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ABSTRACT

BACKGROUND
Long-acting beta-agonists and inhaled corticosteroids are used to treat chronic
obstructive pulmonary disease (COPD), but their effect on survival is unknown.

METHODS

We conducted a randomized, double-blind trial comparing salmeterol at a dose of
50 ug plus fluticasone propionate at a dose of 500 ug twice daily (combination regi-
men), administered with a single inhaler, with placebo, salmeterol alone, or fluticasone
propionate alone for a period of 3 years. The primary outcome was death from any
cause for the comparison between the combination regimen and placebo; the fre-
quency of exacerbations, health status, and spirometric values were also assessed.

RESULTS

Of 6112 patients in the efficacy population, 875 died within 3 years after the start
of the study treatment. All-cause mortality rates were 12.6% in the combination-
therapy group, 15.2% in the placebo group, 13.5% in the salmeterol group, and
16.0% in the fluticasone group. The hazard ratio for death in the combination-ther-
apy group, as compared with the placebo group, was 0.825 (95% confidence interval
[CI], 0.681 to 1.002; P=0.052, adjusted for the interim analyses), corresponding to
a difference of 2.6 percentage points or a reduction in the risk of death of 17.5%.
The mortality rate for salmeterol alone or fluticasone propionate alone did not dif-
fer significantly from that for placebo. As compared with placebo, the combination
regimen reduced the annual rate of exacerbations from 1.13 to 0.85 and improved
health status and spirometric values (P<0.001 for all comparisons with placebo).
There was no difference in the incidence of ocular or bone side effects. The prob-
ability of having pneumonia reported as an adverse event was higher among pa-
tients receiving medications containing fluticasone propionate (19.6% in the com-
bination-therapy group and 18.3% in the fluticasone group) than in the placebo
group (12.3%, P<0.001 for comparisons between these treatments and placebo).

CONCLUSIONS
The reduction in death from all causes among patients with COPD in the combination-
therapy group did not reach the predetermined level of statistical significance. There
were significant benefits in all other outcomes among these patients. (ClinicalTrials.gov
number, NCT00268216.)
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HRONIC OBSTRUCTIVE PULMONARY DIS-

ease (COPD) is a major cause of illness,

death, and the use of health care resources
globally.* The disease causes approximately 2.75
million deaths annually, and the number is pro-
jected to increase.? Treatment for COPD is focused
on minimizing risk factors, improving symptoms,
and preventing exacerbations.®> With the exception
of smoking-cessation programs for patients with
early disease,* home oxygen treatment for persis-
tent hypoxemia,>° and lung-reduction surgery for
selected patients with emphysema,” no treatment
has been shown to reduce mortality.

Pulmonary inflammation is prominent in
COPD.? Antiinflammatory drugs such as inhaled
corticosteroids have little or no effect on the rate
of decline of lung function®® but may reduce the
frequency of exacerbations,® especially when com-
bined with an inhaled long-acting beta-agonist.*
Retrospective analyses suggest that inhaled corti-
costeroids reduce the mortality rate among pa-
tients with COPD*2 and that adding a long-acting
beta-agonist might increase this effect.’*> We hy-
pothesized that the combination of the long-act-
ing beta-agonist salmeterol and the inhaled corti-
costeroid fluticasone propionate would reduce
mortality among patients with COPD, as com-
pared with usual care. To test this hypothesis, we
undertook the Towards a Revolution in COPD
Health (TORCH) trial, a double-blind, placebo-
controlled, randomized, parallel-group study com-
paring salmeterol plus fluticasone propionate
(the combination regimen) with each of the com-
ponents alone and with placebo over a 3-year
period.

METHODS

Details of the study design and the analysis plan
were published previously.’* The complete study
protocol is in Supplementary Appendix 1, available
with the full text of this article at www.nejm.org.

PATIENTS

We recruited patients who were current or former
smokers with at least a 10-pack-year history. Eli-
gible patients were 40 to 80 years of age and had
received a diagnosis of COPD, with a prebroncho-
dilator forced expiratory volume in 1 second (FEV,)
of less than 60% of the predicted value,*> an in-
crease of FEV, with the use of 400 ug of albuterol
of less than 10% of the predicted value for that

patient, and a ratio of prebronchodilator FEV, to
forced vital capacity (FVC) equal to or less than
0.70. For the exclusion criteria, see Table 1 in Sup-
plementary Appendix 2. All patients gave written
informed consent. The study was approved by lo-
cal ethics review committees and was conducted
in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines.

STUDY DESIGN
This double-blind study was conducted at 444 cen-
ters in 42 countries; center and data auditing en-
sured the integrity of the data (see the study pro-
tocol in Supplementary Appendix 1). After a
2-week run-in period, eligible patients were ran-
domly assigned, in permuted blocks with stratifi-
cation according to country and smoking status,
to treatment with the combination of salmeterol
at a dose of 50 wg and fluticasone propionate at
adose of 500 wg (Advair Diskus, Seretide, Glaxo-
SmithKline) or salmeterol (Serevent, Glaxo-
SmithKline) alone at a dose of 50 ug, flutica-
sone propionate (Flovent Diskus, Flixotide,
GlaxoSmithKline) alone at a dose of 500 ug, or
placebo, all taken in the morning and the eve-
ning for 3 years. Study medications were ad-
ministered as a dry powder with the use of an
inhaler (Diskus, Accuhaler, GlaxoSmithKline).
Inhalers were collected every 12 weeks, and the
number of doses remaining in each inhaler was
recorded to check adherence to the study regimen.
Before the run-in period, all use of corticosteroids
and inhaled long-acting bronchodilators was
stopped, but patients could continue other medi-
cations for COPD.

After randomization, patients were seen every
12 weeks to confirm vital status, record any un-
scheduled visits to a health care provider, and note
the occurrence of any adverse events. Postbroncho-
dilator spirometry was performed and health
status was assessed every 24 weeks. An indepen-
dent safety and efficacy data monitoring commit-
tee performed safety reviews every 6 months, and
two interim efficacy analyses were performed,
the first after the first 358 deaths had occurred
and the second after a total of 680 deaths had
occurred.

OUTCOME MEASUREMENTS
Vital status was assessed until 3 years after treat-
ment had begun, regardless of whether the pa-
tients continued to take study medication. The
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primary end point was the time to death from
any cause by 3 years. An independent clinical end
point committee, whose members were unaware
of the treatment assignments, determined the
primary cause of death and whether death was
related to COPD. The committee used information
obtained from investigators, medical records, and
other data, as available.

Secondary end points were the frequency of
exacerbations, defined as a symptomatic deterio-
ration requiring treatment with antibiotic agents,
systemic corticosteroids, hospitalization, or a com-
bination of these, and health status, as assessed
according to scores on the St. George’s Respira-
tory Questionnaire.1® Scores are based on a scale
of 0 to 100, with lower scores indicating better
functioning; a change of 4 units is generally con-
sidered clinically relevant. The questionnaire was
administered in the 28 countries where a vali-
dated translation was available. Lung function
was assessed with the use of postbronchodilator
spirometry. For patients who withdrew from the
study prematurely, all data on exacerbations, health
status, and lung function available at the time of a
patient’s withdrawal from the study were included
in the analysis.

SAFETY EVALUATION
Adverse events and medications were reviewed at
each study visit. Additional information was col-
lected about any fractures, classified as either
traumatic or nontraumatic, with nontraumatic
fractures considered to be caused by falls from
less than standing height or falls occurring spon-
taneously. Dual-energy x-ray absorptiometry at the
hip and lumbar spine and slit-lamp examinations
were performed on patients’ entry into the study
and annually thereafter in a safety substudy con-
ducted in the United States and involving 658
patients.

STATISTICAL ANALYSIS
All reported data analyses were prespecified. As-
suming a 17% mortality rate in the placebo group
at 3 years,'” we estimated that 1510 patients would
be needed for each study group to detect a reduc-
tion in mortality of 4.3 percentage points in the
combination-therapy group, as compared with the
placebo group (hazard ratio for death, 0.728), at a
two-sided alpha level of 0.05 with 90% power.
Two interim analyses of death from any cause
were planned to assess whether there was over-

whelming evidence of a benefit from the combi-
nation regimen, as compared with placebo, or of
harm in any study group; these analyses were
performed by the independent safety and efficacy
data monitoring committee according to the meth-
od of Whitehead.'® As a consequence, the P value
for the primary comparison between the combi-
nation regimen and placebo was adjusted upward
to conserve an overall significance level of 0.050.

The difference in times to death from any
cause between the combination-therapy group
and the placebo group was analyzed with the use
of the log-rank test (with stratification according
to smoking status) and expressed as a hazard
ratio. We used a Cox proportional-hazards model
as a supportive secondary analysis.

The frequency of exacerbations was analyzed
with the use of a generalized linear model (as-
suming a negative binomial distribution, which
accounts for variability among patients in the
number and frequency of exacerbations), with the
number of exacerbations as the outcome and
the logarithm of time during which treatment was
received as an offset variable. Total scores on the
St. George’s Respiratory Questionnaire and post-
bronchodilator FEV, were analyzed as changes
from baseline values with the use of repeated-
measures analysis of covariance (ANCOVA). Esti-
mated differences between treatments at each
visit were averaged with equal weights to deter-
mine the overall treatment effect during the 3-year
study period. All efficacy analyses were per-
formed according to the intention-to-treat princi-
ple. Comparisons other than those between the
combination regimen and placebo and between
the combination regimen and salmeterol alone
were exploratory.

Times to the first fracture, eye disorder, and
pneumonia were compared among the study
groups in the safety population with the use of
Kaplan—Meier estimates and the log-rank test,
with stratification according to smoking status.
In the safety substudy, bone mineral density for
the total hip and lumbar spine was analyzed by
repeated measures of ANCOVA, and the develop-
ment of cataracts was analyzed with the use of
logistic regression. (For details of the statistical
analysis, see Supplementary Appendixes 1 and 2.)

The steering committee, made up of six aca-
demic investigators and two employees of the
sponsor, developed the design and concept of the
study, approved the statistical plan, had full access
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8554 Patients were recruited

2370 (27.7%) Patients withdrew during run-in period
266 Adverse event unrelated to the study
355 Consent withdrawn
33 Incomplete data
5 Lack of efficacy of a nonstudy drug
1638 Entry criteria not met
73 Other reasons

6184 Underwent randomization

1546 Were assigned to
combination-
therapy group

1546 Were assigned to
safety population

1551 Were assigned to
fluticasone group
1552 Were assigned to
safety population

1542 Were assigned to
salmeterol group
1542 Were assigned to
safety population

1545 Were assigned to
placebo group

1544 Were assigned to
safety population

| 21 (1.4%) Excluded | 21 (1.4%) Excluded | 17 (1.1%) Excluded —| 13 (0.8%) Excluded

1533 Received salmeterol
plus fluticasone
propionate,

50 pg/500 pg twice daily

1534 Received fluticasone
propionate,
500 pg twice daily

1521 Received salmeterol,

1524 Received placebo 50 g twice daily

673 (44.2%) Withdrew 561 (36.9%) Withdrew 587 (38.3%) Withdrew 522 (34.1%) Withdrew

366 Adverse event
136 Consent withdrawn
21 Loss to follow-up

103 Lack of efficacy

> 4 Entry criteria not
met

19 Noncompliance
with regimen

24 Other reasons

303 Adverse event
133 Consent withdrawn
15 Loss to follow-up
63 Lack of efficacy
2 Entry criteria not
met
19 Noncompliance
with regimen
26 Other reasons

360 Adverse event

118 Consent withdrawn
24 Loss to follow-up
45 Lack of efficacy

— 4 Entry criteria not

met
16 Noncompliance
with regimen
20 Other reasons

289 Adverse event
119 Consent withdrawn
29 Loss to follow-up
33 Lack of efficacy
3 Entry criteria not
met
20 Noncompliance
with regimen
29 Other reasons

851 Completed the study

960 Completed the study

947 Completed the study

1011 Completed the study

Figure 1. Enrollment of Patients and Completion of the Study.
Adverse events included death during the study period but may not have included deaths occurring after patients withdrew from the
study. The number of patients who underwent randomization and the number of those included in the safety population differ in the
placebo group and the fluticasone group, because one patient who was assigned to placebo received fluticasone propionate for more
than half the study period; this patient was therefore included in the safety population of the fluticasone group and in the efficacy popu-
lation of the placebo group. In each study group, patients were excluded from the efficacy analysis because during routine site visits and
data audits, data from centers at which there were unacceptable research practices were excluded (see Supplementary Appendix 2). Vital
status for patients included in the efficacy analysis was established at the end of the study, except for one patient in the combination-

therapy group whose data were censored at the last point at which he was known to be alive (day 792).
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Table 1. Demographic and Baseline Clinical Characteristics of Patients in the Efficacy Population.*

Variable (N=1524)
Age at enrollment — yr 65.0+8.2
Male sex — no. (%) 1163 (76)
Body-mass indexy 25.4+5.2
Geographic region — no. (%)
United States 345 (23)
Asia—Pacific 188 (12)
Eastern Europe 290 (19)
Western Europe 476 (31)
Other 225 (15)
Current smoker — no. (%) 658 (43)
Pack-years — no. 48.6+26.9
Previous treatment — no. (%)
Inhaled corticosteroid 338 (22)
Long-acting beta-agonist 118 (8)
Inhaled corticosteroid plus long-acting 449 (29)
beta-agonist
Exacerbation — no.i.
Requiring antibiotics or oral corticosteroids 1.0£1.4
Requiring hospitalization 0.2+0.7
Lung function§
Prebronchodilator FEV, — liters 1.12+0.40
Postbronchodilator FEV, — liters 1.22+0.42
FEV, — % of predicted 44.1+12.3

Reversibility — % of predicted FEV,§ 3.7+3.7
Prebronchodilator FEV,:FVC (%) 48.6+10.9

Total score at baseline on St. George's 49.0+17.4

Respiratory Questionnaire|

Placebo Group  Salmeterol Group Fluticasone Group Therapy Group

Combination-

(N=1521) (N=1534) (N=1533)
65.1+8.2 65.08.4 65.0+8.3
1160 (76) 1157 (75) 1151 (75)
25.4+5.2 25.425.1 25.4+5.3
346 (23) 348 (23) 349 (23)
189 (12) 193 (13) 188 (12)
289 (19) 287 (19) 288 (19)
475 (31) 481 (31) 476 (31)
222 (15) 225 (15) 232 (15)
651 (43) 661 (43) 660 (43)
4934277 49.2+28.6 47.0+26.5
273 (18) 306 (20) 292 (19)
137 (9) 130 (8) 137 (9)
413 (27) 414 (27) 435 (28)
1.0+1.4 1.0+1.4 1.0£13
0.2+0.6 0.2+0.6 0.2+0.6
1.10+0.39 1.12+0.39 1.120.40
1.21:0.41 1.22+0.41 1.22+0.42
43.6+12.6 4412123 443+123
3.743.9 3.743.7 3.6+3.6
48.7+10.8 48.5+10.7 48.7+10.8
49.9:16.6 49.5+17.1 48.9:17.4

* Plus—minus values are means +SD.

7 The body-mass index is the weight in kilograms divided by the square of the height in meters.
i Exacerbations during the 12 months before screening were self-reported.
§ Clinical data are from visit 1 (the screening visit). FEV, denotes forced expiratory volume in 1 second, and FVC forced

vital capacity.

Reversibility denotes the change in the FEV, after the administration of 400 pg of albuterol to less than 10% of the pre-
Y g Mg p

dicted value for the patient.

| Scores on the St. George’s Respiratory Questionnaire are based on a scale of 0 to 100, with lower scores indicating bet-
ter functioning; a change of 4 units is considered clinically relevant. Data are given for the centers at which the ques-

tionnaire was administered.

to and interpreted the data, wrote the manuscript,
and was responsible for the decision to publish
the manuscript. An academic author wrote a draft
of the manuscript; an employee of the sponsor
performed the statistical analysis. The academic
authors vouch for the veracity and completeness
of the data and the data analysis. The sponsor did
not place any restrictions on the academic au-

thors regarding statements made in the final
manuscript.

RESULTS

STUDY POPULATION
Of 8554 patients recruited, 6184 underwent ran-
domization (Fig. 1). Of these, 72 patients at five
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sites were excluded from the efficacy analysis be-
cause these sites failed to meet the standards of
the study for Good Clinical Practice and ethical
practices and were closed before the study ended
(see Supplementary Appendix 2). These 72 pa-
tients were included in the safety analysis, and
a total of 6112 patients were included in the effi-
cacy population.

Demographic and baseline clinical charac-
teristics of the efficacy population are shown in
Table 1. The mean age was 65 years, and the
mean value of postbronchodilator FEV, was 44%
of the predicted value. During the year before en-
try into the study, more than half the patients had
used inhaled corticosteroids, a long-acting beta-
agonist, or both, and 57% of the patients had
reported an exacerbation. The proportion of pa-
tients who withdrew from the study was signifi-
cantly higher in the placebo group (44%) than in
the three other groups, and the proportion was
lowest in the combination-therapy group (34%)
(Fig. 2A). The total number of years of exposure
to the study drugs was 3678 in the combination-
therapy group, 3238 in the placebo group, 3499
in the salmeterol group, and 3532 in the flutica-
sone group. The rate of adherence to treatment
was similar in all groups, ranging from 88% to
89% of the prescribed doses taken.

MORTALITY
Vital status was known at 3 years for 6111 of the
6112 patients included in the efficacy population.
There were 875 deaths within 3 years after ran-
domization. The proportions of deaths from any
cause at 3 years were 12.6% in the combination-
therapy group, 15.2% in the placebo group, 13.5%
in the salmeterol group, and 16.0% in the flutica-
sone group. The absolute risk reduction for death
in the combination-therapy group as compared
with the placebo group was 2.6%, and the hazard
ratio was 0.825 (95% confidence interval [CI],
0.681 to 1.002; P=0.052), corresponding to a reduc-
tion in the risk of death at any time in the 3 years
of 17.5% (95% CI, —0.2 to 31.9) (all adjusted for
the interim analyses) (Fig. 2B and Table 2).
Prespecified secondary analyses for mortality
were also performed: Cox proportional-hazards
testing yielded a hazard ratio of 0.811 (95% CI,
0.670 to 0.982; P=0.03) (Table 2); log-rank test-
ing, stratified according to smoking status and
country of residence, yielded a hazard ratio of
0.815 (95% CI, 0.673 to 0.987; P=0.04) (see Table 2

Figure 2 (facing page). Outcomes.

In the combination regimen, salmeterol was adminis-
tered at a dose of 50 pg and fluticasone propionate at
a dose of 500 pg twice daily. Salmeterol alone was ad-
ministered at a dose of 50 g twice daily, and flutica-
sone propionate alone was administered at a dose of
500 pg twice daily. Cumulative incidences of discontinu-
ation of a study drug at 3 years were 43.5% in the place-
bo group, 36.4% in the salmeterol group, 38.1% in the
fluticasone group, and 33.7% in the group receiving
the combination of salmeterol plus fluticasone propio-
nate (Panel A). Intergroup comparisons yielded the fol-
lowing hazard ratios for the discontinuation of a study
medication: 0.69 (95% Cl, 0.62 to 0.78, P<0.001) for
the combination-therapy group versus the placebo
group; 0.89 (95% Cl, 0.79 to 0.999; P<0.05) for the
combination-therapy group versus the salmeterol
group; 0.86 (95% Cl, 0.76 to 0.96; P=0.010) for the
combination-therapy group versus the fluticasone
group; 0.78 (95% Cl, 0.70 to 0.86; P<0.001) for the sal-
meterol group versus the placebo group; and 0.81
(95% Cl, 0.72 to 0.90; P<0.001) for the fluticasone
group versus the placebo group. Patients discontinu-
ing a study medication were included in the mortality
analysis at 3 years but could receive any treatment. In
the analysis for the primary end point of the probability
of death from any cause at 3 years, the risk of death in
the placebo group was 15.2%, as compared with 12.6%
in the combination-therapy group. Salmeterol and flu-
ticasone propionate in combination reduced the risk of
death at any time during the 3-year study period by
17.5% (P=0.052) (Panel B). The probability of COPD-
related death at 3 years was 6.0% in the placebo
group, 6.1% in the salmeterol group, 6.9% in the flu-
ticasone group, and 4.7% in the combination-therapy
group (Panel C). The effect of each study medication
on health status (assessed according to changes in
patients’ total scores on the St. George’s Respiratory
Questionnaire) and FEV, during the 3-year study peri-
od are shown in Panels D and E, respectively. Values in
the tables below the graphs represent the numbers of
patients alive (Panel B), the numbers of of patients
alive or dead from non—COPD-related causes (Panel C),
or the number of patients remaining in the study (Panels
A, D, and E). I bars represent standard errors (at ap-
proximately 1, 2, and 3 years in Panels A, B, and C).
HR denotes hazard ratio.

in Supplementary Appendix 2). There was no
interaction between treatment and age, sex, region
of country, baseline FEV, categorized by disease
stage according to the Global Initiative for Chron-
ic Obstructive Lung Disease, body-mass index, or
smoking status. Adjusting for exposure to smok-
ing (pack-years) did not affect the results.

The risk of death in the salmeterol group and
in the fluticasone group did not differ signifi-
cantly from that in the placebo group (Table 2).
The risk was similar among patients who died
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while receiving a study medication (data not
shown) and those who died from COPD-related
causes (Fig. 2C). The risk of death in the combi-
nation-therapy group did not differ significantly
from that in the salmeterol group, but patients
receiving the combination regimen were less
likely to die than those receiving fluticasone
propionate (hazard ratio for death, 0.774 [95% CI,
0.641 to 0.934]; P=0.007). Overall, 27% of the
deaths were adjudicated as due to cardiovascular
causes, 35% to pulmonary causes, and 21% to
cancer (for other causes of death, see Table 3 in
Supplementary Appendix 2).

EXACERBATIONS, HEALTH STATUS, AND LUNG
FUNCTION

According to our statistical models, the annual
rate of exacerbations was 0.85 (95% CI, 0.80 to
0.90) in the combination-therapy group and 1.13
(95% CI, 1.07 to 1.20) in the placebo group, result-
ing in a rate ratio for exacerbations of 0.75 (95%
CI, 0.69 to 0.81; P<0.001), which is a reduction of
25% and corresponds to a number needed to treat
of four to prevent one exacerbation in 1 year. An-
nual rates of exacerbations in the salmeterol group
and the fluticasone group were significantly lower
than in the placebo group (Table 2). Overall, 26%
of the patients were hospitalized at least once dur-
ing the 3-year study period. Annual admission
rates were 17% lower in the combination-therapy
and salmeterol groups than in the placebo group
(P<0.03) (Table 2), corresponding to a number
needed to treat of 32 to prevent one hospitaliza-
tion in 1 year.

Total scores on the St. George’s Respiratory
Questionnaire initially improved from baseline in
all groups, with the greatest changes occurring
in the combination-therapy group (mean score at
baseline, 48.7, with a mean reduction of 3.0 units
averaged over 3 years), as compared with the
placebo group (a mean score of 48.4 at baseline,
with an increase of 0.2 unit in the placebo group)
(Fig. 2D and Table 3). Similarly, for lung function,
the mean baseline FEV, in the combination-
therapy group was 1.2306 liters with an average
increase of 0.029 liter, whereas in the placebo
group, the mean baseline FEV, was 1.257 liters
and a decrease of 0.062 liter. Averaged over 3 years,
the health status (a reduction of 3.1 units in the
score for the St. George’s Respiratory Question-
naire) and spirometric measurements (an increase
in FEV, of 0.092 liter) in the combination-therapy

group were significantly better than in the groups
receiving placebo, salmeterol alone, or fluticasone
propionate alone (Fig. 2E and Table 3).

ADVERSE EVENTS AND SAFETY
Adverse events were reported by 90% of the pa-
tients in the study, and serious adverse events were
reported by 41% of the patients (Table 4). (For
mortality data for the safety population, see Fig. 1
and Table 4 in Supplementary Appendix 2.) The
most frequently reported adverse event was an
exacerbation of COPD. The probability of having
pneumonia reported as an adverse event during
the 3-year study period was significantly greater
among patients receiving a study medication con-
taining fluticasone propionate: the probability was
19.6% in the combination-therapy group, 12.3%
in the placebo group, 13.3% in the salmeterol
group, and 18.3% in the fluticasone group (P<0.001
for the comparison between both the combina-
tion-therapy and fluticasone groups and the pla-
cebo group). Among patients receiving study med-
ications, there were 8 deaths from pneumonia in
the combination-therapy group, 7 in the placebo
group, 9 in the salmeterol group, and 13 in the
fluticasone group. There was no significant dif-
ference in the probability of fractures among the
groups (6.3% in the combination-therapy group,
5.1% in the placebo group, 5.1% in the salmet-
erol group, and 5.4% in the fluticasone group).
There was no excess of cardiac disorders among
patients treated with the combination regimen or
salmeterol alone (reported event rates per study
year, 0.087 in the combination-therapy group,
0.113 in the placebo group, 0.114 in the salmet-
erol group, and 0.102 in the fluticasone group).
In the safety substudy, there were no significant
differences in bone mineral density or in the num-
bers of patients in whom cataracts developed be-
tween the groups receiving active study drugs
and the placebo group (Table 4).

DISCUSSION

In this trial, the reduction in mortality from any
cause in the combination-therapy group, as com-
pared with the placebo group, did not meet the
predetermined level of statistical significance. Dur-
ing the 3 years of the study, treatment with the
combination regimen resulted in significantly
fewer exacerbations and improved health status
and lung function, as compared with placebo.
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There are two possible reasons why the re-
duction in mortality in the combination-therapy
group, as compared with the placebo group, did
not achieve statistical significance. The first is
that there is no effect of salmeterol plus flutica-
sone propionate on survival. In this scenario, the
data would suggest that the observed symptom-
atic and functional improvement derives from
mechanisms other than those that prolong life.
It could be that mortality is influenced mainly by
factors that are currently unidentified and unre-
sponsive to therapy with salmeterol plus flutica-
sone propionate.

The second possible reason, which we believe
is the more likely one, is that salmeterol plus
fluticasone propionate does have an effect on
mortality but that our study was underpowered
to detect this effect. Our power calculations were
based on the Inhaled Steroids in Obstructive Lung
Disease in Europe (ISOLDE) study, and there were
fewer deaths in the placebo group than antici-
pated.**'” The TORCH study was designed to have
90% power to detect an effect of 4.3 percentage
points on overall mortality; in practice, we iden-
tified a reduction of 2.6 percentage points. In ad-
dition, there was a high withdrawal rate, which
was highest among patients in the placebo group,
who were free to receive active therapy subsequent-
ly. Furthermore, performing the second interim
analysis so close to the final analysis increased
the threshold required for significance. More stud-
ies are needed to determine whether either of
these explanations or another explanation ac-
counts for the primary finding.

Our data on the secondary outcomes are con-
sistent with and extend previous observations in
studies using combinations of inhaled cortico-
steroids and long-acting beta-agonists*-2! in show-
ing that the combination regimen reduced exacer-
bations significantly, as compared with placebo,
including those exacerbations requiring hospital-
ization. The combination regimen was also signif-
icantly better than each of its components alone
in preventing exacerbations, and these benefits
were accompanied by sustained improvements in
health status and FEV,; the values for both were
better at the end of the trial than at baseline.
Unlike previous studies in which reductions in
exacerbations and improvements in health status
have also been reported,>?! in our study there
was no requirement of exacerbations during the
year before entry into the trial. Furthermore, the

greater number of patients withdrawing from
the placebo group is likely to have resulted in an
underestimation of the effect of the combination
regimen on all the secondary outcomes. Neverthe-
less, the number needed to treat to prevent an ex-
acerbation in 1 year was 4, and the number needed
to treat to prevent a hospitalization was 32.

An important safety finding, identified because
the size of the study was sufficient to detect in-
frequent events, was the excess of patients who
received a diagnosis of pneumonia among those
receiving study medications containing flutica-
sone propionate. This finding had not been pre-
viously reported in studies involving the use of
inhaled corticosteroids by patients with COPD.
Since the finding was unexpected, there was no
prospective definition of pneumonia in the study
protocol (e.g., confirmation on chest radiogra-
phy). However, this finding was observed in the
different subgroups, which suggests that it may
be an important signal whose mechanism is cur-
rently unclear and requires further study. The
increase in pneumonia did not appear to repre-
sent an increase in the number of deaths. As de-
termined by the independent clinical end-point
committee, among deaths attributed to pneumo-
nia in patients in the safety population while they
were receiving a study medication, there was one
more death in the combination-therapy group
and six more in the fluticasone group than in the
placebo group.

The increase in oropharyngeal side effects
among patients receiving fluticasone propionate
or the combination regimen was expected, but
there was no evidence of excess cardiac events
among those receiving salmeterol alone or the
combination regimen. The total number of frac-
tures, including those associated with minimal
trauma or none, did not differ significantly among
the four groups. This finding was in keeping with
the absence of a significant difference among the
groups in bone mineral density among patients
in the U.S. substudy. The prevalence of cataracts
at baseline in all the study groups was high, but it
was not influenced by treatment during the course
of the study. However, exposure to the study
medications for 3 years may not be long enough
to detect differences in the occurrence of frac-
tures and eye disorders.

The TORCH study recruited patients with COPD
from around the world, and we think that our
findings can therefore be generalized. The par-
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Table 4. Adverse Events among 6184 Patients in the Safety Population and 658 Patients in the Substudy of Bone Mineral
Density.
Placebo  Salmeterol Fluticasone Combination-
Group Group Group  Therapy Group
Adverse Event (N=1544) (N=1542) (N=1552)  (N=1546)
Reported during treatment — % of patients
Any event 90 90 90 89
Serious event 41 40 42 43
Drug-related event 13 12 19 18
Event resulting in withdrawal or discontinuation of study 24 20 23 18
medication
Total exposure to study medication — yr 3278 3531 3555 3700
Most commonly reported event during treatment — rate per yr
COPD exacerbation 0.92 0.76 0.78 0.67
Upper respiratory tract infection 0.10 0.08 0.09 0.11
Nasopharyngitis 0.09 0.09 0.10 0.10
Pneumonia 0.04 0.04 0.07 0.07
Bronchitis 0.05 0.05 0.05 0.05
Headache 0.08 0.06 0.06 0.05
Back pain 0.04 0.04 0.04 0.04
Sinusitis 0.03 0.03 0.04 0.04
Cough 0.03 0.03 0.04 0.03
Hypertension 0.03 0.03 0.03 0.02
Additional events associated with the use of corticosteroids —
rate per yr
Candidiasis 0.02 0.02 0.09 0.07
Dysphonia 0.004 0.005 0.017 0.028
Of specific interest during treatment — % of patients*
Pneumonia 12.3 13.3 18.37 19.61%
Fractures
Total 5.1 5.1 5.4 6.3
Nontraumatic 1.8 2.5 1.7 1.7
Eye disorders 3.6 43 4.1 5.2
Safety substudy
Cataracts§
None at baseline — no. of patients/total no. 47/164 41/166 47/163 52/165
Developed during treatment — no. of patients/total no. (%) 10/47 (21)  6/41 (15)  8/47 (17) 14/52 (27)
Bone mineral density9|
Hip — no. of patients/total no. 52/164 78/166 65/163 82/165
Change from baseline — %| -3.1 -1.7 -2.9 -3.2
Lumbar spine — no. of patients/total no. 50/164 76/166 63/163 81/165
Change from baseline — %| 0 1.5 -0.3 -0.3

* Probability was calculated by the Kaplan—Meier method.

T P<0.001 for the comparison between the fluticasone group and the placebo group.

1 P<0.001 for the comparisons between the group receiving salmeterol plus fluticasone propionate and the placebo
group and between the combination-therapy group and the salmeterol group.

§ Patients who had cataracts at baseline were not included in the subsequent analysis.

§ Patients included in the analysis were those for whom measurements of bone mineral density at baseline and at 158
weeks were available.

| The percentage of change was calculated as [(ratio of bone mineral density at week 158 to the value at baseline) 1]
multiplied by 100.
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ticular strengths of the study are the virtually
complete survival data to 3 years and the inde-
pendent adjudication of causes of death, which
eliminated between-country variation in death
certification. Although the TORCH study is a large
COPD trial, as compared with studies of mortal-
ity associated with other major chronic illnesses
such as cardiovascular disease,?2* its size is mod-
est. The results of our mortality analysis should
be viewed in this context. The potential for a
reduction in the risk of death of 2.6 percentage
points among patients treated with salmeterol
plus fluticasone propionate, as compared with
placebo, and the 17.5% reduction in the risk of
death that was identified in the study clearly
merit further investigation in future large, pro-
spective trials. Until such trials are completed,
our data support the use of salmeterol plus fluti-
casone propionate in the clinical management
of COPD.
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APPENDIX

For a complete list of investigators of the Towards a Revolution in COPD Health (TORCH) study, see Supplementary Appendix 2.
Committee members were as follows: Steering Committee: P.M.A. Calverley (chair), Liverpool, United Kingdom; J.A. Anderson, Green-
ford, United Kingdom; B. Celli, Boston; G.T. Ferguson, Livonia, MI; C. Jenkins, Sydney; P.W. Jones, London; K. Knobil, J.C. Yates,
Research Triangle Park, NC; J. Vestbo, Manchester, United Kingdom. Safety and Efficacy Data Monitoring Committee: R. Cherniack,
Denver; T. Similowski, Paris; J. Cleland, Hull, United Kingdom; A. Whitehead, Reading, United Kingdom. Clinical End Point Committee:
R. Wise, Baltimore; L. McGarvey, Belfast, Northern Ireland; M. John, Berlin.
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