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Rationale: Exacerbations are key drivers of morbidity and mortality
in chronic obstructive pulmonary disease (COPD).
Objectives: We compared the relative efficacy of the long-acting
inhaled bronchodilator/antiinflammatory combination (salmeterol/
fluticasone propionate) 50/500 mg twice daily and the long-acting
bronchodilator (tiotropium) 18 mg once daily in preventing exacer-
bations and related outcomes in severe and very severe COPD.
Methods: A total of 1,323 patients (mean age, 64 yr, post-broncho-
dilatorFEV1,39%predicted)wererandomized in this2-year,double-
blind, double-dummy parallel study.
Measurements and Main Results: Primary endpoint was health care
utilizationexacerbationrate.Otherendpoints includedhealthstatus
measured by St. George’s Respiratory Questionnaire (SGRQ), mor-
tality, adverse events, and study withdrawal. Probability of with-
drawing from the study was 29% greater with tiotropium than
salmeterol/fluticasone propionate (P 5 0.005). The modeled annual
exacerbation rate was 1.28 in the salmeterol/fluticasone propionate
group and 1.32 in the tiotropium group (rate ratio, 0.967; 95%
confidence interval [CI], 0.836–1.119]; P 5 0.656). The SGRQ total
score was statistically significantly lower at 2 years on salmeterol/
fluticasone propionate versus tiotropium (difference 2.1 units; 95%
CI, 0.1–4.0; P 5 0.038). Mortality was significantly lower in the
salmeterol/fluticasone propionate group; 21 (3%) of patients in this
group died compared with 38 (6%) in the tiotropium group (P 5

0.032). More pneumonias were reported in the salmeterol/flutica-
sone propionate group relative to tiotropium (P 5 0.008).
Conclusions: We found no difference in exacerbation rate between
salmeterol/fluticasone propionate and tiotropium. More patients
failed to complete the study while receiving tiotropium. A small
statistically significant beneficial effect was found on health status,
with an unexpected finding of lower deaths in salmeterol/flutica-
sone propionate–treated patients.
Clinical trial registered with www.clinicaltrials.gov (NCT 00361959).
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Chronic obstructive pulmonary disease (COPD) is a major
cause of poor health and death worldwide (1) and contributes
significantly to health care costs and comorbidity (2, 3). Many
patients with COPD experience periodic worsening of their

symptoms, reflecting an acute deterioration in lung mechanics
(4) and airway inflammation secondary to viral and/or bacterial
infection (5, 6). These exacerbations contribute to impaired
health status (7, 8) and increased hospitalization costs (9), and
predict mortality (10).

A variety of COPD treatments have been shown to prevent
exacerbations (11). These include long-acting inhaled broncho-
dilators, such as salmeterol (12) and tiotropium (13), as well as
inhaled corticosteroids (ICS) alone (14) or when combined with
long-acting b-agonists (LABAs) (15, 16). The efficacy of an
ICS/LABA combination or of a long-acting anticholinergic in
preventing exacerbations has not been directly compared nor
has the effect of these treatments on lung function or health
status been tested over an extended period.

The aim of the INSPIRE (Investigating New Standards for
Prophylaxis in Reducing Exacerbations) study, therefore, was
to compare the effect of the antiinflammatory/bronchodilator
combination of salmeterol/fluticasone propionate (SFC) with
the bronchodilator tiotropium bromide on the rate of moderate
and/or severe exacerbations during a 2-year treatment period,
and secondarily on outcomes that might relate to exacerbations.
In this article, exacerbation rates were defined by health care
resource utilization.

METHODS

Patients were recruited between June 2003 and February 2004 in 179
centers from 20 countries. Full details of the study methodology are
given in Reference 17 and a list of participating investigators is
provided in Table E1 of the online supplement. We recruited patients
aged 40 to 80 years, with a smoking history of 10 or more pack-years,
a clinical history of COPD exacerbations, a post-bronchodilator FEV1

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

A variety of treatments, including salmeterol, tiotropium,
and inhaled corticosteroids have been shown to prevent
COPD exacerbations. However, the efficacy of a combination
of inhaled corticosteroids with salmeterol versus tiotropium
has not been tested.

What This Study Adds to the Field

The study shows no difference in reduction of exacerbations
between salmeterol/fluticasone propionate and tiotropium,
although patients receiving the salmeterol/fluticasone com-
bination were less likely to withdraw, had better health
status, and had better survival.
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of less than 50% predicted, reversibility to 400 mg salbutamol 10% or
less of predicted FEV1, and a score of 2 or more on the Modified
Medical Research Council dyspnea scale. We excluded patients with
any respiratory disorder other than COPD or who required daily long-
term oxygen therapy (>12 h/d). All patients gave written, informed
consent, and the protocol was approved by the appropriate institutional
review boards and conducted in accordance with good clinical practice
guidelines and the 1996 version of the Declaration of Helsinki.

Study Design

INSPIRE was a 2-year multicenter, randomized, double-blind, double-
dummy controlled trial. Patients entered a 2-week run-in period during
which they discontinued all existing COPD maintenance medications
and received oral prednisolone 30 mg/day and inhaled salmeterol 50 mg
twice daily to standardize their clinical condition before randomization,
an approach described previously in COPD studies (18). Patients were
then randomized to inhaled salmeterol 50 mg plus fluticasone pro-
pionate 500 mg combination (SFC) twice daily by Diskus/Accuhaler
(GlaxoSmithKline, Ware, UK) or tiotropium bromide 18 mg once daily
by Handihaler (Boehringer Ingelheim, Ingelheim, Germany). Subjects
randomized to SFC received a once daily placebo inhalation by
Handihaler and subjects randomized to tiotropium received a twice-
daily placebo inhalation by Diskus/Accuhaler. Treatment compliance
was assessed at each study visit by recording the number of doses
remaining in each returned inhaler.

After randomization, in addition to study medication, patients were
allowed short-acting inhaled b-agonists for relief therapy and stan-
dardized short courses of oral systemic corticosteroids and/or anti-
biotics where indicated for treatment of COPD exacerbations.

Patients were randomized using a predefined, computer-generated,
central randomization list and a telephone-based interactive voice re-
sponse system. Treatment allocation was stratified by center and smok-
ing status on a 1:1 basis, in line with current guidelines (19). The block
size used was four.

Postrandomization, patients were reviewed at Weeks 2 and 8, and
every 12 weeks thereafter to record details of any COPD exacerba-
tions, unscheduled health care visits and adverse events. Postdose
FEV1 and other respiratory parameters were measured at Weeks 2 and
8, and every 24 weeks thereafter with St. George’s Respiratory
Questionnaire (SGRQ) measurement at Weeks 32, 56, 80, and 104.

Outcome Measurements

The primary efficacy endpoint was the rate of health care utilization
(HCU) exacerbations, defined as those that required treatment with
oral corticosteroids and/or antibiotics or required hospitalization.
Predefined secondary endpoints included health status measured by
the SGRQ, postdose FEV1 (measured 2 h after inhalation of study
medication), and study withdrawal rate. All-cause mortality was an
efficacy and safety endpoint.

Safety was assessed by documenting all adverse events together
with an oropharyngeal examination for evidence of candidiasis and
inspection of the volar aspect of the forearm for spontaneous bruises.
Electrocardiograms were performed at Weeks 0, 56, and 104.

Statistical Analysis

On the basis of previous studies of long-acting bronchodilators (20, 21),
we expected an exacerbation rate of 1.7 per patient per year in the
tiotropium group and a 20% study withdrawal rate. We estimated that
635 patients per treatment group would detect a reduction in exacer-
bations of at least 15% (equal to 1.445 exacerbations per subject per
year) in the SFC group at a two-sided significance level of a 5 0.05 with
90% power. An independent data safety monitoring committee
monitored all deaths and reviewed the unblinded data after the first
15 deaths and from then at 6-month intervals to ensure the safety of
study participants. No interim efficacy analyses were conducted.

All reported data analyses were prespecified except for further post
hoc safety analyses identified below and were conducted by the sponsor
under the direction of the steering committee. Exacerbation rates were
analyzed using a generalized linear model (assuming the negative
binomial distribution) (22) with number of exacerbations as the out-
come and the log of time on treatment as an offset variable, with

covariates of baseline smoking status, disease severity (% predicted
FEV1 at baseline), body mass index (BMI), number of exacerbations
reported in the 12 months before screening, age, gender, and country.
Adjusted mean rates per year and pairwise treatment ratios with P
values and confidence intervals (CIs) were calculated. The incidence of
exacerbations requiring hospitalization was compared between treat-
ments using Fisher’s exact test. Postdose FEV1 was compared between
treatments at each visit during treatment using a mixed model repeated
measures analysis with covariates of baseline value, baseline smoking
status, disease severity, age, gender, and country. SGRQ score was
compared between treatments at Weeks 32, 56, 80, and 104 in the same
manner. Time to withdrawal from start of treatment was analyzed
using the Cox proportional hazards model with covariates of baseline
smoking status, disease severity (% predicted FEV1 at baseline), age,
gender, and country. The a priori comparison of total number of
reported deaths in each treatment group was done with the Fisher’s
exact test. Additional post hoc analyses were performed for time to death
on treatment (including deaths up to 2 wk post–treatment cessation)
and time to first pneumonia using the Cox proportional hazards model
with covariates for time to withdrawal.

To investigate the clinical relevance of health status effects, SGRQ
changes at each visit were classified as ‘‘improvement’’ (change of 24
points or less from baseline), ‘‘no change’’ (change of more than 24
and less than 4), or ‘‘deterioration’’ (change of 4 or more). For visits in
which a change in SGRQ total score could not be calculated (with-
drawal or other nonresponse), the classification from the previous visit
was retained unless any of the following criteria were met, in which
case change in health status was classed as deterioration: death,
withdrawal due to respiratory adverse event or lack of efficacy, health
care utilization exacerbation that started in the previous 28 days, or
initiation of long-term oxygen therapy. Treatments were compared
using a proportional odds model, with covariates as for time to
withdrawal.

All efficacy and safety analyses used the intent-to-treat population,
defined as all randomized patients who received at least one dose of
study medication. The study was designed to show superiority of either
treatment group and used a two-sided test at the 5% level of significance.

RESULTS

Of 1,499 patients screened, 1,323 were randomized and com-
prised the intent-to-treat population. Details of patient dispo-
sition and reasons for patient discontinuation are shown in
Figure 1, and patients’ baseline characteristics are shown in
Table 1. Baseline characteristics of patients who completed or
who withdrew from the study are shown in Table 2. Details of
patients’ concurrent disorders and medication taken for COPD
at study entry are found in Tables E2 and E3. Median
adherence to treatment was more than 99% in both groups.
Patients randomized to tiotropium were significantly more
likely to withdraw from the study than those randomized to
SFC (the Kaplan-Meier estimated probability of withdrawing
before Week 104 was 34.5% in the SFC group and 41.7% in the
tiotropium group; hazard ratio for tiotropium vs. SFC was 1.29;
95% CI, 1.08–1.54; P 5 0.005) (Figure 2). This withdrawal
differential was evident by Week 13, increased to Week 52, and
was maintained thereafter. Withdrawing from the study after
receiving tiotropium was unrelated to the subjects’ prior use of
ICS (used by 25% of those withdrawing and 26% of those
completing). As a result of this study dropout, the mean patient
days of study drug exposure was 561 days with the SFC group
and 519 days with the tiotropium group. The main reasons for
withdrawal are shown in Figure 1.

Exacerbations

Over 2 years, 62% of the SFC group and 59% of the tiotropium
group had at least one exacerbation requiring therapeutic
intervention. The estimated overall rates of exacerbations were
1.28 per year for SFC and 1.32 per year for tiotropium, with
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a ratio of rates of 0.967 (95% CI, 0.836–1.119) indicating no
difference between rates (P 5 0.656). Exacerbations requiring
antibiotics occurred more frequently in patients treated with
SFC (SFC, 0.97/yr; tiotropium, 0.82/yr) (P 5 0.028) but those
requiring systemic corticosteroids were less frequent than in the
tiotropium-treated patients (SFC, 0.69/yr; tiotropium, 0.85/yr)
(P 5 0.039) (Table 3). The incidence of exacerbations requir-
ing hospitalizations was 16% for SFC and 13% for tiotropium
(P 5 0.085).

Additional Outcomes

Mean SGRQ total score values at screening were 50.3 units for
the SFC and 52.3 for the tiotropium treatment groups and
improved after run-in treatment with systemic steroids and
salmeterol to 48.0 and 48.2 units at baseline, respectively. The
total SGRQ was significantly lower in the SFC group compared
with the tiotropium group at Weeks 32, 56, 80, and 104 (Figure
3A), although this difference did not reach the minimum
clinically important difference. At Week 104, the adjusted mean
treatment difference for SFC versus tiotropium was –2.1 units
(95% CI,–4.0 to –0.1 units; P 5 0.038). The improvement in total
score was reflected by improvements in the impacts domain with
an adjusted mean treatment difference for SFC versus tiotro-
pium of –3.2 units (95% CI, –5.4 to –0.1 units; P 5 0.004) and to
a lesser extent in the symptoms domain (Table 3). Figure 3B
shows the mean SGRQ according to when the patient withdrew
from treatment. Patients whose last SGRQ measurement was at
32 weeks or 56 weeks had deteriorated by more than 4 units
from baseline before withdrawal. The proportion of patients
achieving a clinically significant improvement in SGRQ at 2
years was greater in the SFC (32%) group than in the tiotropium
group (27%). The odds ratio for a patient in the SFC group

Figure 1. Patient disposition and reasons for discontinuation for the
salmeterol 50 mg 1 fluticasone propionate 500 mg (SFC) and tio-

tropium (18 mg) treatment groups. COPD 5 chronic obstructive

pulmonary disease.

Figure 2. Time to withdrawal on treatment in the salmeterol 1

fluticasone propionate (SFC) and tiotropium treatment groups.

TABLE 1. PATIENT CHARACTERISTICS

Parameter

SFC

(n 5 658)

Tiotropium

(n 5 665)

Age, yr, mean 64 65

Males, % 81 84

Post-bronchodilator FEV1, L, mean 1.11 1.13

Post-bronchodilator FEV1,

% predicted, mean

39.1 39.4

Reversibility, % predicted, mean 2.34 2.63

>1 Exacerbation in the 12 mo

before study start, %

85 88

Prebronchodilator FEV1, L, mean

All patients 1.05 1.06

GOLD stage III

(>30 to ,50% predicted)

1.09 (n 5 540) 1.11 (n 5 537)

GOLD stage IV (,30% predicted) 0.73 (n 5 100) 0.71 (n 5 101)

Current smokers, % 38 38

Smoking history, pack-years, mean 41.3 39.5

SGRQ score at baseline,* mean 48.6 49.1

Patients discontinuing ICS at entry, n (%) 319 (48) 340 (51)

Definition of abbreviations: GOLD 5 Global Initiative for Chronic Obstructive

Lung Disease; ICS 5 inhaled corticosteroids; SFC 5 salmeterol 1 fluticasone

propionate; SGRQ 5 St. George’s Respiratory Questionnaire.

* Baseline following treatment intensification period.

TABLE 2. COMPARISON OF CHARACTERISTICS FOR PATIENTS
WHO COMPLETED OR WITHDREW FROM THE STUDY

SFC

(n 5 658)

Tiotropium

(n 5 665)

Completers, n 426 386

Post-bronchodilator FEV1, L, mean 1.15 1.18

Post-bronchodilator FEV1, %predicted, mean 39.8 40.5

SGRQ score at baseline,* mean 48.1 48.0

Patients discontinuing ICS at entry, n (%) 193 (45) 174 (45)

Withdrawals, n 232 279

Post-bronchodilator FEV1, L, mean 1.05 1.07

Post-bronchodilator FEV1, %predicted, mean 37.8 37.9

SGRQ score at baseline*, mean 49.7 50.5

Patients discontinuing ICS at entry, n (%) 126 (54) 166 (59)

Definition of abbreviations: ICS 5 inhaled corticosteroids; SFC 5 salmeterol 1

fluticasone propionate; SGRQ 5 St. George’s Respiratory Questionnaire.

* Baseline 5 following intensification run-in period.
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being at least one category of change higher than those in the

tiotropium group at Week 104 was 1.30 for SFC versus tio-
tropium (95% CI,1.05–1.61; P 5 0.018; Table 3).

At the end of the study, both treatments largely maintained
the improvement in FEV1 achieved during the run-in period.

There was no evidence of a difference in adjusted mean FEV1

postdose between the treatments at 2 years (Table 3). There
was, however, a small statistically significant difference between

tiotropium and SFC between Week 44 and 80 (Table E4).

Safety

Mortality was significantly lower in the SFC treatment group; 21
(3%) of SFC patients and 38 (6%) of those in the tiotropium
group died (P 5 0.032) during the study period. In addition,
using the Cox proportional hazards model to analyze time to
death on treatment (excluding seven deaths that occurred more
than 2 wk after cessation of treatment), the hazard ratio for SFC
versus tiotropium was 0.48 (95% CI, 0.27–0.85; P 5 0.012)
(Figure 4), which represents an estimated 52% reduction in the

TABLE 3. SUMMARY OF EFFICACY RESULTS

Variable

SFC 50/500

(n 5 658)

Tiotropium

(n 5 665) Rate Ratio* 95% CI P Value

Exacerbations (mean no./yr)

HCU 1.28 1.32 0.97 0.84 to 1.12 0.656

Requiring oral corticosteroids 0.69 0.85 0.81 0.67 to 0.99 0.039

Requiring antibiotics 0.97 0.82 1.19 1.02 to 1.38 0.028

SGRQ (adjusted mean change at 2 yr [units])

Treatment Difference (units)*

Total score 21.70 0.37 22.07 24.02 to –0.12 0.038

Activity score 20.38 20.18 20.56 22.67 to 1.56 0.605

Impact score 22.65 0.56 23.20 25.36 to 21.05 0.004

Symptom score 22.94 20.57 22.37 25.02 to 0.28 0.080

SGRQ (no. of patients [%] with a change from baseline >4 units)

Odds Ratio*

Week 32 211 (35%) 190 (30%) 1.24 1.01 to 1.54 0.045

Week 56 194 (32%) 180 (29%) 1.29 1.04 to 1.60 0.021

Week 80 198 (33%) 171 (27%) 1.34 1.08 to 1.67 0.008

Week 104 193 (32%) 169 (27%) 1.29 1.04 to 1.60 0.021

Post-bronchodilator FEV1 (adjusted mean change over 2 yr [L])

Treatment Difference (L)*

Adjusted mean change 20.01 0.01 20.02 20.06 to 0.01 0.218

Definition of abbreviations: CI 5 confidence interval; HCU 5 health care utilization; SFC 5 salmeterol 1 fluticasone propionate;

SGRQ 5 St. George’s Respiratory Questionnaire.

* SFC versus tiotropium.

Figure 3. Total St. George’s Respiratory Questionnaire (SGRQ) score over 2 years (A) and at the time of withdrawal from the study for those patients
who withdrew during treatment (B).
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risk of on-therapy all-cause mortality at any time during the
2-year period with SFC compared with tiotropium. Cardiac
disorders recorded by the investigator were associated with
death in 9 (1%) SFC-treated and 19 (3%) tiotropium-treated
patients (Table 4). Among those with concurrent medical dis-
orders, there were 15 (3%) deaths on treatment among patients
randomized to SFC and 27 (6%) among patients randomized to
tiotropium. In those subjects with baseline cardiovascular dis-
ease, there were 9 deaths (3%) in SFC patients and 24 (8%) for
tiotropium patients. No more than 2% of patients in either
treatment group had clinically significant ECG abnormalities at
any time point in the study.

The frequency of adverse events is reported in Table 4, with
66% of patients on SFC and 62% of those receiving tiotropium
reporting some adverse event, the most frequent of which was
a COPD exacerbation. The diagnosis of pneumonia was based
on clinical judgment, with radiologic confirmation not neces-
sarily obtained even in episodes reported as lobar or broncho-
pneumonia. Pneumonia was reported during treatment in 8 and
4% of patients, respectively, and the hazard ratio for time to
reported pneumonia was 1.94 (95% CI, 1.19–3.17; P 5 0.008)
for SFC compared with tiotropium over the 2 years. The number
of reported pneumonias that overlapped with an exacerbation
treated with antibiotics was 55% in the SFC group and 48% in
the tiotropium group (i.e., the other episodes were not given
antibiotic treatment despite the report of pneumonia). A total of
14 patients were withdrawn from the study due to pneumonia (9
SFC, 5 tiotropium).

Serious adverse events were reported during treatment by
30% of SFC-treated and 24% of tiotropium-treated patients.
Other adverse events (e.g., fractures, bruising, candidiasis) were
infrequent (Table 4).

DISCUSSION

INSPIRE is the first large-scale trial to evaluate the impact of
two different treatment approaches—bronchodilatation with
a long-acting inhaled anticholinergic agent or the combination
of bronchodilatation using an LABA and antiinflammatory
therapy with an ICS—on COPD exacerbations over a 2-year
period. We found no difference in the overall rate of exacer-
bations between treatment groups (suggesting that both treat-
ments reduced exacerbations frequency by a similar magnitude).

However, SFC treatment was associated with better health
status, fewer patient withdrawals, and a lower mortality rate
than occurred during tiotropium therapy. Conversely, there was
a small but significant increase in reported pneumonia in the
SFC-treated group; however, despite this there was still a mor-
tality reduction benefit in favor of SFC.

The strengths of the INSPIRE trial include its size, long dura-
tion, and the inclusion of a large number of patients with severe
and very severe COPD, all of which allowed more exacerbation
events to be identified. COPD exacerbations in clinical trials are
usually defined by the need for additional treatment (23). Exac-
erbations are intermittent events, however, and not all patients
experience an exacerbation even during a 3-year trial (14). We
recruited patients who had a history of exacerbations; we ex-
pected these patients to experience an exacerbation during the
study due to the severity of their disease and because a previous
exacerbation is one of the most important risk factors for con-
secutive exacerbations (7). Overall, 39% of the patients in
INSPIRE did not have an exacerbation. The best way to anal-
yze the exacerbation data has been controversial (24), and we
have addressed these concerns by using a negative binomial
analysis, which accommodates for different individual variation
in the event rate. The event rates in our study were comparable
to those reported previously in populations with a prior exac-
erbation history on therapy (13, 15, 18). The overall exacerba-
tion rate did not differ between treatments. There were fewer
episodes requiring oral corticosteroid treatment in the SFC
group compared with the tiotropium group but relatively more
patients were treated with antibiotics in the SFC group. This
provides indirect evidence that these treatments affect appar-
ently similar patients in different ways that affect clinical
judgment. This difference warrants further study to determine
the factors that influence therapeutic choice. The number of
patients who had a report of pneumonia that overlapped with an
exacerbation treated with antibiotics was nevertheless similar
between the treatment groups.

More patients failed to complete the study while receiving
tiotropium. The differential withdrawal rate was evident from
Week 13 and persisted to Week 104. This differential with-
drawal from the study may have led to a healthy survivor effect
as seen in other studies (16), and suggests that the disease
severity in the two limbs was not entirely comparable during the
trial as patients whose well-being was deteriorating more
rapidly withdrew sooner (see Figure 3B). The differential with-
drawal rate is in itself an indirect marker of treatment efficacy.

A placebo arm was not included in this study as all patients
had severe to very severe disease and it was deemed unethical
to withhold known effective therapies. Previous data have
shown that patients experience an exacerbation within 8 weeks
after regular ICS treatment has been discontinued (25). The
withdrawal rate with tiotropium was similar to that observed in
placebo-treated patients in previous studies in which ICS were
permitted (20, 21), suggesting that the differential withdrawal
rate was not due to steroid removal in the tiotropium arm.

We used a short treatment intensification regime during the
run-in period before randomization as used in previous studies
(18). This treatment intensification helps differentiate between
the improvement in health status due to the increased medical
attention at the start of a clinical study from the improvement
derived from the study interventions. The short-term beneficial
effects of treatment intensification on health status are not
maintained without subsequent maintenance therapy (26).

Patients showed an improvement in the SGRQ total score
during the 2 weeks of treatment intensification. After treatment
intensification, patients receiving tiotropium maintained this
initial level of improvement, but there was a further statistically

Figure 4. Time to death on treatment in the salmeterol 1 fluticasone
propionate (SFC) and tiotropium treatment groups.
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significant 2-unit improvement in the SFC arm during treat-
ment. However, a 4-unit change in the SGRQ has been tradi-
tionally used as the minimally clinical important difference (27).
We therefore present a responder analysis to clarify the clinical
significance of this finding, which shows that a significantly
greater number of patients receiving SFC had a greater than 4
point change from baseline than patients receiving tiotropium.

The improvement in the total SGRQ score in the SFC
treatment group was largely driven by changes in the impacts
and symptom score, which may help to explain the differential
withdrawal rate between the groups. Interestingly, the increase
after the intensification period in the SFC group was not related
to a parallel improvement in lung function and exacerbations,
suggesting it relates to as yet undetermined benefits.

COPD is a condition partly defined by an abnormal inflam-
matory response to noxious fumes (28). Inflammation in COPD
predates the appearance of symptoms and is elevated during
exacerbations (29). The differences in outcomes we observed
could be due to antiinflammatory properties in SFC. Tiotropium
has been shown to reduce exacerbations in the absence of any
antiinflammatory activity (30), whereas it has previously been
demonstrated that SFC has airway antiinflammatory effects (31,
32), which may contribute to its beneficial effect on health status
and exacerbations in COPD.

The difference in lung function between treatments was
modestly in favor of tiotropium-treated patients between Weeks
44 and 80. This transient difference was small and likely due to the

differential withdrawal rate and to an unequal FEV1 at random-
ization.

Despite similar exacerbation rates between treatment groups,
and although the trial was not powered to detect a difference in
mortality as it was not the primary outcome, a statistically
significant difference was seen in favor of SFC. The difference
was present when all known deaths were considered or if
mortality was restricted to death on treatment (including 2-wk
post-treatment cessation). Mortality data was not collected after
patients withdrew from therapy as in the TORCH (Toward
a Revolution in COPD Health) study (16). Because there were
no differences in comorbid illnesses at baseline, the difference
in the all-cause mortality cannot be the result of such an
imbalance. The difference between groups in the reporting of
fatal events was largest in those associated with cardiovascular
causes. There are several possible explanations for this differ-
ence. It could be that tiotropium increases mortality, although
this cannot be determined from our data in the absence of
a placebo arm. A recent meta-analysis involving 8,002 patients
reported that tiotropium was shown to have no influence on all-
cause mortality when compared with placebo (33). Therefore,
there is no evidence to support an increase in mortality with
tiotropium. Alternatively, it could be that SFC improves
survival. This has recently been suggested by the TORCH study
in which a 17.5% reduction in all-cause mortality (although not
statistically significant; P 5 0.052) was observed in patients
treated with SFC (16). The presumed reduction in mortality

TABLE 4. SUMMARY OF SAFETY RESULTS

Variable

SFC 50/500

(n 5 658)

Tiotropium

(n 5 665)

All-cause mortality

Deaths, n (%) 21 (3) 38 (6)

During treatment 18 (3) 34 (5)

Events (grouped by body system) associated with death*, n (%)

Cardiac disorders 9 (1) 19 (3)

Respiratory, thoracic and mediastinal disorders 5 (,1) 6 (,1)

Neoplasms benign, malignant and unspecified 2 (,1) 7 (1)

General disorders and administration site conditions 5 (,1) 2 (,1)

Infections and infestations 4 (,1) 0

Nervous system disorders 1 (,1) 2 (,1)

Vascular disorders 2 (,1) 0

Gastrointestinal disorders 0 1 (,1)

Hepatobiliary disorders 1 (,1) 0

Top 5 most commonly reported AEs that began during treatment, n (%)

All events 435 (66) 414 (62)

COPD 122 (19) 104 (16)

Nasopharyngitis 115 (17) 98 (15)

Pneumonia† 50 (8) 24 (4)

Headache 48 (7) 60 (9)

Pharyngolaryngeal pain 34 (5) 26 (4)

Other AEs of interest, n (%)

Bone disorders 17 (3) 12 (2)

Eye disorders 2 (, 1) 3 (, 1)

Candidiasis‡ 40 (6) 20 (3)

Contusions 8 (1) 2 (, 1)

Top 5 most commonly reported SAEs (grouped by body system) that began

during treatment, n (%)

All events 199 (30) 162 (24)

Respiratory, thoracic and mediastinal disorders 111 (17) 87 (13)

Infections and infestations 63 (10) 28 (4)

Cardiac disorders 23 (3) 34 (5)

Neoplasms benign, malignant, and unspecified 18 (3) 15 (2)

Gastrointestinal disorders 10 (2) 14 (2)

Definition of abbreviations: AE 5 adverse event; COPD 5 chronic obstructive pulmonary disease; SAE 5 serious adverse event;

SFC 5 salmeterol/fluticasone propionate combination.

* Deaths can be associated with more than one adverse event.
† Includes events of pneumonia, lobar pneumonia, and bronchopneumonia.
‡ Includes events of candidiasis, oral candidiasis, and oropharyngeal candidiasis.
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seen in INSPIRE supports that seen in TORCH but further studies
powered on mortality will be required to confirm this finding.

We observed more episodes of reported pneumonia in the
SFC-treated patients. The TORCH trial also reported more

pneumonia in patients receiving inhaled steroids (16). In both

TORCH and INSPIRE, the increased incidence of pneumonia

was not reflected by an overall worsening in health status or

mortality in the SFC-treated group. The exact nature of these

episodes and why they should occur is being evaluated further

and remains to be determined.
Our study raises several important questions: Why is there

a difference in the nature of the exacerbations between the two
treatments? What is the biological basis of the differential effect
on exacerbations and is it related to the difference in mortality
between the two treatments? Finally, there may be potential
advantages from combining SFC and tiotropium and this should
be formally tested in adequately powered trials against other
active comparators. A recently reported study has compared the
effects of tiotropium combined with SFC with tiotropium alone
and tiotropium and salmeterol combined and found no benefit of
the tiotropium–SFC combination on the percentage of patients
who experienced an exacerbation compared with the other
therapies (34). However, the statistical power to identify differ-
ences in treatment was limited, in part by the differential
withdrawal from the non–steroid treatment limb as we saw in
INSPIRE. Despite powering issues, the authors reported im-
provement in lung function, health status, and hospitalization
rates of patients randomized to the SFC and tiotropium arm.
Further studies are needed to address the effect of pharmacologic
therapy combination on exacerbation rates and other outcomes.

In summary, this is the first study to directly compare an ICS/
LABA combination (SFC) and a long-acting anticholinergic
(tiotropium) in severe COPD. Both treatments had a similar
impact on COPD exacerbation rate, but the ICS/LABA com-
bination reduced the perceived need for systemic corticoste-
roids and improved health status compared with anticholinergic
therapy. Antibiotics were prescribed more frequently and
clinician-diagnosed pneumonia was more common in the ICS/
LABA group compared with anticholinergic therapy. INSPIRE
is also the first study to show a statistically significant difference
in the relative risk of all-cause mortality between two estab-
lished treatments for COPD, SFC and tiotropium.

Treatment with SFC and tiotropium achieved similar exac-
erbation rates with different mechanisms (as evidenced by the
difference in use of oral corticosteroids and antibiotics to treat
HCU exacerbations), and this resulted in different outcomes.
We believe that this has important implications for the choice of
therapy in the management of COPD.
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