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STRUCTURED ABSTRACT 
 
Purpose  
 
To compare the efficacy and safety of inhaled corticosteroids (ICSs), long-acting beta-2 agonists 
(LABAs), leukotriene modifiers (LMs), long-acting anticholinergics, phosphodiesterase-4 
inhibitors, and combination products for people with persistent asthma or chronic obstructive 
pulmonary disease.  
 
Data Sources  
 
To identify published studies, we searched MEDLINE, The Cochrane Library, International 
Pharmaceutical Abstracts, and reference lists of included studies through September 2013. We 
also requested dossiers of information from pharmaceutical manufacturers. This streamlined 
update is limited to direct comparisons and did not include placebo-controlled trials.  
 
Review Methods  
 
Study selection, data abstraction, validity assessment, grading the strength of the evidence, and 
data synthesis were all carried out according to standard Drug Effectiveness Review Project 
methods. 
 
Results  
 
Efficacy studies provided moderate-strength evidence that equipotent doses of ICSs administered 
through comparable delivery devices do not differ in their ability to control asthma symptoms, 
prevent asthma exacerbations, or reduce the need for additional rescue medication. There was 
also moderate-strength evidence that equipotent doses of ICS do not differ in the overall 
incidence of adverse events or withdrawals due to adverse events in patients with asthma There 
was no evidence comparing different ICS in patients with chronic obstructive pulmonary disease 
(COPD) except in subgroups. 

There was moderate-strength evidence that LABAs do not differ in ability to prevent 
exacerbations, hospitalizations, or emergency visits or improve quality of life in patients with 
persistent asthma not controlled with ICS alone. There was also no difference in tolerability or 
adverse events between formoterol and salmeterol. In patients with COPD, there was low-
strength evidence that arformoterol and formoterol are associated with similar exacerbation rates 
and improvements in quality of life, that formoterol and indacaterol have similar impacts on 
exacerbations and quality of life, and that indacaterol has a small transient advantage over 
salmeterol in its effects on quality of life, but differences disappear over time. 

Low-strength evidence also did not support a difference between montelukast and 
zafirlukast in their ability to improve quality of life in patients with asthma. There was no 
evidence comparing LMs in patients with COPD. 

There was moderate-strength evidence of no difference between combination products 
fluticasone/salmeterol and either budesonide/formoterol or mometasone furoate/formoterol in 
quality of life, exacerbations or asthma deteriorations, withdrawals due to adverse events, or 
serious adverse events in patients with asthma (when high doses of mometasone 
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furoate/formoterol and fluticasone propionate/salmeterol were used, strength of evidence was 
low). Low-strength evidence did not support a difference between fluticasone/salmeterol and 
fluticasone/vilanterol in quality of life in treating asthma. There were no prospective, 
randomized, head-to-head clinical trials of ICS/LABA combination products available in the 
United States in patients with COPD.   

Efficacy studies up to 56 weeks in duration provided consistent evidence of greater 
benefit for asthma patients treated with ICS monotherapy compared with those treated with LM 
monotherapy (high-strength evidence). Direct evidence suggested no difference in tolerability or 
overall adverse events between ICSs and LMs when used to treat asthma (moderate-strength 
evidence). Specific adverse events reported with ICSs, such as cataracts and decreased growth 
velocity, were not found among patients taking LMs. Evidence was insufficient to determine if 
long-term treatment with ICSs leads to a reduction in final adult height. There were no head-to-
head studies of ICS compared with LM in patients with COPD. 

Overall evidence indicated that ICSs and leukotriene receptor antagonists (LTRAs) are 
safer than LABAs for use as monotherapy (high-strength evidence). LABAs were not 
recommended or approved for use as monotherapy for persistent asthma because they may 
increase the risk of asthma-related deaths (high-strength evidence). In a pooled analysis of 7 
studies, asthmatics treated with LABAs had an increased occurrence of exacerbations compared 
with those treated with ICS. However, in patients with COPD there was moderate-strength 
evidence of no difference between ICS and LABAs in exacerbations or hospitalizations due to 
exacerbations and low-strength evidence of no difference between treatments in mortality. 
Although there was low-strength evidence of no difference in risk of having any adverse event 
between ICS and LABAs, serious pneumonia was more frequent with ICS. 

Low-strength evidence did not support a difference in patients with asthma between 
tiotropium and salmeterol in exacerbations, quality of life, withdrawals due to adverse events, or 
proportion of patients with serious harms. In patients with COPD, there was moderate-strength 
evidence that fewer patients experience an exacerbation or a nonfatal serious adverse event with 
tiotropium compared with salmeterol and low-strength evidence of no difference between 
tiotropium and salmeterol in hospitalizations and in proportions of patients with clinically 
significant improvement in quality of life. However, fewer patients withdrew due to adverse 
events with tiotropium. For the comparison of indacaterol and tiotropium, there was low-strength 
evidence that in patients with severe COPD, indacaterol provided less protection from 
exacerbations, but similar mortality and improved quality of life. In a broader patient population 
of moderate to severe COPD, tiotropium was associated with significantly lower proportions of 
patients with clinically significant improvement in quality of life, but the 2 drugs did not differ in 
hospitalizations or exacerbations. Tiotriopium and formoterol had similar effects on 
exacerbations (low-strength evidence). Additionally, there was no difference between tiotropium 
and indacaterol or formoterol in withdrawals due to adverse events and no difference between 
tiotropium and indacaterol or formoterol in proportion of patients with nonfatal serious harms 
(low-strength evidence). 

Low-strength evidence from 1 trial suggested that more asthma patients taking 
roflumilast than beclomethasone experienced exacerbations and withdrew from the study due to 
adverse events. There were no trials comparing ICS with phosphodiesterase-4 inhibitors in 
patients with COPD. 
  Results from large trials up to 12 months in duration in patients with persistent asthma 
provided moderate-strength evidence of greater efficacy with the addition of a LABA to an ICS 
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than with a higher-dose ICS (high-strength evidence for ≥12, low-strength for <12) with no 
difference in overall adverse events (with the exception of tremor which was increased in those 
taking ICS/LABA vs. higher-dose ICS). There were no head-to-head studies comparing 
ICS/LABA vs. a higher-dose ICS in patients with COPD. 
  When comparing an ICS/LABA with a different ICS in patients with asthma, low-
strength evidence suggested no difference in exacerbations, adverse events, or withdrawals due 
to adverse events between fluticasone furoate plus vilanterol and fluticasone propionate. There 
was also low-strength evidence that risk of experiencing any adverse events is greater with 
ciclesonide compared with fluticasone plus salmeterol. No trials of ICS/LABA compared with a 
different ICS were identified in patients with COPD. 

There was no apparent difference in symptoms, exacerbations, rescue medicine use, 
overall adverse events, or withdrawals due to adverse events between asthma patients treated 
with ICSs plus LTRAs compared with increased dose of ICSs (moderate-strength evidence for 
≥12 years of age, low-strength for <12 years). There were no similar head-to-head studies in 
COPD patients. 

High-strength evidence from a meta-analysis of 5 randomized controlled trials indicated 
that fluticasone plus salmeterol was more efficacious than montelukast for the treatment of 
persistent asthma in patients at least 12 years of age (moderate-strength evidence of greater 
efficacy with fluticasone propionate/salmeterol in children). There was low-strength evidence for 
similar rates of overall adverse events and withdrawals due to adverse events between treatments 
in patients with asthma. There were no trials of this comparison in patients with COPD. 

Results provided strong evidence that the addition of a LABA to ICS therapy is more 
efficacious than the addition of a LTRAs to ICS therapy in patients with persistent asthma (high-
strength evidence for ≥12, low-strength for <12). We found no difference in overall adverse 
events or withdrawals due to adverse events between ICS/LABA and ICS/LTRA (moderate-
strength evidence for ≥12, insufficient for <12). There were no trials of ICS/LABA compared 
with ICS/LTRA in COPD patients. 

In patients with persistent asthma, low-strength evidence did not support a difference 
between tiotropium plus ICS compared with a higher-dose ICS in exacerbations, improvements 
in quality of life, or withdrawals due to harms. There were no head-to-head studies comparing 
tiotropium/ICS with a higher-dose of the same ICS in COPD patients. 

In patients with COPD, treatment with fluticasone plus salmeterol was associated with 
decreased mortality but higher risk of hospitalization and greater improvement in quality of life 
compared with treatment with tiotropium (low-strength evidence). There was also low-strength 
evidence of no difference in mortality between tiotropium and fluticasone/vilanterol or 
umeclidinium bromide/vilanterol. Tiotropium and umeclidinium bromide/vilanterol had similar 
effects on quality of life (low-strength evidence). However, low-strength evidence supported 
reduced risk of serious harms with tiotropium compared with fluticasone/salmeterol, although 
there was no difference in withdrawal due to adverse events. Tiotropium and 
fluticasone/vilanterol also did not differ in proportion of patients with serious adverse events and 
tiotropium and umeclidinium bromide/vilanterol did not differ in proportion of patients who 
withdraw due to harms (low-strength evidence). There were no trials of these comparisons in 
patients with asthma. 
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Conclusions 
 

Overall findings did not suggest that 1 medication within any of the classes evaluated is 
significantly more effective or harmful than the other medications within the same class. Our 
results supported the general clinical practice of starting initial treatment for persistent asthma 
with an ICS. For people with poorly-controlled persistent asthma taking an ICS, our findings 
suggested that the addition of a LABA is most likely to provide the greatest benefit as the next 
step in treatment. For patients with COPD, our results indicated that monotherapy with ICS and 
LABAs are similarly effective and have similar risk of experiencing any adverse event. 
However, there was low-strength evidence that treatment with ICS increases the risk of serious 
pneumonia. In general the evidence for newer asthma and COPD medications is of insufficient 
or low strength for most benefit and harms outcomes. 
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INTRODUCTION  

 
Asthma is a chronic lung disease characterized by reversible airway obstruction, inflammation, 
and increased airway responsiveness. As a result of inflammation, individuals with asthma may 
experience symptoms such as wheezing, difficulty breathing, or coughing. The airway 
obstruction which occurs with asthma is generally reversible spontaneously or with treatment. 
Asthma is thought to have a genetic, inheritable component, often begins early in life, and 
consists of variable symptoms regardless of asthma classification.1 The Expert Panel of the 
National Asthma Education and Prevention Program (NAEPP) reclassified asthma categories 
most recently in 2007; the mild intermittent category was eliminated (now called intermittent) 
and the persistent category was subdivided into mild, moderate, or severe.1 The change was 
partly done to acknowledge that exacerbations can be severe in any asthma category. Table 1 
lists the criteria used to classify asthma severity. 
 
 
Table 1. Classification of asthma severity1 

 Daytime 
symptoms 

Nighttime 
symptoms 

Short-Acting  
Beta-2 Agonist 

use 

Interference 
with daily 
activity 

FEV1  
percent 

predicted FEV1/FVC 

Intermittent ≤ 2 
days/week 

≤ 2 
nights/month ≤ 2 days/week None > 80% Normal 

Persistent 

     Mild 
 
     Moderate 
 
     Severe 

> 2/week but 
< 1/day 

3-4 
nights/month > 2 days/week Minor ≥ 80% Normal 

Daily > 1 night/week 
but < 1/night Daily Some > 60% -     

< 80% 
Reduced 

5% 

Continual Frequent Several times 
daily Extreme ≤ 60% Reduced > 

5% 

 
 

Asthma outcomes have improved over the past several years but the burden remains 
substantial. Asthma is estimated to affect 300 million individuals worldwide with 25.9 million of 
those individuals living in the United States (2011 data).2-4 It is the cause of 250,000 worldwide 
deaths annually with over 3000 of them in the United States (2010 data).2-4 The World Health 
Organization estimates 15 million disability-adjusted life years lost annually due to asthma.2 

Chronic obstructive pulmonary disease (COPD) is another chronic lung disease, 
characterized primarily by persistent airflow limitation. Smoking is the most common risk factor, 
interacting with genetic predisposition. COPD is more common over the age of 40 and is usually 
progressive, becoming more severe over time, and usually associated with an increased 
inflammatory response to smoke and other airborne particles. Chronic inflammation may destroy 
lung tissue, causing emphysema, and/or lead to small airway damage and obstruction. However, 
the current COPD definition from the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) does not describe emphysema and chronic bronchitis as COPD subtypes, as has been 
done in the past. Emphysema is 1 of several pathologic changes in the lungs that may occur in 
COPD patients. Chronic bronchitis is a clinical term describing 2 of the symptoms (cough and 
sputum production) also associated with COPD; however, chronic bronchitis may develop before 
or after the changes in airflow that characterize COPD.5 Dyspnea (shortness of breath) is the 
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third major symptom associated with COPD. As in asthma, exacerbations may also occur. Table 
2 shows the GOLD classification of COPD severity.5 

 
Table 2. Classification of COPD severity5 
In patients with FEV1/FVC < 0.70 

Airflow limitation GOLD 
Classification Percent of predicted FEV1  

Mild GOLD 1 ≥ 80% 

Moderate GOLD 2 ≥ 50% to < 80% 

Severe GOLD 3 ≥ 30% to < 50% 

Very severe GOLD 4 <30% 

  
The estimated prevalence of physician-diagnosed COPD in the United States is 14.8 

million, with an estimated 12 million additional undiagnosed cases. Death rates from COPD 
increased steadily from a rate of 2.1 per 100,000 in 1950, leveling off around 42 per 100,000 in 
2000; in 2008 the death rate was 45.3 per 100,000. Asthma and COPD together impose 
substantial economic costs, estimated in 2008 at $68.0 billion in the United States, 53.7 in direct 
healthcare costs and 14.3 indirect costs from lost productivity. Direct costs associated with 
asthma and COPD can be further divided into hospitalization ($13.1 billion), ER visits ($3.1 
billion), office visits ($13.2 billion), home health care ($4.0 billion) and prescription drugs 
($20.4 billion).6There are currently 2 categories of medications used in asthma treatment: 
controller medications and quick relief (or rescue) medications. Although all patients with 
persistent asthma should have a short-acting relief medication on hand for treatment of 
exacerbations and a controller medication for long-term control, this report focuses on the 
following currently available controller medications: inhaled corticosteroids (ICSs), long-acting 
beta-2 agonists (LABAs), leukotriene modifiers (LMs), fixed-dose combination products, long-
acting anticholinergics, and phosphodiesterase-4 inhibitors. Leukotriene modifiers and 
phosphodiesterase-4 inhibitors are oral agents; the remaining drugs are inhaled and delivered 
through a variety of devices including metered dose inhalers (MDIs), dry powder inhalers 
(DPIs), and nebulizers. In the past, MDI products contained chlorofluorocarbons (CFCs) which 
were found to be detrimental to atmospheric ozone and have now been banned from use. They 
were replaced with alternative administration devices including hydrofluoroalkane (HFA) 
propellant MDIs and dry powder inhalers. Inhaled corticosteroids and LABAs are used to treat 
COPD as well as asthma. Tiotropium and roflumilast are controller medications used to treat 
COPD, but not approved for the treatment of asthma.5,7 Table 3 lists the trade names, 
manufacturers, available formulations, and age indications for controller medications for 
persistent asthma and COPD.  

Inhaled corticosteroids are the preferred agents for long-term control of persistent asthma 
according to expert panel recommendations.1 They are one of several current medications 
available to treat persistent asthma that target the inflammatory process caused by multiple 
inflammatory cells and mediators including lymphocytes, mast cells, and eosinophils, among 
others.1 The inhaled route of administration serves to directly target the inflammation while 
minimizing systemic effects which can result from oral administration. These agents have been 
approved as first line therapy for asthma control in all stages of persistent asthma.1 The 8 ICSs 
currently available include: beclomethasone dipropionate, budesonide, ciclesonide, flunisolide, 
fluticasone propionate, fluticasone furoate, mometasone furoate, and triamcinolone acetonide. 
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Table 3. Long-term controller medication class, trade names, manufacturers, formulations, and indications8-36 

Medication class Generic name Trade name Manufacturer 
Dosage 
form/device Strength 

Approved indication 
in US 

Inhaled 
corticosteroids 

Beclomethasone 
dipropionate QVAR® Teva 

Aerosol, 
Metered; 
Inhalation 

40 mcg/puff 
80 mcg/puff Asthma only (age ≥ 5) 

Budesonide 

Pulmicort 
Flexhaler® AstraZeneca Powder, 

Inhalation 
90 mcg/puff 
180 mcg/puff Asthma only (age ≥ 6) 

Pulmicort 
Respules® AstraZeneca Suspension; 

Inhalation 

0.25 mg/2 ml 
0.50 mg/2 ml 
1.00 mg/2 ml 

Asthma only (age 1-8) 

Pulmicort 
Turbuhaler® AstraZeneca Powder; 

Inhalation 200 mcg/puff 

Asthma only (age ≥ 6) 
No longer available in 
US 
Not approved for use 
in US 

Ciclesonide Alvesco® Takeda GMBH 
Aerosol, 
Metered; 
Inhalation 

80 mcg/puff 
160 mcg/puff 

Asthma only  
(age ≥ 12) 

Flunisoide Aerospan™ HFA Meda 
Aerosol, 
Metered; 
Inhalation 

80 mcg/puff Asthma only (age ≥ 6) 

Fluticasone propionate  

Flovent® HFA GlaxoSmithKline 
Aerosol, 
Metered; 
Inhalation 

44 mcg/puff 
110 mcg/puff 
220 mcg/puff 

Asthma only (age ≥ 4) 

Flovent Diskus® GlaxoSmithKline Powder; 
Inhalation 

50 mcg/puff 
100 mcg/puff 
250 mcg/puff 

Asthma only (age ≥ 4) 

Mometasone furoate Asmanex® 
Twisthaler® Merck Powder; 

Inhalation 
110 mcg/puff 
220 mcg/puff Asthma only (age ≥ 4) 

Leukotriene 
modifiers 
 
Leukotriene 
receptor 
antagonists 
  
  

Montelukast Singulair® 

(generic) Merck 
Tablet, Chewable 
Tablet, Granule; 
Oral 

4 mg/packet 
4 mg/chew tab 
5 mg/chew tab 
10 mg/tablet 

Asthma only (age ≥ 1) 

Zafirlukast Accolate® AstraZeneca Tablet; Oral 10 mg 
20 mg Asthma only (age ≥ 5) 

Zileuton Zyflo® Cornerstone 
Therapeutics Tablet; Oral 300 mga 

600 mg 
Asthma only  
(age ≥ 12) 

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 13 of 192



                                                                                                  
  

Table 3. Long-term controller medication class, trade names, manufacturers, formulations, and indications8-36 

Medication class Generic name Trade name Manufacturer 
Dosage 
form/device Strength 

Approved indication 
in US 

5-lipoxygenase  
Inhibitor Zyflo CR® Cornerstone 

Therapeutics 
Tablet, Extended 
Release; Oral 600 mg Asthma (age ≥ 12) 

Long-Acting Beta-2 
Agonists 

Arformoterol Brovana® Sunovion Solution; 
Inhalation 0.015 mg/base/2 ml Not approved for 

asthma (COPD only) 

Formoterol fumarate Perforomist®  Mylan Solution; 
Inhalation 0.02 mg/2 ml Not approved for 

asthma (COPD only) 

Formoterol fumarate/ 
Eformoterol 

Foradil® 
Aerolizer® 

 

Foradil® 

Novartis Powder; 
Inhalation 12 mcg/puff Asthma (age ≥ 5) 

Salmeterol xinafoate  Serevent® GlaxoSmithKline Powder; 
Inhalation 50 mcg base/puff Asthma (age ≥ 4) 

COPD 

Indacaterol maleate Arcapta™ Novartis Powder; 
Inhalation 75 mcg/base Not approved for 

asthma (COPD only) 

Long-acting 
anticholinergics 

Aclidinium bromide Tudorza™ 
Pressair™ Forest  

Powder, 
Metered; 
Inhalation 

0.375 mg/puff Not approved for 
asthma (COPD only) 

Tiotropium bromide 
monohydrate Spiriva® Boehringer Ingelheim Powder; 

Inhalation 18 mcg base/puff Not approved for 
asthma (COPD only) 

Fixed-dose 
combination 
products 
(LABA+ICS) 

Fluticasone propionate/ 
Salmeterol xinafoate 

Advair Diskus® GlaxoSmithKline Powder; 
Inhalation 

100 mcg/puff; 50 
mcg base/puff 
250 mcg/puff; 50 
mcg base/puff 
500 mcg/puff; 50 
mcg base/puff 

Asthma (age ≥ 4)b 
COPDc 

Advair® HFA GlaxoSmithKline 
Aerosol, 
Metered; 
Inhalation 

45 mcg/puff; 21 
mcg base/puff 
115 mcg/puff; 21 
mcg base/puff 
230 mcg/puff; 21 
mcg base/puff 

Asthma (age ≥ 12) 

Formoterol/ 
Budesonide Symbicort® AstraZeneca 

Aerosol, 
Metered; 
Inhalation 

80 mcg/puff; 4.5 
mcg/puff 
160 mcg/puff; 4.5 
mcg/puff  

Asthma (age ≥ 12) 
COPD d 
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Table 3. Long-term controller medication class, trade names, manufacturers, formulations, and indications8-36 

Medication class Generic name Trade name Manufacturer 
Dosage 
form/device Strength 

Approved indication 
in US 

Symbicort® 
Turbuhaler AstraZeneca Powder; 

Inhalation 

100 mcg/puff; 6 
mcg/puff 
160 mcg/puff; 4.5 
mcg/puff 
200 mcg/puff; 6 
mcg/puff 
400 mcg/puff; 12 
mcg/puff 

Asthma (age ≥ 12) 
Not approved for use 
in the US 
Approved in Canada, 
New Zealand 

Formoterol/ 
Mometasone furoate Dulera® Merck 

Aerosol, 
Metered; 
Inhalation 

100 mcg/puff; 5.0 
mcg/puff 
200 mcg/puff; 5.0 
mcg/puff 

Asthma (age ≥ 12) 

Vilanterol/Fluticasone 
Furoate Breo® Ellipta™ GlaxoSmithKline Powder; 

Inhalation 
100 mcg/puff; 25 
mcg base/puff 

Not approved for 
asthma (COPD only) 

Fixed-dose 
combination 
product 
(Anticholinergic + 
LABA) 

Umeclidinium/Vilanterol Anoro™Ellipta™ GlaxoSmithKline Powder; 
Inhalation 

62.5mcg/puff; 
25mcg base/puff 

Not approved for 
asthma (COPD only) 

Phosphodiesterase-
4 Roflumilast Daliresp® Forest Tablet; Oral 500 mcg Not approved for 

asthma (COPD only) 
a This dosing level has been discontinued by the manufacturer, but was available previously. 
b For children 4-11 years, only the 100 mcg/puff; 50 mcg base/puff dose is approved. 
c In COPD, only the 250 mcg/puff; 50 mcg base/puff dose is approved. 
d Symbicort 160/4.5 mcg is the only approved dose for COPD. 
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.  The ICSs often have different kinetic and side effect profiles with similar numerical 
doses depending on the delivery device and the product.1 Since there are insufficient head-to-
head trials comparing all of the various ICSs, determining equivalency among products is 
sometimes difficult. Table 4i and ii lists comparative dosing of the available products based on 
the recently updated GINA guidelines.37 

Long-acting beta-2 agonists are agents used in combination with ICSs to obtain control in 
persistent asthma. The mechanism of action of these agents is through relaxation of airway 
smooth muscles to reverse bronchoconstriction.1,38 In contrast to short-acting beta-2 agonists, 
which are used for quick relief of acute symptoms due to their quick onset and short duration of 
action, LABAs provide long-acting bronchodilation for 12 hours allowing for twice daily 
administration;1 the newest agent, indacaterol, has a 24 hour duration of action for once-daily 
dosing. The NAEPP expert panel advocates the use of LABAs as the preferred adjunct therapy 
for patients ≥ 12 years old with persistent asthma not controlled on ICSs alone.1 In addition, 
LABAs are useful in the prevention of exercise-induced bronchospasm (EIB).1,38 These agents 
are not used for relief of acute asthma symptoms and are contraindicated for use as monotherapy 
for persistent asthma (see Key Question 2 for details).1 Currently there are 5 available LABAs: 
arformoterol (ARF), formoterol (FM) (formerly known as eformoterol in the UK), indacaterol 
(IC), vilanterol (VI), and salmeterol (SM). Arformoterol, vilanterol and indacaterol are currently 
approved only for COPD (Table 3). The main clinical difference in the 2 agents available to treat 
asthma is that formoterol has a quicker onset of action than salmeterol.1 

The LMs are another class of controller medications used in the treatment of asthma and 
comprise 2 classes of medications: leukotriene receptor antagonists (LTRAs) and 5-lipoxygenase 
inhibitors (Table 3). The more general term “leukotriene modifier” (LM) will be used throughout 
this report to refer to any of the 3 drugs in this class. Leukotrienes cause contraction of smooth 
muscles, mucous secretion, and inflammation contributing to asthma symptoms.1,38 The LTRAs 
(montelukast and zafirlukast) bind to cell receptors to prevent these actions from occurring.1 
Montelukast is approved for children ≥ 1 year old and zafirlukast for children ≥ 5 years old in the 
United States and ≥ 12 years old in Canada. They are approved for mild persistent asthma and as 
adjunct therapy with ICSs.1,38 Montelukast is also approved for EIB.38  

Zileuton’s mechanism of action is through the inhibition of 5-lipoxygenase which is 
involved in the production of leukotrienes.1 This medication is indicated for use in patients ≥ 12 
years old.1,38 Metabolism of this drug is through the CYP 450 1A2, 2C9, and 3A4 isoenzymes 
which are responsible for a variety of drug-drug interactions.38 In addition, liver function 
monitoring is required with zileuton therapy1,38 due to the involvement of the CYP 450 system 
and potential adverse events, which has limited the use of this product.  

Combination controller medications including both an ICS and a LABA available for the 
treatment of asthma include fluticasone/salmeterol, budesonide/formoterol, and mometasone 
furoate/formoterol (Table 3). These fixed-dose combination products are recommended for 
patients not adequately controlled on a long-term asthma-control medication, such as an ICS, or 
whose disease severity clearly warrants initiation of treatment with both an ICS and LABA.1,38 
These agents are available as DPI or HFA products (Table 2). 

Pharmacotherapy recommendations for COPD differ from those for asthma, though the 
drugs used overlap. Either a LABA or long-acting anticholinergic, rather than an ICS, is used as 
first-line therapy in COPD5,7 Guidelines from the American College of Physicians and 
collaborating organizations base treatment recommendations on spirometry alone, with treatment 
initiated with long-acting bronchodilators for FEV1 less than 60% of that predicted.7 GOLD 
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guidelines consider symptoms and exacerbations in addition to spirometry. They recommend a 
treatment sequence for patients with disease of increasing severity of (1) LABA or long-acting 
anticholinergic, (2) ICS/LABA or long-acting anticholinergic, and (3) ICS/LABA and/or long-
acting anticholinergic.39 ACP guidelines consider evidence for combination therapy in COPD 
weaker than that for monotherapy and state only that clinicians may consider combination 
therapy, again for patients with FEV1 less than 60% of predicted.7 Finally, GOLD guidelines also 
include roflumilast as an option to prevent exacerbations, given in conjunction with long-acting 
bronchodilators.5 

Tiotropium and roflumilast are 2 drugs approved for treatment of COPD, but not for 
asthma. Tiotropium is an inhaled long-acting anticholinergic, also known as a long-acting 
muscarinic antagonist (LAMA); it blocks binding of acetylcholine to muscarinic receptors that 
mediate bronchoconstriction, with a duration of action more than 24 hours.5 Aclidinium bromide 
is another LAMA, approved for use as a single agent in the United States. Umeclidinium is also 
a LAMA, FDA-approved only in combination with vilanterol (Anoro™ Ellipta™). Roflumilast, 
an oral agent, is the only phosphodiesterase-4 (PDE-4) inhibitor available in the United States. 
PDE-4 metabolizes cyclic AMP in lung tissue, and its inhibition leads to accumulation of cyclic 
AMP, though the downstream effects of cAMP accumulation are not clearly defined.17 

The most recent update of the asthma report was completed in 2011. The most recent 
update of the inhaled corticosteroid report was completed in 2006. This review is an update of 
these 2 reports in patients with asthma or COPD with the addition of new medications. While the 
previous reports included placebo-controlled trials, because this is a streamlined report, placebo-
controlled trials are not included and have been removed from previously included evidence. The 
scope of the report has also changed and no longer includes comparisons to short-acting 
medications for asthma patients and no longer includes comparisons of a combination product 
with its individual elements unless the dosage is significantly changed. This review includes 6 
new drugs or drug combinations not present in either prior report.
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Table 4a. Low, medium, and high daily doses of inhaled corticosteroids 
 Drug Daily Dose (mcg) 

 Low Medium High 
Adults and adolescents (12 years and older)37 
Beclometasone dipropionate (CFC)a 200-500 >500-1000 >1000 
Beclometasone dipropionate (HFA) 100-200 >200-400 >400 
Budesonide (DPI) 200-400a >400-800 >800 
Ciclesonide (HFA) 80-160 >160-320 >320 
Fluticasone propionate (DPI) 100-250 >250-500 >500 
Fluticasone propionate (HFA) 100-250 >250-500 >500 
Mometasone furoate 110-220 >220-440 >440 
Triamcinolone acetonide 400-1000 >1000-2000 >2000 
Children 6-11 years  
Beclometasone dipropionate (CFC)a 100-200 >200-400 >400 
Beclometasone dipropionate (HFA) 50-100 >100-200 >200 
Budesonide (DPI) 100-200 >200-400 >400 
Budesonide (nebules) 250-500 >500-1000 >1000 
Ciclesonide (HFA) 80 >80-160 >160 
Fluticasone propionate (DPI) 100-200 >200-400 >400 
Fluticasone propionate (HFA) 100-200 >200-500 >500 
Mometasone furoate 110 ≥220-≤440 ≥440 
Triamcinolone acetonide 400-800 >800-1200 >1200 
CFC: Chlorofluorocarbon propellant; DPI: dry powder inhaler; HFA: hydrofluoroalkaline propellant. 
a Beclomethasone dipropionate CFC is included for comparison with older literature. 
 
 
Table 4b. Low daily doses of inhaled corticosteroids for children 5 years and 
younger37 

Drug Low daily dose (mcg) 
Beclomethasone dipropionate (HFA) 100 
Budesonide pMDI+ spacer 200 
Budesonide nebulized 500 
Fluticasone propionate (HFA) 100 
Ciclesonide 160 
Mometasone furoate Not studies below 4 years of age 
Triamcinolone acetonide Not studies below 4 years of age 
HFA: hydrofluoroalkaline propellant; pMDI: pressurized metered dose inhaler.  
This is not a table of clinical equivalence. A low daily dose is defined as the dose that has not been associated with 
clinically adverse effects in trials that included measures of safety.  
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Scope and Key Questions  
 
The purpose of this review is to assist healthcare providers, researchers, and policy makers in 
making clinical decisions, creating formularies, and developing policies regarding long-term 
control medications for asthma and COPD based on the most current available literature. We 
compare the efficacy, effectiveness, and tolerability of controller medications used in the 
treatment of persistent asthma and COPD, and also look for subgroups that may differ in these 
areas. We compare efficacy and tolerability both within and between the major classes of 
controller drugs. The Pacific Northwest Evidence-based Practice Center (EPC) wrote 
preliminary key questions, identifying the populations, interventions, and outcomes of interest, 
and based on these, the eligibility criteria for studies. These were reviewed and revised by 
representatives of organizations participating in the Drug Effectiveness Review Project (DERP). 
The participating organizations approved the following key questions to guide this review: 
 

1. What is the comparative within-class and across-class efficacy and effectiveness of long-
acting beta agonists, long-acting anticholinergics, inhaled corticosteroids, fixed dose 
combination products and long-acting oral (non-inhaled) medications used to treat 
outpatients with persistent or chronic asthma or chronic obstructive pulmonary disease 
(COPD)? 
 

2. What is the comparative within-class and across-class tolerability and frequency of 
adverse events of long-acting beta agonists, long-acting anticholinergics, inhaled 
corticosteroids, fixed dose combination products and long-acting oral (non-inhaled) 
medications used to treat outpatients with persistent or chronic asthma or chronic 
obstructive pulmonary disease (COPD)? 
 

3. Are there subgroups of patients based on demographics (age, racial groups, gender), 
asthma or COPD severity, comorbidities (drug-disease interactions, including obesity), 
other medications (drug-drug interactions), smoking status, genetics, or pregnancy for 
which asthma or COPD controller medications differ in efficacy, effectiveness, or 
frequency of adverse events? 

 
Inclusion Criteria  
 
This review includes pediatric (12 months to 18 years) or adult outpatients with persistent asthma 
or adult outpatients with COPD treated with any of the following agents: ICSs (beclomethasone, 
budesonide, ciclesonide, flunisolide, fluticasone propionate, triamcinolone acetonide, 
mometasone furoate), LABAs (formoterol, arformoterol, indacaterol, salmeterol), LMs 
(montelukast, zafirlukast, zileuton), combination products (fluticasone propionate/salmeterol 
xinafoate, budesonide/formoterol, mometasone furoate/formoterol, fluticasone 
furoate/vilanterol), long-acting anticholinergics (tiotropium, aclidinium), or PDE-4 inhibitors 
(roflumilast).  

For efficacy and effectiveness outcomes of interest we included randomized controlled 
trials (RCTs) of at least 12 weeks duration and a sample size of at least 100 which evaluate 
control of symptoms, functional capacity and quality of life, urgent care services, adherence, 
hospitalization, or mortality. We also included comparative good-quality systematic reviews. For 
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adverse events outcomes, we included observational studies of at least 6 months duration and a 
sample size of at least 100 (Table 5). Further details related to inclusion criteria are provided 
below in the Methods section under Study Selection. Boxed warnings associated with these 
products are provided in Appendix B. Dosing equivalency of the agents was based on the 2014 
GINA guidelines.37 
 
 
Table 5. Outcome measures and study eligibility criteria 

 
Outcome Outcome measures Study eligibility criteria 

Efficacy / 
Effectiveness 

 
• Asthma control 

 - Asthma exacerbations 
 - Days/nights frequency of symptoms 
 - Frequency of rescue medication use 
 - Courses of oral steroids 

• Quality of life 
• Ability to participate in work, school, sports, or 

physical activity, improved sleep 
• Adherence 
• Emergency department / urgent medical care 

visits 
• Hospitalization 
• Mortality 
 

 
 
• Randomized controlled clinical trials 

of at least 12 weeks duration and n ≥ 
100  

 
• Head-to-head trials only (placebo-

controlled trials excluded). 
 

• Comparative good-quality systematic 
reviews 

Adverse 
Events/Safety 

 
• Overall adverse events reported 
• Withdrawals due to adverse events 
• Serious adverse events  
• Specific adverse events including: 

- Growth suppression 
- Bone mineral density 
- Osteoporosis/fractures 
- Ocular toxicity 
- Suppression of HPA axis 
- Anaphylaxis 
- Death 

 
• Randomized controlled clinical trials 

of at least 12 weeks duration and n ≥ 
100  

 
• Head-to-head trials only 

 
• Comparative good-quality systematic 

reviews 
 

• Observational studies of at least 6 
months duration and n ≥ 100 
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METHODS  
 
Literature Search  
 
To identify relevant citations, we searched MEDLINE®, the Cochrane Database of Systematic 
Reviews®, the Cochrane Central Register of Controlled Trials® through January week 5, 2014 
using terms for included drugs, indications, and study designs (see Appendix C for complete 
search strategies). We limited the electronic searches to “human” and “English language.” We 
attempted to identify additional studies through hand searches of reference lists of included 
studies and reviews. In addition, we searched the FDA’s Center for Drug Evaluation and 
Research for medical and statistical reviews. Finally, we requested dossiers of published and 
unpublished information from the relevant pharmaceutical companies for this review. All 
received dossiers were screened for studies or data not found through other searches. All 
citations were imported into an electronic database (Endnote® X4, Thompson Reuters).  
 
Study Selection  
 
All citations were reviewed for inclusion using the criteria shown in Table 6. One reviewer 
assessed titles and abstracts and a second reviewer assessed excluded titles and abstracts for 
inclusion. If both reviewers agreed that the trial did not meet eligibility criteria, it was excluded. 
Full-text articles of potentially relevant citations were retrieved and again were assessed for 
inclusion by 2 reviewers. Disagreements were resolved by consensus. Results published only in 
abstract form and unpublished data were not included unless adequate details were available for 
quality assessment. 
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Table 6. Study inclusion criteria 
Populations 
• Adult or pediatric outpatients with persistent asthma 
• Persistent asthma is defined using the NAEPP classification1 (see Table 1) 
• Outpatients with chronic obstructive pulmonary disease (COPD) 
Interventions/Treatments  
 Inhaled corticosteroids:  

• Beclomethasone 
• Budesonide 
• Ciclesonide  
• Flunisolide  
• Fluticasone propionate 
• Triamcinolone acetonide  
• Mometasone furoate  

Long-acting beta-2 agonists (LABAs)  
• Formoterol  
• Arformoterol  
• Salmeterol 
• Indacaterol 

Leukotriene modifiers  
• Montelukast  
• Zafirlukast  
• Zileuton 

Combination products – ICS/LABA 
• Fluticasone propionate/salmeterol  
• Budesonide/formoterol 
• Futicasone furoate/vilanterol 
• Mometasone furoate/formoterol 

Combination products-LAMA/LABA 
• Umeclidinium /vilanterol 

Phosphodiesterase-4 inhibitor 
• Roflumilast 

Long-acting anticholinergics  
• Tiotropium 
• Aclidinium 

Efficacy and effectiveness outcomes 
• Control of symptoms (e.g., days/nights/frequency of symptoms, rate of asthma exacerbations, frequency of rescue 

medication use, courses of oral steroids) 
• Functional capacity and quality of life (missed school and missed work days, ability to participate in 

work/school/sports/physical activity, activity limitation, improved sleep/sleep disruption)  
• Urgent care services (Emergency department visits/urgent medical care visits)  
• Persistence 
• Hospitalization  
• Mortality 
Adverse events/safety outcomes 
• Overall adverse events 
• Withdrawals due to adverse events 
• Serious adverse events (e.g., acute adrenal crisis, fractures, mortality) 
• Specific adverse events (e.g. growth suppression, bone mineral density/osteoporosis, ocular toxicity, suppression 

of the HPA axis, tachycardia, anaphylaxis, death) 
Study designs 
• For efficacy and effectiveness, head-to-head RCTs of at least 12 weeks duration (N ≥100) and good-quality 

systematic reviews 
• For adverse events/safety, RCTs of at least 12 weeks (N ≥ 100) and observational studies of at least 6 months 

duration (N ≥ 100) 
 
 

For efficacy and effectiveness, we initially included randomized controlled trials (RCTs) 
of 6 weeks duration and a sample size n ≥ 40 but later changed these criteria to 12 weeks 
duration and a sample size ≥ 100 to reduce the number of small studies of short duration (which 
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would likely have less meaningful results than would larger studies of longer duration). We 
removed previously included studies no longer meeting the updated criteria or conducted 
sensitivity analysis to determine if their inclusion in meta-analyses significantly changed the 
outcome. Due to the streamlined nature of this review, we included only head-to-head studies for 
efficacy and effectiveness and did not include any placebo-controlled trials for effectiveness or 
harms. We also did not update, and removed from this report, the prior sections on inhaled 
corticosteroids (ICSs) plus long-acting beta-2 agonists (LABAs) compared with ICS at the same 
dose. We felt this was similar to a placebo controlled trial and any trial with this design (any 2 
drugs vs. 1 of the drugs at the same dose, including ICS plus leukotriene modifier (LM) 
compared with same-dose ICS) was excluded from this review. We also did not update, and 
removed from the previous report, trials of therapy with anti-IgE medications as well as therapy 
with short-acting products. In addition, we did not include studies that compared a class of drugs 
with another class of drugs without stratifying the evidence by individual drug comparisons. For 
efficacy and effectiveness we focused on mortality, exacerbations, hospitalizations, emergency 
department visits, and quality of life. For harms we focused on withdrawals due to adverse 
events, total patients experiencing any adverse events, and total patients experiencing any serious 
adverse event. We considered these outcomes potentially more objective than other outcomes 
(e.g., symptom scores, activity limitation).  

We reviewed the literature using a hierarchy of evidence approach, where the best 
evidence is the focus of our synthesis for each question, population, intervention and outcome 
addressed. Results from well-conducted, systematic reviews and head-to-head trials provide the 
strongest evidence to compare drugs with respect to effectiveness, efficacy, and adverse events; 
head-to-head trials were defined as those comparing 1 included treatment of interest (those listed 
in Table 6) with another treatment of interest. We did not include studies that compare step-down 
therapy for people with stable asthma, different doses of the same medication, or the same drug 
therapies in 2 versus 1 inhaler. We did not include studies evaluating adjustable dosing strategies 
unless there was another eligible comparator arm. 

A review was considered to be systematic if it presented a systematic approach to 
reviewing the literature through a comprehensive search strategy, provided adequate data from 
included studies, and evaluated the methods of included studies (with quality review/critical 
appraisal).  
 
Data Abstraction  
 
We abstracted information on population characteristics, interventions, subject enrollment, and 
discontinuation and results for efficacy, effectiveness, and harms outcomes for trials, 
observational studies, and systematic reviews. We recorded intent-to-treat results when reported. 
If true intent-to-treat results were not reported, but loss to follow-up was very small, we 
considered these results to be intent-to-treat results. In cases where only per protocol results were 
reported, we calculated intent-to-treat results if the data for these calculations were available.  
 
Validity Assessment (Quality Assessment) 
 
We assessed the internal validity (quality) of trials based on the predefined criteria of the Drug 
Effectiveness Review Project.40 We rated the internal validity of each trial based on the methods 
used for randomization, allocation concealment, and blinding; the similarity of compared groups 
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at baseline; adequate reporting of dropouts, attrition, and the use of intention-to-treat analysis. 
Trials that had a fatal flaw were rated poor quality; trials that met all criteria were rated good 
quality; the remainder were rated fair quality. As the fair-quality category is broad, studies with 
this rating vary in their strengths and weaknesses: The results of some fair-quality studies are 
likely to be valid, while others are only possibly valid. A poor-quality trial is not valid—the 
results are at least as likely to reflect flaws in the study design as a true difference between the 
compared drugs. A fatal flaw is reflected by failing to meet combinations of items of the quality 
assessment checklist.  

The criteria we used to rate observational studies of adverse events reflected aspects of 
the study design that were particularly important for assessing adverse event rates (patient 
selection methods, degree to which all patients were included in analysis, a priori specification 
and definition of adverse events, method of identification and ascertainment of events, adequate 
duration of follow-up for identifying specified events, and degree to which and methods used to 
control for potentially confounding variables in analyses).  

Included systematic reviews were also rated for quality based on predefined criteria: clear 
statement of the questions(s), inclusion criteria, adequacy of search strategy, validity assessment, 
adequacy of detail provided for included studies, and appropriateness of the methods of 
synthesis. 
 
Grading the Strength of Evidence 
 
We graded strength of evidence based on the guidance established for the Evidence-based 
Practice Center Program of the Agency for Healthcare Research and Quality.41 Developed to 
grade the overall strength of a body of evidence, this approach incorporates 4 key domains: risk 
of bias (includes study design and aggregate quality), consistency, directness, and precision of 
the evidence. We also considered other domains that may be relevant for some scenarios, such as 
equipotency (for inhaled corticosteroids), a dose-response association, plausible confounding 
that would decrease the observed effect, strength of association (magnitude of effect), and 
publication bias. Table 7 describes the grades of evidence that can be assigned. Due to time and 
resource constraints we set priorities for grading the strength of evidence for only a subset of the 
outcomes deemed to be of greatest importance to decision makers., For the current update, we 
graded the following outcomes: exacerbations, quality of life, mortality, hospitalizations, 
functional capacity, number of people with serious adverse events, and withdrawals due to 
adverse events. 
 
 
Table 7. Definitions of the grades of overall strength of evidence42 
Grade Definition 

High High confidence that the evidence reflects the true effect. Further research is very unlikely to 
change our confidence in the estimate of effect. 

Moderate Moderate confidence that the evidence reflects the true effect. Further research may change our 
confidence in the estimate of the effect and may change the estimate. 

Low Low confidence that the evidence reflects the true effect. Further research is likely to change our 
confidence in the estimate of the effect and is likely to change the estimate. 

Insufficient Evidence either is unavailable or does not permit estimation of an effect. 
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Data Synthesis  
 
We constructed evidence tables showing the study characteristics, quality ratings, and results for 
all included studies. We reviewed studies using a hierarchy of evidence approach, where the best 
evidence is the focus of our synthesis for each question, population, intervention, and outcome 
addressed. Trials that evaluated 1 included medication against another provided direct evidence 
of comparative effectiveness and adverse event rates.  

In addition to discussion of the findings of the studies overall, quantitative analyses were 
conducted using meta-analyses on outcomes for which a sufficient number of studies reported 
and for studies which they were homogeneous enough such that combining their results can be 
justified. For the current update, we set priorities for conducting meta-analyses only for the same 
subset of outcomes for which we graded the strength of the evidence: exacerbations, quality of 
life, mortality, hospitalizations, functional capacity, number of people with serious adverse 
events, and withdrawals due to adverse events. In updating meta-analyses from the 2011 asthma 
report and the 2006 inhaled corticosteroid report, in addition to adding new evidence, we either 
removed data from studies that no longer met our revised eligibility criteria (≥ 12 weeks’ 
duration; ≥ 100 patients) or conducted sensitivity analyses based on related variation in sample 
size and duration. We did not update meta-analyses from the 2011 asthma report and the 2006 
inhaled corticosteroid report on outcomes that were not among the prespecified highest priority 
subset for this update. Random effects models were used for the estimation of pooled effects.43 
Forest plots are presented to graphically summarize the study results and the pooled results.44 
The I2 statistic (the proportion of variation in study estimates due to heterogeneity) was 
calculated to assess heterogeneity between the effects from the studies.45,46 Potential sources of 
heterogeneity were examined with subgroup analysis by factors such as study design, study 
quality, variations in interventions, and patient population characteristics. Meta-analyses were 
conducted using Stats Direct Cam Code, Altrincham UK) software, STATA 10.1 (StataCorp, 
College Station, Texas), or Comprehensive Meta Analysis V2.exe. When meta-analyses could 
not be performed, the data are summarized qualitatively. 
 
Peer Review  
 
We requested and received peer review of the report from 2 experts. Their comments were 
reviewed and, where possible, incorporated into the final document. All comments and the 
authors’ proposed actions were reviewed by representatives of the participating organizations of 
the Drug Effectiveness Review Project before finalization of the report. Names of peer reviewers 
for the Drug Effectiveness Review Project are listed at www.ohsu.edu/drugeffectiveness.  
 
Public Comment 
 
This report was posted to the Drug Effectiveness Review Project website for public comment. 
We received comments from 4 pharmaceutical companies.  
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RESULTS  
 
Overview 
 
This streamlined update is limited only to direct comparisons and did not include placebo 
controlled trials or studies that compared a class of drug with another. Owing to the streamlined 
focus, some studies included previously have been taken out of this update because they did not 
meet the streamlined inclusion criteria. A total of 197 studies from the asthma and inhaled 
corticosteroids report that were already included previously have been retained in this report.  

 For this update, a total of 2314 citations were identified from searching electronic 
databases, reviews of reference lists, pharmaceutical manufacturer dossier submissions, hand 
searching and public comment. By applying the eligibility and exclusion criteria to titles and 
abstracts of all identified citations, we identified 469 potentially includable citations. After 
reapplying the criteria for inclusion to the full texts of these citations, we ultimately included 72 
publications representing 58 studies and 14 companion publications. Fifty were head-to head 
trials (+14 companion publications), 3 were observational studies (+1 companion publication) 
and 5 were systematic reviews. We received dossiers from 7 pharmaceutical manufacturers: 
AstraZeneca LP, Boehringer Ingelheim Pharmaceuticals, Inc., Forest Research Institute, Glaxo 
Smithkline, USA, Merck & Co., Inc, Sunovion Pharmaceutical Inc and Teva Pharmaceuticals, 
Inc. In total, we included 10 studies47-56 and 2 companion publications that were submitted in the 
dossiers.57,58 
  

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 26 of 192



                                                                                                  
  

 
 

Figure 1. Results of literature searcha 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a DERP uses a modified PRISMA flow diagram.59 
b  The numbers in the flow chart pertain to streamlined original report.  
c Of the included trials, 3 trials and 4 companion publications have not been synthesized separately as they are 
included as part of the systematic reviews. 
  

2213 records identified from 
database searches after 
removal of duplicatesb 

101 additional records identified 
through other sources 

2314 records screened 1845 records excluded at 
abstract level 

469 full-text articles assessed 
for eligibility 

397 full-text articles 
excluded 
•  8 ineligible population  
• 241 ineligible study design 
• 42 ineligible publication type  
• 37 ineligible intervention 
• 35 ineligible outcome 
• 34 ineligible systematic 

reviews 

58 studies (+14 companion) 
included in qualitative 
synthesis 
• 50 trials (+13 companions)c 
• 3 observational studies (+1 

companion) 
• 5 systematic reviews 
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Key Question 1. Efficacy and Effectiveness 
What is the comparative efficacy and effectiveness of controller medications 
used to treat outpatients with persistent asthma or COPD?  
 
I. Intra-class Comparisons (within a class) 
 
A. Inhaled Corticosteroids 
Asthma. We found 3 systematic reviews with meta-analyses60-62 and 32 head-to-head 
randomized controlled trials (RCTs)63-109 (Table 8). Five head-to-head RCTs included children   
< 12 years (Table 9).79,82,99,100,106 No study was characterized as an effectiveness trial; all 
included efficacy studies were conducted in narrowly defined populations.  

Overall, efficacy studies provide moderate evidence that inhaled corticosteroids (ICSs) 
do not differ in their ability to control asthma symptoms, prevent exacerbations, and reduce the 
need for additional rescue medication at equipotent doses administered through comparable 
delivery devices (Appendix E, Table E-1, E-11). Relatively few studies reported exacerbations, 
healthcare utilization (hospitalizations, emergency visits), or quality of life outcomes. Long-term 
data beyond 12 weeks is lacking for most of the comparisons. In children, head-to-head trials 
support the conclusion that ICSs do not differ in their impact on health outcomes, but data were 
only available for 5 comparisons (3 systematic reviews and 5 RCTs): beclomethasone 
dipropionate (BDP) compared with budesonide (BUD), BDP compared with fluticasone 
propionate (FP), BUD compared with ciclesonide (CIC), BUD compared with FP, and CIC 
compared with FP. We conducted meta-analyses for comparisons within this section when 
sufficient data were available and a recent meta-analysis was not already published. There were 
often too few trials comparing equipotent ICS doses reporting similar outcomes measures to 
allow quantitative synthesis. 
  
COPD. Currently no ICS monotherapy is approved by the FDA for the treatment of COPD. We 
did not find any head-to-head trials comparing an ICS with another.  
 
Detailed assessment 
Description of studies 
One systematic review with meta-analysis and 2 RCTs compared BDP with BUD; 2 systematic 
reviews with meta-analyses and 7 RCTs compared BDP with FP; 2 RCTs compared BDP with 
mometasone furoate (MF); 5 RCTs compared BUD with CIC; 1 meta-analysis and 5 RCTs 
compared BUD with FP; 1 RCT compared BUD with MF; 1 RCT compared BUD with 
triamcinolone acetonide (TAA); 8 RCTs compared CIC with FP; 2 RCTs compared FP with MF; 
and 3 RCTs compared FP with TAA in patients with asthma (Table 8).  

Based on National Asthma Education and Prevention Program equipotent dose estimates 
(Table 4), 35 head-to-head RCTs included equipotent comparisons for some arms (6 of these had 
multiple arms, with both equipotent and non-equipotent comparisons)47,63,72,85,92,95,97,110 and 10 
RCTs (compared only non-equipotent doses.71,75,77,83,87,89,103,105,111 Of the 22 head-to-head trials 
that compared equivalent doses, 6 compared high dose to high dose, 5 compared medium dose to 
medium dose, 6 compared low dose to low dose. The most commonly used delivery devices 
were MDIs and DPIs; 12 studies (38%) compared MDI to MDI; 8 studies (25%) compared DPI 
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to DPI; 11 studies (34%) compared MDI to DPI; 1 study (3%) compared both DPI to DPI and 
MDI to DPI.80 

 
Study populations 
The 32 head-to-head RCTs included a total of 14,429 asthma patients. Most studies were 
conducted in adult populations. Five studies79,82,99,100,106 were conducted primarily in pediatric 
populations. Seven studies (22%) were conducted in the United States, 5 (16%) in Europe, 1 in 
India (3%), and 19 (59%) were other multinational combinations often including Europe, 
Canada, or the United States. Asthma severity ranged from mild persistent to severe persistent: 4 
studies (13%) were conducted in patients with mild to moderate persistent asthma, 8 (25%) in 
patients with mild to severe persistent asthma, 5 (16%) in patients with moderate persistent 
asthma, 7 (22%) in patients with moderate to severe persistent asthma, and 3 (9%) in patients 
with severe persistent asthma. Five studies did not report the severity or severity could not be 
determined. 

Other asthma medications were often allowed if maintained at a constant dose; all trials 
allowed the use of a short-acting beta-agonist. Most trials enrolled patients who were currently 
being treated with ICS. 
 
Methodologic quality 
The overall quality of the head-to-head trials included in our review was rated fair to good. Most 
trials received a quality rating of fair. The method of randomization and allocation concealment 
were rarely reported. 
 
Sponsorship 
Of the 32 head-to-head trials, 30 (94%) were funded by pharmaceutical companies; 1 study was 
funded by the government (3%), and 1 study (3%) did not report funding sources  
 
Head-to-head comparisons 
Beclomethasone dipropionate (BDP) compared with budesonide (BUD) 
One good systematic review60 and 2 fair head-to-head RCTs94,109 comparing BDP to BUD met 
our inclusion criteria. 

The systematic review60 included 24 studies (1174 subjects); 18 of these were in adults. 
Twelve studies (50%) had treatment periods of between 2 and 4 weeks, 10 studies (42%) had 
treatment periods of between 6 and 12 weeks. The longest study had an effective treatment 
period of 2 years. As an inclusion criterion for the review, all studies had to assess equal nominal 
daily doses of BDP and BUD. Results were distinguished by whether patients were not treated 
with regular oral corticosteroids (OCS) (20 studies) or were dependent on regular OCS. Studies 
were further divided by parallel and crossover designs. The majority of crossover trials had 
significant design flaws, so the results should be viewed with caution. 

For asthma patients not treated with OCS, crossover studies showed no significant 
difference between treatments for symptom measures (variety of symptom scores reported) or 
rescue medication use. There was no significant difference between BDP and BUD for daytime 
breathlessness, morning breathlessness, and daily symptom scores (6 studies, 256 subjects; 
standardized mean difference (SMD 0.06, 95% CI: -0.18, 0.31). Nor was there a significant 
difference in night-time breathlessness and evening breathlessness scores (3 studies, 134 
subjects; SMD -0.09, 95% CI: -0.43, 0.25). Similarly, for asthma patients not treated with OCS, 
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parallel group studies showed no significant differences in rescue medication use or withdrawals 
due to asthma exacerbations. 

For asthma patients treated with OCS, 1 crossover study assessed OCS-sparing effects 
and 3 evaluated other outcomes. The outcomes for those that did not assess OCS-sparing effects 
were pooled (3 studies, 144 subjects) and found no significant difference between BDP and BUD 
for daytime or night-time breathlessness scores, sleep disturbance scores, or rescue medication 
use. 

There were no RCTs comparing BDP with BUD in number of patients experiencing an 
exacerbation. One open-label RCT (6 months, n=225) of adult patients with mild to severe 
persistent asthma enrolled steroid naïve patients receiving equipotent low doses of FP 125 mcg 
per day, BDP 200 mcg per day and BUD 200 mcg per day via MDI according to their disease 
severity based on GINA guidelines.110 Number of exacerbations were comparable with 44 versus 
48 exacerbations reported in BUD versus BDP-treated patients, respectively. The same trial 
reports significant difference in quality-of-life between the 3 drugs on the St. George Respiratory 
Questionnaire (SGRQ) at 6 months (endpoint, p=0.006).110 Mean changes from baseline for BDP 
and BUD were -58 and -56.8 with greater improvement with BDP (p-value NR). The strength of 
evidence was insufficient to draw any conclusion for this outcome due to unknown consistency 
and imprecision. It should be noted that although SGRQ is designed to measure quality-of-life in 
both asthma and COPD patients, it is primarily used in COPD. The study reports that SGRQ was 
used for the first time to measure quality of life in asthmatics.110  

One non-inferiority 12-week parallel group trial (N = 460), with stratification for LABA 
use, compared treatment with 3 inhaled corticosteroids: BDP extrafine aerosol (Qvar Autohaler 
800 mcg/d, N = 149), BUD Turbuhaler (1600 mcg/d, N = 162), and FP Diskus (1000 mcg/d, N = 
149).94 Overall asthma control was improved in all groups with no significant difference between 
groups, establishing non-inferiority of BDP Qvar Autohaler versus BUD, (-1.0 compared to -0.8, 
95% CI -0.30 to 0.07).94 There was low-strength evidence that BDP extrafine aerosol was 
statistically superior to BUD in nocturnal awakening on the Juniper asthma control questionnaire 
(-1.0 compared with -0.7, 95% CI -0.43 to -0.05).  
  
Beclomethasone dipropionate (BDP) compared with ciclesonide (CIC) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared BDP with CIC. 
 
Beclomethasone dipropionate (BDP) compared with flunisolide (FLUN) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared BDP to FLUN. 
 
Beclomethasone dipropionate (BDP) compared with fluticasone propionate (FP) 
Two systematic reviews and 11 head-to-head RCTs comparing FP to BDP met our inclusion 
criteria. One systematic review61 included studies comparing FP with either BDP or BUD. Of the 
71 studies included in this review, 33 compared FP to BDP (9 of those 33 were included in our 
review). Comparisons were stratified by FP: BDP/BUD dose ratios of 1:2 or 1:1. The pooled 
treatment effect of FP was compared to the pooled treatment effect for BDP and BUD. For the 
studies conducted at dose ratios of 1:2, pooled estimates indicate that FP-treated patients had 
fewer symptoms, required less rescue medication, and had a higher likelihood of pharyngitis (see 
Key Question 2) than those treated with BDP or BUD. There was no difference in exacerbations. 
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For the studies conducted at dose ratios of 1:1, individual studies and pooled estimates suggest 
no difference in symptoms, rescue medicine use, or the number of asthma exacerbations. 
Although we rated the quality of this review as good, the comparison of FP to the combined 
effect of BDP and BUD limits possible conclusions regarding the specific comparison of BDP to 
FP. 
  The other systematic review62 compared either CFC or HFA-propelled FP with HFA-
propelled extrafine BDP. The review included 9 studies (1265 participants) and found no 
statistically significant difference between treatments for symptom scores and quality of life. 

Of the 7 RCTs that compared BDP to FP,69,79,80,91,94,98,101,110 only 1was conducted 
exclusively in a population of children and adolescents aged 4-11.79 Asthma severity ranged 
from mild- to severe-persistent. Doses ranged from low to high; all studies included comparisons 
of equipotent doses of BDP and FP. Study duration ranged from 6 to 52 weeks. All but 2 
trials91,98,110 assessed asthma symptoms and rescue medicine use. 

Two fair-quality RCTs80,91 of 1 year duration compared high doses of FP to BDP in adult 
patients with moderate to severe asthma. One compared BDP 1500 mcg/day and FP 1500 
mcg/day taken via MDI80 while the other compared 1000 mcg FP/day to 2000 mcg per day BDP 
via MDI.91 Exacerbations defined as increase in asthma symptoms leading to change in therapy 
other than beta2-agonist occurred in 16% and 28% of patients taking FP and BDP (p<0.05)80 and 
in 39% and 48% of patients respectively (P=NS).91 There is low-strength evidence in adults that 
FP is better than BDP in proportion of patients with exacerbation (RR 0.71; 95% CI 0.51 to 
0.99). Two studies of 369 and 6110 months duration in adults reported higher number of 
exacerbations in FP versus BDP. Evidence for exacerbations is insufficient in children (16% 
treated with FP experienced an exacerbation versus 19% of children treated with BDP) based on 
a single study.79 There is also insufficient-strength evidence to draw any conclusions regarding 
comparative efficacy of FP or BDP in quality-of-life outcomes. Only 1 study reported on quality 
of life in adult patients with mild to severe asthma. Treatment with FP resulted in improved St. 
George’s Respiratory Questionnaire (SGRQ) total score at 6 months versus BDP.110 The mean 
change from baseline in total SGRQ total score was -59.3, -58 for FP, and BDP respectively.  
  There was moderate-strength evidence from two 12 week trials that FP is similar to BDP 
in nighttime awakening. One study of non-smoking adults compared low and medium doses of 
FP 88 mcg, 200 mcg or BDP 168 mcg and 336 mcg/day in patients with mild to and severe 
asthma.101 Comparison of combined drug effect of FP vs BDP found no significant difference 
between groups. The second trial compared high doses of BDP extrafine aerosol, Qvar Autohaler 
800 mcg/day, BUD Turbuhaler 1600 mcg/day and FP Diskus 1000 mcg/day with stratification 
for LABA use (2:1 yes:no) indicated non-inferiority for BDP versus FP in nocturnal awakening 
assessed by French Version of Juniper Asthma Control Questionnaire (95% CI -0.30 to 0.80) 94 
  There is insufficient evidence that FP is associated with higher mortality than BDP. A 12 
month study of patients with moderate to severe asthma receiving high dose 1500 mcg FP/day 
MDI reported 2 deaths compared to 1 death on patients taking 1500 mcg BDP/day MDI (RR 
1.86; 95% CI 0.25 to 14.11).80 
 
Beclomethasone dipropionate (BDP) compared with mometasone furoate (MF) 
Two fair-quality RCTs68,95 compared treatment with BDP and MF for 12 weeks. Both compared 
medium-dose BDP MDI (336 mcg/d) and multiple doses of MF DPI (low-dose 200 mcg/d and 
medium-dose 400 mcg/d in both studies, and high-dose 800 mcg/d in 1 study),68 in patients at 
least 12 years old with persistent asthma. Both studies found no statistically significant 
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differences between BDP and MF for symptoms, nocturnal awakenings, and rescue medicine 
use. 
 
Beclomethasone dipropionate (BDP) compared with triamcinolone acetonide (TAA) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared BDP with TAA. 
 
Budesonide (BUD) compared with ciclesonide (CIC) 
Five fair-quality multicenter RCTs meeting our inclusion criteria compared BUD with 
CIC.71,85,103,106,112 All 5 were 12 weeks in duration. One was conducted in children age 6-11106 
and 1 in adolescents 12-17 years old.112 One was conducted using subjects with mild to moderate 
persistent asthma, 2 with mild to severe, 1 with moderate to severe, and 1 with severe persistent 
asthma. Two trials only compared nonequivalent doses with CIC given at a higher relative dose 
than BUD.71,103 The 3 studies comparing equivalent doses were non-inferiority trials. All studies 
used dry powder formulations of BUD and HFA-MDI for CIC. All 5 trials evaluated outcomes 
for asthma symptoms and rescue medicine use and all but 185 reported exacerbations. All 5 trials 
were funded by pharmaceutical companies. 
  Overall, the evidence from the 3 studies comparing equivalent doses (low versus low or 
medium versus medium doses of ICSs) was consistent, finding CIC to be non-inferior to BUD. 
All 3 studies reported similar improvement in symptoms,85,106,112 rescue medication use,85,106,112 
and quality of life 106,112 for subjects treated with CIC and those treated with BUD. 
 
Budesonide (BUD) compared with flunisolide (FLUN) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared BUD to FLUN. 
 
Budesonide (BUD) compared with fluticasone propionate (FP) 
One previously-described systematic review and 8 head-to-head RCTs comparing FP to BUD 
met our inclusion criteria. The systematic review61 included studies comparing FP with BDP or 
BUD. Of the 71 studies included in this review, 37 compared FP to BUD. Comparisons were 
stratified by FP: BDP/BUD dose ratios of 1:2 or 1:1. The pooled treatment effect of FP was 
compared to the pooled treatment effect for BDP and BUD. For the studies conducted at dose 
ratios of 1:2, pooled estimates indicate that FP-treated patients had fewer symptoms, required 
less rescue medication, and had a higher likelihood of pharyngitis (see Key Question 2) than 
those treated with BDP or BUD. There was no difference in exacerbations. For the studies 
conducted at dose ratios of 1:1, individual studies and pooled estimates suggest no difference in 
symptoms, rescue medicine use, or the number of asthma exacerbations. Although we rated the 
quality of this review as good, the comparison of the effectiveness of BUD and FP cannot be 
clearly ascertained from this systematic review61 because the comparator group contains both 
BUD and BDP. 

Five fair-rated head-to-head RCTs meeting our inclusion criteria compared BUD to 
FP.82,87,94,102,110 Trial duration ranged from 12 to 26 weeks. One was conducted in children and 
adolescents; 82,884 were conducted in patients with moderate and/or severe persistent 
asthma,82,87,94,102 while 1 was conducted in patients with mild, moderate and severe asthma.110 
Two trials compared nonequivalent doses with FP given at a higher relative dose than BUD. 
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87,88,111 All but 1 study111 used dry powder formulations of both medications. Four trials 
evaluated outcomes for asthma symptoms and rescue medicine use.63,76,82,87,88,90,94,102 

Two fair-quality RCTs compared high doses of FP to high doses of BUD87,102 in adult 
patients with moderate to severe asthma. The duration of studies ranged between 12 and 24 
weeks. There is insufficient evidence to draw conclusions for exacerbations in adults. A higher 
proportion of exacerbations was reported in the 24-week study in patients taking FP compared to 
BUD. 87 However, in the 12 week study, more patients taking BUD reported exacerbations 
compared to FP.102 None of the studies reported any significant difference between groups 
(pooled relative risk 1.01, 95% CI 0.70 to 1.45). It should be noted that in the 24 week study, 
although both groups received 2000µg/day FP or BUD DPI high doses, the relative potency of 
FP is greater at the given dose. A 20-week double blind, double dummy trial in children 4-12 
years with moderate to severe asthma receiving medium doses of FP 400 mcg/day DPI or BUD 
800 mcg/day DPI reported similar results with no statistically significant difference between 2 
groups in exacerbations (RR 0.25, 95% CI 0.06 to 1.03) although the point estimate favored 
FP.82 Evidence for exacerbations in both adults and children is insufficient to support any 
conclusions about comparative effectiveness of BUD and FP. 

Another trial of 6 months duration in 225 patients experiencing mild to severe asthma 
reported number of exacerbations.110 Patients received FP 125 mcg/day or 200 mcg/day, BDP or 
BUD via MDI according to the disease severity based on GINA guidelines. Higher number of 
exacerbations were reported in patients taking BUD compared to FP (44 vs 34, p=NR). The same 
study reported quality of life using SGQL and found greater improvement with FP versus BUD. 
(p=NR between groups). 110 This evidence was insufficient to draw conclusions on the 
comparative efficacy of FP and BUD regarding quality of life.  
  A 24-week study in adults comparing FP 2000 mcg/day DPI to BUD 2000 mcg/ day DPI 
reported significantly fewer number of days absent from work when patients were treated with 
FP compared to BUD (p=0.012).87 Evidence is low-strength that FP is associated with better 
functional capacity compared to BUD in adults.  

 Three trials comparing equipotent doses of FP and BUD did not find any difference 
between drugs in symptoms and rescue medication use.82,94,102 A fourth trial87 compared non-
equivalent doses (relative potency of FP was greater at the doses given) and found FP to be 
superior to BUD for symptoms, rescue medicine use. 
 
Budesonide (BUD) compared with mometasone furoate (MF) 
One fair-quality 12-week RCT72 compared BUD and MF. The study randomized 730 persons 12 
years and older with moderate persistent asthma to medium dose (800 mcg/day) BUD or low-, 
medium-, or high-dose (200, 400, 800 mcg/day, respectively) MF.72 There were no statistically 
significant differences between medium-dose BUD and medium-dose MF for symptoms or 
nocturnal awakenings, but patients treated with medium-dose MF had a greater decrease in 
rescue medicine use than those treated with medium-dose BUD (-90.66 mcg/d compared with -
33.90 mcg/d; P < 0.05).  
 
Budesonide (BUD) compared with triamcinolone acetonide (TAA) 
One fair-rated 52-week RCT108 met our inclusion/exclusion criteria for this comparison. The trial 
randomized 945 adults ≥18 with mild, moderate, or severe persistent asthma to BUD DPI (mean 
dose at start and end: 941.9 and 956.8 mcg/d) or TAA pMDI (1028.2 and 1042.9 mcg/d, 
respectively). On average, patients were treated with medium doses, but starting doses and dose 
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adjustments were left to the discretion of the clinical investigator. Patients treated with BUD had 
greater improvements in symptom- and episode-free days (P<0.001), daytime and nighttime 
asthma symptom scores (P<0.001), and quality of life (P<0.001) than those treated with TAA. 
 
Ciclesonide (CIC) compared with flunisolide (FLUN) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared CIC to FLUN. 
 
Ciclesonide (CIC) compared with fluticasone propionate (FP) 
Eight fair-quality RCTs meeting our inclusion criteria compared CIC with FP.66,70,74,78,89,93,99,100 
Six were 12 weeks in duration, 1 was 24 weeks,78 and 1 was 6 months.66 Two enrolled 
children.99,100 Three were conducted in subjects with mild to severe persistent asthma; 2 in 
subjects with moderate persistent asthma;70,74 and 1 each in mild to moderate78 and moderate to 
severe persistent asthma.66 One trial did not report sufficient information to determine the 
severity of persistent asthma.89 All but 1 trial compared equipotent doses of ICSs. 89 Five of the 
trials comparing equipotent doses compared low dose CIC with low dose FP; 1 compared 
medium doses 70 and 1 compared high doses.66 All but 1 trial used HFA-MDI for delivery of 
both medications.70 All 8 RCTs were funded by pharmaceutical companies producing CIC. 
  Overall, the evidence from these studies supports the conclusion that there is no 
difference in the outcomes of interest between equipotent doses of CIC and FP. All 7 trials 
comparing equipotent doses reported non-inferiority of CIC compared to FP or no statistically 
significant difference for the outcomes of interest with 1 exception. All of the trials used some 
measure to assess symptoms and rescue medication use; all but 1 assessed exacerbations; and 4 
assessed quality of life. The 1 exception was reported in a 12-week trial of 474 subjects, which 
found greater improvement in quality of life with CIC versus FP (mean change from baseline in 
AQLQ: 0.29 vs. 0.11, P = 0.005 for 1-sided superiority).70 The same trial reported non-inferiority 
or no statistically significant difference between medications for symptoms. 
  We conducted meta-analyses of these studies for exacerbations, symptoms, and rescue 
medication use and found no statistically significant differences between CIC and FP (Appendix 
E). There was no statistically significant difference between CIC and FP for exacerbations 
requiring treatment with oral steroids (OR 0.97, 95% CI: 0.50 to 1.88), improvement in symptom 
scores (SMD 0.016, 95% CI: -0.05 to 0.08), or change in rescue medication use (SMD 0.03, 95% 
CI: -0.03 to 0.09). There was no significant statistical heterogeneity for any of these analyses (I2 
= 0 for all). 
 
Ciclesonide (CIC) compared with mometasone furoate (MF) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared CIC with MF. 
 
Ciclesonide (CIC) compared with triamcinolone acetonide (TAA) 
We did not identify any good or fair-quality systematic reviews or head-to-head trials that 
compared CIC with TAA. 
 
Flunisolide (FLUN) compared with fluticasone propionate (FP) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared FLUN to fluticasone propionate. 
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Flunisolide (FLUN) compared with mometasone furoate (MF) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared BDP to FLUN. 
 
Flunisolide (FLUN) compared with triamcinolone acetonide (TAA) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared BDP to FLUN. 
 
Fluticasone propionate (FP) compared with mometasone furoate (MF) 
Two fair-rated trials comparing FP with MF met our inclusion/exclusion criteria.86,97,107 One fair-
rated dose-ranging study (N = 733) conducted in 60 study centers compared medium-dose FP 
(500 mcg/day) to low-, medium-, and high-dose MF (200, 400, and 800 mcg/day, respectively) 
in 733 patients 12 years and older with moderate persistent asthma.97 The investigators found no 
statistically significant differences at endpoint between patients treated with medium-dose FP 
and those treated with medium- and high-dose MF with respect to wheeze and cough scores, 
nighttime awakenings, or rescue medication use (P>0.05 for all). However, patients treated with 
medium-dose FP had significantly greater improvement in the number of nighttime awakenings 
(P < 0.05) than did those treated with low-dose MF. In addition, patients on medium-dose FP 
had significantly better morning difficulty breathing scores than did patients on either low- or 
medium-dose MF (P<0.05). 
  A second study was a multinational trial (N=203) that compared high dose MF (800 
mcg/day) with high dose FP (1000 mcg/day) for 12 weeks.86 The investigators found no 
statistically significant differences at endpoint with respect to rescue medication use, symptoms, 
and exacerbations.  
 
Fluticasone propionate (FP) compared with triamcinolone acetonide (TAA) 
Three fair-rated trials comparing FP to TAA met our inclusion/exclusion criteria.64,75,83 Only 1 of 
the 3 trials comparing equipotent doses64 found greater improvements in subjects treated with 
FP. The other 2 trials comparing non-equipotent doses75,83 reported greater improvements for FP-
treated subjects for some outcomes and no difference for the others.  

The trial comparing equipotent doses64 was a 12-week, multicenter RCT (N = 680) 
comparing medium-dose FP MDI (440 mcg/d), medium-dose TAA MDI (1200 mcg/d), and the 
combination of FP (196 mcg/d) and salmeterol (SM). Subjects were at least 12 years of age and 
were poorly controlled on ICS therapy. Fluticasone propionate-treated subjects had better 
improvements in symptoms, nighttime awakenings, and rescue medicine use. 

The 2 studies comparing non-equipotent doses were similarly designed fair-quality 
RCTs75,83 conducted in 24 outpatient centers. Subjects in both were randomized to medium-dose 
FP (500 mcg/day by DPI), low-dose TAA (800 mcg/day by MDI with spacer), or placebo for 24 
weeks. Both were conducted in subjects 12 years or older previously treated with ICS. No 
differences were found in symptom scores or in the percentage of symptom-free days. Subjects 
treated with FP had greater improvements in rescue medicine requirements in both studies than 
those treated with TAA. One of the trials reported greater improvement in nighttime 
awakenings83 for those treated with FP, but the other reported no difference.75 One reported 
significantly better improvements in quality of life for FP-treated patients compared to TAA-
treated patients.83 
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Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Beclomethasone compared with budesonide   

Adams et al. 200060 Systematic review with meta-
analysis 
 
24 studies (1174 subjects), 5 
parallel, 19 cross-over (2 had a 
washout) 
 
Range 2 weeks to 2 years; 50% 
were 2-4 weeks 

Majority in Europe 
 
24 trials (6 trials in children, 18 in adults)  

BDP 
compared with 
BUD 
 
all studies assessed equal nominal 
daily doses of BDP and BUD 

Good 

Molimard et al. 200594  RCT, open-label 
 
460 
 
12 weeks 

France 
 
Age 18-60, moderate to severe persistent, not 
controlled on ICS, smoking status NR 
 
Multicenter, subspecialty clinics (69 
pulmonologists) 

BDP MDI (800)  
compared with  
BUD DPI (1600)  
compared with  
FP DPI (1000) 

Fair 

Padukudru et al110 RCT, open label 
 
225 
 
6 months 

India 
 
Mean Age 35.8 years, mild to severe, steroid 
naïve 

BDP MDI(200) 
BUD MDI (200) 
 

Fair 

Beclomethasone compared with ciclesonide  

No systematic reviews or head-to-head trials found  

Beclomethasone compared with flunisolide  

No systematic reviews or head-to-head trials found   
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Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Beclomethasone compared with fluticasone   

Adams et al. 200761  Systematic review with meta-
analysis 
 
71 trials (14,602 participants), 59 
parallel, 14 cross-over (4 had a 
washout) 
 
Majority of studies (47) were 
between 6 weeks and 5 months; 14 
were ≤4 weeks 

Multinational (most in Europe) 
 
Severity ranged from mild to severe persistent 

FP compared with BDP (33 trials) 
 
FP compared with BUD (37) 
 
FP compared with BDP/BUD (2) 
 
38 studies had FP:BDP/BUD dose 
ratio of 
1:2; 22 had dose ratio 1:1; remainder 
had multiple dose ratio comparisons 
or ratio was unclear  

Good 

Lasserson et al. 201062  Systematic review with meta-
analysis 
 
9 trials (1265 participants) 
 
3 to 12 weeks 

Multinational (most in Europe) 
 
Severity ranged from mild to severe persistent 

FP compared with extrafine HFA BDP 
 
  

Good 

Boe et al. 199469  RCT, DB 
 
134 
 
12 weeks 

Norway 
 
Age ≥ 18, poorly controlled, 34% smokers 
 
Multicenter 

FP DPI (1600)  
compared with  
BDP DPI (2000) 

Fair 

de Benedictis et al. 
200179  

RCT, DB 
 
434 
 
52 weeks 

Multinational (7 countries: Holland, Hungary, 
Italy, Poland, 
Argentina, Chile, South Africa) 
 
Age 4-11, prepubertal, severity and smoking 
status NR 
 
Multicenter (32) 

FP DPI (400)  
compared with  
BDP DPI (400) 

Fair 
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Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Fabbri et al. 199380  RCT, DB 
 
274 
 
12 months (daily symptom outcomes 
collected for initial 12 weeks) 

Multinational (10 European) 
 
Age 12-80, moderate to severe, not controlled on 
ICS, 11% smokers 
 
Multicenter (25) 

FP MDI (1500)  
compared with 
BDP MDI (1500) 

Fair 

Lorentzen et al. 199691  RCT, DB 
 
213 
 
12 months 

Multinational (7, Europe) 
 
Age 18-77, severe, well controlled on high dose 
ICS, 19% smokers 
 
Multicenter (20 outpatient clinics) 

FP MDI (1000)  
compared with  
BDP MDI (2000) 

Fair 

Molimard et al. 200594  RCT, open-label 
 
460 
 
12 weeks 

France 
 
Age 18-60, moderate to severe persistent, not 
controlled on ICS, smoking status NR 
 
Multicenter, subspecialty clinics (69 
pulmonologists) 

BDP MDI (800)  
compared with  
BUD DPI (1600)  
compared with  
FP DPI (1000) 

Fair 

Padukudru et al110 RCT, open label 
 
225 
 
6 months 

India 
 
Mean Age 35.8 years, mild to severe, steroid 
naïve 

BDP MDI(200) 
FP MDI (125) 
 

Fair 

Raphael et al. 1999101  RCT, DB, DD 
 
399 
 
12 weeks 

US 
 
Age ≥ 12 years, mild to severe, not controlled on 
ICS, smokers excluded 
 
Multicenter, specialty asthma and primary care 
centers (23) 

FP MDI (164)  
compared with  
FP MDI (440)  
compared with  
BDP MDI (336)  
compared with  
BDP MDI (672) 

Fair 
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Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Beclomethasone compared with mometasone furoate   
Bernstein et al. 199968  RCT, DB, DD 

 
365 
 
12 weeks 

US 
 
Age ≥12, mild to moderate, on ICS, smokers 
excluded 
 
Multicenter (20) 

Mometasone furoate DPI (200)  
vs.  
Mometasone furoate DPI (400)  
vs.  
Mometasone furoate DPI (800)  
vs.  
BDP MDI (336)  
vs.  
placebo 

Fair 

Nathan et al. 200195 RCT, DB, DD 
 
227 
 
12 weeks 

US 
 
Age ≥ 12, moderate, on ICS, smokers excluded 
 
Multicenter (15) 

Placebo  
vs.  
Mometasone furoate DPI (200)  
vs.  
Mometasone furoate DPI (400)  
vs.  
BDP MDI (336) 

Fair 

Beclomethasone compared with triamcinolone acetonide   
No systematic review or head- to- head trials found   

Budesonide compared with ciclesonide  

Boulet et al. 200671 RCT, DB, DD 
 
359 
 
12 weeks 

Multinational - Canada and Europe 
 
Age 12-75, mild to moderate, on ICS, heavy 
smokers or ex-smokers excluded (>10 
cigarettes/day) 
 
Multicenter 

CIC HFA-MDI (320) 
vs. 
BUD DPI (320) 

Fair 

Hansel et al. 200685 RCT 
 
554 
 
12 weeks 

Multinational - Europe 
 
Age 12-75, mild to severe, on ICS, 9% smokers 
 
Multicenter 

CIC HFA-MDI (80) 
vs. 
CIC HFA-MDI (320) 
vs. 
BUD DPI (400) 

Fair 
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Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Ukena et al. 2007103 RCT, DB, DD 
 
399 
 
12 weeks 

Germany 
 
Age 12-75, mild to severe, smokers excluded 
 
Multicenter 

CIC HFA-MDI (320) 
vs. 
BUD DPI (400) 

Fair 

Vermeulen et al. 
2007112 

RCT, DB, DD 
 
403 
 
12 weeks 

Multinational - Hungary, Poland, 
Serbia/Montenegro, South Africa, Spain 
 
Age 12-17, severe, not controlled on ICS, 
excluded smokers 
 
Multicenter 

CIC HFA-MDI (320) 
vs. 
BUD DPI (800) 

Fair 

von Berg et al. 2007106 RCT, DB, DD 
 
621 
 
12 weeks 

Multinational - Australia, Germany, Hungary, 
Poland, Portugal, Serbia and Montenegro, South 
Africa and Spain 
 
Age 6-11, moderate to severe, smoking status 
NR 
 
Multicenter 

CIC HFA-MDI (160) 
vs. 
BUD DPI (400) 

Fair 

Budesonide compared with flunisolide  
No systematic review or head-to-head trials found  

Budesonide compared with fluticasone  
Adams et al. 200761  Systematic review with meta-

analysis 
 
71 trials (14,602 participants), 59 
parallel, 14 cross-over (4 had a 
washout) 
 
Majority of studies (47) were 
between 6 weeks and 5 months; 14 
were ≤4 weeks 

Multinational (most in Europe) 
 
Severity ranged from mild to severe persistent 

FP vs. BDP (33 trials) 
 
FP vs. BUD (37) 
 
FP vs. BDP/BUD (2) 
 
38 studies had FP:BDP/BUD dose 
ratio of 
1:2; 22 had dose ratio 1:1; remainder 
had multiple dose ratio comparisons 
or ratio was unclear  

Good 
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Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Ferguson et al. 199982  RCT, DB, DD 
 
333 
 
20 weeks 

Multinational (6 countries worldwide) 
 
Ages 4-12, moderate to severe, on ICS, smoking 
status NR 
 
Multicenter 

FP DPI (400)  
vs.  
BUD DPI (800) 

Fair 

Heinig et al. 199987  RCT, DB, DD 
 
395 
 
24 weeks 

Multinational (Belgium, Canada, Denmark, 
Netherlands) 
 
Age 18-75, severe, not controlled on ICS, 15% 
current smokers 
 
Multicenter (47) 

FP DPI (2000)  
vs.  
BUD DPI (2000) 

Fair 

Molimard et al. 200594  RCT, open-label 
 
460 
 
12 weeks 

France 
 
Age 18-60, moderate to severe persistent, not 
controlled on ICS, smoking status NR 
 
Multicenter, subspecialty clinics (69 
pulmonologists) 

BDP MDI (800)  
vs.  
BUD DPI (1600)  
vs.  
FP DPI (1000) 

Fair 

Padukudru et al110 RCT, open label 
 
225 
 
6 months 

India 
 
Mean Age 35.8 years, mild to severe, steroid 
naïve 

BUD MDI(200) 
FP MDI (125) 
 

Fair 

Ringdal et al. 1996102  RCT, DB, DD 
 
518 
 
12 weeks 

Multinational 
 
Age 18-75, moderate to severe, not controlled on 
ICS, 19% smokers 
 
Multicenter 

FP DPI (800)  
vs.  
BUD DPI (1600) 

Fair 
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Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Budesonide compared with mometasone furoate  
Bousquet et al. 200072  RCT, single-blind 

 
730 
 
12 weeks 

Multinational (17) 
 
Age ≥ 12, moderate, on ICS, smokers excluded 
 
Multicenter (57) 

Mometasone furoate DPI (200)  
vs.  
Mometasone furoate DPI (400) 
vs.  
Mometasone furoate DPI (800)  
vs.  
Budesonide DPI (800) 

Fair 

Budesonide compared with triamcinolone acetonide  
Weiss et al. 2004108  RCT 

 
945 
 
52 weeks 

US 
 
Age ≥ 18, mild to severe, smoking status NR 
 
Multicenter, patients from 25 managed care 
plans 

BUD DPI (mean dose at start and 
end: 941.9 and 956.8 mcg/d)  
vs.  
TAA pMDI (1028.2/1042.9 mcg/d) 

Fair 

Ciclesonide compared with flunisolide  

No systematic reviews or head-to-head trials found  

Ciclesonide compared with fluticasone  

Bateman 200866 RCT 
 
528 
 
6 months 

Multinational - Europe, North America, South 
Africa 
 
Age 12-75, moderate to severe, on ICS, 33% ex-
smokers or current smokers 
 
Multicenter 

CIC HFA-MDI (640) 
vs. 
FP HFA-MDI (660) 

Fair 

Boulet 200770 RCT 
 
474 
 
12 weeks 

Multinational - Austria, Canada, Germany, 
Hungary, South Africa, Spain 
 
Age 12-75, moderate, 30% ex-smokers or 
current smokers 
 
Multicenter 

CIC HFA-MDI (320) 
vs. 
FP DPI (400) 

Fair 

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 42 of 192



                                                                                                  
  

 
 

Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Buhl 200674 RCT 
 
529 
 
12 weeks 

Multinational - Germany, Austria, The 
Netherlands, Spain, Hungary, Poland, South 
Africa 
 
Age 12-75, moderate, on ICS, smoking status 
NR 
 
Multicenter 

CIC HFA-MDI (160) 
vs. 
FP HFA-MDI (176) 

Fair 

Dahl 201078 RCT, DB, DD 
 
480 
 
24 weeks 
 
 

Multinational – Austria, Canada, Germany, 
Poland, and South Africa 
 
Age 12-75, on ICS, mild to moderate, excluded 
current and ex-smokers with ≥ 10 pack-year 
history, 22-31% current or ex-smokers enrolled 
 
Multicenter 

CIC HFA-MDI (80) 
vs. 
FP HFA-MDI (200) 

Fair 

Knox 200789 RCT 
 
111 
 
12 weeks 

United Kingdom, Belgium 
 
Age 17-75, on ICS, severity NR, 2-3% smokers 
 
Multicenter 

CIC HFA-MDI (160) 
vs. 
FP HFA-MDI (500) 

Fair 

Magnussen 200793 RCT 
 
808 
 
12 weeks 

Multinational - Germany, Poland, Czech 
Republic, France, Italy, The Netherlands, 
Slovakia, Spain 
 
Age >12, mild to severe, 21-24% ex- and current 
smokers 
 
Multicenter 

CIC HFA-MDI (80) 
vs. 
CIC HFA-MDI (160) 
vs. 
FP HFA-MDI (176) 

Fair 

Pedersen 200999 RCT 
 
744 
 
12 weeks 

Multinational - Brazil, Germany, Hungary, 
Poland, Portugal, South Africa 
 
Age 6-11, mild to severe, smoking status NR 
 
Multicenter 

CIC HFA-MDI (80) 
vs. 
CIC HFA-MDI (160) 
vs. 
FP HFA-MDI (176) 

Fair 

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 43 of 192



                                                                                                  
  

 
 

Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Pedersen 2006100 RCT 
 
556 
 
12 weeks 

Multinational - 8 countries 
 
Age 6-15, mild to severe, excluded current 
smokers 
 
Multicenter 

CIC HFA-MDI (160) 
vs. 
FP HFA-MDI (176) 

Fair 

Ciclesonide compared with mometasone furoate  

No systematic reviews or head-to-head trials found  

Ciclesonide compared with triamcinolone acetonide  

No systematic reviews or head-to-head trials found  

Flunisolide compared with fluticasone  
No systematic reviews or head-to-head trials found  
Flunisolide compared with mometasone furoate  
No systematic reviews or head-to-head trials found  

Flunisolide compared with triamcinolone acetonide  
No systematic reviews or head-to-head trials found  

Fluticasone compared with mometasone furoate  
Harnest et al. 200886 RCT 

 
203 
 
12 weeks 

Multinational 
 
Age ≥18, moderate to severe, on ICS, smoking 
status NR 
 
Multicenter 

MF DPI (800) 
vs. 
FP DPI (1000) 

Fair 

O’Connor et al. 2001 97  RCT, DB 
 
733 
 
12 weeks 

Multinational (20) 
 
Age ≥12, moderate, on ICS, excluded smokers 
 
Multicenter,  
University hospitals 

MF DPI (200)  
vs.  
MF DPI (400)  
vs.  
MF DPI (800)  
vs.  
FP DPI (500) 

Fair 
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Table 8. Characteristics of head-to-head studies comparing inhaled corticosteroids in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Fluticasone compared with triamcinolone acetonide  
Baraniuk et al. 199964  RCT, DB, triple- dummy 

 
680 
 
12 weeks 

US 
 
Age ≥12, not controlled on ICS, excluded 
smokers  
 
Multicenter, 
Pulmonary/allergy medicine clinics (50) 

FP MDI (196) + Salmeterol (84) vs.  
FP MDI (440)  
vs.  
TAA MDI (1200) 

Fair 

Condemi et al. 199775  RCT, DB, DD 
 
291 
 
24 weeks 

US 
 
Age ≥12, persistent asthma, on ICS, excluded 
smokers 
 
Multicenter (24 outpatient centers) 

FP DPI (500)  
vs.  
TAA MDI (800)  
vs.  
placebo 

Fair 

Gross et al. 199883  RCT, DB, DD 
 
304 
 
24 weeks 

US 
 
Age ≥12, mild to moderate, on ICS, excluded 
smokers 
 
Multicenter (24 respiratory care or allergy 
University Clinics) 

FP DPI (500)  
vs.  
TAA MDI (800)  
vs.  
placebo 

Fair 

Abbreviations: AQLQ = Asthma Quality of Life Questionnaire; BDP = beclomethasone dipropionate; BUD = Budesonide; CI =confidence interval; CIC = ciclesonide; DB = double-blind; 
DD = double dummy; DPI = dry powder inhaler; FLUN = Flunisolide; FP = Fluticasone Propionate; FrACQ = French version of the Juniper Asthma Control Questionnaire; ICS = 
Inhaled Corticosteroids; MA=meta-analysis; MDI = metered dose inhaler; NR = not reported; NS = not statistically significant; OR= odds ratio; QOL = quality of life; RCT= randomized 
controlled trial; SMD = standard mean difference; SR=systematic review; TAA = Triamcinolone Acetonide. 
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Table 9. Characteristics of head-to-head studies comparing inhaled corticosteroids that included children 

Study 

Study Design 
N 
Duration Study Population 

Comparison 
(total daily dose) Quality Rating 

Beclomethasone compared with budesonide  
Adams, N et al. 
200060 

Systematic review with meta-analysis 
 
24 studies (1174 subjects), 5 parallel, 
19 cross-over (2 had a washout) 
 
Range 2 weeks to 2 years; 50% were 
2-4 weeks 

Majority in Europe 
 
24 trials (6 trials in children, 18 in adults) 

BDP 
vs. 
BUD 
 
all studies assessed equal nominal 
daily doses of BDP and BUD 

Good 

Beclomethasone compared with fluticasone  
Adams, et al. 
200761 

Systematic review with meta-analysis 
 
71 trials (14,602 participants), 59 
parallel, 14 cross-over (4 had a 
washout) 
 
Majority of studies (47) were between 
6 weeks and 5 months; 14 were ≤ 4 
weeks 

Multinational (most in Europe) 
 
Severity ranged from mild to severe 
persistent 

FP vs. BDP (33 trials) 
 
FP vs. BUD (37) 
 
FP vs. BDP/BUD (2) 
 
38 studies had FP: BDP/BUD dose 
ratio of 
1:2; 22 had dose ratio 1:1; remainder 
had multiple dose ratio comparisons 
or ratio was unclear 

Good 

Lasserson et al. 
201062  

Systematic review with meta-analysis 
 
9 trials (1265 participants) 
 
3 to 12 weeks 

Multinational (most in Europe) 
 
Severity ranged from mild to severe 
persistent 
 
2/9 trials in children 

FP compared with extrafine HFA 
BDP 
 
  

Good 

De Benedicts et al. 
200179 

RCT, DB 
 
434 
 
52 weeks 

Multinational (7 countries: Holland, 
Hungary, Italy, Poland, 
Argentina, Chile, South Africa) 
 
Age 4-11, prepubertal, severity and 
smoking status NR 
 
Multicenter (32) 

FP DPI (400) 
vs. 
BDP DPI (400) 

Fair 
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Table 9. Characteristics of head-to-head studies comparing inhaled corticosteroids that included children 

Study 

Study Design 
N 
Duration Study Population 

Comparison 
(total daily dose) Quality Rating 

Budesonide compared with ciclesonide  
von Berg et al. 
2007106 

RCT, DB, DD 
 
621 
 
12 weeks 

Multinational - Australia, Germany, 
Hungary, Poland, Portugal, Serbia and 
Montenegro, South Africa and Spain 
 
Age 6-11, moderate to severe, smoking 
status NR 
 
Multicenter 

CIC HFA-MDI (160) 
vs. 
BUD DPI (400) 

Fair 

Budesonide compared with fluticasone  
Adams et al. 200761 Systematic review with meta-analysis 

 
71 trials (14,602 participants), 59 
parallel, 14 cross-over (4 had a 
washout) 
 
Majority of studies (47) were between 
6 weeks and 5 months; 14 were ≤ 4 
weeks 

Multinational (most in Europe) 
 
Severity ranged from mild to severe 
persistent 

FP vs. BDP (33 trials) 
 
FP vs. BUD (37) 
 
FP vs. BDP/BUD (2) 
 
38 studies had FP:BDP/BUD dose 
ratio of 
1:2; 22 had dose ratio 1:1; remainder 
had multiple dose ratio comparisons 
or ratio was unclear 

Good 

Ferguson et al. 
199982 

RCT, DB, DD 
 
333 
 
20 weeks 

Multinational (6 countries worldwide) 
 
Ages 4-12, moderate to severe, on ICS, 
smoking status NR 
 
Multicenter 

FP DPI (400) 
vs. 
BUD DPI (800) 

Fair 

Ciclesonide compared with fluticasone  
Pedersen 200999 RCT 

 
744 
 
12 weeks 

Multinational - Brazil, Germany, Hungary, 
Poland, Portugal, South Africa 
 
Age 6-11, mild to severe, smoking status 
NR 
 
Multicenter 

CIC HFA-MDI (80) 
vs. 
CIC HFA-MDI (160) 
vs. 
FP HFA-MDI (176) 

Fair 
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Table 9. Characteristics of head-to-head studies comparing inhaled corticosteroids that included children 

Study 

Study Design 
N 
Duration Study Population 

Comparison 
(total daily dose) Quality Rating 

Pedersen 2006100 RCT 
 
556 
 
12 weeks 

Multinational - 8 countries 
 
Age 6-15, mild to severe, excluded 
current smokers 
 
Multicenter 

CIC HFA-MDI (160) 
vs. 
FP HFA-MDI (176) 

Fair 

Abbreviations: AQLQ = Asthma Quality of Life Questionnaire; BDP = beclomethasone dipropionate; BUD = Budesonide; CI = confidence interval; CIC = ciclesonide; DB = double-blind; 
DD = double dummy; DPI = dry powder inhaler; FP = Fluticasone Propionate; MA = meta-analysis; MDI = metered dose inhaler; NR = not reported; NS = not statistically significant; 
OR= odds ratio; QOL = quality of life; RCT= randomized controlled trial; SMD = standard mean difference; SR=systematic review. 
.  
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B. Leukotriene Modifiers (LMs) 
Summary of findings 
Asthma. We found 2 fair-rated head-to-head trials comparing a leukotriene modifier (LM) with 
another that met most inclusion/exclusion criteria for our updated review (Table 10).113,114 One 
trial compared montelukast (ML) and zafirlukast at recommended doses in adults with mild 
persistent asthma, and reported no statistically significant differences between groups in rescue 
medicine use and quality of life (Appendix E, Table E-2). Because this study included only 40 
subjects, it would not have met inclusion criteria for this streamlined update. However, because 
of limited evidence available for this drug class, we felt the data were still useful to include. 
Another trial comparing ML to zileuton (ZIL) in 227 adults in India with mild to moderate 
asthma suggested slightly greater improvement in symptoms with ZIL, but did not show 
differences in rescue medicine use. We found no head-to-head trials comparing zafirlukast to 
ZIL. In addition, we found no head-to-head trials in children, or any trials of LMs in patients 
with COPD. 

Overall, limited head-to-head evidence from 2 short-term studies (12 weeks) does not 
support differences between LMs in ability to decrease rescue medicine use or improve quality 
of life in patients with asthma, though symptoms improved slightly more with ZIL than ML in 
patients in India.  

 
COPD. Leukotriene modifiers are approved for asthma only, and we found no evidence 
comparing a LM to another in patients with COPD.  
 
Detailed assessment 
Head-to-head comparisons 
Montelukast (ML) compared with zafirlukast (ZAF) 
One fair-quality, 12-week,113 head-to-head trial comparing ML to zafirlukast in patients with 
asthma met the inclusion/exclusion criteria for our review. The trial compared the effect of ML 
(10 mg/day) and zafirlukast (40 mg/day) on quality of life and rescue medication use and 
enrolled 40 adults with mild persistent asthma from a subspecialty respiratory pathophysiology 
center in Italy. At endpoint, improvement in beta-agonist use was not significantly different 
between ML- and zafirlukast-treated patients. Improvements in asthma-related quality of life 
(AQLQ) also appeared similar between the 2 treatment groups, but a statistical comparison was 
not reported and given the small sample size evidence was insufficient to compare quality of life 
between the 2 drugs (Appendix E, Table E-2). 
 
Montelukast (ML) compared with zileuton (ZIL)  
A somewhat larger, fair-quality trial114 compared ML with ZIL in adults in India with mild to 
moderate chronic asthma. Effects of 12 weeks of treatment with ML (10 mg/d, 1 daily dose) or 
ZIL (2,400 mg/d, two 600 mg tablets twice daily) on symptoms and the use of rescue 
medications were assessed. The effect of symptoms on activities and sleep was measured on a 4-
point scale for each of 4 asthma symptoms, with an overall score summed across symptoms 
(range 0 to 16 points, where 0 indicates no symptoms). Between baseline and 12 weeks, overall 
scores for subjects treated with ZIL dropped 5.0 points (95% CI 4.6-5.4), and those for ML 4.2 
points (95% CI 3.8-4.7); though CIs overlapped (p= 0.018). Decline in rescue medicine use did 
not differ between the 2 treatment groups (p=0.445).  
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Zafirlukast (ZAF) compared with zileuton (ZIL) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared zafirlukast (ZAF) to ZIL in subjects with asthma or COPD. 
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Table 10. Characteristics of head-to-head studies comparing leukotriene modifiers in children and adults with 
asthma 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose 
 in mg/day) Quality rating 

Montelukast compared with zafirlukast 

Riccioni et al.113 RCT 
 
40 
 
12 weeks 

Italy 
 
Age ≥12, mild, smoking status NR 
 
Respiratory Pathophysiology Center 

ML (10)  
compared with  
ZAF (40)  

Fair 

Montelukast compared with zileuton 

Kubavat et al114 RCT 
 
227 
 
12 weeks 

India 
 
Age 18-65, smoking NR 
 
6 centers, not described 

ML (10)  
compared with  
ZIL (2,400) 

Fair 

Zafirlukast compared with zileuton 
No systematic reviews or head-to-head trials found 

Abbreviations: AQLQ = Asthma Quality of Life Questionnaire; ML = Montelukast; NR = not reported; NS = not statistically significant; RCT= randomized controlled trial; ZAF = 
Zafirlukast.; ZIL = Zileuton 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X;  
Drug X > Drug Y trend = point estimate favors Drug X, but the difference is not statistically significant or tests of statistical significance were NR;  
No difference = no statistically significant difference or tests of statistical significance were not reported and outcomes are similar.
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C. Long-Acting Beta-2 Agonists (LABAs) 
Summary of findings 
We found 3 fair-quality RCTs in patients with asthma115-118 that included head-to-head 
comparisons of 1 LABA with another LABA and met our inclusion/exclusion criteria (Table 11). 
All were published before 2010, when the FDA issued a boxed warning against use of LABAs as 
monotherapy in patients with asthma (see Key Question 2). Two compared eformoterol (eFM) 
with SM115,116 and 1 compared formoterol (FM) with SM.117,118 (Of note, FM was formerly 
known as eFM in the UK and these are generally considered the same drug.) Overall, results 
from 3 efficacy studies provide moderate evidence (Appendix E, Table E-3) that LABAs do not 
differ in their ability to control asthma symptoms, prevent exacerbations, improve quality of life, 
and prevent hospitalizations or emergency visits in patients with persistent asthma not controlled 
on ICSs alone. 

For this update we found no additional trials comparing LABAs in patients with asthma, 
but did find 6 new trials in patients with COPD.119-123 Three trials122-124 compared the new LABA 
indacaterol (IC) (FDA-approved in 2011) with SM, and another compared IC with FM.119 One 
trial125 compared arformoterol (ARF) with FM, and the final trial compared FM delivered with a 
nebulizer to FM via dry powder inhaler. Few deaths occurred in these trials, and none provided 
sufficient evidence to compare mortality across LABAs. There were no statistically significant 
differences between drugs in risk of exacerbations or improvements in quality of life with 1 
exception: quality of life favored IC at the midpoint of 1 trial,123 but by the end of the trial the 
difference was not statistically significant. There was also a trend towards improved 
exacerbation and quality of life outcomes for FM versus ARF.  
 
Detailed assessment 
Description of studies 
Of the 3 asthma trials, 2 compared eFM with SM and 1 compared FM with SM (Table 11). Study 
duration ranged from 8 weeks to 6 months. The most commonly used delivery devices were 
MDIs and DPIs: 2 studies compared DPI to DPI; 1 study compared DPI to DPI and to MDI 
(eFM DPI compared with SM DPI compared with SM MDI).116  

Two of the 6 COPD trials used nebulizers; the only trial including ARF delivered both 
doses via a nebulizer, and 1 trial compared nebulized FM to FM via DPI.120 All other drugs in 
the COPD trials were delivered via DPI. The durations of the COPD trials ranged from 12 weeks 
to 1 year. Another trial, with open-label design comparing FM and SM over 6 months, was rated 
poor for efficacy but fair for harms and is discussed in Key Question 2 below.126  
 
Study populations 
The 3 head-to-head asthma RCTs included a total of 1,107 subjects. Two were conducted 
primarily in adult populations,115,117,118 and 1116 in a pediatric and adolescent population (age 6-
17) (Table 11). Two trials were conducted in the UK and Republic of Ireland115,116 and 1 was 
conducted in France, Italy, Spain, Sweden, Switzerland and the UK.117,118 Asthma severity 
ranged from mild to severe persistent: 1 study was conducted in patients with mild to moderate 
persistent asthma,115 1 in patients with moderate persistent,116 and 1 in patients with moderate to 
severe persistent.117,118 All 3 trials enrolled subjects that were not adequately controlled on ICSs. 
Smoking status was not reported for the pediatric/adolescent trial.116 The other 2 studies (66%) 
allowed smokers and reported that 14% to 24% in each group smoked. 
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The 6 COPD trials included a total of 3,957 patients treated with a LABA. One of the 
COPD trials recruited subjects age 35 and older,125 and the other 5 RCTs enrolled subjects age 
40 and older. Many patients were current smokers, ranging from 45% to 52% of subjects in the 4 
studies that reported these data. Two trials were conducted in the United States, 1 in Japan,124 
and the other 3 were multinational, 1 including patients in the United States.119,122,123 
 
Sponsorship 
Of the 3 head-to-head trials in patients with asthma, 2 were funded by pharmaceutical 
companies; 1 trial did not report the source of funding, but at least 1 author had a primary 
affiliation with a pharmaceutical company. All 6 studies in COPD patients were funded by 
pharmaceutical companies.  
 
Head-to-head comparisons 
Arformoterol (ARF) compared with formoterol (FM) 
Asthma. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared ARF to FM in patients with asthma. 
 
COPD. One fair-quality trial125 compared ARF with FM in patients with COPD. The trial 
recruited 444 patients age 35 and older from 62 centers in the United States. During 6 months of 
treatment subjects received ARF 30 mcg daily or 50 mcg daily, administered with a nebulizer, or 
24 mcg of FM via DPI. The trial provided low-strength evidence that exacerbation rates were 
similar between ARF and FM patients (Appendix E, Table E-12). Patients taking ARF had a 
somewhat higher risk of 1 or more exacerbations than those taking FM, with RR 1.44 (95% CI 
0.99 to 2.10) for 30 mcg and RR 1.36 (95% CI 0.93 to 2.01) for 50 mcg of ARF; however, 
differences were not statistically significant. Quality of life, measured by the St George’s 
Respiratory Questionnaire, improved between baseline and the end of treatment by 6.8 points for 
patients taking FM and 3.7 points for those taking either ARF dose, but CIs overlapped between 
the 3 arms. Rescue medicine use declined and dyspnea symptoms improved to a similar degree 
in all 3 treatment arms. The trial provided insufficient evidence to compare mortality between 
the groups; only 1 death occurred in the study, in a patient taking 50 mcg ARF (Appendix E, 
Table E-12 ). 
 
Arformoterol (ARF) compared with salmeterol (SM) 
We did not identify any good or fair-quality systematic reviews or head-to-head trials that 
compared ARF to SM in patients with asthma or COPD. 
 
Eformoterol (eFM) compared with salmeterol (SM) 
Asthma. Two fair-quality RCTs meeting our inclusion/exclusion criteria compared eFM with 
SM.115,116 Both enrolled patients not adequately controlled on ICSs and were conducted in the 
UK and Republic of Ireland. The first was an 8-week trial that enrolled 469 adolescents and 
adults ≥12 years of age with mild to moderate persistent asthma.115 The other was a 12-week trial 
that enrolled 156 children and adolescents between 6 and 17 years of age with moderate 
persistent asthma.116 

Both trials assessed asthma symptoms, nocturnal awakenings, and exacerbations. One 
trial also reported hospital admission or visits to A&E (accident and emergency departments)115 
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while the other study also reported rescue medication use, quality of life, missed work, missed 
school, and compliance.116 The trials found no difference between those treated with eFM and 
those treated with SM for all outcomes except for rescue medicine use: 1 trial116 found a greater 
decrease in rescue medicine use in those treated with eFM than in those treated with SM.  
 
COPD. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared eFM to SM in patients with COPD. 
 
Formoterol (FM): nebulized compared with dry powder inhaler 
Asthma. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared FM administered via nebulizer versus DPI in subjects with asthma. 
 
COPD. A 12-week fair-quality trial120 in 237 United States COPD patients compared FM 
administered with a nebulizer to FM via dry powder inhaler, and provided low-strength evidence 
that the efficacy of the 2 formulations is comparable. The trial administered 40 mcg daily of FM 
via nebulizer or 24 mcg via DPI. Exacerbations occurred in 5 patients using nebulizers (4.1%) 
and 7 using DPIs (6.1%). Quality of life improved in both treatment arms, with SGRQ scores 
declining by about 5.5 points with nebulized FM and 4.1 points with the DPI, and the difference 
was not statistically significant. No deaths occurred in either group. Results were similar 
between the 2 groups for rescue medication use, which declined from baseline in both groups.  
 
Formoterol (FM) compared with indacaterol (IC) 
Asthma. We did not identify any good or fair-quality systematic reviews or head-to-head trials 
that compared FM to IC in patients with asthma. 
 
COPD. The INVOLVE Study119 is a multinational randomized trial of COPD patients comparing 
2 doses of the new LABA IC with FM. This fair-quality trial was funded by a pharmaceutical 
company and recruited 1,300 patients from outpatient sites in 25 countries, not including the 
United States. Patients were randomized to 52 weeks of treatment with either 24 mcg/day of FM, 
300 mcg/day of IC, or 600 mcg/day of IC, all via DPI. The study provided low-strength evidence 
that the efficacy of IC is comparable to that of FM for exacerbations and quality of life, with 
some clinical outcomes favoring IC.  

The INVOLVE trial reported mortality, exacerbations, quality of life and other outcomes. 
Exacerbations occurred in 126 patients taking FM, 133 taking 300 mcg of IC, and 116 taking 600 
mcg IC; differences were not statistically significant, and the results provide low-strength 
evidence that FM and IC are comparable for preventing exacerbations. Quality of life scores 
were also very similar between the 3 groups, with SGRQ scores of 37.3 for FM, 36.6 for IC 300 
mcg, and 36.7 for IC 600 mcg (differences not statistically significant), again providing low-
strength evidence that FM and IC have comparable effects. At 12 weeks, dyspnea scores were 
better with IC than with FM, but at 52 weeks differences were not statistically significant. 
Rescue medication use decreased from baseline more with IC than with FM, and IC patients had 
fewer days when they needed salbutamol. Patients taking IC also had more nights with no 
awakenings than did FM patients, with the difference statistically significant for the higher IC 
dose. The trial provided insufficient evidence on comparative mortality  
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Formoterol (FM) compared with salmeterol (SM) 
Asthma. One fair-quality open-label 6-month RCT meeting our inclusion/exclusion criteria 
compared FM with SM in 482 adults ≥ 18 years of age with moderate to severe persistent 
asthma.117,118 This trial reported symptoms, rescue medicine use, quality of life, missed days of 
work, ER visits, and hospitalizations. There were no statistically significant differences in these 
outcomes between those treated with FM than those treated with SM.  
 
COPD. We did not identify any good or fair-quality systematic reviews or head-to-head trials 
that compared FM to SM in patients with COPD. 
 
Indacaterol (IC) compared with salmeterol (SM) 
Asthma. We did not identify any good or fair-quality systematic reviews or head-to-head trials 
that compared IC with SM in patients with asthma. 
 
COPD. Three fair-quality RCTs in COPD patients compared the effects of IC with those of SM. 
The INSIST Study122 recruited 1,123 patients from 144 centers in 8 countries including the 
United States. Patients received either 150 mcg of IC or 100 mcg of SM daily via DPI for 12 
weeks. The INFLIGHT-2 Study123 was smaller (N=667) but of longer duration (26 weeks). 
Patients from outpatient sites and clinical research centers in 15 non-US countries participated, 
and the same daily doses of IC and SM as in the INSIST Study were given via DPI. The third 
trial was a small, unpublished study of 186 patients at 37 centers in Japan, comparing a higher 
daily dose of IND (300 mcg) to the same dose of SM (100 mcg) used in the larger trials. 

None of the 3 trials reported exacerbations or hospitalizations. All 3 did report mortality, 
but there were few deaths in any trial and evidence was insufficient to establish a difference 
between the 2 drugs.  

INFLIGHT-2 also reported quality of life, and reported that SGRQ scores improved more 
for IC than for SM after 12 weeks’ treatment (p<0.05). The minimum clinically important 
difference is 4 points on the SGRQ scale, and at 12 weeks IC patients were more likely to 
achieve this clinically-important improvement than were SM patients (OR1.59, 95% CI: 1.12-
2.25).By 26 weeks, the gap between SGRQ scores had narrowed and was no longer statistically 
significant. Dyspnea scores were better in IC than SM patients at 12 weeks in both studies 
(statistically significant in both trials), but by the end of the 26-week INFLIGHT-2 trial 
differences were no longer significant. In both studies IC patients had fewer days requiring 
salbutamol as a rescue medication; INSIST also showed fewer puffs per day of salbutamol, 
though INFLIGHT-2 did not. 

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 55 of 192



                                                                                                  
  

 
 

Table 11. Characteristics of head-to-head studies comparing long-acting beta-2 agonists in children and adults 

Study 

Study Design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose in mcg)   Quality rating 

Asthma (LABA monotherapy contraindicated since 2010) 
Eformoterol compared with Salmeterol 

Campbell et al. 
1999115 RCT, cross-over 

469 

8 weeks 

UK & Republic of Ireland 
 
Age≥ 12, mild to moderate, not controlled on ICS, 20-24% current 
smokers in each group 
 
General practice & hospital centers 

eFM DPI (24)  
vs.  
SM DPI (100)  
vs.  
SM MDI (100) 

 Fair 

Everden et al. 
2004116  RCT, open 

156 

12 weeks 

UK & Republic of Ireland 
 
Children and adolescents age 6-17, moderate persistent, not 
controlled on ICS, smoking status=NR 
 
General practice outpatient clinics 

eFM DPI (24)  
vs.  
SM DPI (100) 

 Fair 

Formoterol compared with Salmeterol 

Vervloet et al. 
1998117 
AND 
Rutten-van Molken 
et al. 1998118 

RCT, open 

482 

6 months 

 

France, Italy, Spain, Sweden, Switzerland & UK 
 
Age ≥ 18, moderate-severe, not controlled on ICS, 14-16% current 
smokers 
 
Outpatient centers 

FM DPI (24)  
vs.  
SM DPI (100) 

 Fair 

COPD 
Arformoterol compared with Formoterol 

Hanania et al. 
2010125 RCT 

444 

6 months 

US 
 
Age ≥ 35, 45% current smokers 
 
Multicenter (62), setting NR 

ARF NEB (30)  
vs. 
ARF NEB (50) 
vs. 
FM DPI (24) 

 Fair 

Formoterol fumarate (nebulized) compared with Formoterol fumarate (DPI) 

Gross et al. 2008120 
RCT 

237a 

12 weeks 

US 
 
Age ≥ 40, 52% current smokers 
 
Multicenter (38), setting NR 

FM NEB (40) 
vs. 
FM DPI (24) 

 Fair 
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Study 

Study Design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose in mcg)   Quality rating 

Formoterol compared with Indacaterol 

Dahl et al. 2010119 
 
INVOLVE Study 

RCT 

1,300a 

52 weeks 

25 non-US countries  
 
Age ≥ 40, 40.0 pack-year smoking historya 

 

Outpatient clinics and physicians’ offices 

FM DPI (24) 
vs. 
IC DPI (300) 
vs. 
IC DPI (600) 

 Fair 

Indacaterol compared with Salmeterol 

Korn et al. 2011122 
 
INSIST study 

RCT 

1,123 

12 weeks 

8 countries including US 
 
Age ≥ 40, 44.5% current smokers 
 
Multicenter (144), setting NR 

IC DPI (150) 
vs. 
SM DPI (100) 

 Fair 

Kornmann et al. 
2011123 
 
INFLIGHT-2 study 

RCT 

667a 

26 weeks 

15 non-US countries 
 
Age ≥ 40, 46% current smokersa 
 
Multicenter (142); respiratory outpatient clinics,  
physicians’ offices and clinical research centers. 

IC DPI (150) 
vs. 
SM DPI (100) 

 Fair 

Novartis, 2011 124 
RCT 

186 

52 weeks 

Japan 
 
Age ≥ 40, smoking history ≥ 20 pack-years 
 
Multicenter (37), setting NR 

IC DPI (300) 
vs. 
SM DPI (100) 

 Fair 

aExcludes placebo arm. 
Abbreviations: AQLQ = Asthma Quality of Life Questionnaire; CI = confidence interval; DPI = dry powder inhaler; eFM = Eformoterol; FM = Formoterol; MDI = metered dose inhaler; 
NEB = nebulized; NR = not reported; NS = not statistically significant; QOL = quality of life; RCT= randomized controlled trial; SM = Salmeterol; SMD = standard mean difference. 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X; Drug X > Drug Y trend = point estimate favors Drug X, but the difference is not 
statistically significant or tests of statistical significance were NR; No difference = no statistically significant difference or tests of statistical significance were not reported and outcomes 
are similar. 
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D. Combination Products 
1. Inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) compared with inhaled 
corticosteroid and long-acting beta-2 agonist 
We found 7 RCTs with 11 publications47,48,57,127-134 that compared the combination of an ICS 
plus a LABA with another ICS/LABA combination for controller therapy treatment of asthma 
(Table 12). Four trials compared fixed- dose combination inhalers containing BUD/FM to fixed- 
dose combination inhalers of FP/SM.127,129,130,132 Two compared fixed- dose combination 
inhalers containing FP/SM to fixed- dose combination inhalers of MF/FM.47,133 A single study 
compared fixed-dose combination inhalers containing FP/SM to fixed-dose combination inhalers 
of (fluticasone furoate [FF]/vilanterol [VI]).48 

Overall, results from 4 large trials up to 6 months in duration provide moderate-strength 
evidence that there is no significant difference in efficacy between fixed-dose combination 
treatment with BUD/FM and FP/SM. (Appendix E, Table E-5) The results of our meta-analysis 
show no statistically significant difference between the risk of exacerbations requiring oral 
steroids (OR 1.11; 95% CI 0.95 to 1.3) or exacerbations requiring emergency visits or hospital 
admissions (OR 0.74; 95% CI 0.53 to 1.03) (Appendix F). Quality of life measures specific to 
asthma also found no differences between these treatments. Moderate-strength evidence from 2 
trials (12 and 52 weeks) indicated no difference in asthma deteriorations (emergency visits, 
hospitalizations or requiring additional medications) between MF/FM and FP/SM at medium 
doses. Low-strength evidence from only the 52-week study also suggests no difference between 
MF/FM and FP/SM at high doses. Other eligible outcomes were not reported. A single study of 
FP/SM compared with FF/VI provides low-strength evidence of no difference in quality of life 
between the treatments. 

A single 48-week RCT of a fixed-dose combination of BPD/FM compared with a fixed dose 
combination of BUD/FM in patients with COPD was found.135 Results from this trial did not 
suggest differences between the drug combinations in exacerbations, hospitalizations, quality of 
life or adverse events. This evidence is low strength due to lack of ability to assess consistency 
and precision of estimates without pre-established minimal important differences in exacerbation 
rates and improvement in quality of life measures. 
 
Description of studies 
In patients with asthma, 4 RCTs (Table 12) compared BUD/FM with FP/SM, 2 compared FP/SM 
with MF/FM and 1 compared FP/SM with FF/VI. Study duration ranged from 12 to 52 weeks.  

Within-trial equipotency of daily ICS dose varied for the trials of BUD/FM compared 
with FP/SM. All 4 trials administered the same total daily dose of FP/SM (500/100), which is 
considered a medium daily dose of ICS when delivered via DPI and a high daily dose when 
delivered via pMDI (Table 3). In 2 trials, 500 mcg of FP was compared with an equipotent daily 
dose of BUD,127,128,130 while 2 studies medium daily doses of BUD were compared with a high 
dose of FP.129,131,132,134  

A 52-week trial of MF/FM and FP/SM randomized patients to moderate (200 mcg MF 
per day, 250 mcg FP via MDI) or high (400 mcg MF per day, 500 mcg FP via MDI based on 
their prior dosing of ICS,133 while a 12-week trial randomized to medium doses of MF/FM using 
a MDI and medium doses of FP/SM using a DPI.47 The 52-week trial was designed specifically 
to assess long-term harms, and measured only minimal benefits outcomes.  

Lastly, FF/VI 100/25 mcg once daily using a DPI was compared with FP/SM 150/50 mcg 
twice daily using a MDI in patients with asthma.48  
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 A 48-week, multi-country RCT of BDP/FM 200mg/12mg pMDI, BUD/FM 
400mg/12mg DPI, or FM 12mg DPI alone (all BID) enrolled 718 patients with severe COPD 
according to the GOLD guidelines, including at least 1 serious exacerbation in the last year. 135  
 
Study populations 
The 4 head-to-head RCTs of BUD/FM compared with FP/SM included a total of 5818 subjects. 
All studies were conducted in adolescent and/or adult populations. None included children < 12 
years of age. All trials were multinational. All enrolled subjects that were not adequately 
controlled on current therapy. Three were conducted in subjects with moderate to severe 
persistent asthma; 1 did not report the severity classification.132,134 Three trials (75%) excluded 
smokers with at least a 10 pack-year history; 1 (25%) allowed some smokers and reported that 
5% to 7% of subjects in each group were current smokers.  

The 2 trials of MF/FM and FP/SM included a total of 1,126 patients > 12 years old, 1 
conducted at sites in North America and the other at sites in South America. The 52-week study 
included stable patients using moderate to high doses of ICS, while the 12 week study included 
patients on a stable regimen with moderate dose ICS, but with >2 exacerbations in the last year. 
Both studies excluded current and ex-smokers. 

The trial of FF/VI compared with FP/SM enrolled 806 patients (> 12 years old) with 
stable asthma, taking medium doses of an ICS, and with FEV1 reversibility of > 12% and > 200 
mL after albuterol administration. The study excluded current and ex-smokers, and was 
conducted in multiple countries worldwide.  

The single study of patients with COPD enrolled 718 patients with severe COPD 
according to the GOLD guidelines, including at least 1 serious exacerbation in the last year. 135 
The study population had 37% current smokers, and a mean of 38 pack-years of smoking for all 
patients enrolled. The mean percent predicted normal FEV1 pre-bronchodilator was 42%.  
 
Sponsorship 
Of the 8 trials, 7 (88%) were funded by pharmaceutical companies; 1 trial did not report the 
source of funding but at least 1 author had a primary affiliation with a pharmaceutical company. 
No trials were funded primarily by a source other than a pharmaceutical company. 
 
Head-to-head comparisons 
Asthma 
Budesonide (BUD)/formoterol (FM) compared with fluticasone (FLUN)/salmeterol (SM) 
Based on meta-analysis, 4 trials provided moderate-strength evidence of no statistically 
significant difference between BUD/FM and FP/SM in the number of asthma patients with an 
exacerbations requiring oral steroids: OR 1.11 (95% CI 0.95 to 1.3) or exacerbations requiring 
emergency visit or hospital admission: OR 0.74 (95% CI 0.53 to 1.03) (Appendix F, Evidence 
Tables A and B).127,129,130,132 Post hoc subgroup analyses of data in patients 16 years old or 
greater in 2 studies indicated similar findings.128,131 

All the trials reported use of rescue medication, with 3 finding no differences between 
fixed-dose combination treatments.127,129,130 The only study finding a small difference was a 6 
month trial (N=3,335), where the total daily dose of BUD delivered by DPI is considered 
medium and the total daily dose of FP delivered by pMDI is considered high.132,134 The authors 
reported greater improvement in the number of rescue puffs used per day for those treated with 
FP/SM (mean difference, 95% CI: 0.10, 0.01-0.19). This study also reported a lower rate of 
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hospitalizations or emergency visits per 100 patients per 6 months for those treated with 
BUD/FM (5 compared with 8, P = 0.013). The total number of hospitalizations or emergency 
visits was not analyzed for statistical significance, but there were fewer such events in the 
BUD/FM arm compared with the FP/SM arm (72 and 106, respectively). A post-hoc analysis of 
the original study that was limited to participants ages 16 and above yielded similar results. 
Other outcomes reported in the study did not indicate statistically significant differences between 
groups. Although statistical analysis was not reported, a study using equipotent doses127 reported 
numerically fewer hospitalizations/ER visits in patients treated with BUD/FM. 

Two trials reported change in the AQLQ scale.129,132 One reported the proportion with 
meaningful improvement (≥ 0.5 from baseline) as 63% with BUD/FM MDI and 61.9% with 
FP/SM DPI,129 while the other reported that an increase in AQLQ score of 0.76–0.78 was seen 
across groups.132 These studies did not interpret these differences as clinically meaningful 
although statistical analyses were not reported.  
 
Fluticasone (FLUN)/salmeterol (SM) compared with mometasone furoate (MF)/formoterol (FM)  
Based on 2 studies, low-strength evidence suggests no difference in the rate of exacerbations 
between MF/FM and FP/SM at medium or high doses in patients with asthma. (Appendix F, 
Evidence Tables A and B). The 2 studies differed in duration by 40 weeks, so data were not 
pooled. Additionally, both studies reported “asthma deterioration” defined as emergency visits, 
hospitalizations or the need for additional medications (e.g. steroids) as a combined outcome 
rather than exacerbations specifically. In the 12-week trial comparing medium doses of each 
combination product, the rates were the same between groups: MF/FM 5.7% and FP/SM 5.7%.47 
In the 52-week trial, the rates with the medium doses of each combination product were greater 
than in the shorter trial, but similar to each other; MF/FM 9.9% versus FP/SM 8.8%.133 However, 
in this trial the rates with the higher doses of the combination products were much greater than 
the medium doses; MF/FM 17.7%% versus FP/SM 20.0%, although not statistically significantly 
different to each other (our calculated P = 0.58). Other eligible effectiveness outcomes were not 
reported in either study. 
 
Fluticasone (FLUN)/salmeterol (SM) compared with fluticasone/vilanterol (VI)  
In a single good-quality trial (N = 806), after 24 weeks of treatment, there were no differences 
found between FP/SM and FF/VI in mean improvement in the AQLQ+12 scale in patients with 
asthma.48 The difference in final score was 0.09 (95% CI -0.03 to 0.21). Similarly there was no 
difference between groups in the EQ-5D scores on any dimension or the overall visual analogue 
score. No exacerbations occurred during the trial. This study provides only low-strength 
evidence of no differences between the treatments on quality of life outcomes, due to the 
limitations of not being able to assess consistency, and having an imprecise estimate of effect. 
The evidence is insufficient for other outcomes.  
 
COPD 
Budesonide (BUD)/formoterol (FM) compared with beclomethasone (BDP)/formoterol  
In a single good-quality, 48-week multi-country trial (N = 718), no differences were found 
BUD/FM and BDP/FM in total exacerbations, exacerbations requiring an emergency department 
visit or hospitalization, exacerbations requiring corticosteroid treatment, or improvement in 
quality of life (as measured using the St. George Respiratory Questionnaire). It was noted that 
the overall number of exacerbations was lower than expected in this study, given that the 
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enrollment was patients with severe COPD. Post-hoc subgroup analyses were conducted due to 
concerns over variation across countries in management of exacerbations, and while the rates 
were slightly lower for BDP/FM (0.162 events per patient year) than with BUD/FM (0.180 
events per patient year), these did not affect the results in that these differences were not 
statistically significant. It would be difficult to discern a clinically meaningful difference 
between the 2 combination products based on these data.
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Table 12. Characteristics of head-to-head randomized controlled trials comparing inhaled corticosteroids and 
long-acting beta-2 agonists with inhaled corticosteroids and long-acting beta-2 agonists in patients with asthma 

Study 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily ex-mouthpiece dose in 
mcg) 

 Equipotent 
steroid 

component 
Quality 
rating 

Budesonide/formoterol compared with fluticasone/salmeterol 

Aalbers et al. 2004127  
AND 
Aalbers et al. 2010128a 
 

658 

1 month double-
blind (+6 months 
open) 

Multinational (Denmark, Finland, Germany, 
Norway, Sweden and The Netherlands) 
 
Age > 12 years, asthma > 6 months, not 
controlled on ICS alone, moderate to 
severe, excluded smokers with ≥ 10 pack-
year history 

BUD/FM (640/18) DPI  
vs. 
FP/SM (500/100) DPI 

Yes 
 
 

Fair 

Dahl et al. 2006130 
 
EXCEL trial 

1397 

24 weeks 

Multinational 
 
Age > 18 years with asthma for a minimum 
of 6 months, not controlled on 1000-2000 
BDP or equivalent, moderate to severe, 
excluded smokers with ≥ 10 pack-year 
history 

BUD/FM (640/18) DPI  
vs. 
FP/SM (500/100) DPI 

Yes Good 

Kuna et al. 2007132  
AND 
Price et al. 2007134  
AND 
Kuna 2010131b 

3335 

6 months 

 

 

Multinational  
 
Age ≥12, not controlled, taking ICS at entry 
(46-47% also taking LABA at entry), 5-7% 
were current smokers 

BUD/FM (640/18) DPI  
vs. 
FP/SM (500/100) pMDI  

No (medium 
compared with 

high) 

Good 

Busse 2008129 
AND 
O’Connor57 

1225 

6 months 

Multicenter US 
 
Age > 12 years, asthma > 6 months, in stable 
condition on medium dose of ICS or LABA 
for > 12 weeks, excluded smokers with ≥ 20 
pack-year history 

BUD/FM (640/18) DPI  
vs. 
FP/SM (500/100) pMDI 

No (medium 
compared with 

high) 

Fair 
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Table 12. Characteristics of head-to-head randomized controlled trials comparing inhaled corticosteroids and 
long-acting beta-2 agonists with inhaled corticosteroids and long-acting beta-2 agonists in patients with asthma 

Study 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily ex-mouthpiece dose in 
mcg) 

 Equipotent 
steroid 

component 
Quality 
rating 

Fluticasone/salmeterol compared with mometasone furoate/formoterol 

Maspero133 404 

52 weeks 

Multinational 
 
Age > 12 years with stable asthma, taking 
moderate to high doses of ICS. Excluded 
current smokers or > 10 pack-year history 

Medium doses: 
MF/FM (200/10) 
Vs 
FP/SM (250/50) 
High doses: 
MF/FM (400/10) 
Vs 
FP/SM (500/50) 
All via MDI 

Yes Fair 

Bernstein47 722 

12 weeks 

Multinational 
 
Age > 12 years on a stable regimen with 
moderate dose ICS, but with >2 
exacerbations in the last year. Excluded 
current smokers or > 10 pack-year history 

MF/FM (400/20) pMDI FP/SM 
(500/100) DPI 

Yes Fair 

Fluticasone/salmeterol compared with fluticasone/vilanterol 
Woodcock48 806 

24 weeks 

 

Multinational 
 
Age > 12 years with stable asthma, taking 
medium doses of an ICS, and with FEV1 
reversibility of > 12% and > 200 mL after 
albuterol.  

FP/SM (500/100) pMDI  
Vs 
FF/VI (100/25)DPI 

Yes Fair 

Abbreviations: AD= adjustable dosing; BUD+FM= budesonide and formoterol in separate inhalers; BUD/FM= budesonide and formoterol in 1 inhaler; DPI= dry powder inhaler; FP = 
fluticasone propionate; FP+SM= fluticasone and salmeterol in separate inhalers; FP/SM= fluticasone and salmeterol in 1 inhaler; ICS = inhaled corticosteroid; LABA = long-acting beta-
2 agonist; NS= not statistically significant; pMDI= pressurized metered dose inhaler; SR = systematic review; RCT= randomized controlled trial. 
a Post-hoc analysis of ages ≥ 16 (N = 644) from the full study population. 
b Post-hoc analysis of ages ≥ 16 (N = 2854) from the full study population. 
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E. Long-Acting Muscarinic Antagonists (LAMAs) 
We found no reviews or head-to-head RCTs comparing a LAMA with another LAMA in patients 
with either COPD or asthma. 
 
II. Inter-class Comparisons (between classes) 
 
A. Monotherapy 
1. Inhaled corticosteroids (ICSs) compared with leukotriene modifiers (LMs) 
We found 3 systematic reviews with meta-analyses136-138 and 23 RCTs139-164 (Tables 13 and 14) 
comparing ICSs with LMs in patients with asthma. Fifteen of the RCTs were in adolescents and 
adults ≥12 years of age and 8 (11 articles) were in children < 12.139,141,146,147,154,157,159,160,164,165We 
found no evidence comparing ICSs with LMs in patients with COPD.  

Overall, efficacy studies up to 56 weeks in duration provide consistent evidence favoring 
ICSs over LMs for the treatment of asthma as monotherapy for both children and adults for 
exacerbations and quality of life (high-strength evidence, Appendix E, Table E-4 and meta-
analysis results in Appendix F). Low-strength evidence suggests that emergency department 
visits and missed school days were also fewer on fluticasone than ML for children age 6 to 14. 
Results for rescue medicine use and asthma symptoms also favored ICSs. 

We found no review or head-to-head studies comparing ICS with LM in patients with 
COPD. 
 
Description of studies 
Of the 23 RCTs (Tables 13 and 14), 6 RCTs compared ML with BDP; 10 RCTs compared ML 
with FP; 4 compared ZAF with FP; and 3 RCTs compared ML with BUD. Study duration ranged 
from 6 weeks to 56 weeks. Three trials included extension phases ranging 36-48 weeks in 
duration.151,152,166 
  
Study populations 
The 23 RCTs included a total of 10,556 patients. Most studies were conducted in adult 
populations. Eight studies (11 articles)58,139,141,146,147,154,157,159-161,165,166were conducted primarily 
in pediatric populations. Fourteen studies (61%) were conducted in the United States, 3 (9%) in 
Europe or the UK, and 6 (26%) were other multinational combinations often including Europe, 
Canada, or the United States. Asthma severity ranged from mild persistent to severe persistent: 6 
studies (26%) were conducted in patients with mild persistent asthma, 11 (48%) in patients with 
mild to moderate persistent asthma, 3 (13%) in patients with mild to severe persistent asthma, 
and 3 (13%) did not report the severity or it was unable to be determined. 
 
Methodologic quality 
The 23 RCTs included in our review were rated fair quality for internal validity. The method of 
randomization and allocation concealment was rarely reported.  
 
Sponsorship 
Of the 23 RCTs, 18 (78%) were funded by pharmaceutical companies; only 3 studies (13%) were 
funded primarily by sources other than pharmaceutical companies; 2 studies (9%) did not report 
any source of funding. 
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Head-to-head comparisons 
We conducted meta-analyses for 2 outcomes that were reported with sufficient data in multiple 
trials (Appendix F). Those treated with ICSs had less frequent exacerbations (SMD -0.17, 95% 
CI: -0.22, -0.12, 13 studies) and a greater improvement in quality of life (AQLQ scores; SMD -
0.19, 95% CI: -0.27, -0.12, 7 studies) than those treated with LMs. For both meta-analyses, 
sensitivity analyses indicate no difference in overall conclusions with removal of any single 
study. In addition, there was no significant heterogeneity between studies (Appendix F). Patients 
treated with ICSs also showed a greater increase in the proportion of days free from rescue 
medication use (12 studies), greater reduction in rescue medicine use per day (13 studies), 
greater increase in percent of symptom-free days (13 studies), and greater improvement in 
symptom score (10 studies).  

When looking at ML alone compared with ICSs, our meta-analysis again shows that 
patients treated with ICSs had fewer exacerbations and greater improvement in quality of life 
than those treated with ML (Appendix F). Results for rescue medication use and asthma 
symptoms also favored ICSs. Comparing ZAF alone with ICSs, patients treated with ICSs once 
more had fewer exacerbations than those treated with ZAF (Appendix F), as well as less rescue 
medicine use and fewer symptoms. 

A previously published good-quality systematic review included 18 RCTs (N = 3,757), 
13 of which compared ICS therapy to ML therapy in children and adolescents 18 years and 
younger diagnosed with asthma at least 6 months prior to enrollment.136 Six of the included trials 
also met our inclusion criteria147,154,158-160,166; 7 did not. Duration of studies varied but ranged 
from 4-12 weeks, 24-28 weeks, and 48-56 weeks, and 1 study was 112 weeks long. While most 
of the studies included patients age 6-18, 1 study included children younger than 6 (2-8 years) 
for which a nebulizer was used for ICS administration.159 Intervention drugs included oral ML (4 
to 10 mg) compared to either inhaled BDP 200-400 mcg/day (0.5 mg nebulized), FP 200 
mcg/day, BUD 200-800 mcg/day or TAA 400 mcg/day.   

Seven trials (N = 2,429) contributed to the primary outcome, with ICS-treated patients 
showing a significantly lower risk of developing an exacerbation requiring systemic 
corticosteroids (RR 0.83, 95% CI: 0.72 – 0.96; NNT 24). However, no statistically significant 
difference was noted between groups with respect to withdrawals due to exacerbations (N=680, 
RR 0.73, 95% CI: 0.36 – 1.48) and hospitalizations due to exacerbations (N = 533, RR 0.33, 
95% CI: 0.03 – 3.15). Additional data were pooled based on secondary outcomes of interest and 
found ICS significantly improved mean change from baseline of symptom score (N = 575, SMD 
0.18, 95% CI 0.01 – 0.34]), rescue inhaler use (puffs/24 hours: N = 1823, SMD 0.34 puffs/day, 
95% CI 0.16 – 0.53]), and rescue-free days (N = 1904, SMD 0.16, 95% CI 0.07 – 0.25).  

Another good-quality systematic review with meta-analysis compared licensed doses of 
LTRAs with ICSs.137 It included 3 trials testing a higher ICS dose; 3 trials testing a lower ICS 
dose; and the 21 remaining trials using equal nominal daily doses of ICS. It included 27 studies 
(9,100 subjects), 3 of these in children and 24 in adults. Nine of these included trials also met our 
inclusion criteria.140,142-145,148-150,152,153,162 Eighteen of the included studies in this systematic 
review did not meet our inclusion/exclusion criteria. Duration of studies varied but ranged from 
4-8 weeks, 12-16 weeks, and 24-37 weeks. The intervention drugs included ML (5 to 10 mg) and 
ZAF (20 mg twice daily). The ICS dose was uniform across 21 trials; 7 of those used BDP 400 
mcg/day, 1 used BDP 400-500 mcg/day, and 11 used FP 200 mcg/day. Three trials tested a high 
dose of ICS (BUD 800 mcg/day), 1 trial failed to report the dose used, and 3 trials used low dose 
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BDP or equivalent. Eight trials enrolled patients who had mild asthma; 19 enrolled patients with 
moderate asthma; 3 trials did not report baseline FEV1. 

Eighteen trials contributed to the primary outcome showing a 65% increased risk of 
exacerbations requiring systemic steroids for any LTRA (10 trials in ML and 5 trials in ZAF) 
compared to any ICS dosing regimen. The pediatric trials (3) could not be pooled due to a lack of 
exacerbations. However, 5 trials were pooled for exacerbations requiring hospitalization and 
there was no significant difference. Data at 12 weeks were pooled according to outcome and 
found ICS significantly improved change in symptom score (6 trials, SMD 0.29, 95% CI: 0.21 to 
0.37), nocturnal awakenings (6 trials, SMD 0.21, 95% CI: 0.13 to 0.30), daily use of beta-2-
agonists (6 trials, WMD 0.28 puffs/day, 95% CI: 0.20 to 0.36), symptom-free days (3 trials, 
WMD -12, 95% CI: -16 to -7), rescue-free days (3 trials, WMD -14%, 95% CI: -18, -10), and 
quality of life (2 trials, WMD -0.3, 95% CI: -0.4, -0.2). Similarly, ICS significantly improved 
asthma control days (3 trials, WMD -8 %, 95% CI: -15, -1]) and rescue-free days (2 trials, WMD 
-9%, 95% CI: -14, -03). LTRAs significantly increased the risk of study withdrawal (19 trials, 
RR 1.3, 95% CI: 1.1, 1.6) which was attributable to poor asthma control (17 trials, RR 2.6, 95% 
CI: 2.0, 3.4). 

A third and final fair-quality meta-analysis compared LTRAs to ICSs.138 It included 6 
studies (5,278 subjects); 5 retrospective cohort studies and 1 prospective trial. None of these 6 
studies met our inclusion criteria. The analysis included trials of subjects with a diagnosis of 
asthma, without restriction to severe asthma patients or children. Duration of studies was at least 
6 months. The pooling of the 6 studies showed a significantly higher annual rate of emergency 
department visits in the LTRA group (P < 0.005). The rate of hospitalizations was shown to 
decrease significantly with the use of ICSs compared to LTRAs (2.23% compared with 4.3%; P 
< 0.05).  

 
Fluticasone propionate (FP) compared with montelukast (ML) 
We found 10 fair-quality RCTs (14 publications) that compared ML with FP 139,144,146,147,153-

157,160,161,164,166in patients with asthma that met our inclusion criteria. Our meta-analyses of 
outcomes from these trials show that patients treated with FP had greater improvement in quality 
of life (AQLQ scores: SMD -0.15, 95% CI: -0.25, -0.06, 4 studies) and fewer exacerbations (OR 
0.70, 95% CI 0.57-0.86, 5 studies), than those treated with ML (Appendix F). Patients treated 
with FP also had a greater increase in the proportion of days free from rescue medication use (7 
studies), greater reduction in rescue medicine use per day (5 studies), greater increase in the 
proportion of symptom-free days (6 studies), greater improvement in symptom score (4 studies), 
and fewer nocturnal asthma symptoms requiring albuterol (1 study, median 2.0 for FP vs. 6.5 for 
ML, p=0.005).165 An analysis of a subset of participants161 from 1 trial157 of children age 6 to 14 
found that participants treated with FP had fewer emergency department visits and missed school 
days than those taking ML, and differences were statistically significant (Table E-4). Differences 
between FP and ML for physician’s visits and missed work were not statistically significant, 
though patients taking FP appeared to miss fewer days of work (p=0.06). (It was not clear in this 
population of children under 15 whether it was participants or their caregivers whose work was 
analyzed). This study included only the monotherapy arms of the larger trial, and also excluded 
subjects who did not complete the trial or had missing cost-effectiveness data (19.4% excluded 
from the 2 treatment arms), which could bias its results. Baseline age and sex were comparable, 
though smoking was not reported. Details of the characteristics of the 10 individual 
RCTs139,144,146,147,153-157,160,164,166 are summarized in Tables 13 and 14. 
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Beclomethasone (BDP) compared with montelukast (ML) 
Six fair-quality RCTs140,141,148,150-152,162 meeting inclusion criteria compared ML with BDP 
(Tables 13 and 14). Most of the outcomes reported favored BDP over ML or found no difference 
between groups. In general, the results comparing BDP with ML appear to be consistent with the 
overall results comparing ICSs with LTRAs. Our meta-analysis shows that compared to ML-
treated patients, those treated with BDP had fewer exacerbations (SMD -0.15, 95% CI: -0.30, -
0.002, Appendix F). The 6 trials also showed a trend toward more rescue free days and 
symptom-free days with BDP than with ML.  

Details of the individual RCTs are summarized in Tables 13 and 14. The only trial 
enrolling children < 12 years of age was a fair-rated multinational, multi-center RCT in children 
(N = 360) comparing ML 5 mg/day (N = 120) with medium dose BDP 400 mcg/day (N = 119) 
for 56 weeks.141 Subjects with mild persistent asthma, age 6.4 – 9.4 for boys and 6.4 – 8.4 for 
girls were enrolled worldwide. The primary objective of the trial was to assess the effects of ML 
and BDP on linear growth; however, some of our primary outcomes of interest were also 
reported. Fewer subjects treated with ML or BDP had asthma reported as an adverse experience 
compared to those treated with placebo, but the difference between groups was not statistically 
significant (36.7% compared with 42.9% compared with 50.4%, P = NS for ML compared with 
BDP). There were no statistically significant differences in the percentage of patients requiring 
oral steroids (25% compared with 23.5%), the percentage requiring more than 1 course of oral 
steroids (5.8% compared with 5.9%), or the percentage of days of beta-agonist use (10.55% 
compared with 6.65%) between those treated with ML and those treated with BDP.  
 
Budesonide (BUD) compared with montelukast (ML) 
We found 3 fair-quality RCTs comparing BUD with ML158,159,163 that met most of our inclusion 
criteria in patients with asthma (Tables 13 and 14). Two of the three studies enrolled less than the 
100 subjects our update inclusion criteria required, but we retained these data since limited 
evidence was available for this comparison. Too few studies reported sufficient data for meta-
analysis of our included outcomes. Of the 3 RCTs, 1 enrolled adult populations,163 1158 enrolled 
children and adolescents ages 6-18, and 158,159 enrolled children ages 2-8. Most subjects in these 
trials had mild persistent asthma. Study duration ranged from 12 to 52 weeks. The reported 
outcomes of interest were either not statistically significantly different between the 2 groups or 
favored BUD. For symptoms, 2 trials158,163 reported no statistically significant differences 
between groups. Two trials reporting exacerbations found more favorable results for those 
treated with BUD than those treated with ML,159,163 including results in patients ages 2 to 4 years 
(see Key Question 3).58 The single trial reporting quality of life found no difference between the 
treatments for overall quality of life measures in patients age 2-8.159 
 
Fluticasone (FLUN) compared with zafirlukast (ZAF) 
We found 4 fair-quality RCTs comparing FP with ZAF142,143,145,149 that met our inclusion criteria. 
All 4 trials show similar results favoring FP over ZAF for symptoms, rescue medicine use, and 
quality of life. Our meta-analysis again shows that subjects treated with FP had fewer 
exacerbations (SMD 0.21, 95% CI: -0.31, -0.11, 4 studies) than those treated with ZAF 
(Appendix F). 
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Table 13. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children and adults with asthma 

Study 

 Study design 
 N 
 Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Inhaled corticosteroids compared with leukotriene receptor antagonists 
Castro-Rodriguez et al. 
2010136 Systematic review with 

meta-analysis 

18 RCTs (3,757 subjects 
total); 13 studies compared 
ICSs with ML  

≥ 4 weeks treatment with 
ICS or ML 

 
Children < 18 yrs, diagnosed > 6 months before study entry 
 

ICS 
vs. 
ML 
and/or vs. 
ICS/ML 

Good 

Ducharme et al. 2004137  
Systematic review with 
meta-analysis 

27 studies (91,00 subjects) 

 
3 trials in children, 24 trials in adults  

Licensed doses of LTRA vs. ICS 
(3 trials tested a higher dose; 3 
trials tested a lower dose; 
remaining tested equal to 
baseline daily doses of ICS) 

Good 

Halpern et al. 2003138 
  Meta-analysis 

6 studies (5278 subjects) 

United States 
 
5 retrospective cohort, 1 prospective trial 

ICS vs. LTRA Fair 

Fluticasone compared with montelukast 
Busse et al. 2001144  

RCT 

533 

24 weeks 

United States 
 
Age 15 and older, moderate to severe persistent asthma, 
excluded current smokers within the past year and those 
with ≥ 10 pack-year history 
 
Multicenter (52) 

FP (176 mcg) 
vs.  
ML (10 mg) 
 
Low dose ICS 

Fair 

Garcia et al. 2005147  
 
MOSAIC Study 

RCT 

994 

52 weeks 

Multinational (24 including Asia, Africa, North and South 
America)  
 
Children age 6 – 14, mild persistent asthma, smoking status 
NR 
 
Multicenter (104)  
Primary care 

FP (200 mcg) via MDI vs.  
ML (5 mg) 
 
Medium to Low (12-14 years of 
age) dose ICS 

Fair 
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Table 13. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children and adults with asthma 

Study 

 Study design 
 N 
 Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Meltzer et al. 2002153  RCT 

522 

24 weeks 

 

United States 
 
Age 15 and older, moderate to severe persistent asthma, 
excluded current smokers within the past year and those 
with ≥ 10 pack-year history 
 
Multicenter 

FP (176 mcg)  
vs.  
ML (10 mg) 
 
Low dose ICS 
 

Fair 

Ostrom et al. 2005154  RCT 

342 

12 weeks 

United States 
 
Children age 6-12, mild to moderate persistent asthma, 
smoking status NR 
 
Multicenter (46) 
Outpatient clinics 

FP (100 mcg)  
vs.  
ML (5 mg) 
 
Low dose ICS 
 

Fair 

Peters et al. 2007139 RCT 

500 

16 weeks 

United States 
 
Age 6 and older, mild to moderate asthma, smoking status 
NR 
 
Multicenter 
 

FP (200 mcg)  
vs.  
FP (200 mcg)/ SM (100 mcg)  
vs.  
ML (5 – 10 mg)  
 
Low dose ICS 

Fair 

Price et al. 2013155 
 
 
 

 

RCT 

683 

6 months 

UK 
 
Age 18 to 55, chronic asthma, all subjects active cigarette 
smokers 
 
Multicenter (131) 

FP (500 mcg) 
vs. 
ML (10 mg) 

Fair 

Sorkness et al. 2007146,157 
165 
Pediatric Asthma 
Controlled Trial (PACT) 
 
Wang et al. 2011 161 

RCT 

285 

48 weeks 

254a 

United States 
 
Children age 6-14, mild to moderate persistent asthma, 
excluded current smokers within the past year 
 
Childhood Asthma Research and Education Centers 

FP (200 mcg)  
vs.  
FP (100 mcg)/ SM (50 mcg) 
QAM plus SM (50 mg) QPM  
vs.  
ML (5 mg) 
 
Low dose ICS 

Fair 
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Table 13. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children and adults with asthma 

Study 

 Study design 
 N 
 Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Szefler et al. 2005160  RCT 

144 

16 weeks 

United States 
 
Children age 6-17, mild to moderate persistent asthma, 
smoking status NR 
 
University Clinics 

FP (200 mcg)  
vs.  
ML (5 – 10 mg) 
 
Low dose ICS 
 

Fair 

Zeiger et al. 2005156,164  
MIAMI Trial 

RCT 

400 

12 weeks 

36-week open label 
extension 

United States 
 
Age 15 – 85, mild persistent asthma, smoking status NR 
 
Multicenter (39) 

ML (10 mg)  
vs.  
FP (176 mcg) 
 
Low dose ICS 
 

Fair 

Zeiger et al. 2006166  
CARE Network Trial 

RCT 

144 (127 in analysis) 

16 weeks (8 weeks, 
crossover, 8 weeks); 
additionally, only included 
data from the last 4 weeks 
of each treatment period 

United States 
 
Children age 6-17, mild to moderate persistent asthma, 
smoking status NR 
 
Multicenter 

FP (200 mcg)  
vs.  
ML (5 – 10 mg) 
 
Low dose ICS 
 
 
 

Fair 

Beclomethasone compared with montelukast 
Bau mgartner et al. 
2003140 

RCT 

730 

6 weeks 

Multinational (Canada and South America) 
 
Age 15 and older, mild to severe persistent asthma, 
excluded current smokers within past year and those with > 
7 pack-year history 
 
Multicenter (16) 

BDP (400 mcg)  
vs.  
ML (10 mg)  
vs.  
placebo 
 
Medium Dose ICS 

Fair 

Becker et al. 2006141  RCT 

360 

56 weeks 

Multinational (North and South America, Europe, Asia, 
Africa) 
 
Boys age 6.4-9.4 and girls age 6.4-8.4 years, mild to 
moderate persistent asthma, smoking status NR 
 
Multicenter (30) 

ML (5 mg)  
vs.  
BDP (400 mcg)  
vs.  
placebo 
 
High dose ICS 

Fair 
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Table 13. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children and adults with asthma 

Study 

 Study design 
 N 
 Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Israel et al. 2002148  RCT 

782 

6 weeks 

United States 
 
Age 15 and older, mild to severe persistent asthma, 
excluded current smokers within the past year and those 
with > 7 pack-year history 
 
Multicenter (64) 

ML (10 mg)  
vs.  
BDP (400 mcg)  
vs.  
placebo 
 
Medium dose ICS 

Fair 

Laviolette et al. 1999150  RCT 

642 

16 weeks 

Multinational (18 including Europe, Asia, Africa, Australia, 
North America) 
 
Age 15 and older, mild to severe persistent asthma, 
excluded current or former smoker 
 
Multicenter (70) 

BDP (400 mcg) plus ML (10 mg)  
vs.  
BDP (400 mcg)  
vs.  
ML (10 mg)  
vs.  
placebo 
 
Low dose ICS 

Fair 

Lu et al. 2009151 RCT, 3-part 2x2 crossover 
study 

406 (126 in extension) 

12 weeks  

48 week open label 
extension studyb 

United States 
 
Adults age 15-65, ≥ 1 year clinical history of mild to severe 
persistent asthma 
 
Multicenter (42 total, 30 extension) 

ML 10 mg daily 
vs. 
Loratadine 10 mg daily 
vs. 
ML 10 mg + loratadine 10 mg 
daily 
vs. 
BDP 400 mcg  
 
Medium dose ICS 

Fair 

Malmstrom et al. 
1999152,162 

RCT 

895 (436 in extension) 

12 weeks plus a 3 week 
placebo washout period 
where patients were 
switched from treatment to 
placebo  

37 week double-blind 
extension phase  

Multinational (19 in Europe, Africa, Australia, Central and 
South America) 
 
Age 15 and older, mild to severe persistent asthma, 
excluded current on former smokers 
 
Multicenter (36), clinical centers 

ML 10 mg 
vs.  
BDP 400 mcg 
vs.  
placebo  
 
(extension: ML vs. BDP in pre-
assigned groups) 
 
Medium dose ICS 

Fair 
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Table 13. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children and adults with asthma 

Study 

 Study design 
 N 
 Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Budesonide compared with montelukast 
Stelmach et al. 2005158  RCT 

51 

24 weeks 

Poland 
 
Children age 6-18, newly diagnosed asthma with sensitivity 
to house dust mites, smoking status NR 
 
University clinics 

BUD (400 mcg)  
vs.  
BUD (800 mcg)  
vs.  
ML (5 – 10 mg) 
 
Low to Medium Dose ICS 

Fair 

Szefler et al. 2007159  
 
 
 
 
Szefler et al. 201358 

RCT, open label 

395 

52 weeks 

203 

United States 
 
Children 2-8, mild persistent asthma, smoking status NR 
 
Multicenter 
 
Subgroup analysis: Children ages 2-4 

BUD inhalation suspension 
(BIS) (0.5 mg)  
vs.  
ML (4 or 5 mg) 
 
Low dose ICS 

Fair 

Yurdakul et al. 2003163  RCT 

74 

12 weeks 

Turkey 
 
Adults age 23 – 45, mild persistent asthma, excluded 
smokers 
 
Research hospital 

BUD (400 mcg)  
vs.  
ML (10 mg) 
 
Low dose ICS 
 

Fair 

Fluticasone compared with zafirlukast  
Bleecker et al. 2000142  RCT 

451 

12 weeks 

Multinational 
 
Age 12 and older, mild to severe persistent asthma, 
excluded current smokers within the past year and those 
with ≥ 10 pack-year history 
 
Multicenter (41) 

FP (176 mcg)  
vs.  
ZAF (40 mg) 
 
Low dose ICS 
  

Fair 
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Table 13. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children and adults with asthma 

Study 

 Study design 
 N 
 Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Brabson et al. 2002143  RCT 

440 

6 weeks 

United States 
 
Age 12 and older, mild to moderate persistent asthma, 
smoking status NR 
 
Multicenter (44) 

FP (176 mcg)  
vs.  
ZAF (40 mg) 
 
Low dose ICS 
 

Fair 

Busse et al. 2001145  RCT 

338 

12 weeks 

United States 
 
Age 15 and older, mild to severe persistent asthma, 
excluded current smokers within the past year and those 
with ≥ 10 pack-year history 
 
Multicenter 
50% primary care 

FP (176 mcg) 
vs.  
ZAF (40 mg) 
vs.  
placebo 
 
Low dose ICS 
 

Fair 

Kim et al. 2000149  RCT  

437 

6 weeks 

United States 
 
Age 12 and older, mild to severe persistent asthma, 
excluded current smokers within the past year and those 
with ≥ 10 pack-year history 
 
Multicenter 
Allergy and Asthma centers 

FP (176 mcg)  
vs.  
ZAF (40 mg) 
 
Low dose ICS 
 

Fair 

Abbreviations: AQLQ = Asthma Quality of Life Questionnaire; BDP = beclomethasone dipropionate; BUD = Budesonide; CI = confidence interval; FP = Fluticasone Propionate; ICS = 
Inhaled Corticosteroids; LTRAs = Leukotriene receptor antagonists; ML = Montelukast; NR = not reported; NS = not statistically significant; QOL = quality of life; WMD = weighted 
mean difference; ZAF = Zafirlukast. 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X; Drug X > Drug Y trend = point estimate favors Drug X, but the difference is not 
statistically significant or tests of statistical significance were NR; No difference = no statistically significant difference or tests of statistical significance were not reported and outcomes 
are similar. 
a Includes only FP and ML arms, and patients completing the trial and with no missing data for cost-effectiveness (19.4% excluded from 2 arms).  
bExtension study: ML 10 mg + loratadine 10 mg daily vs. BDP 400 mcg  
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Table 14. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children < 12 with asthma 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Inhaled corticosteroids compared with montelukast 

Castro-
Rodriguez et 
al. 2010136 

Systematic review with 
meta-analysis 

18 RCTs (3,757 subjects 
total); 13 studies compared 
ICSs with ML  

≥ 4 weeks treatment with 
ICS or ML 

Children < 18 yrs, diagnosed > 6 months before study entry 
 

ICS 
vs. 
ML 
and/or vs. 
ICS/ML 

Good 

Fluticasone compared with montelukast 

Garcia et al. 
2005147  
 
MOSAIC Study 

RCT 

994 

52 weeks 

Multinational (24 including Asia, Africa, North and South 
America)  
 
Children age 6-14, mild persistent asthma, smoking status NR 
 
Multicenter (104)  
Primary care 

FP (200 mcg) via MDI vs.  
ML (5 mg) 
 
Medium to Low (12-14 years of age) 
dose ICS 
 

Fair 

Ostrom et al. 
2005154  

RCT 

342 

12 weeks 

United States 
 
Children age 6-12, mild to moderate persistent asthma, smoking 
status NR 
 
Multicenter (46) 
Outpatient clinics 

FP (100 mcg)  
vs.  
ML (5 mg) 
 
Low dose ICS 
 

Fair 

Peters et al. 
2007 139 

RCT 

500 

16 weeks 

United States 
 
Age ≥ 6, mild to moderate asthma, smoking status NR 
 
Multicenter 

FP (200 mcg)  
vs.  
FP (200 mcg)/ SM (100 mcg)  
vs.  
ML (5 – 10 mg)  
 
Low dose ICS 

Fair 
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Table 14. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children < 12 with asthma 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Sorkness et al. 
2007146,157,165  
  
Pediatric 
Asthma 
Controller Trial 
(PACT) 
 
Wang et al. 
2011 161 

RCT 

285 

48 weeks 

 

 
254a 

 

United States 
 
Children age 6-14, mild to moderate persistent asthma, 
Excluded current smokers within the past year 
 
Childhood Asthma Research and Education Centers 

FP (200 mcg)  
vs.  
FP (100 mcg)/SM (50 mcg) QAM plus 
SM (50 mg) QPM 
vs.  
ML (5 mg) 
 
Low dose ICS 

Fair 

Szefler et al. 
2005160  

RCT 

144 

16 weeks 

United States 
 
Children age 6-17, mild to moderate persistent asthma, smoking 
status NR 
 
University Clinics 

FP (200 mcg)  
vs.  
ML (5 – 10 mg) 
 
Low dose ICS 
 

Fair 

Zeiger et al. 
2006166  
CARE Network 
Trial 

RCT 

144 (127 in analysis) 

16 weeks (8 weeks, 
crossover, 8 weeks); 
additionally, only included 
data from the last 4 weeks of 
each treatment period 

United States 
 
Children age 6-17, mild to moderate persistent asthma, smoking 
status NR 
 
Multicenter 

FP (200 mcg)  
vs.  
ML (5 – 10 mg) 
 
Low dose ICS 
 

Fair 

Beclomethasone compared with montelukast 
Becker et al. 
2006141  

RCT 

360 

56 weeks 

Multinational (North and South America, Europe, Asia, Africa) 
 
Boys age 6.4-9.4 and girls age 6.4-8.4 years, mild to moderate 
persistent asthma, smoking status NR 
 
Multicenter (30) 

ML (5 mg)  
vs.  
BDP (400 mcg)  
vs.  
placebo 
 
High dose ICS 

Fair 
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Table 14. Characteristics of head-to-head studies comparing inhaled corticosteroids with leukotriene receptor 
antagonists in children < 12 with asthma 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Budesonide compared with montelukast  

Szefler et al. 
2007159  
 
 
Szefler et al. 
2013 58 

RCT, open label 

395 

52 weeks 

203 

United States 
 
Children 2-8, mild persistent asthma, smoking status NR 
 
Multicenter 
Subgroup analysis: Children age 2-4 

BUD inhalation suspension (BIS) (0.5 
mg)  
vs.  
ML (4 or 5 mg) 
 
Low dose ICS 

Fair 

Abbreviations: AQLQ = Asthma Quality of Life Questionnaire; BIS = Budesonide inhalation suspension; BDP = beclomethasone dipropionate; BUD = Budesonide; CI = confidence 
interval; FP = Fluticasone Propionate; MDI = metered dose inhaler; ML = Montelukast; NR = not reported; NS = not statistically significant; PAQLQ = Pediatric Asthma Quality of Life 
Questionnaire; QOL = quality of life; RCT= randomized controlled trial; RR = relative risk. 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X; Drug X > Drug Y trend = point estimate favors Drug X, but the difference is not 
statistically significant or tests of statistical significance were NR; No difference = no statistically significant difference or tests of statistical significance were not reported and outcomes 
are similar 
a Includes only FP and ML arms, and patients completing the trial and with no missing data for cost-effectiveness (19.4% excluded from 2 arms).
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2. Inhaled corticosteroids (ICSs) compared with long-acting beta-2 agonists (LABAs) 
We found 16 fair- or good-quality RCTs167-185 that included head-to-head comparisons of 1 ICS 
with 1 LABA in patients with asthma meeting our inclusion/exclusion criteria. Twelve of these 
were multi-arm trials that compared an ICS/LABA combination product with the individual ICS 
and LABA components (Table 15).167-176,182-185  

Overall, efficacy studies provide consistent evidence favoring ICSs over LABAs for the 
treatment of asthma as monotherapy for children and adults (high-strength evidence, Appendix 
E, Table E-8). Those treated with LABAs had significantly higher odds of experiencing an 
exacerbation (as defined by each study) than those treated with ICSs (OR = 2.12; 95% CI = 1.53, 
2.95; 7 studies). Although our meta-analyses found no statistically significant differences in 
measures of symptoms or rescue medicine use, the majority of individual RCTs included in this 
review reported no differences or favorable results for those treated with ICSs compared to those 
treated with LABAs for almost all outcomes. Of note, LABAs are not recommended nor 
approved for use as monotherapy for persistent asthma.1 

We identified 1 good-quality systematic review of ICS versus LABA in patients with 
COPD.186 The review included 7 RCTs (combined n=5997) and all met inclusion criteria for this 
report. All studies were rated unclear to low risk of bias on randomization, allocation 
concealment, blinding, completeness of data and selective reporting. All studies were 
multicenter, double-blind RCTs with durations of 6 months to 3 years. The mean age of 
participants was 64 years with 62% to 78% males. Four studies compared FP with SM. Three 
studies compared BUD with FM. Fluticasone propionate was associated with increased mortality 
versus SM (OR 1.23, 95% CI 1.01 to 1.51, 2 studies) but BUD was not so associated when 
compared with FM (OR 0.62, 95% CI 0.31 to 1.22, 3 studies). Exacerbation risk ratios for 
combined LABA and ICS and individual comparisons were similar (combined OR 0.96, 95% CI 
0.89 to 1.02, 4 studies). Quality of life scores were significantly improved with FP versus SM 
(mean difference -0.77, 95% CI -1.49 to -0.04, 2 studies) and when the 2 LABAs versus the 2 
ICS were combined (mean difference -0.74, 95% CI -1.42 to -0.06, 3 studies) but there was no 
difference in quality of life scores between BUD and FM (Mean difference -0.51, 95% CI -2.63 
to 1.61, 1 study). 

Two multicenter, double-blind RCTs published since this systematic review compared 
MF with FM in 26 week trials with 26 week extensions.187,188 There was no difference in quality 
of life scores between groups in either study. 
 
Description of studies 
Of the 16 trials of patients with asthma, 7 (44%) compared FP with SM, 3 (19%) compared BDP 
with SM, 2 (13%) compared MF with FM, 1 (7%) compared TAA with SM, 2 (14%) compared 
BUD with FM, and 1 (7%) compared FP with FM (Table 15). Study duration ranged from 12 
weeks to 12 months. The most commonly used delivery devices were MDIs and DPIs; 6 studies 
(38%) compared DPI to DPI; 8 studies (50%) compared MDI to MDI, and 2 studies (13%) 
compared pMDI to DPI. 
 
Study populations 
The 16 head-to-head RCTs included a total of 5199 subjects. Most were conducted primarily in 
adult populations. Three studies180,181 183 were conducted in pediatric and adolescent populations. 
Most trials were conducted in North America or Europe. Asthma severity ranged from mild to 
severe persistent but was most commonly not reported: 4 studies (25%) were conducted in 
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patients with mild to moderate persistent asthma, 1 (6%) in patients with moderate to severe 
persistent, and the severity was not reported in 11 (69%) trials. 

Smoking status was not reported for the 2 pediatric/adolescent trials and 1 of the 
adolescent/adult trials.168 Among the others, 12 (92%) excluded current smokers or those with a 
recent history of smoking and 1 (8%) allowed smokers and reported that 12-17% in each group 
were smokers. 
 
Sponsorship 
Of the 16 head-to-head trials, 13 (81%) were funded by pharmaceutical companies; 1 study was 
funded primarily by a source other than a pharmaceutical company and 2 did not report funding 
source. 
 
Head-to-head comparisons 
Inhaled corticosteroid (ICS) (any) compared with long-acting beta-2 agonist (LABA) (any) for 
monotherapy in patients with asthma 
We conducted meta-analyses for 5 outcomes that were reported with sufficient data in multiple 
similar trials (Appendix F). These included percentage improvement in symptom-free days, 
change in symptom scores, exacerbations, percentage improvement in rescue-free days, and 
change in rescue medicine use. We found no statistically significant differences in the percentage 
improvement in symptom-free days (SMD = 0.05; 95% CI = -0.10, 0.21; 7 studies), change in 
symptom scores (SMD = 0.14; 95% CI = -0.05, 0.34; 6 studies), percentage improvement in 
rescue-free days (SMD = -0.14; 95% CI = -0.35, 0.07; P = 0.186; 5 studies), and change in 
rescue medicine use (as number of puffs per day) (SMD = 0.14; 95% CI = -0.11, 0.40; 7 studies). 
We found that those treated with LABAs had a significantly higher odds of experiencing an 
exacerbation than those treated with ICSs (OR = 2.12; 95% CI = 1.53, 2.95; 7 studies). The 
measure of statistical heterogeneity was high in the analysis of rescue puffs per day (I2 78.4). For 
all analyses except percentage of rescue free days, sensitivity analyses indicate no difference in 
overall meta-analysis conclusions with single studies removed. For the percent rescue free days 
analysis, removal of Lundback et al caused the difference between ICS and LABA to reach 
statistical significance (favoring LABA) (point estimate = -0251; 95% CI: -0.390, -0.113; P < 
0.001). 
 
Fluticasone propionate (FP) compared with salmeterol (SM) 
Asthma. Seven fair-quality RCTs compared FP with SM for monotherapy.167,169-173,175,176,182 
None included children ≤ 12 years of age. All 7 also included comparisons with an FP/SM 
combination product. Study duration was 12 weeks for 6 trials and 12 months for 1 trial.169 Four 
compared SM with low-dose FP and 3 compared SM with medium-dose FP. Six of the 7 were 
conducted in the United States; 1 was conducted in Sweden.169  

The majority of trials assessed asthma symptoms, nocturnal awakenings, exacerbations, 
and rescue medicine use. Two trials172,175 reported quality of life. The majority of trials found no 
difference or a trend toward better outcomes in those treated with FP than those treated with SM 
(Evidence Tables A and B). 
 
COPD. We identified 1 good-quality systematic review of ICS versus LABA in patients with 
COPD.186 The review included 4 RCTs (combined n=4527) that compared FP with SM. The 
daily SM dose for all studies was 100 mcg; for 3 studies, including the largest study, the daily FP 
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dose was 1000 mcg, with a daily dose of 500 mcg in the fourth study. All studies were 
multicenter, double-blind RCTs from 6 months to 3 years duration. The mean age of participants 
was 64 years with 62% to 76% males. In a meta-analysis of 2 studies, mortality was increased 
with FP versus SM (OR 1.23, 95% CI 1.01 to 1.51). There were no deaths reported in the other 2 
studies. Three studies reported exacerbation rates and found no difference between fluticasone 
groups and SM groups (risk ratio 0.97, 95% CI 0.91 to 1.05) with no difference in 
hospitalizations due to exacerbations (risk ratio 1.07, 95% CI 0.91 to 1.26). However, there was 
significant improvement in SGRQ quality of life scores with fluticasone (mean difference -0.77, 
95% CI -1.49 to -0.06, 2 studies). 
 
Beclomethasone (BDP) compared with salmeterol (SM)  
Asthma. Three fair-quality RCTs compared BDP with SM.179-181 One179 enrolled adolescents and 
adults ≥ 12 years of age; the other 2 studies enrolled children and adolescents aged 6-14180 or 6-
16.181 Study duration ranged from 26 weeks to 12 months. All 3 compared SM with medium-
dose BDP. 

All 3 trials reported exacerbations and rescue medicine use; 2 reported symptoms179,181 
and nocturnal awakenings;179,180 1 reported missed school.180 With the exception of 1 trial that 
reported greater improvement in the percentage of rescue-free days for those treated with SM 
(36% compared with 28%, P = 0.016),179 all 3 trials reported no differences or better outcomes 
for those treated with BDP than for those treated with SM (Evidence Tables A).  
 
COPD. There were no reviews or head-to head studies comparing BDP with SM in patients with 
COPD. 
 
Triamcinolone acetonide (TAA) compared with salmeterol (SM) 
Asthma. One good-rated 16-week multicenter RCT177,178 (SOCS Trial) compared TAA with SM 
in 164 adolescents and adults aged 12-65. The trial reported fewer exacerbations and a lower 
treatment failure rate for those treated with TAA, but no statistically significant difference in 
symptoms, rescue medicine use, or quality of life (Evidence Tables A). 
 
COPD. There were no reviews or head-to-head studies comparing TAA with SM in patients with 
COPD. 
 
Budesonide (BUD) compared with formoterol (FM) 
Asthma. Two fair-rated 12-week multicenter RCTs168,174 compared BUD with FM in adolescents 
and adults aged ≥ 12. The results showed trends toward fewer exacerbations and greater 
improvements in symptoms, nocturnal awakenings, and rescue medicine use for those treated 
with BUD (Evidence Tables A). Whether these trends were statistically significantly different 
was not reported (the studies focused on comparing BUD/FM with the other treatments). 
 
COPD. We identified 1 good-quality systematic review of ICS versus LABA in patients with 
COPD.186 The review included 3 RCTs (combined n=1470) that compared BUD with FM. The 
daily FM dose for all studies was 18 mcg; for 2 studies the daily BUD dose was 800 mcg, with a 
daily dose of 640 mcg in the third study. All studies were multicenter, double-blind RCTs from 6 
months to 1 year duration. The mean age of participants was 64 years with 67% to 78% males. In 
a meta-analysis of 2 studies, there was no difference in mortality between groups, although the 
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pooled estimate favored a reduction with BUD (OR 0.62, 95% CI 0.31 to 1.22). There was also 
no difference in exacerbation rates also based on the results from 2 studies (RR 0.86, 95% CI 
0.73 to 1.03) and a non-significant improvement in SGRQ quality of life scores with BUD 
(Mean difference -0.51, 95% CI -2.63 to 1.61, 1 study) but a non-significant improvement in 
symptom scores with FM (MD -0.22, 95% CI -0.47 to 0.03, 3 studies). 
 
Mometasone furoate (MF) compared with formoterol (FM)  
Asthma. Two fair-quality RCTs compared MF 100 mcg184 or 200 mcg185 twice daily with FM 10 
mcg twice daily for 26 weeks in patients with asthma. Both studies included patients in over 150 
sites in North America, Latin America, Europe, and Asia. In 1 trial (n=394, mean age=42, 39% 
male) 34% of MF patients experienced an asthma deterioration at some point in the study versus 
54% of FM patients (RR 0.63, 95% CI 0.50 to 0.79, p<0.001).185 Additionally, MF was superior 
to FM on the 7-point asthma quality of life questionnaire (mean change 0.50 versus 0.31, 
p=0.04) and in proportion of nights with nocturnal awakenings due to asthma requiring SABA 
use (0.11 for MF and 0.17 for FM, p<0.001) but there was no difference between groups on a 7-
point asthma control questionnaire (p=0.13). 

In the second trial (n=376, mean age=39, 44% male), treatment with MF was associated 
with reduced clinically judged deteriorations (hospitalizations, emergency treatment or treatment 
with corticosteroids) versus FM (RR 0.34, 95% CI 0.17 to 0.67, p=0.002).184  
 
COPD. One good-quality188 and 1 fair-quality RCT187 of 26 weeks duration compared MF 400 
mcg with FM 10 mcg (combined n=915). Combined, the mean age of subjects was 60 years and 
77% were male. Approximately 48% were current smokers. There was no difference between 
mometasone and FM in mean change in SGRQ quality of life scores in either study (exact values 
not reported). Thirty-three percent of patients treated with MF experienced a COPD exacerbation 
versus 40% of patients treated with FM in 1 study (RR 0.82, 95% CI 0.65 to 1.04, p=0.10).187 
 
Fluticasone propionate (FP) compared with formoterol (FM) 
Asthma. We identified 1 good-quality 12-week RCT (n=239) comparing FP 100 mcg with FM 
10 mcg in patients with mild to moderate asthma.183 Patients were ≥ 12 years with a mean age of 
39 and equally spit between males and females. Current smokers were excluded, as well as those 
with a smoking history of at least 10 pack-years. Documented ICS use within the 4 weeks 
preceding screening was required. Exacerbations were similar with fluticasone versus FM (RR 
0.84, 95% CI 0.55 to 1.30, p=0.43). There was little difference in rescue medication-free days 
(43.3% vs 41.9%) and symptom-free days (37.3% vs 38.0%) when treated with fluticasone 
versus FM, respectively. 
 
COPD. There were no reviews or head-to-head studies comparing fluticasone with FM in 
patients with COPD.
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Table 15. Characteristics of head-to-head studies comparing inhaled corticosteroids with long-acting beta-2 
agonists in patients with asthmaa 

Study 

Study design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
 (total daily dose in mcg) 

Quality 
rating 

Fluticasone propionate compared with salmeterol    
Kavuru et al. 2000167  
 
AND 

 
Nathan et al. 2003176  
 

RCT, DB 
 
356 
 

12 weeks 

US 
 
Age ≥12yr, asthma ≥ 6 months, patients well controlled on 
current therapy (stratified into 2 eligible groups: group 1 
had to be on ICS for ≥3 months; group 2 was taking SM for 
≥1 week), severity NR, smokers excluded 
 
Multicenter (42) 

Placebo  
vs. 
FP/SM DPI (200/100)  
vs. 
SM DPI (100)  
vs. 
FP DPI (200) 

Fair 

Lundback et al. 2006169 RCT, DB 
 
282 
 
12 months 

Sweden 
 
Age 18 to 70, mild or moderate persistent, uncontrolled on 
current medication,12-17% smokers in each group 
 
Patients recruited from ~4000 individuals with asthma who 
had participated in large epidemiologic studies 

FP/SM DPI (500/100)  
vs. 
FP DPI (500)  
vs. 
SM DPI (100) 

Fair 

Murray et al. 2004170 RCT, DB 
 
267 
 
12 weeks 

US 
 
Age ≥12yr, asthma ≥6 months, not controlled severity NR, 
smokers excluded 
 
Multicenter (33 sites) 

SM DPI (100)  
vs. 
FP DPI (200)  
vs. 
FP/SM DPI (200/100) 

Fair 

Nathan et al. 2006171 
 
AND 
 
Edin et al. 2009172 

RCT, DB 
 
365 
 
12 weeks 

US 
 
Age ≥12yr, asthma ≥6 months, not controlled on ICS, 
severity NR, smokers excluded 
 
Multicenter (45) 

FP/SM MDI (440/84)  
vs.  
FP MDI (440)  
vs.  
SM MDI (84) vs.  
Placebo 

Fair 
 
 

 
 

Nelson et al. 2003173 RCT, DB 
 
283 
 
12 weeks 

US 
 
Age ≥12, persistent asthma not controlled, severity NR, 
smokers excluded 
 
Multicenter (33) 

FP/SM MDI (176/84)  
vs. 
FP MDI (176)  
vs. 
SM MDI ( 84) 

Fair 
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Table 15. Characteristics of head-to-head studies comparing inhaled corticosteroids with long-acting beta-2 
agonists in patients with asthmaa 

Study 

Study design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
 (total daily dose in mcg) 

Quality 
rating 

Shapiro et al. 2000175  
 
AND 
 
Nathan et al. 2003176  
 

RCT, DB 
 
349 
 
12 weeks 

US 
 
Age ≥12, asthma ≥6 months, previously treated with low to 
medium ICS, severity NR, smokers excluded 
  
Multicenter (42) 

Placebo  
vs. 
FP/SM DPI (500/100)  
vs. 
SM DPI (100) 
vs. 
FP DPI (500) 

Fair 

Pearlman et al. 2004182 
 
AND  
 
Edin et al. 2009172 

RCT, DB 
 
360 
 
12 weeks 

US 
 
Age ≥12yr, asthma ≥ 6 months, patients well controlled on 
current therapy (stratified into 2 eligible groups: group 1 
had to be on ICS for ≥3 months; group 2 was taking SM for 
≥1 week), severity NR, smokers excluded 
 
Multicenter (36) 

FP/SM MDI (176/84) 
vs. 
FP MDI (176) 
vs. 
SM MDI (84) 
vs. 
Placebo 

Fair 

Beclomethasone compared with salmeterol 
Nathan et al. 1999179 RCT, DB 

 
386 
 
26 weeks 

US 
 
Age ≥12yr, on SABAs, not on inhaled or oral corticosteroids, 
severity NR, smokers excluded 
 
Multicenter (25) 

SM MDI (84)  
vs. 
BDP MDI (336)  
vs. 
placebo 

Fair 

Simons et al. 1997180 RCT, DB 
 
241 
 
52 weeks 
 

Canada 
 
Age 6-14, clinically stable asthma, not currently on ICS, 
severity NR, smoking status NR 
 
Multicenter 

BDP DPI (400)  
vs. 
SM DPI (100) 
vs. 
placebo 

Fair 

Verberne et al. 1997181 RCT, DB 
 
67 
 
54 weeks 

Netherlands 
 
Age 6-16, on ICS ≥3 months, mild to moderate persistent 
asthma, smoking status NR 
 
Multicenter (18) 

SM DPI (100) 
vs. 
BDP DPI (400) 

Fair 

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 82 of 192



                                                                                                  
  

 
 

Table 15. Characteristics of head-to-head studies comparing inhaled corticosteroids with long-acting beta-2 
agonists in patients with asthmaa 

Study 

Study design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
 (total daily dose in mcg) 

Quality 
rating 

Lazarus et al. 2001177 
 
AND 
 
Deykin et al. 2005178  
 
SOCS Trial 

RCT, triple-blind 
 
164 
 
16 weeks 

North America 
 
Age 12-65, persistent asthma, well controlled on TAA, 
severity NR, smokers excluded 
 
Multicenter (6) 

TAA MDI (800)  
vs. 
SM MDI (84)  
vs. 
placebo 

Good 

Budesonide compared with formoterol 
Noonan et al. 2006174 RCT; DB 

 
596 
 
12 weeks 

US 
 
Age ≥12, moderate to severe persistent asthma not 
controlled, on moderate to high dose ICS for ≥4 weeks, 
patients with >10 pack-year smoking history excluded 
 
Multicenter (84) 

BUD/FM pMDI (640/18)  
vs. 
BUD pMDI (640)  
vs. 
FM DPI (18)  
vs. 
BUD pMDI (640) + FM 
DPI (18)  
vs. 
placebo 

Fair 

Corren et al. 
2007168 

RCT, DB 
 
480 
 
12 weeks 

US 
 
Age ≥12, mild to moderate persistent asthma, treated with 
low to medium dose ICS for ≥4 weeks, patients with >10 
pack-year smoking history excluded 
 
Multicenter (56) 
 

BUD/FM pMDI (320/18)  
vs. 
BUD pMDI (320)  
vs. 
FM DPI (18)  
vs. 
placebo 

Fair 

Fluticasone propionate compared with formoterol 
Nathan, 2012183 RCT, DB 

 
239 
 
12 weeks 

North America and Europe 
 
Age ≥12, mild to moderate persistent asthma, smokers 
excluded 

FP (400) 
vs, 
FM (40) 

Good 

Mometasone furoate compared with formoterol    
Nathan, 2010 RCT, DB, DD 

 
394 
 
26 weeks 

North America, Latin America, Europe, Asia 
 
Age ≥12, adolescents (12-17) were not enrolled in countries 
permitting only adult patients, smokers excluded 
 

MF (400) 
vs. 
FM (20) 

Fair 
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Table 15. Characteristics of head-to-head studies comparing inhaled corticosteroids with long-acting beta-2 
agonists in patients with asthmaa 

Study 

Study design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
 (total daily dose in mcg) 

Quality 
rating 

Meltzer, 2012 RCT, DB 
 
376 
 
26 weeks 

North America, Latin America, Europe, Asia 
 
Age ≥12, smokers excluded 

MF (200) 
vs. 
FM (20) 

Fair 

Abbreviations: BDP = beclomethasone dipropionate; BUD = Budesonide; DD= double dummy; DPI = dry powder inhaler; FM = Formoterol; FP = Fluticasone 
Propionate; ICS = Inhaled Corticosteroids; LABAs = Long-Acting Beta-2 Agonists; MA=meta-analysis; MDI = metered dose inhaler; NR = not reported; NS = not 
statistically significant; RCT= randomized controlled trial; SM = Salmeterol; SR=systematic review; TAA = Triamcinolone Acetonide 
aLABA monotherapy contraindicated since 2010 in patients with asthma (see Key Question 2). 
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3. Leukotriene modifiers (LMs) compared with long-acting beta-2 agonists (LABAs) 
We found 2 fair-quality RCTs189,190 that included head-to-head comparisons of 1 LM with 1 
LABA meeting our inclusion/exclusion criteria in patients with asthma. One trial compared ML 
with SM189 and 1 compared ML with eFM (Table 16).190  

Overall, the 2 small trials do not provide sufficient evidence to draw any firm conclusions 
about the comparative efficacy of LMs and LABAs for use as monotherapy for persistent asthma 
(Appendix E, Table E-6). Of note, LABAs are neither recommended nor approved for use as 
monotherapy for persistent asthma.1 As discussed previously, we did not remove trials published 
before the FDA’s 2010 boxed warning on LABAs in asthma. We found no head-to-head trials 
comparing LMs with LABAs in patients with COPD.  
 
Description of studies 
We found 2 fair-quality RCTs189,190 that included head-to-head comparisons of 1 LM with 1 
LABA meeting our inclusion/exclusion criteria (Table 16). One 8-week trial compared ML with 
SM189 and one 18-week trial compared ML with eFM.190 
 
Study populations 
The 2 RCTs included a total of 249 subjects. Both were conducted primarily in adult 
populations. One was conducted in the United States189  and 1 in Australia.190 One trial included 
patients with moderate to severe asthma,190 while asthma severity was not reported in the second 
trial.189 Both trials excluded current smokers or those with more than a 10 to 15 pack-year 
history. 
 
Sponsorship 
One trial was funded by a pharmaceutical company,189 and the other by a combination of 
industry and federal government sources.190 
 
Head-to-head comparisons 
Montelukast (ML) compared with salmeterol (SM) 
One fair-rated RCT (N = 191) compared ML 10 mg/day (N = 97) with SM 100 mcg/day (N = 
94) as monotherapy for 8 weeks.189 Subjects with chronic asthma and evidence of exercise-
induced bronchoconstriction age 15 to 45 were enrolled from multiple centers in the United 
States. The trial was designed to evaluate exercise-induced bronchoconstriction and most of the 
outcomes reported were intermediate outcomes that are not included in our report. The trial also 
reported mortality as an outcome, with no deaths in the ML group and 1 in the SM group (P = 
NR). 

 
b. Montelukast (ML) compared with eformoterol (eFM) 
One fair-quality cross-over RCT (N = 58) compared eFM 24 mcg/day with ML 10 mg/day (6 
weeks of treatment, 1-week washout, 6 weeks of treatment with the other medication, 1-week 
washout, then all subjects received FP 500 mcg/day for 6 weeks).190 Subjects age 16 to 75 with 
mild to moderate persistent asthma previously treated with or without ICS were enrolled from 
multiple research centers in Australia. We only report results of the ML and eFM comparison 
because the fluticasone portion of the study does not have a comparison. Over the 12 weeks of 
treatment, subjects treated with eFM had fewer symptoms (percentage of symptom-free days: 23 
compared with 0; P = 0.01; symptom scores: 1.2 compared with 1.6; P = 0.02), less rescue 
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medicine use (percentage of rescue-free days: 40 compared with 30; P = 0.008), and better 
quality of life (QUALITY OF LIFE score: 0.4 compared with 0.6; P=0.001) compared to those 
treated with ML. 
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Table 16. Characteristics of head-to-head studies comparing leukotriene modifiers with long-acting beta-2 
agonists for monotherapy in asthmaa 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose)  Quality rating 

Montelukast compared with salmeterol 

Edelman et al.189 RCT 
 
191 
 
8 weeks 

United States 
 
Age 15-45, severity NR, excluded current smokers 
and those with ≥15 pack-year history 
 
Multicenter (17), research centers 

ML (10 mg)  
vs. 
SM (100 mcg) 
 

 Fair 

Montelukast compared with eformoterol 

Jenkins et al. 
2005190 

RCT, cross-over 
 
58 
 
20 weeks (eFM and ML were compared 
for first 13 weeks, with 1 week washout 
in between 6 week treatment periods) 

Australia 
 
Age 16-75, mild to moderate persistent asthma, 
excluded current smokers and those with ≥10 
pack-year history 
 
Research centers 

eFM DPI (24 mcg)  
vs. 
ML (10 mg)  
 
After the first 14 weeks, all 
subjects were treated with 
FP 500 mcg/day + placebo 

 Fair 
 

Abbreviations: eFM = eFormoterol; ML = Montelukast; NR = not reported; NS = not statistically significant; QOL = quality of life; SM = Salmeterol. 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X; Drug X > Drug Y trend = point estimate favors Drug X, but the difference is not 
statistically significant or tests of statistical significance were NR; No difference = no statistically significant difference or tests of statistical significance were not reported and outcomes 
are similar. 
aLABA monotherapy contraindicated since 2010 (see Key Question 2) 
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4. Long-acting beta-2 agonists (LABAs) compared with long-acting muscarinic antagonists 
(LAMAs)  
Asthma. We included 2 fair-quality RCTs68,95,191,192 that compared step-up therapy with either 
tiotropium (TIB) or SM in patients whose asthma was not controlled by inhaled corticosteroids 
alone. These RCTs provided low-strength evidence that step-up therapy with either TIB or SM 
does not differ in its effects on exacerbations or quality of life. Evidence was insufficient to 
support conclusions about mortality and hospitalizations.  
 
COPD. We included a good-quality Cochrane review193 that studied the effects of TIB 18 mcg/d 
compared with SM 50 mcg/d (4 RCTs in 3 publications with 8936 participants),194-196 FM 10 
mcg/d 150-300 mcg/d (1 RCT with 431 participants),197 and IC (2 studies with 2856 
participants).198,199 Evidence for mortality is insufficient to support any conclusions about the 
comparative effects of TIB and LABAs. Compared with SM, there is moderate-strength evidence 
that TIB is associated with fewer patients experiencing 1 or more exacerbations and low-strength 
evidence that TIB and SM do not differ in hospitalizations and proportions of patients with 
clinically significant improvement in quality of life. For the comparison of IC and TIB, there is 
low-strength evidence that in patients with severe COPD, IC provided less protection from 
exacerbations, but similar mortality and improved quality of life; and in a broader patient 
population of moderate to severe COPD, TIB was associated with significantly lower 
proportions of patients with clinically significant improvement in quality of life, but the 2 drugs 
did not differ in hospitalizations or exacerbations. There is low-strength evidence that TIB and 
FM do not differ in exacerbations and insufficient evidence to draw conclusions about 
hospitalizations and quality of life. 
 
Formoterol (FM) compared with tiotropium (TIB) 
Asthma. We found no reviews or head-to-head studies comparing FM with TIB in patients with 
asthma.  
 
COPD. We included a good-quality Cochrane review193 that studied the effects of TIB 18 mcg/d 
compared with FM 10 mcg/d 150-300 mcg/d (1 RCT with 431 participants).197 The end date of 
the Cochrane review search was February 2012 and we did not identify any new trials published 
since then. The Cochrane review authors judged the risk of bias as low to unclear for the 
majority of domains. Duration of follow-up was 6 months. We relied on the meta-analyses 
performed by the Cochrane reviewers for exacerbations. As noted by the Cochrane reviewers, 
due to the limited number of events, we did not conduct a meta-analysis of mortality. There is 
low-strength evidence of no statistically significant difference between TIB and FM in 
proportion of patients with 1 or more exacerbations (10% compared with 8.1%; OR 1.32; 95% 
CI, 0.68 to 2.55). There is insufficient evidence to draw conclusions about comparative effects 
on hospitalization and quality of life outcomes due to a lack of data on those outcomes.  
 
 Indacaterol (IC) compared with tiotropium (TIB) 
Asthma. We found no reviews or head-to head studies comparing IC with TIB in patients with 
asthma.  
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COPD. The longest-term data on the comparison of IC (150 mcg) and TIB (18 mcg) comes from 
the fair-quality INVIGORATE trial (Indacaterol: Providing Opportunity to Re-engage Patient 
With Life), which was a 52-week noninferiority trial of 3444 patients with severe COPD and a 
history of at least 1 moderate to severe exacerbation in the past 12 months.200 INVIGORATE 
provided low-strength evidence that IC provided less protection from exacerbations (≥ 1 
exacerbations: 40% vs 35%; RR 1.11; 95% CI 1.03 to 1.19), but similar mortality (1.4% 
compared with 1.5%) and chance of St. George’s Respiratory Questionnaire improvement ≥ 4 
units (49% vs 49%; OR 1.03; 95% CI, 0.88, 1.21). 

We also included a good-quality Cochrane review193 that studied the effects of TIB 18 
mcg/d compared with IC in 2 earlier studies done in a broader population of 2856 participants 
with COPD ranging in severity from moderate to severe.198,199 Duration of follow-up was 12 
weeks199 and 26 weeks.198,201 The Cochrane review authors judged the risk of bias as low to 
unclear for the majority of domains. We relied on the meta-analyses performed by the Cochrane 
reviewers for exacerbations and quality of life. We supplemented the Cochrane review findings 
with additional meta-analyses for all-cause hospitalizations. As noted by the Cochrane reviewers, 
due to the limited number of events, we did not conduct a meta-analysis of mortality. Evidence 
was low-strength across all outcomes. The only statistically significant difference was that TIB 
was associated with a lower proportion of patients with a clinically significant improvement in 
quality of life (42% compared with 50%; RD -0.08; 95% CI, -0.13 to -0.03). Otherwise, there 
were no significant differences between TIB and IC in hospitalizations (4.8% compared with 
4.9%; OR 1.14; 95% CI, 0.80 to 1.62) or proportion of patients with 1 or more exacerbations 
(11.9% compared with 14.1%; OR 0.92; 95% CI, 0.66 to 1.28). 
 
Salmeterol (SM) compared with tiotropium (TIB) 
Asthma. Two fair-quality RCTs191,192 compared the addition of treatment with TIB or SM in 
patients whose asthma was not controlled by inhaled corticosteroids alone. The TALC RCT 
(Tiotropium Bromide as an alternative to Increased Inhaled Glucocorticoid in Patient 
Inadequately Controlled on a Lower Dose of Inhaled Corticosteroid) compared 14 weeks of 
treatment with TIB 18 mcg/d or SM 50 mcg/d when added to BDP 80 mcg/d.192 The second RCT 
compared 16 weeks of treatment with TIB 5 mcg/d or SM 50 mcg/d when added to 400 to 1000 
mcg/d of BUD or equivalent in patients with the B16-Arg/Arg genotype.191 Both RCTs provide 
low-strength evidence that TIB is noninferior to SM for exacerbations and quality of life 
outcomes. Exacerbations occurred in 4.3% and 2.4% of patients taking TIB and SM, 
respectively, in TALC192 and in 12.5% and 12.7% of patients with the B16-Arg/Arg genotype, 
respectively. Mean improvement from baseline was similar for TIB and SM on the Asthma 
Quality-of-Life Questionnaire score (mean difference, -0.13; 95% CI, -0.28 to 0.02) in TALC192 
and on the Mini-Asthma Quality of Life Questionnaire in patients with the B16-Arg/Arg 
genotype (estimated treatment difference, -0.149; 95% CI, -0.320 to 0.022).191 There was 1 death 
(0.5%) in the SM group and 1 hospitalization (0.5%) in the TIB group in the TALC RCT, but 
due to unknown consistency and imprecision, we did not draw conclusions about the 
comparative effectiveness of TIB and SM on these outcomes. Tiotropium was noninferior to SM 
on various symptom measures in both RCTs. 
 
COPD. We included a good-quality Cochrane review193 that studied the effects of TIB 18 mcg/d 
compared with SM 50 mcg/d (4 RCTs in 3 publications with 8936 participants).194-196 The end 
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date of the Cochrane review search was February 2012 and we did not identify any new trials 
published since then. 

The Cochrane review authors judged the risk of bias as low to unclear for the majority of 
domains across all RCTs. Study duration ranged from 12 weeks,194 to 6 months,195 to 12 
months.196 We relied on the meta-analyses performed by the Cochrane reviewers for 
hospitalizations, quality of life, and exacerbations. For mortality, the Cochrane review only 
evaluated the comparison of TIB versus long-acting beta2-agonists as a group (1.2% compared 
with 1.4%; OR 0.82; 95% CI, 0.60 to 1.13), as the number of events in each group were be too 
few to evaluate subgroup differences based on individual long-acting beta2-agonist type. For this 
reason, we did not pursue supplemental meta-analyses of individual long-acting beta2-agonists 
and considered the evidence for mortality to be insufficient to support any conclusions. There is 
moderate-strength evidence that TIB is associated with fewer participants experiencing 1 or more 
exacerbations compared with SM (32% compared with 36%; OR 0.84, 95% CI, 0.77 to 0.92). 
Tiotropium also reduced days unable to perform paid work (0.67 days compared with 0.97 days; 
P not reported) during the 1-year POET-COPD trial (Prevention Of Exacerbations with 
Tiotropium).201 There is low-strength evidence of no statistically significant difference between 
TIB and SM in hospitalizations (2.4% compared with 5.2%; OR 0.45, 95% CI, 0.19 to 1.06) or 
proportions of patients with a clinically significant improvement in quality of life (at least 4 units 
on St. George’s Respiratory Questionnaire; 49% compared with 43%; RD 0.06; 95% CI, -0.02 to 
0.13).  
 
5. Inhaled corticosteroids (ICSs) compared with phosphodiesterase-4 (PDE-4) inhibitors 
One trial comparing an ICS to a PDE-4 inhibitor in patients with asthma met our 
inclusion/exclusion criteria (Table 17).202 The trial included adolescents and adults ages 12 to 70 
years in Europe and the UK. Patients taking BDP had fewer exacerbations than those taking RF; 
we calculated an exacerbation risk 3 times greater for RF than BDP, but the confidence interval 
was wide. The investigators concluded that RF was noninferior to BDP for asthma symptoms 
and rescue medicine use. We did not find any trials of PDE-4 inhibitors in patients with COPD.  

Overall, limited head-to-head evidence from 1 trial202 suggests RF is noninferior to BDP 
in reducing symptoms and rescue medicine use in patients with asthma, though there was a trend 
towards more exacerbations in patients taking RF compared to those taking BDP.  
 
Beclomethasone (BDP) compared with roflumilast (RF) 
One fair-rated trial comparing BDP with roflumilast (RF) met our inclusion/exclusion criteria.202 
The trial had a noninferiority design and enrolled 499 patients ages 12 to 70 years with moderate 
persistent asthma, according to the trial’s reported inclusion and exclusion criteria, from centers 
in Europe and the UK. Effects of 500 mcg/day of RF or 400 mcg/day BDP on exacerbations, 
symptoms, and rescue medication use were reported. 

Fewer patients taking BDP experienced asthma exacerbations, with 4 exacerbations in the 
BDP group (2% of these patients) and 13 in the RF arm (5%), for a relative risk of 3.2 comparing 
RF with BDP (95% CI 1.1 to 9.1, calculated for this review). Improvements in asthma symptom 
scores and rescue medication use were similar between the 2 treatment arms. BDP reduced 
rescue medicine use from baseline by 1.15 puffs/day, compared with a decrease of 1.00 
puffs/day for RF (p=0.0171), but the investigators did not consider the difference clinically 
meaningful. Asthma symptoms during the day and night were scored on scales from 0 to 4, with 
higher scores for symptoms disrupting activities and sleep. Symptom scores declined more from 
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baseline for BDP than RF (-1.00 vs. -0.82), but the difference was not statistically significant 
(p=0.09) The study investigators concluded that RF was noninferior to BDP for asthma 
symptoms and rescue medicine use, though they did not comment on the difference in 
exacerbations reported and whether they would consider it clinically meaningful.  
 
 
Table 17. Characteristics of head-to-head studies comparing inhaled 
corticosteroids and phosphodiesterase-4 inhibitors in children and adults with 
asthma 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose 
 in mcg/day) Quality rating 

Beclomethasone diproprionate compared with roflumilast 

Bousquet et al. 
2006 202 

RCT 
 
499 
 
12 weeks 

France, Germany, Great Britain, 
and Spain  
 
Age 12-70, moderate asthma, 
70% non-smokers, 30% ex-
smokers 
 
Multicenter, setting NR 

BDP (400)  
compared with  
RF (500)  

Fair 

Abbreviations: BDP = beclomethasone dipropionate; NR = not reported; RCT= randomized controlled trial. 
 
B. Combination Therapy 
1. Inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) compared with higher-
dose inhaled corticosteroid 
(addition of LABA to ICS compared with increasing the dose of ICS) 
We found 4 systematic reviews with meta-analysis203-206 and 35 RCTs (39 
publications)64,104,139,207-242 that included head-to-head comparisons between an ICS/LABA with 
a higher-dose ICS in patients with asthma meeting our inclusion/exclusion criteria. These trials 
compared the addition of a LABA to an ICS with increasing the dose of the ICS. Twenty-three of 
the 35 (66%) administered the ICS and LABA in a single inhaler and 12 (34%) administered the 
ICS and LABA in separate inhalers. Nine trials139,210,215,216,229,233,238,240,241 included children, and 
2 enrolled an exclusively pediatric population under 12 years of age.210,215,238 (Table 18) 

Overall, results from large trials up to 12 months in duration support greater efficacy with 
the addition of a LABA to an ICS than with a higher-dose ICS for adults and adolescents with 
persistent asthma (high-strength evidence, Appendix E, Table E-11). Our meta-analysis shows 
statistically significantly greater improvement in percent symptom-free days (SMD -0.20, 95% 
CI: -0.25, -0.14; 15 studies), symptom scores (SMD = -0.22, 95% CI: -0.34, -0.11; 10 studies), 
percent rescue-free days (SMD = -0.24, 95% CI: -0.31, -0.16; 11 studies), and rescue medicine 
use (SMD = -0.22, 95% CI: -0.28, -0.16; 16 studies) for subjects treated with ICS/LABA. 
Despite a trend toward fewer subjects with exacerbations in the ICS/LABA group, the difference 
was not statistically significant in our analysis (OR = 0.91, 95% CI: 0.81, 1.02; 23 studies). Just 
1 trial exclusively enrolled children under 12 (4 included some subjects < 12) and results are not 
necessarily generalizable to pediatric populations.  
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We identified no reviews or head-to-head trials of ICS/LABA compared with higher dose 
of the same ICS in patients with COPD. 
 
Description of studies 
Four large systematic reviews with meta-analyses203-206 compared the addition of any LABA to 
any ICS (ICS/LABA) with increasing the ICS dose. The largest review by Ducharme et al.205 
was an update to Greenstone, 2005.243 It included 48 trials (47 publications) (6 of them in 
pediatric populations). Twenty-three of those trials met our inclusion/exclusion criteria. One of 
the reviews included studies only in children aged 2 to 18 years.204 

Of the 35 RCTs we included (Table 18), 15 (44%) compared FP/SM with fluticasone; 7 
(21%) compared BUD/FM with BUD, 6 (18%) compared BDP/SM with BDP, 3 (9%) compared 
BDP/FM with BDP, 2 (6%) compared FP/SM with BUD, 1 (3%) compared BUD/FM with 
fluticasone, 1 (3%) compared FP/SM with TAA, and 1 compared MF/FM with MF (the total 
number of comparisons, 35, does not equal the number of trials because 1 trial contributed 
comparisons to both FP/SM compared with FP and to FP/SM compared with TAA).64 

Study duration ranged from 8 weeks to 12 months. The most commonly used delivery 
devices were DPIs: 23 studies (68%) delivered all medicines via DPIs, 9 studies (26%) delivered 
all via MDIs, and 3 studies (9%) used MDIs for the ICSs in both groups and DPIs for the 
LABAs.217,218,230 Twenty-three of the 3-53 (66%) administered the ICS and LABA in a single 
inhaler and 12 (34%) administered the ICS and LABA in separate inhalers.  
 
Study populations 
The 35 head-to-head RCTs included a total of 18,784 subjects (Table 19). Most were conducted 
primarily in adult populations. Nine studies (26%) included pediatric populations under 12 years 
of age.139,210,215,216,229,233,238,240 Eighteen trials (51%) were multinational, 8 (24%) were conducted 
in the United States, 3 in the Netherlands, 2 in Germany, and 1 each in Greece, Australia, the 
Netherlands, and the United Kingdom. 

Asthma severity ranged from mild to severe persistent: 3 studies (9%) were conducted in 
patients with mild persistent asthma, 8 (24%) in patients with mild to moderate persistent 
asthma, 4 (12%) in patients with moderate persistent asthma, 6 (18%) in patients with moderate 
to severe persistent, and the severity was not reported in 14 (40%) trials. Smoking status was not 
reported for 15 trials (44%). Eleven (33%) excluded current smokers or those with greater than a 
10 pack-year history. Eight (24%) allowed active smokers and reported that between 5 and 33% 
of subjects were active smokers 
Almost all trials required use of ICS prior to randomization for all subjects. There were 2 
exceptions: 1 trial enrolled previously steroid naïve patients that achieved good control on 
FP/SM208 and 1 trial enrolled patients that were uncontrolled on previous therapy (80% had been 
on ICS).223 The vast majority enrolled subjects that were not controlled on ICS therapy. Just 4 
trials enrolled subjects that were described as controlled on ICS therapy.139,212,221,240 
 
Sponsorship 
Of the 35 head-to-head trials, 32 (91%) were funded by pharmaceutical companies; 1 trial (3%) 
did not report the source of funding but at least 1 author had a primary affiliation with a 
pharmaceutical company. Two studies (6%) were funded primarily by a source other than a 
pharmaceutical company. 
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Head-to-head comparisons 
Using data from the head-to-head RCTs that met our inclusion criteria, we conducted meta-
analyses for 5 outcomes that were reported with sufficient data in multiple trials (Appendix F). 
These included percent symptom-free days, symptom scores, exacerbations, percent rescue-free 
days, and rescue medicine use (puffs/day). Subjects treated with ICS/LABA had greater 
improvement in the percentage of symptom-free days (SMD = -0.20. 95% CI: -0.25, -0.14, 14 
studies contributing 15 comparisons), greater improvement in symptom scores (SMD = -0.22, 
95% CI: -0.34, -0.11, 9 studies contributing 10 comparisons), greater improvement in the 
percentage of rescue-free days (SMD = -0.24, 95% CI: -0.31, -0.16, 10 studies contributing 11 
comparisons), and greater reduction in rescue medicine use (SMD = -0.22, 95% CI: -0.28, -0.16, 
15 studies contributing 16 comparisons) than those treated with a higher-dose ICS alone. 
However, there was no statistically significant difference in the odds of experiencing an 
exacerbation, but the pooled odds ratio favored those treated with ICS/LABA (OR = 0.91, 95% 
CI: 0.81, 1.02, 23 studies). For all of the meta-analyses except the analysis for exacerbations, 
sensitivity analyses indicate no significant difference in overall meta-analysis conclusions with 
any single study removed. With the exception of the analysis for symptom score, there was no 
significant heterogeneity between studies for these outcomes (Appendix F). The statistical 
heterogeneity for the symptom score analysis was substantial (I2 = 70.5, P < 0.001) with the 
inclusion of the FP arm of the Baraniuk et al, 1999 study, but was no longer significant (I2 = 
40.8, P = 0.095) when this was removed from the analysis. Additional sensitivity analyses 
removing studies enrolling subjects that were well controlled on current therapy208,212,221,240 
found no difference in overall meta-analysis conclusions. 

One good systematic review205 compared the addition of any LABA to any ICS 
(ICS/LABA) with increasing the ICS dose (Table 18). The review included 48 trials (6 of them 
in pediatric populations) that included a total of 15,155 subjects. The systematic review reported 
fewer exacerbations requiring treatment with oral corticosteroids with LABA plus ICS versus a 
higher dose of ICS (RR 0.88, 95% CI: 0.78, 0.98, N = 25). They reported no significant 
difference in exacerbations requiring hospitalization. Results from meta-analyses for some 
measures of symptoms (change in daytime symptom score, overall 24-hour symptom score, 
change in percent symptom free days, and % nighttime awakenings) were statistically significant 
with a trend toward favoring ICS/LABA therapy. Analyses of rescue medicine use (change in 
daytime rescue inhalations, change in nighttime inhalations, change in rescue inhalations over 24 
hours, and change in mean percent of rescue free days) also showed a statistically significant 
trend toward improvement with ICS/LABA therapy. However, there was no significant group 
difference in percent symptom-free days at endpoint or percent overall rescue free days.  

Another good systematic review with meta-analysis203 compared the impact of numerous 
asthma therapies on exacerbations. They found that combination therapy with ICSs/LABAs was 
associated with fewer exacerbations than was increasing the dose of ICSs (RR 0.86; 95% CI: 
0.76, 0.96; P = 0.65 for heterogeneity; 10 studies) (full details available in Evidence Tables A 
and B). 

One recent good-quality systematic review with meta-analyses compared the addition of 
any LABA to any ICS (ICS/LABA) with increasing the ICS dose in children aged 2 to 18 
years.204 The review included 6 studies for this comparison and the mean age of participants 
across the studies was 10 years. A meta-analysis of the primary outcome (exacerbations 
requiring oral steroids) included only 2 studies and found no statistically significant difference 
between the ICS/LABA or higher-dose ICS groups (RR = 1.5, 95% CI 0.65 to 3.48). The review 
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did not report results for outcomes such as daytime rescue inhalations, nighttime awakenings, 
and daytime or nighttime symptoms because of insufficient data. (Evidence Tables B) 

A fair-quality systematic review by Jaeschke et al.206 included 31 studies with 14,409 
patients that compared ICS/LABA to higher-dose ICS. The review analyzed studies of SM and 
FM separately. The meta-analysis results for both medications for asthma related hospitalizations 
were not statistically significant [(FM/ICS vs. ICS): OR = 0.68, 95% CI 0.38, 1.24 (N = 6); 
(SM/ICs vs. ICS): OR = 1.12, 95% CI 0.54 to 2.35 (N = 13)]. The results of analyses for total 
mortality were also not statistically significant for either group [(FM/ICS vs. ICS): OR = 0.71, 
95% CI 0.13 to 3.91 (N= 2); (SM/ICs vs. ICS): OR = 3.12, 95% CI 0.30 to 25.49 (N = 2)]. The 
authors noted that asthma-related mortality could not be assessed because of low frequency of 
events. 

An additional systematic review by Rodrigo et al.244 analyzed 57 studies with 34,747 
patients; 32 of these studies compared LABA/ICS to a higher dose of ICS. This review combined 
studies of ICS/LABA compared with same dose ICS and ICS/LABA compared with a higher-
dose ICS in the analyses, therefore it is not considered in our assessment of ICS/LABA 
compared with higher-dose ICS. The results of the combined analysis for exacerbations requiring 
systemic steroids showed a statistically significant result in favor of LABA/ICS (RR = 0.73, 95% 
CI 0.67 to 0.79, N = 30).  

 
Fluticasone propionate (FP)/salmeterol (SM) compared with fluticasone propionate 
Fifteen fair-quality RCTs (7249 subjects) compared FP/SM with a higher dose of 
FP64,139,208,209,212-216,220,221,229,237-239 (Table 18). Twelve administered FP/SM in a single inhaler 
device139,208,209,212,213,215,216,220,221,229,237,238 and 3 tested the combination delivered by separate 
inhalers. Four studies139 included children ≤ 12 years of age. Study duration was 8 weeks for 1 
trial, 12 weeks for 6 trials, 16 weeks for 2 trials, 24-26 weeks for 5 trials, and 52 weeks for 1 
trial. 

The majority of trials assessed asthma symptoms and rescue medicine use. Nine trials 
also reported exacerbations and 2 reported quality of life. For these outcomes, most of the trials 
either reported no difference or outcomes favoring FP/SM combination therapy over the 
increased dose of FP. One trial, comparing FP twice daily with FP/SM once daily, reported a 
statistically significant difference in favor of FP alone for mean daily asthma symptom score.213 
For subjects treated with FP/SM compared to those treated with FP alone, 7 trials reported fewer 
symptoms or better improvement in symptoms,208,209,214,216,220,237,239 9 trials reported a greater 
decrease or less frequent use of rescue medicine,64,208,209,212,214-216,220,239 1 trial reported a trend 
toward fewer exacerbations,209 and 1 trial reported greater improvement in nocturnal 
awakenings.214 The 2 trials reporting quality of life found no statistically significant difference in 
overall quality of life measures139,237 (Evidence Tables A and B). One trial reported no 
differences in children age 6-16 on symptom free days or the occurrence of exacerbations.238 

Meta-analyses of 9 trials show no statistically significant difference in exacerbations, but 
the pooled odds ratio favors those treated with FP/SM (OR = 0.90, 95% CI: 0.71, 1.14; 9 
studies). Sensitivity analyses indicate that the removal of any 1 study does not change the overall 
conclusion. There was no significant heterogeneity between studies (I2 = 0). Additional meta-
analyses for symptom-free days, symptom scores, rescue-free days, and rescue medicine use 
show a trend toward results similar to those in the overall meta-analysis for ICS/LABA 
compared with higher-dose ICS. 
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Budesonide (BUD)/formoterol (FM) compared with budesonide 
Seven fair-quality RCTs (6460 patients) compared BUD/FM with a higher dose of 
BUD210,225,227,228,233,235,236 (Table 18). Five administered BUD/FM in a single inhaler 
device210,227,228,233 and 2 tested the combination delivered by separate inhalers. Two of the 
trials210,233 included children ≤ 12 years of age. One enrolled children with mild to moderate 
persistent asthma between the ages of 4 and 11.210 The other enrolled subjects with moderate 
persistent asthma between the ages of 4 and 80.233 Study duration was 12 months for 6 trials and 
12 weeks for 1 trial.228 

All trials assessed asthma symptoms, exacerbations, and rescue medicine use. Four trials 
also reported nocturnal awakenings. For these outcomes, the majority of trials reported no 
difference or outcomes favoring BUD/FM combination therapy. For subjects treated with 
BUD/FM compared to those treated with BUD alone, 5 of 6 trials reported fewer symptoms or 
better improvement in symptoms,210,225,228,233,235,236 1 trial (of 5 reporting) found greater reduction 
in nocturnal awakenings,228 and 4 trials reported a greater decrease or less frequent use of rescue 
medicine.225,228,233,235,236 Four trials found no difference in exacerbations.210,227,228,233 One study 
found that the number of asthma exacerbations per patient-treatment year was significantly lower 
with BUD/FM (0.185) compared with a higher dose of BUD alone (0.315) (P = 0.049).236The 
remainder of trials reported no difference for these outcomes except for 1 trial reporting a trend 
toward fewer exacerbations in subjects treated with the increased dose of BUD than those treated 
with BUD/FM.225,235 

Meta-analyses of 7 trials found trends consistent with the overall ICS/LABA compared 
with higher-dose ICS meta-analyses. Subjects treated with BUD/FM had greater improvement in 
the percentage of symptom-free days (SMD = -0.19, 95% CI: -0.27, -0.11, 6 studies), greater 
improvement in symptom scores (SMD = -0.18, 95% CI: -0.28, -0.07; 2 studies), greater 
improvement in the percentage of rescue-free days (SMD = -0.21, 95% CI: -0.36, -0.05, 3 
studies), and greater reduction in rescue medicine use (SMD = -0.16, 95% CI: -0.26, -0.06 , 5 
studies) than those treated with a higher-dose BUD alone. There was no statistically significant 
difference in exacerbations (OR = 0.98, 95% CI: 0.72, 1.34, 5 studies). 
 
Beclomethasone (BDP)/salmeterol (SM) compared with beclomethasone 
Six fair-quality RCTs (2,574 subjects) compared BDP/SM with a higher dose of 
BDP104,217,219,226,231,240,242,245 (Table 18). All 6 administered BDP/SM in separate inhalers. One 
trial240 enrolled children and adolescents between the ages of 4 and 18. The remainder were 
conducted in populations ≥ 12 years of age. Study duration was 12 weeks for 1 trial,104 21-24 
weeks for 4 trials,217,219,226,231,242,245 and 1 year for 1 trial.240 

All trials assessed asthma symptoms, exacerbations, and rescue medicine use. Four trials 
also reported nocturnal awakenings and 2 reported quality of life outcomes. For each of these 
outcomes, the majority of trials reported no difference or outcomes favoring BDP/SM 
combination therapy; none reported a statistically significantly greater improvement for those 
treated with BDP alone. For symptoms, 3 trials reported no difference104,217,219,240 and 3 found 
results favoring BDP/SM.226,231,242,245 For nocturnal awakenings, 1 trial reported no difference231 
and 3 found results favoring BDP/SM.217,219,226,242,245 For exacerbations, 5 trials reported no 
difference104,217,219,226,231,242,245 and 1 reported a trend toward fewer exacerbations requiring 
steroids for those treated with BDP alone.240 All but 1 trial217,219 reported a greater decrease or 
less frequent use of rescue medicine for those treated with BDP/SM than for those treated with 
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BDP alone. The 2 trials reporting quality of life found no significant difference between the 
groups.104,217,219 

Meta-analyses of these 6 trials showed trends consistent with the overall ICS/LABA 
compared with higher-dose ICS meta-analyses. Subjects treated with BDP/SM had statistically 
significantly greater reduction in rescue medicine use (SMD = 0.18, 95% CI: 0.05, 0.31; 4 
studies) and trended toward greater improvement in the percentage of symptom-free days (SMD 
= 0.14, 95% CI: -0.01, 0.28; 2 studies) than those treated with a higher-dose BDP alone. There 
was no statistically significant difference in the percentage of subjects with exacerbations (SMD 
= -0.019, 95% CI: -0.095, 0.058; 5 studies contributing 6 comparisons). 
 
Beclomethasone (BDP)/formoterol (FM) compared with beclomethasone 
Three fair RCTs (982 subjects) meeting our inclusion/exclusion criteria compared BDP/FM with 
a higher dose of BDP alone.211,218,230 All 3 enrolled adults ≥18 that were not controlled on ICSs. 
Two compared BDP/FM in a single inhaler device211 and 1 tested the combination delivered by 
separate inhalers.230 Two studies211,230 reported statistically significantly better symptom and 
rescue medicine use outcomes for subjects treated with BDP/FM than those treated with FM 
alone (Evidence Tables A and B). Huchon et al.218 reported that a reduction in rescue medication 
use was statistically significant from baseline for the BDP/FM group and did not change for the 
BDP alone group, but did not report whether the difference between the groups was significant. 
Two studies found a trend toward fewer exacerbations in those treated with BDP/FM.218,230 
 
Fluticasone propionate (FP)/ salmeterol (SM) compared with budesonide (BUD) 
One good 12-week RCT (N = 349)223 and 1 fair 24-week RCT (N = 353)222,224 meeting our 
inclusion/exclusion criteria compared FP/SM with a higher relative dose of BUD alone. The 12-
week trial compared FP/SM (200/100) with BUD (800) and the 24-week trial compared FP/SM 
(500/100) with BUD (1600). Both were multinational trials that enrolled subjects ≥ 12 years of 
age. Both administered FP/SM in a single inhaler device. The 2 trials reported some conflicting 
results. The 12-week trial found no statistically significant difference between treatment groups 
in symptoms, exacerbations, or rescue medicine use. The 24-week trial reported fewer 
symptoms, less rescue medicine use, and greater improvement in quality of life for those treated 
with FP/SM than those treated with BUD alone, but no significant difference in exacerbations. 
 
Budesonide (BUD)/formoterol (FM) compared with fluticasone propionate (FP) 
One 12-week fair RCT meeting our inclusion/exclusion criteria compared BUD/FM in a single 
inhaler with a higher relative dose of FP alone in 344 adults with moderate persistent asthma.207 
The trial reported no statistically significant difference in symptoms or nocturnal awakenings. 
But, those treated with BUD/FM had fewer mild exacerbations and required less rescue medicine 
compared to those treated with FP alone. 
 
Fluticasone propionate (FP)/salmeterol (SM) compared with triamcinolone acetonide (TAA) 
We found 1 fair RCT meeting our inclusion/exclusion criteria that compared FP/SM (in separate 
inhalers) with a higher relative dose of TAA alone.64 This trial is also included above in this 
section for the FP/SM compared with FP comparison because there was an FP-only arm as well. 
It enrolled 680 adults and adolescents ≥ 12 years of age with persistent asthma not adequately 
controlled on ICS. They reported greater improvement in symptoms, nocturnal awakenings, and 
rescue medicine use for those treated with FP/SM than for those treated with TAA alone. 
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Mometasone furoate (MF)/formoterol (FM) compared with mometasone furoate 
We found 1 fair-quality RCT meeting inclusion/exclusion criteria that compared MF/FM with a 
higher dose of MF in patients with asthma.241 This 12-week trial randomized 473 patients (233 in 
the MF/FM group) ≥ 12 years of age (mean age 48) with a history of asthma deteriorations 
within the preceding 2-12 months requiring treatment with corticosteroids with or without a 
LABA to MF/FM 200/10 mcg or MF 400 mcg twice daily. There were significantly fewer 
asthma deterioration in the MF/FM group compared with the MF higher dose group (29 vs 40, 
p=0.038). Fifteen MF/F patients experienced a clinically judged deterioration (emergency 
treatment or treatment with additional asthma medication) compared with 11 in the MF/FM 
group (p-value not reported). There was no difference in mean change in AQLS quality of life 
scores between the MF/FM group and the MF group (0.61 vs. 0.50; p=0.84).246  
 
2. Inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) compared with inhaled 
corticosteroid (different drug) 
We identified 3 RCTs which compared the combination of an ICS and LABA to a different ICS 
(at any dose). One trial compared FM/SM with CIC and 2 compared FF/VI with FP in patients 
with asthma. We identified no reviews or head-to-head studies of this comparison in patients 
with COPD.  

 
Fluticasone propionate (FP) and salmeterol (SM) compared with ciclesonide (CIC) 
We identified 1 fair-quality RCT (n=432) in patients with mild persistent asthma who were 
randomized to CIC 160 mcg once daily or FP/SM 200/100 twice daily.247 Patients were ≥ 12 
years of age (mean age 30), 43% male, non- or ex-smokers with a smoking history of < 10 pack 
years. Quality of life scores on the AQLQ were significantly improved with CIC versus FM/SM 
(mean change 0.36 vs 0.27, p<0.0001) although there was no difference between treatments on 
asthma symptom-free days or asthma symptom scores (p=0.06, p=0.75, respectively. The 
probability of experiencing a severe asthma exacerbation was 0.30 in the CIC group compared 
with 0.18 in the FM/SM group (p-values not reported). 
 
Fluticasone furoate (FF) and vilanterol (VI) compared with fluticasone propionate (FP) 
We identified 1 good-quality248 and 1 fair-quality, RCT249 that compared FF/VI with FP via DPI. 
The good-quality study (n=503, mean age = 39, 37% male, duration=52 weeks) primarily 
evaluated safety but did report that there was no difference in risk of severe exacerbations based 
on treatment with FF/VI (200/25 mcg or 100/25 mcg once daily) versus FP (500 mcg) twice 
daily (RR 0.74, 95% CI 0.21 to 2.70, p=0.65). The frequency of mild and moderate 
exacerbations was not reported. 

The fair-quality, unpublished study (n=392, mean age 47, 41% male, duration=24 weeks) 
randomized patients to FF/VI 200/25 mcg once daily or FP 500 mcg twice daily via DPI. 
Information on exacerbations was not provided. Change from baseline on the AQLQ quality of 
life measure were identical between groups at 12 weeks (0.74) and similar at 24 weeks (.93 in 
the FF/VI group vs. 0.90 in the FP group, p-values not reported). Differences in rescue-free days 
and symptom-free days were improved with FF/VI but the difference was not statistically 
significant (p=0.07, p=0.14, respectively). 
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Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Fluticasone propionate + salmeterol compared with fluticasone propionate 

Baraniuk et al. 199964  RCT, DB, triple-dummy 
 
680 
 
12 weeks 

US 
  
Age ≥ 12, uncontrolled with low-dose ICS, severity NR, 
smokers excluded 
 
Pulmonary/allergy medicine clinics (50) 

FP MDI (196) + SM (84)  
 compared with  
FP MDI (440)  
compared with 
TAA MDI (1200) 

Fair 

Bateman et al. 2006208 
 

RCT, DB  
 
484 
 
12 weeks 

Multinational  
 
Age 12 to 80, previously steroid naïve patients that achieved 
good control on FP/SM (500/100), smokers excluded 
 
Multicenter 

FP/SM (200/100)  
compared with 
FP (500) 
 
All delivery devices=DPIs 

Fair 

Bergmann et al. 2004209  RCT, DB 
 
365 
 
12 weeks 
 

Germany  
 
Age 18-70, moderate persistent asthma, poorly controlled on 
ICS, smokers excluded 
 
Multicenter, private practice and outpatient clinics 

FP/SM DPI (500/100)  
compared with 
FP DPI (1000) 

Fair 

Busse et al. 2003212  RCT, DB 
 
558 
 
24 weeks 
 

US 
 
Age ≥ 12, mild to moderate persistent asthma, had to be 
controlled on FP (500) during the third run-in, smoking status 
NR 
 
Multicenter 

FP/SM DPI (200/100)  
compared with 
FP DPI (500) 

Fair 

Chuchalin,et al 2008213 RCT, DD 
 
2258 
 
1 year 

Ages 12-79, >6 month history of mild asthma receiving SABA 
only, allowed smokers if <10 pack-year history, 

FP/SM DPI (100/50) 
vs 
FP DPI (200) 
vs 
Placebo 

Fair 
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Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Condemi et al. 1999214  RCT, DB, DD 
 
437 
 
24 weeks 

US 
 
age ≥12, uncontrolled on ICS, severity NR, smokers excluded 
 
Multicenter (36) 

FP MDI (196) +SM MDI (84) 
compared with 
FP MDI (440) 

Fair 

de Blic et al. 
2009215 

RCT, DB, DD 
 
321 
 
12 weeks 

12 European Countries 
 
Children, aged 4–11 yrs, with a clinical history of 
asthma for at least 6 months and uncontrolled on ICS 
 
Multicenter 

FP (100) + SM (200) 
Vs. 
FP (400) 
 
All delivery devices - DPI 

Fair 

Gappa et al. 
2009216 

RCT, DB, DD 
 
281 
 
8 weeks 

Germany 
 
Age 4-16; symptomatic persistent mild to moderate seasonal or 
perennial asthma and currently using low-dose ICS 
 
Multicenter 

FP/SM DPI (100/ 200) 
Vs. 
FP (400) 
 
All delivery devices - DPI 

Fair 

Ind et al. 2003220  RCT, DB, DD 
 
502 
 
24 weeks 

Multinational (UK, Italy, Canada, Denmark, Iceland, Republic of 
Ireland) 
 
Age 16 to 75, moderate to severe persistent asthma, 
uncontrolled on ICS, 13-24% smokers in each group 
 
Multicenter (100) -  
Hospitals and primary care centers 

FP/SM MDI (500/100) 
vs. 
FP MDI (500)  
vs. 
FP MDI (1000) 

Fair 
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Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Jarjour et al. 2006221 
 
 

RCT, DB 
 
88 
 
24 weeks 
 
Note: the subjects in 
this study were a 
subset of the subjects 
in Busse et al. 2003212 
and thus were not 
included in meta-
analyses to avoid 
double-counting. 

Multinational (US, Canada, UK) 
 
Age≥18, well controlled during final run-in on FP (500), 
excluded smokers with > 10 pack-year history 
 
Multicenter 

FP/SM DPI (200/100)  
compared with 
FP DPI (500) 

Fair 

Lemanske et al. 
2010229 

RCT 
 
182 
 
48 wks (3 cross-over 
periods of 16 wks each) 

US 
 
Age 6-17 years, mild-to-moderate asthma uncontrolled on low-
dose ICS 
 
Childhood Asthma Research and Education Network Centers 

FP DPI (500) 
 
FP/SM DPI (200/100) 
 
FP (200) DPI + ML (5-10 mg) 

Fair 

Peters et al. 2007139 
 

RCT, DB 
 
500 
 
16 weeks 

US 
 
Age ≥6, controlled on FP (200), severity NR, 10-18% were 
former smokers 
 
Multicenter 

FP/SM (100/50) QID 
vs. 
FP (200)  
vs.  
ML (5-10 mg) 
 
All delivery devices=DPIs 

Fair 

Schermer et al. 2007237 
 

RCT, DB 
 
177 (137 with asthma 
and 40 with COPD, 
results presented 
separately) 
 
12 weeks 

Netherlands 
 
Age ≥12, on ICS for at least 3 months, NR whether controlled 
or not, severity NR, enrolled smokers (17% compared with 
37%) 
 
Multi-site, patients recruited by 41 Family Practice physicians 

FP/SM (200 or 500/100)  
compared with  
FP (500 or 1000) 
 
All delivery devices - DPI 

Fair 
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Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

 Vaessen-Verne, 2010238 RCT, DB 
 
158 
 
26 weeks 

Netherlands 
Age 6-16, children still symptomatic on conventional dose of 
inhaled corticosteroids 
 
Multi-center 

FP/SM (100/50) diskus twice 
daily compared with FP (200) 
diskus twice daily 

Fair 

van Noord et al. 1999239 
 

RCT, DB 
 
274 
 
12 weeks 

Netherlands 
 
Age ≥18, mild or moderate persistent, uncontrolled on ICS, 
smoking status NR 
 
Multi-center (27) 

Addition of SM compared with 
doubling ICS dose 
 
FP (200) + SM (100) 
vs 
FP (400) 
 
FP (500) + SM (100) 
vs 
FP (1000) 

 
All delivery devices - DPI 

Fair 

Budesonide + formoterol compared with budesonide 

Bisgaard et al.  
2006210 
  

RCT, DB 
 
341 
 
12 months 

Multinational (12) 
 
Age 4-11, mild-moderate persistent asthma, not controlled on 
ICS, smoking status NR 
 
Multicenter (41) 

SMART [BUD/FM (80/4.5) 
+BUD/FM as needed] 
vs 
BUD/FM (80/4.5) 
 compared with  
BUD (320) 
 
 
All given via DPI,  

Fair 

Kips et al. 2000227 
 

RCT, DB 
 
60 
 
1 year 

Multinational (Canada, UK and Belgium) 
 
Age 18-70, on ICS, controlled for at least 10 days out of the 1 
month run-in, moderate, smoking status NR 
 
Multicenter (3 University clinics) 

BUD/FM DPI (200/24)a  
compared with 
BUD DPI (800) 
 

Fair 
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Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Lalloo et al. 2003228  
 

RCT, DB 
 
467 
 
12 weeks 

Multinational (Czech Republic, Hungary, Norway, Poland, 
South Africa, Sweden, United Kingdom) 
 
Age > 18, mild to moderate, uncontrolled on ICS, smokers 
excluded 
 
Multicenter (51) University Centers 

BUD/FM DPI (160/9) 
compared with 
BUD DPI (400) 

Fair 

O’Byrne et al. 2001232 
 
OPTIMA trial 

RCT, DB 
 
1970 
(698 in Group A, 1272 
Group B) 
 
1 year 

Multinational  
 
Age ≥ 12, uncontrolled, mild persistent asthma, smoking status 
NR 
 
multicenter (198) 

Group A (used no ICS for ≥ 3 
months): Placebo  
 compared with BUD (200)  
 compared with BUD+FM 
(200+9)  
 
Group B (taking ICS for ≥ 3 
months): 
BUD (200) 
vs.  
BUD(200) +FM (9) vs.  
BUD (400) vs.  
FM + BUD (9/400) 
 
All delivery devices=DPIs 

Fair 

O'Byrne et al. 2005233 
 

RCT, DB 
 
2760 
 
1 year 
 

Multinational (22 countries) 
 
Age 4-80, uncontrolled on ICS, moderate persistent asthma, 
smoking status NR 
 
Multicenter (246 centers) 

BUD/FM (160/9) (+ SABA for 
relief) 
compared with 
BUD/FM (160/9) (maintenance 
& relief) 
compared with 
BUD (640) 
 
Drug 1: 925 
Drug 2: 909 
Drug 3: 926 
 
All delivery devices=DPIs 

Fair 

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 102 of 192



                                                                                                  
  

 
 

Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Peters et al. 
2008236 

RCT 
 
708 
 
52 weeks 

US 
 
> 12 years with a documented clinical diagnosis of moderate to 
severe asthma 
 
Multicenter 

BUD (640) + FM (18) 
BID (160/4.5 x 4 inhalations)  
vs. 
BUD (320) + FM (9) BID 
(160/4.5 x 2 inhalations)  
vs. 
BUD (640) BID 
 
All delivery devices - pMDI 

Fair 

Pauwels, et al. 1997235  
 
AND  
 
Juniper, et al. 1999225 
 
FACET (Formoterol And 
Corticosteroids Establishing 
Therapy) International study 
group 
 
O'Byrne et al. 
2008234 

RCT, DB, DD 
 
852 (470 in quality of 
life evaluation) 
 
12 months 

Multinational (9: Belgium, Canada, Netherlands, Israel, Italy, 
Luxembourg, Norway, Spain, and UK) 
 
Age 18-70, uncontrolled on ICS, severity NR, smoking status 
NR 
 
Multicenter (71) 

BUD (200) 
compared with 
BUD (200)+ FM (24) 
compared with 
BUD (800) 
compared with 
BUD (800)+ FM (24)  
 
All delivery devices - DPI 

Fair 

Beclomethasone + salmeterol compared with beclomethasone 

Greening et al. 1994217  
 
AND  
 
Hyland, 1995219  

RCT, DB, DD  
 
429 
 
21 weeks 

UK 
 
Age ≥ 18 with uncontrolled asthma on low-dose ICS, severity 
NR, enrolled 26-27% smokers in each group 
 
General practice Centers (99) 

BDP MDI (400) + SM DPI (100) 
compared with  
BDP MDI (1000) 

Fair 

Kelsen et al. 1999226  
 

RCT, DB, DD 
 
483 
 
24 weeks 

US 
 
Age ≥18 with uncontrolled on ICS, severity NR, smokers 
excluded 
 
34 outpatient clinical sites 

BDP MDI (336) + SM (84) MDI 
compared with 
BDP MDI (672) 

Fair 
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Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Murray et al. 1999231 
 

RCT, DB, DD 
 
514  
 
24 weeks 

US 
 
Age ≥18, uncontrolled on ICS, severity NR, smoking status NR 
 
Multicenter (35) 

BDP MDI (336) + SM MDI (84) 
compared with 
BDP MDI (672) 

Fair 

Verberne et al. 1998240  RCT, DB 
 
177 
 
1 year 

Multinational (Netherlands, UK) 
 
Children and adolescents age 4-18, mild to moderate asthma, 
on ICS ≥3 months, stable asthma for ≥1 month prior to run-in, 
smoking status NR 
 
Multicenter (outpatient clinics of 9 hospitals, 6 university 
hospitals, and 3 general hospitals) 

BDP (400) + SM (100) 
vs. 
BDP (800) 
vs. 
BDP (400) 
 
All given by DPI 

Fair 

Vermetten et al. 1999104  
 

RCT, DB 
 
233 
 
12 weeks 

Netherlands 
 
Age 18-66, on ICS for ≥ 6 weeks, mild persistent asthma, 
enrolled 33% smokers 
 
Primary care 

BDP (400)+ SM (100) 
compared with 
BDP (800) 
 
All given by DPI 

Fair 

Woolcock et al. 1996242  RCT, DB 
 
738 
 
24 weeks 

Multinational (14 countries) 
 
Age ≥ 17, uncontrolled on ICS, severity NR, 13-19% smokers 
in each group 
 
Multicenter (72) 

BDP (1000) + SM (100) 
vs. 
BDP (1000) + SM (200) 
vs. 
BDP (2000) 
 
All given by MDI 

Fair 

Beclomethasone + formoterol compared with beclomethasone 

Bouros et al. 1999211  
 

RCT, open 
 
134 
 
3 months 

Greece  
 
Age ≥ 18, poorly controlled on ICS, severity NR, smoking 
status NR 
 
Multicenter (11) 

BDP/FM pMDI (500/24) 
compared with 
BDP pMDI (1000) 

Fair 
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Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Huchon et al. 
2009218 

RCT 
 
645 
 
24 weeks 

Russia, France, Poland, Romania, Hungary, Belgium 
 
Men and non-pregnant women (18-70 years), moderate to 
severe persistent asthma 
 
Multicenter 

BDP/FM pMDI (400/24 
Vs. 
BDP pMDI (1000) + FM DPI (24) 
Vs. 
BDP pMDI (1000) 

Good 

Mitchell et al. 2003230 
 

RCT, DB, DD 
 
203 
 
12 weeks 

Australia 
 
Age ≥ 18, moderate to severe, uncontrolled on ICS, 8-10% 
smokers in each group 
 
Multicenter (16), outpatients 

BDP MDI (1000) + FM DPI (24) 
compared with 
BDP MDI (2000) 

Fair 

Fluticasone propionate + salmeterol compared with budesonide 

Jenkins et al. 2000222  
 
AND  
 
Juniper et al. 2002224  

RCT, DB, DD 
 
353 (subanalysis 113 
for AQLQ) 
 
24 weeks 

Multinational (Australia, Finland, Sweden) 
 
Age ≥12, moderate to severe persistent asthma, uncontrolled 
on ICS, excluded smokers with > 10 pack-year smoking history 
 
Multicenter (44) 

FP/SM DPI (500/100)  
 compared with  
BUD DPI (1600) 

Fair 

Johansson et al. 2001223  RCT, DB, DD 
 
349 
 
12 weeks 

Multinational (6: Canada, Greece, Israel, Italy, S Africa, and 
Sweden) 
 
Age ≥ 12, mild to moderate persistent asthma, uncontrolled on 
previous therapy (~80% ICS), excluded smokers or those with 
> 10 pack-year smoking history 
 
Multicenter 

FP/SM DPI (200/100) 
 compared with  
BUD DPI (800) 

Good 
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Table 18. Characteristics of head-to-head studies comparing inhaled corticosteroid and long-acting beta-2 
agonist (in one or separate inhalers) with higher-dose inhaled corticosteroid 

Study 

Study Design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
(total daily dose in mcg) 

Quality 
Rating 

Budesonide + formoterol compared with fluticasone propionate 

Bateman et al. 2003207  RCT, DB, DD 
 
344 
 
12 weeks 

Multinational (6: Germany, Greece, Israel, Netherlands, 
Portugal, S. Africa) 
 
Age ≥ 18; moderate persistent asthma, previous use of 
constant dose of ICS > 30 days at a constant daily dose of 
200-1000mcg, 5-7% smokers in each group 
 
Multicenter (37) 

BUD/FM DPI (320/9) 
compared with 
FP DPI (500) 

Fair 

Fluticasone propionate + salmeterol compared with triamcinolone acetonide 

Baraniuk et al. 199964  
 
This study is also listed 
above under FP+SM 
compared with FP section 

RCT, DB, triple-dummy 
 
680 
 
12 weeks 

US 
  
Age ≥ 12, uncontrolled with low-dose ICS, severity NR, 
smokers excluded 
 
Pulmonary/allergy medicine clinics (50) 

FP MDI (196) + SM (84)  
 vs.  
FP MDI (440)  
vs. 
TAA MDI (1200) 
 

Fair 

Mometasone furoate + formoterol compared with mometasone furoate 

Weinstein, 2010241 RCT, DB 
473 
12 weeks 

North America, Latin America, Russia, Ukraine, and Europe 
≥12 years; history of asthma deteriorations in preceding 2-12 
months requiring treatment with glucocorticoid steroids 

MF/FM (400/20) vs MF (800)  Fair 

Abbreviations: AQLQ = Asthma Quality of Life Questionnaire; BDP = beclomethasone dipropionate; BID – twice per day; BUD = Budesonide; CI = confidence interval; FP = 
Fluticasone Propionate; ICS = Inhaled Corticosteroids; LABAs = Long-Acting Beta-2 Agonists; MA=meta-analysis; OCS = oral corticosteroids; QID = once per day; QOL = quality of 
life; RCT= randomized controlled trial; RR = relative risk; SM = Salmeterol; SMD = standard mean difference; SR=systematic review; TAA = Triamcinolone Acetonide; WMD = 
weighted mean difference. 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X; Drug X > Drug Y trend = point estimate favors Drug X, but the difference is not 
statistically significant or tests of statistical significance were NR; No difference = no statistically significant difference or tests of statistical significance were not reported and outcomes 
are similar. 
a The dose of BUD/FM (200 mcg BUD/6 mcg FM ) used in this study is only available Canada. 
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3. Inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) compared with long-
acting muscarinic antagonist (LAMA) 
For the comparison of TIB and SM/FP, we included a good-quality Cochrane review250 of 2 
eligible RCTs in patients with COPD.251,252 For the comparison of TIB versus FF/VI, we 
included 2 fair-quality, unpublished, 12-week RCTs (N=880).50,53 There is low-strength evidence 
that, compared with TIB, FP/SM was associated with lower risk of mortality, higher risk of 
hospitalization and a higher proportion of patients with a clinically significant improvement in 
quality of life and no difference in effects on exacerbations. There is low-strength evidence that 
TIB and FF/VI do not differ in their effects on mortality and insufficient evidence to draw 
conclusions about how TIB and FF/VI compare for hospitalizations, exacerbations and quality of 
life. For the comparison of umeclidimium bromide/VI 62.5/25 mcg versus TIB 18 mcg, 3 
unpublished, 24-week RCTs of 1759 patients with COPD provided low-strength evidence of no 
statistically significant difference in risk of mortality or quality of life, but no data on 
exacerbations or hospitalizations were provided.54,55,253 We found no evidence of this comparison 
in patients with asthma. 
 
Tiotropium (TIB) compared with fluticasone propionate (FP)/salmeterol (SM) 
We included a good-quality Cochrane review250 that included 3 RCTs251,252,254 that compared 
TIB to SM/FP in 1528 participants with COPD. Two of these RCTs met our inclusion 
criteria.251,252 The third trial did not meet our criteria because it was published in a non-English 
language; consequently, we do not discuss its results here.254 The end date of the Cochrane 
review search was November 2012 and we did not identify any new trials published since that 
time.  

Both eligible trials compared TIB 18 mcg/d to FP/SM 500/50 mcg/d. The INSPIRE RCT 
(Investigating New Standards for Prophylaxis in Reduction of Exacerbations) randomized 1323 
participants and had a 2-year follow-up.251 The unpublished RCT randomized 125 participants 
and had a 12-week follow-up.252 Because of the variation in follow-up duration, the Cochrane 
review authors did not pool data from these RCTs. The Cochrane review authors also noted that 
both RCTs had a high risk of attrition bias: they suffered from high and imbalanced rates of 
withdrawal and they did not collect data on patients who withdrew.  

INSPIRE provided low-strength evidence that SM/FP was associated with a lower risk of 
mortality (OR 0.55; 95% CI, 0.33 to 0.93) and more patients achieved a clinically important 
improvement in quality of life (increase of 4 or more units on the St. Georges Respiratory 
Questionnaire; OR 1.29 ; 95% CI 1.04 to 1.60), but there was a higher risk of hospitalization 
(OR 1.32; 95% CI, 1.04 to 1.67) with SM/FP. There was no statistically significant difference 
between SM/fluticasone and TIB in exacerbations (OR 1.13; 95% CI 0.91 to 1.41). Data from 
the unpublished 12-week study did not add any additional evidence.  

 
Tiotropium (TIB) compared with vilanterol (VI)/fluticasone furoate (FF)  
We included 2 fair-quality, unpublished, 12-week RCTs (N=880) that compared TIB 18 mcg/d 
to FF/VI 100/25 mcg/d in patients with COPD who had or were at risk for comorbid 
cardiovascular disease.50,53 These RCTs provide low-strength evidence of no statistically 
significant difference between TIB and FF/VI in mortality (0.9% vs 0%; OR, 4.97; 95% CI, 0.58 
to 42.77). The unpublished reports of these RCTs did not provide any data on any additional 
effectiveness/efficacy outcomes of interest.  
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Tiotropium (TIB) compared with umeclidinium bromide (UMB)/vilanterol (VI) 
We included 3 fair-quality, unpublished, 24-week RCTs (N=1759) that compared umeclidinium 
bromide (UMB)/VI 62.5/25 mcg to TIB 18 mcg/d in patients with COPD (ZEP117115, 
DB2113374, DB2113360).54,55,253 Data on deaths were available from the Result Summaries 
from the GSK Clinical Study Register. Deaths were rare, with only 0.3% in the 
umeclidinium/bromide group and 0.2% in the TIB group (OR 1.28; 95% CI, 0.24 to 6.7), which 
provided low-strength evidence of no statistically significant difference between the 2 drugs.  

During public comment, a GSK representative provided additional unpublished data from 
studies DB2113374 and DB2113360 (N=1694) on scores on the COPD Assessment Test (CAT), 
St. George’s Respiratory Questionnaire (SGRQ), Transition Dyspnea Index (TDI) and Shortness 
of Breath with Daily Activities Questionnaire (SOBDA) and rescue albuterol use.255 Data from 
these 2 trials provided low-strength evidence of no statistically significant differences between 
UMB/VI 125 mcg/25 mcg, 62.5 mcg/25 mcg or TIB in least squares mean change on the SGRQ 
Total Score (DB2113360: -9.03 vs -6.87 vs -7.62; P=0.346 and P=0.607; DB2113374: -10.52 vs 
-9.95 vs -9.78; P=0.588 and P=0.904). There were no consistent differences between UMB/VI 
125 mcg/25 mcg, 62.5 mcg/25 mcg or TIB on TDI or SOBDA scores. Evaluation of differences 
between UMB/VI 125 mcg/25 mcg, 62.5 mcg/25 mcg or TIB on CAT scores was not reported. 
Reductions in number of puffs per day for rescue albuterol use were statistically significant 
greater for UMB/VI 125 mcg/25 mcg compared with TIB (DB2113374: -3.2 compared with -2.1, 
P<0.001; DB2113360: -2.0 compared with -1.4; P=0.031).  
 
4. Inhaled corticosteroid (ICS) and leukotriene receptor antagonist (LTRA) compared with 
inhaled corticosteroid 
We found 1 systematic reviews with meta-analyses256,257 and 3 RCTs150,229,258-261 meeting our 
inclusion/exclusion criteria in patients with asthma (Table 19). Most studies were conducted in 
adolescent and adult populations; 1 study enrolled a pediatric population ages 6 to 14261 and 1 
enrolled children and adolescents (ages 6 to 17 years).229 

Overall, there is no apparent difference in symptoms, exacerbations, or rescue medicine 
use between those treated with ICSs plus LTRAs compared to those treated with increasing the 
dose of ICSs. (Appendix E, Table E-8). There were some conflicting results and further research 
may alter the results. 

We identified no reviews or head-to-head studies comparing ICS/LTRA with ICS in 
patients with COPD. 
 
Description of studies 
We found 2 systematic reviews with meta-analyses256 and 3 RCTs229,258,259,261 meeting our 
inclusion/exclusion criteria (Table 19). An additional systematic review262 reported additional 
data for 1 of the 3 included RCTs.229 Two trials261 258,259 compared budesonide plus ML with 
budesonide alone; 1 study229 compared the combination of fluticasone and ML with an increased 
dose of fluticasone. 
  
Study populations 
The 3 RCTs included a total of 1142 patients. One study was conducted in adolescent and adult 
populations;258,259 1 study enrolled a pediatric population ages 6 to 14261 and 1 enrolled children 
and adolescents (6 to 17 years of age).229 One was conducted in the United States, 1 in India, and 
1 was multinational. Asthma severity ranged from mild persistent to severe persistent. One 
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enrolled patients with mild to moderate persistent asthma; 1 enrolled patients with mild to severe 
persistent asthma; 1 enrolled patients with moderate persistent asthma.  
 
Methodologic quality 
The e included RCTs were fair-quality studies. The method of randomization and allocation 
concealment was rarely reported. 
 
Head-to-head comparisons 
Inhaled corticosteroid (ICS)/leukotriene receptor antagonist (LTRA) compared with increased 
inhaled corticosteroid 
For ICS plus LTRA compared with increased doses of ICS, only 3 of the trials included in the 
systematic review compared licensed doses of LTRAs with increasing the dose of ICSs in 
patients with asthma. The meta-analyses found no significant difference in any outcomes 
including the following: change from baseline in symptoms score with licensed (WMD 0.01, 
95% CI: -0.09, 0.10) or higher than licensed doses of LTRA (WMD -0.06, 95% CI: -0.16, 0.03); 
risk of experiencing an asthma exacerbation requiring systemic steroids with licensed doses (RR 
0.92, 95% CI: 0.56, 1.51) or higher than licensed doses of LTRA (RR 1.05 95% CI: 0.55, 2.00); 
withdrawals due to poor asthma control with licensed (RR 0.49, 95% CI: 0.15, 1.63) or higher 
than licensed doses of LTRA (RR 0.72 95% CI: 0.29, 1.76); and change from baseline in use of 
rescue beta-agonists with licensed (WMD -0.03 95% CI: -0.24, 0.18) nor higher than licensed 
doses of LTRA (WMD 0.00 95% CI: -0.37, 0.37). We did not find any studies comparing 
ICS/LTRA with an increased dose of the same ICS in patients with COPD. 
 
Budesonide (BUD)/montelukast (ML) compared with budesonide increased dose 
We found 2 fair RCTs258,259,261 comparing the combination of BUD/ML with an increased dose 
of BUD (Table 20). One fair multinational trial (N = 889) compared medium dose BUD (800 
mcg/day) plus ML (10 mg/day) (N = 448) with high dose BUD (1600 mcg/day) (N = 441) for 16 
weeks.258,259 The trial enrolled subjects age 15 to 75 with uncontrolled asthma treated with 
medium dose ICS. At endpoint, there were no statistically significant differences between those 
treated with BUD/ML and those treated with BUD for percentage of asthma free days, daytime 
symptom score, percentage of nights with awakenings, percentage of days with an exacerbation, 
percentage of patients requiring oral steroids or hospitalization, rescue medicine use, or quality 
of life. Adherence was high for both the tablets and inhalers, with over 95% of days fully 
compliant. 

The other trial261(N = 71) compared low dose BUD (400 mcg/day) (N = 33) with low 
dose BUD (200 mcg/day) plus ML (5 mg/day) (N = 30) for 12 weeks. Subjects with moderate 
persistent asthma age 6 to 14 were enrolled from a Pediatric Asthma Clinic in India. At endpoint, 
those treated with increased dose of BUD had fewer exacerbations compared to BUD/ML (9.1% 
compared with 33.3%; P < 0.01). Adherence was high in both groups with only 1 patient 
declaring non-adherence.  

 
Fluticasone propionate (FP)/montelukast (ML) compared with fluticasone propionate increased 
dose 
We found 1 fair-quality RCT229 (N = 182) comparing the combination of FP/ML with an 
increased dose of FP in children and adolescents (6 to 17 years of age). The trial used a triple 
cross-over design. Subjects with uncontrolled asthma while receiving FP (100 twice daily) were 
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randomized to FP (250 twice daily), FP (100 twice daily) plus SM, or FP (100 twice daily) plus 
ML. The primary outcome was a composite of exacerbations, number of asthma control days, 
and FEV1. One hospitalization for asthma-related symptoms occurred in each of the 3 treatment 
groups. A total of 120 prednisone bursts were prescribed for exacerbations (47 during treatment 
with FP compared with 43 during treatment with FP/ML, P = NR). A 2013 Cochrane systematic 
review262 of combination therapy with LMs and ICSs identified the same single trial229 
comparing ICS/LM with higher-dose ICS. The review authors calculated a relative risk not 
reported in the original trial publication; it suggested slightly lower exacerbation risk for FP/ML 
compared with higher-dose FP, but the difference was not statistically significant (RR 0.82, 95% 
CI: 0.54 to 1.25).  
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Table 19. Characteristics of head-to-head studies comparing Inhaled corticosteroid and leukotriene receptor 
antagonist with inhaled corticosteroid 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose)  

Quality 
rating 

Inhaled corticosteroid and leukotriene receptor antagonist compared with inhaled corticosteroid increased dose 

Ducharme et al. 
2004256 

Systematic Review with meta-analysis 

27 studies (5871 subjects) 

2 trials in children; 25 in adults LTRA plus ICS vs. ICS same dose, ICS same dose 
tapering, or ICS increased dose. 

  Good 

Budesonide and montelukast compared with budesonide increased dose 

Jat et al. 2006217 RCT 

71 

12 weeks 

India 
 
Age 6-14 
 
Pediatric Asthma Clinic 

BUD (400) 
vs.  
BUD (200) + ML (5) 
 
Low dose ICS 

 Fair 

Price et al. 
2003258,259 
 
COMPACT 

RCT 

889 

16 weeks 

Multinational 
 
Age 15 – 75 
 
Multicenter 

ML (10) + BUD (800)  
vs.  
BUD (1600) 
 
Medium to High dose ICS 

 Fair 

Fluticasone propionate and montelukast compared with fluticasone propionate increased dose 

Lemanske et al. 
2010229 
 
BADGER 

RCT 

182 

48 wks (3 cross-over periods of 16 wks 
each) 

United States 
 
Age 6-17 
 
Multicenter 

FP (500) 
vs. 
FP/SM (200/100) 
vs. 
FP (200) + ML (5-10) 
 
High vs. low vs. low dose ICS 

 Fair 

Abbreviations: AQLQ = Asthma Quality of Life Questionnaire; BUD = Budesonide; CI = confidence interval;; FM = Formoterol; FP = Fluticasone Propionate; ICS = Inhaled 
Corticosteroids; LABAs = Long-Acting Beta-2 Agonists; LTRAs = Leukotriene receptor antagonists; MA=meta-analysis; ML = Montelukast; NR = not reported; NS = not statistically 
significant; OR = odds ratio; QOL = quality of life; RCT= randomized controlled trial; SM = Salmeterol; SMD = standard mean difference; SR = systematic review; WMD = weighted 
mean difference. 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X; Drug X > Drug Y trend = point estimate favors Drug X, but the difference is not 
statistically significant or tests of statistical significance were NR; No difference = no statistically significant difference or tests of statistical significance were not reported and outcomes 
are similar. 
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5. Combination products (inhaled corticosteroids [ICS]/long-acting beta-agonists [LABAs]) 
compared with leukotriene modifiers (LMs) 
We found 5 RCTs139,157,263-265 meeting our inclusion/exclusion criteria for this comparison (Table 
20). All 5 compared low dose FP plus SM with ML. 139,157,264 Overall, our meta-analysis and 
results from the 5 RCTs found the combination of FP plus SM to be more efficacious than ML 
for preventing exacerbations in persistent asthma (Appendix F and Appendix E, Table E-9). 
Leukotriene modifiers are approved for asthma only, and we did not identify any review or head-
to-head studies comparing ICS/LABA with LM in patients with COPD. 
 
Study populations 
The 5 RCTs139,157,263-265 included a total of 2,188 patients. Two of the RCTs were in adolescents 
and adults, 1 enrolled subjects over the age of 6139 (~15% of subjects < 12 years of age), and 2 
enrolled children ages 6-14.157,264 Four studies were conducted in the United States and 1 
study264 was conducted at sites in both Latin America and Turkey. Asthma severity ranged from 
mild persistent to severe persistent: 2 studies enrolled subjects with mild to moderate persistent 
asthma, and 3 studies enrolled subjects with any severity of persistent asthma. 
 
Methodologic quality 
Four trials were rated fair quality and 1265 was rated good quality. 
 
Sponsorship 
Of the 5 RCTs, 3 were funded by pharmaceutical companies; only 1 was funded primarily by 
sources other than pharmaceutical companies. One trial did not report the source of funding, but 
a significant portion of the study design was dictated by a pharmaceutical company and several 
authors reported a primary affiliation with the company.264 
 
Head-to-head comparisons 
Fluticasone propionate (FP)/salmeterol (SM) compared with montelukast (ML) 
The 5 included studies are described below. We conducted a meta-analysis for exacerbations, 
and found a statistically significant difference favoring those treated with FP/SM (SMD 0.26, 
95% CI: 0.16, 0.35) (Appendix F). Those treated with FP/SM also had greater improvement in 
the percentages of symptom-free days and rescue medicine-free days than those taking ML. 

The 5 studies included 1 good-quality RCT265 and 4 fair-quality RCTs (Table 
20).139,157,263,264 The good-quality RCT (N = 432) compared low dose FP/SM (200 mcg/100 mcg 
daily) (N = 216) with ML (10 mg/day) (N = 216) as monotherapy for 12 weeks.265 Subjects with 
uncontrolled asthma treated with oral or inhaled short-acting beta-agonists age 15 and older were 
enrolled from 51 centers in the United States. At endpoint, those treated with FP/SM showed a 
greater improvement in all outcomes compared to ML, including a decrease in the combined 
asthma symptom score (-1 compared with -0.7; P ≤ 0.001), increase from baseline in % symptom 
free days (+40.3% compared with +27%; P ≤ 0.001), increase from baseline in % of awakening 
free nights (+29.8% compared with +19.6%; P = 0.011), decrease from baseline in nights/week 
with awakenings (-2.2 compared with -1.6; P ≤ 0.001), decrease in puffs/day (-3.6 compared 
with -2.2; P ≤ 0.001), increase in % of rescue free days (53.4% compared with 26.7%; P ≤ 
0.001), and increase in quality of life (AQLQ overall score, increase: 1.7 compared with 1.2; P < 

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 112 of 192



                                                                                                  
  

 
 

0.001). Exacerbations occurred less frequently in the FP/SM group (3% compared with 6%; P = 
NR). Compliance was approximately 99% in both groups. 

The first fair-quality RCT (N = 423) also compared low dose FP/SM (200 mcg/100 mcg 
daily) (N = 211) with ML (10 mg/day) (N = 212) for 12 weeks.263 Subjects with uncontrolled 
asthma treated with oral or inhaled short-acting beta-agonists age 15 or older were enrolled from 
multiple centers in the United States. At endpoint, results were similar to those in the good-
quality RCT described above,265 with significant differences for all outcomes favoring FP/SM 
over ML, including decreased symptoms, rescue medicine use, and exacerbations (0%, 5%; P < 
0.001) (Table 20).  

The remaining 3 RCTs showed mixed results, with some outcomes favoring FP/SM and 
others showing no difference between the 2 regimens. One trial (N = 500) compared low-dose 
FP (200 mcg/day) (N = 169) with low-dose FP (100 mcg/day) plus SM (50 mcg/day) (delivered 
once daily at night) (N = 165) and also with ML (5-10 mg/day) (N = 166) for 16 weeks.139 
Subjects were age 6 and older, had mild to moderate asthma controlled on ICS, and were 
enrolled from multiple American Lung Association Asthma Clinical Research Centers in the 
United States. At endpoint, there were no significant differences between FP plus SM and ML in 
symptom-free days or rescue medicine use. However, there were significant differences in the 
percentage of patients with treatment failure (20.4% compared with 30.3%; P = 0.03) and 
asthma control (ACQ: 0.71 compared with 0.82; P = 0.004) favoring FP plus SM. Adherence 
was good for all groups (FP/SM 93.3% compared with ML 90.5%).  

Another fair-quality RCT (N = 285), the Pediatric Asthma Controller Trial (PACT), 
compared low dose FP 200 mcg/day via DPI (N = 96) with ML 5 mg/day (N = 95) and with the 
“PACT combination” of low dose FP plus SM (each 100 mcg/day) via DPI, given as FP 100 mcg 
plus SM 50 mcg in the morning plus SM 50 mcg in the evening for 48 weeks (N = 94).157 Of 
note, the dose of FP/SM used was outside of the product label recommendation. Subjects with 
mild to moderate asthma age 6 to 14 were enrolled from Childhood Asthma Research and 
Education Centers in the United States. The trial found favorable results for FP/SM in the change 
in the percentage of asthma control days from baseline (33.3% compared with 22.3%; P = 
0.011). Nocturnal asthma symptoms requiring albuterol (NASRA) were less for the PACT 
combination (median 3.0 NASRA per year) than for ML (6.5), but the difference was not 
statistically significant (p=0.16).165 At endpoint, the trial found no significant difference in the 
overall percentage of asthma control days (52.5% compared with 59.6%; P = 0.08). There was 
no significant difference in asthma control as measured by change in ACQ score from baseline (-
0.45 compared with 0.55; P = 0.42). Adherence was similar between groups (86% compared 
with 90%; P = NR). 

A final RCT showing mixed results, the Pediatric Asthma Control Evaluation (PEACE) 
study, enrolled children ages 6 to 14 with mild to moderate persistent asthma from outpatient 
centers at 4 sites in Turkey and 23 in Latin America.264 Using a double-blind, double-dummy 
design, 281 children treated with FP/SM 100 mcg/50 mcg twice daily were compared to 267 
patients treated with ML 5 mg daily. The results showed significant improvement in the 
percentage of symptom free days (OR 1.74, 95% CI 1.07 – 2.82) and asthma-controlled weeks 
(16.7% more in FP/SM group, 95% CI 8.3 – 16.7). The risk of not achieving well-controlled 
asthma was 3 times greater for patients taking ML compared to those taking FP/SM (OR 2.94, 
95% CI 1.97-4.37, controlling for age and sex).266 The trial found no difference between groups 
in the percentage of nights without awakenings due to nocturnal symptoms (OR 2.33, 95% CI 
0.73 – 7.47). The mean exacerbation rate and time was significantly reduced with FP/SM therapy 
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(0.12 vs. 0.3, OR 0.4, 95% CI 0.29 – 0.57) and the number of patients exacerbation-free at 84 
days was 89.6% in FP/SM patients compared with 74.8% in the ML group (treatment difference, 
15%; 95% CI: 8-22, P < 0.001)). In addition, the percentage of rescue free days increased 
significantly with FP/SM treatment (OR 3.24, 95% CI 2.09– 5.02). Quality of life measures, 
however, demonstrated mixed results. While PACQLQ scores were higher in the FP/SM group 
(mean treatment difference 0.54, 95% CI 0.06 – 1.02), no difference was noted between groups 
with respect to PAQLQ score (mean treatment difference 0.09, 95% CI -0.12 – 0.30). Finally, 
while 7.5% of FP/SM treated patients required some form of unscheduled health care contact 
during the study period, substantially more patients on ML therapy required medical attention (P 
= NR). Adherence was similar between groups (87% compared with 84%; P = NR). 
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Table 20. Characteristics of head-to-head studies comparing inhaled corticosteroids and long-acting beta-2 
agonists with leukotriene modifiers in patients with asthma 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Montelukast compared with fluticasone propionate plus salmeterol  

Pearlman et al. 
2002265  

RCT 

432 

12 weeks 

United States 
 
Age 15 and older, mild to severe persistent asthma, smoking status NR 
 
Multicenter (51) 

FP/SM (200 mcg/100 mcg)  
vs.  
ML (10 mg) 
 
Low dose ICS 
 

Good 

Calhoun et al. 2001263 
 

RCT 

423 

12 weeks 

United States 
 
Age 15 and older, mild to severe persistent asthma, smoking status NR 
 
Multicenter 

FP/SM (200 mcg/100 mcg) 
vs.  
ML (10 mg) 
 
Low dose ICS 
 

Fair 

Maspero et al. 
2008264,266  
 
Pediatric Asthma 
Control Evaluation 
(PEACE) study 

RCT DB, double 
dummy 

548 

12 weeks 

Latin America & Turkey 
 
Children 6-14, mild to moderate persistent asthma 
 
Multicenter (23 Latin America, 4 Turkey) 
Outpatient setting 

FP (200 mcg)/SM (100 mcg)  
vs. 
ML (5 mg) 
 
Low dose ICS 
 
 

Fair 

Peters et al. 2007139 RCT 
 
500 
 
16 weeks 

United States 
 
Age 6 and older, mild to moderate asthma, smoking status NR 
 
Multicenter 

FP (200 mcg)  
vs. 
FP/SM (100 mcg/50 mcg)  
vs. 
ML (5 – 10 mg)  
 
Low dose ICS 

Fair 
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Table 20. Characteristics of head-to-head studies comparing inhaled corticosteroids and long-acting beta-2 
agonists with leukotriene modifiers in patients with asthma 

Study 

Study design 
N 
Duration 

Country 
Study population 
Setting 

Comparison 
(total daily dose) 

Quality 
rating 

Montelukast compared with fluticasone propionate plus salmeterol  

Sorkness et al. 
2007157,165 
 
Pediatric Asthma 
Controller Trial 
(PACT) 

RCT 
 
285 
 
48 weeks 

United States 
 
Children age 6-14, mild to moderate persistent asthma, excluded current 
smokers within the past year 
 
Childhood Asthma Research and Education Centers 

FP (200 mcg)  
vs. 
FP/SM (100 mcg/50 mcg) in 
the morning +  
SM (50 mcg) in the evening  
vs. 
ML (5 mg) 
 
Low dose ICS 

Fair 

Abbreviations: AQLQ = Asthma Quality of Life Questionaire; BUD = Budesonide; CI = confidence interval;; FM = Formoterol; FP = Fluticasone Propionate; ICS = Inhaled 
Corticosteroids; LABAs = Long-Acting Beta-2 Agonists; LTRAs = Leukotriene receptor antagonists; MA=meta-analysis; ML = Montelukast; NR = not reported; NS = not statistically 
significant; OR= odds ratio; QOL = quality of life; RCT= randomized controlled trial; SM = Salmeterol; SR=systematic review. 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X; Drug X > Drug Y trend = point estimate favors Drug X, but the difference is not 
statistically significant or tests of statistical significance were NR; No difference = no statistically significant difference or tests of statistical significance were not reported and outcomes 
are similar. 
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6. Long-acting beta agonist (LABA) and inhaled corticosteroid (ICS) compared with 
leukotriene receptor antagonist (LTRA) and inhaled corticosteroid 
(addition of LABAs compared with LTRAs as add-on therapy to ICSs) 
We found 1 systematic review with meta-analysis, first published in 2006267 and updated in 
2011,268 and 8 RCTs229,269-275 that met our inclusion/exclusion criteria and that compared the 
addition of a LABA with the addition of an LTRA for patients with asthma poorly controlled on 
ICS therapy. Risk of bias in included studies was generally low. We found no evidence 
comparing LABAs with LTRAs as add-on therapy to ICSs in patients with COPD.  

All 8 of the RCTs that met our inclusion criteria were also included in the 2011 
systematic review, so we focus here on the results of the review rather than the individual trials. 
The review included 15 full-text reports; only 1 of these included children less than 12 years of 
age (the age range in this study was 6 to 17 years), 229 and this trial did not provide sufficient 
data for analysis. Eleven of the review’s trials contributed data to their meta-analyses of the 6 
critical outcomes identified for this update. These 11 trials included a total of 6,292 patients.  

Overall, results from this good-quality systematic review with meta-analyses provide 
high-strength evidence (Appendix E, Table E-21) that the addition of a LABA to ICS therapy 
prevents exacerbations in more patients than does the addition of an LTRA to ICS therapy for 
adolescents and adults with persistent asthma. This difference held for patients adding SM to ICS 
therapy compared to those adding ML. Strength of evidence was also high that the choice of a 
LABA versus an LTRA did not affect quality of life. Quality of life was also the same for those 
adding SM vs ML (moderate-strength evidence) and those adding SM versus ZAF (low-strength 
evidence).  
 
Study interventions 
The systematic review included RCTs conducted in patients with persistent asthma where a 
LABA or LTRA was added to ICS for 4 to 48 weeks (weighted mean 26 weeks). Inhaled short-
acting beta-2 agonists and short courses of oral steroids were permitted as rescue medications. 
Subjects had to be on a stable dose of ICS throughout the trials. Of the 11 studies we assessed in 
the updated systematic review,268 9 compared 100 mcg/day of SM plus ICS with 10 mg/day of 
ML plus ICS. The other 2 trials compared either SM or FM with ZAF (40 mg/day) as add-on 
therapy to ICSs. Most trials (N=7) used low-dose FP as the ICS in both treatment arms. Of the 
remaining 4 trials, 1 used low-dose BUD in both arms; 1 combined high-dose BDP with ML, and 
medium to high dose FP with SM; and the last 2 trials had varying ICS drugs and doses.  
  
Study populations 
All of the 11 trials we assessed were conducted in adult populations. Two studies were 
conducted in the United States, 1 in the United States and Puerto Rico, 1 in France, and 1 in the 
UK. Three were multinational trials including 6, 19, and 37 countries, and for the remaining 3 
trials the study and/or review did not report the country or countries where the trials took place. 
For most studies the study or review did not report asthma severity; for the 4 where severity was 
reported, it was either mild to moderate (one study), moderate (2 studies) or moderate to severe 
(one study). 
 
Sponsorship 
All 11 RCTs were funded by pharmaceutical companies. 
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Head-to-head comparisons 
One good-quality systematic review with meta-analysis compared LABAs with LTRAs as add-
on therapy to ICSs in patients with asthma.267,268 Eleven of the review’s trials, including 6,292 
patients, contributed data to meta-analyses we report here. Six of these eleven trials met our 
inclusion criteria,269-274 and 5 did not.  

The systematic review provided high-strength evidence that LABA plus ICS was 
significantly better than LTRA plus ICS for preventing exacerbations (Appendix E, Table E-
21).268 Six trials contributed to the primary outcome showing a significant decrease in risk of 
exacerbation requiring systemic steroids for those treated with LABAs (RR 0.83; 95% CI, 0.71 
to 0.97). The reported number of patients who must be treated with the combination of LABA 
and ICS instead of LTRA and ICS to prevent 1 exacerbation over 48 weeks was 38 (95% CI, 22 
to 244).  

Quality of life was also slightly better for patients treated with LABA/ICS. The change in 
Asthma Quality of Life Questionnaire score from baseline, measured on a 7-point scale, was 
0.11 points higher for patients using LABAs as add-on to ICSs, compared to those adding 
LTRAs (95% CI, 0.05 to 0.17). However, the minimal important difference established for the 
AQLQ is 0.5 points.276 The systematic review thus provides high-strength evidence that there is 
no clinically important difference in quality of life between patients adding LABAs to ICS 
therapy for asthma and those adding LTRAs (Appendix E, Table E-21). However, reported 
symptoms and rescue medicine use all favored LABAs: compared to patients using LTRAs as 
add-on therapy, those adding LABAs had fewer symptoms, more symptom-free days, more days 
when they did not require rescue medicine use, and fewer nighttime awakenings (all differences 
statistically significant in meta-analyses). There was no significant heterogeneity in any of the 
meta-analyses we discuss here.  
 
Salmeterol (SM) and inhaled corticosteroid (ICS) compared with montelukast (ML) and inhaled 
corticosteroid 
The systematic review included sub-analyses grouping trials by specific LABA and LTRA 
comparisons in patients with asthma. It provided high-strength evidence from 9 trials that 
patients adding SM to ICS had a lower risk of exacerbations than those adding ML. Two trials 
provided moderate-strength evidence that there were no clinically important differences in 
quality of life for SM compared with ML as add-on therapy (Appendix E, Table E-21). These 
results for exacerbations and quality of life were similar to those for the overall drug classes, 
since most of the trials in the review compared SM and ML. Four included trials provided data 
on hospitalizations due to exacerbations, and 1 on mortality, all 5 trials comparing SM with ML; 
however, evidence from these trials was insufficient to compare SM and ML for these outcomes. 
 
Salmeterol (SM) and inhaled corticosteroid (ICS) compared with zafirlukast (ZAF) and inhaled 
corticosteroid  
For this comparison as well, there were no clinically important differences in quality of life 
between intervention arms, though strength of evidence was low from the 1 trial reporting this 
outcome for SM compared with ZAF, a trial which was included in the systematic review but did 
not meet our inclusion criteria.277 The same single trial reported exacerbations, but evidence was 
insufficient to compare this outcome between patients taking SM versus ZAF (Appendix E, 
Table E-21). 
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7. Leukotriene receptor antagonist (LRA) and long-acting beta-2 agonist (LABA) compared 
with inhaled corticosteroid (CS) and long-acting beta-2 agonist 
We found 1 fair-quality RCT comparing LTRA plus LABA with ICS plus LABA (Appendix E, 
Table E-16 and Table 21).278 This fair-rated, placebo-controlled, multi-center RCT (N = 192, 110 
eligible for primary analysis) compared ML (10 mg/day) plus SM (100 mcg/day) plus placebo 
ICS (N = 98) with low-dose BDP (160 mcg/day) plus SM (100 mcg/day) plus placebo LTRA (N 
= 92) for 14 weeks, washout for 4 weeks, then crossover for another 14 weeks.278 Subjects age 
12 to 65 with moderate asthma were enrolled from multiple sites in the United States. There was 
a 4-week run-in period that involved a single-blind treatment with both BDP (160 mcg/day) and 
ML (10 mg/day). The primary objective of the study was to assess time until treatment failure. 
For each subject, a treatment regimen was considered superior if time to treatment failure was 
longer while the patient took that regimen than it was when he or she took the other regimen. 
The trial was terminated early because the Data and Safety Monitoring Board determined that the 
primary research question had been answered. For 29 subjects, ICS/LABA was superior (longer 
time to treatment failure), and for 8 subjects LTRA/LABA was superior (P = 0.0008). The 
remaining 73 subjects did not experience treatment failure during the trial’s 14 weeks of 
treatment. 
 
 
Table 21. Characteristics of head-to-head studies comparing leukotriene receptor 
antagonist and long-acting beta-2 agonist with inhaled corticosteroid and long-
acting beta-2 agonist 

Study 

Study design 
N 
Duration 

Country 
Study 
population 
Setting 

Comparison 
(total daily dose)  

Quality 
rating 

Montelukast plus salmeterol compared with beclomethasone plus salmeterol 

Deykin et 
al. 
2007278  

RCT 

192 

14 weeks, washout for 4 weeks, 
then crossover for 14 weeks 

United States 
 
Age 12 to 65 
 
Multicenter 

ML (10 mg) + SM (100 mcg) plus 
placebo ICS vs. 
BDP (160 mcg) + SM (100 mcg) plus 
placebo LTRA 
 
Low dose ICS 

 Fair 

Abbreviations: BDP = Beclomethasone dipropionate; ICS = Inhaled Corticosteroids; LABAs = Long-Acting Beta-2 Agonists; LTRAs 
= Leukotriene receptor antagonists; ML = Montelukast; RCT= randomized controlled trial; SM = Salmeterol. 
Symbol use: Drug X > Drug Y = statistically significant difference in outcomes favoring Drug X; Drug X > Drug Y trend = point 
estimate favors Drug X, but the difference is not statistically significant or tests of statistical significance were NR; No difference = no 
statistically significant difference or tests of statistical significance were not reported and outcomes are similar. 
 
 
8. Inhaled corticosteroids (ICS) and long-acting muscarinic agonist (LAMA) compared with 
higher-dose inhaled corticosteroid  
We included 1 RCT that compared co-therapy with TIB 18 mcg/day plus BDP 80 mcg/day 
compared with double-dose BDP (160 mcg/day) in patients whose asthma was not controlled by 
BDP 80 mcg/d alone.192 That RCT provided low-strength evidence that co-therapy with TIB and 
BDP did not differ from double-dose BDP in their effects on exacerbations and quality of life 
and insufficient evidence to draw conclusions about mortality and hospitalizations. Leukotriene 
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modifiers are approved in asthma only, and we found no evidence of this comparison in patients 
with COPD.  

 
Tiotropium (TIB) added to beclomethasone (BDP) compared with double-dose beclomethasone  
 

The TALC RCT (described above)192 also compared TIB 18 mcg/d added to BDP 80 mcg/d to 
double-dose BDP (160 mcg/) in patients whose asthma was not controlled by BDP 80 mcg/d 
alone. The TALC RCT provides low-strength evidence that TIB and double-dose BDP have 
similar effects on exacerbations (4.3% compared with 7.6%; P=NR) and Asthma Quality-of-Life 
Questionnaire score (mean difference, 0.10; 95% CI, -0.07 to 0.27). There was only 1 
hospitalization in each group and no deaths, but due to unknown consistency and imprecision, 
we did not draw conclusions about these outcomes. Tiotropium was superior to double-dose 
BDP in proportion of asthma-control days (difference of 0.79 days; 95% CI, 0.019 to 0.140), 
score for daily symptoms (difference of -0.11 points; 95% CI, -0.16 to -0.06) and score on the 
Asthma Control Questionnaire (difference of -0.18 points; 95% CI, -0.34 to -0.03). 
 
 
Key Question 2. Adverse Events 
What is the comparative tolerability and frequency of adverse events for 
controller medications used to treat outpatients with persistent asthma or COPD? 
 
I. Intra-class Evidence (within a class) 
 
A. Inhaled Corticosteroids (ICS) 
Summary of findings 
Asthma 
Overall adverse events, tolerability, and common adverse events 
Few RCTs were designed to assess adverse events as primary outcomes. The overall incidence of 
adverse events and withdrawals due to adverse events are similar for equipotent doses of ICSs in 
patients with asthma; results from head-to-head RCTs suggest no significant differences between 
ICSs (moderate-strength evidence). Overall summaries for specific adverse events are described 
below. There were no head-to-head trials comparing different ICSs in patients with COPD. 
 
Osteoporosis/fractures/bone density 
Two RCTs compared 1 ICS with another ICS in adult subjects with asthma.279,280 No difference 
were seen between BDP and BUD in bone mineral density (BMD) and vertebral fractures in 374 
adults.279 A smaller trial reporting BMD randomized 69 asthmatic patients to medium and high 
doses of BDP or FP.280 At 1 year, no significant differences in bone mass or metabolism were 
noted between the 2 treatment groups. 
 
Growth retardation 
Three head-to-head trials provide moderate-strength evidence that short-term (20 weeks to 1 
year) growth velocity is reduced less with FP than with BDP79 or BUD in patients with 
asthma.82,281 A forth head-to-head trial found that CIC-treated subjects had a greater mean body 
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height increase than BUD-treated subjects over 12 weeks.106 Insufficient evidence exists to 
determine if long-term treatment with ICSs lead to a reduction in final adult height. 
 
Acute adrenal crisis 
Evidence from randomized trials and observational studies is insufficient to draw conclusions 
regarding the risk of rare but potentially fatal adverse events such as acute adrenal crisis. 
Nonetheless, multiple case reports have indicated that high-dose ICS treatment is associated with 
acute adrenal crisis, especially in children.282-284 Evidence from intermediate outcomes cannot be 
extrapolated reliably to form conclusions about the comparative frequency of acute adrenal crisis 
for ICSs. 
 
Cataracts 
The single head-to-head RCT285 evaluating eye lens opacity found CIC to be non-inferior to BDP 
(both delivered at high doses), with both treatments having minimal impact on the development 
and/or progression of lenticular opacities. No study compared the risk of developing posterior 
subcapsular opacity, per se, between 1 ICS and another. No study evaluated the link between 
childhood ICS use and risk of cataracts in older age. 
 
Ocular hypertension and open-angle glaucoma 
No study compared the risk of ocular hypertension or open-angle glaucoma between 1 ICS and 
another.  
 
COPD 
We identified no comparative trials in children or in patients with COPD. 
 
Detailed assessment 
Description of studies 
Most studies that examined the efficacy of 1 ICS relative to another in patients with asthma 
(described in Key Question 1) also reported tolerability and adverse events. Six head-to-head 
RCTs and 1 observational study met our inclusion/exclusion criteria for tolerability or adverse 
events.279-281,285-287 Seven of the head-to-head RCTs included children < 12.79,82,88,99,100,106,281  

Methods of adverse events assessment differed greatly. Few studies used objective scales 
such as the adverse reaction terminology from the World Health Organization. Most studies 
combined patient-reported adverse events with a regular clinical examination by an investigator. 
Often it was hard to determine if assessment methods were unbiased and adequate; many trials 
reported only those adverse events considered to be related to treatment. Rarely were adverse 
events prespecified and defined. Short study durations and small sample sizes limited the validity 
of adverse events assessment in many trials. Many studies excluded eligible participants that did 
not tolerate treatment during the run-in period, limiting the generalizability of adverse event 
assessment. Few RCTs were designed to assess adverse events as primary outcomes; some 
studies were post hoc analyses or retrospective reviews of databases. 

 
Overall adverse events, tolerability, and common adverse events 
Of the 47 head-to-head studies reviewed for this section (all conducted in patients with asthma), 
most reported frequency of adverse events without tests of statistical significance (Appendix J, 
Asthma update 1 report). The vast majority of studies reported similar results for equipotent ICS 
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doses. Only 5 studies reported a difference of greater than 5% in overall adverse events for 
equipotent doses.67,96,99,101,112 Only 1 study reported a statistically significant difference in overall 
adverse events between 2 ICSs (overall AEs (%): 20 compared with 5, P < 0.001 for FP 
compared with TAA, but the study did not compare equipotent doses.83 Four studies reported a 
difference of greater than 5% in withdrawals due to AEs for equipotent doses.69,73,99,280  

Most head-to-head trials reported specific adverse events. Oral candidiasis, rhinitis, 
cough, sore throat, hoarseness, headache, and upper respiratory infection were among the most 
commonly reported adverse events. In most head-to-head trials oral candidiasis, rhinitis, cough, 
sore throat, hoarseness, and bronchitis were reported in fewer than 10% of ICS-treated patients. 
Upper respiratory tract infections were reported by 3 to 32% of study participants. For common 
specific adverse events, just 3 trials reported a statistically significant difference between 
equipotent doses of different ICSs.70,73,91 One reported a greater incidence of headache in those 
treated with BDP than those treated with FP (7% compared with < 1%, P = 0.03);91 1 reported a 
greater incidence of upper respiratory tract infection with TAA than with BDP (10.4% compared 
with 2.7%, P = 0.027);73 1 reported a greater incidence of oral candidiasis with FP than with CIC 
(3.8% vs. 0%, P = 0.002);70 and 1 reported that a greater proportion of patients experienced local 
oropharyngeal adverse effects (candidiasis and dysphonia) with FP than with CIC (p = 0.0023).66 
Meta-analysis of trials reporting “oral candidiasis-thrush” that compared equipotent doses of CIC 
with FP revealed lower odds of oral candidiasis-thrush for those treated with CIC (OR 0.33, 95% 
CI 0.17, 0.64, Appendix F). 

 
Specific adverse events 
Bone density/osteoporosis 
Two fair-quality RCTs compared an ICS to another in asthma patients.279,280 One 24-month 
open-label trial measuring BMD and vertebral fractures randomized 374 adult patients with 
asthma to BDP or BUD.279 Patients were titrated to the minimal effective dose following a pre-
specified management plan; subjects who required more than 3 courses of oral corticosteroids 
were withdrawn. At 2 years, no significant differences in BMD were reported between the 2 
treatment groups. A smaller trial reporting BMD randomized 69 asthmatic patients to medium 
and high doses of BDP or FP.280 At 1 year, no significant differences in bone mass or 
metabolism were noted between the 2 treatment groups (Table 22). 
 
 
Table 22. Summary of studies on bone density or fractures in patients with 
asthma 
Author  
Year 

 
N 

 
Design 

 
Population 

 
Results 

Quality 
rating 

Adult populations 
Medici et al. 
2000280  69 RCT Asthma (adult) No difference in BMD between BDP- 

and FP-treated patients over 1 year Fair 

Tattersfield et al. 
2001279  374 RCT  

(open label) 
Asthma 
(adult) 

No difference in BMD/fractures 
between BDP or BUD over 2 years Fair 

Abbreviations: BDP = beclomethasone dipropionate; BUD = Budesonide; RCT= randomized controlled trial 
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Growth 
Four head-to-head RCTs comparing FP to BDP,79 FP to BUD,82,281 or CIC to BUD106 assessed 
differences in growth in asthma patients (Table 23). A fair-quality, 1-year, multinational head-to-
head trial determined differences in growth velocity comparing a medium dose of FP (400 
mcg/day) to a medium dose of BDP (400 mcg/day) in 343 pre-pubertal children with asthma.79 
ITT analysis revealed that adjusted mean growth velocity was significantly greater in fluticasone 
than in BDP-treated patients (+0.70 cm/year; 95% CI: 0.13 to 1.26; P < 0.02). Another fair-
quality RCT compared growth velocity in 60 children treated with either a low dose of FP (200 
mcg/day) or a low dose of BUD (400 mcg/day) over 1 year.281 Fluticasone propionate-treated 
children had less reduction in growth velocity than the BUD-treated group (height standard 
deviation score: 0.03 compared with 0.23; P < 0.05); the authors did not provide absolute 
numbers in centimeters of differences in growth. The third RCT compared differences in growth 
velocity in 333 children treated with a medium dose of FP (400 mcg/day) or a medium dose of 
BUD (800 mcg/day) over 20 weeks.82 Linear growth velocity was greater for fluticasone-treated 
children compared to those treated with BUD (adjusted mean increase in height: 2.51 cm 
compared with 1.89; difference 6.2 mm (95% CI: 2.9-9.6, P = 0.0003). The forth RCT compared 
growth in 621 children (age 6-11) treated with either a low dose of CIC (160 mcg/day) or a low 
dose of BUD (400 mcg/day) over 12 weeks. Ciclesonide-treated subjects had a greater mean 
body height increase (1.18 cm vs. 0.70 cm, P=0.0025). One fair-quality retrospective 
observational study in Croatia using anonymous patient data from Children’s Hospital Srebrnjak 
Database studied linear growth velocity in prepubertal children aged 4 to 9.5 years with 
persistent asthma for a period of 23 weeks.288 Results for growth in this observational study were 
difficult to compare for FP versus BUD because local indications for BUD specified age greater 
than 6 years, versus 1 year for fluticasone, the mean age of patients given BUD was substantially 
higher than that of FP patients (7.16 vs. 6.53 years). Additionally, fewer patients were treated 
with BUD than FP (43 vs. 502). 
 
 
Table 23. Summary of studies on growth retardation 

Author  
Year N Design Population Duration Results 

Quality 
rating 

Head-to-head comparisons of ICS compared with ICS 

De Benedictis et al. 200179 
 343 RCT 

Pre-
pubertal 
children 

with 
asthma 

1 year 
Greater growth 

velocity in FP than in 
BDP group 

 
Fair 

Ferguson et al, 199982 
 

333 
 

RCT 
Children 

with 
asthma 

20 weeks 
Greater growth 

velocity in FP than in 
BUD group 

Fair 

Kannisto et al. 2000281 
 75 RCT 

Children 
with 

asthma 
1 year 

Greater growth 
velocity in FP than in 

BUD group 

 
Fair 

von Berg et al. 2007106 621 RCT 
Children 

with 
asthma 

12 weeks 
Greater increase in 

growth in CIC than in 
BUD group 

Fair 

Abbreviations: BDP = beclomethasone dipropionate; BUD = budesonide; CIC = ciclesonide; FP = fluticasone propionate; RCT = 
randomized controlled trial. 
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Acute adrenal crisis 
The use of ICSs includes the risk of altered hypothalamic-pituitary axis (HPA axis) functioning 
and the rare possibility of resultant adrenal suppression. We did not find any studies meeting our 
inclusion/exclusion criteria reporting on the comparative frequency of clinical adrenal 
insufficiency in patients treated with ICSs. However, multiple studies report on adrenal 
suppression during ICS therapy using urinary or serum cortisol levels and results of stimulation 
tests as intermediate outcomes. It is unclear to what extent results from such studies of HPA axis 
suppression can be extrapolated to assess differences in risks for clinically significant adrenal 
suppression. 
 
Cataracts 
Systemic corticosteroid-induced cataracts typically are located on the posterior side of the lens 
and are referred to as posterior subcapsular cataracts (PSC). No study compared the risk of 
developing PSC between an ICS and another. One head-to-head RCT evaluated the effect of CIC 
and BDP on eye lens opacity in adult patients with asthma and found CIC to be non-inferior to 
BDP (both delivered at high doses) (Table 24).285 Both treatments were found to have minimal 
impact on lenticular opacity development and/or progression.  
 
 
 
Table 24. Summary of studies on posterior subcapsular cataracts 

Author  
Year N  Design Population Results 

Quality 
rating 

Chylack et al. 2008285 1,568 RCT Adults 
(age ≥ 18) 

Mean changes in nuclear 
opalescence and cortical and 
posterior subcapsular opacification 
were small and similar between 
ciclesonide and BDP 

Fair 

 
 
Ocular hypertension and open-angle glaucoma 
No study compared 1 ICS to another for the risk of ocular hypertension or open-angle glaucoma.  
 
B. Leukotriene Modifiers (LMs) 
Summary of findings 
There is insufficient head-to-head data (2 trials in asthma patients) to determine differences in 
tolerability or overall adverse events between any of the LMs using direct evidence. We 
identified no comparative trials in children or in patients with COPD. 
 
Detailed assessment 
Overall adverse events 
We found 2 fair-quality head-to-head trials comparing 1 LM with another that met 
inclusion/exclusion criteria for our review.113,114 One trial compared quality of life outcomes 
between ML and ZAF at recommended doses in adults with mild persistent asthma, but did not 
report whether adverse events occurred in either group. The second trial compared ZIL and ML 
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in patients in India with mild to moderate asthma.114 No patient in either drug arm reported 
serious adverse events or withdrew due to adverse events. 
 
Liver toxicity 
In 1 head-to-head trial comparing ML with ZIL in patients with asthma,114 2 patients (2%) taking 
ZIL developed altered liver function tests (LFT), 1 with alanine aminotransferase (ALT) 
elevation and 1 with total bilirubin elevation. None of the patients taking ML showed such 
changes. However, the difference between groups was not statistically significant (risk difference 
calculated for this review: 0.02, 95% CI -0.02 to 0.06, i.e. the incidence of LFT abnormalities in 
patients taking ZIL increased by 2 per 100 subjects compared to patients taking ML, but the 95% 
CI included no difference.) In addition, no patient in either group had clinical symptoms or signs 
of liver toxicity. 
 
C. Long-Acting Beta-2 Agonists (LABAs) 
Arformoterol, FM, IC, and SM, the 4 LABAs currently available in the United States for the 
treatment of asthma and COPD, are all selective beta-2 adrenergic receptor agonists.  

Of greater concern are reports that regular use of LABAs increases the risk of asthma-
related death.9,289-292 Subgroup analysis from 1 study289 has suggested this risk may be 
significantly higher in African Americans (see Key Question 3). These concerns have resulted in 
an FDA boxed warning for products that contain any LABA. Experts recommend strongly 
against using LABAs as monotherapy for long-term control of persistent asthma.1 LABAs are 
contraindicated for use as monotherapy in patients with persistent asthma.9,290-292 In June 2010, 
the FDA announced it was requiring manufacturers to revise their drug labels.293 The new 
recommendations in the updated labels state the following:293 

 
• Use of a LABA alone without use of a long-term asthma control medication, such as an 

inhaled corticosteroid, is contraindicated (absolutely advised against) in the treatment of 
asthma. 

• LABAs should not be used in patients whose asthma is adequately controlled on low or 
medium dose inhaled corticosteroids. 

• LABAs should only be used as additional therapy for patients with asthma who are 
currently taking but are not adequately controlled on a long-term asthma control 
medication, such as an inhaled corticosteroid. 

• Once asthma control is achieved and maintained, patients should be assessed at regular 
intervals and step down therapy should begin (e.g., discontinue LABA), if possible 
without loss of asthma control, and the patient should continue to be treated with a long-
term asthma control medication, such as an inhaled corticosteroid. 

• Pediatric and adolescent patients who require the addition of a LABA to an inhaled 
corticosteroid should use a combination product containing both an inhaled corticosteroid 
and a LABA, to ensure adherence with both medications. 
 
The FDA believes that when LABAs are used according to the recommendations outlined 

above and in the approved drug labels, the benefits of LABAs in improving asthma symptoms 
outweigh their risks of increasing severe asthma exacerbations and deaths from asthma.293 
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For this review, we sought evidence of comparative safety of LABAs with respect to 
severe adverse events. Additional information on all-cause mortality is provided in Key Question 
1.  
 
Summary of findings 
We identified 4 RCTs in patients with asthma that met our inclusion criteria and provided direct 
evidence regarding the relative safety of FM (or the equivalent drug eFM) and SM (described in 
Evidence Tables). We rated 3 studies115,117,118,126 as fair quality for assessment of adverse events. 
The fourth116 was rated as poor quality for assessment of adverse events. However, since it was 
the only head-to-head trial performed specifically in children, we describe it in this section. In 
general, these trials were of relatively short duration, with none lasting more than 24 weeks. All 
were designed primarily to assess efficacy. Adverse events were typically collected via 
spontaneous reports from patients or “general questioning” by the investigators, though study 
withdrawals and reasons for withdrawals were reported. In these trials, all patients were taking 
ICS at the time of enrollment, and severe adverse events were rare. We also identified 2 
systematic reviews with meta-analyses that compared subjects treated with FM and subjects 
treated with SM.294,295 Overall, limited evidence from head-to-head trials and from systematic 
reviews provides no evidence of a difference in tolerability or adverse events between FM and 
SM in patients with asthma, regardless of whether or not corticosteroids are used concurrently.  

For this update we identified 6 new, fair-quality trials comparing LABAs in patients with 
COPD.119,120,122-125 All are described in detail in Key Question 1. Three trials122-124 compared IC 
with SM, and another compared IC with FM.119 One trial125 compared ARF with FM, and the 
final trial compared FM delivered with a nebulizer to FM via dry powder inhaler.120 The trials 
provided low-strength evidence that rates of serious adverse events and withdrawals due to 
adverse events did not differ between patients taking ARF and those taking FM. Patients taking 
IC were less likely to withdraw due to adverse events than those taking FM; the difference was 
statistically significant for the higher IC dose, though not for the lower IC dose. Patients taking 
IC were more likely than those taking SM to experience severe harms or withdraw due to harms, 
but neither difference was statistically significant (Appendix E, Table E-24). Evidence was 
insufficient to compare harms in patients taking FM via nebulizer versus FM via DPI (Appendix 
E, Table E-21).  
  
Detailed assessment 
Arformoterol (ARF) compared with formoterol (FM) 
Asthma. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared ARF with FM in subjects with asthma. 
 
COPD. One fair-quality trial125 included 444 patients with asthma from 62 centers in the United 
States. Patients received 6 months of treatment with either 30 or 50 mcg ARF daily via nebulizer, 
or 24 mcg/day FM via DPI. Withdrawals due to harms appeared similar across treatment arms, 
with 10.1% of patients taking 30 mcg ARF withdrawing, 10.9% of those taking 50 mcg ARF, 
and 8.2% of those taking FM, though the study did not report a statistical comparison. Serious 
adverse events also appeared similar between ARF and FM, though results differed for the 2 
doses of ARF. We calculated RR 1.41 (95% CI, 0.75 to 2.66) for patients taking ARF 30 
compared to those taking FM, and RR 0.71 (95% CI, 0.33 to 1.52) for those taking 50 mcg of 
ARF versus FM; though RRs appeared inconsistent, both 95% CIs included 1.0 (no effect). The 
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study thus provides low-strength evidence that serious harms and withdrawals due to harms do 
not differ between ARF and FM.  
 
Arformoterol (ARF) compared with salmeterol (SM) 
We did not identify any good- or fair-quality systematic reviews or head-to-head trials that 
compared ARF with SM in subjects with asthma or COPD. 
 
Formoterol (FM) (nebulized) compared with formoterol (FM) dry powder inhaler (DPI) 
Asthma. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared nebulized FM with FM via DPI in subjects with asthma. 
 
COPD. A fair-quality trial120 compared 2 formulations of FM, 1 delivered via nebulizer and the 
other via DPI. The trial enrolled 237 patients with COPD from 38 centers in the United States for 
12 weeks of treatment with FM 40 mcg via nebulizer or 24 mcg via DPI. Few patients 
experienced serious adverse events (N=4 overall) or withdrew due to adverse events (N=8), and 
evidence was insufficient to compare these outcomes for the 2 FM formulations.  
 
Formoterol (FM) compared with indacaterol (IC) 
Asthma. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared FM with IC in subjects with asthma. 
COPD. The INVOLVE Study of 1,300 patients in 25 countries outside the United States 
compared the newest LABA, IC, with FM. Over 52 weeks of treatment subjects received 300 
mcg/day of IC, 600 mcg/day of IC, or 24 mcg/day of FM, all via DPI. The study did not report 
serious adverse events, but for both doses of IC fewer patients withdrew due to adverse events 
than did patients taking FM. However, the differences did not reach statistical significance: we 
calculated RR 0.85 (95% CI 0.56 to 1.30) for withdrawals in patients taking 300 mcg IC and RR 
0.58 (95% CI 0.36 to 0.94) for 600 mcg IC, each compared with patients taking FM.  
 
Formoterol (FM) or eformoterol (eFM) compared with salmeterol (SM) 
Asthma. Of the 4 included head-to-head trials, 2 were conducted only in adults,118,126 1 enrolled 
adults and adolescents115 and 1 enrolled only children and adolescents between 6-17 years old.116 
All 4 trials compared FM (12 mcg twice daily) with SM (50 mcg twice daily). Only 1115 of the 4 
trials was blinded. Detailed descriptions of these RCTs are provided in the Key Question 1 
section of this report with the exception of 1 study that was included for this section but not for 
efficacy outcomes,126 which is described in the Evidence Tables. 

One open-label RCT conducted in the United States126 compared FM (24 mcg/day) to 
SM (50 mcg/day) in 528 adult asthmatics who were already taking low dose ICSs. The duration 
of the study was 24 weeks and the investigator found similar numbers of total withdrawals 
(14.5% compared with 11.3%) and withdrawals due to adverse events (5.7% compared with 
3.4%). 

One trial115,296 randomized 469 patients to blinded eFM via DPI, SM via DPI, or SM via 
MDI. They found similar rates of hospital admission and ED visits and total study withdrawals. 
Another trial117 compared FM administered via DPI with SM given via DPI in 482 adult 
asthmatics. The trial found comparable rates of hospitalizations, study withdrawals, withdrawals 
due to adverse events, and drug-related adverse events. The only trial enrolling children and 
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adolescents116 randomized subject (N = 156) to FM or SM and also found similar rates of study 
withdrawals and withdrawals due to adverse events.  

Two systematic reviews compared SM and FM directly. The first review295 compared the 
risk of adverse events in patients with chronic asthma who received FM and corticosteroid 
versus SM and corticosteroid for chronic asthma. One trial compared FM and BDP to SM and 
FP, and the other 7 trials compared FM and BUD to SM and FP. The reviewers found no 
significant differences in any serious adverse events, including all-cause mortality (OR 1.03, 
95%: CI 0.06 to 16.44), all-cause non-fatal serious adverse events (OR 1.14, 95% CI: 0.82 to 
1.59), and asthma-related serious adverse events (OR 0.69, 95% CI: 0.37 to 1.26). The study 
using BDP instead of BUD was relatively small (N=228 participants) and reported no deaths or 
hospital admissions. 

The second systematic review294 compared the risk of adverse events in patients with 
chronic asthma who received FM versus SM, without the addition of ICS. This review was first 
published in 2009294 and updated in 2013 with searches through January 2012;297 however, the 
update found no new studies to include, and we therefore excluded the 2013 publication from 
this report. The 2009 review found no statistically significant differences in any serious adverse 
events, including all-cause mortality (one total death in the SM group, not attributable to 
asthma), all-cause serious adverse events in adults (OR 0.77, 95% CI: 0.46 to 1.28), all-cause 
serious events in children (OR 0.95, 95% CI: 0.06 to 15.33), and asthma-related serious adverse 
events in adults (OR 0.86, 95% CI: 0.29 to 2.57) and children (no events in either group).  

 
COPD. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared FM with SM in subjects with COPD. 
 
Indacaterol (IC) compared with salmeterol (SM) 
Asthma. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared IC with SM in subjects with COPD. 
 
COPD. Two fair-quality RCTs122,123 compared treatment with 150 mcg daily of IC with 100 mcg 
of SM in COPD patients, and a third small trial compared 300 mcg daily of IC to 100 mcg of 
SM.124 One trial122 recruited 1,123 patients from 8 countries including the United States for 12 
weeks’ treatment; another123 treated 667 patients from 15 non-US countries for 26 weeks; and 1 
included 186 patients in a 52-week trial in Japan124 Both serious harms and withdrawals due to 
harms appeared to favor SM, though differences were not statistically significant. Our meta-
analyses comparing IC with SM calculated OR 1.19 (95% CI 0.74 to 1.90) for withdrawals due 
to harms, and OR 1.51 (95% CI 0.99 to 2.28) for serious harms.  
 
D. Combination Products: Inhaled Corticosteroid (ICS) plus Long-acting Beta-2 Agonist 
(LABA) compared with Inhaled Corticosteroid plus Long-acting Beta-2 Agonist 
Summary of findings 
Asthma. We found 7 RCTs with 11 publications47,48,57,127-134 that compared the combination of 
an ICS plus a LABA with another ICS/LABA combination for controller therapy treatment of 
asthma. Four trials compared fixed- dose combination inhalers containing BUD/FM to fixed-
dose combination inhalers of FP/SM.127,129,130,132 Two compared fixed-dose combination inhalers 
containing FP/SM to fixed-dose combination inhalers of MF/FM.47,133 A single study compared 
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fixed-dose combination inhalers containing FP/SM to fixed-dose combination inhalers of 
FF/VI.48 

Overall, results from these 4 large trials up to 6 months in duration provide moderate-
strength evidence that there is no significant difference in the risk of withdrawal due to an 
adverse event between fixed-dose combination treatment with BUD/FM and FP/SM. The results 
of our meta-analysis indicated a relative risk of 1.02 (95% CI 0.68, 1.54). The risk of 
experiencing a serious adverse event was also not statistically significantly different between the 
combination products (pooled RR 1.30, 95% CI 0.88 to 1.90).  

Moderate-strength evidence indicates no statistically significant differences in withdrawal 
due to adverse events or risk of serious adverse events between groups assigned to fixed-dose 
combination inhalers of MF/FM compared with those assigned to FP/SM. Low-strength evidence 
suggests no difference in risk of withdrawal due to adverse events or incidence of serious 
adverse events between MF/FM and FP/SM, although numerically higher rates were reported 
with MF/FM than with FP/SM.  

Low-strength evidence from a single study of fixed-dose combination inhalers of FF/VI 
compared with FP/SM suggests no difference in rates of withdrawal due to adverse events or 
serious adverse events between drugs. 
 
COPD. We found 4 RCTs and 1 observational study comparing adverse event rates in patients 
with COPD treated with fixed-dose combination products of an ICS/LABA. Low-strength 
evidence from a single fair-quality observational study indicates that patients using FP/SM had 
an increased risk of pneumonia and pneumonia-related mortality compared with BUD/FM. The 
risk of pneumonia was significantly higher with FP/SM compared with BUD/FM; RR 1.73 (95% 
CI 1.57 to 1.90) with a calculated number needed to treat of 23 (95% CI 18 to 37). Mortality 
related to pneumonia was also increased with FP/SM compared with BUD/FM; RR 1.76 (95% 
CI 1.22 to 2.53).  

Based on three 12-week trials, although rates were low in both groups, evidence is 
insufficient to determine whether withdrawals due to adverse events, serious adverse events or 
mortality differ between FF/VI and FP/SM. A single good-quality trial provided low-strength 
evidence of no differences in adverse events between BPD/FM and BUD/FM over a 48-week 
period.  
 
Detailed assessment 
Description of studies 
Asthma. In patients with asthma, 4 RCTs compared BUD/FM with FP/SM, 2 compared FP/SM 
with MF/FM and 1 compared FP/SM with FF/VI. Study duration ranged from 12 to 52 weeks.133  

Within-trial equipotency of daily ICS dose varied for the trials of BUD/FM compared 
with FP/SM. All 4 trials administered the same total daily dose of FP/SM (500/100), which is 
considered a medium daily dose of ICS when delivered via DPI and a high daily dose when 
delivered via pMDI. In 2 trials, 500 mcg of FP was compared with an equipotent daily dose of 
BUD,127,128,130 while 2 studies medium daily doses of BUD were compared with a high dose of 
FP.129,131,132,134  

A 52-week trial of MF/FM and FP/SM randomized patients to moderate (200 mcg MF 
per day, 250 mcg FP via MDI) or high (400 mcg MF per day, 500 mcg FP via MDI based on 
their prior dosing of ICS,133 while a 12-week trial randomized to medium doses of MF/FM using 
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a MDI and medium doses of FP/SM using a DPI.47 The 52-week trial was designed specifically 
to assess long-term harms, and measured only minimal benefits outcomes.  

Lastly, FF/VI 100/25 mcg once daily using a DPI was compared with FP/SM 150/50 mcg 
twice daily using a MDI.48  

 
COPD. We found 1 good-quality 48-week RCT, 3 unpublished 12-week RCTs with results 
posted on the ClinicalTrials.gov website, comparing 2 fixed-dose combination products for 
treatment of COPD and 1 retrospective cohort study reporting pneumonia-related adverse events 
with fixed-dose combination products in patients with COPD.49,51,52 The 48-week, multi-country 
RCT compared BDP/FM 200mg/12mg pMDI, BUD/FM 400mg/12mg DPI, or FM 12 mg DPI 
alone (all BID) in patients with severe COPD.135 All 3 unpublished trials compared FF/VI with 
FP/SM. The cohort study compared FP/SM to BUD/FM. 

 
Study populations 
Asthma. The 4 head-to-head RCTs of BUD/FM compared with FP/SM included a total of 5,818 
subjects. All studies were conducted in adolescent and/or adult populations. None included 
children < 12 years of age. All trials were multinational. All enrolled subjects that were not 
adequately controlled on current therapy. Three were conducted in subjects with moderate to 
severe persistent asthma; 1 did not report the severity classification.132,134 Three trials (75%) 
excluded smokers with at least a 10 pack-year history; 1 (25%) allowed some smokers and 
reported that 5% to 7% of subjects in each group were current smokers.  

The 2 trials of MF/FM and FP/SM included a total of 1,126 patients > 12 years old, 1 
conducted at sites in North America and the other at sites in South America. The 52-week study 
included stable patients using moderate to high doses of ICS, while the 12 week study included 
patients on a stable regimen with moderate dose ICS, but with >2 exacerbations in the last year. 
Both studies excluded current and ex-smokers. 

The trial of FF/VI compared with FP/SM enrolled 806 patients (> 12 years old) with 
stable asthma, taking medium doses of an ICS, and with FEV1 reversibility of > 12% and > 200 
mL after albuterol administration. The study excluded current and ex-smokers, and was 
conducted in multiple countries worldwide.  
 
COPD. The 48-week good-quality, multi-country RCT enrolled 718 patients with severe COPD 
according to the GOLD guidelines, including at least 1 serious exacerbation in the last year. 135 
The study population had 37% current smokers, and a mean of 38 pack-years of smoking for all 
patients enrolled. The mean percent predicted normal FEV1 pre-bronchodilator was 42%. The 3 
fair-quality trials were multinational, with 1 including sites in the United States. In these trials, 
patients were current or former smokers (> 10 pack years) 40 years old or greater and with a 
post-albuterol FEV1 to Forced Vital Capacity ratio of < 0.7 and a post-albuterol FEV1 of < 70% 
of predicted normal values. The percent of females ranged from 18% to 36%, and the mean age 
was 62 years.  

In a fair-quality cohort study, conducted in Sweden, the percent female was 53%, and the 
mean post-bronchodilator FEV1 was 50% of predicted normal and 48% were current smokers. 
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Sponsorship 
Asthma. Of the 7 trials, 6 (86%) were funded by pharmaceutical companies; 1 trial did not report 
the source of funding but at least 1 author had a primary affiliation with a pharmaceutical 
company. No trials were funded primarily by a source other than a pharmaceutical company. 
 
COPD. All of the unpublished RCTs were funded by GlaxoSmithKline, the manufacturer of the 
FF/VI fixed-dose combination product, the published RCT was funded by a French 
pharmaceutical company and the cohort study was funded by the manufacturer of the BUD/FM 
fixed-dose product, AstraZeneca. 
 
Head-to-head comparisons 
Budesonide (BUD)/formoterol (FM) compared with beclomethasone (BDP)/formoterol (FM) 
In the trial of 718 patients with severe COPD, differences in rates of serious adverse events, any 
adverse events, withdrawals due to adverse events and pneumonia were not different between the 
groups.135 Rates for withdrawing due to adverse events were 3.8% with BPD/FM and 2.5% with 
BUD/FM, rates of pneumonia were 2.1% versus 2.9%, respectively. While 2 patients died in the 
BPD/FM group and 4 in the BUD/FM group none were reported to be related to drug treatment.  
 
Budesonide (BUD)/formoterol (FM) compared with fluticasone propionate (FP)/salmeterol (SM) 
Asthma: Based on meta-analysis, 4 trials provided moderate-strength evidence of no statistically 
significant difference between BUD/FM and FP/SM in the number of patients withdrawing from 
the study due to an adverse event; RR 1.02 (95% CI 0.68, 1.54) (Appendix F, Evidence Tables A 
and B).127,129,130,132 The risk of experiencing a serious adverse event was also not statistically 
significantly different between the combination products (pooled RR 1.30, 95% CI 0.88 to 1.90). 
Post hoc subgroup analyses of data in patients 16 years old or greater in 2 studies indicated 
similar findings.128,131 
 
COPD. A fair-quality retrospective cohort study, based on Swedish primary care medical records 
and linked databases, was conducted to assess the risk of pneumonia in patients with COPD 
using BUD/FM or FP/SM provides low-strength evidence of an increased risk of pneumonia and 
pneumonia-related mortality in patients using FP/SM compared with BUD/FM.298 The study 
used propensity score matching to reduce confounding by indication, using age, sex, exposure to 
various drugs, diagnosis of chronic diseases and number of hospital admissions in the past 2 
years. The follow-up period was up to 10 years, or the end of use of the fixed-dose combination 
product, emigration or death. The risk of pneumonia was significantly higher with FP/SM 
compared with BUD/FM; RR 1.73 (95% CI 1.57 to 1.90) with a calculated number needed to 
treat of 23 (95% CI 18 to 37). Similar results were found for pneumonia requiring hospitalization 
(RR 1.74. 95% CI 1.56 to 1.94). Analysis of baseline risk factors indicated that those with 
greater disease burden had higher rates with FP/SM than with BUD/FM. Mortality related to 
pneumonia was also increased with FP/SM compared with BUD/FM; RR 1.76 (95% CI 1.22 to 
2.53). The study did not report the rate of discontinuations due to adverse events or the rate of 
serious adverse events.  
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Fluticasone propionate (FP)/salmeterol (SM) compared with mometasone furoate (MF)/ 
formoterol (FM) 
Asthma: Based on 2 studies, moderate-strength evidence suggests no difference in the rate of 
withdrawal due to adverse events or incidence of serious adverse events between MF/FM and 
FP/SM at medium doses. (Appendix F, Evidence Tables A and B).47,133 The 2 studies differed in 
duration by 40 weeks, so data were not pooled. We calculated the individual relative risks as 
shown in Table 25 below. The high dose arm of the Maspero study indicates a potential for 
greater risk for both study withdrawal and serious adverse events with high dose MF/FM 
compared with FP/SM, although confidence intervals are not statistically significant. Evidence 
for the higher doses was rated low strength. 
 
 
Table 25. Risk of adverse event outcomes: MF/FM compared with FP/SM 
Study, dose Dose Relative Risk (95% CI) 
Serious Adverse Events  
Bernstein 2011 Medium 0.95 (0.29 – 3.03) 
Maspero 2010 Medium 0.84 (0.27 – 2.64) 
Maspero 2010  High 2.0 (0.50 – 8.21) 

Withdrawal due to Adverse Events 
Bernstein 2011  Medium 0.95 (0.35 – 2.56) 
Maspero 2010 Medium 1.21 (0.28 – 5.32) 
Maspero 2010 High 6.54 (0.81 – infinity)a 

a Zero events in FP/SM group, 0.5 continuity factor used. 
 
 
COPD. No studies comparing these 2 products in patients with COPD were found. 
 
Fluticasone propionate (FP)/salmeterol (SM) compared with fluticasone furoate (FF)/ vilanterol 
(VI) 
Asthma. In a single good-quality trial (N = 806), after 24 weeks of treatment, there were no 
differences found between FP/SM and FF/VI in withdrawal due to adverse events or incidence of 
serious adverse events.48 Asthma exacerbation was included as a serious adverse event and 
occurred in 1 patient; however the group this patient was assigned was not reported. This 
evidence is low strength due to imprecision and lack of a corroborating study.  
 
COPD. Three RCTs with results reported on the ClinicalTrials.gov trial registry provide 
insufficient-strength evidence on comparative harms for FF/VI and FP/SM used for 12 weeks in 
patients with COPD.49,51,52 For withdrawals due to adverse events, combining all 3 trials together 
results in a relative risk of 1.38 (95% CI 0.39 to 4.93) with an I-squared of 53%. Removing 1 
trial that used a high dose of FP/SM (500 mcg/50 mcg twice daily versus 250 mcg/50 mcg in the 
other 2 trials) results in a relative risk of 0.09 (95% CI 0.39 to 2.48) and a chi square P of 0.07 (I-
squared inestimable). Serious adverse events and mortality rates were low in the trials, and 
pooled analyses are similarly inconclusive and difficult to interpret due to heterogeneity and 
imprecise estimates. Using all 3 trials, the risk of serious adverse events was relative risk of 1.03 
(95% CI 0.40 to 2.53, I-squared 23%), and with removal of the higher dose study became 
relative risk of 0.69 (95% CI 0.26 to 1.80). Across the 3 trials (N = 1558 total), 2 patients died in 
the FF/VI groups and 1 died in the FM/SM groups.  
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E. Long-Acting Muscarinic Antagonists (LAMAs) 
 
There were no reviews or head-to-head studies comparing a LAMA with another in patients with 
asthma or COPD. 
 
II. Inter-class Comparisons (between classes) 
 
A. Monotherapy 

1. Inhaled corticosteroids (ICSs) compared with leukotriene modifiers (LMs) 
 
Summary of findings 
Asthma. We found 2 systematic reviews with meta-analyses136,137 and 16 RCTs139-145,147,149,152-

156,159,162-164 that compared ICSs and LMs (described in Evidence Tables and in the Key Question 
1 section of this report). For this update we also identified 1 observational study comparing ML 
and inhaled corticosteroids in children that met our inclusion criteria.288  

Overall, data from 2 good-quality systematic reviews, numerous fair-rated head-to-head 
RCTs and 1 observational study provide no evidence of a difference in adverse events between 
ICSs and LMs. Of note, trials were generally not designed to compare tolerability and adverse 
events.  
 
COPD. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared inhaled corticosteroids with LMs in subjects with COPD. 
 
Detailed assessment 
One good-quality systematic review with meta-analysis137,299 provides the best evidence for 
adverse events and tolerability in patients with asthma. The meta-analysis found the same risk of 
experiencing any adverse effects in patients taking LMs compared to those taking ICSs (N = 22 
trials, 3 in children, RR 1.00, 95% CI: 0.95 to 1.05). Serious adverse events were not assessed. 
Patients in the LM arm appeared somewhat more likely than those in the ICS arm to withdraw 
due to adverse events; however, despite the large body of evidence available the difference was 
not statistically significant (N = 25 trials, 8 in children, 8,518 patients; RR 1.24, 95% CI 0.95 to 
1.63). For both overall adverse events and withdrawals due to adverse events, results were 
similar in subanalyses of adult versus pediatric patients. The review also assessed liver enzyme 
elevation, which was reported in 7 trials, 6 of them in adults. LFT abnormalities appeared 
slightly more likely in patients taking LMs, though the difference was not statistically significant 
(RR 1.13, 95% CI, 0.58 to 2.19). 

A second systematic review with meta-analysis136 included 18 studies (N = 3,757) 
enrolling children and adolescents less than 18 years of age, 13 of which compared ICS therapy 
to that of ML. Six of the included trials also met our inclusion criteria;147,154,158-160,166 7 did not. 
Duration of studies varied but ranged from 4-12 weeks, 24-28 weeks, and 48-56 weeks, with 1 
study being 112 weeks long. While most of the studies included patients age 6-18, 1 study 
included children younger than 6 (2-8 years) for which a nebulizer was used for ICS 
administration. Intervention drugs included oral ML (4 to 10 mg) compared to either inhaled 
BDP 200-400 mcg/day (0.5 mg nebulized), FP 200 mcg/day, BUD 200-800 mcg/day or TAA 
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400 mcg/day. Data related to adverse effects were available in 5 of the 18 trials. Overall, the 
meta-analysis reported no difference between ICS- and ML-treated patients with respect to 
incidence of adverse effects (N = 1,767, RR 0.98, 95% CI 0.86 – 1.11, P = 0.73). 

Most trials that examined the efficacy of ICSs compared to LMs (described in Key 
Question 1) also reported tolerability and adverse events. Study duration ranged from 6 weeks to 
56 weeks. Methods of adverse events assessment differed greatly. Few studies used objective 
scales such as the adverse reaction terminology from the World Health Organization. Most 
studies combined patient-reported adverse events with a regular clinical examination by an 
investigator. Often it was difficult to determine if assessment methods were unbiased and 
adequate; many trials reported only those adverse events considered to be related to treatment. 
Rarely were adverse events prespecified and defined. 

Overall tolerability and adverse events from individual head-to-head trials are 
summarized in the Evidence Tables. Most studies did not find a significant difference between 
ICSs and LMs for overall tolerability and adverse events, including 1 trial comparing FP with 
ML identified for this update.155 Specific adverse events reported with ICSs (see Key Question 2 
section on ICSs above), such as cataracts and decreased growth velocity, were not found among 
patients taking LTRAs. One fair-quality head-to-head RCT (N = 360) compared linear growth 
rates in prepubertal children treated with ML, BDP, or placebo.141 The mean growth rate of 
subjects treated with BDP was 0.81 cm less than that of subjects treated with ML over the 
study’s 56-week duration. In contrast, a retrospective cohort study of 844 children ages 4 to 9.5 
years taking ML (N=245), FP (N=502) or BUD (N=43) found no significant difference in linear 
growth velocity between those taking ML (0.180 mm/day, SE 0.0055) and those taking 1 of the 
inhaled corticosteroids (0.187 mm/day, SE 0.0044).288  
 
2. Inhaled corticosteroids (ICSs) compared with long-acting beta-2 agonists (LABAs) 
 
Summary of findings 
Although evidence from 15167-171,173-175,177,179-182,184,185 head-to-head trials (4773 subjects) 
provides no evidence of a difference in overall adverse events between ICSs and LABAs in 
adults and adolescents with asthma, LABAs are not recommended nor approved for use as 
monotherapy for persistent asthma because they may increase the risk of asthma-related death.1 
Overall tolerability and adverse events from individual head-to-head trials are summarized in 
(Evidence Tables A and B). Rates of overall adverse events and withdrawals due to adverse 
events were similar for those treated with ICSs and those treated with LABAs.  

We identified 1 good-quality systematic review of ICS versus LABA in patients with 
COPD.186 The review included 7 RCTs (combined N=5997) and all met inclusion criteria for this 
report. All studies were rated unclear to low risk of bias on randomization, allocation 
concealment, blinding, completeness of data and selective reporting. All studies were 
multicenter, double-blind RCTs with durations of 6 months to 3 years. The mean age of 
participants was 64 years with 62% to 78% males. Four studies compared FP with SM. Three 
studies compared BUD with FM. There was no difference in risk of any adverse event between 
ICS and LABA (OR 1.12, 95% CI 0.96 to 1.30, 5 studies). However, serious pneumonia adverse 
events were increased with ICS versus LABA (OR 1.48, 95% CI 1.13 to 1.94, 5 studies) 
although this was not the case in the sole RCT of BUD versus FM reporting serious pneumonia 
(OR 2.82, 95% CI 0.40 to 20.16). 
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Two multicenter, double-blind RCTs published since this review compared MF with FM 
in 26 week trials with 26 week extension.187,300 There was no difference between MF and FM in 
study withdrawals due to adverse events, risk of experiencing an adverse event, and risk of 
experiencing a serious adverse event. 

 
Detailed assessment 
Fluticasone propionate (FP) compared with salmeterol (SM)  
Asthma. Evidence from several systematic reviews suggests that LABAs may increase the risk 
of asthma-related death (see Key Question 2, Long-Acting Beta-Agonists section).  
 
COPD. We identified 1 good-quality systematic review of ICS versus LABA in patients with 
COPD.186 The review included 4 RCTs (combined n=4527) that compared FP with SM. The 
daily SM dose for all studies was 100 mcg; for 3 studies, including the largest study, the daily 
fluticasone dose was 1000 mcg, with a daily dose of 500 mcg in the fourth study. All studies 
were multicenter, double-blind RCTs from 6 months to 3 years duration. The mean age of 
participants was 64 years with 62% to 76% males. The risk of any adverse event of any non-fatal 
serious adverse event were not different in the fluticasone groups versus the SM groups (OR 
1.14, 95% CI 0.96 to 1.35, 4 studies; OR 1.17, 95% CI 0.60 to 2.28, 3 studies, respectively). 
However serious pneumonia adverse events were increased with FP (OR 1.46, 95% CI 1.12 to 
1.92, 4 studies). 
 
Beclomethasone (BDP) compared with salmeterol (SM) 
There were no reviews or head-to-head studies comparing BDP with SM in patients with asthma 
or COPD. 
 
Budesonide (BUD) compared with formoterol (FM)  
Asthma. There were no reviews or head-to-head studies comparing BUD with FM in patients 
with asthma. 
 
COPD. We identified 1 good-quality systematic review of ICS versus LABA in patients with 
COPD. The review included 3 RCTs (combined n=1470) that compared BUD with FM. The 
daily FM dose for all studies was 18 mcg; for 2 studies the daily BUD dose was 800 mcg, with a 
daily dose of 640 mcg in the third study. All studies were multicenter, double-blind RCTs with 
durations from 6 months to 1 year. The mean age of participants was 64 years with 67% to 78% 
males. One study provided data for risk of experiencing any adverse event (n=559) and found 
when treated with BUD versus FM (OR 1.03, 95% CI 0.74 to 1.44). Results were similar for 
serious, non-fatal adverse events based on a pooled analysis of 3 studies (OR 1.01, 95% CI 0.77 
to 1.31). One study reported risk of serious pneumonia. While the point estimate favored FM, the 
confidence interval was wide (OR 2.82, 95% CI 0.40 to 20.16). 
 
Mometasone furoate (MF) compared with formoterol (FM) 
Asthma. Two fair-quality RCTs of 26 weeks duration compared MF 200 mcg185 or MF 100 
mcg184 with FM 10 mcg in patients with asthma. The most frequent adverse event in both trials 
was upper respiratory infections but did not differ between groups in either trial (p-values not 
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reported). Severe or serious adverse events were also similar between groups in both RCTs (p-
values not reported). 
 
COPD. One good-quality300 and 1 fair-quality RCT187 of 26 weeks duration compared MF 400 
mcg with FM 10 mcg (combined n=915). Combined, the mean age of subjects was 60 years and 
77% were male. Approximately 48% were current smokers. There was no difference between 
MF and FM in withdrawals due to adverse events (RR 0.77, 95% CI 0.29 to 2.08, p=0.60, 
I2=53%), risk of any adverse event (RR 0.94, 95% CI 0.78 to 1.12, p=0.46, I2=0%), and risk of a 
serious adverse event (RR 0.98, 95% CI 0.63 to 1.52, p=0.92, I2=0%). Results were similar with 
the additional data from the 26-week extensions. 
  
Fluticasone propionate (FP) compared with formoterol (FM)  
Asthma. We identified 1 good-quality 12-week RCT (n=239) comparing FP 100 mcg with FM 
10 mcg in patients with mild to moderate asthma.183 Patients were ≥ 12 years with a mean age of 
39 and equally spit between males and females. Current smokers were excluded, as well as those 
with a smoking history of at least 10 pack-years. There was no difference between treatment with 
fluticasone and FM in study withdrawals due to adverse events (RR 0.56, 95% CI 0.19 to 1.62, 
p=0.29), risk of experiencing any adverse event (RR 1.08, 95% CI 0.78 to 1.49, p=0.65), or 
severe adverse event (RR 0.55, 95% CI 0.21 to 1.44, p=0.22). 
 
COPD. We identified no reviews or head-to-head studies comparing FP with FM in patients with 
COPD. 
 
3. Leukotriene modifiers (LMs) compared with long-acting beta-2 agonists (LABAs) 
 
Summary of findings  
Overall, 2 small head-to-head trials do not provide sufficient evidence to draw conclusions about 
the comparative tolerability and adverse events of LMs and LABAs for use as monotherapy for 
persistent asthma. Of note, LABAs are not recommended or approved for use as monotherapy 
for persistent asthma because they may increase the risk of asthma-related death.1 We identified 
no reviews or head-to-head studies comparing LM with LABA in patients with COPD. 
 
Detailed assessment 
We found 2 fair-quality RCTs189,190 that included head-to-head comparisons of 1 LM with 1 
LABA. In both trials, overall adverse events and/or withdrawals due to adverse events were 
similar between those treated with LMs and those treated with LABAs (Evidence Tables). 
 
4. Long-acting muscarinic antagonists (LAMAs) compared with long-acting beta-2 agonists 
(LABAs) 
 
Summary of findings  
Asthma. In patients whose asthma was not controlled by inhaled corticosteroids alone, there is 
low-strength evidence of no significant difference between step-up therapy with either TIB or 
SM in withdrawals due to adverse events or the proportion of patient with serious harms. 
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COPD. Compared to SM, there is moderate-strength evidence that TIB is associated with fewer 
COPD patients experiencing a nonfatal serious adverse event and low-strength evidence that TIB 
is associated with a lower proportion of patients who withdraw due to adverse events. There is 
low-strength evidence that TIB does not differ from IC or FM in the proportion of patients with 
nonfatal serious harms or who withdrew due to harms.  
 
Detailed assessment 
Tiotropium (TIB) compared with long-acting beta-2 agonists (LABAs) 
Tiotropium (TIB) compared with salmeterol (SM) 
Asthma. Two fair-quality RCTs provide low-strength evidence of no statistically significant 
differences in withdrawals due to harms between TIB and SM add-on treatment in patients 
whose asthma was not controlled by inhaled corticosteroids alone (pooled OR 3.13; 95% CI, 
0.49 to 20.04; 1% versus 0.3%).191,192 For patients with the B16-Arg/Arg genotype, there is low-
strength evidence of no statistically significant differences between TIB and SM in rate of 
serious adverse events (1.6% compared with 5.2%; OR 0.29; 95% CI, 0.03 to 1.56).191 
Tiotropium and SM were comparable on all other harms. The Key Question 1 section of this 
report describes these RCTs in more detail and results are provided in the Evidence Tables. 
 
COPD. Four RCTs in 3 publications with 8936 participants) provided data on harms.194-196 
Compared with SM, TIB was associated with significant lower proportions of patients with 
nonfatal serious harms (11.8% compared with 13.6%; OR 0.85; 95% CI, 0.75 to 0.96; moderate-
strength evidence) and withdrawals due to harms (7.1% compared with 8.6%; OR 0.81; 95% CI, 
0.69 to 0.95; low-strength evidence).  

 
Tiotropium (TIB) compared with indacaterol (IC) 
Asthma. We found no reviews or head-to-head studies comparing TIB with IC in patients with 
asthma. 

 
COPD. Two RCTs with 2856 participants with moderate to severe COPD provided low-strength 
evidence of no statistically significant differences between TIB and IC in proportions of patients 
with nonfatal serious harms (6.0% compared with 5.4%; OR 1.10; 95% CI, 0.78 to 1.55) and 
withdrawals due to harms (3.6% compared with 5.3%; OR 0.72; 95% CI, 0.49 to 1.05) after 12 
to 26 weeks.198,199 One RCT with 3444 participants with severe COPD also provided low-
strength evidence that TIB and IC had similar rates of adverse event-related withdrawals (5.6% 
compared with 5.9%) and rates of any serious adverse event (15% in both groups).200 
 
Tiotropium (TIB) compared with formoterol (FM) 
Asthma. We found no reviews or head-to-head studies comparing TIB with FM in patients with 
asthma. 

 
COPD. One RCT with 431 participants provided data on harms for the comparison of TIB and 
FM.197 This RCT provided low-strength evidence of no statistically significant differences 
between TIB and FM in proportions of patients with nonfatal serious harms (5.9% compared 
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with 2.9%; OR 2.13; 95% CI, 0.74 to 6.94; from good-quality Cochrane review)193 and 
withdrawals due to harms (4.5% compared with 3.8%; OR 1.20; 95% CI, 0.46 to 3.09). 
 
5. Inhaled corticosteroids (ICSs) compared with phosphodiesterase-4 (PDE-4) inhibitors 
 
Summary of evidence 
As described in Key Question 1, we found 1 trial202 that compared an ICS to a PDE-4 inhibitor in 
patients with asthma. This fair-quality trial provided insufficient evidence to compare serious 
adverse events between the treatment arms, but did suggest more withdrawals due to adverse 
effects in patients taking RF.  
 
Detailed assessment 
The single included trial comparing an ICS to a PDE-4 inhibitor enrolled 499 adolescents and 
adults with asthma from centers in the UK and Europe, and administered either 400 mcg/day 
BDP dipropionate or 500 mcg/day RF over 12 weeks. Few patients experienced serious harms, 
only 3 of those taking RF and 2 taking BDP (1% of patients in each arm), providing insufficient 
evidence to compare this outcome between the 2 drugs. However, 9 patients in the RF arm 
withdrew due to adverse events, compared to just 1 in the BDP arm. We calculated a RR of 8.75 
(95% CI, 1.45 to 53.25) for withdrawals due to adverse events; though the confidence interval 
was very wide, it did exclude no difference between the drugs (Appendix E, Table E-32). We did 
not identify any reviews or head-to-head studies comparing ICS with PDE-4 inhibitors in 
patients with COPD. 
 
B. Combination Therapy 

1. Inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) compared with higher-
dose inhaled corticosteroid 
(addition of LABA to ICS compared with increasing the dose of ICS) 
 
Summary of findings 
We found 4 systematic reviews with meta-analysis203-206 and 35 RCTs (39 
publications)64,104,139,207-242 that included head-to-head comparisons between an ICS/LABA with 
a higher-dose ICS meeting our inclusion/exclusion criteria in patients with asthma. Nine 
trials139,210,215,216,229,233,238,240,241 included children, and 2 enrolled an exclusively pediatric 
population under 12 years of age.210,215 

Overall, results from a good-quality systematic review with meta-analysis205 and 
numerous RCTs found no difference in overall adverse events or withdrawals between subjects 
treated with ICSs plus LABAs and subjects treated with an increased dose of ICSs. Those treated 
with ICSs plus LABAs had an increased rate of tremor (N = 10, RR 2.96, 95% CI: 1.60, 5.45). 
Just 1 of the RCTs enrolled an exclusively pediatric population < 12 years of age (4 included 
some subjects < 12) and results are not necessarily applicable to pediatric populations. 

We found no reviews or head-to-head studies comparing ICS/LABA with a higher-dose 
ICS in patients with COPD. 
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Detailed assessment 
We found 4 systematic reviews with meta-analysis203-206 and 35 RCTs64,104,139,207-242 that included 
head-to-head comparisons between an ICS/LABA with a higher-dose ICS in patients with 
asthma meeting our inclusion/exclusion criteria. These trials compared the addition of a LABA 
to an ICS with increasing the dose of the ICS. Although 8 trials139,210,216,229,233,238,240,241 included 
children, just 1 enrolled an exclusively pediatric population under 12 years of age.210 The trials 
are described in the Key Question 1 section of the report.  

The largest systematic review, in patients with asthma, reported no difference in overall 
withdrawals (all reasons) (N = 39, RR 0.92, 95% CI: 0.84 to 1.00), overall side events (N = 30, 
RR 0.99, 95% CI: 0.95 to 1.03), or specific side effects, with the exception of an increase rate of 
tremor in the LABA group (N = 11, RR 1.84, 95% CI: 1.20 to 2.82), however this result became 
insignificant when a single study using a higher dose of LABA was removed from the analysis. 
The rate of withdrawals due to poor asthma control favored the combination of LABA and ICS 
(N = 29, RR 0.71, 95% CI: 0.56 to 0.91). The overall adverse events, withdrawals due to adverse 
events, and specific adverse events for the included RCTs appear consistent with these findings 
(Evidence Tables A and B).  
 
2. Inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) compared with inhaled 
corticosteroid (different drug) 
 
We identified 3 RCTs that compared an ICS plus a LABA with a different inhaled corticosteroid 
in patients with asthma. One trial compared FP/SM with CIC and 2 compared FF/VI with FP. 
We found no reviews or head-to-head studies comparing ICS/LABA with a different ICS in 
patients with COPD. 
 
Fluticasone propionate (FP)/salmeterol (SM) compared with ciclesonide (CIC) 
We identified 1 fair-quality RCT (n=432) in patients with mild persistent asthma who were 
randomized to CIC 160 mcg once daily or FP/SM 200/100 twice daily.247 Patients were ≥ 12 
years of age (mean age 30), 43% male, non- or ex-smokers with a smoking history of < 10 pack 
years. Ciclesonide increased the risk of experiencing any adverse event versus FM/SM (RR 1.15, 
95% CI 1.01 to 1.30, p=0.04), although most events were considered mild to moderate. 
 
Fluticasone furoate (FF)/vilanterol (VI) compared with fluticasone propionate (FP) 
We identified 1 good-quality248 and 1 fair-quality, unpublished RCT56 that compared FF/VI with 
FP via DPI. The good-quality study (n=503, mean age = 39, 37% male, duration=52 weeks) 
primarily evaluated safety. Patients were randomized to FF/VI (200/25 mcg or 100/25 mcg once 
daily) or FP (500 mcg) twice daily. There were few study withdrawals due to adverse events 
(8/403 treated with FF/VI and 6/100 treated with FP; RR 0.66, 95% CI 0.18 to 2.45, p=0.54). 
The risk of experiencing any adverse event was also similar (RR 0.93, 95% CI 0.81 to 1.06, 
p=0.29), although the risk of any serious adverse event was reduced with FF/VI (RR 0.14, 95% 
CI 0.04 to 0.48, p=0.002). 

The fair-quality, unpublished study (n=392, mean age 47, 41% male, duration=24 weeks) 
randomized patients to FF/VI 200/25 mcg once daily or FP 500 mcg twice daily via DPI. As in 
the published study, there were few withdrawals due to adverse events (7/197 treated with FF/VI 
and 2/195 treated with FP, RR 3.46, 95% CI 0.73 to 16.47, p=0.12). The risk of experiencing a 
non-serious adverse event similar between the FF/VI and FP groups (RR 0.84, 95% CI 0.64 to 
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1.11, p=0.22), as was the risk of any serious adverse event (RR 2.97, 95% CI 0.61 to 14.53, 
p=0.18).  
 
3. Inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) compared with long-
acting muscarinic agonist (LAMA) 

 
Summary of findings 
When compared with FP/SM in patients with COPD, there is low-strength evidence that TIB is 
associated with a significantly lower proportion of patients with serious harms, but the drugs do 
not differ in the proportion of patients who withdraw due to adverse events. Compared with 
FF/VI, there is low-strength evidence that TIB does not differ in the proportion of COPD patients 
with serious adverse events, but insufficient evidence to draw conclusions about the comparative 
effect on withdrawals due to adverse events. Compared with UMB/VI, there is low-strength 
evidence that TIB does not differ in its risk of withdrawal due to adverse events, but insufficient 
evidence to draw conclusions about the comparative effect on serious harms.  

We identified no reviews or head-to-head studies comparing ICS/LABA with LAMA in 
patients with asthma. 

 
Detailed assessment 
 
Tiotropium (TIB) compared with fluticasone propionate (FP)/salmeterol (SM)  
According to a good-quality Cochrane review250 that included 2 eligible RCTs that compared 
FP/SM 500/50 to TIB 18 mcg/d,251,252 findings from the 2-year INSPIRE trial provided low-
strength evidence that SM/fluticasone had a higher risk of serious harms (OR 1.55; 95% CI 1.21 
to 1.98), but similar rates of withdrawals due to adverse events (OR 1.03; 95% CI, 0.72 to 1.47) 
in patients with COPD.251 Also in INSPIRE, proportions of patients with pneumonia was 
statistically significantly greater with fluticasone/SM (OR 2.13; 95% CI, 1.33 to 3.40).250 The 
unpublished 12-week study provided low-strength evidence that TIB and fluticasone/SM had 
similar shorter-term rates of withdrawals due to adverse events (3% compared with 0%) and 
serious adverse events (3% compared with 2%).  

 
Tiotropium (TIB) compared with vilanterol (VI)/fluticasone furoate (FF) 
The 2 fair-quality, unpublished, 12-week RCTs (N=880) described above provided low-strength 
evidence of no statistically significant difference between TIB 18 mcg/d and FF/VI 100/25 
mcg/d in proportions of COPD patients with serious harms (4.3% compared with 3.9%; OR 1.11, 
95% CI, 0.57 to 2.16). The proportion of patients who withdrew due to harms was 5% for TIB 
and 6% for FF/VI in GSK study HZC115247 (OR 0.83; 95% CI, 0.22 to 2.98) and 4% and 2%, 
respectively in GSK study HZC115805 (OR 2.02; 95% CI, 0.69 to 6.64), but unacceptable 
inconsistency and imprecision across these findings precluded a conclusion about the pooled 
estimate of effect for this outcome (OR 1.38; 95% CI, 0.67 to 2.85). The proportion of patients 
with any adverse event, pneumonia and other specific adverse events were similar for TIB and 
FF/VI.  
 
Tiotropium (TIB) compared with umeclidinium bromide/vilanterol (VI) 
We included 3 fair-quality, unpublished, 24-week RCTs (N=1759) that compared UMB/VI 
62.5/25 mcg to TIB 18 mcg/day in patients with COPD and provided low-strength evidence of 
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no statistically significant difference in withdrawals due to adverse events (5.4% compared with 
3.9%; OR 1.42; 95% CI, 0.90 to 2.23).54,55,253 The proportion of patients with a serious adverse 
event was 5.1% for UMB/VI and 4.5% for TIB (OR 1.09; 95% CI, 0.46 to 2.62), but 
unacceptable inconsistency and imprecision precluded a conclusion about this outcome. 
 
4. Inhaled corticosteroid (ICS) and leukotriene receptor agonist (LTRA) compared with 
higher-dose inhaled corticosteroid 
 
Summary of findings 
We found 1 good-quality systematic review with meta-analysis256 and 2 RCTs258-260 meeting our 
inclusion/exclusion criteria in patients with asthma. Both RCTs were in adolescents and adults ≥ 
12 years of age. 

Overall, the addition of LTRAs to ICSs compared to continuing the same dose of ICSs or 
to increasing the dose of ICSs resulted in no significant differences in overall adverse events or 
withdrawals due to adverse events. Trials were generally not designed to compare tolerability 
and adverse events and many used higher than licensed doses of LTRAs. Evidence in children 
younger than 12 years of age is limited. Just 2 of the 27 trials in the systematic review enrolled 
children. 

We identified no reviews or head-to-head studies comparing LM/ICS with higher-dose 
ICS in patients with COPD. 

 
Detailed assessment 
We found 1 good systematic review with meta-analysis256 and 2 RCTs258-260 meeting our 
inclusion/exclusion criteria (Evidence Tables). These are described in the Key Question 1 section 
of the report. The systematic review included 27 studies (5871 subjects); 2 of the studies were in 
children and 25 were in adults.  
 
Inhaled corticosteroid (ICS) and leukotriene receptor agonist (LTRA) compared with increased 
inhaled corticosteroid 
For ICS plus LTRA compared with increased doses of ICS, the systematic review reported 
no significant differences in overall adverse events (2 trials, RR 0.95, 95% CI: 0.84 to 1.06), risk 
of elevated liver enzymes (2 trials, RR 0.8 95% CI: 0.34 to 1.92), or withdrawals due to adverse 
events (2 trials, RR 1.14, 95% CI: 0.55 to 2.37) among trials using licensed doses of LTRAs. The 
trials that used 2 to 4-fold higher than licensed doses of LTRA had a 5-fold increased risk of 
liver enzyme elevation (3 trials, RR 4.97 95% CI: 1.45 to 17). 

One fair-quality 16 week trial258,259 (N = 889) reported similar rates of overall adverse 
events (37.1% compared with 41.3%; P = NR) between groups. 
 
7. Combination products (inhaled corticosteroid [ICS] and long-acting beta-2 agonist [LABA]) 
compared with leukotriene modifiers (LMs) 
 
Summary of findings 
We identified 4 RCTs139,263-265 meeting our inclusion/exclusion criteria for this comparison. All 3 
compared low dose FP plus SM with ML. Overall, ICS/LABA combinations and LMs have 
similar rates of overall adverse events and withdrawals due to adverse events based on limited 
direct evidence from 4 short-term trials. 
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Detailed assessment 
We found 4 RCTs139,263-265 comparing low dose FP plus SM with ML in patients with asthma. 
Two of the RCTs were in adolescents and adults, 1 enrolled subjects over the age of 6139 (~15% 
of subjects were < 12 years of age) and 1 enrolled only children age 6-14 years.264 

The trials are described in more detail in the Key Question 1 section of the report. The 4 
trials reporting withdrawals due to adverse events reported similar rates for those treated with 
ML (range 0.6% to 4%) and those treated with FP/SM (range 0% to 3%); in each case the 
withdrawal rates in the 2 groups were within 1% of each other. The 3 trials reporting serious 
adverse events also reported similar, low rates between groups, less than 3% in any intervention 
group and with differences between FP/SM and ML groups ranging from 0% to 0.5% (Evidence 
Tables).  

We did not identify any reviews or head-to-head trials that compared combined therapy 
with inhaled corticosteroids and LABAs with LMs in patients with COPD. 

 
8. Inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) compared with inhaled 
corticosteroid and leukotriene receptor antagonist (LTRA) 
(addition of LABA compared with LTRA to ongoing ICS therapy) 
 
Summary of findings 
We found 1 systematic review with meta-analysis, first published in 2006267 and updated in 
2011268 and 6 RCTs269-274 that compared the addition of a LABA with the addition of an LTRA 
for asthma patients poorly controlled on ICS therapy. All 6 of the RCTs meeting our inclusion 
criteria were also included in the systematic review, and we focus here on the results of the 
systematic review (described in detail in Key Question 1) Eleven of the trials included in the 
review (N=6,292) contributed data to meta-analyses we report here.  

Overall, results from a good-quality systematic review with meta-analysis provide high-
strength evidence that there is no difference in withdrawals due to adverse events between 
subjects treated with ICS plus LABA therapy and subjects treated with ICS plus LTRA therapy. 
The review provided moderate evidence that more patients adding LABAs to ICS therapy had 
serious harms than did patients adding LTRAs. These results held for trials comparing the 
specific drugs SM and ML, both added to ICSs. There was insufficient evidence to assess 
adverse events for the LTRA ZAF compared with either SM or FM. We found no RCTs 
enrolling children < 12 years of age; the systematic review included just 1 trial in children, but 
this trial did not contribute data to the meta-analyses. Thus, there is insufficient evidence to draw 
conclusions in children < 12 years of age. 

We did not identify any fair- or good-quality systematic reviews or head-to-head studies 
of ICS/LABA compared with ICS/LTRA in patients with COPD. 
 
Detailed assessment 
The systematic review reported no difference in withdrawals due to adverse events in patients 
with asthma (11 studies, RR 1.01, 95% CI 0.79 to 1.29 comparing drug classes LABA/ICS to 
LTRA/ICS; similar results for SM/ICS versus ML/ICS). For serious adverse events, the relative 
risk comparing LABAs with LTRAs as add-on therapy was 1.35 (95% CI 1.00 to 1.82), with 
again results very similar for SM versus ML as add-on therapy. There was also no significant 
difference in rates of elevated liver enzymes between patients treated with SM and ML (1 study, 
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RR 1.13, 95% CI 0.66 to 1.94 comparing LABA/ICS to LM/ICS). The review included 1 study 
each comparing SM with ZAF and FM with ZAF, and evidence was insufficient to compare 
harms for these specific drugs (Appendix E, Table E-35). 
 
COPD. We did not identify any good- or fair-quality systematic reviews or head-to-head trials 
that compared LABAs and LTRAs as add-on therapy to ICSs in subjects with COPD. 
 
9. Leukotriene receptor antagonist (LTRA) and long-acting beta-2 agonist (LABA) compared 
with inhaled corticosteroid (ICS) and long-acting beta-2 agonist 
 
We did not identify any fair- or good-quality systematic reviews or head-to-head studies 
comparing LTRA/LABA with ICS/LABA in patients with asthma or COPD which reported 
adverse events. 
 
10. Inhaled corticosteroid (ICS) and long-acting muscarinic agonist (LAMA) compared with 
higher-dose inhaled corticosteroid  
 
Summary of findings  
Compared with double-dose BDP, in patients with asthma, there is low-strength evidence that 
co-therapy with TIB and BDP did not differ from in the proportion of patients who withdrew due 
to harms and insufficient evidence to draw conclusions about effects on serious adverse events.  

We did not identify any fair- or good-quality systematic review or head-to-head studies 
comparing ICS/LAMA with higher-dose ICS in patients with COPD. 

 
Detailed assessment 
Tiotropium (TIB) added to beclomethasone (BDP) compared with double-dose beclomethasone 
The TALC RCT (described above)192 provided low-strength evidence that TIB 18 mcg/d added 
to BDP 80 mcg/d and double-dose BDP (160 mcg/) have similar risk of withdrawals due to 
harms (0.5% compared with 0.5%) in patients with asthma.  
 
 
Key Question 3. 
Are there subgroups of patients based on demographics (age, racial groups, 
gender), asthma or COPD severity, comorbidities (drug-disease interactions, 
including obesity), other medications (drug-drug interactions), smoking status, 
genetics, or pregnancy for which asthma or COPD controller medications differ in 
efficacy, effectiveness, or frequency of adverse events?  
 
Summary of Findings 
 
We did not find any studies that directly compared the efficacy or adverse events of our included 
drugs between subgroups and the general population in patients with asthma or COPD. In head-
to-head comparisons, few subgroups based on age, racial groups, sex, other medications, or 
comorbidities were evaluated. We did not find any studies meeting our inclusion/exclusion 
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criteria that directly compared our included medications and found a difference in the 
comparative efficacy, tolerability, or adverse events. 
 
Detailed Assessment 
 
I. Demographics 
Age 
Asthma. Differences in efficacy, tolerability, and adverse events between children < 12 years of 
age and adolescents or adults ≥ 12 are described in the body of the report (Key Questions 1 and 
2) in the appropriate sections. These differences are also noted in the overall summary table. 
Therefore, they are not discussed here.  

Only a few trials have studied the efficacy and safety of asthma medications in very 
young children (less than 3 years). Budesonide inhalation suspension is the only ICS that is 
approved for use in children down to 12 months of age. Montelukast is also approved for use in 
patients 1 year or older (see Introduction, Table 2). We found no head-to-head studies comparing 
the efficacy or safety of our included drugs in very young children with efficacy or safety in 
older children, adolescents, or adults. We did find 1 trial comparing BUD with ML in children 
ages 2-8 with mild persistent asthma.159 A subgroup analysis of patients ages 2-458 (Table 26) 
shows that those taking BUD had 1.35 exacerbations (mild or severe) per patient per year, while 
those taking ML had 2.30 (p=0.003). The difference between treatment groups was greater for 
children 2 to 4 than in the full population ages 2 to 8, “possibly suggesting that ML is less 
effective at controlling asthma in the younger subpopulation of patients”. Quality of life was 
similar between the 2 treatment groups in both age groups, though a measure of the child’s 
emotional health in the Children’s Health Survey for Asthma favored ML in children age 2 to 4. 
Serious adverse events occurred in 2% of BUD patients age 2 to 4 compared with 6% of ML 
patients; the difference again was greater than for patients age 2 to 8, though the investigators did 
not comment on differences in adverse effects between the age groups. 
 
COPD. In a case control study of elderly patients with COPD, mean age 78 years, the subjects 
were identified using the Quebec health insurance database and followed-up for 5.4 years to 
identify rates of serious pneumonia.301 Serious pneumonia was higher with current users (defined 
as subjects with last prescription was dispensed within 60 days of the index date) of fluticasone 
and BUD compared to their control groups. Fluticasone is associated with 2-fold (100%) 
increase in serious pneumonia (RR 2.01; 95% CI 1.93 to 2.10), with higher dose indicating 
greater incidences of pneumonia. Budesonide is associated with 17% increase in rates of serious 
pneumonia (RR 1.17; 95% CI 1.09 to 1.26) without a dose-response effect.  
 
Racial groups 
We did not find any studies that directly compared the efficacy and tolerability of included drugs 
within 1 racial or ethnic group to efficacy and tolerability in another such group. Two studies 
performed subgroup analyses in patients with asthma; results may provide indirect evidence of 
differences between racial groups (Table 26). 

A good systematic review examined both efficacy and safety outcomes of studies 
comparing LABAs to placebo in “real world” asthmatic populations in which only some patients 
were using regular ICSs at baseline.302 This study is described in detail in the Key Question 2 
section of this report. A post-hoc subgroup analysis indicated that African Americans may be 
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more likely to experience respiratory-related death and life threatening adverse events than 
Caucasians (Relative Risk Increase 3.9; 95% CI: 1.29, 11.84). There was, however, no 
significant difference found in asthma-related deaths between African Americans and 
Caucasians; results from life table analyses were not significantly different between African 
Americans (7 compared with 1; RR 7.26; 95% CI: 0.89, 58.94), and Caucasians (6 compared 
with 1; RR 5.82; 95% CI: 0.70, 48.37).  

The Salmeterol Multicenter Asthma Research Trial (SMART),289 a large 28-week 
randomized, double-blind study assessed the safety of salmeterol MDI (42 mcg twice/day) 
compared with placebo in asthma patients. We excluded placebo-controlled trials from this 
updated review, and so do not discuss this trial in detail. However, the trial reported statistically 
significant increases in respiratory-related deaths, asthma-related deaths, and in combined 
asthma-related deaths or life-threatening experiences for subjects receiving SM compared to 
those receiving placebo. The increased risk was thought to be largely attributable to the African-
American subpopulation. The FDA released a safety alert based on the results of the trial, 
reporting that there were no significant differences in asthma-related events between SM and 
placebo in Caucasian patients; however, in African Americans, there was a statistically 
significantly greater number of asthma-related events, including deaths, in SM- compared with 
placebo-treated patients.303 

A head-to-head trial identified for this 2014 update125 compared 2 LABAs in COPD 
patients, and analyzed harms for racial subgroups (Table 26). The trial enrolled 444 patients from 
62 US centers; 63 patients were African American and 375 Caucasian. Patients received 6 
months’ treatment with 24 mcg/day FM via DPI or 1 of 2 doses of ARF (30 mcg or 50 mcg 
daily). The trial found little difference between drug arms in withdrawals due to adverse events 
in Caucasians (range 7.9 to 9.5% across treatment arms). For African Americans, though very 
few withdrawals occurred, it appeared that more patients withdrew due to adverse effects with 
ARF than with FM; withdrawals were slightly higher for ARF 30 mcg (14.3%) than for FM 
(10.5%), and higher still for the higher ARF dose (21.7%, suggesting a positive dose-response 
relationship). Consistent with the SMART trial showing higher risks of LABA use in African 
Americans, rates of withdrawal due to adverse events were higher in each drug arm for African 
Americans than they were for Caucasians. For serious adverse events, the comparison of ARF 
and FM was difficult to interpret for Caucasians, with more patients taking ARF 30 experiencing 
SAEs (13.5%) than patients taking FM (8.7%), but fewer patients taking ARF 50 experiencing 
SAEs (3.3%, i.e. there was no dose-response relationship for ARF versus FM). For African 
Americans, SAE rates for FM and ARF 30 were about the same (15.8% versus 14.3%), but the 
rate of SAEs in patients taking ARF 50 was higher (26.1%). Again, the African American 
subgroup in this trial was small and few adverse events occurred overall, so these results should 
be interpreted with caution.  

One fair-quality multicenter trial in patients with asthma compared ML (10 mg/d plus 
SM (100 mcg/d plus placebo ICS) with low dose BDP (160 mcg/d plus SM 100 mcg/day plus 
placebo LTRA) for 14 weeks, washout for 4 weeks, then crossover for another 14 weeks.278 This 
study is described in detail in Key Question 1. The LTRA plus LABA combination led to 
significantly more subjects having a shorter time to treatment failure compared to ICS plus 
LABA (29 compared with 8; P = 0.0008). Subgroup analysis found no difference between races. 
The proportion of Caucasian subjects with preferential protection against treatment failure while 
using an ICS/LABA (relative to an LTRA/LABA) was not significantly different from the 
proportion of African-American subjects (P = 1.0). 
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Gender 
We found 1 observational study that assessed ICS harms in premenopausal women with asthma, 
and another that directly compared the efficacy and tolerability of ICSs and LMs between boys 
and girls age 4 to 9.5 years.  

One prospective cohort study (described in detail in Key Question 2) evaluated the risk of 
osteoporosis in premenopausal women using TAA and found a dose-related decline in BMD. 
Although several other studies conducted in mixed populations of men and women found no 
relationship between ICS use and BMD, evidence is insufficient to support a differential decline 
in BMD between male and female patients treated with ICSs. 

A retrospective cohort study of 844 children with asthma in Croatia288 compared linear 
growth velocity between girls and boys taking either ML or the ICSs FP or BUD (Table 26). The 
study found no significant differences according to sex or age between treatment groups 
including ICS and non-ICS (ML) groups (ANOVA, p>0.05 for all comparisons). The study 
actually showed slightly higher mean growth velocity in patients taking ICSs compared to those 
taking ML, in contrast to negative effects of ICSs on growth more typically reported. This was 
especially true for BUD among girls; however, because of prescribing practices in Croatia the 
mean age of patients taking BUD was also higher, which may explain differences in growth rates 
in this group. The BUD group also represented just 5% of the total cohort, and standard errors 
were higher in this group.  

We identified no evidence for subgroup differences based on gender in patients with 
COPD. 
 
II. Comorbidities 
We did not find any study that directly compared the efficacy, effectiveness, or tolerability of our 
included drugs in populations with specific comorbidities. Because mixed evidence supports an 
increased risk of osteoporotic fractures, cataracts, and glaucoma in ICS-treated asthma patients 
(especially at high doses), ICSs should be used with care in populations at increased risk for 
these conditions. No evidence reflects different risks between 1 ICS and another. We identified 
no evidence for subgroup differences based on comorbidities in patients with COPD. 
 
III. Other medications 
A good-quality Cochrane review193 reported that 2 RCTs of patients with COPD195,196 found no 
statistically significant difference among subgroups that were, or were not, taking inhaled 
corticosteroids, in the comparison between TIB and SM in the proportion of patients with 1 or 
more exacerbations. We did not find any evidence for subgroup differences based on additional 
medications taken in patients with asthma. 
 
IV. Smoking status 
We found 1 cross-over study comparing asthmatic smokers and nonsmokers.305 In this study, 44 
nonsmokers (total lifetime smoking history of less than 2 pack-years and no smoking for at least 
1 year) and 39 “light” smokers (currently smoking 10-40 cigarettes/day and a 2-15 pack-year 
history) were randomized to BDP (320 mcg/d) or ML (10 mg/d) for 8 weeks of active treatment, 
an 8-week washout, and then 8 weeks of active treatment with the other medication. Both 
smokers and non-smokers showed some improvement in change in average quality of life scores. 
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However, the change from baseline was only statistically significant in ML-treated non-smokers. 
Average change was greater in ML-treated non-smokers compared with smokers than it was in 
BDP-treated non-smokers compared with smokers. The difference was not based on a direct 
statistical comparison between the ML and BDP groups and further studies are needed to 
determine if there are differences in the response to ML and/or BDP based on smoking status. 

A randomized trial in 683 current smokers in the UK155 compared 500 mcg/day of FP to 
10 mg/day of ML in patients with asthma. The study did not include a comparison group of non-
smokers. Exacerbation rates were lower for fluticasone than ML (OR 0.75, 95% CI 0.43 to 1.31). 
Though the risk reduction was not statistically significant, it was similar in magnitude to that 
seen for studies overall (0.70, 95% CI 0.57 to 0.86, Key Question 1; includes this trial in smokers 
and 4 others in other populations.) Adverse events did not differ between FP and ML in this 
study in smokers, similar to results found overall for ICSs compared to LMs (Key Question 2).  

We found no evidence for subgroups differences based on smoking status in patients with 
COPD. 
 
V. Pregnancy 
Maintaining adequate control of asthma during pregnancy is important for the health and well-
being of both the mother and her baby. Inadequate control of asthma during pregnancy has been 
associated with higher rates of premature birth, intrauterine growth retardation, lower birth 
weight, perinatal death, and preeclampsia.1,306,307 Expert opinion recommends ICSs as the 
preferred treatment for long-term control of asthma symptoms in pregnancy.1 This preference is 
based on favorable efficacy data in both non-pregnant and pregnant women and also on safety 
data in pregnant women; results do not show an increased risk of adverse perinatal outcomes.1 

FDA-approved labeling classifies medications by the potential for risk during pregnancy. 
Budesonide is the only ICS labeled as a pregnancy category B – i.e., no well-controlled studies 
have been conducted in women but animal studies have found little to no risk. Other ICS 
products are pregnancy category C – i.e., no well-controlled studies have been conducted in 
women but animal studies have shown harmful effects on the fetus. Currently, ICS product 
labeling recommends the use of an ICS in pregnancy only when anticipated benefits outweigh 
potential risk.308 

In general, BUD is the preferred ICS because more data are available on its use during 
pregnancy than other ICSs. Minimal published data are available on the efficacy and safety of 
LTRAs or LABAs during pregnancy, but there is theoretical justification for expecting the safety 
profile of LABAs to resemble that of albuterol, for which there are data related to safety during 
pregnancy.1 

We found 1 systematic review and 2 observational studies focusing on ICS use in 
pregnant asthmatics. We did not identify any studies assessing the efficacy or safety of LABAs, 
LTSIs, or anti-IgE therapy during pregnancy. One systematic review with meta-analysis showed 
that ICSs did not increase the rates of any adverse obstetrical outcomes.309 Studies were eligible 
for inclusion in this analysis if the included women were exposed to any therapeutic dosage of 
any fluticasone, BDP, BUD, TAA or FLUN during pregnancy. Studies were excluded if either 
did not have a control group or had a control group comprised of non-asthmatic women. Four 
studies met inclusion criteria. The summary OR for major malformations in 2 studies was 0.96 
(95% CI: 0.51, 1.83; P = 0.9582). The summary OR for preterm delivery in 3 studies was 0.99 
(95% CI: 0.8, 1.22; P = 0.9687). The summary OR for low birth weight delivery in 2 studies was 
0.89 (95% CI: 0.7, 1.14; P = 0.4013). The summary OR for pregnancy-induced hypertension in 
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3 studies was 0.97 (95% CI: 0.84, 1.2; P = 0.9932). Tests for heterogeneity (P = 0.9249, P = 
0.2521, P = 0 .6146 and P = 0.0013, respectively) indicated that the studies for major 
malformation, preterm delivery and low birth weight were not significantly heterogeneous and 
could be combined. ICSs do not increase the risk of major malformations, preterm delivery, low 
birth weight and pregnancy-induced hypertension. 
  A second observational study310 aimed to investigate the association between doses of ICSs 
during the first trimester of pregnancy and the risk of congenital malformations among women 
with asthma. The study found that women using low to moderate doses of ICSs (>0 to 1000 
mcg/d equivalent BDP) were not at increased risk of having a baby with a malformation than 
women who did not use ICSs during the first trimester. Women using high doses of ICSs (>1000 
mcg/d) were more likely to have a baby with a malformation than women who used low to 
moderate doses (adjusted RR, 1.63; 95% CI, 1.02 to 2.60). However, these results should be 
interpreted with caution as confounding by severity of asthma cannot be ruled out as the cause of 
these findings. 
  We also identified 1 observational study of 6199 women with asthma giving birth 
between 1998 and 2008 in Canada (7376 pregnancies).311 Women were exposed to ICS (n=4198 
pregnancies), LABA (650 pregnancies), or neither (3178 pregnancies). Fluticasone propionate 
alone was the most commonly used ICS (76%) followed by BUD alone (14.5%). Salmeterol was 
the most commonly prescribed LABA (69.7%), followed by FM (29.2%). All women treated 
with LABA were also prescribed ICS. Women exposed to LABA and higher-dose ICS were 
more likely to have diabetes and moderate or severe asthma prior to pregnancy. Exposure during 
pregnancy to LABA did not significantly affect the odds of low birth weight babies, preterm 
birth, or babies small for gestational age. The effect of exposure to ICS differed by ICS dose. 
There was no effect of ICS at lower doses but at the equivalent of 500 mcg/day of fluticasone the 
odds of having a low birth weight baby was 1.66, 95% CI 1.01 to 2.73) and the odds of having a 
small for gestational age baby was 1.80, 95% CI 1.19 to 2.71). Exposure to inhaled 
corticosteroids during pregnancy did not affect the odds of preterm birth even at the highest 
steroid dose (OR, 1.13, 95% CI 0.65 to 1.97). 

Insufficient data exists to determine if risks associated with ICSs differ among ICSs. 
Additionally we identified no evidence for subgroup differences related to pregnancy in patients 
with COPD. 
 
VI. Genetics 
Several genes (coding for LTRA, ICS, or beta-agonist receptors), have been associated with 
response to medications used in the treatment of asthma.1,312-316 To date, there is not sufficient 
evidence to draw conclusions about whether testing for variants in these genes has any clinical 
utility (insufficient-strength evidence). Multiple studies have investigated the impact of 
polymorphisms of the beta-2 adrenoreceptor gene (ADRB2) on response to beta-agonist therapy, 
but none have demonstrated clinical validity or clinical utility of testing for ADRB2 
polymorphisms.1,312,313,316,317 

Two studies have prospectively evaluated the effects of drugs to treat asthma in patients 
with ADRB2 polymorphisms. One RCT (N=544) evaluated therapy with a LABA alone and in 
combination with an ICS and found no evidence of a pharmacogenetic effect of β-receptor 
variation on SM response.317 It reported no difference over 16 weeks in response to SM for 
various ADRB2 genotype (Arg/Arg vs. Gly/Gly vs. Arg/Gly). The second RCT compared 16 
weeks of treatment with TIB 5 mcg/d and SM 50 mcg/d when added to 400 to 1000 mcg/d of 
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BUD or equivalent in 388 patients with asthma with the B16-Arg/Arg genotype.191 There were 
no statistically significant differences between TIB and SM in exacerbations, quality of life, 
withdrawals due to adverse events, or serious adverse event outcomes and these findings were 
comparable to those of another RCT that compared TIB and SM in a broader patient 
population.192 

We identified no evidence for subgroup differences based on genetics in patients with 
COPD. 

 
VII. Disease Severity 
The 6-month trial in patients with mild to severe asthma comparing equipotent doses of FP 125 
mcg/day, BDP 200 mcg/day or BUD 200 mcg /day according to disease severity found 
significant improvements in SGRQ total score in favor of FP at 6 months compared to BUD or 
BDP in mild persistent asthma. For patients with moderate persistent asthma, FP was considered 
better than BDP and comparable to BUD at 6 months. In patients with severe asthma, there were 
no statistically significant difference between the 3 groups.110 

The 1-year Prevention of Exacerbations with Tiotropium in COPD (POET-COPD) trial 
randomized 7376 patients with moderate to very severe COPD and found that, compared with 
SM 50 mcg twice daily in the overall study population, TIB 18 mcg once daily significantly 
increased time to first exacerbation and time to first severe exacerbation, reduced annual rates of 
moderate-to-severe and severe exacerbations, and had similar rates of mortality, withdrawals due 
to adverse events and proportions of patients with serious adverse events.196 Other findings for 
the overall study population are described in more detail in Key Questions 1 and 2. Preplanned 
subgroup analyses of the POET-COPD trial based on disease severity found that, compared to 
SM, TIB also significantly prolonged time to first exacerbation in patients with less severe 
disease (Global Initiative for Chronic Obstructive Lung Disease [GOLD] Stage II (HR 0.88; 95% 
CI, 0.79-0.99) and in patients who were naïve to prior maintenance therapy (HR 0.79; 95% CI, 
0.65-0.97).318 In the GOLD Stage II subgroup, TIB also significantly prolonged time to first 
hospitalized exacerbation (HR 0.66; 95% CI, 0.48-0.91) and significantly reduced the annual 
rates of hospitalized exacerbations (RR 0.70; 95% CI, 0.57-0.85), but did not significantly reduce 
the annual rate of overall exacerbations (RR 0.91; 95% CI, 0.81-1.01). In the subgroup of 
maintenance naïve patients, TIB also significantly reduced annual rates of overall exacerbations 
(RR 0.77; 95% CI, 0.63-0.94), but did not significantly reduce annual rates of hospitalized 
exacerbations or significantly prolong time to first hospitalized exacerbation (effect estimates not 
reported). As with the overall study population, number of deaths were similar for TIB and SM 
in both the GOLD stage II and maintenance naïve subgroup (data not reported). Likewise, there 
was no statistically significant difference between TIB and SM in incidence of serious adverse 
events in the GOLD stage II (RR 0.93; 95% CI, 0.77-1.13) and the maintenance naïve subgroups 
(RR 0.87; 95% CI, 0.63-1.18).  
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Table 26. Summary of studies evaluating subgroups of patients for whom 
controller medications may differ in efficacy or frequency of adverse events 

Study 

Study design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
 (total daily 
dose) Results  

Quality 
rating 

Age (less than 3 years) 

Szefler et al. 
2007159  
 
 
 
 

RCT, open 
label 
 
395 
 
52 weeks 
 
 
 

United States 
 
Children 2-8, mild 
persistent asthma, 
smoking status 
NR 
 
Multicenter 
 
 

BUD 
inhalation 
suspension 
(BIS) (0.5 mg)  
vs.  
ML (4 or 5 
mg) 
 
Low dose ICS 
 
 

Exacerbations: BIS 
1.23/patient/year, ML 1.63 
(p=0.034) 
 
QOL: CHQ-P50 and CHSA similar 
between groups 
 
SAEs: BIS 4 patients (2%), ML 8 
(4%) 
 

Fair 

Szefler et al. 
201358 

203 
 

Subgroup 
analysis: Children 
ages 2-4 

 Exacerbations: BIS1.35/ patient/ 
year, ML 2.30 (p=0.003) 
 
QOL: no significant differences in 
CHQ-PF50 or CHSA, except for 
the CHSA’s patient emotional 
health subscale which favored ML 
 
SAEs: BIS 2 (2%), ML 6 (6%) 

 

Suissa, 2013 
301 

Case control 
 
218049 

Canada 
 
Older adults, 78 
years with COPD 

 Serious pneumonia (vs control) 
Current users Fluticasone : RR 
2.01, (95% CI 1.93 to 2.10) 
 
Current users Budesonide: RR 
1.17; (95% CI 1.09 to 1.26) 

Fair 

Racial groups 

Walters et al. 
2007302 

Systematic 
review with 
meta-analysis 
 
67 RCTs (N = 
42,333 
 
Duration: ≥ 4 
weeks 

Multinational 
 
Adults and 
children with 
asthma who were 
not uniformly on 
ICS. (Studies in 
which all subjects 
uniformly taking 
ICS were 
excluded from this 
review.) 

Regular 
inhaled LABA 
(either SM or 
FM) 
administered 
twice daily vs. 
placebo. 
 

Composite endpoint of respiratory-
related death and life threatening 
adverse events (intubation and 
mechanical ventilation): 
Greater in African-Americans than 
Caucasians (Relative Risk 
Increase 3.9; 95% CI: 1.29, 11.84). 
 
 

Good 
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Table 26. Summary of studies evaluating subgroups of patients for whom 
controller medications may differ in efficacy or frequency of adverse events 

Study 

Study design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
 (total daily 
dose) Results  

Quality 
rating 

Hanania et al. 
2010125 

RCT 
 
444 
 
6 months 

US 
 
COPD 
Age ≥ 35, 45% 
current smokers 
 
Multicenter (62), 
setting NR 

ARF NEB (30)  
vs. 
ARF NEB (50) 
vs. 
FM DPI (24) 

WAEs:  
Caucasian:  
FM N=10 (7.9%),  
ARF 30 N=12 (9.5%),  
ARF 50 N=11 (9.0%) 
Black:  
FM N=2 (10.5%),  
ARF 30 N=3 (14.3%),  
ARF 50 N=5 (21.7%) 
 
SAEs: 
Caucasian:  
FM N=11 (8.7%), 
ARF 30 N=17 (13.5%),  
ARF 50 N=4 (3.3%) 
Black:  
FM N=3 (15.8%),  
ARF 30 N=3 (14.3%),  
ARF 50 N=6 (26.1%) 

Fair 

Deykin et al. 
2007278 

RCT 
 
192 
 
14 weeks, 
washout for 4 
weeks, then 
crossover for 
14 weeks 

US 
 
Ages 12-65 
asthmatics 
 
No current 
smokers 
 
Multicenter 

ML (10 mg/d) 
+ SM (100 
mcg/d) + 
placebo ICS 
vs. BDP (160 
mcg/d) + SM 
(100 mcg/d) + 
placebo LTRA 
 
Low dose ICS 

No difference in proportion of 
Caucasian subjects with 
preferentiala protection against 
treatment failure while using ICS + 
LABA (relative to an LTRA/LABA) 
as vs. that in the African-American 
subjects (P = 1.0) 

Fair 

Gender 
Erceg et al. 
2012288 

Retrospective 
cohort 
 
844 
 
Follow-up NR; 
2y, 3mo of 
data 
assessed 

Croatia 
 
Persistent asthma 
Age 4 to 9.5 
 
Children’s Hospital 
Srebrnjak 
 

Doses NR 
FP (N=502) 
vs. 
BUD (N=43) 
vs. 
ML (N=245) 
 
Mean ages(y): 
FP: 6.53 
BUD: 7.16 
ML: 6.87 

Linear Growth Velocity (mm/day, 
mean±SE): 
Boys: 
FP: 0.186±0.0058 
BUD:0.167±0.0141 
ICS: 0.184±0.0055 
ML:0.180±0.0066 
Girls: 
FP:0.189±0.0072 
BUD:0.236±0.0283 
ICS: 0.194±0.0071 
ML: 0.181±0.0098 

Fair 

Smoking status 
Lazarus et al. 
2007305 
 
SMOG study 

RCT, DB, DD 
crossover 
83 
24 weeks (16 
weeks with 8 
week washout 
between) 
 

US 
 
Age 18-50 
asthmatics 
 
Multicenter 

Smokers vs. 
non-smokers 

Change in AQOL average score:  
ML /Non-smoker 0.23 (0.04, 0.42 ; 
P = 0.02) 
ML smoker 0.07 (-0.19, 0.32; P = 
NS)  
BDP Non-smoker 0.13 (-0.06, 0.32; 
P = NS) 
BDP Smoker 0.12 (-0.13, 0.37; P = 
NS) 

Fair 
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Table 26. Summary of studies evaluating subgroups of patients for whom 
controller medications may differ in efficacy or frequency of adverse events 

Study 

Study design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
 (total daily 
dose) Results  

Quality 
rating 

Price et al. 
2013155 
 
 
 
 

RCT 

683 
6 months 

UK 
 
Age 18 to 55, 
chronic asthma, all 
subjects active 
cigarette smokers 
 
Multicenter (131) 

FP (500 mcg) 
vs. 
ML (10 mg) 

Exacerbations (FP vs ML): 
5 studies including Price: 
OR 0.70, 95% CI 0.57 to 0.86 
Price (smokers): OR 0.75, 95% CI 
0.43 to 1.31 
 
Adverse events: no evidence of a 
difference in adverse events 
between ICSs and LMs overall 
(KQ2) or for smokers (Price) 

Fair 

Pregnancy 

Blais et al. 
2009310 

Cohort 
13,280 
pregnancies 

Pregnant women 
with asthma 
Canada 

no ICS use  
(8, 734 
pregnancies) 
vs. >0-1000 
mcg/d (4,392 
pregnancies) 
vs. >1,000 
mcg/d (154 
pregnancies) 

Adjusted RRs, all malformations: 
G1: 1.08 (0.94-1.24) 
G2: Reference 
G3: 1.66 (1.02-2.68) 
 
Adjusted RRs, major 
malformations: 
G1: 1.06 (0.89-1.26) 
G2: Reference 
G3: 1.67 (0.91-3.06)  

Fair 

Norjavaara & 
Gerhardsson de 
Verdier, 2003319 

Database 
review 
293,948 

Pregnant 
asthmatic women 
(Swedish) 

BUD vs. 
control (no 
BUD 
exposure 
during 
pregnancy) 

No difference in gestational age, 
birth weight, length, rate of 
stillbirths, or multiple births for 
children born to BUD-treated 
mothers. Rate of caesarean birth 
was higher in women taking BUD 
early in pregnancy (P < 0.05) 

Fair 

Cossette, 
2013311 

Cohort  
7376 
pregnancies 

Pregnant woman 
with asthma 

ICS vs 
LABA/ICS vs 
no treatment 

LABA use not associated with low 
birth weight, small for gestational 
age, or preterm birth; ICS exposure 
at higher-doses associated with 
low birth weight and small for 
gestational age but not preterm 
birth 

Fair 
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Table 26. Summary of studies evaluating subgroups of patients for whom 
controller medications may differ in efficacy or frequency of adverse events 

Study 

Study design 
N 
Duration 

Country 
Population 
Setting 

Comparison 
 (total daily 
dose) Results  

Quality 
rating 

Rahimi et al. 
2006309 

Systematic 
review with 
meta-analysis 
(SR) 

Pregnant 
asthmatic women 

Any 
therapeutic 
dosage of any 
ICS (FP, BDP, 
BUD, TAA, 
flunisolide) vs. 
no ICS 
exposure 

ICSs did not increase the rates of 
any obstetrical outcomes. 
 
Major malformations: 
Summary (2 studies) OR=0.96 
(95% CI: 0.51, 1.83); P = 0.9582 
 
Preterm delivery: 
Summary (3 studies) OR = 0.99 
(95% CI: 0.8, 1.22); P = 0.9687 
 
Low birth weight delivery: 
Summary (2 studies) OR = 0.89 
(95% CI: 0.7, 1.14); P = 0.4013 
 
Pregnancy-induced hypertension: 
Summary (3 studies) OR = 0.97 
(95% CI: 0.84, 1.2); P = 0.9932 

Fair 

Abbreviations: AQOL = average quality of life;  BUD = Budesonide; CI = confidence interval; DPI= Dry Powder Inhaler; FM = 
Formoterol; FP = Fluticasone Propionate; ICS = Inhaled Corticosteroids; LABAs = Long-Acting Beta-2 Agonists; LTRAs = 
Leukotriene receptor antagonists; MA=meta-analysis; ML = Montelukast; NR = not reported; NS = not statistically significant; OR= 
odds ratio; QOL = quality of life; RCT= randomized controlled trial; RR = relative risk; SM = Salmeterol;; SR=systematic review. 
a Treatment failure defined as increased as-needed albuterol, persistent asthma symptoms or drop in PEF despite rescue use, use 
of oral, parenteral, or non-study related ICS, emergency department therapy with steroids, drop in FEV1 or PEF, or physician clinical 
judgment for safety. 
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SUMMARY  
 
Strength of Evidence 
 
The main results of this review are summarized in Table 27. Summaries of the-strength evidence 
for each comparison are presented in Appendix E. Efficacy studies provide moderate-strength 
evidence that equipotent doses of inhaled corticosteroids (ICSs) administered through 
comparable delivery devices do not differ in their ability to control asthma symptoms, prevent 
asthma exacerbations, reduce the need for additional rescue medication, or in the overall 
incidence of adverse events or withdrawals due to adverse events in patients with asthma. There 
was no evidence comparing different ICS in patients with chronic obstructive pulmonary disease 
(COPD) except in subgroups. 

There was moderate-strength evidence that long-acting beta-2 agonists (LABAs) do not 
differ in ability to prevent exacerbations or hospitalizations or emergency visits or improve 
quality of life in patients with persistent asthma not controlled on ICS alone. There was also no 
difference in tolerability or adverse events between formoterol and salmeterol. In patients with 
COPD, there was low-strength evidence that arformoterol and formoterol are associated with 
similar exacerbation rates and improvements in quality of life, that formoterol and indacaterol 
have similar impacts on exacerbations and quality of life, and that indacaterol has a small 
transient advantage over salmeterol in its effects on quality of life, but differences disappear over 
time. 

Evidence also did not support a difference between montelukast and zafirlukast in their 
ability to improve quality of life in patients with asthma (low-strength evidence). There was no 
evidence comparing leukotriene modifiers (LMs) in patients with COPD. 

There was moderate-strength evidence of no difference between combination products 
fluticasone propionate/salmeterol and either budesonide/formoterol or mometasone 
furoate/formoterol in quality of life, exacerbations or asthma deteriorations, withdrawals due to 
adverse events, or serious adverse events in patients with asthma (when high doses of 
mometasone furoate combined with formoterol and fluticasone propionate combined with 
salmeterol were used, strength of evidence was low). Low-strength evidence did not support a 
difference between fluticasone propionate/salmeterol and fluticasone furoate/vilanterol in quality 
of life in treating asthma. There were no prospective, randomized, head-to-head clinical trials of 
ICS/LABA combination products available in the United States in patients with COPD.   

Efficacy studies up to 56 weeks in duration provide consistent evidence of greater benefit 
for asthma patients treated with ICS monotherapy compared with those treated with LM 
monotherapy (high-strength evidence). Direct evidence suggested no difference in tolerability or 
overall adverse events between ICSs and LMs when used to treat asthma (moderate-strength 
evidence). Specific adverse events reported with ICSs, such as cataracts and decreased growth 
velocity, were not found among patients taking LMs. Evidence is insufficient to determine if 
long-term treatment with ICSs leads to a reduction in final adult height. There were no head-to-
head studies of ICS versus LM in patients with COPD. 

Overall evidence indicated that ICSs and leukotriene receptor antagonists (LTRAs) are 
safer than LABAs for use as monotherapy (high-strength evidence). LABAs were not 
recommended nor approved for use as monotherapy for persistent asthma because they may 
increase the risk of asthma-related deaths (high-strength evidence). In a pooled analysis of 7 
studies, asthmatics treated with LABAs had an increased occurrence of exacerbations compared 
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to those treated with ICS. However, in patients with COPD there was moderate-strength 
evidence of no difference between ICS and LABAs in exacerbations or hospitalizations due to 
exacerbations and low-strength evidence of no difference between treatments in mortality. 
Although there was low-strength evidence of no difference in risk of having any adverse event 
between ICS and LABAs, serious pneumonia was more frequent with ICS. 

Low-strength evidence does not support a difference in patients with asthma between 
tiotropium and salmeterol in exacerbations, quality of life, withdrawals due to adverse events, or 
proportion of patients with serious harms. In patients with COPD, there was moderate-strength 
evidence that fewer patients experience an exacerbation or a nonfatal serious adverse event with 
tiotropium versus salmeterol and low-strength evidence of no difference between tiotropium and 
salmeterol in hospitalizations, proportions of patients with clinically significant improvement in 
quality of life, or proportion of patients who withdraw due to adverse events. For the comparison 
of IC and tiotropium, there is low-strength evidence that in patients with severe COPD, 
indacaterol provided less protection from exacerbations, but similar mortality and improved 
quality of life; and in a broader patient population of moderate to severe COPD, tiotropium was 
associated with significantly lower proportions of patients with clinically significant 
improvement in quality of life, but the 2 drugs did not differ in hospitalizations or exacerbations. 
Tiotropium and formoterol had similar effects on exacerbations. Additionally, there was no 
difference between tiotropium and salmeterol, indacaterol, or formoterol in withdrawals due to 
adverse events and no difference between tiotropium and indacaterol or formoterol in proportion 
of patients with nonfatal serious harms (low-strength evidence). 

Low-strength evidence from 1 trial suggested that more asthma patients taking RF than 
BDP experience exacerbations and withdraw from the study due to adverse events. There were 
no trials comparing ICS with phosphodiesterase-4 inhibitors in patients with COPD. 
 Results from large trials up to 12 months in duration in patients with persistent asthma 
provided moderate-strength evidence of greater efficacy with the addition of a LABA to an ICS 
than with a higher-dose ICS (high-strength evidence for ≥12, low-strength for <12) with no 
difference in overall adverse events (with the exception of tremor which was increased in those 
taking ICS/LABA versus higher-dose ICS). There were no head-to-head studies comparing 
ICS/LABA versus a higher-dose ICS in patients with COPD. 
  When comparing an ICS/LABA with a different ICS in patients with asthma, low-
strength evidence suggested no difference in exacerbations, adverse events, or withdrawals due 
to adverse events between fluticasone furoate/vilanterol and fluticasone propionate. There was 
also low-strength evidence that risk of experiencing any adverse events is greater with CIC 
versus fluticasone propionate plus salmeterol. No trials of ICS/LABA versus a different ICS 
were identified in patients with COPD. 

There was no apparent difference in symptoms, exacerbations, rescue medicine use, 
overall adverse events, or withdrawals due to adverse events between asthma patients treated 
with ICSs plus LTRAs compared with those treated with increasing the dose of ICSs (moderate-
strength evidence for ≥12, low-strength for <12). There were no similar head-to-head studies in 
COPD patients. 

High-strength evidence from a meta-analysis of 5 RCTs indicated that fluticasone 
propionate plus salmeterol was more efficacious than montelukast for the treatment of persistent 
asthma in patients at least 12 years of age (moderate-strength evidence of greater efficacy with 
fluticasone propionate/salmeterol in children). There was low-strength evidence for similar rates 
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of overall adverse events and withdrawals due to adverse events between treatments in patients 
with asthma. There were no trials of this comparison in patients with COPD. 

Results provided high-strength evidence that the addition of a LABA to ICS therapy 
(ICS/LABA) is more efficacious than the addition of a LTRAs to ICS therapy (ICS/LTRA) in 
patients with persistent asthma (high-strength evidence for ≥12, low-strength for <12). We found 
no difference in overall adverse events or withdrawals due to adverse events between ICS/LABA 
and ICS/LTRAs (moderate-strength evidence for ≥12, insufficient for <12). There were no trials 
of ICS/LABA versus ICS/LTRA in COPD patients. 

In patients with persistent asthma, low-strength evidence did not support a difference 
between tiotropium plus ICS versus a higher-dose ICS in exacerbations, improvements in quality 
of life or withdrawals due to harms. There were no head-to-head studies comparing 
tiotropium/ICS with a higher-dose of the same ICS in COPD patients. 

In patients with COPD, treatment with fluticasone propionate plus salmeterol was 
associated with decreased mortality and better quality of life, but higher risk of hospitalization 
versus treatment with tiotropium (low-strength evidence). There was also low-strength evidence 
of no difference in mortality between tiotropium and fluticasone furoate/vilanterol or 
umeclidinium bromide/vilanterol. However, low-strength evidence supported reduced risk of 
serious harms with tiotropium compared with fluticasone propionate/salmeterol, although there 
was no difference in withdrawal due to adverse events. Tiotropium and fluticasone/vilanterol 
also did not differ in proportion of patients with serious adverse events and tiotropium and 
umeclidinium bromide/vilanterol did not differ in proportion of patients who withdraw due to 
harms (low-strength evidence). There were no trials of these comparisons in patients with 
asthma. 
 
Limitations of this Report 
 
As with other types of research, the limitations of this systematic review are important to 
recognize. These can be divided into 2 groups, those relating to applicability of the results 
(addressed below) and those relating to methodology within the scope of this review.  

Methodological limitations of the review within the defined scope included the exclusion 
of studies published in languages other than English and lack of a specific search for unpublished 
studies. In addition, the data from RCTs included in this report have limited utility for assessing 
real-world adherence to medications. This is largely because they enrolled selected populations, 
often requiring a high degree of adherence to be included in the trial. For example, many of the 
trials had a run-in period during which adherence was assessed and then only included subjects 
that met a threshold for good adherence (e.g., adherence to 80% of recommended doses). 

 Unfortunately, for many drugs, there are few or no effectiveness studies and many 
efficacy studies. As a result, clinicians must make decisions about treatment for many patients 
who would not have been included in controlled trials and for whom the effectiveness and 
tolerability of the different drugs are uncertain. An evidence report indicates whether or not there 
is evidence that drugs differ in their effects in various subgroups of patients, but it does not 
attempt to set a standard for how results of controlled trials should be applied to patients who 
would not have been eligible for them. With or without an evidence report, these are decisions 
that must be informed by clinical judgment.  
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Applicability 
 
The applicability of the results are limited by the scope of the Key Questions and inclusion 
criteria and by the applicability of the studies included. Most studies included narrowly defined 
populations of patients who met strict criteria for case definition, had few comorbidities, and 
used few or no concomitant medications. Minorities, older patients, and the most seriously ill 
patients were often underrepresented.  
 
Studies Currently Being Conducted 
 
We identified no trials in progress that would meet inclusion criteria for this review that would 
potentially change conclusions.  
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Table 27. Summary of the evidence by key question for controller medications for 
the treatment of persistent asthma or COPD in adolescents/adults ≥ 12 years of 
age and children < 12 years of age 
Key Question 1. What is the comparative efficacy and effectiveness of controller medications used to treat 
outpatients with persistent asthma or COPD? 

Strength of evidence  Conclusions 

 Inhaled Corticosteroids (ICSs) compared with ICSs: 

Moderate 
(≥ 12 years) 
 

Asthma 
Efficacy studies provide moderate evidence that ICSs do not differ in their ability to control 
asthma symptoms, prevent exacerbations, and reduce the need for additional rescue 
medication at equipotent doses administered through comparable delivery devices. 
Relatively few studies reported exacerbations, healthcare utilization (hospitalizations, 
emergency visits), or quality of life outcomes. Long-term data beyond 12 weeks is lacking 
for most of the comparisons. 

Moderate 
(< 12 years) 
 

In children, the body of evidence supports the above conclusion, but data was only 
available for 5 comparisons (3 systematic reviews and 5 RCTs): beclomethasone compared 
with budesonide, beclomethasone compared with fluticasone propionate, budesonide 
compared with CIC, budesonide compared with fluticasone propionate, and CIC compared 
with fluticasone propionate. 

 COPD 
We found no reviews or RCTs of ICS versus ICS in patients with COPD. 

 Leukotriene Modifiers (LMs) compared with LMs: 

 Asthma 

Insufficient 
 

Limited head-to-head evidence from 1 short-term study (12 weeks) in adults and 
adolescents ≥ 12 years of age does not support a difference between montelukast and 
zafirlukast in their ability to improve quality of life. 

 Long-Acting Beta-2 Agonists (LABAs) compared with LABAs: 

 Asthmaa 

Moderate 
 
 

Results from 3 efficacy studies provide moderate evidence that LABAs do not differ in their 
ability to prevent exacerbations, improve quality of life, and prevent hospitalizations or 
emergency visits in patients ≥ 12 years with persistent asthma not controlled on ICSs alone. 
In children, direct evidence is limited to 1 fair-quality trial enrolling children and adolescents 
age 6-17. The trial reported no difference in exacerbations, quality of life, missed work, or 
missed school in subjects treated with eformoterol compared to those treated with 
salmeterol. 

 
 
Low 

COPD 
 
Arformoterol and formoterol are associated with similar exacerbation rates and 
improvements in quality of life. Nebulized formoterol is similar to formoterol via DPI in its 
effects on exacerbations and quality of life. Formoterol and indacaterol have similar impacts 
on exacerbations and quality of life. Indacaterol has a small transient advantage over 
salmeterol in its effects on quality of life, but differences disappear over time.  
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Key Question 1. What is the comparative efficacy and effectiveness of controller medications used to treat 
outpatients with persistent asthma or COPD? 

Strength of evidence  Conclusions 

 
 
Moderate 
(≥ 12 years) 
 
 
 
 

 
Moderate 
(≥ 12 years) 
 
 

 
Low 
(≥ 12 years) 

Combination Products: ICS+LABA compared with ICS+LABA 
Asthma 
Budesonide/Formoterol (BUD/FM) compared with Fluticasone propionate/Salmeterol 
(FP/SM): Results from large trials up to 6 months in duration comparing equipotent steroid 
components support no significant difference in efficacy or quality of life between fixed-dose 
combination treatment with BUD/FM and with FP/SM. The results of our meta-analyses 
show no difference between those treated with BUD/FM and those treated with FP/SM in 
either exacerbations requiring oral steroids or exacerbations requiring emergency visit or 
hospital admission.  
 
Fluticasone propionate/Salmeterol (FP/SM) compared with Mometasone 
furoate/Formoterol (MF /FM) 
Moderate-strength evidence from 2 trials (12 and 52 weeks) indicated no difference in 
asthma deteriorations between MF/FM and FP/SM at medium doses.  
Low-strength evidence from a single study was unable to differentiate MF/FM and FP/SM at 
high doses.  
 
Fluticasone propionate/salmeterol (FP/SM) compared with Fluticasone 
furoate/vilanterol (FF/VI) 
Low-strength evidence suggests no difference in quality of life between the treatments. 

Insufficient 
(< 12 years) 
 
Low 
 

None of the trials included children < 12 years of age.  
 
COPD 
A single good-quality 48-week trial of patients with severe COPD found no difference in 
rates of exacerbations or improvement in quality of life between BPD/FM and BUD/FM. 

 ICSs compared with Leukotriene Modifiers: 

 Asthma 

High 
 
 
 

Efficacy studies up to 56 weeks in duration provide consistent evidence favoring ICSs over 
LTRAs for the treatment of asthma as monotherapy for both children and adults. Those 
treated with LTRAs had a significantly higher occurrence of exacerbations than those 
treated with ICSs (OR 0.70; 95% CI, 0.57 to 0.86 for fluticasone propionate vs montelukast). 
In addition, our meta-analyses found statistically significant differences in favor of ICSs over 
LTRAs for quality of life. 

Low An analysis of a subset of 154 children age 6 to 14 in 1 trial found that those treated with 
fluticasone propionate had significantly fewer emergency department visits and missed 
school days than those treated with montelukast. 

 ICSs compared with LABAs for monotherapy: 

High 
 

Asthmaa 
Efficacy studies up to 12 months in duration provide consistent evidence favoring ICSs over 
LABAs for the treatment of asthma as monotherapy for children and adults. Those treated 
with LABAs had a significantly higher occurrence of exacerbations than those treated with 
ICSs (OR 2.12, 95% CI 1.53 to 2.95, p<0.001, 7 studies). 
 

Low COPD 
 
No difference between ICS and LABA in mortality (OR 1.17, 95% CI 0.97 to 1.42; 1 SR of 7 
RCTs) 
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Key Question 1. What is the comparative efficacy and effectiveness of controller medications used to treat 
outpatients with persistent asthma or COPD? 

Strength of evidence  Conclusions 

Moderate No difference between ICA and LABA in exacerbations (OR 0.96, 95% CI 0.89 to 1.02, 1 
SR of 4 RCTs), or in hospitalizations due to exacerbations (Risk Ratio 1.07, 95% CI 0.91 to 
1.26, 1 study) 
 

 Tiotropium compared with LABAs 

 Asthmaa 

Low Evidence does not support a difference between tiotropium and salmeterol in exacerbations 
or quality of life.  

 COPD 

Moderate Tiotropium is associated with fewer patients experiencing 1 or more exacerbations than 
salmeterol.  

Low Tiotropium and salmeterol do not differ in hospitalizations and proportions of patients with 
clinically significant improvement in quality of life. For the comparison of indacaterol and 
tiotropium, in patients with severe COPD, indacaterol provided less protection from 
exacerbations, but similar mortality and improved quality of life; and in a broader patient 
population of moderate to severe COPD, indacaterol provided better quality of life, but the 2 
drugs did not differ in hospitalizations or exacerbations.. Tiotropium and formoterol do not 
differ in exacerbations.  

 ICS compared with PDE-4 inhibitors: 

 Asthma 

Low More patients taking roflumilast experienced exacerbations than did those taking 
beclomethasone. 

 ICS/LABA compared with ICS (increased dose) (addition of LABA to ICS compared 
with increasing the ICS dose): 

High 
(≥ 12 years) 

Results from large trials up to 12 months in duration support greater efficacy with the 
addition of a LABA to an ICS than with a higher-dose ICS for adults and adolescents with 
persistent asthma. Our meta-analysis shows statistically significantly greater improvement 
in symptom-free days, symptom scores, rescue-free days, and rescue medicine use for 
subjects treated with ICS/LABA. Despite a trend toward fewer subjects with exacerbations 
in the ICS/LABA group, the difference was not statistically significant in our analysis 
 

Low 
(< 12 years) 

Two trials exclusively enrolled children < 12 (7 trials included some subjects < 12) and 
results are not necessarily generalizable to pediatric populations. 

 COPD 
We found no reviews or RCTs of ICS/LABA versus ICS same dose in patients with COPD. 

 ICS/LABA compared with ICS (different drug): 

Low Asthma 
 
When comparing ICS/LABA with a different ICS in patients with asthma, there was no 
difference in exacerbations between fluticasone furoate plus vilanterol versus fluticasone 
propionate. 
 
COPD 
 
There was no evidence comparing ICS/LABA and a different ICS in patients with COPD. 
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Key Question 1. What is the comparative efficacy and effectiveness of controller medications used to treat 
outpatients with persistent asthma or COPD? 

Strength of evidence  Conclusions 

 ICS/LTRA compared with ICS (increased dose): 

 Asthma 

Moderate 
 

There is no apparent difference in exacerbations between patients ≥ 12 years treated with 
ICSs plus LTRAs and those treated with an increased dose of ICSs. There were some 
conflicting results and further research may alter the results. 

Low 
 

Two trials enrolled children < 12 years of age; 1 reported fewer exacerbations in those 
treated with ICS/LTRA compared to increasing the dose of BUD, but the other reported no 
difference between groups for hospitalizations due to asthma and similar numbers of oral 
steroid courses. 

 Combination products (ICS/LABA) compared with LTRAs: 

 Asthma 

High 
 

Overall, our meta-analysis and results from 5 RCTs find the combination of fluticasone 
propionate plus salmeterol to be more efficacious than montelukast for preventing 
exacerbations in patients ≥ 12 years with persistent asthma. 

Moderate 
 

Two of the 5 trials showing greater efficacy for combination products enrolled children ages 
6-14 and another included about 15% of subjects < 12 years of age. 

 LABA/ICS compared with LTRA/ICS 

 Asthma 

High For the drug classes overall, fewer patients taking LABA/ICS had exacerbations than those 
taking LTRA/ICS; similarly, fewer patients taking SM/ICS had exacerbations than those 
taking ML/ICS. There was no clinically important difference between LABA/ICS and 
LTRA/ICS in quality of life.  

Moderate There was no clinically important difference between SM/ICS and ML/ICS in quality of life.  

Low There was no clinically important difference between SM/ICS and ZAF/ICS in quality of life. 

 LTRA/LABA compared with ICS/LABA: 

 Asthma 

Moderate 
 
 

Results from one 32 week cross-over trial, which was terminated early, reported that 
patients ≥ 12 years treated with LTRA/LABA had significantly shorter time to treatment 
failure than those treated with ICS/LABA (P = 0.0008). 

 Tiotropium/ICS compared with higher-dose ICS 

 Asthma 

Low Co-therapy with tiotropium and beclomethasone did not differ from double-dose 
beclomethasone in their effects on exacerbations and quality of life.  

 Tiotropium compared with fixed-dose combination products 

 COPD 
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Key Question 1. What is the comparative efficacy and effectiveness of controller medications used to treat 
outpatients with persistent asthma or COPD? 

Strength of evidence  Conclusions 

Low Compared with tiotropium, fluticasone propionate/salmeterol was associated with lower risk 
of mortality, better quality of life, but higher risk of hospitalization. Tiotropium and fluticasone 
propionate/salmeterol do not differ in their effects on exacerbations. Tiotropium does not 
differ in its effect on mortality as compared with either fluticasone furoate/vilanterol or 
umeclidinium bromide/vilanterol. Tiotropium and umeclidinium bromide/vilanterol do not 
differ in their effects on quality of life.  

 

aLABA monotherapy contraindicated since 2010 in patients with asthma (see Key Question 2).  
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Key Question 2. What is the comparative tolerability and frequency of adverse events for controller 
medications used to treat outpatients with persistent asthma or COPD? 

Strength of evidence Conclusions 

 Inhaled Corticosteroids (ICSs): 

Moderate 
(≥ 12 years) 
 

Asthma 
The overall incidence of adverse events, withdrawals due to adverse events, and specific 
adverse events (other than reduction in growth velocity and oral candidiasis) are similar for 
equipotent doses of ICSs. 

Moderate 
(< 12 years) 

Asthma 
Three fair head-to-head trials provide evidence that short-term (20 weeks to 1 year) growth 
velocity is reduced less with fluticasone propionate than with beclomethasone or 
budesonide. A fourth head-to-head trial found that CIC-treated subjects had a greater mean 
body height increase than budesonide-treated subjects over 12 weeks. 

 COPD 
We found no reviews or RCTs comparing ICS to ICS in patients with COPD. 
 

 Long-Acting Beta-2 Agonists (LABAs): 

 Asthmaa 

Moderate 
 

Limited direct evidence from head-to-head trials and from systematic reviews provides no 
evidence of a difference in tolerability or adverse events between formoterol and salmeterol 
in adults and children. 

 COPD 

Low Patients taking arformoterol and formoterol have similar rates of serious adverse events and 
withdrawals due to adverse events. Compared with formoterol, patients taking indacaterol 
were less likely to withdraw due to harms than those taking indacaterol, though the 
difference was not statistically significant for the lower IC dose. There was a non-significant 
trend toward higher rates of serious adverse events and withdrawals due to adverse events 
with indacaterol compared with salmeterol. 

 Combination Products: ICS/LABA versus ICS/LABA 

Moderate 
(≥ 12 years) 
 

Asthma 
Budesonide/Formoterol (BUD/FM) compared with Fluticasone propionate/Salmeterol 
(FP/SM): 
Data from 4 large head-to-head trials (5,818 subjects) provide no evidence of a difference in 
overall adverse events, serious adverse events or withdrawal due to adverse events 
between BUD/FM and FP/SM in adults and adolescents. 
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Key Question 2. What is the comparative tolerability and frequency of adverse events for controller 
medications used to treat outpatients with persistent asthma or COPD? 

Strength of evidence Conclusions 

Moderate 
(≥ 12 years) 
 
 
 
 
 
 
Low 
(≥ 12 years) 
 
 
 
 
Insufficient 
(< 12 years) 
 
Low 
(≥ 12 years) 
 
 
 
 
Low 
(≥ 12 years) 
 
 
 
 
 
 
 
Insufficient 
 

Fluticasone propionate/Salmeterol (FP/SM) compared with Mometasone 
furoate/Formoterol (MF /FM) Moderate-strength evidence indicates no difference in 
withdrawal due to adverse events or risk of serious adverse events between MF/FM and 
FP/SM at medium doses. Low-strength evidence suggests no difference in risk of 
withdrawal due to adverse events or incidence of serious adverse events between MF/FM 
and FP/SM, although numerically higher rates were reported with MF/FM than with FP/SM 
at high doses  
 
Fluticasone propionate/salmeterol (FP/SM) compared with Fluticasone 
furoate/vilanterol (FF/VI) 
Low-strength evidence from a single study of fixed- dose combination inhalers of FP/VI 
compared with FP/SM suggests no difference in rates of withdrawal due to adverse events 
or serious adverse events between drugs. 
 
None of the trials included children < 12 years of age.  
 
 
COPD  
Budesonide/Formoterol (BUD/FM) compared with Beclomethasone/Formoterol 
(BPD/FM) 
A single good-quality trial did not suggest differences in adverse events, withdrawals due to 
adverse events, pneumonia or mortality between BUD/FM and BPD/FM. 
 
Budesonide/Formoterol (BUD/FM) compared with Fluticasone propionate/Salmeterol 
(FP/SM): 
Low-strength evidence from a single fair-quality observational study indicates that patients 
using FP/SM had an increased risk of pneumonia and pneumonia-related mortality 
compared with BUD/FM. The risk of pneumonia was significantly higher with FP/SM 
compared with BUD/FM; relative risk 1.73 (95% CI 1.57 to 1.90). The risk of mortality 
related to pneumonia with FP/SM compared with BUD/FM was also increased; relative risk 
1.76 (95% CI 1.22 to 2.53).  
 
Fluticasone propionate/salmeterol (FP/SM) compared with Fluticasone 
furoate/vilanterol (FF/VI) 
Based on three 12-week trials, although rates were low in both groups, evidence is 
insufficient to determine whether withdrawals due to adverse events, serious adverse 
events or mortality differ between FF/VI and FP/SM. 

 COPD 
No head-to-head trials comparing 2 or more fixed-dose combination products of ICS/LABA 
in patients with COPD that reported harms outcomes were found 

 ICSs compared with Leukotriene Modifiers: 

 Asthma 

Moderate 
 

Data from 2 good-quality systematic reviews and numerous head-to-head RCTs provides no 
evidence of a difference in tolerability or overall adverse events (risk of withdrawal due to 
adverse effects: RR 1.24, 95% CI: 0.95 to 1.63, 25 trials) comparing leukotriene modifiers 
with ICSs in adults and children.  

 ICSs compared with LABAs for monotherapy: 

High 
(all ages) 
 

Asthmaa 
LABAs are not recommended nor approved for use as monotherapy for persistent asthma 
because they may increase the risk of asthma-related deaths. Overall evidence indicates 
that ICSs are safer than LABAs for use as monotherapy. 
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Key Question 2. What is the comparative tolerability and frequency of adverse events for controller 
medications used to treat outpatients with persistent asthma or COPD? 

Strength of evidence Conclusions 

Low COPD 
1 good-quality systematic review of 4 studies found no difference between ICS and LABA in 
risk of having any adverse event (OR 1.12, 95% CI 0.96 to 1.30) 
 
Serious pneumonia AEs were more frequent with ICS than LABA based on a good-quality 
SR of 5 studies (OR 1.48, 95% CI 1.13 to 1.94 

 Tiotropium compared with LABAs 

 Asthmaa 

Low Evidence does not support a difference between tiotropium and salmeterol in withdrawals 
due to adverse events or the proportion of patient with serious harms.  

 COPD 

Moderate Compared to salmeterol, tiotropium is associated with fewer patients experiencing a 
nonfatal serious adverse event.  

Low Compared to salmeterol, tiotropium is associated with fewer patients withdrawing due to 
adverse events. Tiotropium does not differ from indacaterol or formoterol in the proportion of 
patients with nonfatal serious harms or who withdrew due to harms.  

 ICSs compared with PDE-4 inhibitors 

 Asthma 

Low Evidence from 1 trial suggests more patients taking roflumilast withdrew due to adverse 
events. 

 ICS/LABA compared with ICS (increased dose) 
(addition of LABA to ICS compared with increasing the ICS dose): 

Moderate 
(≥ 12 years) 

Asthma 
Results from a good-quality systematic review with meta-analysis and numerous RCTs 
found no difference in overall adverse events or withdrawals between subjects treated with 
ICSs plus LABAs and subjects treated with an increased dose of ICSs. Those treated with 
ICSs plus LABAs had an increased rate of tremor (N = 11, RR 1.84, 95% CI: 1.20 to 2.82). 
Indirect evidence from a recent systematic review that included a post-hoc analysis of data 
from SMART suggests that the potential increased risk of asthma-related death for those 
taking LABAs may be confined to patients not taking ICSs at baseline.  

Low 
(< 12 years) 
 
Insufficient 

Two of the RCTs enrolled an exclusively pediatric population < 12 years of age (7 included 
some subjects < 12) and results are not necessarily applicable to pediatric populations. 
 
COPD 
We found no reviews or RCTs of ICS plus LABA versus higher-dose ICS in patients with 
COPD. 

 ICS/LABA compared with ICS (different drug) 

Low 
 

Asthma 
When comparing and ICS/LABA with a different ICS there was no difference in adverse 
events or withdrawals due to adverse events between fluticasone furoate plus vilanterol and 
fluticasone propionate. There was also low-strength evidence that risk of experiencing any 
adverse events is greater with CIC versus fluticasone propionate plus salmeterol.  
 
COPD 
No trials of ICS/LABA versus a different ICS were identified in patients with COPD 
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Key Question 2. What is the comparative tolerability and frequency of adverse events for controller 
medications used to treat outpatients with persistent asthma or COPD? 

Strength of evidence Conclusions 

 ICS/LTRA compared with ICS (increased dose) 

 Asthma 

Moderate 
 

Evidence from 1 good-quality systematic review with meta-analysis (including 27 trials) 
found that the addition of LTRAs to ICSs compared to increasing the dose of ICSs resulted 
in no significant differences in overall adverse events or withdrawals due to adverse events 
in patients ≥ 12 years . Trials were generally not designed to compare tolerability and 
adverse events and many used higher than licensed doses of LTRAs. 

Low 
 

Evidence in children < 12 years of age is limited. Just 2 of the 27 trials in the systematic 
review enrolled children. 

 Combination products (ICS/LABA) compared with LTRAs: 

 Asthma 

Low 
 

ICS/LABA combinations and leukotriene modifiers have similar rates of overall adverse 
events and withdrawals due to adverse events based on direct evidence from 4 short-term 
trials. One of the 4 trials enrolled subjects at least 6 years of age (about 15% were <12 
years old) and 1 enrolled only children ages 6 to 14. 

 LABA/ICS compared with LTRA/ICS 
(addition of LABA compared with LTRA to ongoing ICS therapy) 

 Asthma 

High Results from a good-quality systematic review with meta-analysis show no difference in 
withdrawals due to adverse events between drug classes LABA/ICS and LTRA/ICS, or 
between specific drugs salmeterol and montelukast as add-on therapy. Trials were generally 
not designed to compare tolerability and adverse events. 

Moderate Systematic review results suggest more patients taking LABAs as a class in addition to ICSs 
have serious adverse events than patients taking LTRAs as a class with ICSs. The same 
result holds for the specific drug comparison of salmeterol versus montelukast as add-on 
therapy. 

 Tiotropium/ICS compared with higher-dose ICS 

 Asthma 

Low Co-therapy with tiotropium and beclomethasone did not differ from double-dose 
beclomethasone in the proportion of patients who withdrew due to harms. 

 Tiotropium compared with fixed-dose combination products 

 COPD 

Low Compared with fluticasone propionate/salmeterol, tiotropium is associated with a 
significantly lower proportion of patients with serious harms, but the drugs do not differ in 
the proportion of patients who withdraw due to adverse events. Tiotropium and fluticasone 
furoate/vilanterol do not differ in the proportion of patients with serious adverse events. 
Tiotropium and umeclidinium bromide/vilanterol do not differ in the proportion of patients 
who withdraw due to adverse events. 

 

  

Final Original Report Drug Effectiveness Review Project

Drugs to treat asthma and COPD 166 of 192



                                                                                                  
  

 
 

Key Question 3. Are there subgroups of these patients based on demographics (age, racial groups, gender), 
asthma severity, comorbidities (drug-disease interactions, including obesity), other medications (drug-drug 
interactions), smoking status, genetics, or pregnancy for which asthma controller medications differ in 
efficacy, effectiveness, or frequency of adverse events? 
Strength of evidence Conclusions 
 Age: 
 Differences in the efficacy, tolerability, or adverse events between children <12 years of age 

and adolescents or adults ≥12 are described in the body of the report (Key Questions 1 and 
2) and summaries above. 

 Children ≤ 4 years of age 
Low We found no head-to-head studies comparing the efficacy or safety of our included drugs in 

this age group with older children, adolescents, or adults. One study of patients age 2 to 8 
with asthma included a subgroup analysis of patients age 2 to 4. The subgroup analysis 
suggested more exacerbations per patient and more patients with serious adverse events 
for montelukast compared with budesonide, with risk differences greater among the younger 
patients. 

 Elderly 
Low There was no head-to-head studies comparing the efficacy and safety of older adults 

treated with ICS. One case-control study on older adults found 2-fold increase in serious 
pneumonia with fluticasone propionate compared to controls with a dose-response 
relationship. Budesonide had 17% increase in serious pneumonia compared to controls 
without a dose-response effect. 

 Racial groups: 
Low 
 

A trial including 63 African American and 375 Caucasian patients with COPD suggested 
higher risk of serious adverse events and withdrawals due to adverse events among African 
American patients taking arformoterol compared with formoterol, though there were few 
events in this small subgroup. These risk differences were not apparent among Caucasians.  
 

 Gender: 
Insufficient We found 1 study reporting effects of ICSs on bone mineral density in premenopausal 

women with asthma, but evidence was insufficient to compare this outcome between 
women and men.  

Low One observational study suggested that the effects of montelukast compared with ICSs 
budesonide or fluticasone propionate on linear growth velocity do not differ between boys 
and girls. 

 Comorbidities: 
Insufficient We did not find any studies meeting our inclusion/exclusion criteria that directly compared 

the efficacy, effectiveness, or tolerability of our included drugs in populations with specific 
comorbidities. 

 Other medications (drug-drug interactions): 
Insufficient We did not find any studies meeting our inclusion/exclusion criteria that examined the 

impact of other medications on the comparative efficacy, tolerability, or adverse events of 
our included medications.  

 Smoking status: 
Low One study comparing ML and BDP in smokers and non-smokers provides some information 

that there may be differential responses to treatment between smokers and non-smokers. 
Another study comparing ML and FP in smokers only showed similar results to studies in 
other populations for exacerbations and adverse events. 

 Pregnancy: 
Low We did not find any studies that directly examined the comparative efficacy, tolerability, or 

adverse events of our included medications. Budesonide is the only ICS labeled pregnancy 
category B; the other ICSs are category C. LABA and lower dose ICS were not associated 
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Key Question 3. Are there subgroups of these patients based on demographics (age, racial groups, gender), 
asthma severity, comorbidities (drug-disease interactions, including obesity), other medications (drug-drug 
interactions), smoking status, genetics, or pregnancy for which asthma controller medications differ in 
efficacy, effectiveness, or frequency of adverse events? 
Strength of evidence Conclusions 

with low birth weight, preterm birth or small for gestational age babies. Higher dose ICS 
increased the risk of having a low birth weight or small for gestational age baby. 

 Genetics: 
Insufficient 
 

To date, there is not sufficient evidence to determine whether genetic polymorphisms in 
general result in clinically important differences in responses to asthma medications. 
Multiple studies have investigated the impact of polymorphisms on response to various 
asthma treatments, but none have demonstrated clinical validity or clinical utility of testing 
for polymorphisms. 

Low One RCT provided low-strength evidence of no difference in response to salmeterol (with or 
without ICSs) for people with various ADRB2 (Beta-2 adrenoreceptor gene) genotypes 
(Arg/Arg vs. Gly/Gly vs. Arg/Gly) 

 
 
 
CONCLUSIONS 
 
Overall findings did not suggest that a single medication within any of the classes evaluated is 
significantly more effective or harmful than the other medications within the same class. Our 
results supported the general clinical practice of starting initial treatment for persistent asthma 
with an inhaled corticosteroid (ICS). For people with poorly-controlled persistent asthma taking 
an ICS, our findings suggested that the addition of a long-acting beta-2 agonist (LABA) is most 
likely to provide the greatest benefit as the next step in treatment. For patients with chronic 
obstructive pulmonary disease (COPD), our results indicated that monotherapy with ICS and 
LABAs are similarly effective and have similar risk of experiencing any adverse event. 
However, there was low-strength evidence that treatment with ICS increases the risk of serious 
pneumonia. In general the evidence for newer asthma and COPD medications is of insufficient 
or low strength for most benefit and harms outcomes. 
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ABBREVIATIONS 
 
Abbreviaton Term 
AD adjustable dosing 
AQLQ Asthma Quality of Life Questionnaire 
ARF Arformoterol 
BDP beclomethasone dipropionate 
BUD budesonide 
CFC  chlorofluorocarbon 
CI confidence interval 
CIC ciclesonide 
COPD chronic obstructive pulmonary disease 
DPI dry powder inhaler 
ED emergency department 
eFM eformoterol 
FD fixed dosing 
FEV1 forced expired volume in one second 
FLUN flunisolide 
FF fluticasone furoate 
FP fluticasone propionate 
FM formoterol 
FVC forced vital capacity 
GINA Global Initiative for Asthma 
GOLD Global Initiative for Chronic Obstructive Lung Disease 
HFA hydrofluoroalkane  
HPA hypothalamo-pituitary-adrenal 
HR hazard ratio 
IC indacaterol 
ICS inhaled corticosteroid 
IS inhalation suspension 
ITT intent to treat 
LABA long-acting beta-2 agonist 
LM        leukotriene modifiers 
LOCF  last observation carried forward 
LTRA leukotriene receptor antagonist 
LTSI leukotriene synthesis inhibitor 
MART maintenance and reliever therapy 
MDI metered dose inhaler 
MF mometasone 
ML Montelukast 
NAEPP  National Asthma Education and Prevention Program  
NHLBI National Heart, Lung and Blood Institute 
NA not applicable 
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Abbreviaton Term 
NR not reported 
NS not statistically significant 
OCS oral corticosteroids 
OR odds ratio 
PEF peak expiratory flow 
pMDI pressurized metered dose inhaler 
QOL quality of life 
RF roflumilast 
RR relative risk 
SF-36  Medical Outcomes Study Short Form-36 
SGRQ St. George Respiratory Questionnaire 
SM salmeterol 
SMART Symbicort® maintenance and reliever therapy 
SMD standard mean difference (standard difference in means) 
TAA triamcinolone acetonide 
TIB tiotropium bromide 
UMB umeclidinium bromide 
VI vilanterol 
WMD weighted mean difference 
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