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Introduction
Chronic obstructive pulmonary disease (COPD) is 
the fourth leading cause of death worldwide and is 
projected to be the third by 2020.1,2 It is associated 
with a significant economic and social burden. In the 
United States, exacerbations requiring hospitaliza-
tion account for the greatest proportion of the burden 
on the health care system, with cost of care directly 
related to the severity of the disease. Estimated direct 
costs of COPD are $29.5 billion. In developing coun-
tries, the impact of COPD on the economy, through 
loss of workplace and home productivity, represents a 
more serious threat than direct medical costs.1

COPD is characterized by chronic airflow limita-
tion that is only partly reversible and is caused by air-
way inflammation and parenchymal destruction that 
is usually progressive. Exposure to noxious particles 
and gas through inhalation leads to the stimulation 
of inflammatory cells including neutrophils, mac-
rophages, and CD8+ lymphocytes, which results in 
widespread destructive damage. Progressive decline 
in lung function as evidenced by decreased forced 
expiratory volume in 1 second (FEV1) and inadequate 
lung emptying on expiration are the resulting features. 
Exacerbations and comorbidities also contribute to 
the disease severity.1,3

The Global Strategy for the Diagnosis, Manage-
ment, and Prevention of COPD (GOLD) guidelines 
recommend a stepwise approach for management of 
COPD, based according to the individualized assess-
ment of disease severity, symptoms, and exacerbations. 
Previous versions of the GOLD treatment recom-
mendations were based solely on spirometry; how-
ever, FEV1 alone is a poor indicator of  disease status. 

Table 1. GOLD severity/symptom/risk evaluation and recommended initial treatment.1

patient  
category

characteristics* spirometric  
classification

exacerbations  
per year

pharmacotherapy

A Low risk,  
less symptoms

GOLD 1–2 0–1 SAMA or 
SABA

B Low risk,  
more symptoms

GOLD 1–2 0–1 LAMA or 
LABA

C High risk,  
less symptoms

GOLD 3–4 $2 ICS + LABA or 
LAMA

D High risk,  
more symptoms

GOLD 3–4 $2 ICS + LABA or 
LAMA

note: *Based on mMRC or CAT score.
Abbreviations: SAMA, short-acting muscarinic antagonist; SABA, short-acting β2-adrenergic agonists; LAMA, long-acting muscarinic antagonist; LABA, 
long-acting β2-adrenergic agonists; ICS, inhaled corticosteroid; PDe4, phosphodiesterese-4 inhibitor.

Classification of the severity of airflow obstruction 
is based on the postbronchodilator FEV1. The four 
stages of severity previously described as mild, 
moderate, severe, and very severe are now classi-
fied as GOLD 1 (FEV1 $ 80% predicted), GOLD 2 
(50% # FEV1 , 80% predicted), GOLD 3 (30% # 
FEV1 , 50% predicted), and GOLD 4 (FEV1 , 30% 
predicted). In addition to spirometry, current guide-
lines use letter categories A through D that also take 
into consideration the risk of future exacerbations and 
current symptoms (Table 1).1 Dyspnea severity has 
been shown to closely correlate with survival, while 
exacerbations have been shown to reduce quality of 
life and increase morbidity.1,3

The goals of pharmacological treatment are to 
reduce symptoms and exacerbations and improve 
health status and exercise tolerance. Inhaled bron-
chodilators continue to be the mainstay of the current 
management of COPD.1

Recent drug approvals include improved broncho-
dilators and phosphodiesterase-4 inhibitors (Table 2).4 
The pharmacology, pharmacokinetics, clinical effi-
cacy, and safety of the recently approved medications 
are reviewed in this article.

Approved Therapies
Long-acting muscarinic agents
Mechanism of action, metabolism  
and pharmacokinetic profile
Antagonism of the muscarinic receptors, particularly 
M3, mediates bronchodilation and smooth muscle 
relaxation. Two new long-acting muscarinic agents 
(LAMA), aclidinium and glycopyrronium, were 
approved by the European Union in 2012; in the 

http://www.la-press.com


emerging therapeutic options for the management of COPD

Clinical Medicine Insights: Circulatory, Respiratory and Pulmonary Medicine 2013:7 9

United States, aclidinium is also approved; however, 
glycopyrronium is still under investigation.

Aclidinium bromide is a new molecular entity that 
belongs to the anticholinergic class of drugs; more 
specifically, it is a long-acting muscarinic antagonist. 
It has similar affinity to the muscarinic subtypes M1 
to M5. In the airways, it exhibits its effects through 
inhibition of the M3 receptor at the smooth muscle 
leading to bronchodilation. Its effect is dose depen-
dent and lasts longer than 24 hours. Aclidinium under-
goes rapid hydrolysis into two major metabolites, a 
carboxylic acid derivative and an alcohol derivative, 
which do not bind to muscarinic receptors. The esti-
mated effective half-life of aclidinium is 5 to 8 hours, 
and about 0.09% of the dose is excreted in the urine. 
Although formal drug interactions studies were not 
performed, there is a low likelihood of cytochrome 
CYP450-related interactions.5–13

Similar to aclidinium, glycopyrronium bromide is 
also a high affinity muscarinic receptor antagonist. In 
vitro studies suggest that glycopyrronium’s onset of 
action may be faster than tiotropium and is sustained 
over 24 hours.13,14

Safety and efficacy
The safety and efficacy of aclidinium bromide has been 
evaluated in four large Phase 3 clinical trials.8,10,15 In 
the ACCLAIM/COPD trials, subjects received acli-
dinium 200 mcg once-daily or placebo for 1 year.15 

Aclidinium significantly improved lung function ver-
sus placebo, however at smaller  magnitudes of effect 
than demonstrated in previous LAMA trials.16–19 
Improvements in lung function were maintained 
throughout the 52-week study period in both  trials; 
mean trough FEV1 improvements from baseline 
ranged from 60 to 67 mL in ACCLAIM/COPD I and 
51 to 78 mL in ACCLAIM/COPD II. In contrast, pre-
vious studies with tiotropium once-daily have dem-
onstrated trough FEV1 improvements ranging from 
100 to 150 mL. The suggested minimum clinically 
effective difference (MCID) is 100 to 140 mL.20

Subsequent trials sought to investigate twice-daily 
and higher-dose aclidinium.8,10 ACCORD COPD I 
demonstrated significant and sustained improvements 
in lung function over 12 weeks with both 200 mcg 
and 400 mcg twice-daily versus placebo. Magnitudes 
of change in trough FEV1 were 86 mL and 124 mL 
for the 200 mcg (P = 0.019) and 400 mcg (P , 0.001) 
groups, respectively. ATTAIN replicated these find-
ings in a larger subject population over 24 weeks. 
Changes in trough FEV1 were 99 mL and 128 mL for 
the 200 mcg and 400 mcg groups, respectively (both 
P , 0.0001).

As lung function is a poor indicator of symptom 
control in patients with COPD, it is worth noting 
secondary endpoints of health status, as measured 
by St. George’s Respiratory Questionnaire (SGRQ) 
scores and rates of exacerbation and/or times to first 
exacerbation. Across all four studies, more treatment 
subjects gained clinically significant (ie, $4 units) 
improvements in SGRQ scores versus placebo up to 
44 weeks, with modest treatment differences ranging 
from 1.53 to 2.21 units. Overall exacerbation rates 
were lower with aclidinium 200 mcg and 400 mcg, 
once- and twice-daily versus placebo. No statistically 
significant difference was observed in rates of mod-
erate or severe exacerbations or time to first moder-
ate or severe exacerbation where assessed.8,10,15

Aclidinium 200 mcg and 400 mcg twice-daily for 
24 weeks was well-tolerated, with no differences in 
safety profiles between the two doses. The most com-
monly occurring adverse events, excluding exacer-
bations, in all treatment groups were headache and 
nasopharyngitis (8.1%–12.3%). Rates of anticholin-
ergic adverse events were low (,1% except for uri-
nary tract infections in 2.2% of patients on 400 mcg 
twice-daily aclidinium in ATTAIN). Rates of any 

Table 2. Recent approvals of novel therapies for COPD.

Generic  
name

Trade name(s) status in Us 
and europe

Long acting muscarinic agents
Aclidinium  
bromide

Tudorza Pressair
Bretaris Genuair
eklira Genuair

FDA and eU 
approved 
2012

Glycopyrronium  
bromide

Tovanor Breezhaler
Seebri Breezhaler

eU approved 
2012

phosphodiesterase-4 inhibitors
Roflumilast Daliresp

Daxas
Libertek

eU approved 
2010
FDA approved 
2011

Ultra long acting beta agonists
Indacaterol  
maleate

Arcapta Neohaler
Hirobriz Breezhaler
Onbrez Breezhaler
Oslif Breezhaler

eU approved 
2009
FDA approved 
2011

Abbreviations: MDI, metered dose inhaler; DPI, dry powder inhaler.
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 serious adverse event were similar across all three 
groups (4.3%–5.6%), none of which were attributed 
to the study medication.

Glycopyrronium was approved for COPD treat-
ment in Europe this year but is awaiting approval in 
the United States. Published trial results include those 
from two large, multicenter Phase 3 trials—GLOW1 
and GLOW2.21,22 Data demonstrated that glycopyrro-
nium 50 mcg conferred rapid (+90 mL within 5 min-
utes and +144 mL within 15 minutes), sustained (on 
day 1 and at weeks 12, 26, and 52), and clinically 
meaningful improvements in lung function. When 
compared with tiotropium, glycopyrronium 50 mcg 
achieved numerically greater improvements in trough 
FEV1 at all time points versus placebo, although not 
statistically significant.

Dosing and administration
Aclidinium is indicated for the long-term mainte-
nance treatment of bronchospasm associated with 
COPD, including chronic bronchitis and emphysema. 
As with tiotropium, the only other LAMA approved 
for use in the United States, it is not indicated for 
 rescue therapy. Aclidinium is supplied as a dry pow-
der inhalation formulation administered by an inhaler 
device at a dose of 400 mcg twice daily.23

Glycopyrronium is also indicated as a maintenance 
bronchodilator treatment and is supplied as a capsule 
containing 50 mcg of glycopyrronium for use in the 
Breezhaler device.24

Phosphodiesterase-4 inhibitors
Mechanism of action, metabolism,  
and pharmacokinetic profile
Phosphodiesterases are a superfamily of enzymes that 
catalyze the breakdown of cyclic adenosine mono-
phosphate (cAMP) and cyclic guanosine monophos-
phate (cGMP), thereby regulating the intracellular 
levels of these secondary messengers. Inhibition of the 
phosphodiesterase-4 inhibitors (PDE-4) isoenzymes, 
in particular, interferes with the breakdown of cAMP, 
leading to its intracellular accumulation. Roflumilast 
is currently the only PDE-4 inhibitor available, and 
it is available in the United States and Europe.

Following oral administration, roflumilast is rap-
idly metabolized by CYP3A4 and 1A2 to active 
roflumilast N-oxide, which displays similar potency 
and selectivity for PDE-4. Roflumilast N-oxide is 

believed to mediate the majority of the pharmaco-
dynamic effects of roflumilast. The pharmacokinetic 
profile of roflumilast is linear and predictable over the 
dose range of 250 to 1000 mcg. Roflumilast’s half-life 
ranges from 8 to 31 hours and steady-state concentra-
tions of roflumilast are achieved within 3 to 4 days of 
oral, once-daily dosing. Roflumilast N-oxide is pri-
marily cleared by CYP3A4 and to a lesser extent by 
CYP2C19 and CYP1A1. Excretion occurs primarily 
through renal elimination.12,25–30

Safety and efficacy
The safety and efficacy of roflumilast has been dem-
onstrated in numerous large Phase 3 clinical trials.30–33 
Primary endpoints included lung function as mea-
sured by trough FEV1 and health-related quality of 
life as measured by SGRQ total scores and rates of 
moderate or severe exacerbations. All trials enrolled 
patients with moderate-to-severe or severe-to-very 
severe COPD with or without a history of frequent 
 exacerbations. In over 1500 subjects with severe-to-
very severe COPD, Calverley et al31 reported a modest 
but significant change in trough FEV1 with roflu-
milast compared with placebo (+46 mL vs. +8 mL, 
 respectively; P = 0.0003), a 14.9% relative risk 
reduction in the rate of exacerbations versus placebo 
(1.08 vs. 1.27 per patient per year; P = 0.0278), and 
replicated findings in a larger study of the same patient 
population. In two separate Phase 3 trials,  Fabbri 
et al32 compared roflumilast 500 mcg once-daily with 
placebo plus salmeterol 50 mcg twice-daily or tiotro-
pium 18 mcg once-daily in subjects with moderate-
to-severe COPD. Again, significant albeit modest 
improvements were reported in lung function from 
baseline versus placebo plus salmeterol (+39 mL 
vs. -10 mL; P , 0.0001) and versus placebo plus 
tiotropium (+65 mL vs. -16 mL); P , 0.0001). Rates 
of exacerbations were not as remarkable as demon-
strated in the Calverley studies, which were numeri-
cally lower in the roflumilast arm than the comparator 
arm but did not reach statistical significance.

In clinical trials, roflumilast 500 mcg once-daily was 
generally well-tolerated. The most common adverse 
effects were gastrointestinal—diarrhea (9.5%) and 
nausea (4.7%)—and attributed with the most com-
mon cause for discontinuation. Other notable adverse 
effects that occurred in .2% of the 4359 roflumi-
last-treated patients included weight loss (7.5%), 
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headache (4.4%), back pain (3.2%), insomnia (2.4%), 
dizziness (2.1%), and decreased appetite (2.1%). Psy-
chiatric adverse events, including insomnia, anxiety, 
depression, suicidal ideation, and a suicide were also 
reported to have occurred more commonly in the 
roflumilast-treated patients versus placebo.

Dosing and administration
Roflumilast is available as a 500 mcg round tablet. The 
recommended dosage for patients with moderate-to-
severe COPD is one 500 mcg tablet daily, which may 
be administered with or without food. Although it has 
shown only modest benefits in improving lung function, 
its oral dosage form may be preferable in patients who 
have difficulty with proper inhalation technique.34

Ultralong-acting beta agonists
Mechanism of action, metabolism,  
and pharmacokinetic profile
β2-agonists activate the β2 receptors on the smooth 
muscle cells, which stimulate protein G activat-
ing adenylcyclase. This in turn produces cAMP, 
which results in muscle relaxation. The long-acting 
β2-agonists (LABA), salmeterol and formoterol, pro-
vide 12 hours of bronchodilation. Novel ultralong-
acting β2-agonists with longer half-lives than other 
currently available LABAs may offer once daily 
dosing. Indacaterol is currently the only ultralong-
acting β2-agonist available in both the United States 
and Europe.

Indacaterol is a chirally pure R-enantiomer that 
behaves as a near full agonist. In preclinical trials, 
indacaterol demonstrated 73% agonistic activity com-
pared to 38% by salmeterol. Following inhalation, 
indacaterol’s onset of bronchodilation occurs within 
5 minutes and is prolonged for 24 hours, which allows 
for once daily dosing. Maximum serum concentrations 
of indacaterol are achieved within 15–60  minutes of 
dosing. It does not appear to antagonize the broncho-
dilator effect of a SABA. Indacaterol is lipophilic and 
dissociates slowly from lung tissue. Less than 1% of 
the drug is eliminated renally.12,13,35,36

Safety and efficacy
The safety and efficacy of indacaterol has been 
demonstrated in four randomized, double-blind, 
 placebo-controlled trials, including head-to-head tri-
als of indacaterol versus placebo alone,37 tiotropium,38 

salmeterol,39 and formoterol.40 Trial duration ranged 
from 12 weeks37 to one year40 and together comprised 
over 4800 subjects with moderate-to-severe COPD. 
In addition to assessing change in trough FEV1 from 
baseline, postbronchodilator FEV1 was also assessed 
as a measure of onset of action (an outcome of inter-
est as investigators purported it may impact medica-
tion adherence in practice). Secondary endpoints of 
interest included breathlessness as measured by the 
transition dyspnea index (TDI), use of as-needed 
salbutamol, exacerbations, and SGRQ score. In 
superiority studies, only indacaterol and tiotropium 
exceeded the prespecified MCID trough FEV1 of 
+120 mL. Both indacaterol 150 mcg and 300 mcg 
proved statistically superior to tiotropium. Indacaterol 
150 mcg was superior to salmeterol, and indacaterol 
300 mcg was superior to formoterol. The efficacy of 
indacaterol was sustained for the studies’ duration of 
6 months to 1 year. Additionally, indacaterol demon-
strated a quick onset of action; mean post bronchodi-
lator FEV1 was significantly greater than placebo (by 
a difference of 110–130 mL; P , 0.001), tiotropium 
(by a difference of 70 mL; P , 0.001), and salmeterol 
(by a difference of 60 mL; P , 0.001).

Indacaterol also improved scores of breathless-
ness, similar to (with 150 mcg dose) or greater (with 
300 mcg dose) than tiotropium, and a greater effect 
than formoterol and salmeterol. Improvements in 
breathlessness versus placebo were sustained at 
12 weeks, 6 months, and 1 year. Subjects treated with 
indacaterol used an as-needed rescue inhaler signifi-
cantly less than those receiving placebo or any of the 
other study treatments, experienced fewer exacerba-
tions (but not of statistical significance) and improved 
health status compared with placebo and the other 
two LABAs.

Furthermore, two recent trials (INTRUST-1, 
INTRUST-2) have demonstrated that combination 
indacaterol 150 mcg and tiotropium is superior to 
tiotropium alone, with compelling treatment differ-
ences in trough FEV1 of 70 to 80 mL (P , 0.001). 
Changes in trough FEV1 from baseline at week 12 
were 190 and 230 mL for indacaterol plus tiotropium, 
and 150 and 110 mL for tiotropium alone.41

Indacaterol was generally well-tolerated in clinical 
trials. Adverse events occurred at similar rates in the 
indacaterol and placebo treatment groups. The most 
common adverse events were symptoms of worsen-
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ing COPD (eg, respiratory tract infections) and not 
attributed to the medication itself. Mild, transient 
cough was also reported in approximately 20% of all 
indacaterol-treated patients but did not affect drop-
out rates.

Dosing and administration
Indacaterol joins two other long-acting β2-agonists, 
salmeterol and formoterol, both of which are dosed 
twice daily. Indacaterol is approved for use in Europe 
at doses of 150 and 300 mcg daily; however, safety 
concerns prompted the United States Food and Drug 
Administration to approve only the 75 mcg dose. 
Although no head-to-head studies have been con-
ducted, indacaterol appears to be comparable with 
salmeterol in terms of safety and efficacy. Its once 
daily dosing may improve adherence in those patients 
who have difficulty adhering to a regimen requiring 
more than one dose per day, although its utilization 
will likely be low until a combination with an inhaled 
steroid is available. It is available as a capsule for 
inhalation use only with the Neohaler device.42

conclusions
COPD continues to be a major global health problem. 
The economic burden is substantial and likely to con-
tinue to increase as the elderly population continues to 
grow. The focus of pharmacologic therapy (Table 3) 
has been to control symptoms, reduce exacerba-
tions, improve health status, and increase exercise 
tolerance. Recent drug developments include a novel 
drug class and improved bronchodilators. It remains 
to be seen the clinical advantage that aclidinium may 
have, if any, in medical practice. Initial studies failed 
to demonstrate compelling improvements in lung 
function with once-daily dosing. Later studies with 
aclidinium suggested that patients may achieve sig-
nificant improvements in lung function that meet the 
MCID but required twice-daily dosing to do so. The 
niche for glycopyrronium in COPD treatment is also 
unknown at this point as more studies elucidating its 
safety and efficacy against commercially available 
COPD therapies (including indacaterol, tiotropium, 
and salmeterol/fluticasone) are yet to be published 
and well awaited. Roflumilast has a clearer advantage 
in that it is the only orally administered medication 
for COPD; however, its approved use is restricted to 
patients with moderate-to-severe COPD, it confers 

only modest benefits, and is associated with gastro-
intestinal and psychiatric adverse events. Indacaterol 
has the potential to offer considerable advantages 
over the commercially available LABAs, including 
convenient once-daily dosing. Additionally, the con-
current use of this once-daily LABA plus once-daily 
tiotropium may confer additional benefits without 
compromising convenience and thus quality of life. 
The choice of agent should be individualized and take 
into consideration expected adverse events, cost, ease 
of use, and patient preference. Agents with prolonged 
duration of action should be considered because of 
the added convenience of once- or twice-daily dosing 
which may serve to improve medication adherence.
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Table 3. Drug therapy options for COPD.1,24,43

Drug Formulation Dosage common adverse reactions
Bronchodilators
Beta2-agonists
Short acting
 Albuterol MDI 90 mcg/actuation 1–2 inhalations every  

4–6 hours as needed
Nausea, tachyarrhythmia, throat 
irritation, rhinitis, upper respiratory 
infection, hypokalemiaSolution 2.5 mg/3 mL  

(0.083%)
2.5 mg nebulized solution  
inhaled over 5–15 minutes,  
3–4 times daily as needed

 Levalbuterol Solution 0.63 mg/3 mL,  
1.25 mg/3 mL

0.63–1.25 mg nebulized  
solution inhaled three  
times daily

Rhinitis, sinusitis, viral infection

 Terbutaline Oral tablet 2.5 mg,  
5 mg

2.5–5 mg by mouth  
three times daily

Palpitations, tachyarrhythmia, 
headache, seizure, tremor, 
nervousness

Long acting
 Salmeterol DPI 50 mcg/actuation 1 inhalation twice daily Headache, nasal congestion, 

musculoskeletal pain
 Formoterol 12 mcg inhalation capsule  

via Aerolizer device
1 inhalation twice daily Palpitations, nausea, diarrhea, tremor

Solution 20 mcg/2 mL 20 mcg nebulized solution  
inhaled twice daily

 Arformoterol Solution 15 mcg/2 mL 15 mcg nebulized solution  
inhaled twice daily

Chest pain, peripheral edema, rash, 
backache, sinusitis

Ultralong acting
 Indacaterol 75 mcg inhalation capsule  

via Neohaler device
1 inhalation once daily Cough, headache, nasopharyngitis

Anticholinergics
Short acting
 Ipratropium MDI 

17 mcg/actuation
2 inhalations four  
times daily

Bronchitis, xerostomia, dry nasal 
mucosa, sinusitis

Solution 500 mcg/2.5 mL  
(0.02%)

500 mcg nebulized solution  
inhaled 3–4 times per day

Long acting
 Tiotropium 18 mcg inhalation capsule  

via HandiHaler device
1 inhalation daily Xerostomia, pharyngitis, sinusitis, 

upper respiratory infection, 
constipation

 Aclidinium DPI 400 mcg/actuation 1 inhalation twice daily Headache, nasopharyngitis, cough
 Glycopyrronium DPI 44 mcg/actuation 1 inhalation daily Xerostomia, insomnia, nasopharyngitis
Combination anticholinergic/short-acting beta2-agonist
  Ipratropium/ 

albuterol 
MDI 1.8 mcg/ 
actuation-90 mcg/actuation

1 inhalation 4 times daily Headache, bronchitis, dyspnea, 
upper respiratory infection

Inhalation spray 20 mcg/ 
actuation-100 mcg/actuation

1 inhalation 4 times daily

Solution 0.5 mg/ 
3 mL-3 mg/3 mL

3 mL nebulized solution  
inhaled 4 times daily

corticosteroids
 Beclomethasone MDI, DPI, solution 40 to 320 mcg twice daily Headache, upper respiratory tract 

infection, sinusitis Budesonide DPI 90 mcg/actuation,  
180 mcg/actuation

90–360 mcg twice daily

 Fluticasone MDI, DPI 44 mcg/actuation,  
110 mcg/actuation,  
220 mcg/actuation

44–220 mcg twice daily

 Prednisone Oral 5–60 mg daily Hypertension, fluid retention, hyperna-
tremia, GI upset, muscle weakness, 
impaired wound healing, infection

 Methylprednisolone Oral 4–80 mg orally in divided  
doses

(Continued)
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Table 3. (Continued)

Drug Formulation Dosage common adverse reactions
Combination corticosteroid/long acting beta2-agonist
  Budesonide/ 

formoterol
MDI 80 mcg/actuation- 
4.5 mcg/actuation,  
160 mcg/actuation- 
4.5 mcg/actuation

2 inhalations twice daily Oral candidiasis, stomachache, 
headache, nasopharyngitis, throat 
pain, sinusitis, upper respiratory tract 
infections

  Mometasone/ 
formoterol

MDI 100 mcg/ 
actuation-5 mcg/actuation,  
200 mcg/actuation-5 mcg/ 
actuation

2 inhalations twice daily Headache, nasopharyngitis, sinusitis

  Fluticasone/ 
salmeterol

MDI, DPI 100 mcg/ 
actuation-50 mcg/actuation,  
250 mcg/actuation-50 mcg/ 
actuation, 500 mcg/ 
actuation-50 mcg/actuation

1 inhalation twice daily Nausea, oral candidiasis, 
musculoskeletal pain, headache, 
throat irritation, upper respiratory 
tract infection

Phosphodiesterase-4 inhibitors
 Roflumilast Oral tablet 500 mcg 500 mcg once daily Diarrhea, weight loss, nausea, 

headache, insomnia, decreased 
appetite

Methylxanthines
 Aminophylline Oral, injection 380–760 mg/day in divided  

doses every 6–8 hours
Nausea, vomiting, dizziness, diuresis, 
restlessness

 Theophylline Oral IR and elixir: 300–600 mg/ 
day in divided doses every  
6–8 hours
eR: 300–600 mg daily

Nausea, vomiting, headache, tremor, 
restlessness
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