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Introduction

Chronic obstructive pulmonary disease (COPD) is

one of the principal causes of death in most coun-

tries and its prevalence is increasing. It is a multi-

component disease characterised by airflow limita-

tion in the lungs that is generally progressive and

not fully reversible (1). While the presence and sever-

ity of symptoms can follow a variable course, charac-

teristic symptoms include chronic cough, sputum

production and progressive dyspnoea (1). Acute

exacerbations, characterised by physiological deterio-

ration and an increase in airway inflammation, are

common, particularly in the later stages of the dis-

ease, and have a considerable impact on quality of

life, daily activities and general well-being (1–4).

Acute exacerbations, in particular, are indicators of a

poor prognosis, with mortality risk increasing with

the frequency of severe exacerbations (5). Evidence

suggests that COPD may be variable throughout the

day, with symptoms and activity limitation being

most problematic in the mornings (6). In patients

with severe COPD, shortness of breath is reported to

be the most frequently reported symptom, impacting

greatly on morning routines and daily life (7).

Currently, there are several recommended classes

of therapy for COPD, of which bronchodilators

(including b2-agonists and anticholinergics) are the

mainstay of symptom management in mild and

moderate disease, prescribed on an as-needed basis

for mild COPD and as a maintenance therapy for

moderate COPD (1). For the treatment of more

severe COPD, guidelines recommend the addition

of inhaled corticosteroids (ICSs) to long-acting
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bronchodilator therapy (1). Combinations of thera-

pies have been investigated with a view to their

complementary modes of action enabling multiple

components of the disease to be addressed. Data

from recent clinical trials indicate that triple therapy,

combining an anticholinergic with an ICS and a

long-acting b2-agonist (LABA), may provide clinical

benefits additional to those associated with each

treatment alone in patients with moderate to severe

COPD (8–11). This article reviews the evidence for

treatment strategies used in COPD with a focus on

combination therapies.

Guidelines for COPD management

The objectives of COPD management, as defined by

the Global Initiative for Chronic Obstructive Lung

Disease (GOLD) guidelines, are to relieve symptoms,

prevent disease progression, improve exercise toler-

ance and health status, prevent and treat complica-

tions and exacerbations and reduce mortality (1).

The poor prognosis and mortality associated with

exacerbations of COPD mean that reducing the fre-

quency and severity of exacerbations is one of the

central components of a management plan.

As COPD is a progressive disease, guidelines

including those of GOLD (1), the American Thoracic

Society ⁄ European Respiratory Society (12) and the

National Institute for Health and Clinical Excellence

(13) recommend a stepwise approach to treatment

(Figure 1). Stages of severity are defined according to

symptoms and lung function and therapy is tailored

to the individual according to their disease stage and

treatment response. Bronchodilators are central to

the symptomatic management of COPD. Their abil-

ity to relax smooth muscle cells in the airway allows

improved airflow, indicated by improvements in spi-

rometric parameters and reduced breathlessness

(1,14). While bronchodilators do not modify the

decline of lung function in COPD, evidence does

suggest they can reduce the rate of exacerbations

compared with placebo (15,16) and improve dysp-

noea, quality of life and exercise capacity (17–19). In

the early stages of COPD (mild; stage I), short-acting

inhaled bronchodilators are the recommended first-

line therapy, to be used on an as-needed basis for

rapid control of symptoms. These agents have a fast

onset of action but require multiple daily dosing,

with the choice of agent depending on availability

and on the patient’s response in terms of symptom

relief and side effects. Short-acting b2-agonists have a

bronchodilatory effect that lasts for 4–6 h, while

short-acting anticholinergics last up to 9 h (1). For

patients with moderate (stage II) to very severe

(stage IV) COPD whose dyspnoea is not controlled

with short-acting bronchodilators, adding regular

maintenance treatment with long-acting inhaled

bronchodilators is recommended. The short-acting

bronchodilator may still be used as needed if

required. Long-acting bronchodilators, including

LABAs such as formoterol or salmeterol, and long-

acting anticholinergics such as tiotropium can be

more effective than short-acting agents and provide

sustained improvements (20–22). Slow-release prepa-

rations of theophylline have efficacy in COPD and

may possess an anti-inflammatory effect (23,24), but

Figure 1 Therapy at each stage of chronic obstructive pulmonary disease (COPD), as recommended by Global Initiative

for Chronic Obstructive Lung Disease (GOLD) guidelines (1)
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the bronchodilatory effect is small and inferior to

that of LABAs (25) and the agent is associated with

potential toxicities. Consequently, theophylline is

only recommended when inhaled bronchodilators are

not available (1). When symptoms are not controlled

by one class of bronchodilator, combination treat-

ment with the alternative class is recommended and

may improve efficacy and decrease the risk of side

effects (1). For patients with COPD stages III–IV and

a history of repeated exacerbations, guidelines rec-

ommend adding an ICS to long-acting bronchodila-

tor therapy (1). Two ICS ⁄ LABA combinations have

received regulatory approval for COPD: budesonide ⁄
formoterol (Symbicort�; AstraZeneca, Lund,

Sweden) and salmeterol ⁄ fluticasone (Seretide�;

GlaxoSmithKline, Greenford, UK).

Evidence supporting use of
long-acting bronchodilators in COPD

Long-acting anticholinergics
Anticholinergics act by blocking the effect of acetyl-

choline on muscarinic receptors (Figure 2). The

long-acting inhaled anticholinergic tiotropium is one

of the most widely prescribed agents for COPD and

is recommended as maintenance therapy for patients

with COPD of at least moderate severity. Tiotropium

disassociates slowly from the M1 and M3 muscarinic

receptors, providing bronchodilation for more than

24 h and thus making it suitable for once-daily

administration (26). Evidence supports significant

improvements in bronchodilation and lung function

vs. placebo with once-daily dosing that are sustained

for 24 h according to measurements of trough forced

expiratory volume in 1 s (FEV1) 1 h predose, vital

capacity and inspiratory capacity (27–30). However,

the recent Understanding the Potential Long-term

Impacts on Function with Tiotropium (UPLIFT)

study – a randomised, double-blind trial comparing

4 years of therapy with either tiotropium or placebo

in almost 6000 patients – showed that mean

improvements in FEV1 with tiotropium (ranging 87–

103 ml before bronchodilation and 47–65 ml after

bronchodilation) were significantly better than pla-

cebo at all time points after randomisation

(p < 0.001), although the differences in mean decline

in FEV1 were not statistically significant (8). The

authors suggest this finding may be related to the

protocol permitting patients to continue using previ-

ously prescribed medications other than inhaled anti-

cholinergics, e.g. ICS and LABA, with the high rate

of prescriptions for concomitant respiratory medica-

tions in both arms of the study (Table 1; 8).

Anticholinergic agents are poorly absorbed system-

ically, which limits systemic adverse effects. The most

frequent side effect reported in clinical trials is dry-

ness of the mouth and more serious effects appear to

be rare (31). There are recent reports of elevations in

cardiovascular risk, although these findings have not

been fully elucidated and this risk remains uncertain.

While a retrospective database analysis showed an

increased risk of mortality with the inhaled

anticholinergic ipratropium [odds ratio 1.34; 95%

confidence interval (CI): 1.22–1.47] (32) and a meta-

analysis of five long-term trials involving more than

7000 patients found an elevated risk of cardiovascu-

lar events and death with both ipratropium [relative

risk (RR) 1.57, 95% CI: 1.08–2.28; p = 0.02 vs. con-

trol] and tiotropium (RR 2.12, 95% CI: 1.22–3.67;

p = 0.008 vs. control) (33), long-term results from

the 4-year UPLIFT study did not confirm any

Figure 2 Mechanisms of action of bronchodilators on

airway smooth muscle (14). AMP, adenoside

monophosphate; cAMP, cyclic adenosine monophosphate;

M1, M2 and M3 are muscarinic receptors. Reprinted from

Ref. (14). Copyrightª (2007)

Table 1 Respiratory medications used at baseline in

UPLIFT (8)

Medication use (%)

Tiotropium

(n = 2986)

Placebo

(n = 3006)

Any 93.4 93.1

Inhaled anticholinergic*

Short-acting 44.9 44.1

Long-acting 2.0 1.6

Inhaled b2-agonist*

Short-acting 68.5 68.1

Long-acting 60.1 60.1

Corticosteroid

Inhaled* 61.6 61.9

Oral 8.4 8.3

Theophylline compound 28.4 28.5

Mucolytic agent 7.4 6.9

Leucotriene-receptor antagonist 3.3 3.1

Supplemental oxygen 2.3 1.9

*This medication was used either alone or as a fixed

combination. UPLIFT, Understanding the Potential Long-term

Impacts on Function with Tiotropium.
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increased risk with tiotropium. In UPLIFT, the risk

of death, cardiovascular death, myocardial infarction

or stroke was not significantly increased vs. placebo;

on the contrary, examination of all serious cardiac

and lower respiratory tract adverse events indicated

that tiotropium reduced the risk of serious adverse

events (8).

Long-acting b2-agonists
Long-acting b2-agonists, such as salmeterol and for-

moterol, induce bronchodilation by acting on the

b2-adrenergic receptors located in the smooth muscle

of the airways (Figure 2; 14,34). LABAs have a greater

duration of effect than short-acting bronchodilators

(more than 12 h vs. 4–6 h), with no loss of effect

with long-term use (20,21,35). For example, studies

of formoterol report prolonged and rapid bronchodi-

lation with an onset of action at around 5 min,

which is comparable with salbutamol and faster than

salmeterol and which reaches peak bronchodilation

within 1 h (21,36–39). The variations in speed of

action between the agents may be because of the dif-

ferences in mode of action; whereas salmeterol acts

as a partial agonist of the b2-adrenergic receptor, for-

moterol is a full agonist (40). Evidence suggests that

LABA monotherapy also results in greater improve-

ment of symptoms, fewer exacerbations, reduced res-

cue use and improved overall health status compared

with short-acting bronchodilator therapy (20,21,41).

In a randomised controlled trial comparing

12 weeks’ administration of formoterol and the short-

acting anticholinergic ipratropium, formoterol signifi-

cantly increased the area under the curve for FEV1

compared with ipratropium (p < 0.025) (20). Formo-

terol also significantly improved all symptoms (all

p £ 0.007) and quality of life, as assessed using the St

George’s Respiratory Questionnaire (SGRQ) (p < 0.01

for total scores), and reduced the proportion of ‘bad

days’ (defined as days with at least two individual

symptom scores of two or more and ⁄ or a reduction in

peak expiratory flow from baseline of more than 20%;

p £ 0.001) and use of rescue medication (p < 0.001)

compared with placebo, whereas ipratropium did not

show a significant effect (20).

Inhaled LABA monotherapies are generally well

tolerated and adverse events tend to be dose related

(1,42). The increased risk of asthma mortality

observed in the large Salmeterol Multicentre Asthma

Research Trial has not been paralleled by an observed

increased risk of COPD mortality in COPD trials

involving LABAs. Rather, the Towards a Revolution

in COPD Health (TORCH) study, which compared

salmeterol ⁄ fluticasone with placebo, salmeterol alone

or fluticasone alone, reported numerical reductions

in mortality in both salmeterol arms compared with

the placebo and ICS arms, although these reductions

did not reach statistical significance (43). Unlike ear-

lier large randomised controlled trials, which included

only patients with GOLD stage III–IV COPD, TORCH

included patients with mild airflow obstruction

(equivalent to GOLD stage II). In the last few years,

many large studies have included stage II COPD

patients, although the percentage of subjects included

at each level of severity (stages II–IV) has varied

between studies.

Use of LABAs and long-acting anticholinergics
in combination
Given the different mechanisms and durations of

action of LABAs and long-acting anticholinergics,

combining agents from these two classes of long-act-

ing bronchodilator may have the potential to provide

better bronchodilation than the individual agents.

Indeed, a number of randomised studies have

reported complementary effects in trials using com-

bination treatment with a LABA and tiotropium.

Cazzola et al. reported that formoterol in combina-

tion with tiotropium elicited a significantly faster

onset of action than tiotropium alone (but not for-

moterol alone) according to change in FEV1 10 min

after inhalation (p = 0.016) and showed a trend for

greater maximum bronchodilation according to mea-

sures of FEV1 performed over 24 h (44). Similar

effects were subsequently shown for salmeterol in

combination with tiotropium (45). Addition of for-

moterol to tiotropium has also been shown to signif-

icantly reduce the use of rescue medications

compared with tiotropium or formoterol alone and

to be well tolerated (46,47). Recent data suggest such

a combination may offer benefits for lung function

that are greater than those with salmeterol plus an

ICS. A 6-week, multi-centre, randomised, double-

blind study compared formoterol plus tiotropium

with salmeterol plus fluticasone in more than 600

patients with moderate COPD (48). Formoterol plus

tiotropium produced significantly greater improve-

ments in 12-h lung function profiles, indicated by

the area under the curve for FEV1 (mean difference

78 ml, p = 0.0006) and forced vital capacity (FVC)

(mean difference 173 ml, p = 0.0001), compared

with salmeterol plus fluticasone. These data suggest

that further studies investigating the benefits of com-

bining tiotropium and LABAs are warranted.

Can addition of ICS improve patient
outcomes?

Inhaled corticosteroids exert a range of effects in the

airways that suggest their utility in COPD (49).

However, unlike the large body of evidence and
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widespread consensus that exists for bronchodilators

as the mainstay of therapy in COPD, there are con-

flicting results as to the benefits of ICS therapy in

COPD. A number of large randomised controlled

trials have suggested that ICS monotherapy may

not modify the natural history of COPD (50–52).

While some small improvements in FEV1 have been

reported, ICS monotherapy appears to have no

significant effect on long-term decline in FEV1

in patients with mild to moderately severe COPD.

However, data from a wide range of studies, meta-

analyses and reviews have shown that ICS decreases

the risk of exacerbations, slows the rate of decline of

health-related quality of life and tends to improve

survival (50–60). In particular, the Inhaled Steroids

in Obstructive Lung Disease study, a UK trial in

more than 700 people with moderate-to-severe

COPD, reported a 25% decrease in acute exacerba-

tions with fluticasone vs. placebo (p = 0.026; 52)

that was shown to be independently associated with

prevention of deterioration in health status according

to SGRQ (61). Theoretically, a favourable impact of

ICS on outcomes in COPD could arise from modifi-

cation of the inflammatory response, but it could

also occur via effects in upregulating the b2-adrener-

gic receptor (62), thus maximising the effect of

b2-agonists.

As a result of these findings and the continual

emergence of clinical data showing the benefits of

combining ICS with LABA (discussed below), guide-

lines recommend ICS for regular treatment in com-

bination with a long-acting bronchodilator for

patients with severe COPD (FEV1 < 50% predicted)

and repeated acute exacerbations requiring treatment

with antibiotics or oral corticosteroids (Figure 1;

1,12). The reported synergistic action of ICS com-

bined with b2-agonists may yet support early utilisa-

tion of ICS in mild or moderate COPD. The results

of TORCH and UPLIFT, which included patients

with moderate (stage II) COPD (46% of the popula-

tion in UPLIFT), appear to support hypothetical

benefits of ICS in milder COPD (8,43). Unpublished

subgroup analyses of patients with moderate COPD

in these two studies have suggested an effect on exac-

erbation rate and other outcome parameters (per-

sonal communication). However, further work is

necessary to provide additional detail on the mode

of action and the clinical effects, if any, of ICS in

mild and moderate COPD.

Short-term side effects reported with ICS mono-

therapy include oral candidiasis and hoarseness

(55,63). More serious adverse events are rare,

although long-term effects do require further investi-

gation. The impact of long-term ICS therapy on

bone mineral density has been difficult to evaluate

because of confounding factors, but recent studies

suggest no association with an increased risk of bone

mineral density or fracture (64,65). An increased

incidence of pneumonia has been observed in some

clinical studies using ICS therapy, either as mono-

therapy or in combination with a LABA (43,66–68).

This finding has raised some concerns but whether

this relationship applies to all ICS therapies remains

uncertain as most of the data are heavily influenced

by fluticasone and further investigation is required.

Long-acting anticholinergics plus ICS
Very few studies published to date have been

designed specifically to evaluate the effect of ICS and

tiotropium combinations on clinical outcomes and

this is an area that warrants future study. One study

in Korea randomised 100 patients with COPD to

receive tiotropium with or without the addition of

low-dose budesonide for 6 weeks (69). While

changes in trough FEV1 and the use of rescue medi-

cation were similar between the two groups, the tiot-

ropium ⁄ budesonide combination was associated with

a significant improvement in health status according

to SGRQ total score (p = 0.003). In a second recent

Korean study, Choi et al. (70) reported improve-

ments in dyspnoea and lung function over 6 months

of treatment with tiotropium and ICS combination

therapy in patients with COPD and chronic obstruc-

tive bronchial asthma as well as a reduction in the

frequency of exacerbations.

ICS ⁄ LABA
Combination therapy with an ICS and a LABA is rec-

ommended and widely used for patients with more

severe COPD. The value of this combination and its

potential to address multiple components of the dis-

ease has been established in large clinical trials. In par-

ticular, several studies have shown that treatment with

the ICS ⁄ LABA combination therapies budesonide ⁄
formoterol or salmeterol ⁄ fluticasone improve lung

function and exacerbations compared with placebo or

LABA alone (Table 2; 15,16,43,71). One pivotal study

demonstrating long-term improvements in lung func-

tion was carried out by Calverley et al. (71) who

randomised more than 1000 people to receive budeso-

nide ⁄ formoterol, budesonide alone, formoterol alone

or placebo for 12 months. Initial improvements in

FEV1 were maintained throughout the study with

budesonide ⁄ formoterol, while, in contrast, FEV1

declined greatly and rapidly with all other treatments.

The difference in percentage decline from baseline was

significant with budesonide ⁄ formoterol compared

with placebo (14%), budesonide (11%) and formoter-

ol (5%) (p < 0.005). Calverley et al. (71) also reported

a prolonged time to first exacerbation with
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budesonide ⁄ formoterol compared with all other treat-

ments (all p < 0.05). Studies have also documented

clinically meaningful improvements in health status

with ICS ⁄ LABA therapy (16,71,72) and clinically

meaningful improvements in patients’ health-related

quality of life with budesonide ⁄ formoterol therapy,

according to the SGRQ (71). Budesonide ⁄ formoterol

provided a sustained reduction in SGRQ score,

which after 12 months of treatment was reduced

by 7.5 compared with placebo (p < 0.001); a

reduction in score of 4 is considered a clinically

relevant improvement (Figure 3). The improvement

was also superior to that seen with formoterol and

budesonide alone.

Notably, emerging data have supported an anti-

inflammatory effect of budesonide ⁄ formoterol during

exacerbations of COPD. In a small double-blind

study comparing 14-day treatment with budeso-

nide ⁄ formoterol or placebo in patients experiencing

a mild to moderate COPD exacerbation, sputum

eosinophils were significantly reduced by budeso-

nide ⁄ formoterol ()57%) but increased with placebo

(+24%) (p = 0.01; 73). Total symptom scores also

improved compared with placebo (p = 0.01).

Evidence suggests that ICS ⁄ LABA combinations

may have the potential to reduce mortality in COPD

(Figure 4; 43,66,72). However, the large 3-year,

randomised, double-blind, global mortality study

TORCH (in patients with GOLD stage II–III COPD),

did not demonstrate a significant benefit with regard

to mortality (43). A trend towards reduced all-cause

mortality (the primary end-point) of 17.5% was

reported with salmeterol ⁄ fluticasone vs. placebo

(p = 0.052; Figure 4B). The monotherapies (salme-

terol and fluticasone) had no impact on survival.

The lack of significant effect with the combination

may have been related to an underpowering of the

study arising from fewer deaths than anticipated in

the placebo arm and a higher rate of dropout in the

placebo arm. A post hoc analysis of the TORCH

study indicated that the ICS ⁄ LABA combination had

slowed the progression of COPD in this patient pop-

ulation (74). Compared with placebo, salmeterol ⁄ flu-

ticasone reduced the rate of decline of FEV1 by

16 ml ⁄ year (p < 0.001) – a greater difference than

observed with the individual agents. A reduction in

mortality has also been reported with budeso-

nide ⁄ formoterol: retrospective pooled data from two

large 1-year studies revealed that budesonide, either

alone or in combination with formoterol, signifi-

cantly reduced the risk of death from any cause com-

pared with formoterol or placebo maintenance

therapy (Figure 4A; 72). The finding that combina-

tion ICS ⁄ LABA therapy may have a greater effect on

mortality than the individual agents alone is sup-

ported by retrospective data (75,76). These include a

retrospective analysis of the UK General Practice

Research Database that looked at prognosis in the

year after a first hospitalisation for COPD (75). The

combined risk of rehospitalisation or death was sig-

nificantly reduced by 41% in users of combined

ICS ⁄ LABA therapy compared with a control group

using short-acting bronchodilators only, but was only

16% in those prescribed ICS alone and 10% with

Figure 3 Improvements in health-related quality of life with budesonide ⁄ formoterol (71). Time course of the change in

St George’s Respiratory Questionnaire (SGRQ) total scores relative to first attendance at clinic visits, in patients with

moderate severe COPD. Treatment with budesonide ⁄ formoterol and the individual monotherapies improved (reduced)

SGRQ total scores vs. placebo, with the greatest improvement occurring with budesonide ⁄ formoterol. Differences at

12 months were )7.5 (p < 0.001), )3.0 (p < 0.05) and )4.1 (p < 0.01) vs. placebo for budesonide ⁄ formoterol, budesonide

alone and formoterol alone respectively. Reprinted from Ref. (71). Copyright ª (2003), with permission from European

Respiratory Society Journals
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Figure 4 Kaplan–Meier curves for mortality. Kaplan–Meier curves for mortality for budesonide-containing therapies

(budesonide alone or budesonide ⁄ formoterol) vs. (A) reference (non-budesonide) groups (72), (B) salmeterol ⁄ fluticasone

vs. placebo (43) and (C) salmeterol ⁄ fluticasone (SFC) vs. tiotropium (66). (A) Reprinted from Ref. (72). Copyright ª
(2008), with permission from Respiratory Medicine. (B) Reprinted from the Ref. (43). Copyright ª (2007) Massachusetts

Medical Society. All rights reserved. (C) Reprinted from Ref. (66). Official Journal of the American Thoracic Society ª
American Thoracic Society
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LABAs alone (all p < 0.05). In addition, a recent US

observational study reported a 22% reduction in the

risk for cardiovascular death, combined cardiovascu-

lar and respiratory death and all-cause mortality in

patients exposed to ICS ⁄ LABA (32).

Data also suggest that mortality may be lower with

ICS ⁄ LABA compared with tiotropium alone – a signif-

icant finding given the unclear risks of mortality with

tiotropium alone. The large, 2-year Investigating New

Standards for Prophylaxis in Reduction of Exacerba-

tions (INSPIRE) study was the first study to compare

an ICS ⁄ LABA combination (salmeterol ⁄ fluticasone)

with a long-acting bronchodilator (tiotropium) head-

to-head in severe to very severe COPD (66). The study

revealed a significant 3% absolute reduction in mortal-

ity with salmeterol ⁄ fluticasone compared with tiotro-

pium alone (p = 0.032; Figure 4C) despite not being

powered for mortality. The primary end-point, the

overall rate of exacerbations, was not significantly dif-

ferent between the two treatment arms. While exacer-

bations requiring oral corticosteroids were less

frequent with salmeterol ⁄ fluticasone vs. tiotropium

(p = 0.039), exacerbations requiring antibiotics

and hospitalisations were more frequent with

salmeterol ⁄ fluticasone vs. tiotropium (p = 0.028 and

p = 0.085 respectively). The same study reported a

significantly lower SGRQ total score with salmeterol ⁄
fluticasone than with tiotropium ()2.1 units, 95% CI:

)4.0 to )0.1; p = 0.038), but this did not reach the

minimal clinically important difference of four units.

It is important to bear in mind a number of impor-

tant limitations in the INSPIRE study, including a

significantly higher drop-out rate in the tiotropium

arm (p = 0.005). To date, budesonide ⁄ formoterol has

not been directly compared with tiotropium in

COPD.

ICS ⁄LABA in addition to tiotropium

The efficacy of combining tiotropium with an

ICS ⁄ LABA is of increasing interest given that LABAs

and long-acting anticholinergics have distinct yet com-

plementary mechanisms of action (Figure 2). The

effect of combining tiotropium with other COPD

medications has already been the subject of a number

of studies (Table 3; 8,10,11,77). For example, in a large

veterans administration trial, the addition of tiotropi-

um to other COPD medications reduced the rate of

exacerbations by 19% (p = 0.031) vs. placebo in

patients with moderate to severe COPD and showed a

non-significant reduction in COPD-related hospitali-

sations (77). However, the study period was relatively

short and the beneficial effects were modest. The

4-year UPLIFT trial provided additional support for

these trends. In this study, which enrolled patients

with moderate to very severe COPD (> 40% had stage

II COPD), tiotropium used with any prescribed

COPD medication other than another inhaled anti-

cholinergic significantly improved health-related

quality of life, rate of exacerbations and lung function

vs. placebo (Figure 5; 8). However, the rate of decline

in FEV1 (primary end-point) did not improve. There

were a number of limitations to UPLIFT. As discussed

earlier, concomitant therapies could include other

Table 3 Summary of results from recent studies on ICS ⁄ LABA + tiotropium combinations

References

Study

size (N) Study duration

COPD

severity

ICS ⁄ LABA + TIO (or any medication) vs. comparator at study end

FEV1

Severe

exacerbations

(% reduction)

Symptom

control

Any COPD medication + tiotropium (18 lg once daily) vs. PBO

Niewoehner et al. (77) 1829 (99% men) 6 month Moderate

to severe

Increase in FEV1� )19% vs. PBO* –

Tashkin et al. (8) 5993 4 years Moderate

to severe

Rate of

decline: ns

)14%

Leading to

hospitalisation�

SGRQ total score

+2.7�

ICS ⁄ LABA (salmeterol ⁄ fluticasone or budesonide ⁄ formoterol) + tiotropium vs. ICS ⁄ LABA

Perng et al. (11) 46 1 month with TIO Severe Increase in FEV1� – SGRQ total score

+6.5�
Salmeterol ⁄ fluticasone + tiotropium vs. tiotropium + PBO

Aaron et al. (10) 449 1 year Moderate

to severe

+0.027 vs.

TIO + PBO*

)2.8% vs. TIO

+ PBO (ns)

SGRQ total score

+4.1 vs. TIO + PBO*

*p < 0.05; �p < 0.01; �p < 0.001. COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; ICS, inhaled corticosteroid; LABA, long-act-

ing b2-agonist; ns, non-significant; PBO, placebo; TIO, tiotropium; SGRQ, St George’s respiratory questionnaire.
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respiratory medications except anticholinergics

(Table 1). In addition, there was a higher rate of

discontinuation in the placebo group (44.6% vs.

36.2%; p < 0.001) and these patients had a greater rate

of decline in postbronchodilator FEV1 compared with

those who completed the study. Thus, those in the

placebo group who completed the study may represent

‘healthy survivors’.

While the aforementioned studies combined tiot-

ropium with any other concomitant COPD medica-

tion (apart from anticholinergics) further studies

have more specifically reported that triple therapy

with tiotropium combined with an ICS ⁄ LABA com-

bination provides clinical benefits in lung function

and improved quality of life. Perng et al. (11)

showed that in patients with severe COPD treated

with ICS ⁄ LABA therapy (57% of patients with

salmeterol ⁄ fluticasone, 43% with budesonide ⁄ formo-

terol), adding tiotropium for 1 month significantly

improved lung function according to FVC, FEV1 and

inspiratory capacity. After tiotropium withdrawal,

FVC, FEV1 and inspiratory capacity decreased mark-

edly. Addition of tiotropium also led to significant

improvements in SGRQ total scores (p < 0.001).

These findings are supported by data published by

Aaron et al. (10) which showed that, after 1 year,

salmeterol ⁄ fluticasone plus tiotropium improved

lung function (p = 0.049), quality of life (improve-

ment in SGRQ > 4 points vs. tiotropium alone;

p = 0.01) and hospitalisation rates for exacerbations

(95% CI: 0.33–0.86) compared with tiotropium

alone in patients with moderate to severe COPD.

By contrast, similar significant benefits with regard

to hospitalisation rates were not seen for ther-

apy with tiotropium plus salmeterol. In this

study, the combination salmeterol ⁄ fluticasone and

tiotropium compared with tiotropium alone had no

significant effect on the rate of exacerbations,

although this effect may have arisen through

underpowering of the study and the small number

of exacerbations that occurred. It is clear that, while

the potential appears substantial, more research is

needed into the specific effects of adding tiotropium

to ICS ⁄ LABA.

Figure 5 Clinical benefits of adding tiotropium to other respiratory medications (8). (A) Probability of treatment

discontinuation, (B) mean forced expiratory volume in 1 s (FEV1) and (C) forced vital capacity (FVC) before and after

bronchodilation and (D) scores for health-related quality of life in patients randomised to receive tiotropium (18 lg once

daily) plus any other COPD medication apart from anticholinergics vs. placebo. Bars represent standard errors and

horizontal dashed lines represent baseline levels. *p < 0.001; �p = 0.002; �p = 0.04. Reprinted from Ref. (8). Copyright ª
(2008) Massachusetts Medical Society. All rights reserved.
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Treatment strategies in advanced
COPD

Specific non-pharmacological strategies assume an

important role in management of advanced COPD.

Oxygen therapy is one of the principal non-pharma-

cological treatments for patients with very severe

(stage IV), hypoxic COPD (1) and has been shown

to improve survival (78). The benefits of intermittent

non-invasive ventilation in patients with hypercapnic

respiratory failure are less clear (79), and a multi-

centre study is underway in Germany with the aim

of providing new data. Controlled data on pharma-

cological interventions are generally not available for

patients with respiratory failure. However, as exacer-

bation rate is the key prognostic factor in these

patients, it may be argued that any pharmacological

therapy with evidence to support reductions in exac-

erbations continues to play a role in optimised man-

agement.

Investigating budesonide ⁄ formoterol
added to tiotropium: the CLIMB study

As yet, no study has specifically reported the treatment

benefits of triple therapy combining tiotropium with

budesonide ⁄ formoterol in patients with COPD. To

meet this need, the 3-month CLIMB study (Evaluation

of Efficacy and Safety of Symbicort as an Add-on

Treatment to Spiriva in Patients With Severe COPD)

was initiated in May 2007 (ClinicalTrials.gov Identi-

fier: NCT00496470; http://clinicaltrials.gov/ct2/show/

NCT00496470). CLIMB has enrolled 990 patients from

nine countries with GOLD stage II–IV COPD (Figure

6). Patients are aged ‡ 40 years, have had a clinical

diagnosis of COPD with symptoms for at least

2 years and experienced at least one COPD exacerba-

tion in the previous 12 months, are current or previ-

ous smokers with a smoking history of ‡ 10 pack

years and have an FEV1 £ 50% of predicted normal

value and FEV1 ⁄ FVC < 70% prebronchodilator. The

primary efficacy outcome measure is the change in

predose FEV1 from baseline, as assessed using spi-

rometry at clinic visits. Other important variables

assessed include time to first exacerbation and

frequency of exacerbations, health-related quality of

life according to SGRQ and morning symptoms and

activities. Any effect of budesonide ⁄ formoterol added

to tiotropium on improving morning activities

and morning lung function will be notable in light

of evidence suggesting COPD patients struggle to

undertake morning activities (6).

A number of design features in CLIMB may elimi-

nate some of the limitations affecting the previous

studies of triple therapy involving ICS ⁄ LABA and

tiotropium. Notably, the CLIMB protocol does not

permit the addition of concomitant maintenance

therapies, whereas studies such as UPLIFT have

allowed concomitant therapy other than anticholin-

ergics, thus potentially confounding results. In addi-

tion, CLIMB includes a phase withdrawal during the

run-in period which allows patients who used ICS

before the study to withdraw before randomisation if

dissatisfied with the management of their symptoms

with tiotropium alone. This, together with the use of

active symptomatic treatment (all patients receive

tiotropium after study enrolment), should overcome

differential dropout which can modify the study out-

come. Differential dropout from a study favours the

less effective treatment, resulting in a ‘healthy survi-

vor effect’, particularly in placebo-treated patients

who receive no symptomatic treatment, reducing the

Figure 6 CLIMB study design. ICS, inhaled corticosteroid; LABA, long-acting b2-agonist. *All doses expressed as metered

doses
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difference between groups for the study outcome;

this has been a limitation of some of the previous

studies discussed (8,10). The first results from

CLIMB are expected to report in mid-2009.

Conclusions

Chronic obstructive pulmonary disease is a multi-

component disease; for optimal treatment, combin-

ing therapies with complementary modes of action

enables multiple components of the disease to be

treated. Current guidelines recommend ICS ⁄ LABA

combination therapy for the management of severe

COPD and several randomised clinical trials have

shown the benefits of this approach. However, recent

evidence suggests that triple therapy combining

ICS ⁄ LABA with tiotropium can provide further clini-

cal benefits and may improve quality of life because

of the effects of their complementary modes of

action in maintaining airway calibre. Further clinical

evidence is required to confirm the extent of these

benefits, particularly in the morning when the impact

of the disease may be at its most severe. Moreover,

the effect of combining tiotropium with budeso-

nide ⁄ formoterol has yet to be directly assessed. These

will be addressed by the CLIMB study.

Funding and Acknowledgement

Editorial assistance was provided by Dr Jessica Sample

from MediTech Media Ltd, funded by AstraZeneca.

Authors contribution

Based on concept discussions with Professor Tobias

Welte (TW), AstraZeneca provided an outline for his

review. This was revised and subsequently re-written

by the author. MediTech Media provided writing

support as and when necessary, and supported with

referencing, reference-checking and journal styling.

AstraZeneca funded the assistance of MediTech

Media. TW was involved with the initial concept of

the paper, the writing and revisions of the paper,

and retained full editorial control throughout the

development of the manuscript.

References

1 Global Initiative for Chronic Obstructive Lung Disease. Global

Strategy for the Diagnosis, Management, and Prevention of Chronic

Obstructive Pulmonary Disease. Updated 2008. http://goldcopd.org/

Guidelineitem.asp?l1=2&l2=1&intId=2003 (accessed June 2009).

2 Carrasco-Garrido P, de Miguel Diez J, Rejas-Gutierrez J et al. Neg-

ative impact of chronic obstructive pulmonary disease on the

health-related quality of life of patients. Results of the EPIDEPOC

study. Health Qual Life Outcomes 2006; 4: 31.

3 Haughney J, Partridge MR, Vogelmeier C et al. Exacerbations of

COPD: quantifying the patient’s perspective using discrete choice

modelling. Eur Respir J 2005; 26: 623–9.

4 Miravitlles M, Anzueto A, Legnani D et al. Patient’s perception of

exacerbations of COPD – the PERCEIVE study. Respir Med 2007;

101: 453–60.

5 Soler-Cataluna JJ, Martinez-Garcia MA, Roman-Sanchez P et al.

Severe acute exacerbations and mortality in patients with chronic

obstructive pulmonary disease. Thorax 2005; 60: 925–31.

6 Partridge MR, Karlsson N. Patient Insights on the Impact of Morn-

ing Symptoms of COPD. P11. Sixth International Conference on

COPD (COPD6), Birmingham, UK, 11–13 June, 2008.

7 Partridge M, Karlsson N, Small I. The severity and impact of

symptoms in the morning in those with COPD, as assessed by

questionnaire. Thorax 2008; 63 (Suppl. VII): A74.

8 Tashkin DP, Celli B, Senn S et al. A 4-year trial of tiotropium in

chronic obstructive pulmonary disease. N Engl J Med 2008; 359:

1543–54.

9 Singh D, Brooks J, Hagan G et al. Superiority of ‘‘triple’’ therapy

with salmeterol ⁄ fluticasone propionate and tiotropium bromide

versus individual components in moderate to severe COPD. Tho-

rax 2008; 63: 592–8.

10 Aaron SD, Vandemheen KL, Fergusson D et al. Tiotropium in

combination with placebo, salmeterol, or fluticasone-salmeterol for

treatment of chronic obstructive pulmonary disease: a randomized

trial. Ann Intern Med 2007; 146: 545–55.

11 Perng DW, Wu CC, Su KC et al. Additive benefits of tiotropium

in COPD patients treated with long-acting beta agonists and corti-

costeroids. Respirology 2006; 11: 598–602.

12 American Thoracic Society ⁄ European Respiratory Society Task

Force. Standards for the Diagnosis and Management of Patients with

COPD [Internet], Version 1.2. New York: American Thoracic Soci-

ety, 2004.

13 NICE guidelines. Chronic Obstructive Pulmonary Disease: Manage-

ment of Chronic Obstructive Pulmonary Disease in Adults in Primary

and Secondary Care. http://www.nice.org.uk/Guidance/CG12

(accessed June 2009).

14 MacNee W, ZuWallack R, Keenan J. Clinical Management of

Chronic Obstructive Pulmonary Disease, 2nd edn. New York: Pro-

fessional Communications, 2007.

15 Calverley PM, Pauwels R, Vestbo J et al. Combined salmeterol

and fluticasone in the treatment of chronic obstructive pulmo-

nary disease: a randomised controlled trial. Lancet 2003; 361: 449–

56.

16 Szafranski W, Cukier A, Ramirez A et al. Efficacy and safety of

budesonide ⁄ formoterol in the management of chronic obstructive

pulmonary disease. Eur Respir J 2003; 21: 74–81.

17 O’Donnell DE, Voduc N, Fitzpatrick M et al. Effect of salmeterol

on the ventilatory response to exercise in chronic obstructive pul-

monary disease. Eur Respir J 2004; 24: 86–94.

18 Boyd G, Morice AH, Pounsford JC et al. An evaluation of salme-

terol in the treatment of chronic obstructive pulmonary disease

(COPD). Eur Respir J 1997; 10: 815–21.

19 Aalbers R, Ayres J, Backer V et al. Formoterol in patients with

chronic obstructive pulmonary disease: a randomized, controlled,

3-month trial. Eur Respir J 2002; 19: 936–43.

20 Dahl R, Greefhorst LA, Nowak D et al. Inhaled formoterol

dry powder versus ipratropium bromide in chronic obstructive

pulmonary disease. Am J Respir Crit Care Med 2001; 164: 778–

84.

21 Mahler DA, Wire P, Horstman D et al. Effectiveness of fluticasone

propionate and salmeterol combination delivered via the diskus

device in the treatment of chronic obstructive pulmonary disease.

Am J Respir Crit Care Med 2002; 116: 1084–91.

22 Vincken W, van Noord JA, Greefhorst AP et al. Improved health

outcomes in patients with COPD during 1 yr’s treatment with

tiotropium. Eur Respir J 2002; 19: 209–16.

23 Culpitt SV, de Matos C, Russell RE et al. Effect of theophylline on

induced sputum inflammatory indices and neutrophil chemotaxis

Optimising treatment for COPD 1147

ª 2009 The Author
Journal compilation ª 2009 Blackwell Publishing Ltd Int J Clin Pract, August 2009, 63, 8, 1136–1149



in chronic obstructive pulmonary disease. Am J Respir Crit Care

Med 2002; 165: 1371–6.

24 Ito K, Ito M, Elliott WM et al. Decreased histone deacetylase activ-

ity in chronic obstructive pulmonary disease. N Engl J Med 2005;

352: 1967–76.

25 Rossi A, Kristufek P, Levine BE et al. Comparison of the efficacy,

tolerability, and safety of formoterol dry powder and oral, slow-

release theophylline in the treatment of COPD. Chest 2002; 121:

1058–69.

26 Barnes PJ. The pharmacological properties of tiotropium. Chest

2000; 117: 63S–6S.

27 Casaburi R, Mahler DA, Jones PW et al. A long-term evaluation of

once-daily inhaled tiotropium in chronic obstructive pulmonary

disease. Eur Respir J 2002; 19: 217–24.

28 O’Donnell DE, Fluge T, Gerken F et al. Effects of tiotropium on

lung hyperinflation, dyspnoea and exercise tolerance in COPD. Eur

Respir J 2004; 23: 832–40.

29 Koumis T, Samuel S. Tiotropium bromide: a new long-acting

bronchodilator for the treatment of chronic obstructive pulmonary

disease. Clin Ther 2005; 27: 377–92.

30 Anzueto A, Tashkin D, Menjoge S et al. One-year analysis of longi-

tudinal changes in spirometry in patients with COPD receiving

tiotropium. Pulm Pharmacol Ther 2005; 18: 75–81.

31 Gross NJ. Tiotropium bromide. Chest 2004; 126: 1946–53.

32 Lee TA, Pickard AS, Au DH et al. Risk for death associated with

medications for recently diagnosed chronic obstructive pulmonary

disease. Ann Intern Med 2008; 149: 380–90.

33 Singh S, Loke YK, Furberg CD. Inhaled anticholinergics and risk

of major adverse cardiovascular events in patients with chronic

obstructive pulmonary disease: a systematic review and meta-

analysis. JAMA 2008; 300: 1439–50.

34 Briggs D, Doherty DE. Long-term pharmacologic management of

patients with chronic obstructive pulmonary disease. Clin Corner-

stone 2004; 6 (Suppl. 2): S17–28.

35 Hanania NA, Kalberg C, Yates J et al. The bronchodilator response

to salmeterol is maintained with regular, long-term use in patients

with COPD. Pulm Pharmacol Ther 2005; 18: 19–22.

36 Bensch G, Lapidus RJ, Levine BE et al. A randomized, 12-week,

double-blind, placebo-controlled study comparing formoterol dry

powder inhaler with albuterol metered-dose inhaler. Ann Allergy

Asthma Immunol 2001; 86: 19–27.

37 Benhamou D, Cuvelier A, Muir JF et al. Rapid onset of bronchodi-

lation in COPD: a placebo-controlled study comparing formoterol

(Foradil Aerolizer) with salbutamol (Ventodisk). Respir Med 2001;

95: 817–21.

38 Kottakis J, Cioppa GD, Creemers J et al. Faster onset of bronchod-

ilation with formoterol than with salmeterol in patients with sta-

ble, moderate to severe COPD: results of a randomized, double-

blind clinical study. Can Respir J 2002; 9: 107–15.

39 Condemi JJ. Comparison of the efficacy of formoterol and salme-

terol in patients with reversible obstructive airway disease: a multi-

center, randomized, open-label trial. Clin Ther 2001; 23: 1529–41.

40 Linden A, Bergendal A, Ullman A et al. Salmeterol, formoterol,

and salbutamol in the isolated guinea pig trachea: differences in

maximum relaxant effect and potency but not in functional antag-

onism. Thorax 1993; 48: 547–53.

41 Tashkin DP, Cooper CB. The role of long-acting bronchodilators

in the management of stable COPD. Chest 2004; 125: 249–59.

42 Fromer L, Cooper CB. A review of the GOLD guidelines for the

diagnosis and treatment of patients with COPD. Int J Clin Pract

2008; 62: 1219–36.

43 Calverley PMA, Anderson JA, Celli B et al. Salmeterol and flutica-

sone propionate and survival in chronic obstructive pulmonary

disease. N Engl J Med 2007; 356: 775–89.

44 Cazzola M, Di Marco F, Santus P et al. The pharmacodynamic

effects of single inhaled doses of formoterol, tiotropium and their

combination in patients with COPD. Pulm Pharmacol Ther 2004;

17: 35–9.

45 Cazzola M, Centanni S, Santus P et al. The functional impact of

adding salmeterol and tiotropium in patients with stable COPD.

Respir Med 2004; 98: 1214–21.

46 van Noord JA, Aumann JL, Janssens E et al. Effects of tiotropium

with and without formoterol on airflow obstruction and resting

hyperinflation in patients with COPD. Chest 2006; 129: 509–17.

47 van Noord JA, Aumann JL, Janssens E et al. Comparison of tiotro-

pium once daily, formoterol twice daily and both combined once

daily in patients with COPD. Eur Respir J 2005; 26: 214–22.

48 Rabe KF, Timmer W, Sagkriotis A et al. Comparison of a combi-

nation of tiotropium plus formoterol to salmeterol plus fluticasone

in moderate COPD. Chest 2008; 134: 255–62.

49 Falk JA, Minai OA, Mosenifar Z. Inhaled and systemic corticoster-

oids in chronic obstructive pulmonary disease. Proc Am Thorac Soc

2008; 5: 506–12.

50 Pauwels RA, Lofdahl CG, Laitinen LA et al. Long-term treatment

with inhaled budesonide in persons with mild chronic obstructive

pulmonary disease who continue smoking. European Respiratory

Society study on chronic obstructive pulmonary disease. N Engl J

Med 1999; 340: 1948–53.

51 Vestbo J, Sorensen T, Lange P et al. Long-term effect of inhaled

budesonide in mild and moderate chronic obstructive pulmonary

disease: a randomised controlled trial. Lancet 1999; 353: 1819–23.

52 Burge PS, Calverley PM, Jones PW et al. Randomised, double

blind, placebo controlled study of fluticasone propionate in

patients with moderate to severe chronic obstructive pulmonary

disease: the ISOLDE trial. Br Med J 2000; 320: 1297–303.

53 Spencer S, Calverley PM, Sherwood BP et al. Health status deterio-

ration in patients with chronic obstructive pulmonary disease. Am

J Respir Crit Care Med 2001; 163: 122–8.

54 Mapel DW. Treatment implications on morbidity and mortality in

COPD. Chest 2004; 126 (Suppl.): 150S–8S.

55 Alsaeedi A, Sin DD, McAlister FA. The effects of inhaled corticoster-

oids in chronic obstructive pulmonary disease: a systematic review of

randomized placebo-controlled trials. Am J Med 2002; 113: 59–65.

56 Sin DD, Tu JV. Inhaled corticosteroids and the risk of mortality

and readmission in elderly patients with chronic obstructive pul-

monary disease. Am J Respir Crit Care Med 2001; 164: 580–4.

57 Soriano JB, Vestbo J, Pride NB et al. Survival in COPD patients

after regular use of fluticasone propionate and salmeterol in gen-

eral practice. Eur Respir J 2002; 20: 819–25.

58 Sin DD, Man SF. Inhaled corticosteroids and survival in chronic

obstructive pulmonary disease: does the dose matter? Eur Respir J

2003; 21: 260–6.

59 Tkacova R, Toth S, Sin DD. Inhaled corticosteroids and survival in

COPD patients receiving long-term home oxygen therapy. Respir

Med 2006; 100: 385–92.

60 Sin DD, Wu L, Anderson JA et al. Inhaled corticosteroids and

mortality in chronic obstructive pulmonary disease. Thorax 2005;

60: 992–7.

61 Spencer S, Calverley PM, Burge PS et al. Impact of preventing

exacerbations on deterioration of health status in COPD. Eur

Respir J 2004; 23: 698–702.

62 Barnes PJ. Pharmacology of airway smooth muscle. Am J Respir

Crit Care Med 1998; 158: S123–32.

63 Yang IA, Fong KM, Sim EH et al. Inhaled corticosteroids for stable

chronic obstructive pulmonary disease. Cochrane Database Syst Rev

2007, CD002991.

64 Halpern MT, Schmier JK, Van Kerkhove MD et al. Impact of

long-term inhaled corticosteroid therapy on bone mineral density:

results of a meta-analysis. Ann Allergy Asthma Immunol 2004; 92:

201–7.

65 Suissa S, Baltzan M, Kremer R et al. Inhaled and nasal corticoste-

roid use and the risk of fracture. Am J Respir Crit Care Med 2004;

169: 83–8.

66 Wedzicha JA, Calverley PM, Seemungal TA et al. The prevention

of COPD exacerbations by salmeterol ⁄ fluticasone propionate or

tiotropium bromide. Am J Respir Crit Care Med 2008; 177: 19–26.

1148 Optimising treatment for COPD

ª 2009 The Author
Journal compilation ª 2009 Blackwell Publishing Ltd Int J Clin Pract, August 2009, 63, 8, 1136–1149



67 Ernst P, Gonzalez AV, Brassard P et al. Inhaled corticosteroid use

in chronic obstructive pulmonary disease and the risk of hospital-

ization for pneumonia. Am J Respir Crit Care Med 2007; 176:

162–6.

68 Sobieraj DM, White CM, Coleman CI. Benefits and risks of

adjunctive inhaled corticosteroids in chronic obstructive pulmo-

nary disease: a meta-analysis. Clin Ther 2008; 30: 1416–25.

69 Um SW, Yoo CG, Kim YW et al. The combination of tiotropium

and budesonide in the treatment of chronic obstructive pulmonary

disease. J Korean Med Sci 2007; 22: 839–45.

70 Choi J, Na J, Kim Y. The effect of tiotropium and inhaled cortico-

steroid combination therapy in chronic obstructive pulmonary dis-

ease (COPD) and chronic obstructive bronchial asthma (COBA)

associated with irreversible pulmonary function. Am J Respir Crit

Care Med 2007; 175: A130.

71 Calverley PM, Boonsawat W, Cseke Z et al. Maintenance therapy

with budesonide and formoterol in chronic obstructive pulmonary

disease. Eur Respir J 2003; 22: 912–9.

72 Halpin DM, Peterson S, Larsson TP et al. Identifying COPD

patients at increased risk of mortality: predictive value of clinical

study baseline data. Respir Med 2008; 102: 1615–24.

73 Bathoorn E, Liesker JJ, Postma DS et al. Anti-inflammatory effects

of combined budesonide ⁄ formoterol in COPD exacerbations.

COPD 2008; 5: 282–90.

74 Celli BR, Thomas NE, Anderson JA et al. Effect of pharmacother-

apy on rate of decline of lung function in chronic obstructive

pulmonary disease: results from the TORCH study. Am J Respir

Crit Care Med 2008; 178: 332–8.

75 Soriano JB, Kiri VA, Pride NB et al. Inhaled corticosteroids

with ⁄ without long-acting b-agonists reduce the risk of rehospital-

ization and death in COPD patients. Am J Respir Med 2003; 2: 67–

74.

76 Mapel DW, Hurley JS, Roblin D et al. Survival of COPD patients

using inhaled corticosteroids and long-acting beta agonists. Respir

Med 2006; 100: 595–609.

77 Niewoehner DE, Rice K, Cote C et al. Prevention of exacerbations

of chronic obstructive pulmonary disease with tiotropium, a once-

daily inhaled anticholinergic bronchodilator: a randomized trial.

Ann Intern Med 2005; 143: 317–26.

78 Medical Research Council Working Party. Long term domiciliary

oxygen therapy in chronic hypoxic cor pulmonale complicating

chronic bronchitis and emphysema. Report of the Medical

Research Council Working Party. Lancet 1981; 1: 681–6.

79 Kohnlein T, Welte T. Noninvasive ventilation in stable chronic

obstructive pulmonary disease. Eur Respir J 2003; 21: 558–9.

Paper received April 2009, accepted June 2009

Optimising treatment for COPD 1149

ª 2009 The Author
Journal compilation ª 2009 Blackwell Publishing Ltd Int J Clin Pract, August 2009, 63, 8, 1136–1149


