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ABSTRACT

Since 1999, clinical trials have more precisely defined the impact of various treatments on 
important patient-centred outcomes, allowing the development of treatment guidelines 
and leading to personalised treatment. The use of larger populations, seen in the Toward 
a Revolution in COPD Health (TORCH), Understanding Potential Long-Term Impacts on 
Function with Tiotropium (UPLIFT) and The Study to Understand Mortality and Morbidity 
(SUMMIT) trials, has allowed hypotheses to be answered clearly albeit not always posi-
tively. Notwithstanding, each study has provided important information, often through 
secondary outcomes, which have been prospectively tested in other trials. Nearly two 
decades on, we are clearer as to the role of lung volume reduction procedures, who should 
and shouldn’t be prescribed inhaled steroids and long-acting bronchodilators and in what 
combinations, and who may benefit from roflumilast. Unexpected findings such as pneu-
monia risk from inhaled steroids and use of eosinophil count to direct their use have an 
important clinical impact now and in the future. (BRN Rev. 2017;3:286-98)
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) 
has never been an easy condition to research. 
Its long natural history, pathological hetero-
geneity and the relative inaccessibility of the 
lungs to tissue sampling have all limited our 
understanding of COPD. Respiratory physio-
logical measurements have helped fill this gap 
and the first major treatment intervention tri-
als in COPD showed in just over 300 subjects 
that long-term domiciliary oxygen treatment 
could prolong life in persistently hypoxaemic 
COPD patients who were at appreciable risk 
of dying during the 3 years of these studies1. 
The high reproducibility of forced expiratory 
volume in one second (FEV1) measurement 
meant that only modest numbers of people 
need be studied over relatively short periods 
to confirm that inhaled bronchodilators im-
proved spirometry. However, the size of stud-
ies had to increase if rate of decline of FEV1 
was to be measured or indeed other non-nor-
mally distributed outcomes such as exacerba-
tions. Ultimately, the needs of regulators and 
the desire to identify genetic factors pre-dis-
posing to COPD have led to very large obser-
vational studies which have been pooled to 
increase their statistical power.

The conduct and outcomes of these large scale 
randomised controlled trials have been re-
viewed previously2,3 and some general conclu-
sions have been drawn about them. A recent 
series of review articles in the New England 
Journal of Medicine provides many insights 
into issues of trial design and conduct4, al-
though the only large-scale respiratory trial 
to be mentioned is the Toward a Revolution 
in COPD Health (TORCH) study4,5. In this 
review, we will offer some general thoughts 

about our experience with clinical trials over 
the last twenty years. Although all our exam-
ples are drawn from COPD studies, we be-
lieve that they have wider applicability. To 
make these lessons more memorable, we have 
reduced our messages to a series of aphorisms 
derived from popular music and culture but, 
we hope, supported by evidence.

BIG IS BEAUTIFUL BUT SIMPLE  
IS BEST

Conducting a successful clinical trial requires 
considerable organisational skill, attention to 
detail and resources. Not all clinically rele-
vant questions need a large trial to answer 
them, but given the heterogeneity of COPD 
and the interventions available, big trials have 
been needed to try to provide clear answers. 
The success of any study depends on the pa-
tients recruited, the outcomes selected and 
the intervention studied. Clearly the study 
should recruit sufficient patients to ensure 
that a negative outcome is truly negative, but 
it has been difficult to do this when the ob-
served event rate in the control arm of the 
study has been lower than expected. Consid-
erations about statistical power were mini-
mal in the United Kingdom (UK) long-term 
oxygen study when the annual mortality in 
the control group was 22%, which was re-
duced to 11% with oxygen treatment6. The 
National Emphysema Treatment Trial (NETT) 
recruited 1,218 patients to surgery or routine 
medical care and its primary outcome based 
on intention to treat was negative, although 
much attention was spent in the manuscript 
in presenting clinically plausible subgroups 
who benefitted from surgery7. The TORCH 
study recruited some 6,000 patients followed 
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for 3 years and failed to conclusively show an 
effect of inhaled corticosteroid (ICS)/long-act-
ing beta-agonist (LABA) treatment on mortal-
ity8. However, the event rate in the placebo 
arm was lower than the 6% per year powered 
from historical control data and in part reflect-
ing cross over to use of trial medication after 
withdrawal from the study. The likelihood of 
exacerbating in clinical trials has fallen steadi-
ly over the years from around 2 events/year9 
to 0.9 or less, even among patients reporting 
exacerbations previously (Table 1)10. Interest-
ingly, this may reflect the complexity of trial 
entry criteria, as the “real world” randomised 
controlled trial conducted in Salford, UK, had 
much higher exacerbation rates than seen in 
more classical studies11. Whatever the reason, 
the decision to power a study on historically 

observed exacerbation rates can be a hazard-
ous one, as the likely event rate can be sub-
stantially less than anticipated. One way to 
avoid these problems is to simplify the trial 
protocol as much as possible and focus on your 
primary outcome. Thus, both the Prevention 
of Exacerbations with Tiotropium (POET) 
(7,000 subjects) and the event-driven Tiotro-
pium Safety and Performance in Respimat 
(TIOSPIR) studies (17,135 subjects) did not 
monitor spirometry regularly and had rela-
tively simple designs focussed on the prima-
ry outcome (exacerbations and mortality re-
spectively)12,13. Happily, both gave rise to a 
clear result. Notwithstanding, the use of exac-
erbation rate as a primary study endpoint can 
be challenging, due to the relative subjectivity 
of some exacerbation definitions, an example 

Table 1. Exacerbation rate in selected placebo controlled COPD clinical trials. Exacerbation rate often appears higher in ‘real world’ 
studies 

Year Clinical trial Subject 
number

FEV1  
(L /% predicted) 

post-bronchodilator

Comparison Annual 
exacerbation 

rate

2000 ISOLDE16 751 1.4 L; 50% predicted Placebo versus fluticasone propionate 1.32

2003 TRISTAN9 1,022 0.98 L; 36% predicted Placebo versus budesonide versus formoterol versus 
budesonide/formoterol

1.8

2005 BRONCUS18      523 1.65 L; 57% predicted Placebo versus N-acetylcysteine 1.31

2007 Roflumilast I28 1,513 1.15 L; 41% predicted Placebo versus roflumilast 0.92

2007 TORCH8 6,112 1.22 L; 44% predicted Placebo versus fluticasone propionate versus salmeterol 
versus fluticasone propionate

1.13

2008 UPLIFT24 5,993 1.32 L; 47% predicted Placebo versus tiotropium bromide 0.85

2009 M2-124/125 10 3,091 1.11 L; 36% predicted Placebo versus roflumilast 1.37

2011 Azithromycin19 1,142 1.12 L ; 40% predicted Placebo versus azithromycin 1.83

2015 REACT27 1,945 1.1 L; 35.5% predicted Placebo versus roflumilast 0.92

2016 RESPOND31 2,354 0.97 L; 33% predicted Placebo versus roflumilast 1.43

2016 SUMMIT17 16,458 1.7 L; 60% predicted Placebo versus fluticasone furoate versus vilanterol versus 
fluticasone furoate/vilanterol

0.35

2016 Salford Lung11 2,799 1.62 L Placebo versus fluticasone furoate/vilanterol 1.9

FEV1: forced expiratory volume in one second; ISOLDE: inhaled steroids in obstructive lung disease in Europe; TRISTAN: trial of inhaled steroids and long-acting b2-agonists; 
BRONCUS: bronchitis randomized on NAC cost-utility study; TORCH: toward a revolution in COPD health; UPLIFT: understanding potential long-term impacts on function with 
tiotropium; REACT: severe chronic obstructive pulmonary disease uncontrolled by combination therapy; RESPOND: roflumilast effect on exacerbations in patients on dual 
[LABA/ICS] therapy; SUMMIT: survival in chronic obstructive pulmonary disease with heightened cardiovascular risk; SLS: Salford lung study.
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being the definition used in the Simvastatin 
Therapy for Moderate and Severe COPD 
(STATSCOPE) study14. Use of diary cards can, 
at least in part, ameliorate this effect but sig-
nificantly increase the work involved for both 
subject and researcher.

YOU DON’T ALWAYS GET  
WHAT YOU WANT …

A high proportion of large COPD studies have 
failed to meet their primary endpoint. This 
may reflect over-optimistic assumptions about 
the numbers needed to identify an effect as 
in the early studies of ICS in COPD15,16 or rela-
tively ineffective interventions as was the case 
with ICS and/or LABA treatment in moderate 

COPD and cardiovascular risk in the The 
Study to Understand Mortality and Morbidity 
(SUMMIT) study17 and N-acetylcysteine in the 
Bronchitis Randomized On NAC Cost-Utility 
(BRONCUS) trial18. Even when the trial is pos-
itive, as was the case in the National Heart, Lung 
and Blood Institute (NHLBI) funded study of 
azithromycin in exacerbation prevention19, con-
cerns about the wider risks of treatment (in this 
case the risk of antibiotic resistance) may lim-
it the application of the results (Fig. 1)20.

… BUT YOU MIGHT JUST GET WHAT 
YOU NEED

Even if the primary outcome of trials (when it 
is not based on short-term lung function change) 
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Figure 1. Prevalence of macrolide resistant Streptococcus pneumoniae and use of azithromycin in United States of America (USA) since 
its introduction in 1991 (reproduced with permission from Serisier D et al.20).
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often seems to fail, many of the treatments 
studied do seem to have important effects on 
nominated secondary endpoints. Although this 
feels like having multiple bites of the cherry, 
in an individual study the consistency with 
which these secondary effects are confirmed 
suggests that the treatment effects are real. 
This is likely to be due to the rather weak 
relationship between the secondary and pri-
mary outcomes. Exacerbations are associated 
with increased COPD mortality, but this asso-
ciation is relatively weak for those managed 
without hospitalisation and so treatment can 
reduce the frequency of these events without 
immediately impacting the death rate21. Much 
the same holds true for rate of decline of FEV1, 
which is only slightly faster among patients 
who are treated but still exacerbate22. The 
Randomised, double blind, placebo controlled 
study of fluticasone propionate (ISOLDE) study 
was the first to report a reduction in exacerba-
tions with ICS, a secondary outcome confirmed 
repeatedly by others and then extended to 
long-acting inhaled bronchodilator studies16. 
This effect was a driver for the improvement 
in health status evidenced for the first time in 
ISOLDE by repeated measurements of the St. 
George’s Respiratory Questionnaire (SGRQ)23. 
This questionnaire has been widely employed 
ever since and can identify large changes in 
health status with pulmonary rehabilitation 
and lung volume reduction7,24.

Sometimes, the design of one study can be 
better suited to establishing that the primary 
endpoint of another is actually positive. Thus, 
secondary analysis of the carefully collected 
spirometry in TORCH suggested that all three 
active treatment arms had a lower rate of FEV1 
decline than the placebo25. By contrast, the Un-
derstanding Potential Long-Term Impacts on 

Function with Tiotropium (UPLIFT) failed to 
show an effect of tiotropium on lung function 
decline but up to 70% of patients in the control 
arm were using one of the drugs which the 
TORCH data suggested might be effective26. 
Conversely, as subjects in UPLIFT did not drop 
out as frequently as in TORCH and this 5,885-pa-
tient trial had only two comparison arms over 
four years, there was sufficient power to show 
a reduction in mortality with tiotropium, at least 
when the data were analysed appropriately27.

Occasionally, the investigator needs to hold 
their nerve and (funding permitting) contin-
ue to explore some of the plausible secondary 
outcomes from an initial study (Fig. 2). De-
spite high hopes, the phosphodiesterase-4 
(PDE4) inhibitor roflumilast did not change 
the exacerbation rate in its pivotal one-year 
trial28. However, the event rate was much low-
er than expected and there were signs of effect 
in patients with worse lung function, a histo-
ry of exacerbations and chronic bronchitis29. 
When prospectively tested in this subgroup 
of patients, the drug did prevent exacerba-
tions10 but only when this finding was con-
firmed in patients with very frequent exacer-
bations or a high risk of being hospitalised and 
who also took LABA/ICS and LAMA, was it 
possible to finally establish a treatment group 
where the intrusive side effects of treatment 
produced clinically important benefits30,31.

‘LIES, DAMN LIES AND STATISTICS’

This quotation from the 19th century British 
Prime Minister Benjamin Disraeli emphasises 
the scepticism which many non-statisticians 
have for the way in which apparently straight-
forward numbers can be modified to suit the 
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purpose in hand. We are all sadly learning to 
live with “alternative facts” promoted by a va-
riety of politicians, but we can have more faith 
in the statistical input to most of our ran-
domised controlled trials (RCTs). Indeed, the 
major problems are likely to come from our 
imperfect understanding of what the statistics 

are telling us rather than any malevolence on 
the statistician’s part.

RCTs remain the best way available to decide 
whether an intervention can work, which is 
not the same as saying it will work. That con-
clusion should be drawn from effectiveness 

Roflumilast Effect on Exacerbations in Patients 
on Dual [LABA/ICS] Therapy (RESPOND) (2016)

2,354 subjects with severe or very severe COPD, 
2+ exacerbation or hospitalisation previous year, 
chronic bronchitis and prescribed LABA/ICS +/– LAMA

Given placebo or roflumilast 500 mcg daily

Outcomes

53 ml improvement FEV1 over 1 year

Similar rate of moderate or severe AE 
(1.31 versus 1.47; p = 0.09) versus placebo

Benefit in subjects with 3+ AE or hospitalisation. 
Benefit in subjects already taking fluticasone 
propionate/salmeterol

Roflumilast II (2009)

3,091 subjects with severe or very severe COPD, 
1+ exacerbation previous year and regular cough 
and phlegm

Given placebo or roflumilast 500 mcg daily

Outcomes

55 ml improvement FEV1 over 1 year

Lower rate of AE (1.13 versus 1.37; p < 0.001) 
versus placebo

Similar overall withdrawal, higher in roflumilast 
first 12/52

Roflumilast on Exacerbations in Patients 
with Severe Chronic Obstructive Pulmonary 
Disease Uncontrolled by Combination 
Therapy (REACT) (2015)

1,945 subjects with severe or very severe COPD, 
2+ exacerbation previous year and chronic bronchitis

Given placebo or roflumilast 500 mcg daily

Outcomes

56 ml improvement FEV1 over 1 year

Lower rate of AE (0.74 versus 0.92; p < 0.01) 
versus placebo. Lower rate of hospitalisation

Similar overall withdrawal, higher in roflumilast first 
12 weeks

Roflumilast I (2007)

1,513 subjects with COPD 

Given placebo or roflumilast 500 mcg daily

Outcomes

39 ml improvement FEV1 over 1 year

No change AE rate. No change SGRQ. 
More withdrawals roflumilast in first 4/52

Very severe COPD (higher AE rate) lower rate 
of AE – 1.01 versus 1.59; p < 0.03 – versus placebo

Figure 2. The evolution of roflumilast with each study allowing further development of the place of therapy in COPD management.
AE: acute exacerbations; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in one second; ICS: inhaled 
corticosteroid; LABA: long-acting beta-agonist; LAMA: long-acting muscarinic-antagonist.
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studies and they are in short supply. Although 
they are well designed and conducted, our 
current RCTs have problems. The selection of 
representative patients has already been men-
tioned and Table 2 lists a series of other bias-
es that can affect the interpretation of the 
data. Indicators of statistical significance are 
important to pre-specify but some common 
sense is needed in the interpretation of bor-
derline p values as suggested by Pocock et 
al.32. The need to conduct interim safety anal-
yses and potentially stop a trial lowers the p 
value needed before significance can be de-
clared, but is seldom accounted for when 
powering a trial. The need to discount all 

secondary analyses if the primary outcome is 
not met seems foolish if the secondary out-
comes are only tangentially related to the pri-
mary one. However, we do need clear rules 
to stop anarchy breaking out when trials are 
unblinded. Our concern is that intelligent in-
terpretation of the results and the generation 
of new hypotheses can be inhibited by too 
rigorous an implementation of perceived sta-
tistical norms.

Meta-analysis of several studies can either sug-
gest an effect of treatment not shown in indi-
vidual studies or simply reduce the confidence 
interval around the estimate of the trial effect. 

Table 2. Sources of bias in randomised controlled trials

Type of bias How this affects the trial How to obviate this potential bias

Selection bias Systematic differences between baseline characteristics 
of the groups that are compared

Sequence generation – pre-determined random sequence
Allocation sequence concealment – concealment 

of unpredictable sequence

Ascertainment 
bias

Knowledge of the intervention by the researcher(s), subject 
or analyst influences the administration of the intervention, 
the reporting or the analysis of outcomes

Subjects could receive different alternative interventions 
(co-intervention bias), report outcomes differently (participant 
ascertainment bias) or the researcher(s) could report outcomes 
differently (observer bias)

Blinding of the researcher, subject and data analyst

Study design 
bias

Choice of study design, population studied, the intervention 
selected, the control intervention and the outcome measure(s) 
affect the generalisability and applicability of the study findings

Study design can be influenced by a desire to achieve a specific 
outcome, funding limitation or by regulatory authorities. Skewed 
populations and complexity can affect the generalisability 
of the study. Timing of the intervention and the outcomes 
selected can affect the study results and relevance of the study

Careful consideration of the research question, 
the population, the intervention and outcome measures. 
External review of proposals

Attrition bias Systematic differences in withdrawal from trials leading 
to incomplete data and the risk of over or understating 
the effect of the intervention

Intention-to-treat analysis: all study participants are 
included in the study assigned to their allocated groups 
regardless of drop out

Sensitivity analysis: allocation of the worst outcomes 
to subjects in the best performing group and allocation 
of the best outcomes to subjects from the worst 
performing group

Reporting bias Reporting of trial focuses on significant rather than  
non-significant differences

Pre-determination and prior publication of primary 
and secondary outcomes. Effective peer review

Publication bias Studies with positive results are more likely to be published. 
Delay in publishing of negative studies (time lag bias)

Compulsory registration of trials at inception 
and publication of all trials
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It works well when the studies are homoge-
neous in their selection criteria and the re-
sults are clinically plausible. Unfortunately, 
by chance, differences may arise and these do 
not always favour the active therapy. A sa-
lutatory case of this arose when the registra-
tion studies of tiotropium delivered as a soft 
mist were reported33. Although the primary 
lung function and exacerbation outcomes were 
clearly positive, mortality, which was a minor 
secondary outcome in a study not powered to 
detect a difference, was higher in the treat-
ment group than the controls. This led a spate 
of meta-analyses largely of the same data set 
and the proposal that this delivery system 
was uniquely dangerous34. In fact, the prob-
lem was not that the tiotropium treated pa-
tients were dying too frequently (their mortal-
ity rate was in line with many similar study 
populations) but that the death rate in place-
bo-treated patients was unusually low. Once 
raised, such concerns are not easily allayed 
and it was not until over 17,000 patients were 
recruited to the TIOSPIR study that the soft 
mist system was shown to be safe35.

EXPECT THE UNEXPECTED 

Part of the joy of being involved in clinical 
trials for the investigator (if not the sponsor) is 
the occurrence of an unanticipated new find-
ing. This most often occurs when a large trail 
reports, as it has the size and/or duration to 
identify associations with have previously es-
caped detection. The observation that clinical-
ly reported pneumonia was more frequent in 
COPD patients taking fluticasone propionate, 
was a complete surprise to the TORCH inves-
tigators36 but has subsequently been confirmed 
in other large studies and in trials with a high 

rate of radiological confirmation of the diagno-
sis37 (Fig. 3). Whether this excess of pneumo-
nias is due to increased susceptibility or an 
inability to resolve earlier exacerbations38 is 
still unclear, as is the association of all ICS 

Episodes of pneumonia

Episodes with chest x-ray confirmation

Pneumonia causing hospitalisation

Pneumonia causing death

Vilanterol
25 mcg

Vilanterol
25 mcg

+ fluticasone
furoate
50 mcg

Vilanterol
25 mcg

+ fluticasone
furoate

100 mcg

Vilanterol
25 mcg

+ fluticasone
furoate

200 mcg

70

60

50

40

30

20

10

0

Figure 3. Number of episodes of pneumonia, with or without 
radiological confirmation, and causing hospitalisation and death 
in patients taking vilanterol with or without differing doses  
of fluticasone furoate (reproduced with permission from 
Dransfield MT et al.37).
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drugs with these events39. However, the clinical 
perception of the value of ICS in more severe 
COPD was changed by these observations.

Equally unlikely, although identified in this 
case by post-hoc analysis, was the discovery 
that patients with a blood eosinophil count 
above 2% were the ones who had fewer exac-
erbations when treated with ICS and LABA 
rather than LABA alone40 (Fig. 4). A series 
of further post-hoc analyses in other data 
sets confirmed this observation41,42 although 
there was no particular benefit in this sub-
group when ICS/LABA was compared to 
a LABA/ long-acting muscarinic antagonist 
(LAMA) combination43. Data from the large 

Withdrawal of Inhaled Steroids during Op-
timized Bronchodilator Management (WIS-
DOM) trial showed that ICS could be safely 
stopped in patients with severe COPD and an 
exacerbation history provided they continued 
with LABA and LAMA treatment44. Post-hoc 
scrutiny of these results suggested that there 
was benefit from continuing the ICS if the 
eosinophil count was above 300 cells/mm3,45. 
Prospective confirmation of these findings 
was seen in the recently published Single In-
haler Extrafine Triple Therapy versus long-act-
ing Muscarinic Antagonist Therapy for Chron-
ic Obstructive Pulmonary Disease (TRINITY) 
study albeit the “cut-off” point remains un-
clear46.

 < 2% 2 - < 4% 4 - < 6% > 6%

p = 0.28

p = 0.0045
p = 0.013

p = 0.002

1,8

1,6

1,4

1,2

1

0,8

0,6

0,4

0,2

0

Vilanterol

Vilanterol + fluticasone furoate
(all doses)

Figure 4. Annual exacerbation rate (patient per year) of chronic obstructive pulmonary disease (COPD) patients when taking vilanterol 
with or without fluticasone furoate stratified according to blood eosinophil count below 2%, 2-4%, 4-6% and above 6% of total white blood 
cell count (reproduced with permission from Pascoe et al.40).
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The search for genetic and other biological 
markers of COPD in large observational co-
horts like Evaluation of COPD Longitudinal-
ly to Identify Predictive Surrogate End-points 
(ECLIPSE) and Genetic Epidemiology of COPD 
(COPDGene) has proven to be elusive. How-
ever, these investigators were pleased to find 
that a previous history of frequent exacerba-
tions was much the strongest predictor of re-
current events47, that the six-minute walk test 
had a smaller minimally important clinical 
difference than expected48, and that serial com-
puted tomography (CT) imaging could iden-
tify emphysema progression or in the case of 
an enlarged pulmonary artery the risk of fu-
ture exacerbations49. Hypotheses need to work 
with information and these studies have gen-
erated this in abundance.

GRAB THE LOW HANGING FRUIT 
CAREFULLY

After the uncertainties of studies to modify 
disease progression, the recent focus of reg-
istration trials on combined LAMA/LABA 
drugs should have been an easy win. These 
studies have been reviewed in detail else-
where50 (Table 3) but suffice to say the lung 
function endpoints immediately and over time 
were all better with the combination than its 
components, irrespective of which particular 
LAMA/LABA preparation was studied. The 
incremental benefit was not additive suggesting 
a ceiling effect at the doses used. This may 
explain why it has been harder to confirm 
that these modest changes in FEV1 translate 
into clinical noticeable improvements in breath-
lessness or general respiratory health. Care-
fully conducted crossover studies confirm that 
the combination improves breathlessness more 

than does LAMA alone51 while large scale 
well powered parallel group studies have iden-
tified improvements in health status with dual 
bronchodilator therapy52, but even here the 
difference between the groups is relatively 
modest. Dual bronchodilators do reduce total 
exacerbation numbers compared to LAMA 
drugs53 but the difference in moderate/severe 
exacerbation rate is very small and barely sig-
nificant. Further large studies are underway 
to clarify how large a difference we might 
expect. However, the findings of the Inda-
caterol–Glycopyrronium versus Salmeterol–
Fluticasone (FLAME) study, a non-inferiority 
comparison of LABA/LAMA and LABA/
ICS, have changed perceptions as the combi-
nation was clearly superior in all types of 
exacerbation compared to LABA/ICS43. Clear-
ly not all unexpected findings are unwel-
come ones.

WHAT GOES AROUND  
COMES AROUND…  
AND MAY BE BETTER

The last twenty years have seen clinical trials 
move from a focus on changes in the FEV1 to 
encompass a variety of clinically more rele-
vant outcomes which have been more com-
plex to measure. It took almost ten years be-
fore the non-random distribution over time in 
exacerbation could be appropriately mod-
elled statistically54. Studying the individual’s 
exercise capacity was greatly aided by the 
advent of computerised exercise testing equip-
ment. Together with insights about the role 
of dynamic hyperinflation in limiting exer-
cise in COPD, it became possible to study a 
range of respiratory drugs and understand by 
how much and why they improved exercise 
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performance55. The failure to translate this 
greater capacity into increases in daily activity 
remains a challenge. The need to identify pa-
tients suitable for medical lung volume reduc-
tion procedures who had upper lobes that did 
not exhibit significant collateral ventilation 
has led to a revival of interest in physiological 

methods of detecting this previously obscure 
phenomenon. When carefully selected using 
these methods the results of trials of a variety 
of methods to promote lobar collapse are en-
couraging56-58. Respiratory physiological mea-
surement as a tool for patient selection is stag-
ing something of a comeback.

Table 3. Currently available combinations of long-acting beta-agonist and long-acting muscarinic-antagonist (LABA/LAMA) with 
selected trials and outcomes

LABA/LAMA 
Combination

Trial Name Comparator and subject 
numbers

Trial 
length

Baseline 
Characteristics

Outcomes

Formoterol/
aclidinium

AUGMENT59 Aclidinium/formoterol 
(2 doses – 400/12 & 400/6) 
versus 
aclidinium
formoterol
placebo

24 weeks 1692 subjects
FEV1 = 53% predicted 

A/F 400/12 dose:
Trough FEV1 – improved versus 

formoterol and placebo
Health status (SGRQ) – improved 

versus placebo
Breathlessness (TDI) – improved 

versus placebo

ACLIFORM-COPD60 Aclidinium/formoterol 
(2 doses– 400/12 & 400/6) 
versus 
aclidinium
formoterol
placebo

24 weeks 1729 subjects
FEV1 = 54% predicted

Trough FEV1 – improved versus 
placebo

Breathlessness (TDI) – improved 
vs. all groups

Indacaterol/
glycopyrronium

FLAME43 Indacaterol/glycopyrronium
versus
Salmeterol/fluticasone

52 weeks 3362 subjects
FEV1 = 44% predicted

I/G:
Annual exacerbation rate –  

lower than S/F
Trough FEV1 – improved versus 

S/F
Health status (SGRQ) – improved 

versus S/F

SPARK53 Indacaterol/glycopyrronium
versus
glycopyrronium
Tiotropium

64 weeks 2224 subjects
FEV1 = 37% predicted

I/G:
Moderate/severe exacerbations 

– lower than G
Trough FEV1 – improved versus  

G & T

Vilanterol/
umeclidinium

Decramer et al.61 Vilanterol/umeclidinium 
(2 doses – 125/25 & 62.5/25)
versus
vilanterol
umeclidinium
tiotropium

24 weeks 2332 subjects V/U 62.5/25 dose:
Trough FEV1 – improved versus 

vilanterol and tiotropium

Olodaterol/
tiotropium

Buhl et al.52 Olodaterol/tiotropium 
(2 doses -2.5/5 and 5/5)
versus
olodaterol
tiotropium

24 weeks 5162 subjects
FEV1 = 50% predicted

O/T 5/5 dose:
Trough FEV1 – improved versus 

both groups
Health status (SGRQ) – improved 

versus both groups

A: aclidinium; AUGMENT: aclidinium/formoterol fumarate combination for investigative use in the treatment of moderate to severe COPD; F: formoterol; FEV1: forced expiratory 
volume in one second; FP: fluticasone propionate; G: glycopyrronium; I: indacaterol; LABA: long-acting beta-agonist; LAMA: long-acting muscarinic-antagonist;  
O: olodaterol; S: salmeterol; SGRQ: St. George’s respiratory questionnaire; SPARK: analysis of chronic obstructive pulmonary disease exacerbations with the dual bronchodi-
lator QVA149 compared with glycopyrronium and tiotropium; T: tiotropium; TDI: transition dyspnoea index; U: umeclidinium; V: vilanterol.

http://clinicaltrials.gov/show/NCT01822899
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CONCLUSIONS

As indicated in this far from comprehensive 
review of the large number of COPD trials con-
ducted in the last twenty years, we have learned 
much but still have more to discover. We un-
derstand our outcome measures better, espe-
cially the new more behaviourally determined 
ones like health status and exacerbations. We 
are more rigorous about identifying which 
outcomes matter before we begin a study and 
in trying to produce manageable clinical pro-
tocols to help deliver it without exhausting our 
patients in the process. We do need to ensure 
that the statistical power of a study is likely 
to match contemporary rather than historical 
event rates. We should be a little more optimis-
tic when interpreting our post-hoc analyses as 
a surprising number of these have been con-
firmed when tested prospectively. Patient se-
lection remains crucial, whether in terms 
of their representativeness of the generality of 
COPD patients or in the presence of the key 
characteristics under study. We should always 
be prepared to face this disappointment of a 
negative trial result but do our best to ensure 
that whatever we tried really did not work 
rather than failing through lack of numbers or 
operational failures on our part. Crucially, we 
need to move away from just identifying small 
treatment gains in severe COPD and look ear-
lier in the natural history of the disease to 
consider intervention at a stage when less per-
manent damage has occurred and the clinical 
trajectory of the patient can be changed. These 
are the challenges for the next 20 years.
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