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Summary

Background Inhaled longacting β2 agonists improve lung
function and health status in symptomatic chronic obstructive
pulmonary disease (COPD), whereas inhaled corticosteroids
reduce the frequency of acute episodes of symptom
exacerbation and delay deterioration in health status. We
postulated that a combination of these treatments would be
better than each component used alone.

Methods 1465 patients with COPD were recruited from
outpatient departments in 25 countries. They were treated in a
randomised, double-blind, parallel-group, placebo-controlled
study with either 50 µg salmeterol twice daily (n=372), 500 µg
fluticasone twice daily (n=374), 50 µg salmeterol and 500 µg
fluticasone twice daily (n=358), or placebo (n=361) for 
12 months. The primary outcome was the pretreatment forced
expiratory volume in 1 s (FEV1) after 12 months treatment’ and
after patients had abstained from all bronchodilators for 
at least 6 h and from study medication for at least 12 h.
Secondary outcomes were other lung function measurements,
symptoms and rescue treatment use, the number of
exacerbations, patient withdrawals, and disease-specific
health status. We assessed adverse events, serum cortisol
concentrations, skin bruising, and electrocardiograms.
Analysis was as predefined in the study protocol.

Findings All active treatments improved lung function,
symptoms, and health status and reduced use of rescue
medication and frequency of exacerbations. Combination
therapy improved pretreatment FEV1 significantly more than did
placebo (treatment difference 133 mL, 95% CI 105–161,
p<0·0001), salmeterol (73 mL, 46–101, p<0·0001), or
fluticasone alone (95 mL, 67–122, p<0·0001). Combination
treatment produced a clinically significant improvement in
health status and the greatest reduction in daily symptoms. All
treatments were well tolerated with no difference in the
frequency of adverse events, bruising, or clinically significant
falls in serum cortisol concentration.

Interpretation Because inhaled long-acting β2 agonists and
corticosteroid combination treatment produces better
control of symptoms and lung function, with no greater risk
of side-effects than that with use of either component alone,

this combination treatment should be considered for patients
with COPD. 
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Introduction
Chronic obstructive pulmonary disease (COPD) is a
leading cause of morbidity worldwide. It is characterised by
chronic progressive symptoms, airflow obstruction,1,2 and
impaired health status,3 which is worse in those who have
frequent, acute episodes of symptom exacerbation.4 The
aim of treatment is to prevent and control symptoms and
exacerbations while improving lung function and health
status.5,6 Any new treatment approach should be judged
against these endpoints.

Inhaled long-acting β2 agonists improve airflow
obstruction, control of symptoms, and health status in
patients with COPD over 3–4 months7–14 and have several
potentially beneficial non-bronchodilatory effects.15 The
role of inhaled corticosteroids in COPD management is less
certain.16 These drugs do not change the rate of decline in
lung function,17–20 but can increase postbronchodilator
forced expiratory volume in 1 s (FEV1),17,19 reduce the
number of exacerbations,17,18 and slow the rate of decline in
health status.17 Whether long-acting �2 agonists and inhaled
corticosteroids in combination will result in treatment
effects that are better than those associated with either drug
alone is not clear. Furthermore, we do not know whether
improvements seen in the short term will be maintained
during sustained treatment. To test our hypothesis, we did
a randomised controlled trial over 1 year of combination
treatment with salmeterol and fluticasone versus each of the
components and placebo.

Methods
Patients
We recruited outpatients with COPD from 196 hospitals
in 25 countries. All patients had a baseline FEV1 before
bronchodilation that was 25–70% of that predicted, an
increase of less than 10% of predicted FEV1 30 min after
inhaling 400 µg salbutamol, and a prebronchodilator
FEV1/forced vital capacity (FVC) ratio of 70% or less.21

Patients also had a history of at least 10 pack-years of
smoking (ie, equivalent to 20 cigarettes smoked per day
for 10 years), of chronic bronchitis, at least one episode
of acute COPD symptom exacerbation per year in the
previous 3 years, and at least one exacerbation in 
the year immediately before trial entry that required
treatment with oral corticosteroids, antibiotics, 
or both.

We excluded patients who had respiratory disorders
other than COPD, required regular oxygen treatment, or
had received systemic corticosteroids, high doses of
inhaled corticosteroids (>1000 µg daily beclometasone
dipropionate, budesonide, or flunisolide or >500 µg daily
fluticasone), or antibiotics in the 4 weeks before the 
2 week run-in period before the trial began.
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We obtained approval from local ethics committees at
each participating site, and all patients provided written
informed consent.

Study design
We used a randomised, double-blind, placebo-controlled,
parallel-group design. Recruited patients participated in a
2-week run-in to the trial, a 52-week treatment period
with clinic visits at weeks 0, 2, 4, 8, 16, 24, 32, 40, and
52, and a 2-week post-treatment follow-up. 

We used a randomisation schedule generated by the
patient allocation for clinical trials (PACT) program to
assign patients to study treatment groups. Every
participating centre was supplied with a list of patient
numbers (assigned to patients at their first visit) and a list
of treatment numbers. Patients who satisfied the
eligibility criteria were assigned the next sequential
treatment number from the list. Salmeterol and
fluticasone combination (50/500 µg twice daily),
salmeterol (50 µg twice daily), fluticasone (500 µg twice
daily) and placebo were packaged in identical inhaler

devices. Study drugs were labelled in a way to ensure that
both the patient and the investigator were unaware of the
allocated treatment .

During the 2-week run-in, patients stopped taking
regular inhaled corticosteroids or long-acting �2 agonists.
Inhaled salbutamol was used as relief medication
throughout the study, and regular treatment with
anticholinergics, mucolytics, and theophylline was
allowed. All non-COPD medications could be continued
if the dose remained constant whenever possible, and if
their use would not be expected to affect lung function. If
patients had clinically stable symptoms after 2 weeks, they
were randomised to receive one of the following
treatments: 50 µg salmeterol and 500 µg fluticasone in
combination; 50 µg salmeterol; 500 µg fluticasone; or
placebo, all twice daily, for 52 weeks via a multidose dry-
powder inhaler (Diskus or Accuhaler [GlaxoSmithKline,
Greenford, UK]).

The primary efficacy measure was FEV1 after patients
had abstained from all bronchodilators for at least 
6 h, and from study medication for at least 12 h. Lung-
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Placebo Salmeterol Fluticasone Combination
(n=361) (n=372) (n=374) (n=358)

Withdrawal after randomisation 140 (39 %) 119 (32 %) 108 (29 %)* 89 (25 %)†‡
Age 63·4 (8.6) 63.2 (8.6) 63.5 (8.5) 62.7 (8.7)
Male 269 (75 %) 261 (70 %) 260 (70 %) 270 (75 %)
Current smoker 171 (47 %) 191 (51 %) 198 (53 %) 186 (52 %)
Pack-years smoked 43·4 (22·4) 43·7 (21·9) 41·5 (20·7) 42·0 (22·4)
Previous ICS use 188 (52 %) 183 (49 %) 202 (54 %) 178 (50 %)
Previous LABA use 136 (38 %) 156 (42 %) 148 (40 %) 151 (42 %)
Pretreatment FEV1 (% predicted) 44·2 (13·7) 44·3 (13·8) 45·0 (13·6) 44·8 (14·7)
Reversibility (% predicted FEV1) 4·0 (4·5) 3·7 (4·3) 3·7 (3·9) 4·0 (4·7)
Pretreatment FEV1 (mL) 1266 (467) 1245 (452) 1260 (449) 1308 (532)
Postbronchodilator FEV1 (mL) 1379 (476) 1346 (463) 1363 (460) 1419 (549)
Pretreatment FVC (mL) 2500 (800) 2386 (751) 2443 (781) 2537 (838)
PEF L/min 243 (89) 235 (90) 246 (90 ) 247 (93)
SGRQ score 47·1 (16·5) 48·7 (17·1) 49·8 (15·8) 47·1 (15·7)
Median use of relief medication per day (range) 2·7 (0–17) 2·9 (0–14) 2·8 (0–15) 2·7 (0–11)
Mean number awakenings per week 3·5 (5·3) 3·5 (6·1) 3·5 (4·9) 2·8 (4·9)
ICS=inhaled corticosteroids. LABA=longacting �2 agonist. FEV1=forced expiratory volume in 1 s. FVC=forced vital capacity. PEF=peak expiratory flow. 
SGRQ=St George’s Respiratory Questionnaire. Data are number (%) or mean (SD) unless otherwise indicated. *p=0·007 vs placebo. †p=0·0001 vs placebo. ‡p=0·033
vs salmeterol. 

Table 1: Patients’ demographic data and baseline characteristics

1974 patients recruited

1465 patients randomised
         to receive treatment

361 received placebo

221 reached primary
       endpoint

253 reached primary
       endpoint

266 reached primary
       endpoint

269 reached primary
       endpoint

361 withdrew
    68 adverse event
    16 consent withdrawn
    10 protocol violation
    18 lack of efficacy
      6 lost to follow-up
      7 non-compliance
      3 inclusion criteria
    12 other

119 withdrew
    61 adverse event
    13 consent withdrawn
    13 protocol violation
      5 lack of efficacy
      8 lost to follow-up
      5 non-compliance
      3 inclusion criteria
    11 other

108 withdrew
    55 adverse event
    11 consent withdrawn
      5 protocol violation
      7 lack of efficacy
      8 lost to follow-up
    11 non-compliance
      3 inclusion criteria
      8 other

 89 withdrew
    46 adverse event
      6 consent withdrawn
    12 protocol violation
      2 lack of efficacy
      8 lost to follow-up
      5 non-compliance
      4 inclusion criteria
      6 other

372 received salmeterol
       (50 �g twice daily)

374 received fluticasone
       (50 �g twice daily)

358 received salmeterol and
       fluticasone combination
       (50/500 �g twice daily)

509 patients withdrew

Figure 1: Trial profile
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function tests were done in the clinic: pretreatment FVC,
and postbronchodilator FEV1 and FVC were measured at
each visit. Postbronchodilator measurements were made

30 min after inhalation of 400 µg of salbutamol. All
spirometry measurements were done at the same time of
day for all patients, with the same spirometer. Every
morning, patients used daily record cards to record the
highest of three peak expiratory flow values measured
with a mini-Wright peak flow meter (Clement Clarke
International Harlow, UK) before medication.

Every morning, patients recorded the number of times
they used relief medication, their symptom scores, and
the number of night-time awakenings for the previous 
24 h. Symptoms were scored as: breathlessness, 0 (none)
to 4 (breathless at rest); cough, 0 (none) to 3 (severe);
sputum production, 0 (none) to 3 (severe); sputum
colour, 0 (no sputum produced) to 4 (dark yellow or
green).

The occurrence of acute exacerbations of COPD
symptoms was investigated at every clinic visit.
Exacerbations were defined a priori as a worsening of
COPD symptoms that required treatment with
antibiotics, oral corticosteroids, or both. Episodes that
required corticosteroid treatment or hospital admission
were noted separately. Health status was assessed with the
St George’s Respiratory Questionnaire at weeks 0, 2, 4, 8,
24, and 52. In the 22 non-English speaking countries we
used a validated translation of this questionnaire. 

Adverse event information was obtained at every 
clinic visit by recording spontaneously reported
complaints from patients and asking general questions
about medical troubles and concomitant medication.
Morning (0800–1000 h) cortisol concentrations in serum
were measured after fasting at weeks 0, 24, and 52. At
every visit we noted the number of bruises on the volar
side of the forearms that had a diameter greater than 
5 cm. All patients had 12-lead electrocardiography at
weeks 0, 24, and 52, and investigators categorised the
results as normal, abnormal but not clinically significant,
or abnormal and clinically significant.

Statistical analysis
We estimated that a sample size of 300 patients per
treatment group would be needed to obtain data for 
250 patients so as to detect a 0·10 L difference in FEV1 at
the 5% significance level with 90% power, assuming an
SD of 0·35 L for FEV1. We analysed pretreatment FEV1

using repeated measures analysis.22 Time was included as
a categorical parameter and an unstructured variance-
covariance matrix was fitted with SAS proc mixed
software version 6.12. We also used these methods to
analyse other lung function variables and questionnaire
scores. We analysed log-transformed serum cortisol
concentrations, morning peak expiratory flow, and mean
symptom score during weeks 1–52 using analysis of
covariance. The number of exacerbations was analysed by
a maximum likelihood Poisson regression, with the
amount of time a patient had had treatment as an offset
variable. Covariates used for analyses, where applicable,
were age, sex, country, baseline value (such as FEV, and
FVC at randomisation), and smoking status. Interactions
of treatment with all covariates were tested for
pretreatment FEV1, exacerbations, and health status
questionnaire scores. For use of rescue medication, the
median data for weeks 1–52 were analysed using the van
Elteren extension to the Wilcoxon rank sum test,23

stratified by smoking status, and the confidence limits
calculated with the Hodges-Lehman method.24 The
number of withdrawals was analysed with the Cochran-
Mantel-Haenszel test, stratified by smoking status, and
time to withdrawal was analysed with Cox’s proportional
hazards model.
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Figure 2: Effect of treatment on lung function measurements and
health status 
Raw mean changes from baseline are shown. A, prebronchodilator FEV1. 
B, postbronchodilator FEV1. C, daily peak expiratory flow. D, health status—
the fall in St George’s score represents an improvement in health status.
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Role of the funding source
The study sponsor, GlaxoSmithKline, was involved
together with the principal investigators in the 
study design; the collection and analysis of data, which
was made freely available to all the principal
investigators; and the decision to submit the paper for
publication.

Results
We recruited 1974 patients from 196 centres in 25
countries, of whom 1465 received treatment (figure 1).
Demographic data, baseline characteristics, and
compliance did not differ between groups, but the
withdrawal rate did. Significantly fewer patients
withdrew from the combination and fluticasone 
groups than from placebo and salmeterol groups 
(table 1). The main reason for differences in withdrawal
was presence of adverse events. Patients 
in the combination group had a slightly higher mean
prebronchodilator and postbronchodilator FEV1 and
fewer mean awakenings per week than did those in 
other groups. These minor imbalances in baseline 
data were accounted for in the statistical analyses 
since both baseline FEV1 and mean night awakenings
per week were used as covariates in analyses where
appropriate.

The three active treatments increased pretreatment
FEV1 significantly compared with placebo (salmeterol/
fluticasone p<0·0001; salmeterol p<0·0001; fluticasone
p=0·0063; figure 2). This improvement was evident by

week 2 and was sustained throughout treatment. The
rise in FEV1 associated with combination therapy was
significantly greater than with either of its components
separately (table 2, figure 2). By week 52, pretreatment
FEV1 in the combination group had increased by 10%
compared with 2% in both the salmeterol and
fluticasone groups, and had fallen by 3% in the placebo
group. We noted the same trend for the other lung-
function variables (figure 2). The treatment-by-
smoking-status interaction for prebronchodilator FEV1

was not significant (p=0·134), indicating that the
difference between the treatment groups was unaffected
by whether the participant continued to smoke, or not.
Furthermore, the effects of treatment were not biased
by unbalanced changes in smoking status between the
treatment groups. During the 12-month study period, a
total of 103 patients (6–7% in each treatment group)
changed their smoking habit, with most of these giving
up smoking.

Compared with placebo, all active treatments
significantly reduced the number of exacerbations per
patient per year and the number of exacerbations that
needed treatment with oral corticosteroids (table 3).
The rate of exacerbations fell by 25% in the
combination group (p<0·0001) and by 20% (p=0·0027)
and 19% (p=0·0033) in the salmeterol and fluticasone
groups, respectively, compared with placebo. The
treatment effect was more pronounced in patients 
with severe disease (ie, a baseline FEV1 <50% of
predicted), who showed a 30% reduction with the
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Placebo Salmeterol Fluticasone Combination
(n=361) (n=372) (n=374) (n=358)

Pretreatment FEV1 (mL)
Adjusted mean 1264 (11) 1323 (11)* 1302 (11)† 1396 (11)
Treatment difference‡ 133 73 95
(95% CI) (105–161) (46–101) (67–122)
p‡ <0·0001 <0·0001 <0·0001

Postbronchodilator FEV1 (mL)
Adjusted mean 1408 (11) 1436 (11) 1454 (11)§ 1484 (11)
Treatment difference‡ 76 48 31 
(95% CI) (47–106) (19–77) (2–60)
p‡ <0·0001 0·0014 0·039

Pretreatment FVC (mL)
Adjusted mean 2439 (19) 2525 (19)¶ 2500 (18)|| 2594 (19)
Treatment difference‡ 155 68 94
(95% CI) (106–204) (20–117) (46–142)
p‡ <0·0001 0·006 <0·0001

PEF (L/min) 
Adjusted mean 242 (2·1) 257 (2·0)* 255 (2·0)* 274 (2·1)
Treatment difference‡ 32 17 18
(95% CI) (26–37) (11–22) (13–24)
p‡ <0·0001 <0·0001 <0·0001

Data are mean (SE). *p<0·0001 vs placebo; †p=0·0063 vs placebo; ‡vs combination treatment §p=0·002 vs placebo; ¶ p=0·0004 vs placebo; || p=0·013 vs placebo. 

Table 2: Effect of 52 weeks’ treatment on lung function 

Placebo Salmeterol Fluticasone Combination
(n=361) (n=372) (n=374) (n=358)

Total exacerbation rate
Mean rate per patient per year (SD) 1·30 1·04* 1·05* 0·97
Treatment ratio† (95% CI) 0·746 0·930 0·925

(0·643–0·865) (0·801–1·080) (0·797–1·073)
p† <0·0001 0·345 0·304

Rate of exacerbations requiring oral corticosteroids
Mean rate/patient/year 0·76 0·54‡ 0·50§ 0·46
Treatment ratio† 0·607 0·853 0·925

(0·500–0·736) (0·699–1·039) (0·755–1·133)
p† <0·0001 0·115 0·453

*p=0·003 vs placebo. †vs combination treatment. ‡p=0·0003 vs placebo. §p=0·0001 vs placebo.

Table 3: Effect of 52 weeks’ treatment on exacerbation rate
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combination compared with placebo, as against a 
10% reduction in patients who had a baseline FEV1 that 
was greater than 50% of that predicted. Acute episodes
of symptom exacerbation that required oral cortico-
steroids were reduced by 39% in the combination group
(p<0·0001), 29% in the salmeterol group (p=0·0003),
and 34% in the fluticasone group (p=0·0001),
compared with placebo. There were no significant
differences between active treatments with respect to
their effect on the rate of episodes of symptom
exacerbation (table 3), time to first exacerbation, or
number of hospital admissions. Figure 3 shows the
cumulative risk of acute exacerbations.

Combination treatment significantly reduced
breathlessness and the use of relief medication
compared with placebo, salmeterol, and fluticasone
(table 4). Median number of days without relief
medication was for placebo 0% (range 0–100%),
salmeterol 3% (0–100%), fluticasone 2% (0–100%),
and combination 14% (0–100%) (p<0·0001 vs
placebo, p=0·004 vs salmeterol, p=0·0003 vs

fluticasone). The number of night-time awakenings 
fell significantly in the combination group, compared
with placebo and salmeterol, but not with fluticasone
(table 4). Cough only improved significantly in the
combination group (table 4). 

Only the combination group showed a clinically
significant improvement in health status questionnaire
score by week 52. The raw mean changes in health
status total score were –4·3 (SD 10·8) by week 8 and
–4·5 (12·9) at week 52 (figure 2). The change in SGRQ 
score in the combination group over 52 weeks at the 
end of the study was significantly greater than 
that in both the placebo and fluticasone groups 
(table 4).

All treatments were well tolerated, and there were 
no differences between groups in the number of 
patients reporting an adverse event during treatment
(78–81% across all groups), apart from an increased
frequency of oropharyngeal candidosis (placebo 
2%, salmeterol 2%, fluticasone 7%, combination 
8%). Table 5 shows adverse events that were judged 
to be treatment-related. Most patients (�96%) 
had serum cortisol values that were within the reference
range, or that did not change significantly from 
baseline after 24 or 52 weeks of treatment. 13 (4%) 
and 11 (4%) patients in the placebo and salmeterol/
fluticasone groups, respectively, had a change from
within to below the reference range, compared with 
17 (5%) and 19 (6%) in the salmeterol and fluticasone
groups, respectively. None of these changes was
clinically important. After 52 weeks’ treatment, 
mean serum cortisol concentrations rose by 4% in
placebo and 6% in the salmeterol group, whereas 
they fell by 1% with fluticasone and by 3% with 
the combination treatments. The differences between
fluticasone and placebo were significant at weeks 
24 (p=0·035) and 52 (p=0·007), and between combi-
nation and placebo at week 24 (p=0·020). None of the
changes were associated with any clinical effects or signs
of hypoadrenalism.

We noted skin bruises in a maximum of 22 (6%) 
of patients in the placebo group, 20 (6%) in salmeterol,
26 (7%) in fluticasone, and 29 (8%) in the combination
group at any visit. We did not detect any changes 
on echocardiograms that could be attributed to
treatment.
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Figure 3: Cumulative risk of acute exacerbations

Placebo Salmeterol Fluticasone Combination
(n=361) (n=372) (n=374) (n=358)

SGRQ total score
Adjusted mean 46·3 (0·5) 45·2 (0·4) 45·5 (0·4) 44·1 (0·5)
Treatment difference* (95% CI) –2·2 (–3·3 to –1·0) –1·1 (–2·2 to 0·1) –1·4 (–2·5 to –0·2)
p* 0·0003 0·071 0·021

Symptom scores
Cough  1·44 (0·03) 1·36 (0·03) 1·38 (0·03) 1·35 (0·03) 
p* 0·018 0·639 0·340
Breathlessness 1·66 (0·03) 1·59 (0·03) 1·58 (0·03) 1·47 (0·03)
p* 0·0001 0·006 0·010
Sputum production 1·34 (0·03) 1·30 (0·03) 1·33 (0·03) 1·29 (0·03)
p* 0·196 0·687 0·339
Sputum colour 1·36 (0·03) 1·35 (0·03) 1·37 (0·03) 1·32 (0·03)
p* 0·373 0·494 0·250

Median (range) use of relief medications 2 (0–32) 2 (0–14)† 2 (0–11)‡ 1 (0–10)
(per day)
p* <0·0001 0·0001 0·0003

Mean number awakenings per week 3·01 (0·21) 2·94 (0·21) 2·45 (0·21)§ 2·31 (0·21)
p* 0·006 0·011 0·591

SGRQ=St George’s Respiratory Questionnaire. Data are mean (SE), unless otherwise indicated. A negative value represents an improvement in health status.
*vs combination; †p=0·028 vs placebo; ‡p=0·010 vs placebo; §p=0·024 vs placebo.

Table 4: Effect of 52 weeks’ treatment on health status and symptoms
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Discussion
Ideally, any new treatment for COPD should improve
one or more of the endpoints outlined in the GOLD
(Global Initiative for Chronic Obstructive Lung
Disease) management protocol25—symptoms, health
status, and frequency of exacerbation. These effects
should be sustained and better than those of existing
treatments. Many treatment trials in COPD have only
lasted 3–6 months,18,26 or if longer, they have compared
only one active treatment with placebo. Our trial has
compared commonly prescribed agents from different
therapeutic classes for a sufficient time to see changes in
a range of clinically relevant outcomes. Our results
confirm that active treatment is better than placebo. A
combination of different types of treatment produces
benefits across a range of endpoints that translate into a
clinically noticeable benefit for patients, as indicated by
the health status data.

Consistent changes were seen in the pretreatment
FEV1, suggesting a drug effect before the first dose taken
in the day. Both salmeterol and fluticasone produced
small but significant improvements in FEV1 in keeping
with previous findings,7,17,18 but combination treatment
was significantly more efficacious than either placebo or
the individual components. Postbronchodilator FEV1

improved after fluticasone, as also noted by
investigators in the ISOLDE study.17 Patients in the
combination group had the lowest bronchodilator
responsiveness (ie, the change between pretreatment
and post-treatment FEV1), suggesting that part of the
pretreatment effect in patients in the combination group
was caused by the bronchodilatory effects of salmeterol
taken 12 h previously. However, despite this effect,
patients in the combination group had a significantly
higher postbronchodilator FEV1 than with either agent
alone. Data for FVC showed much the same trend as
that seen for FEV1, but are more relevant to improved
exercise performance in COPD. Finally, the multiple
daily readings of peak expiratory flow showed a
sustained improvement throughout the year, which was
significantly greater in the combination group, and
evident within 1 week of randomisation. These early
changes in lung function could provide a useful guide to
subsequent patient benefit, but this indicator has not
yet been formally tested.

Improved lung function was associated with
reductions in the number and type of symptoms
recorded in the daily diary cards. Although scores for
cough and sputum did not change greatly,
breathlessness was reduced by both salmeterol and
fluticasone but significantly more so with combination
treatment. Much the same pattern was seen with rescue
treatment, and in the amount of sleep disruption. These
data represent daily recordings for 1 year in every
patient, and confirm the sustained nature of the clinical
benefits. Health status measurement provides an
integrated assessment of the effect of COPD on

patients’ health, and has been widely validated.27,28 A 4-
unit reduction in total St George’s respiratory
questionnaire score is associated with both subjective
and objective improvement, such as the ability to walk
further and less perceived breathlessness before and
after exercise.12,29,30 This improvement was achieved by
patients in the combination treatment group after 
12 months, but not by those who received single-drug
treatment or placebo. The speed of change in health
status was less striking than with lung-function tests but
was still evident by 8 weeks, in keeping with other data
about long-acting �2 agonists.9 The lower than expected
frequency of acute episodes of symptom exacerbation in
patients who received placebo might explain some of
the health status improvement.

All active treatments were associated with a lower rate
of exacerbations than was placebo. Despite differences
in definition, we noted a self-reported exacerbation rate
that was similar to that in other trials—ie, 1·3 per year
with placebo.4,17 Combined treatment reduced the total
exacerbation rate by 25% and exacerbations that
required oral corticosteroids by 39%, which were all
significant changes compared with placebo. Although
these reductions were not statistically significant when
compared with monotherapy, there was a trend in
favour of the combination group which became more
pronounced with increasing COPD severity. Despite
our selection criteria, we saw substantially fewer
exacerbations than expected (46% of patients did not
have such an incident), which significantly reduced the
power of the study to show a difference. The low rate of
acute episodes might be attributable to regression to the
mean in exacerbation number or an effect of improved
care associated with clinical trials, but suggests that a
study of longer duration and with a larger number of
participants would be needed to show a difference. All
active therapies were well tolerated, and there was no
evidence of important cardiac side-effects with
salmeterol, or any unanticipated problems with
fluticasone. There were minor changes in cortisol
secretion with fluticasone monotherapy and with
combination treatment, which did not differ from those
previously reported.17,18

The reasons why combination treatment proved to 
be most effective remain speculative. Results from
research in asthma suggest that long-acting β2

adrenoceptor agonists can enhance the anti-
inflammatory effect of corticosteroids.31 Although the
absolute changes in lung function induced by
combination treatment in our study were modest, they
did happen rapidly, and were noticeable after 2 weeks.
Such improvements could be sufficient to allow
improvement in exercise tolerance and reduce the
perceived severity of an exacerbation, and hence the
number of episodes reported. Both factors are
important determinants of health status.17,32 The
additional effect of an inhaled corticosteroid on
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Placebo Salmeterol Fluticasone Combination
(n=361) (n=372) (n=374) (n=358)

Any treatment-related event 49 (14%) 46 (12%) 70 (19%) 58 (16%)
Oropharyngeal candidosis 5 (1%) 5 (1%) 23 (6%) 22 (6%)
Candidosis in unspecified site 0 2 (<1%) 8 (2%) 1 (<1%)
Oral inflammation or nausea and vomiting 8 (2%) 3 (<1%) 3 (<1%) 4 (1%)
COPD exacerbation 19 (5%) 8 (2%) 10 (3%) 9 (3%)
Cough, breathing disorder, 
or lower respiratory infection 6 (2%) 7 (2%) 6 (2%) 3 (<1%)
Throat infection or hoarseness 8 (2%) 8 (2%) 16 (4%) 15 (4%)
Headaches, tremor, or vertigo 4 (1%) 10 (3%) 2 (<1%) 4 (1%)

Table 5: Treatment-related adverse events
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postbronchodilator FEV1 has been noted before.17

� receptor numbers can be upregulated with
corticosteroids, and the combination is more effective in
reducing induced interleukin 8 release from airway
smooth muscle.33 Whether this mechanism is important
in COPD remains to be established

Contributors
P Calverley, R Pauwels, J Vestbo, A Gulsvik, P Jones, and N Pride,
designed the study, reviewed the analysed data, and wrote the manuscript.
C Madden designed the study, interpreted results, and helped to write the
manuscript. J A Anderson analysed data, interpreted results, and helped
to write the manuscript.

TRISTAN investigators 
Prof Nicholas Freezer, Louis Irving, Christine Jenkins, 
Prof Charles Mitchell, Prof Richard Ruffin (Australia); 
Prof Dr Gerhard Kaik, Monika Schantl, N Vetter 
(Austria); Patrick Alexander, Patrick Aumann, Dirk Coolen, 
Luc Croonenborghs, Boudewijn Van de Maele, P Vandenbrande
(Belgium); Roy Chris Allison, Emad Amer, Meyer S Balter, 
Graham Bishop, Stephen Blackie, A Willima Booth, Jacques Bouchard,
Remi Bouchard, Serge Boucher, Jean Bourbeau, Kenneth Chapman, 
Neil Colman, Manuel Cosio, Robert Cowie, Anil Dhar, Anthony D’Urzo,
Francis Ervin, Gordon Ford, George Fox, Bernard Green, Jaques Hebert,
Pierre Leblanc, Fred MacDonald, Reza Maleki-Yazdi, Lyle Melenka,
Denis O’Donnell, Jean-Pascal Ouellet, Prakash Patel, Jeremy Road,
Michel Rouleau, David Stubbing, William Yang (Canada); Karel Blaha,
Milan Bohacek, Josef Fratrik, Kamil Klenha, Jan Krepelka, 
Andrea Matulova, Zdenka Parakova, Milos Pesek, Martina Vasakova
(Czech Republic); Vibeke Backer, Ronald Dahl, Jens Korsgaard
(Denmark); Rain Jogi (Estonia); R Backman, Mirja Eho-Remes, 
Ritva Kauppinen, Timo Mantyla, L-H Plathin, Airi Puhakka, 
Martti Torkko, Pentti Tukiainen, Kari Venho (Finland); 
Prof Christian Brambilla, Prof Michel Fournier, Henri Kafe, 
Dominique Krai, Yan Martinat, Thomas Similowski, Prof Andre Taytard, 
Christophe Verkindre (France); Klaus Colberg, Wolfram Feussner,
Michael Folle, Umberto Gehling, Karel Guensberg, Dietrich Hahn,
Gerrit Hoppe, Alexander Iwantscheff, Manfred Moeller, Stephen Molitor,
Ingomar Naudts, Nikolaos Peslis, Renita Schnorr, 
Karl-Michael Schussmann, Karl-Otto Steinmetz, Ilie Urlea-Schoen, 
Lutz Volgmann, Prof Dr Thomas Wagner (Germany); John Bibakis,
Micholaos Galanis, Christina Gratziou, Vlassis Polychronopoulos, 
Prof Micholaos Siafakas (Greece); Marta Bisits, 
Prof Gyorgy Boszormenyi, Prof Istvan Edes, Janos Strausz (Hungary);
Magni Jonsson, Andres Sigvaldason, Fridrik Yngvason (Iceland); 
R Dal Negro, Roberto de Lorenzo, Antonio Foresi, 
Prof Pier Luigi Paggiaro, Luciano Pesce, Alfredo Potena, Maria Robuschi,
Ruggeri Santi (Italy); Remigijus Nargela, Raimundas Sakalauskas
(Lithuania); Th A Bantje, A J M Bax, A P M Greefhorst, A F Kuipers, 
J van Noord, A P Sips (Netherlands); Prof Richard Beasley, Peter Black,
Neil Graham, Graham Mills, Robin Taylor, Ian Town, M Wilsher 
(New Zealand); Arild Bermann, Nils P Boye, Gerhard Gerhardsen, 
Svein Hoegh Henriksen, Johnny Kongerud, Live Myhr, Anders Ostrem,
Anne Christinne Polle Jorgensen, Nils Ringdal, Arve Sundset, 
Nada Zafran (Norway); Prof Sabina Chyrek-Borowska, 
Prof Pawel Gorski, Prof Jozef Malolepszy, Prof Wladyslaw Pierzchala,
Prof Edmund Rogala, Prof Jan Zielinski (Poland); 
Prof Alexandr Chuchalin, Prof Vladimir Nonikov, Prof Alla Tsor
(Russia); Mohamed Abdool-Gaffar, Cornelia Duvenhage, Justice Killian,
G Maude, John O’Brien, Michael Plit, Clifford Smith, 
A Stanley (S. Africa); Prof Jose Luis Alvarez Sala, Luis Callol, 
Prof Josep Morera, Miguel Perpina, Cesar Picado, 
Jose Ramon Rodriguez Suarez, Victor Sobradillo, Carlos Villasante
(Spain); Lars Andersson, Peter Avidsson, Synnove Bergentz, 
Marianne Berndtsson, Goran Borg, Lars Ek (Sweden); Urs Aebi, 
Edy Imhof, Prof Markus Soler (Switzerland); Sherwood Burge, 
Ian Coutts, Gordon McDonald, David Lomas, Ann Millar, 
Michael Morgan, Prof Alyn Morice, Martin Muers, John O’Reilly,
Michael Peake, Prof Charles Pickering, John Pounsford, 
Christopher Sheldon, Paul Sullivan, David Weir (UK).

Conflict of interest
P Calverley, R Pauwels, J Vestbo, A Gulsvik, P Jones, and N Pride have
been consultants for, and received research grants from, GlaxoSmithKline.
J Vestbo is married to an employee of GlaxoSmithKline. J Anderson and 
C Madden are employees of GlaxoSmithKline and hold shares in the
company.

Acknowledgments
Funding for this study (protocol number: SFC3024) was provided by
GlaxoSmithKline.

References
1 British Thoracic Society. Guidelines for the management of chronic

obstructive pulmonary disease. Thorax 1997; 52: S1–28.
2 American Thoracic Society. Standards for the diagnosis and care of

patients with chronic obstructive pulmonary disease (COPD) and
asthma. Am J Respir Crit Care Med 1995; 152: S77–120.

3 Jones P, Quirk F, Baveystock C, Littlejohns P. A self-complete
measure of health status for chronic airflow limitation. 
Am Rev Respir Dis 1992; 145: 1321–27.

4 Seemungal T, Donaldson G, Paul E, Bestall J, Jeffries D, 
Wedzicha J. Effect of exacerbation on quality of life in patients with
chronic obstructive pulmonary disease. Am J Respir Crit Care Med
1998; 157: 1418–22.

5 Siafakas N, Vermeire P, Pride N, et al for the European Respiratory
Society Tak Force. Optimal assessment and management of chronic
obstructive pulmonary disease (COPD). Eur Respir J 1995; 8:
1398–20.

6 Global Initiative for Chronic Obstructive Lung Disease (GOLD).
Global strategy for the diagnosis, management and prevention of
chronic obstructive pulmonary disease: NHLBI/WHO workshop
report, NIH publication 2701.Bethesda: US Department of Health
and Human Services, 2001. 

7 Rennard S, Anderson W, ZuWallack K, et al. Use of a long-acting
inhaled beta2-adrenergic agonist, salmeterol xinafoate, in patients
with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2001; 163: 1087–92.

8 Boyd G, Morice A, Pounsford J, Sibert M, Peslis N, Crawford C. 
An evaluation of salmeterol in the treatment of chronic obstructive
pulmonary disease (COPD). Eur Respir J 1997; 10: 815–21.

9 Mahler D, Donohue J, Barbee R, et al. Efficacy of salmeterol
xinafoate in the treatment of COPD. Chest 1999; 115: 957–65.

10 Taccola M, Bancalari L, Ghignoni G, Paggiaro P. Salmeterol 
versus slow-release theophylline in patients with reversible
obstructive pulmonary disease. Monaldi Arch Chest Dis 1999; 54:
302–06.

11 Di Lorenzo G, Morici G, Drago A,et al for the SLMT02 Italian
Study Group. Efficacy, tolerability, and effects on quality of life of
inhaled salmeterol and oral theophylline in patients with mild-to-
moderate chronic obstructive pulmonary disease. Clin Ther 1998; 20:
1130–48.

12 Jones P, Bosh T. Quality of life changes in COPD patients 
treated with salmeterol. Am J Respir Crit Care Med 1997; 155:
1283–89.

13 Dahl R, Greefhorst L, Nowark 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.

14 Rossi A, Kristufek P, Levine B, et al. Formoterol in Chronic
Obstructive Pulmonary Disease (FICOPD) II Study Group:
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.

15 Johnson M, Rennard S. Alternative mechanisms for long-acting 
beta2-adrenergic agonists in COPD. Chest 2001; 120: 258–70.

16 Barnes P. Inhaled corticosteroids are not beneficial in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 2000; 161:
342–44.

17 Burge P, Calverley P, Jones P, Spencer S, Anderson J, 
Maslen T. Randomised, double-blind, placebo-controlled study of
fluticasone propionate in patients with moderate to severe chronic
obstructive pulmonary disease: the ISOLDE trial. BMJ 2000; 320:
1297–303.

18 Paggiaro P, Dahle R, Bakran I, Frith L, Hollingworth K.
Multicentre randomised placebo-controlled trial of inhaled
fluticasone propionate in patients with chronic obstructive
pulmonary disease. Lancet 1998; 351: 773–80.

19 Pauwels R, Lofdahl C, Laitinen L, Schouten J, Postma D, 
Pride N, Ohlsson S. Long-term treatment with inhaled budesonide
in persons with mild chronic obstructive pulmonary disease who
continue smoking: the European Respiratory Society Study on
Chronic Obstructive Pulmonary Disease. N Engl J Med 1999; 340:
1948–53.

20 Vestbo J, Sorensen T, Lange P, Brix A, Torre P, Viskum K. Long-
term effect of inhaled budesonide in mild and moderate chronic
obstructive pulmonary disease: a randomised controlled trial. Lancet
1999; 353: 1819–23.

21 Quanjer P, Tammeling G, Cotes J, Pedersen O, Peslin R, Yernault J.
Lung volumes and forced ventilatory flows. Report working party
standardization of lung function tests, European Community for
Steel and Coal: official statement of the European Respiratory
Society. Eur Respir J 1993; 16: 5–40.

22 Brown H, Prescot R. Applied mixed models in medicine. In: 
Barnett V, ed. Repeated measures data, 1st edn, Chichester: J Wiley
and Sons, 1999: 199–259 

ARTICLES

THE LANCET • Vol 361 • February 8, 2003 • www.thelancet.com 455



For personal use. Only reproduce with permission from The Lancet Publishing Group.

23 van Elteren P. On the combination of independent two-sample tests
of Wilcoxon. Bull Int Statist Inst 1960; 37: 351–61.

24 Hollander M, Wolfe DA. The two-sample location problem. In:
Nonparametric statistical methods, 1st edn. New York: John Wiley
and sons; 1973: 67–82. 

25 Pauwels R, Buist A, Calverley P, Jenkins C, Hurd S. Global strategy
for the diagnosis, management and prevention of chronic obstructive
pulmonary disease: NHLBI/WHO global initiative for chronic
obstructive lung disease (GOLD) workshop summary. 
Am J Respir Crit Care Med 2001; 163: 1256–76.

26 Thompson A, Mueller M, Heires A, et al. Aerosolized beclomethasone
in chronic bronchitis. Improved pulmonary function and diminished
airway inflammation. Am Rev Respir Dis 1992; 146: 389–95.

27 Wijkstra P, Ten Vergert E, Van Altena R, et al. Reliability and validity
of the chronic respiratory questionnaire (CRQ). Thorax 1994; 49:
465–67.

28 Rutten-van Molken M, Roos B, Van Noord J. An empirical
comparison of the St George’s Respiratory Questionnaire (SGRQ)

and the Chronic Respiratory Disease Questionnaire (CRQ) in a
clinical trial setting. Thorax 1999; 54: 995–1003.

29 Bestall J, Paul E, Garrod R, Garnham R, Jones P, Wedzicha J.
Usefulness of the Medical Research Council (MRC) dyspnoea scale
as a measurement of disability in patients with chronic obstructive
pulmonary disease. Thorax 1999; 54: 581–86.

30 Osman I, Godden D, Friend J, Legge J, Douglas J. Quality of life
and hospital re-admission in patients with chronic obstructive
pulmonary disease. Thorax 1997; 52: 67–71.

31 Knox A, Zhu Y, Pang L. Do long-acting beta2-adrenoceptor
agonists enhance the anti-inflammatory effect of glucocorticoids in
asthma? Eur Respir J 2001; 17: 1059–61.

32 Dowson L, Newall C, Guest P, Hill S, Stockley R. Exercise capacity
predicts health status in alpha(1)-antitrypsin deficiency. 
Am J Respir Crit Care Med 2001; 163: 936–41.

33 Barnes P. Scientific rationale for inhaled combination therapy with
long-acting beta2-agonists and oral corticosteroids. Eur Respir J
2002; 19: 182–91.

ARTICLES

456 THE LANCET • Vol 361 • February 8, 2003 • www.thelancet.com

The right word

G Burnham

Uses of error

The Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 21205, USA (G Burnham MD)

Error is a grim idea, with connotations of bias,
misjudgment, and increasingly, of liability. Yet the
inadvertent and the fortuitous have given medicine a
number of its great successes. Many of the errors noted in
this Lancet series have centred on lessons practitioners
have learnt from clinical misjudgments. Fewer have come
from public health or population-based endeavours. As
with clinical medicine, these chance occurrences are both
prevalent and underacknowledged.

When ivermectin was first being tested for effectiveness
in onchocerciasis we set out to measure its adverse
reactions when given as mass treatment. The three-year
study was conducted in an endemic area of Malawi using
a double blind, placebo-controlled design. For these
multi-site trials, the World Health Organization had set
explicit criteria for exclusion of subjects from the study.
Because of the potential for ivermectin to cross the blood-
brain barrier in mice, it was thought that persons with a
history of epileptic fits should not receive treatment. This
was an important consideration for us since epilepsy was
quite common in this part of Malawi, and our hospital
ran a heavily patronised outreach service for its
treatment. 

Instructions for potential ivermectin recipients were
translated into the vernacular, back translated, and then
pilot tested in a nearby non-study site for comprehension.
Changes were made as necessary to instructions. The

importance of epilepsy as a reason for not participating
was specifically noted in the verbal instructions to
potential participants. 

After the first round of treatment it became evident
that almost no one had been excluded from treatment
because of a history of epilepsy. Pursuing this it was
discovered that the specific word used for epilepsy was
not recognised in the study villages even though the
language was the same as in the pilot area where the
instructions had been pre-tested. In a hurried follow-up
we identified some 80 persons with epilepsy who had
been unintentionally treated with ivermectin. Further
investigations in this cohort with a history of epilepsy
revealed that no fits had followed treatment. The cohort
was then followed through the two subsequent annual
treatment rounds during which there was no association
between receiving treatment and having fits. On the basis
of these Malawi findings, a history of epilepsy was
dropped as a reason for excluding treatment in the
subsequent ivermectin mass-treatment programmes for
onchocerciasis. The outcome from this error of words has
been that tens of thousands of epileptics living in 37
countries where onchocerciasis is endemic have been
treated regularly as a prevention against this physically
disabling and potentially blinding disease. This is another
reminder that a study may yield important findings aside
from the answering of the original research questions.


