby improve microcirculation of COPD patients.44 

Recent study showed that constant infusion of almitrine (8 
μg/kg/min) significantly increased the patients’ mean pul
monary artery pressure, pulmonary vascular resistance, 
and PaO2 at a certain inhaled oxygen concentration.45 

During hypoxia, the increase in mean pulmonary pressure 
and pulmonary vascular resistance of patients with almi
trine was three times higher than the placebo group, but 
had no significant differences in cardiac output and sys
temic hemodynamics.45 In addition, almitrine significantly 
improved the arterial blood gas index and 6-minute walk
ing test distance (an exercise test for the functional status 
of patients with moderate and severe cardiopulmonary 
disease) in patients with COPD and respiratory failure.46 

However, evidence from clinical trials in Spain showed 
that the long-term treatment of chronic hypoxemia with 
almitrine (1 mg/kg/day) was ineffective compared to pla
cebo though COPD patients were better tolerant of almi
trine (1 mg/kg/day) use for up to 6 to 12 months.47 

Currently, supplemental oxygen is the primary treatment 
modality for hypoxemia in COPD patients. There is still an 
urgent need for scholars to further develop new drugs that 
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can be used for a long time and effectively improve 
hypoxia in patients with COPD.

Treatment Strategies in Patients 
with Complications
COPD patients with edema often need to use diuretics. It 
has been reported that both intravenous injection and oral 
administration of furosemide (20 mg, once every 12 hours) 
combined with conventional treatment could effectively 
improve the clinical symptoms of AECOPD patients, but 
had no effect on renal function.48 High plasma brain 
natriuretic peptide level is positively correlated with poor 
prognosis of COPD.49 Intravenous diuretics in combina
tion with vasodilators have been proven effective in redu
cing brain natriuretic peptide level in patients with 
AECOPD without cor pulmonale, indicating the benefits 
of diuretics in these patients.50 The above investigations 
have shown that diuretics have an adjuvant effect in the 
treatment of patients with COPD, especially during the 
acute exacerbation. However, the application of diuretics 
can easily induce electrolyte disturbances and hypochloric 
alkalosis which should be detected regularly. The pharma
ceutical care should be noted that diuretics should be 
discontinued if the patients’ symptoms were under control.

Acid-inhibitory drugs are commonly used in COPD 
patients treated with glucocorticoids. As glucocorticoids 
will delay tissue healing, increase gastric acid secretion, 
reduce gastric mucosal resistance, induce and aggravate 
peptic ulcers. To prevent above adverse impacts that 
caused by glucocorticoids in treating COPD, acid- 
inhibitory drugs are often added at the same time. Proton 
pump inhibitor is more effective in preventing ulcers than 
H2 receptor blockers due to the rapid increase of pH in the 
stomach to more than 4 by the former agent. COPD 
complicated with pneumonia is one of the leading causes 
of death. Proton pump inhibitor was reported to be posi
tively related to the occurrence of pneumonia.51 

Nevertheless, recent review showed that the efficacy and 
safety profile of proton pump inhibitor for patients with 
COPD remains uncertain.52 Further studies investigating 
its role in major clinical outcomes such as AECOPD rate, 
serious adverse events and quality of life are warranted.

Cor pulmonale, defined as right ventricular hypertro
phy and dilatation secondary to pulmonary hypertension 
(PH) caused by respiratory disorders, affects the lung 
function and decreases exercise capacity in COPD.53 

However, the only treatment for cor pulmonale for the 

past 3 decades has been to rest on supplemental oxygen 
and a variety of measures aimed at the relief of airway 
obstruction.54 Currently, supplemental oxygen is still the 
primary treatment modality for cor pulmonale in COPD 
patients. In addition, it is necessary to further clarify the 
histopathological concepts of COPD with respect to the 
progression of cor pulmonale, which treats the heart and 
lung as a single unit.54 Furthermore, the effects of drugs 
used in pulmonary arterial hypertension should be tested in 
COPD patients with severe PH.53

Systemic inflammation in COPD patients also initiate 
or worsen other comorbid diseases, such as ischaemic 
heart disease, heart failure, osteoporosis, obstructive 
sleep apnoea syndrome, chronic renal failure, normocytic 
anaemia, sarcopenia, dysphagia, depression and 
diabetes.55,56 Comorbid diseases will potentiate the mor
bidity of COPD, lead to increased hospitalisations, mor
tality and healthcare costs, and thus need to be evaluated 
carefully during the pharmaceutical care in the manage
ment of COPD. Besides, selected screening procedures are 
highly desirable to identify the frequently missed comor
bidities of COPD via the approach of pharmacosurveil
lance, and distinguish from drug effects or drug–drug 
interaction effects.56

Ongoing Clinical Trials
COPD is often associated with a variety of complications 
and therefore complex treatment decisions need to be 
made. Currently, the treatment strategy for COPD patients 
has not lived up to expectations, and the development of 
new drugs is ongoing. As shown in Table 1, increasing 
clinical trials are under recruitment for COPD treatment 
(https://www.clinicaltrials.gov/). These frontier studies 
include the exploration of drug repurposing and new 
drugs for treating COPD in clinical.57

Ongoing Clinical Trials with Old Drugs
Exploring new use of old drugs is one of the important 
strategies for developing new agents. In two ongoing multi
center studies, the investigators try to expound that fentanyl 
(a powerful narcotic analgesic) may reduce dyspnea that 
caused by COPD with less side effects than morphine,58 or 
compared with bronchodilator.59 There are two studies eval
uating the effects of treprostinil, a drug originally used to 
treat PH, on improving exercise tolerance for patients with 
COPD.60,61 Sildenafil is another drug treating PH and is now 
brewing to investigate whether it can effectively and safely 
improve the symptoms of severe PH caused by COPD.62 In 
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a prospective study, the researchers intend to determine 
whether antidepressant therapy (Sertraline) can improve 
the dyspnea scores of COPD patients.63 There is also a 44- 
week prospective, randomized and two-center trial hypothe
sizing that liraglutide (3 mg), which is for treating type II 
diabetes in adults, can improve lung function and the quality 
of life in COPD patients.64

In clinical, when COPD patients suffer from a cold or 
flu, the symptoms will worsen, and then result in a reduced 
quality of life. A recent clinical study is designed to explore 
the efficacy of a natural antiviral protein containing inter
feron beta (IFN-β) for COPD patients with a common 
cold.65 Besides, another study speculates that arbidol (umi
fenovir), an anti-influenza virus drug, may effectively 

control COPD with upper respiratory virus infection, 
thereby benefit AECOPD.66 Recently, there are also many 
studies evaluating the effects of the combination of two or 
three old drugs on COPD, including LAMA/LABAs (ume
clidinium/vilanterol; glycopyrrolate/indacaterol; tiotropium/ 
olodaterol), ICS/LABAs (fluticasone/salmeterol; flutica
sone/vilanterol), and ICS/LAMA/LABA (fluticasone/tiotro
pium/salmeterol).67–73 The results of these clinical trials, 
focusing on older drugs, are urgently expected.

Ongoing Clinical Trials with New Drugs
In addition to the exploration of drug repurposing, emerging 
progress has been made in developing new drugs for COPD 
therapy. The effects of inhaled PUL-042 which is comprised 

Table 1 Ongoing Clinical Trials

Interventions Sponsor Stages Ref.

Fentanyl, Morphine Retard Huib A.M. Kerstjens Phase 4 [58]

Salbutamol University of Saskatchewan Phase 4 [59]

Inhaled Treprostinil Inova Health Care Services Phase 2 [60]

Inhaled treprostinil solution United Therapeutics Phase 3 [61]

Sildenafil Citrate Chinese Academy of Medical Sciences, Fuwai Hospital Not Applicable [62]

Sertraline Duke University Not Applicable [63]

Liraglutide Claus Bogh Juhl Phase 4 [64]

Interferon Beta-1A Synairgen Research Ltd. Phase 2 [65]

Arbidol Shengjing Hospital Phase 4 [66]

Umeclidinium/Vilanterol Dry Powder Inhaler Gary L. Pierce Phase 4 [67]

Indacaterol/Glycopyrrolate University of Michigan Phase 3 [68]

Tiotropium/Salmeterol/Fluticasone Fixed Dose Combination Neutec Ar-Ge San ve Tic A.Ş Phase 4 [69]

Tiotropium & olodaterol, fluticasone furoate and vilanterol University of Dundee Phase 4 [70]

Indacaterol/Glycopyrronium Taipei Medical University Shuang Ho Hospital Phase 4 [71]

ICS/LAMA/LABA, Fluticasone furoate/umeclidinium/vilanterol GlaxoSmithKline Phase 4 [72]

Salbutamol (Ventolin®), Tiotropium Bromide (Spiriva®), Salmeterol/ 

fluticasone (Seretide®), YCC capsule Drug: BL capsule

Henan University of Traditional Chinese Medicine Phase 3 [73]

PUL-042 Inhalation Solution Pulmotect, Inc. Phase 2 [74]

Quercetin Temple University Phase 1 

Phase 2

[75]

Dupilumab SAR231893, ICS, LAMAs, LABAs Sanofi Phase 3 [76]

Ivacaftor University of Alabama at Birmingham Phase 2 [77]

CHF6523 Chiesi Farmaceutici S.p.A. Phase 1 [78]

Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroids; LAMAs, long-acting muscarinic antagonists; LABAs, long-acting beta-agonists; 
Ref., reference.
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of synthetic ligands for toll-like receptor (TLR) 2/6 and TLR 
9, on rhinovirus-induced lower respiratory symptoms in early 
COPD subjects will be examined in a single-center, double- 
blind, placebo-controlled study.74 A current double-blinded 
placebo-controlled study is designed to determine whether 
quercetin supplementation can reduce inflammation and oxi
dative stress in patients with COPD.75 There is a rigorously 
designed study evaluating the efficacy, safety, and tolerability 
of dupilumab, a fully human monoclonal antibody against 
interleukin-4 receptor α, in patients with moderate to severe 
COPD with type 2 inflammation.76 A Phase II study is then 
devised to explore the safety and effectiveness of a drug 
called ivacaftor (a selective enhancer for cystic fibrosis trans
membrane regulator) in COPD patients.77 Besides, as an 
exploratory assessment, the anti-inflammatory effect of 
CHF6523, a phosphoinositide-3-kinase inhibitor, will be 
evaluated in a randomised, double-blind, placebo-controlled 
study in COPD subjects.78 We look forward to getting good 
feedback from these well-designed clinical trials.

Completed Clinical Trials
COPD is one of the leading causes of death among chronic 
diseases, but limited new drugs have been proven effective 
and widely used in clinical in the last decades.79 Recently, 
the resurgence of the development for COPD treatment is 
fueled by a greater understanding of its pathophysiology, 
a growing prevalence and an aging population. Expectantly, 
more than six hundred records of clinical trial drugs for 

COPD treatment are currently in the completed stage 
(https://www.clinicaltrials.gov/), partly shown in Table 2.

Among them, a study confirmed that RPL554 (a phospho
diesterase PDE3/4 inhibitor) can significantly improve the 
symptoms of patients with moderate and severe COPD.80 

RPL554 in combination with tiotropium is more effective 
than tiotropium alone for patients with COPD.81 There is a 26- 
week, randomized, double-blind, parallel-group multicenter 
study showing that indacaterol/glycopyrronium (QVA149, 
110/50μg daily) is more effective for treating COPD than 
tiotropium (18 µg daily) plus salmeterol/fluticasone propio
nate (50/500 µg daily),82 but another study indicates that it can 
not improve the night-time blood oxygenation.83 In two multi- 
centre studies, the researchers determine that both SUN101 (a 
nebulized glycopyrrolate formulation) and GSK233705 (a 
new LAMA) have significant effects on COPD patients with 
dose–response curves.84,85 Another 12-week phase II study 
shows that taking AQX-1125 (a novel oral SHIP1 activator) 
once a day has significant protective effects when compared 
with placebo treatment after the deterioration of COPD.86 

Revefenacin (TD-4208; GSK1160724), a potent LAMA 
agent, is proved to significantly increase the peak FEV1 in 
relative to baseline for treating COPD compared to placebo,87 

while its incidence of adverse events is similar to tiotropium.88 

In a recent study, trospium inhalation powder (a quaternary 
amine LAMA) is confirmed to have a certain therapeutic effect 
on COPD.89 In a phase IIa, multi-centre, double-blind, 3 peri
ods, and crossover study, the investigators show that 

Table 2 Completed Clinical Trials

Interventions Sponsor Stages Results Ref.

RPL554 suspension Verona Pharma plc Phase 2 Positive [80]
RPL554 plus tiotropium, Placebo plus tiotropium Verona Pharma plc Phase 2 Positive [81]

QVA149, Tiotropium+Salmeterol/fluticasone Novartis Pharmaceuticals Phase 4 Positive [82]

QVA149 Novartis Pharmaceuticals Phase 4 Negative [83]
SUN101 Sunovion Respiratory Development Inc. Phase 2 Positive [84]

GSK233705B GlaxoSmithKline Phase 2 Positive [85]

AQX-1125 Aquinox Pharmaceuticals (Canada) Inc. Phase 2 Negative [86]
TD-4208 Theravance Biopharma Phase 2 Positive [87]

TD-4208, Tiotropium Theravance Biopharma Phase 3 Negative [88]

Trospium inhalation powder (TrIP) Alkermes, Inc. Phase 2 Positive [89]
AZD8871 AstraZeneca Phase 2 Positive [90]

BYM338 Novartis Pharmaceuticals Phase 2 Positive [91]

GW642444 GlaxoSmithKline Phase 2 Positive [92]
QAW039 Novartis Pharmaceuticals Phase 2 Terminated [93]

Amoxicillin and clavulanic acid Catalan Society of Family Medicine Phase 4 Positive [94]

Azithromycin University of Alabama at Birmingham Not Applicable Positive [95]
Mepolizumab 100 mg SC GlaxoSmithKline Phase 3 Positive [96]

Abbreviations: COPD, chronic obstructive pulmonary disease; Ref., reference.
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navafenterol (AZD8871), a novel dual-pharmacology (LAMA 
and LABA) molecule, has a certain effect on COPD by 
improving FEV1.90 Besides, a multicenter study find that 
bimagrumab (BYM338), a human dual-specific anti- 
ActRIIA/ActRIIB antibody, has a significant improvement 
effect on COPD and cachexia by comparing that with placebo 
treatment.91 There is a clinical trial exploring the efficacy of 
GW642444 in patients with COPD, and then determined its 
safety and effective dose.92 There is also a multicenter study 
using fevipiprant (QAW039), an oral antagonist of the pros
taglandin D2 receptor 2, to alleviate eosinophilia in COPD 
patients.93 Unfortunately, this clinical trial had been terminated 
on June 9, 2020, no results were posted yet.

The efficacy of amoxicillin and azithromycin is also 
investigated in treating patients with acute exacerbation of 
mild to moderate COPD.94,95 In a clinical trial of mono
clonal antibodies, the use of mepolizumab (a humanized 
interleukin-5 antagonist monoclonal antibody) has protec
tive effects on AECOPD by regulating the growth, activa
tion and survival of eosinophils.96 Numerous clinical 
studies may bring new treatment strategies for COPD 
patients. However, the quality of research design varies 
greatly or some results of individual clinical studies are 
inconsistent. Besides, few clinical trials were focused on 
AECOPD. Furthermore, the potential increase in the num
ber of effective drugs for COPD therapy will be a major 
challenge for physicians in selecting suitable drugs, and 
for pharmacists in conducting pharmaceutical care service.

Non-Pharmaceutical Strategies
Though we have important advances in the treatment of 
COPD by using bronchodilators, inhaled steroids as well 
as other new mechanism drugs, non-pharmaceutical stra
tegies like pulmonary rehabilitation have to be used 
throughout the life time of COPD patients as main com
ponents of therapy.

Recent study has reported four lifestyle profiles that are 
associated with the highest number of disease-free years 
included a body mass index less than 25 (calculated as 
weight in kilograms divided by height in meters squared) 
and at least 2 of the following factors: never smoking, 
physical activity, and moderate alcohol consumption.97 

Cigarette smoking is one of the leading preventable causes 
of death worldwide and a major risk factor for COPD, 
meanwhile, nonsmokers with second-hand smoke expo
sure also suffer significant adverse respiratory effects.98 

Smoking cessation at any age confers substantial health 

benefits in COPD, but the uptake by patients remain lim
ited due to the lack of publicity on smoking cessation and 
health education for patients. Huang et al reported that 
music therapy is effective in reducing dyspnea and anxiety, 
which may also improve sleep quality and physiological 
parameters of subjects with COPD.99 Pulmonary rehabili
tation, including an individualised plan of physical activ
ities, retraining exercises, therapeutic education, 
psychosocial and self-management support, whether per
formed at home or in a specialised centre, is effective in 
managing COPD.100

There are no doubts as to the effectiveness of oxygen 
therapy in the treatment of acute and respiratory failure in 
different clinical scenarios.101 A recent official guideline has 
made strong recommendations for long-term oxygen use in 
patients with COPD (moderate-quality evidence) or ILD (low- 
quality evidence) with severe chronic resting hypoxemia, 
which also has recommended that COPD patients and their 
caregivers should receive education on oxygen equipment and 
safety.102 Recently, new devices have been developed that 
automatically adjust oxygen flow rates to the needs of each 
patient, in order to maintain stable oxygen saturation levels, 
which can potentially reduce medical error, improve morbidity 
and mortality, and reduce care costs.101 These advances in 
non-drug therapy and future exploration will improve the 
understanding of COPD and its health management.

Impact of Pharmacist-Led 
Medication Management
Despite the availability of many effective strategies for 
treating COPD, the therapeutic goals are often not 
achieved. Combined with drug therapy, clinical pharmacist 
interventions have been reported effective in improving 
the clinical and humanistic outcomes in COPD patients. 
Emerging trials suggest that pharmaceutical care has 
a positive impact on treatment outcomes in COPD 
patients, especially in the treatment of AECOPD.103–105

In a randomised, controlled, prospective clinical trial, the 
structured education on COPD and the management of its 
symptoms which were provided by clinical pharmacists, 
could significantly improve patients’ COPD knowledge, 
medication adherence, medication beliefs, and hospitalization 
rates.106 Another pharmaceutical care programme initiated at 
the emergency department showed positive clinical benefits 
due to the reduced number and prevalence of drug-related 
negative outcomes.103 In a pre- and post-intervention study 
over a period of 12 months, the percentage of COPD patients 
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with better adherence was significantly increased from 37.4% 
to 53.2% through pharmacist-led pharmaceutical care.104

Furthermore, it was demonstrated that individualized 
pharmaceutical care also improved inhalation technique, 
reduced readmissions and elevated health-related quality 
of life (HRQoL) in patients with COPD.105,107–111 In addi
tion, the pharmacists as educators for COPD patients could 
also reduce medical costs, smoking behavior, and the 
frequency of lung deterioration.112–114

These clinical practices demonstrated that the pharma
ceutical care had shown favourable impacts on addressing 
drug-related problems such as medication adherence, hos
pital admission and medical costs, thus supporting its vital 
role in the management of COPD, especially when there is 
a wide range of therapeutic agents.

Perspectives for the Drug Therapy 
and Medication Management
COPD is emphysema and/or chronic bronchitis character
ized by long-term breathing problems and poor airflow 
that occurs in response to the exposure of inhaled irritants, 
chemicals, as well as allergens.115 COPD seriously impairs 
the patients’ body functioning, reduces the quality of life 
and causes lots of death worldwide, and has currently 
become a major public health problem. The treatment 
strategies for COPD should be considered from the per
spective of prevention of disease progression and manage
ment of clinical deterioration.

With global efforts, several kinds of drugs have been 
developed to improve the symptoms of COPD patients, but 
they also pose more medication problems. In the present 
review, multiple drugs including bronchodilators, antimicro
bial drugs, glucocorticoids as well as expectorants for treat
ing COPD are briefly outlined. Besides, the benefits of 
pharmaceutical care in the management of COPD is also 
emphasized. A growing number of clinical trials on new 
drugs further indicate that the drugs for COPD treatment 
will be more complex, because the potential representative 
drugs listed here seem the tip of the iceberg and therefore 
require comprehensive pharmaceutical care on drug use.

The clinical pharmacists are an integral part of 
patients’ health-care team by making recommendations 
or interventions related to the medication-related pro
blems, especially in the treatment of chronic diseases 
including COPD.116 The current physician-centric health
care has limited emphasis on patient education and coun
selling, especially the physicians often have no time to do 

these multifarious work.117 Thus, involving non-physician 
health professionals such as the pharmacists, should be the 
best strategy to improve this situation. Recent studies have 
shown that pharmacists’ involvement in the management 
of COPD not only helps patients gain better knowledge of 
their disease and drug treatment but also addresses drug- 
related problems, improves disease control and treatment 
effectiveness, and reduces treatment costs, demonstrating 
the benefits of pharmaceutical care for COPD sufferers. 
Pharmacists play a significant role in all critical phases of 
care for COPD patient, from early detection to further 
management plans, including advice, counselling regard
ing medications, inhaler techniques and medication adher
ence. It shows that pharmacists are well suited to 
supplement doctor-based management for COPD patients. 
Additional areas requiring consideration should include 
pharmacist training, increased awareness of pharmacist 
role, as well as physician-pharmacist collaboration.118,119 

Nevertheless, there are many barriers in the implementa
tion of pharmaceutical care plan, including insufficient 
time, imperfect drug monitoring software and excessive 
administrative burden, which should be fully considered if 
the pharmaceutical care was implemented.120

To obtain more reasonable medication suggestions and 
improve clinical outcomes when treating COPD patients, clin
ical pharmacists could provide professional advice in the 
comprehensive aspects of antimicrobial classes, dressing 
changes, repeated treatments, drug interactions, allergic reac
tions, drug doses, frequency of medications, and dose adjust
ment for abnormal renal function and so forth.121,122 Clinical 
pharmacists should provide timely and high-quality pharma
ceutical services for COPD patients on the basis of patient 
safety, effectiveness and compliance. In addition, drug therapy 
teams should consider integrating pharmacists into 
a collaborative care team in clinical practice. Further studies 
should also identify the benefits of different means of pharma
cist intervention such as over telephone, WeChat, or face to 
face, all of which will be the focus of future researches. It is 
also worth noting that the use of the Internet for drug alerts and 
drug monitoring should become the mainstream for adherence 
improvement in the near future.123–125 The last but not least, 
drug therapy alone is sometimes difficult to achieve satisfac
tory curative effects, thus the combination of non-drug ther
apy, such as functional training, should be a beneficial 
supplement for the treatment of COPD.

In conclusion, the present review has reviewed the 
representative drugs and clinical trial drugs for the treat
ment of COPD. It not only provides an overview of 
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current treatment strategies for patients with COPD but 
also further underlines the importance of pharmaceutical 
care and the development of new drugs. Further researches 
are warranted to determine the optimal pharmacist inter
vention for reducing drug-related problems and evaluate 
their comprehensive role in the management of COPD.

Abbreviations
AE, adverse events; AECOPD, acute exacerbation of 
chronic obstructive pulmonary disease; COPD, chronic 
obstructive pulmonary disease; FEV1, forced expiratory 
volume in one second; HRQoL, health-related quality of 
life; ICS, inhaled corticosteroids; ICU, intensive care unit; 
IFN-β, interferon beta; LAMAs, long-acting muscarinic 
antagonists; LABAs, long-acting beta-agonists; PDE, 
phosphodiesterases; PH, pulmonary hypertension; 
SAMAs, short-acting muscarinic antagonists; TLR, Toll- 
like receptor; WHO, World Health Organization.

Author Contributions
All authors made significant contributions to the conception 
and design, acquisition of data, or analysis and interpretation 
of data; took part in drafting, revising or critically reviewing 
the article; agreed to submit to the current journal; gave final 
approval of the version to be published; and agree to be 
accountable for all aspects of the work.

Funding
This work was supported by the Zhejiang Provincial Natural 
Science Foundation of China (No. LYY19H280006), the 
National Natural Science Foundation of China (No. 
81503129), the Zhejiang Provincial Science Technology 
Projects of Traditional Chinese Medicine (No. 
2021ZB174), the Clinical Research Projects of Zhejiang 
Medical Association (No. 2019ZYC-A85).

Disclosure
The authors declare that they have no conflicts of interest 
for this work.

References
1. Shih C-H, Wang W-H, Chen C-M, Ko W-C. <p>Hesperetin-5,7,3ʹ- 

O-Trimethylether Dually Inhibits Phosphodiesterase 3/4 and 
Methacholine-Induced Airway Hyperresponsiveness in Sensitized 
and Challenged Mice. Drug Des Devel Ther. 2020;14:519–526. 
doi:10.2147/DDDT.S227432

2. Hashemi SY, Momenabadi V, Faramarzi A, Kiani A. Trends in burden 
of chronic obstructive pulmonary disease in Iran, 1995–2015: findings 
from the global burden of disease study. Arch Public Health. 
2020;78:45.

3. Chronic Obstructive Pulmonary Disease Committee, Respiratory 
Society, Chinese Medical Association. Guidelines for the diagno
sis and treatment of chronic obstructive pulmonary disease (2013 
revision). Chin J Tuberc Respir Dis. 2013;36(4):255–264.

4. Zhang L, Huang J, Dong R, Feng Y, Zhou M. Therapeutic 
potential of BLT1 antagonist for COPD: involvement of inducing 
autophagy and ameliorating inflammation. Drug Des Devel Ther. 
2019;13:3105–3116.

5. Gayle AV, Quint JK, Fuertes EI. Understanding the relationships 
between environmental factors and exacerbations of COPD. 
Expert Rev Respir Med. 2020;1–12.

6. Wang T, Mao L, Wang J, Li P, Liu X, Wu W. Influencing factors 
and exercise intervention of cognitive impairment in elderly 
patients with chronic obstructive pulmonary disease. Clin Interv 
Aging. 2020;15:557–566.

7. Li M, Sun WL, Chen YR, et al. Exploration of the long-term 
integrated management of chronic obstructive pulmonary disease. 
Chin J Med Guide. 2013;15(12):2103–2104.

8. Vasques F, Camporota L, Barrett NA. Nonantibiotic pharmacolo
gical treatment of severe chronic obstructive pulmonary disease 
exacerbations. Semin Respir Crit Care Med. 2020;41(6):842–850.

9. Kunadharaju R, Sethi S. Treatment of acute exacerbations in 
chronic obstructive pulmonary disease. Clin Chest Med. 2020;41 
(3):439–451.

10. Aziz MIA, Tan LE, Wu DB-C, et al. Comparative efficacy of 
inhaled medications (ICS/LABA, LAMA, LAMA/LABA and 
SAMA) for COPD: a systematic review and network 
meta-analysis. Int J Chron Obstruct Pulmon Dis. 
2018;13:3203–3231. doi:10.2147/COPD.S173472

11. Anzueto A, Miravitlles M. Tiotropium in chronic obstructive 
pulmonary disease - a review of clinical development. Respir 
Res. 2020;21(1):199.

12. Shukla D, Chakraborty S, Singh S, Mishra B. Doxofylline: 
a promising methylxanthine derivative for the treatment of 
asthma and chronic obstructive pulmonary disease. Expert Opin 
Pharmacother. 2009;10(14):2343–2356.

13. Buhl R, de la Hoz A, Xue W, Singh D, Ferguson GT. Efficacy of 
Tiotropium/Olodaterol Compared with Tiotropium as a First-Line 
Maintenance Treatment in Patients with COPD Who Are Naïve to 
LAMA, LABA and ICS: pooled Analysis of Four Clinical Trials. 
Adv Ther. 2020;37(10):4175–4189.

14. Muro S, Yoshisue H, Kostikas K, Olsson P, Gupta P, 
Wedzicha JA. Indacaterol/glycopyrronium versus tiotropium or 
glycopyrronium in long-acting bronchodilator-naïve COPD 
patients: A pooled analysis. Respirology. 2020;25(4):393–400.

15. Scott DA, Woods B, Thompson JC, et al. Mortality and drug 
therapy in patients with chronic obstructive pulmonary disease: 
a network meta-analysis. BMC Pulm Med. 2015;15(1):145.

16. Xiong G, Xu L, Wei L, Li X. Atomization inhalation of terbuta
line and budesonide efficiently improved immunity and lung 
function of AECOPD patients. Cell Mol Immunol. 2008;5 
(4):287–291.

17. Xiong XF, Fan LL, Wu HX, Zhu M, Cheng DY. Effects of 
tiotropium combined with theophylline on stable COPD patients 
of group B, D and its impact on small airway function: 
A randomized controlled trial. Adv Ther. 2018;35(12):2201–2213.

18. Zhou Y, Zhong NS, Li X, et al. Tiotropium in early-stage chronic 
obstructive pulmonary disease. N Engl J Med. 2017;377 
(10):923–935.

19. Zheng HC, Li Z. Effect of tiotropium bromide combined with 
doxotheophylline in the treatment of chronic obstructive pulmon
ary disease in stable period. Chin J Gerontol. 2018;38 
(1):149–150.

20. Wedzicha JA, Decramer M, Seemungal TA. The role of bronch
odilator treatment in the prevention of exacerbations of COPD. 
Eur Respir J. 2012;40(6):1545–1554.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2021:15 120

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2147/DDDT.S227432
https://doi.org/10.2147/COPD.S173472
http://www.dovepress.com
http://www.dovepress.com


21. Cilli A, Bal H, Gunen H. Efficacy and safety profile of roflumilast 
in a real-world experience. J Thorac Dis. 2019;11(4):1100–1105.

22. Antoniou T, Gomes T, Mamdani MM, Juurlink DN. 
Ciprofloxacin-induced theophylline toxicity: a population-based 
study. Eur J Clin Pharmacol. 2011;67(5):521–526.

23. Zhou P, Jiang SP, Zhang XG. Pharmacist’s participation in the 
therapy of one case of arrhythmia induced by combination of 
doxofylline and levofloxacin. Drug Eval. 2012;9(23):42–44.

24. Cai BQ, Cai SX, Chen RC, et al. Expert consensus on acute 
exacerbation of chronic obstructive pulmonary disease in the 
People’s Republic of China. Int J Chron Obstruct Pulmon Dis. 
2014;9:381–395.

25. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy for 
the diagnosis, management, and prevention of chronic obstructive 
lung disease 2017 report. GOLD executive summary. Am J Respir 
Crit Care Med. 2017;195(5):557–582.

26. Ma Z, Zhang W. Short-term versus longer duration of glucocorti
coid therapy for exacerbations of chronic obstructive pulmonary 
disease. Pulm Pharmacol Ther. 2016;40:84–90.

27. Liu DS, Han XD, Liu XD. Current status of community-acquired 
pneumonia in patients with chronic obstructive pulmonary 
disease. Chin Med J. 2018;131(9):1086–1091.

28. Marzuki NM, Jaeb MZM, Ban A, et al. Personalised management 
of chronic obstructive pulmonary disease (COPD): malaysian 
consensus algorithm for appropriate use of ICS in COPD 
patients. Med J Malaysia. 2020;75(6):717–721.

29. Contoli M, Corsico AG, Santus P, et al. Use of ICS in COPD: 
from blockbuster medicine to precision medicine. COPD. 
2017;14(6):641–647.

30. Tariq SM, Thomas EC. Maintenance therapy in COPD: time to 
phase out ICS and switch to the new LAMA/LABA inhalers? 
Int J Chron Obstruct Pulmon Dis. 2017;12:1877–1882.

31. Whittaker Brown SA, Braman S. Recent advances in the manage
ment of acute exacerbations of chronic obstructive pulmonary 
disease. Med Clin North Am. 2020;104(4):615–630.

32. Choi J, Oh JY, Lee YS, et al. Bacterial and Viral Identification 
Rate in Acute Exacerbation of Chronic Obstructive Pulmonary 
Disease in Korea. Yonsei Med J. 2019;60(2):216–222.

33. Llor C, Moragas A, Hernández S, Bayona C, Miravitlles M. 
Efficacy of antibiotic therapy for acute exacerbations of mild to 
moderate chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med. 2012;186(8):716–723.

34. Safarika A, Galani I, Pistiki A, Giamarellos-Bourboulis EJ. Time- 
kill effect of levofloxacin on multidrug-resistant Pseudomonas 
aeruginosa and Acinetobacter baumannii: synergism with imipe
nem and colistin. Eur J Clin Microbiol Infect Dis. 2015;34 
(2):317–323.

35. Vermeersch K, Gabrovska M, Aumann J, et al. Azithromycin 
during acute chronic obstructive pulmonary disease exacerbations 
requiring hospitalization (BACE). A multicenter, randomized, 
double-blind placebo-controlled trial. Am J Respir Crit Care 
Med. 2019;200(7):857–868.

36. D’Anna SE, Maniscalco M, Cappello F, et al. Bacterial and viral 
infections and related inflammatory responses in Chronic 
Obstructive Pulmonary Disease. Ann Med. 2020;1–39.

37. Molyneaux PL, Mallia P, Cox MJ, et al. Outgrowth of the bacter
ial airway microbiome after rhinovirus exacerbation of chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med. 
2013;188(10):1224–1231.

38. van Rijn AL, van Boheemen S, Sidorov I, et al. The respiratory 
virome and exacerbations in patients with chronic obstructive 
pulmonary disease. PLoS One. 2019;14(10):e0223952.

39. Jafarinejad H, Moghoofei M, Mostafaei S, Salimian J, Azimzadeh 
Jamalkandi S, Ahmadi A. Worldwide prevalence of viral infection 
in AECOPD patients: A meta-analysis. Microb Pathog. 
2017;113:190–196.

40. He MZ, Jiang YW, Cai C, Zhong SQ, Zhong NS. Cohort study of 
22 cases of herpes zoster in patients hospitalized for acute exacer
bation of chronic obstructive pulmonary disease. Inter J Respir. 
2011;31(20):1538–1542.

41. Cazzola M, Rogliani P, Calzetta L, Hanania NA, Matera MG. 
Impact of mucolytic agents on COPD exacerbations: A pair-wise 
and network meta-analysis. COPD. 2017;14(5):552–563.

42. Yamaya M, Nishimura H, Nadine LK, Ota C, Kubo H, 
Nagatomi R. Ambroxol inhibits rhinovirus infection in primary 
cultures of human tracheal epithelial cells. Arch Pharm Res. 
2014;37(4):520–529.

43. Yang J, Liu C, Li L, Tu X, Lu Z. Red blood cell distribution width 
predicts pulmonary hypertension secondary to chronic obstructive 
pulmonary disease. Can Respir J. 2019;2019:3853454.

44. Yi LD, Peng LB, Tan CQ, et al. Pharmaceutical care of a patient 
with chronic obstructive pulmonary disease. Cent South Pharm. 
2010;8(10):792–795.

45. Saadjian AY, Philip-Jöel FF, Barret A, Levy S, Arnaud AG. Effect 
of almitrine bismesylate on pulmonary vasoreactivity to hypoxia 
in chronic obstructive pulmonary disease. Eur Respir J. 1994;7 
(5):862–868.

46. Li YF, Zhang CF, Xu ZQ, Han P, Lian XF, Chao YS. Effect of 
almitrine in treatment of COPD with respiratory failure. Med 
Innovation Chin. 2012;9(13):37–38.

47. Sans-Torres J, Domingo C, Morón A, Rué M, Marín A. Long- 
term effects of almitrine bismesylate in COPD patients with 
chronic hypoxaemia. Respir Med. 2003;97(6):599–605.

48. Liu KQ, Ni HB, Yu CB, Hu XX. Effect of different administra
tion routes of diuretics on patients with acute exacerbation of 
chronic obstructive pulmonary disease. Chin J Crit Care Med. 
2013;33(8):688–691.

49. Ghobadi H, Aslani MR, Hosseinian A, Farzaneh E. The correla
tion of serum brain natriuretic peptide and interleukin-6 with 
quality of life using the chronic obstructive pulmonary disease 
assessment test. Med Princ Pract. 2017;26(6):509–515.

50. Zhang J, Zhao G, Yu X, Pan X. Intravenous diuretic and vasodi
lator therapy reduce plasma brain natriuretic peptide levels in 
acute exacerbation of chronic obstructive pulmonary disease. 
Respirology. 2012;17(4):715–720.

51. Lambert AA, Lam JO, Paik JJ, Ugarte-Gil C, Drummond MB, 
Crowell TA. Risk of community-acquired pneumonia with out
patient proton-pump inhibitor therapy: a systematic review and 
meta-analysis. PLoS One. 2015;10(6):e0128004.

52. Kikuchi S, Imai H, Tani Y, Tajiri T, Watanabe N. Proton pump 
inhibitors for chronic obstructive pulmonary disease. Cochrane 
Database Syst Rev. 2020;8:CD013113.

53. Chaouat A, Naeije R, Weitzenblum E. Pulmonary hypertension in 
COPD. Eur Respir J. 2008;32(5):1371–1385.

54. Sakao S. Chronic obstructive pulmonary disease and the early 
stage of cor pulmonale: A perspective in treatment with pulmon
ary arterial hypertension-approved drugs. Respir Investig. 
2019;57(4):325–329.

55. Barnes PJ, Celli BR. Systemic manifestations and comorbidities 
of COPD. Eur Respir J. 2009;33(5):1165–1185.

56. Vespasiani-Gentilucci U, Pedone C, Muley-Vilamu M, Antonelli- 
Incalzi R. The pharmacological treatment of chronic comorbid
ities in COPD: mind the gap! Pulm Pharmacol Ther. 
2018;51:48–58.

57. Mtisi TF, Frishman WH. Beta adrenergic blocker use in patients 
with chronic obstructive pulmonary disease and concurrent 
chronic heart failure with a low ejection fraction. Cardiol Rev. 
2020;28(1):20–25.

58. National Institutes of Health, US National Library of Medicine. 
Morphine or Fentanyl for Refractory Dyspnea in COPD. 
Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT03834363. Accessed January 2, 2021.

Drug Design, Development and Therapy 2021:15                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
121

Dovepress                                                                                                                                                                 Li et al

Powered by TCPDF (www.tcpdf.org)

https://www.clinicaltrials.gov/ct2/show/NCT03834363
https://www.clinicaltrials.gov/ct2/show/NCT03834363
http://www.dovepress.com
http://www.dovepress.com


59. National Institutes of Health, US National Library of Medicine. 
Bronchoprotection of Salbutamol in Asthma and Chronic 
Obstructive Pulmonary Disease. Available from: https://www.clin 
icaltrials.gov/ct2/show/NCT00440245. Accessed January 2, 2021.

60. National Institutes of Health, US National Library of Medicine. 
Pulmonary Rehab in COPD: response to Tyvaso. Available from: 
https://www.clinicaltrials.gov/ct2/show/NCT02178566. Accessed 
January 2, 2021.

61. National Institutes of Health, US National Library of Medicine. A Phase 3 
Adaptive Study to Evaluate the Safety and Efficacy of Inhaled Treprostinil 
in Patients With PH Due to COPD. Available from: https://www.clinical 
trials.gov/ct2/show/NCT03496623. Accessed January 2, 2021.

62. National Institutes of Health, US National Library of Medicine. 
The Safety and Efficiency of Sildenafil in the Treatment of Severe 
Post-capillary Pulmonary Hypertension Caused by COPD. 
Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT03185364. Accessed January 2, 2021.

63. National Institutes of Health, US National Library of Medicine. 
Safety of Anti-Depressant for Chronic Obstructive Pulmonary 
Disease. Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT02813447. Accessed January 2, 2021.

64. National Institutes of Health, US National Library of Medicine. 
Effects of Liraglutide in Chronic Obstructive Pulmonary Disease. 
Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT03466021. Accessed January 2, 2021.

65. National Institutes of Health, US National Library of Medicine. 
A Study to Test a Potential New Treatment for COPD Patients 
Suffering From the Common Cold or Influenza. Available from: 
https://www.clinicaltrials.gov/ct2/show/NCT03570359. Accessed 
January 2, 2021.

66. National Institutes of Health, US National Library of Medicine. 
Arbidol for COPD Exacerbations. Available from: https://www.clin 
icaltrials.gov/ct2/show/NCT03851991. Accessed January 2, 2021.

67. National Institutes of Health, US National Library of Medicine. 
Static Lung Hyperinflation and Sympathetic Nerve 
Activity-Associated Large Artery Stiffness in COPD Patients. 
Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT03611699. Accessed January 2, 2021.

68. National Institutes of Health, US National Library of Medicine. 
RETHINC: rEdefining THerapy In Early COPD for the 
Pulmonary Trials Cooperative. Available from: https://www.clin 
icaltrials.gov/ct2/show/NCT02867761. Accessed January 2, 2021.

69. National Institutes of Health, US National Library of Medicine. 
Tiotropium/Salmeterol/Fluticasone Fixed Dose Combination 
Treatment Via Discair vs Tiotropium Via Handihaler + 
Salmeterol/Fluticasone Via Diskus Free Combination Treatment. 
Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT03395002. Accessed January 2, 2021.

70. National Institutes of Health, US National Library of Medicine. 
INvestigating COPD Outcomes, Genomics and Neutrophilic 
Inflammation With Tiotropium and Olodaterol. Available from: https:// 
www.clinicaltrials.gov/ct2/show/NCT03152149. Accessed January 2, 
2021.

71. National Institutes of Health, US National Library of Medicine. Utilizing 
Wearable Device to Observe the Clinical Response of COPD Patients 
Treated With Combined Bronchodilator and Home-based Pulmonary 
Rehabilitation Program. Available from: https://www.clinicaltrials.gov/ 
ct2/show/NCT03364829. Accessed January 2, 2021.

72. National Institutes of Health, US National Library of Medicine. 
TRELEGY Real World Chronic Obstructive Pulmonary Disease 
(COPD) Effectiveness Study. Available from: https://www.clini 
caltrials.gov/ct2/show/NCT03949842. Accessed January 2, 2021.

73. National Institutes of Health, US National Library of Medicine. 
Effect of Yong Chong Cao Capsule on Outcomes in Patients With 
Mild to Severe COPD. Available from: https://www.clinicaltrials. 
gov/ct2/show/NCT03745261. Accessed January 2, 2021.

74. National Institutes of Health, US National Library of Medicine. The 
Effect of Inhaled PUL-042 on Rhinovirus-induced Symptoms in 
Smokers With GOLD Stage 0 COPD. Available from: https://www. 
clinicaltrials.gov/ct2/show/NCT03794557. Accessed January 2, 2021.

75. National Institutes of Health, US National Library of Medicine. 
Biological Effects of Quercetin in COPD. Available from: https:// 
www.clinicaltrials.gov/ct2/show/NCT03989271. Accessed 
January 2, 2021.

76. National Institutes of Health, US National Library of Medicine. 
Pivotal Study to Assess the Efficacy, Safety and Tolerability of 
Dupilumab in Patients With Moderate-to-severe COPD With 
Type 2 Inflammation. Available from: https://www.clinicaltrials. 
gov/ct2/show/NCT03930732. Accessed January 2, 2021.

77. National Institutes of Health, US National Library of Medicine. 
The Topic Trial - Study to Determine the Safety and Efficacy of 
Ivacaftor. Available from: https://www.clinicaltrials.gov/ct2/ 
show/NCT03085485. Accessed January 2, 2021.

78. National Institutes of Health, US National Library of Medicine. 
Investigate the Safety, Tolerability and Pharmacokinetics of 
CHF6523 in Healthy and in COPD Subjects. Available from: 
https://www.clinicaltrials.gov/ct2/show/NCT04032535. Accessed 
January 2, 2021.

79. Thomas CD, Dupree LH, DeLosSantos M, Ferreira JA. 
Evaluation of the protective effects of β-blockers in the manage
ment of acute exacerbations of chronic obstructive pulmonary 
disease. J Clin Pharm Ther. 2019;44(1):109–114.

80. National Institutes of Health, US National Library of Medicine. Dose 
Ranging Study of RPL554 in Chronic Obstructive Pulmonary Disease 
(COPD) Patients. Available from: https://www.clinicaltrials.gov/ct2/ 
show/NCT03443414. Accessed January 2, 2021.

81. National Institutes of Health, US National Library of Medicine. 
The Effects of RPL554 in Addition to Tiotropium in COPD 
Patients. Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT03028142. Accessed January 2, 2021.

82. National Institutes of Health, US National Library of Medicine. 
Evaluation of the Efficacy and Safety of QVA149 (110/50 μg o.d.) 
vs Tiotropium (18 µg o.d.) + Salmeterol/Fluticasone Propionate 
FDC (50/500 µg b.i.d.) in Patients With Moderate to Severe 
COPD. Available from: https://www.clinicaltrials.gov/ct2/show/ 
results/NCT02603393. Accessed January 2, 2021.

83. National Institutes of Health, US National Library of Medicine. 
A Multicenter, 4-week Crossover (Total Duration 12 Weeks) to 
Determine the Impact of QVA149 on Nocturnal Oxygen Levels in 
Chronic Obstructive Pulmonary Disease. Available from: https:// 
www.clinicaltrials.gov/ct2/show/results/NCT02233543. Accessed 
January 2, 2021.

84. National Institutes of Health, US National Library of Medicine. A 
Dose-Range Finding Study of SUN-101 in Subjects With Moderate to 
Severe COPD. Available from: https://www.clinicaltrials.gov/ct2/ 
show/study/NCT02038829. Accessed January 2, 2021.

85. National Institutes of Health, US National Library of Medicine. 
Dose-Ranging Study Of GSK233705B In Subjects With Chronic 
Obstructive Pulmonary Disease. Available from: https://www.clin 
icaltrials.gov/ct2/show/NCT00676052. Accessed January 2, 2021.

86. National Institutes of Health, US National Library of Medicine. 
Efficacy and Safety of AQX-1125 in Unstable COPD. Available 
from: https: / /www.clinicaltr ials .gov/ct2/show/results/  
NCT01954628. Accessed January 2, 2021.

87. National Institutes of Health, US National Library of Medicine. 
Effects of TD-4208 on FEV1 in Subjects With Chronic Obstructive 
Pulmonary Disease. Available from: https://www.clinicaltrials.gov/ 
ct2/show/results/NCT03064113. Accessed January 2, 2021.

88. National Institutes of Health, US National Library of Medicine. A 
52-Week Parallel Group Safety Study of TD-4208 in Chronic 
Obstructive Pulmonary Disease. Available from: https://www.clinical 
trials.gov/ct2/show/study/NCT02518139. Accessed January 2, 2021.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2021:15 122

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.clinicaltrials.gov/ct2/show/NCT00440245
https://www.clinicaltrials.gov/ct2/show/NCT00440245
https://www.clinicaltrials.gov/ct2/show/NCT02178566
https://www.clinicaltrials.gov/ct2/show/NCT03496623
https://www.clinicaltrials.gov/ct2/show/NCT03496623
https://www.clinicaltrials.gov/ct2/show/NCT03185364
https://www.clinicaltrials.gov/ct2/show/NCT03185364
https://www.clinicaltrials.gov/ct2/show/NCT02813447
https://www.clinicaltrials.gov/ct2/show/NCT02813447
https://www.clinicaltrials.gov/ct2/show/NCT03466021
https://www.clinicaltrials.gov/ct2/show/NCT03466021
https://www.clinicaltrials.gov/ct2/show/NCT03570359
https://www.clinicaltrials.gov/ct2/show/NCT03851991
https://www.clinicaltrials.gov/ct2/show/NCT03851991
https://www.clinicaltrials.gov/ct2/show/NCT03611699
https://www.clinicaltrials.gov/ct2/show/NCT03611699
https://www.clinicaltrials.gov/ct2/show/NCT02867761
https://www.clinicaltrials.gov/ct2/show/NCT02867761
https://www.clinicaltrials.gov/ct2/show/NCT03395002
https://www.clinicaltrials.gov/ct2/show/NCT03395002
https://www.clinicaltrials.gov/ct2/show/NCT03152149
https://www.clinicaltrials.gov/ct2/show/NCT03152149
https://www.clinicaltrials.gov/ct2/show/NCT03364829
https://www.clinicaltrials.gov/ct2/show/NCT03364829
https://www.clinicaltrials.gov/ct2/show/NCT03949842
https://www.clinicaltrials.gov/ct2/show/NCT03949842
https://www.clinicaltrials.gov/ct2/show/NCT03745261
https://www.clinicaltrials.gov/ct2/show/NCT03745261
https://www.clinicaltrials.gov/ct2/show/NCT03794557
https://www.clinicaltrials.gov/ct2/show/NCT03794557
https://www.clinicaltrials.gov/ct2/show/NCT03989271
https://www.clinicaltrials.gov/ct2/show/NCT03989271
https://www.clinicaltrials.gov/ct2/show/NCT03930732
https://www.clinicaltrials.gov/ct2/show/NCT03930732
https://www.clinicaltrials.gov/ct2/show/NCT03085485
https://www.clinicaltrials.gov/ct2/show/NCT03085485
https://www.clinicaltrials.gov/ct2/show/NCT04032535
https://www.clinicaltrials.gov/ct2/show/NCT03443414
https://www.clinicaltrials.gov/ct2/show/NCT03443414
https://www.clinicaltrials.gov/ct2/show/NCT03028142
https://www.clinicaltrials.gov/ct2/show/NCT03028142
https://www.clinicaltrials.gov/ct2/show/results/NCT02603393
https://www.clinicaltrials.gov/ct2/show/results/NCT02603393
https://www.clinicaltrials.gov/ct2/show/results/NCT02233543
https://www.clinicaltrials.gov/ct2/show/results/NCT02233543
https://www.clinicaltrials.gov/ct2/show/study/NCT02038829
https://www.clinicaltrials.gov/ct2/show/study/NCT02038829
https://www.clinicaltrials.gov/ct2/show/NCT00676052
https://www.clinicaltrials.gov/ct2/show/NCT00676052
https://www.clinicaltrials.gov/ct2/show/results/NCT01954628
https://www.clinicaltrials.gov/ct2/show/results/NCT01954628
https://www.clinicaltrials.gov/ct2/show/results/NCT03064113
https://www.clinicaltrials.gov/ct2/show/results/NCT03064113
https://www.clinicaltrials.gov/ct2/show/study/NCT02518139
https://www.clinicaltrials.gov/ct2/show/study/NCT02518139
http://www.dovepress.com
http://www.dovepress.com


89. National Institutes of Health, US National Library of Medicine. ALK27- 
001: A Study of Trospium Inhalation Powder (TrIP)Administered to 
Subjects With COPD. Available from: https://www.clinicaltrials.gov/ct2/ 
show/results/NCT00801684. Accessed January 2, 2021.

90. National Institutes of Health, US National Library of Medicine. 
Efficacy, Pharmacokinetics (PK), Safety and Tolerability Study of 
Inhaled AZD8871. Available from: https://www.clinicaltrials.gov/ 
ct2/show/NCT02971293. Accessed January 2, 2021.

91. National Institutes of Health, US National Library of Medicine. 
A Study To Assess Efficacy And Safety Of Different Doses Of 
GW642444 In Subjects With Chronic Obstructive Pulmonary 
Disease. Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT00606684. Accessed January 2, 2021.

92. National Institutes of Health, US National Library of Medicine. 
BYM338 in Chronic Obstructive Pulmonary Disease (COPD) 
Patients With Cachexia. Available from: https://www.clinicaltrials. 
gov/ct2/show/results/NCT01669174. Accessed January 2, 2021.

93. National Institutes of Health, US National Library of Medicine. A 
Proof-of-mechanism Study of Multiple, Oral Doses of 
Fevipiprant (QAW039) in COPD Patients With Eosinophilia. 
Available from: https://www.clinicaltrials.gov/ct2/show/ 
NCT03810183. Accessed January 2, 2021.

94. National Institutes of Health, US National Library of Medicine. 
Effectiveness of Antibiotic Therapy for Exacerbations of Chronic 
Obstructive Pulmonary Disease. Available from: https://www.clin 
icaltrials.gov/ct2/show/NCT00495586. Accessed January 2, 2021.

95. National Institutes of Health, US National Library of Medicine. 
Effect of Macrolide Antibiotics on Airway Inflammation in People 
With Chronic Obstructive Pulmonary Disease. Available from: 
https://www.clinicaltrials.gov/ct2/show/NCT00549445. Accessed 
January 2, 2021.

96. National Institutes of Health, US National Library of Medicine. Efficacy 
and Safety of Mepolizumab as an Add-on Treatment in Chronic 
Obstructive Pulmonary Disease. Available from: https://www.clinical 
trials.gov/ct2/show/NCT02105961. Accessed January 2, 2021.

97. Nyberg ST, Singh-Manoux A, Pentti J, et al. Association of 
Healthy Lifestyle With Years Lived Without Major Chronic 
Diseases. JAMA Intern Med. 2020;180(5):760–768.

98. McRobbie H, Kwan B. Tobacco Use Disorder and the Lungs. 
Addiction; 2020.

99. Huang J, Yuan X, Zhang N, Qiu H, Chen X. Music Therapy in 
Adults With COPD. Respir Care. 2020;07489.

100. Grosbois JM, Gephine S, Diot AS, et al. Gender does not impact the 
short- or long-term outcomes of home-based pulmonary rehabilita
tion in patients with COPD. ERJ Open Res. 2020;6(4):00032–2020.

101. Mayoralas-Alises S, Carratalá JM, New D-LS. Perspectives in 
Oxygen Therapy Titration: is Automatic Titration the Future? 
Arch Bronconeumol. 2019;55(6):319–327.

102. Jacobs SS, Krishnan JA, Lederer DJ, et al. Home Oxygen 
Therapy for Adults with Chronic Lung Disease An Official 
American Thoracic Society Clinical Practice Guideline. Am 
J Respir Crit Care Med. 2020;202(10):e121–e141.

103. Juanes A, Garin N, Mangues MA, et al. Impact of 
a pharmaceutical care programme for patients with chronic dis
ease initiated at the emergency department on drug-related nega
tive outcomes: a randomised controlled trial. Eur J Hosp Pharm. 
2018;25(5):274–280.

104. Nguyen TS, Nguyen TLH, Pham TTV, Hua S, Ngo QC, Li SC. 
Impact of pharmaceutical care in the improvement of medication 
adherence and quality of life for COPD patients in Vietnam. 
Respir Med. 2019;153:31–37.

105. Mohammed MA, Moles RJ, Chen TF. Impact of pharmaceutical 
care interventions on health-related quality-of-life outcomes: 
A systematic review and meta-analysis. Ann Pharmacother. 
2016;50(10):862–881.

106. Jarab AS, Alqudah SG, Khdour M, Shamssain M, Mukattash TL. 
Impact of pharmaceutical care on health outcomes in patients 
with COPD. Int J Clin Pharm. 2012;34(1):53–62.

107. Jia X, Zhou S, Luo D, Zhao X, Zhou Y, Cui YM. Effect of 
pharmacist-led interventions on medication adherence and inhala
tion technique in adult patients with asthma or COPD: 
A systematic review and meta-analysis. J Clin Pharm Ther. 
2020. doi:10.1111/jcpt.13126

108. Layman SN, Elliott WV, Regen SM, Keough LA. Implementation 
of a pharmacist-led transitional care clinic. Am J Health Syst 
Pharm. 2020;77(12):966–971.

109. Tommelein E, Mehuys E, Van Hees T, et al. Effectiveness of 
pharmaceutical care for patients with chronic obstructive pulmon
ary disease (PHARMACOP): a randomized controlled trial. Br 
J Clin Pharmacol. 2014;77(5):756–766.

110. Wei L, Yang X, Li J, et al. Effect of pharmaceutical care on 
medication adherence and hospital admission in patients with 
chronic obstructive pulmonary disease (COPD): a randomized 
controlled study. J Thorac Dis. 2014;6(6):656–662.

111. Lisenby KM, Carroll DN, Pinner NA. Evaluation of a 
Pharmacist-Specific Intervention on 30-Day Readmission Rates 
for High-Risk Patients with Pneumonia. Hosp Pharm. 2015;50 
(8):700–709.

112. Abdulsalim S, Unnikrishnan MK, Manu MK, et al. Impact of 
a Clinical Pharmacist Intervention on Medicine Costs in Patients 
with Chronic Obstructive Pulmonary Disease in India. 
Pharmacoecon Open. 2020;4(2):331–342.

113. Xin C, Xia Z, Jiang C, Lin M, Li G. The impact of 
pharmacist-managed clinic on medication adherence and 
health-related quality of life in patients with COPD: 
a randomized controlled study. Patient Prefer Adherence. 
2016;10:1197–1203.

114. Davis E, Marra C, Gamble JM, et al. Effectiveness of a 
pharmacist-driven intervention in COPD (EPIC): study protocol 
for a randomized controlled trial. Trials. 2016;17(1):502.

115. Wang C, Zhou J, Wang J, et al. Progress in the mechanism and 
targeted drug therapy for COPD. Signal Transduct Target Ther. 
2020;5(1):248.

116. Dellogono A, Dawson A, Piers-Gamble M, Varghese J, 
Lewicki L. Lost in transition: pharmacist roles in identifying 
and evaluating medication-related problems during hospital dis
charge follow-up visits in a primary care setting. J Prim Care 
Community Health. 2020;11:2150132720917297.

117. Abdulsalim S, Unnikrishnan MK, Manu MK, Alrasheedy AA, 
Godman B, Morisky DE. Structured pharmacist-led intervention 
programme to improve medication adherence in COPD patients: 
A randomized controlled study. Res Social Adm Pharm. 2018;14 
(10):909–914.

118. Hämmerlein A, Müller U, Schulz M. Pharmacist-led intervention 
study to improve inhalation technique in asthma and COPD 
patients. J Eval Clin Pract. 2011;17(1):61–70.

119. van der Molen T, van Boven JF, Maguire T, Goyal P, Altman P. 
Optimizing identification and management of COPD patients - 
reviewing the role of the community pharmacist. Br J Clin 
Pharmacol. 2017;83(1):192–201.

120. Tommelein E, Tollenaere K, Mehuys E, Boussery K. 
Pharmaceutical care for patients with COPD in Belgium and 
views on protocol implementation. Int J Clin Pharm. 2014;36 
(4):697–701.

121. Liu J, Deng AP, Meng LH. Introduction of the training mode for 
specialized clinical pharmacists in the United States. China 
Pharm. 2016;19(9):1721–1723.

122. Whitner JB, Mueller LA, Valentino AS. Pharmacist-driven spirometry 
screening to target high-risk patients in a primary care setting. J Prim 
Care Community Health. 2019;10:2150132719889715.

Drug Design, Development and Therapy 2021:15                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
123

Dovepress                                                                                                                                                                 Li et al

Powered by TCPDF (www.tcpdf.org)

https://www.clinicaltrials.gov/ct2/show/results/NCT00801684
https://www.clinicaltrials.gov/ct2/show/results/NCT00801684
https://www.clinicaltrials.gov/ct2/show/NCT02971293
https://www.clinicaltrials.gov/ct2/show/NCT02971293
https://www.clinicaltrials.gov/ct2/show/NCT00606684
https://www.clinicaltrials.gov/ct2/show/NCT00606684
https://www.clinicaltrials.gov/ct2/show/results/NCT01669174
https://www.clinicaltrials.gov/ct2/show/results/NCT01669174
https://www.clinicaltrials.gov/ct2/show/NCT03810183
https://www.clinicaltrials.gov/ct2/show/NCT03810183
https://www.clinicaltrials.gov/ct2/show/NCT00495586
https://www.clinicaltrials.gov/ct2/show/NCT00495586
https://www.clinicaltrials.gov/ct2/show/NCT00549445
https://www.clinicaltrials.gov/ct2/show/NCT02105961
https://www.clinicaltrials.gov/ct2/show/NCT02105961
https://doi.org/10.1111/jcpt.13126
http://www.dovepress.com
http://www.dovepress.com


123. Buclin T, Thoma Y, Widmer N, et al. The steps to therapeutic 
drug monitoring: a structured approach illustrated with imatinib. 
Front Pharmacol. 2020;11:177.

124. Bitar S, Thilly N, Agrinier N. Sustained adherence to ESC 
guideline-recommended medications is associated with lower 
long-term mortality in heart failure and reduced ejection fraction: 
insights from the EPICAL2 cohort. J Clin Pharm Ther. 2020;45 
(4):793–803.

125. Li H, Tan JL, Li JR, et al. A proof-of-concept study in 
HCV-infected Huh7.5 cells for shortening the duration of 
DAA-based triple treatment regimens. Biomed Pharmacother. 
2019;116:108976.

Drug Design, Development and Therapy                                                                                           Dovepress 

Publish your work in this journal 
Drug Design, Development and Therapy is an international, peer- 
reviewed open-access journal that spans the spectrum of drug design 
and development through to clinical applications. Clinical outcomes, 
patient safety, and programs for the development and effective, safe, 
and sustained use of medicines are a feature of the journal, which has also 

been accepted for indexing on PubMed Central. The manuscript 
management system is completely online and includes a very quick 
and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published 
authors.  

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2021:15 124

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Conventional Treatment Strategies in Patients
	Bronchodilators
	ICS
	Anti-Infective Drugs
	Expectorants
	Antihypoxic Drugs

	Treatment Strategies in Patients with Complications
	Ongoing Clinical Trials
	Ongoing Clinical Trials with Old Drugs
	Ongoing Clinical Trials with New Drugs

	Completed Clinical Trials
	Non-Pharmaceutical Strategies
	Impact of Pharmacist-Led Medication Management
	Perspectives for the Drug Therapy and Medication Management
	Abbreviations
	Author Contributions
	Funding
	Disclosure
	References

