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Summary
Salmeterol/fluticasone propionate (Seretide®, Advair®, Viani®) administeredAbstract
using a multidose dry powder inhaler (Diskus®, Accuhaler®) is approved for use
in the treatment of chronic obstructive pulmonary disease (COPD) in numerous
countries.

Salmeterol/fluticasone propionate administered twice daily via dry powder
inhaler is effective and generally well tolerated in patients with COPD. Although
not associated with a statistically significant reduction in mortality versus placebo
in the TORCH study (p = 0.052), salmeterol/fluticasone propionate reduced the
rate of decline in lung function over the 3 years of the trial and was associated with
lower exacerbation rates than the component monotherapies or placebo; other
trials revealed clinically significant improvements in health status and dyspnoea
scores with salmeterol/fluticasone propionate. Results of the INSPIRE trial sug-
gest that salmeterol/fluticasone propionate is associated with a significantly lower
mortality rate than tiotropium bromide monotherapy in patients with COPD; the
two treatments had similar effects in terms of exacerbation rates and lung
function. Thus, salmeterol/fluticasone propionate is an important option in the
treatment of patients with COPD who are appropriate candidates for combination
therapy with a long-acting bronchodilator and an inhaled corticosteroid.

Salmeterol is a highly selective β2-adrenoceptor agonist with, among otherPharmacological
effects, long-acting bronchodilator activity, and fluticasone propionate is a corti-Properties
costeroid with anti-inflammatory activity. Together, they appear to have additive,
or even synergistic, effects. In patients with COPD, salmeterol/fluticasone pro-
pionate demonstrated beneficial effects on airway inflammation; fluticasone
propionate alone may also have a beneficial effect on systemic inflammation in
this patient group. The systemic effects of salmeterol/fluticasone propionate are
similar to those of the individual agents, with no evidence of systemic pharmaco-
dynamic interaction.

The pharmacokinetics of the salmeterol/fluticasone propionate combination
product are similar to those of its individual components. Both salmeterol and
fluticasone propionate are lipophilic and act locally in the lung, so plasma
concentrations are not predictive of therapeutic effect. Hepatic clearance is
predominantly responsible for the clearance of both salmeterol and fluticasone
propionate, meaning that patients with hepatic disease who receive salmeterol/
fluticasone propionate should be closely monitored and caution is recommended
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when salmeterol/fluticasone propionate is co-administered with potent cyto-
chrome P450 3A4 inhibitors.

A number of well designed trials have compared the efficacy of salmeterol/Therapeutic Efficacy
fluticasone propionate 50µg/250µg or 50µg/500µg administered twice daily via
dry powder inhaler with that of various comparators in patients with COPD.

Several randomised, double-blind, multicentre studies of 24 weeks to 3 years’
duration have compared twice-daily salmeterol/fluticasone propionate 50µg/
250µg or 50µg/500µg with the component monotherapies and/or placebo in
patients with COPD. Results of the 3-year TORCH study did not reveal a
statistically significant difference in mortality between salmeterol/fluticasone
propionate and either placebo or salmeterol alone, although there was a signifi-
cantly lower probability of death with salmeterol/fluticasone propionate than with
fluticasone propionate alone. In two studies comparing salmeterol/fluticasone
propionate with the component monotherapies, including the TORCH study,
significantly fewer moderate to severe exacerbations occurred with salmeterol/
fluticasone propionate than with the component monotherapies. The results of the
3-year TORCH study suggest that long-term therapy with salmeterol/fluticasone
propionate in COPD reduced the rate of decline in lung function. In all studies,
lung function improved to a significantly greater extent with salmeterol/fluti-
casone propionate than with component monotherapies or placebo. In addition,
some trials revealed clinically significant improvements in health status and
dyspnoea scores with salmeterol/fluticasone propionate.

Twice-daily salmeterol/fluticasone propionate 50µg/500µg had a similar effect
to once-daily tiotropium bromide 18µg in terms of healthcare utilisation and
symptom-based exacerbation rates and lung function in patients with severe
COPD, according to the results of the 2-year, randomised, double-blind, multicen-
tre INSPIRE trial. However, the relative probability of all-cause mortality was
significantly lower with salmeterol/fluticasone propionate than with tiotropium
bromide.

Twice-daily salmeterol/fluticasone propionate 50µg/250µg was more effective
than four-times-daily salbutamol/ipratropium bromide 206µg/36µg, administered
via metered-dose inhaler, in the treatment of COPD, according to the results of
two randomised, double-blind, multicentre, 8-week studies. The change from
baseline in morning predose forced expiratory volume in 1 second (FEV1)
significantly favoured patients receiving salmeterol/fluticasone propionate in both
studies, as did the 6-hour area under the FEV1 curve, morning peak expiratory
flow (PEF), the percentage of symptom-free nights, the transitional dyspnoea
index focal score and the overall combined daytime symptom score.

There was no significant difference between patients receiving salmeterol/
fluticasone propionate 50µg/500µg twice daily or fluticasone propionate 500µg
plus oral sustained-release theophylline, both administered twice daily, in the
change from baseline in FEV1 after 4 months of treatment in a randomised
nonblind study in patients with COPD. However, the reductions from baseline in
the visual analogue scale score for dyspnoea and rescue medication use signifi-
cantly favoured salmeterol/fluticasone propionate.

Administering twice-daily salmeterol/fluticasone propionate 50µg/500µg in
combination with once-daily tiotropium bromide 18µg did not confer additional
benefit to patients with COPD in terms of exacerbation rates (vs once-daily
tiotropium bromide 18µg alone), although some benefits were seen in terms of
hospitalisation rates (vs once-daily tiotropium bromide 18µg alone), lung function
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(vs twice-daily salmeterol/fluticasone propionate 50µg/500µg alone or once-daily
tiotropium bromide 18µg alone) and health status (vs once-daily tiotropium
bromide 18µg alone), according to the results of three randomised, double-blind
trials.

Withdrawing fluticasone propionate resulted in a significant, albeit small,
decline in FEV1 in patients with COPD who had been receiving salmeterol/
fluticasone propionate 50µg/500µg twice daily for 3 months according to the
results of a randomised, double-blind, multicentre trial. Moreover, significantly
greater reductions from baseline in FEV1 : forced vital capacity and PEF were
seen with salmeterol alone versus salmeterol/fluticasone propionate, although
results were mixed in terms of other endpoints.
In general, adverse events occurring with salmeterol/fluticasone propionate wereTolerability
those that would be expected with the component drugs. In the TORCH study, the
most commonly occurring adverse events in salmeterol/fluticasone propionate
recipients included COPD exacerbation, upper respiratory tract infection, naso-
pharyngitis, pneumonia, candidiasis, bronchitis, headache, back pain, sinusitis,
cough and hypertension.

In the TORCH and INSPIRE studies, there were no significant between-group
differences in fracture incidence. An additional safety analysis conducted in a
subgroup of patients from the TORCH trial revealed that there were no significant
between-group differences in the change from baseline in bone mineral density of
the hip or lumbar spine. In the TORCH study, there was no significant difference
between patients receiving salmeterol/fluticasone propionate, salmeterol alone,
fluticasone propionate alone or placebo in the incidence of eye disorders, includ-
ing the development of cataracts. The incidence of pneumonia was significantly
higher with salmeterol/fluticasone propionate or fluticasone propionate alone than
with placebo in the TORCH study, and with salmeterol/fluticasone propionate
than with tiotropium bromide in the INSPIRE study.
Salmeterol/fluticasone propionate was a cost-effective option in the treatment ofPharmacoeconomic
COPD, according to the results of a pharmacoeconomic analysis conducted inConsiderations
conjunction with the TORCH study; the analysis was conducted from the perspec-
tive of the UK National Health Service. The incremental cost-effectiveness ratio
(ICER) for salmeterol/fluticasone propionate versus placebo was £17 000 (95%
CI 8100, 41 700) per quality-adjusted life-year (QALY) gained (year of costing
not stated). Results of a modelling study conducted from the perspective of the
Canadian Ministry of Health also found salmeterol/fluticasone propionate to be a
potentially cost-effective option in the treatment of patients with poorly reversible
COPD and frequent exacerbations. The ICER for salmeterol/fluticasone propion-
ate versus placebo was $Can74 887 per QALY gained (2002 values).

1. Introduction The Global Initiative for Chronic Obstructive
Lung Disease (GOLD) defines COPD as a diseaseChronic obstructive pulmonary disease (COPD)
characterised by airflow limitation that is not fullyposes a significant global health problem,[1] with
reversible, that is usually progressive and that is≈2.7 million deaths attributed to COPD in 2000.[2]

associated with an abnormal inflammatory responseSmoking is the most common cause of COPD in
of the lung to noxious particles or gases.[3] COPDdeveloped countries, although there are various oth-
involves both small airway disease (obstructiveer risk factors such as air pollution and occupational

exposure.[1] bronchiolitis) and destruction of the parenchyma
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(emphysema); the relative contribution of these two almost no affinity for β1-adrenoceptors or α-adre-
components varies between patients.[3] Mucociliary noceptors.[18] Salmeterol is at least 50 times more
dysfunction is also a feature of COPD.[4,5] selective for β2-adrenoceptors than salbutamol (al-

buterol).[17] Binding of salmeterol to the β2-adre-Although they share some similarities (e.g. air-
noceptor results in activation of intracellular adenylflow limitation and airway inflammation) and can
cyclase, which catalyses the conversion of adeno-sometimes be difficult to differentiate, COPD and
sine triphosphate to cyclic adenosine monophos-asthma are disparate conditions.[3,6] Unlike COPD,
phate (cAMP).[17,19] Increased cAMP levels lead tothe airflow limitation experienced by patients with
bronchial smooth muscle relaxation.[19] Other ac-asthma is usually fully reversible with bronchodilat-
tions of salmeterol that may be of relevance toors.[6] In addition, airway inflammation in COPD is
COPD include reduction of cytokine secretion,[20,21]characterised by the presence of neutrophils, CD8+
inhibition of antigen-induced increases in vascularT cells and macrophages, whereas the predominant
permeability,[22] improved mucociliary clearance[8]inflammatory cells seen in asthma are eosinophils,
and improved ciliary beat frequency.[23,24]mast cells and CD4+ T cells.[6]

Fluticasone propionate is a synthetic trifluorinat-Salmeterol/fluticasone propionate (Seretide®,
ed corticosteroid with anti-inflammatory activityAdvair®, Viani®)1 administered using a multidose
that is largely mediated via glucocorticoid recep-dry powder inhaler (Diskus®, Accuhaler®) is ap-
tors.[6,17,25] In vitro studies show fluticasone pro-proved for use in both the treatment of COPD and
pionate to be a human glucocorticoid receptor ago-asthma in numerous countries. This article reviews
nist with an affinity 18 times greater than dexameth-the pharmacological properties of salmeterol/fluti-
asone, almost two times greater than the activecasone propionate, as well as its clinical efficacy and
metabolite of beclometasone (beclometasone-17-tolerability in the management of COPD.
monopropionate), and two to three times greater
than budesonide.[17,26,27]2. Pharmacodynamic Properties

As well as having complementary modes of ac-
This section provides a brief overview of the tion when administered together, salmeterol and

pharmacodynamic properties of salmeterol and fluticasone propionate also appear to have additive,
fluticasone propionate. Two randomised, double- and even synergistic, effects.[21,28-30] Molecular
blind studies included healthy volunteers (n = 28[7]

mechanisms that may explain this include protection
and 33[8]) who received salmeterol/fluticasone pro- against the downregulation of β2-adrenoceptors by
pionate via a dry powder inhaler[7] or salmeterol via corticosteroids[31-33] and the ligand-independent ac-
a nasal aerosol spray.[8] Several randomised stud- tivation of the glucocorticoid receptor by salmeter-
ies were conducted in patients with COPD ol.[34,35] Moreover, enhanced glucocorticoid receptor
(n = 12–140); studies were of double-blind[9-13] or translocation into the nucleus was observed when
single-blind[14-16] design. Where specified, patients salmeterol and fluticasone propionate were co-ad-
had mild to moderate,[12] moderate to severe[9,10,15,16]

ministered,[36] suggesting that salmeterol may am-
or severe[14] COPD with an forced expiratory vol- plify the anti-inflammatory effects of fluticasone
ume in 1 second (FEV1) : forced vital capacity propionate.[25]

(FVC) of ≤0.7[9,11,13,15] or <0.75[12] and received
salmeterol/fluticasone propionate or its individual 2.2 Pulmonary Effects
components administered via dry powder inhal-

A clinically significant (15%) increase in FEV1er[10,11,15] or metered-dose inhaler.[9,13,14,16]

was reported 10 minutes after administration of
salmeterol 50µg in patients with COPD; formoterol2.1 Mechanism of Action
24µg had an onset of action of 11 minutes.[16] The

Salmeterol is a long-acting β2-adrenoceptor ago- increase from baseline in FEV1 was significantly
nist.[17] It is selective for β2-adrenoceptors, with (p = 0.0001) greater with budesonide/formoterol

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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160µg/4.5µg than with salmeterol/fluticasone pro- interferon-γ (IFNγ) and tumour necrosis factor-α
pionate 25µg/250µg, 5 minutes after administration (TNFα) are also released.[10,11]

of a single dose to patients with COPD.[9] Salmeterol/fluticasone propionate 50µg/500µg
In patients with COPD, peak bronchodilation twice daily demonstrated broad-spectrum anti-in-

(i.e. mean maximum improvement in FEV1) oc- flammatory activity in patients with COPD, accord-
curred ≤2 hours after administration of a single dose ing to the results of two recent studies.[10,11] After
of salmeterol 25–75µg[13,14] and 5 hours after admin- 12[11] or 13[10] weeks’ therapy, significantly
istration of a single dose of salmeterol/fluticasone (p < 0.05) greater reductions from baseline in the
propionate 50µg/250µg.[15] The increase from base- number of CD8+ T cells seen on endobronchial
line in FEV1 was significantly (p < 0.05) greater biopsy occurred with salmeterol/fluticasone pro-
after a single dose of budesonide/formoterol 400µg/ pionate than with placebo[10,11] or fluticasone pro-
12µg than after a single dose of salmeterol/fluti- pionate alone (500µg twice daily).[11] In addition,
casone propionate 50µg/250µg at 120 and 360 min- significantly (p < 0.05) greater reductions from
utes, with no significant between-group difference baseline in the number of CD68+ macrophages were
seen at 240, 480, 600 or 720 minutes.[15] Salmeterol seen with salmeterol/fluticasone propionate than
had a prolonged duration of action, with bronchodi- with placebo or fluticasone propionate alone in one
lation lasting for at least 12 hours.[14,15] study,[11] although there was no significant differ-

ence between salmeterol/fluticasone propionate andIn terms of repeat administration, results of the
placebo in the other.[10] No significant change fromTRISTAN (Trial of Inhaled Steroids and Long-Act-
baseline in the neutrophil or eosinophil count seening β2 Agonists) study revealed that salmeterol/
on biopsy occurred in salmeterol/fluticasone pro-fluticasone propionate 50µg/500µg twice daily sig-
pionate recipients in one study,[11] although in thenificantly improved peak expiratory flow (PEF)
other, a significant (p < 0.05) reduction in the spu-after 1 day and breathlessness after 2 days of treat-
tum neutrophil differential cell count occurred withment (both p < 0.001 vs placebo).[37] Results of this
salmeterol/fluticasone propionate.[10] Moreover, sig-and other longer-term studies examining the effects
nificant reductions in biopsy CD4+ and CD45+ cellof salmeterol/fluticasone propionate on lung func-
counts and in the number of cells expressing genestion are discussed in section 4.
for TNFα or IFNγ were also seen with salmeterol/Salmeterol and fluticasone propionate have also
fluticasone propionate (all p < 0.05 vs placebo).[10]been shown to have other beneficial effects on the

Fluticasone propionate may also have a benefi-airways.[8,23,38,39] Salmeterol significantly improved
cial effect on systemic inflammation in patients withmucociliary clearance in the nasal cavity of healthy
COPD.[12] During a 4-week washout period, meanvolunteers (p = 0.0001 vs placebo), most probably
serum C-reactive protein (CRP) levels increased byas a result of increased ciliary beat activity,[8] and
70.7% among those patients who discontinued in-significantly reduced (p < 0.05) the pyocyanin-in-
haled corticosteroid therapy. Subsequently, the re-duced slowing of ciliary beat frequency in vitro.[23]

duction from baseline in mean serum CRP levelsSalmeterol also protected human adenoid epitheli-
was significantly greater with fluticasone propionateum from Haemophilus influenzae-induced dam-
500µg twice daily than with placebo (–50.3% vsage,[38] and salmeterol plus fluticasone propionate
–7.6%; adjusted p = 0.042) after 2 weeks’ therapy.had a synergistic effect in terms of preserving ciliat-

ed cells in human nasal turbinate tissue infected with
2.4 Other EffectsPseudomonas aeruginosa[39] in in vitro studies.

The systemic effects of salmeterol/fluticasone
2.3 Anti-Inflammatory Effects propionate are similar to those of the individual

agents, with no evidence of systemic pharmacody-
As mentioned previously, airway inflammation namic interaction.[7] In a crossover study, healthy

in COPD is characterised by the presence of neutro- volunteers received twice-daily salmeterol/fluti-
phils, CD8+ T cells and CD68+ macrophages; casone propionate 100µg/500µg, salmeterol 100µg,
proinflammatory cytokines such as interleukin-8, fluticasone propionate 500µg or placebo for

© 2007 Adis Data Information BV. All rights reserved. Drugs 2007; 67 (16)
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11 days.[7] There were no significant differences propionate 50µg/500µg twice daily via dry powder
between salmeterol/fluticasone propionate and inhaler is shown in table I.[40] Topical salmeterol
salmeterol alone in terms of pulse rate, systolic and concentrations of up to 1 µmol/L are achieved in the
diastolic blood pressure, the corrected QT interval main bronchi.[44]

or serum potassium and glucose levels.[7] Tachyphy- The majority of a fluticasone propionate dose
laxis was seen in salmeterol recipients who received delivered to the lung following inhalation undergoes
cumulative doses of salbutamol on day 12; co-ad- systemic absorption.[17] In patients with COPD
ministration of fluticasone propionate did not alter (n = 10), the least squares mean bioavailability of
this response. inhaled fluticasone propionate 1000 µg/day was

Urinary cortisol excretion over 24 hours was 13.3%.[42]

significantly (p < 0.001) lower with salmeterol/fluti- At steady state, the Cmax of fluticasone propion-
casone propionate or fluticasone propionate alone ate was achieved 1 hour after administration
than with placebo, with no significant difference of salmeterol/fluticasone propionate 50µg/500µg
between the two active treatments.[7] The effect of twice daily via dry powder inhaler in patients with
salmeterol/fluticasone propionate on hypothalamic- COPD.[40] Other absorption parameters are shown in
pituitary-adrenal axis function in patients with table I.[40]

COPD is discussed in section 5. At concentrations much higher than those
achieved with therapeutic dosages of salmeterol, the

3. Pharmacokinetic Properties drug was 96% plasma protein bound in vitro.[17]

Following intravenous administration, fluticasone
Pharmacokinetic data are available from a sub- propionate had an average volume of distribution of

group of patients with COPD (n = 83)[40] from the 4.2 L/kg.[17] The plasma protein binding of fluti-
TORCH (Towards a Revolution in COPD Health) casone propionate was 99%.[43]

study[41] (see section 4.1) who received inhaled sal-
meterol/fluticasone propionate 50µg/500µg twice 3.2 Metabolism and Elimination
daily, with additional data obtained from other
sources. Some of the data included in this section Salmeterol underwent extensive hydroxylation
were obtained from abstracts.[40,42,43] It should be (via the cytochrome P450 [CYP] isoenzyme
noted that data concerning the plasma profile of CYP3A4) to α-hydroxysalmeterol in an in vitro
salmeterol are limited, as the low plasma concentra-
tion achieved following the inhalation of salmeterol
at therapeutic dosages means that there are technical
difficulties associated with assaying the drug.[44]

3.1 Absorption and Distribution

The pharmacokinetics of inhaled salmeterol/
fluticasone propionate are similar to those of the
individual components.[45] Both salmeterol and fluti-
casone propionate are lipophilic and act locally in
the lung, so plasma concentrations are not predictive
of therapeutic effect.[17,26,44]

Following administration of salmeterol/fluti-
casone propionate via dry powder inhaler to healthy
adults, the maximum plasma concentration (Cmax)
of salmeterol was reached in ≈5 minutes.[17] The
steady-state plasma concentration of salmeterol
achieved 10 minutes after administration in patients
with COPD who received salmeterol/fluticasone

Table I. Steady-state pharmacokinetics of inhaled salmeterol/fluti-
casone (SAL/FLU) in patients (pts) with chronic obstructive pulmon-
ary disease (COPD). A subgroup analysis of the TORCH study in
which 83 pts with COPD received SAL/FLU 50µg/500µg bid, SAL
50µg bid, FLU 500µg bid or placebo (all administered via dry pow-
der inhaler) [the analysis is available as an abstract].[40] Pharmaco-
kinetics were assessed on week 36 (mean values unless specified
otherwise)

Parameter SAL/FLU SAL FLU
50µg/500µg bid 50µg bid 500µg bid

SAL FLU

Cmax (pg/mL) 105 115

tmaxa (h) 1 1

C10minb (pg/mL) 53.3 29.4

AUClast (pg • h/mL) 736 790

a Median value.

b Geometric mean value.

AUClast = area under the plasma concentration-time curve from
time zero to time of last measurable concentration; bid = twice
daily; Cmax = maximum plasma concentration; C10min = plasma
concentration 10 minutes after administration; tmax = time to Cmax.
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study.[17] Following oral administration of radio- Since both salmeterol and fluticasone propionate
labelled salmeterol 1mg in healthy men, 57% of the are CYP3A4 substrates, caution is recommended
radioactivity was detected in the faeces and 23% when they are co-administered with potent CYP3A4
was detected in the urine.[46] A negligible amount of inhibitors.[17] For example, an increase in fluticasone
unchanged salmeterol is detected in the urine or propionate exposure was seen when inhaled fluti-
faeces.[17] Salmeterol has a terminal elimination casone propionate was co-administered with the
half-life (t1/2β) of ≈5.5 hours.[17] CYP3A4 inhibitor ketoconazole.[17] Moreover, a

significant increase in plasma fluticasone propionateThe main route of fluticasone propionate clear-
exposure was seen when fluticasone propionate na-ance is hepatic metabolism.[17] CYP3A4 is responsi-
sal spray was co-administered with the potentble for the formation of the only circulating fluti-
CYP3A4 inhibitor ritonavir.[17] Thus, co-administra-casone propionate metabolite detected in man, a
tion of these drugs is not recommended.[17]17β-carboxylic acid derivative.[17] This metabolite

had negligible pharmacological activity in animal
4. Therapeutic Efficacystudies.[17]

Fluticasone propionate has an average total clear-
The focus of this section is on well designed trialsance of 1093 mL/min, with renal clearance account-

comparing the efficacy of inhaled salmeterol/fluti-ing for <0.02% of the total.[17] Fluticasone propion-
casone propionate with that of various comparatorsate has an average t1/2β of 5.3–7.7 hours following
in patients with COPD.administration of salmeterol/fluticasone propionate

Efficacy endpoints included mortality, exacerba-via dry powder inhaler.[17]

tion rates, lung function, health status and various
other symptoms. Health status was assessed using St

3.3 Special Patient Populations George’s Respiratory Questionnaire (SGRQ)
[scores range from 0 to 100 with lower scores indi-

Data are not available concerning the pharmaco-
cating better health status; a change from baseline of

kinetics of salmeterol/fluticasone propionate in spe- ≥4 is considered clinically meaningful] or the
cial patient populations (e.g. the elderly or patients

Chronic Bronchitis Symptom Questionnaire
with renal or hepatic impairment), or if there are

(CRDQ) [total scores range from 20 (worst) to 140
gender differences.[17] Thus, the following data per-

(best), with a change from baseline of ≥10 consid-
tain to the pharmacokinetics of the component drugs

ered clinically meaningful]. Dyspnoea was usually
in special patient populations.

assessed using the Baseline Dyspnoea Index (BDI)
Neither age nor gender appeared to affect the [scores range from 0 (worst) to 12 (best)] and the

pharmacokinetics of fluticasone propionate in pa- Transitional Dyspnoea Index (TDI) focal score,
tients with COPD.[17]

which assesses the change from baseline in
Given that hepatic metabolism is predominantly dyspnoea (scores range from –9 [major deteriora-

responsible for the clearance of both salmeterol and tion] to +9 [major improvement], with a 1-unit be-
fluticasone propionate, impaired liver function may tween-treatment difference considered clinically
result in drug accumulation in plasma.[17] Thus, pa- meaningful).
tients with hepatic disease who receive salmeterol or
fluticasone propionate should be closely moni- 4.1 Comparisons with Salmeterol Alone,
tored.[17]

Fluticasone Propionate Alone or Placebo

Several studies have compared the efficacy of3.4 Potential Drug Interactions
twice-daily salmeterol/fluticasone propionate 50µg/

In terms of systemic exposure, no significant 250µg[47] or 50µg/500µg[41,48-50] with twice-daily
drug interactions were observed between salmeterol salmeterol 50µg alone,[41,47-50] twice-daily fluti-
and fluticasone propionate when they were adminis- casone propionate 250[47] or 500µg[41,49,50] alone or
tered in combination via dry powder inhaler to placebo[41,47,49,50] in the treatment of patients with
healthy volunteers.[7] COPD (691–6184 randomised patients). Studies
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were of randomised, double-blind, multicentre de- unadjusted HR for salmeterol/fluticasone propionate
sign[41,47-50] and ranged in duration from 24 weeks to vs placebo was 0.82 [95% CI 0.68, 0.99]; p = 0.04).
3 years.[41,47-49] In addition, no significant mortality differences

Eligible patients were aged ≥40 years[41,47,48,50] were seen between each monotherapy and placebo,
(mean age 63–65 years[41,47-50]) with a (prebron- or between combination therapy and salmeterol
chodilator[41,49]) FEV1 : FVC of ≤0.7,[41,47-50] a monotherapy. However, patients receiving salmeter-
(prebronchodilator[41,49]) FEV1 of 25–70%,[49] ol/fluticasone propionate had a significantly lower
<60%[41] or <65%[47,50] of predicted (but probability of death than those receiving fluticasone
>0.70L[47,50] [or >40% of predicted if ≤0.70L[47]]), a propionate alone (HR 0.77 [95% CI 0.64, 0.93];
postbronchodilator FEV1 of <50% of predicted,[48] p = 0.007).[41]

and an increase in FEV1 of <10% of predicted with Similar results were seen for the endpoint of
salbutamol 400µg.[41,49]

COPD-related deaths, with a probability of death at
Study drugs were administered via dry powder 3 years of 4.7% with salmeterol/fluticasone propion-

inhaler.[41,47-50] The trials included run-in periods of
ate, 6.1% with salmeterol alone, 6.9% with fluti-

2[41,47,49,50] or 4[48] weeks; use of corticosteroids and
casone propionate alone and 6.0% with placebo.[41]

inhaled long-acting bronchodilators was discontin-
No significant differences were seen between any ofued prior to or during the run-in period.[41,47-50]

the active treatments and placebo, or betweenPrimary endpoints included time to death from
salmeterol/fluticasone propionate and salmeterolany cause,[41] the number of moderate to severe
alone. However, the probability of COPD-relatedexacerbations,[48] predose FEV1[47,49,50] and 2-hour
death was significantly lower in salmeterol/fluti-postdose FEV1.[47,50] More specifically, in two trials
casone propionate recipients than in recipients ofthe primary endpoints were the change from base-
fluticasone propionate alone (HR 0.67 [95% CIline in predose FEV1 for salmeterol/fluticasone pro-
0.50, 0.90]; p = 0.008).[41]

pionate versus salmeterol (i.e. assessing the fluti-
casone propionate contribution [the anti-inflamma-

4.1.2 Effect on Chronic Obstructive Pulmonarytory effect])[47,50] and for fluticasone propionate
Disease (COPD) Exacerbationsversus placebo,[50] and the change from baseline in
The number of moderate to severe COPD exacer-2-hour postdose FEV1 for salmeterol/fluticasone

bations experienced over a 44-week treatmentpropionate versus fluticasone propionate (i.e. as-
period was significantly lower in patients receivingsessing the salmeterol contribution [bronchodila-
salmeterol/fluticasone propionate than in those re-tion])[47,50] and for salmeterol versus placebo.[50]

ceiving salmeterol alone (table II).[48] In addition,Where specified, efficacy analyses were conduct-
the annual rate of moderate to severe exacerbationsed in the modified intent-to-treat (ITT) popula-
was significantly lower with salmeterol/fluticasonetion.[41,48]

propionate than with salmeterol alone[41,48] or fluti-
casone propionate alone,[41] according to the results4.1.1 Effect on Mortality
of the 44-week study[48] and the TORCH study,[41]

Salmeterol/fluticasone propionate was not asso-
although no significant differences between the ac-ciated with a statistically significant reduction in
tive treatments were seen in the TRISTAN study,[49]mortality compared with placebo in patients with
which examined exacerbations of all severitiesCOPD, according to the results of the TORCH
(table II). All active treatments were associated withstudy.[41] The probability of death at 3 years was
significantly lower COPD exacerbation rates (all12.6% with salmeterol/fluticasone propionate,
severities[49] or moderate to severe severity[41]) than13.5% with salmeterol alone, 16.0% with fluti-
placebo (table II). In the TORCH trial, the numbercasone propionate alone and 15.2% with placebo.
needed to treat for salmeterol/fluticasone propionateThe adjusted hazard ratio (HR) for salmeterol/fluti-
versus placebo was 4 to prevent one exacerbation incasone propionate versus placebo was 0.83 (95% CI
1 year and 32 to prevent one hospitalisation in0.68, 1.00) [p = 0.052]; the HR was adjusted be-
1 year.[41]cause an interim analysis had been performed (the
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Table II. Efficacy of salmeterol/fluticasone propionate (SAL/FLU) against chronic obstructive pulmonary disease (COPD) exacerbations.
Results of randomised, double-blind multicentre studies in patients with COPD

Study (trial name) Duration Treatment regimen No. of pts No. of exacerbationsa Annual exacerbation
(µg bid) ratea [baseline]

Calverley et al.[41] 3y SAL/FLU 50/500 1533 0.85**†‡

(TORCH) SAL 50 1521 0.97**

FLU 500 1534 0.93**

PL 1524 1.13

Calverley et al.[49] 52wk SAL/FLU 50/500 358 0.97***

(TRISTAN) SAL 50 372 1.04*

FLU 500 374 1.05*

PL 361 1.30

Kardos et al.[48] 44wk SAL/FLU 50/500 507 334††b 0.92†† [2.91]

SAL 50 487 464b 1.4 [2.87]

a Only moderate to severe exacerbations were included in two trials.[41,48] In one trial, a moderate to severe exacerbation was defined
as symptomatic deterioration requiring antibacterials, systemic corticosteroids and/or hospitalisation.[41] In the other trial, a moderate
exacerbation was defined as a symptomatic deterioration requiring a change of respiratory medication and medical assistance, and
a severe exacerbation was defined as symptomatic deterioration requiring hospitalisation or emergency room treatment.[48]

b Primary endpoint.

bid = twice daily; PL = placebo; * p < 0.01, ** p < 0.001, *** p < 0.0001 vs PL; † p < 0.01, †† p < 0.0001 vs SAL; ‡ p < 0.05 vs FLU.

4.1.3 Effects on Lung Function Predose FEV1 increased to a significantly greater
extent with salmeterol/fluticasone propionate thanThe results of the 3-year TORCH study suggest
with salmeterol (indicating the contribution of thethat long-term therapy with salmeterol/fluticasone
fluticasone propionate component),[47,49,50] and withpropionate reduced the rate of decline in lung func-
salmeterol/fluticasone propionate versus fluticasonetion in COPD.[41,51] An additional analysis, available
propionate alone in the one study making this statis-as an abstract, revealed that compared with placebo,
tical comparison[49] (table III). Two-hour postdosethe rate of decline in FEV1 was reduced by 0.016 L/
FEV1 increased to a significantly greater extent withyear with salmeterol/fluticasone propionate and by
salmeterol/fluticasone propionate than with fluti-0.013 L/year with both salmeterol alone and fluti-
casone propionate (indicating the contribution of thecasone propionate alone (all p ≤ 0.003 vs place-
salmeterol component) [table III].[47,50] In general,bo).[51] The improvement in postbronchodilator
postbronchodilator FEV1[41,49] and PEF[47-50] valuesFEV1 values seen in salmeterol/fluticasone propion-
also increased to a significantly greater extent withate recipients was significantly greater than the re-
salmeterol/fluticasone propionate than with its indi-duction in postbronchodilator FEV1 values seen in
vidual components (table III).the other three treatment arms (table III).[41]

As expected, improvements in predose FEV1 4.1.4 Other Effects
were significantly greater with salmeterol/fluti- Health status and dyspnoea scores improved to
casone propionate or fluticasone propionate alone a significantly greater extent with salmeterol/fluti-
than with placebo[47,49,50] (and with salmeterol alone casone propionate than with placebo (table
vs placebo in the one study making this statistical IV).[41,47-50] Mixed results were seen when compar-
comparison),[49] and improvements in 2-hour post- ing salmeterol/fluticasone propionate with salmeter-
dose FEV1 were significantly greater with salmeter- ol or fluticasone propionate monotherapy; signif-
ol/fluticasone propionate or salmeterol alone than icant between-group differences were seen in some
with placebo[47,50] (table III). In general, post- but not all studies (table IV).[41,47-50] Among salme-
bronchodilator FEV1[41,49] and PEF[47,49,50] values terol/fluticasone propionate recipients, changes
also increased to a significantly greater extent with from baseline in mean CRDQ scores were consid-
salmeterol/fluticasone propionate or its components ered clinically meaningful.[47,50] The change in the
than with placebo (table III). TDI score was also clinically meaningful with
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Table III. Effect of salmeterol/fluticasone propionate (SAL/FLU) on lung function in patients with chronic obstructive pulmonary disease (COPD). Results (mean values) of
randomised, double-blind multicentre studies

Study Duration Treatment (µg bid) No. of pts Baseline FEV1a Change from baseline in FEV1 (L)b Baseline PEF Change from

(trial name) (L) predose 2h postdose postbronchc (L/min) baseline in
PEF [L/min]

Calverley 3y SAL/FLU 50/500 1392 1.24 +0.029***†††‡‡‡

et al.[41]d SAL 50 1334 1.23 –0.021***

(TORCH) FLU 500 1356 1.23 –0.015***

PL 1261 1.26 –0.062

Calverley 52wk SAL/FLU 50/500 358 1.308 1.396****††††‡‡‡‡e 1.484****††‡e 247 274****††††‡‡‡‡e

et al.[49] SAL 50 372 1.245 1.323****e 1.436e 235 257****e

(TRISTAN) FLU 500 374 1.260 1.302**e 1.454**e 246 255****e

PL 361 1.266 1.264e 1.408e 243 242e

Hanania 24wk SAL/FLU 50/250 178 1.252 +0.165***† +0.281***‡‡‡ 206 +31**††‡‡f

et al.[47] SAL 50 177 1.245 +0.091 +0.200*** 210 +15***f

FLU 250 183 1.313 +0.109*** +0.147 220 +11***f

PL 185 1.289 +0.001 +0.058 220 +1f

Kardos et al.[48] 44wk SAL/FLU 50/500 507 1.17 +0.07 +18.0††††

SAL 50 487 1.18 +0.05 +4.4

Mahler et al.[50] 24wk SAL/FLU 50/500 165 1.268 +0.156***† +0.261***‡‡‡ 254 +31.9***†††‡‡‡

SAL 50 160 1.237 +0.107 +0.233* 252 +16.8***

FLU 500 168 1.233 +0.109*** +0.138 244 +12.9***

PL 181 1.317 –0.004 +0.028 270 0f

a Predose[49] or postbronch[41,48] FEV1 (where specified).

b Primary endpoints were predose FEV1 at 52wk,[49] the change from baseline in predose FEV1 for SAL/FLU vs SAL (i.e. the FLU contribution)[47,50] and for FLU vs PL,[50]

and the change from baseline in 2h postdose FEV1 for SAL/FLU vs FLU (i.e. the SAL contribution)[47,50] and for SAL vs PL.[50]

c Where specified, postbronch FEV1 was assessed 30 min after inhalation of salbutamol 400µg.[48,49]

d Only patients for whom at least one measurement was obtained after baseline were included in the analysis.

e Value at 52wk (rather than change from baseline).

f Value estimated from a graph.

bid = twice daily; FEV1 = forced expiratory volume in 1 second; PEF = peak expiratory flow; PL = placebo; postbronch = postbronchodilator; * p < 0.05, ** p < 0.01, *** p ≤ 0.001,
**** p < 0.0001 vs PL; † p < 0.05, †† p < 0.01, ††† p < 0.001, †††† p < 0.0001 vs SAL; ‡ p < 0.05, ‡‡ p < 0.01, ‡‡‡ p < 0.001, ‡‡‡‡ p < 0.0001 vs FLU.
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Table IV. Effect of salmeterol/fluticasone propionate (SAL/FLU) on health status, dyspnoea and rescue medication use in patients (pts) with
chronic obstructive pulmonary disease (COPD). Results (mean values) of randomised, double-blind, multicentre studies

Study Duration Treatment (µg bid) No. of SGRQ score CRDQ score BDI TDI score Change from

(trial name) pts baseline change baseline change score baseline in
from from salbutamol
baseline baseline use (puffs

per day)

Calverley 3y SAL/FLU 50/500 1002 48.7 –3.0***††‡

et al.[41]a SAL 50 980 49.4 –0.8

(TORCH) FLU 500 1005 49.5 –1.8***

PL 924 48.4 +0.2

Calverley 52wk SAL/FLU 50/500 358 47.1 44.1***‡b 1****†††‡‡c

et al.[49] SAL 50 372 48.7 45.2b 2*c

(TRISTAN) FLU 500 374 49.8 45.5b 2**c

PL 361 47.1 46.3b 2c

Hanania 24wk SAL/FLU 50/250 178 84.1 +10.0** 6.1 +1.7* –1.0**‡

et al.[47] SAL 50 177 86.3 +6.4 6.1 +1.6* –0.7

FLU 250 183 85.5 +10.4** 6.2 +1.7 –0.2

PL 185 84.8 +5.0 5.7 +1.0 +0.1

Kardos 44wk SAL/FLU 50/500 507 51.9 –2.9*† –0.2††

et al.[48] SAL 50 487 51.8 –0.7 +0.06

Mahler 24wk SAL/FLU 50/500 165 87.1 +10.0**‡ 6.2 +2.1***††‡ –1.2*‡

et al.[50] SAL 50 160 87.6 +8.0 5.9 +0.9 –0.9*

FLU 500 168 88.5 +4.8 6.0 +1.3** –0.4*

PL 181 86.2 +5.0 5.8 +0.4 +0.5

a Only patients for whom at least one measurement was obtained after baseline were included in the analysis.

b Adjusted mean value at 52wk (rather than change from baseline).

c Median use of relief medication (per day).

BDI = Baseline Dyspnoea Index; bid = twice daily; CRDQ = Chronic Bronchitis Symptom Questionnaire; PL = placebo; SGRQ = St
George’s Respiratory Questionnaire; TDI = Transitional Dyspnoea Index; * p < 0.05, ** p ≤ 0.01, *** p < 0.001, **** p < 0.0001 vs PL;
† p < 0.05, †† p ≤ 0.001, ††† p ≤ 0.0001 vs SAL; ‡ p < 0.05, ‡‡ p < 0.001 vs FLU.

salmeterol/fluticasone propionate versus salmeterol propionate 50µg/500µg administered twice daily via
alone or placebo in one study.[50] The change from dry powder inhaler with that of the long-acting
baseline in the mean SGRQ score was not consid- bronchodilator tiotropium bromide 18µg adminis-
ered clinically meaningful in two studies (table tered once daily via Handihaler® in patients with
IV),[41,48] although in the TRISTAN study, the raw

severe COPD (n = 1323).[52]
mean change from baseline was –4.5 (i.e. clinically

Patients were aged 40–80 years (mean agesignificant).[49]

64 years) with a clinical history of COPD exacerba-Salmeterol/fluticasone propionate also resulted
in significantly less use of reliever medication than tions, a postbronchodilator FEV1 of <50% of pre-
placebo,[47,49,50] fluticasone propionate[47,49,50] or dicted, and an increase in FEV1 of ≤10% of predict-
salmeterol (in two studies)[48,49] [table IV]. ed with salbutamol 400µg.[52]

The primary endpoint in INSPIRE was the rate of
4.2 Comparison with Tiotropium Bromide healthcare utilisation exacerbations.[52] Healthcare

utilisation exacerbation was defined as the need forA 2-year, randomised, double-blind, multicentre
oral corticosteroids, antibacterials and/or hospital-trial (the INSPIRE [Investigating New Standards for
isation. Efficacy analyses were conducted in the ITTProphylaxis In Reduction of Exacerbations] study)

has compared the efficacy of salmeterol/fluticasone population.[52]
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ment was 29% higher in tiotropium bromide than in
salmeterol/fluticasone propionate recipients (HR
1.29 [95% CI 1.08, 1.54]; p = 0.005), and the mean
SGRQ total score at 2 years was significantly lower
with salmeterol/fluticasone propionate than with tio-
tropium bromide (between-group difference in the
change from baseline of –2.1 units; p = 0.038).[52]

There was no significant difference between pa-
tients receiving salmeterol/fluticasone propionate
and those receiving tiotropium bromide in postdose
FEV1 in INSPIRE.[52]

4.3 Comparisons with Salbutamol/
Ipratropium Bromide

Two randomised, double-blind, multicentre,
8-week studies compared the efficacy of twice-daily
salmeterol/fluticasone propionate 50µg/250µg with

Relative risk (95% CI)

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

HCU exacerbation
rate

Exacerbations
requiring

antibacterials

Exacerbations
requiring oral

corticosteroids

Fig. 1. Effect of salmeterol/fluticasone propionate on chronic ob-
structive pulmonary disease (COPD) exacerbations. Results of the
randomised, double-blind, multicentre INSPIRE trial in patients with
severe COPD who received salmeterol/fluticasone propionate
50µg/500µg twice daily (n = 658) or tiotropium bromide 18µg once
daily (n = 665) for 2y.[52] Shown is the relative risk of exacerbations
for salmeterol/fluticasone propionate vs tiotropium bromide. Health-
care utilisation (HCU) exacerbation (primary endpoint) was defined
as exacerbations requiring antibacterials, oral corticosteroids and/
or hospitalisation.

that of four-times-daily salbutamol/ipratropium bro-
mide 206µg/36µg in patients with COPD4.2.1 Effect on COPD Exacerbations
(n = 361[53] and 365[54]). Salmeterol/fluticasone pro-Twice-daily salmeterol/fluticasone propionate
pionate was administered via dry powder inhalerhad a similar effect to once-daily tiotropium bro-
and salbutamol/ipratropium bromide was adminis-mide in terms of the healthcare utilisation exacerba-
tered via metered-dose inhaler.[53,54]

tion rate in patients with severe COPD, according to
Eligible patients with (moderate to severe[53])the results of the INSPIRE trial.[52] At 2 years, there

COPD were aged ≥40 years (mean age 63[54]were no significant differences between salmeterol/
or 64[53] years) with a (prebronchodilator[54])fluticasone propionate recipients and tiotropium
FEV1 : FVC of ≤0.7[53,54] and an FEV1 of ≤70% ofbromide recipients in the healthcare utilisation exac-
predicted, but >0.70L (or ≥40% of predicted iferbation rate (mean 1.28 vs 1.32 exacerbations per
≤0.70L).[53,54]year) [figure 1].[52] However, exacerbations requir-

The primary endpoint in both studies was morn-ing antibacterials occurred significantly (p = 0.028)
ing predose FEV1.[53,54] Efficacy analyses were con-more frequently with salmeterol/fluticasone pro-
ducted in the ITT population.[53,54]pionate than with tiotropium bromide (mean 0.97 vs

Twice-daily salmeterol/fluticasone propionate0.82 exacerbations per year), and those requir-
50µg/250µg was more effective than four-times-ing oral corticosteroids occurred significantly
daily salbutamol/ipratropium bromide 206µg/36µg(p = 0.039) less frequently with salmeterol/fluti-
in the treatment of COPD.[53,54] After 8 weeks’ treat-casone propionate than with tiotropium bromide
ment, the change from baseline in morning predose(mean 0.69 vs 0.85 exacerbations per year) [figure
FEV1 significantly favoured patients receiving1].[52]

salmeterol/fluticasone propionate in both studies
4.2.2 Other Effects (table V).[53,54] In addition, significantly greater im-
At 2 years, the relative probability of all-cause provements in prespecified secondary endpoints

mortality was reduced by 52% with salmeterol/fluti- (such as the 6-hour area under the FEV1 curve,
casone propionate versus tiotropium bromide (HR morning PEF, the percentage of symptom-free
0.48 [95% CI 0.27, 0.85]; p = 0.012) [mortality rate nights, the TDI focal score and the overall combined
of 3% in salmeterol/fluticasone propionate recipi- daytime symptom score) were seen with salmeterol/
ents and 6% in tiotropium bromide recipients].[52] In fluticasone propionate than with salbutamol/ipra-
addition, the likelihood of withdrawing from treat- tropium bromide (table V).[53,54]

© 2007 Adis Data Information BV. All rights reserved. Drugs 2007; 67 (16)



2396 Keating & McCormack

4.4 Comparison with Theophylline plus
Fluticasone Propionate

The efficacy of salmeterol/fluticasone propionate
was compared with that of sustained-release theo-
phylline plus fluticasone propionate in patients with
COPD in a randomised, nonblind study.[55] Patients
were aged ≥50 years (mean age 66 years) with a
postbronchodilator FEV1 : FVC of <0.7 following
salbutamol 400µg, and an FEV1 of <70% of predict-
ed, but >0.5L.

Following a 2-week run-in period, patients en-
tered a theophylline titration phase during which
oral sustained-release theophylline was titrated to a
steady-state plasma concentration of 10–20 µg/
mL.[55] Patients then received salmeterol/fluticasone
propionate 50µg/500µg twice daily (n = 37) or fluti-
casone propionate 500µg plus oral sustained-release
theophylline, both administered twice daily (n = 29),
for 16 weeks. Salmeterol/fluticasone propionate and
fluticasone propionate alone were administered via
dry powder inhaler. The primary endpoint was
predose FEV1.[55]

After 4 months of treatment, there was no signif-
icant difference between patients receiving salme-
terol/fluticasone propionate and those receiving the-
ophylline plus fluticasone propionate in the change
from baseline in FEV1 (+0.172 vs +0.155L).[55]

However, the reduction from baseline in the visual
analogue scale score for dyspnoea was significantly
(p < 0.01) greater with salmeterol/fluticasone pro-
pionate than with theophylline plus fluticasone pro-
pionate, as was the reduction from baseline in rescue
medication use (p < 0.001).

4.5 In Combination with Tiotropium Bromide

Data are available from three randomised, doub-
le-blind trials examining the efficacy of combina-
tion therapy with salmeterol/fluticasone propionate
plus tiotropium bromide in patients with COPD
(n = 41,[56] 81[57] and 449[58]). One trial, only avail-
able as an abstract, was of crossover design[56] and
another trial was of multicentre design.[58] The treat-
ment period was of 2,[56] 12[57] or 52[58] weeks’
duration. Where specified patients had moderate to
severe[58] or severe to very severe[57] COPD.

Where specified, eligible patients were aged
≥35[58] or ≥50[57] years (mean age 65[57] or 67[58]
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years), with ≥1 COPD exacerbation requiring sys- and 48 hospitalisations for any cause occurred in
temic corticosteroids or antibacterials in the prior patients receiving salmeterol plus tiotropium bro-
12 months,[58] with a (postbronchodilator[57]) mide.[58]

FEV1 : FVC of <0.7[57,58] and a (postbronchodi-
4.5.2 Effects on Lung Functionlator[58]) FEV1 of <50%[57] or <65%[58] of predicted.
Improvements from baseline in predose[57] orWhere specified, baseline predose FEV1 values

prebronchodilator[58] FEV1 were significantlywere 1.00–1.05L.[58]

(p < 0.05) greater with salmeterol/fluticasone pro-Combination therapy comprised salmeterol/fluti-
pionate plus tiotropium bromide than with salmeter-casone propionate 50µg/500µg administered twice
ol/fluticasone propionate alone (+0.186 vsdaily via dry powder inhaler and tiotropium bromide
+0.140L[57]) or with tiotropium bromide alone18µg administered once daily via Handihaler®.[56-58]

(+0.186 vs +0.141L[57] and +0.086 vs +0.027L[58])Comparator regimens included salmeterol/fluti-
after 12[57] and 52[58] weeks’ therapy. No significantcasone propionate 50µg/500µg twice daily,[56,57] tio-
difference in FEV1 was seen between patients re-tropium bromide 18µg once daily[56-58] and salme-
ceiving salmeterol/fluticasone propionate plus tio-terol 50µg twice daily plus tiotropium bromide 18µg
tropium bromide and those receiving salmeterolonce daily.[58]

plus tiotropium bromide.[58]
Primary endpoints included the proportion of pa-

Preliminary data from the crossover study alsotients in each treatment arm who experienced a
indicate that 2 weeks’ treatment with salmeterol/COPD exacerbation,[58] the mean change from base-
fluticasone propionate plus tiotropium bromide wasline in predose FEV1[57] and the 4-hour area under
superior to salmeterol/fluticasone propionate alonethe specific airways conductance curve (AUC4
or tiotropium bromide alone in terms of postdosesGAW) postdose.[56]

AUC4 sGAW (both p < 0.001), predose AUC4
4.5.1 Effect on COPD Exacerbations sGAW (both p < 0.01) and predose FEV1 (both
and Hospitalisation p < 0.05).[56]

In terms of the proportion of patients experienc-
4.5.3 Other Effectsing at least one acute COPD exacerbation, there was

no significant difference between salmeterol/fluti- In terms of health status, changes in SGRQ
casone propionate plus tiotropium bromide or scores significantly favoured patients receiving
salmeterol plus tiotropium bromide recipients and salmeterol/fluticasone propionate plus tiotropium
those receiving tiotropium bromide alone (60.0% bromide or salmeterol plus tiotropium bromide ver-
and 64.8% vs 62.8%).[58] The median time to first sus tiotropium bromide alone after 1 year’s treat-
exacerbation was 217, 128 and 130 days in the ment (–8.6 and –6.3 vs –4.5 points; p = 0.01 and
corresponding treatment groups. p = 0.02).[58]

In addition, there were no significant differences No significant between-group differences in
between patients receiving salmeterol/fluticasone dyspnoea scores were seen after 12 weeks[57] or
propionate plus tiotropium bromide or salmeterol 1 year[58] of treatment, although TDI total scores
plus tiotropium bromide recipients and those receiv- improved to a significantly (p < 0.001) greater ex-
ing tiotropium bromide alone in the mean number of tent with salmeterol/fluticasone propionate plus tio-
COPD exacerbations per patient-year (1.37 and 1.75 tropium bromide than with tiotropium bromide
vs 1.61).[58] However, the number of hospitalisations alone in the 2-week study; the between-group differ-
for an acute exacerbation of COPD was significantly ence (2.2) was clinically meaningful.[56] There were
lower with salmeterol/fluticasone propionate plus no significant between-group differences in
tiotropium bromide than with tiotropium bromide salbutamol use in the 12-week study,[57] but in the
alone (26 vs 49; incidence rate ratio of 0.53 [95% CI 2-week study, use of rescue medication was signifi-
0.33, 0.86]; p = 0.01), as was the number of all cause cantly (p ≤ 0.01) lower with salmeterol/fluticasone
hospitalisations (41 vs 62; incidence rate ratio of propionate plus tiotropium bromide than with tio-
0.67 [95% CI 0.45, 0.99]; p = 0.04). Thirty-eight tropium bromide alone or with salmeterol/fluti-
hospitalisations for an acute exacerbation of COPD casone propionate alone.[56]
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4.6 Fluticasone Propionate Withdrawal In general, adverse events occurring with salme-
terol/fluticasone propionate were those that would

A randomised, double-blind, multicentre trial be expected with the component drugs (e.g. candidi-
examined the effect of discontinuing fluticasone asis as would be expected with the use of an inhaled
propionate in patients with COPD who had been corticosteroid).[47,50]

receiving salmeterol/fluticasone propionate 50µg/ In the TORCH study, adverse events were ex-
500µg twice daily for 3 months (497 patients en- perienced by 89% of salmeterol/fluticasone pro-
rolled).[59] Following this 3-month run-in period, pionate recipients, 90% of salmeterol alone recipi-
patients were randomised to receive salmeterol/ ents, 90% of fluticasone propionate alone recipients
fluticasone propionate 50µg/500µg twice daily (n = and 90% of placebo recipients.[41] In the correspond-
189) or salmeterol 50µg twice daily (n = 184) for 12 ing treatment groups, serious adverse events were
months. reported by 43%, 40%, 42% and 41% of patients,

Patients in these trials were aged 40–75 years drug-related adverse events by 18%, 12%, 19% and
(mean age 63 years), with a prebronchodilator 13% of patients, and events resulting in withdrawal
FEV1 : FVC of less than ≈0.9, a prebronchodilator or discontinuation of study medication by 18%,
FEV1 of 30–70% of predicted and an increase in 20%, 23% and 24% of patients.
FEV1 of <10% of predicted with salbutamol In the TORCH study, common adverse events
400µg.[59] The primary endpoint was prebronchodi- included upper respiratory tract infection, naso-
lator FEV1.[59]

pharyngitis, pneumonia, candidiasis, bronchitis,
Withdrawing fluticasone propionate resulted in a headache, back pain, sinusitis, cough and hyperten-

significant, albeit small, decline in FEV1 in patients sion; the annual rate of each of these adverse events
with COPD.[59] The mean reduction in FEV1 from was ≤0.11 in each treatment group.[41] In terms of
the start of the randomisation period was 0.1% in COPD exacerbations, there were 0.67 episodes per
salmeterol/fluticasone propionate recipients versus year in salmeterol/fluticasone propionate recipients,
4.4% in salmeterol recipients (p < 0.001). Mean compared with 0.76, 0.78 and 0.92 episodes per year
prebronchodilator FEV1 values prior to randomisa- in salmeterol, fluticasone propionate and placebo
tion were 47.4% and 48.2% of predicted in the recipients, respectively.
corresponding treatment groups.

The probability of patients experiencing pneu-Significantly greater reductions from baseline in
monia was found to be significantly (p < 0.001)FEV1 : FVC (–3.7% vs 0%; p = 0.002) and PEF
greater with salmeterol/fluticasone propionate or(–4.1% vs –0.1%; p = 0.01) were seen with salme-
fluticasone propionate alone than with placeboterol alone versus salmeterol/fluticasone propion-
(19.6% and 18.3% vs 12.3% of patients); the inci-ate.[59] Results were mixed in terms of other end-
dence of pneumonia in patients receiving salmeterolpoints, with significant (p < 0.05) between-group
alone was 13.3%.[41] The increased incidence ofdifferences favouring salmeterol/fluticasone pro-
pneumonia did not appear to correspond to an in-pionate seen for some endpoints (e.g. rate of mild
creased number of deaths.[41] Pneumonia also oc-exacerbations, proportion of rescue medication-free
curred more frequently with salmeterol/fluticasonedays, dyspnoea score, percentage of disturbed
propionate than with tiotropium bromide in IN-nights), but not for others (e.g. rate of moderate and
SPIRE.[52] Pneumonia occurred in 8% of salmeterol/severe exacerbations, cough score, sputum score).
fluticasone propionate recipients and in 4% of tio-
tropium bromide recipients, with an HR of 1.945. Tolerability
(95% CI 1.19, 3.17) [p = 0.008].[52]

Data examining the tolerability of salmeterol/ In TORCH, there were no significant differences
fluticasone propionate in patients with COPD were between patients receiving salmeterol/fluticasone
primarily obtained from the clinical trials discussed propionate or salmeterol alone and those receiving
in section 4. The main focus of this section is fluticasone propionate alone or placebo in the annu-
tolerability data from the 3-year placebo-controlled al rate of cardiac disorders (0.087 and 0.114 vs
TORCH study (n = 6184).[41] 0.102 and 0.113).[41] Other studies revealed that
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clinically significant ECG abnormalities were ex- 6. Pharmacoeconomic Considerations
perienced by similar proportions of patients receiv-
ing salmeterol/fluticasone propionate, salmeterol Salmeterol/fluticasone propionate was a cost-ef-
alone, fluticasone propionate alone or placebo.[47,50]

fective option in the treatment of COPD, according
to the results of a pharmacoeconomic analysis con-It has been suggested that high-dose inhaled cor-
ducted in conjunction with the TORCH study[41]ticosteroid use may be associated with an increased
(section 4.1).[62] In this analysis, quality-adjustedfracture risk in patients with obstructive airways
life-years (QALYs) were estimated using the Euro-disease.[60,61] However, in the TORCH study, there
Quality of Life 5-dimension (EuroQol-5D) ques-were no significant differences between patients
tionnaire, which was administered to 4237 patientsreceiving salmeterol/fluticasone propionate, salme-
in 21 countries. Costs included all-cause hospitalisa-terol alone, fluticasone propionate alone or placebo
tion, medication and outpatient care costs. The ana-in the incidence of fracture (6.3%, 5.1%, 5.4% and
lysis was conducted from the perspective of the UK5.1%) or nontraumatic fracture (1.7%, 2.5%, 1.7%
National Health Service; results are available as anand 1.8%).[41] An additional safety analysis conduct-
abstract.[62]ed in a subgroup of patients from the TORCH trial

Mean QALYs gained were 2.05 with salmeterol/revealed that there were no significant between-
fluticasone propionate 50µg/500µg twice daily, 1.97group differences in the change from baseline in
with salmeterol 50µg twice daily, 1.99 with fluti-bone mineral density of the hip (277 evaluable pa-
casone propionate 500µg twice daily and 1.96 withtients) or lumbar spine (270 evaluable patients).[41]

placebo, with a significant difference seen between
In the TORCH study, there was no significant salmeterol/fluticasone propionate and placebo recip-

difference between patients receiving salmeterol/ ients (p-value not stated).[62] Costs in the corre-
fluticasone propionate, salmeterol alone, fluticasone sponding treatment groups were £5094, £4302,
propionate alone or placebo in the incidence of eye £4894 and £3151 (year of costing not stated); costs
disorders (5.2%, 4.3%, 4.1% and 3.6%).[41] When were significantly higher in the active treatment
patients without cataracts at baseline were consid- groups than with placebo (p-values not stated). The
ered (n = 187), the additional safety analysis re- incremental cost-effectiveness ratio (ICER) for
vealed no significant between-group differences in salmeterol/fluticasone propionate versus placebo
the proportion of these patients who developed cata- was £17 000 (95% CI 8100, 41 700) per QALY
racts during treatment (27% of evaluable salmeterol/ gained.[62]

fluticasone propionate recipients, 15% of evaluable Results of a modelling study conducted from the
salmeterol alone recipients, 17% of evaluable fluti- perspective of the Canadian Ministry of Health also
casone propionate alone recipients and 21% of pla- found salmeterol/fluticasone propionate to be a po-
cebo recipients).[41]

tentially cost-effective option in the treatment of
Salmeterol/fluticasone propionate was not asso- patients with poorly reversible COPD and frequent

ciated with an increased risk of clinically relevant exacerbations.[63] The Markov model used efficacy
suppression of the hypothalamic-pituitary-adrenal data from the TRISTAN study[49] (section 4.1); costs
axis.[47,49,50] Similar proportions of patients receiv- included those associated with maintenance therapy
ing salmeterol/fluticasone propionate, salmeterol (i.e. costs associated with drug acquisition, oxygen
alone, fluticasone propionate alone or placebo had therapy, diagnostic tests, laboratory tests and clinic
abnormal responses to tetracosactide (cosyn- visits) and exacerbation-related costs (i.e. costs
tropin).[47,50] During the TRISTAN study, mean se- associated with hospitalisation, laboratory tests and
rum cortisol levels were significantly (p < 0.05) additional drugs, and physician-related costs [major
lower with salmeterol/fluticasone propionate than exacerbations], and costs associated with emergency
with placebo at week 24, and with fluticasone pro- room visits [minor exacerbations]). Cost effective-
pionate than with placebo at weeks 24 and 52, ness was modelled over the lifetime of the patient
although no clinical signs of hypoadrenalism were (maximum 25 years), with discounting of 5% per
apparent.[49] annum for costs and effects.
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In the base-case analysis, salmeterol/fluticasone of <80% but ≥50% of predicted; severe COPD
propionate 50µg/500µg twice daily was associated (stage III) is defined as FEV1 : FVC of <0.7 and an
with a mean 4.21 QALYs at a cost of $Can25 780 FEV1 of <50% but ≥30% of predicted; and very
and usual care (placebo) was associated with a mean severe COPD (stage IV) is defined as an
4.08 QALYs at a cost of $Can16 415 (2002 val- FEV1 : FVC of <0.7 and an FEV1 of <30% of
ues).[63] This yielded an ICER of $Can74 887 per predicted or an FEV1 of <50% of predicted plus
QALY gained. Sensitivity analyses revealed that the chronic respiratory failure.
cost effectiveness of salmeterol/fluticasone propion- The GOLD guidelines indicate that the goals of
ate improved as exacerbation rates increased. COPD management are to relieve symptoms, pre-

Limitations of the model include that FEV1, age, vent the progression of disease, improve exercise
gender and smoking status were the only factors tolerance and disease status, prevent and treat com-
considered in determining COPD prognosis, that plications and exacerbations, and reduce mor-
utility weights were applied to exacerbation events, tality.[3] The management of COPD encompasses
and that smoking cessation during the model both pharmacological and nonpharmacological
timeframe could not be taken into account.[63] measures. Important nonpharmacological measures

include encouraging smoking cessation, oxygen
7. Dosage and Administration therapy and pulmonary rehabilitation.[4,64] Surgery

may also be an option in carefully selected pa-
In the EU, salmeterol/fluticasone propionate tients.[4]

50µg/500µg twice daily is approved for use in the
Bronchodilators play a central role in the sympto-symptomatic treatment of patients with COPD who

matic management of COPD.[3] Although the im-have a prebronchodilator FEV1 of <60% of predict-
provement in FEV1 achieved with bronchodilatorsed, a history of repeat COPD exacerbations and
may be small, it is often associated with largersignificant symptoms despite the regular use of
changes in lung volume, which contribute to a re-bronchodilator therapy.[45] In the US, salmeterol/
duction in perceived breathlessness.[65] The threefluticasone propionate 50µg/250µg twice daily is
most commonly used types of bronchodilator areapproved for maintenance therapy in patients with β2-adrenoceptor agonists, anticholinergics andCOPD associated with chronic bronchitis; the use
methylxanthines: short-acting β2-adrenoceptor ago-of salmeterol/fluticasone propionate 50µg/500µg
nists include salbutamol, fenoterol and terbutaline;twice daily is not approved in the US.[17]

long-acting β2-adrenoceptor agonists include salme-Local prescribing information should be con-
terol and formoterol; short-acting anticholinergicssulted for information regarding contraindications,
include ipratropium bromide and oxitropium bro-warnings and precautions.
mide; long-acting anticholinergics include tiotropi-
um bromide; and methylxanthines include sus-8. Place of Salmeterol/Fluticasone
tained-release theophylline and aminophylline.[3,65]

Propionate in the Management of COPD
The GOLD guidelines recommend the regular use of
long-acting bronchodilators in patients with COPDCOPD poses a significant burden to both the
of at least moderate severity, with the addition of anindividual and society, and morbidity and mortality
inhaled corticosteroid (e.g. fluticasone propionate,associated with this condition are expected to in-
beclometasone, budesonide or triamcinolone) in pa-crease in the next few decades.[6] According to the
tients with severe or very severe disease who experi-GOLD guidelines, the management of COPD
ence repeated exacerbations.[3]should be individualised according to disease sever-

ity and the response of patients to various thera- Salmeterol is a highly selective β2-adrenoceptor
pies.[3] GOLD classifies COPD severity according agonist with, among other effects, long-acting
to postbronchodilator FEV1 values: mild COPD bronchodilator activity, and fluticasone propionate
(stage I) is defined as a FEV1 : FVC of <0.7 and an is a corticosteroid with anti-inflammatory activity.
FEV1 of ≥80% of predicted; moderate COPD (stage Together, they appear to have additive, or even
II) is defined as a FEV1 : FVC of <0.7 and an FEV1 synergistic, effects (section 2). For example, the
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anti-inflammatory effects of salmeterol/fluticasone 4.1). Results of the TORCH trial suggest that salme-
propionate exceeded those of fluticasone propionate terol/fluticasone propionate reduced the rate of de-
alone in patients with COPD (section 2.3).[11] There cline of FEV1 (section 4.1). In addition, clinically
has been increasing emphasis on the role of inflam- significant improvements in CRDQ and TDI scores
mation in COPD in recent times.[66,67] Indeed, it has occurred in salmeterol/fluticasone propionate recipi-
been suggested that inflammation may not be limit- ents.
ed to the airways in patients with COPD, but may Twice-daily salmeterol/fluticasone propionate
spill over into the systemic circulation.[66,67] It is had similar efficacy to monotherapy with once-daily
hypothesised that this systemic inflammation may tiotropium bromide in terms of the healthcare
explain the apparent association between COPD and utilisation exacerbation rate and lung function; how-
cardiovascular disease, independent of cigarette ever, results of the 2-year INSPIRE trial suggest
smoking.[66] Fluticasone propionate reduced system- significantly lower all-cause mortality with salme-
ic inflammation (assessed using serum CRP levels) terol/fluticasone propionate than with tiotropium
in a small study in patients with COPD (section 2.3). bromide (it should be noted that mortality was not a
A large well designed study examining the effect of primary endpoint in this study and that there was no
salmeterol/fluticasone propionate on systemic in- placebo arm; more data are needed to confirm this
flammation in COPD is currently underway, with mortality result) [section 4.2].
CRP levels being used as a surrogate marker of In addition, twice-daily salmeterol/fluticasone
coronary risk.[68] propionate was more effective than four-times-daily

combination therapy with the short-acting agentsPrevious retrospective studies have suggested
salbutamol/ipratropium bromide (section 4.3). Datathat combination therapy with a long-acting
examining the concurrent use of these two combina-β2-adrenoceptor agonist and an inhaled corticoster-
tion therapies would be of interest, given that, in theoid may be associated with a survival benefit in
US at least, salmeterol/fluticasone propionate ispatients with COPD,[69-72] although the results of
sometimes prescribed to patients with COPD asthese trials should be interpreted with caution, given
maintenance therapy, with salbutamol/ipratropiumtheir design. By contrast, the 3-year TORCH study
bromide prescribed as rescue therapy.[74]did not reveal a statistically significant reduction in

mortality with salmeterol/fluticasone propionate It has been suggested that oral theophylline
versus placebo (section 4.1). It has been suggested should only be used in COPD when symptoms per-
that the trial was underpowered to detect an effect of sist despite optimal bronchodilator therapy.[75] A
salmeterol/fluticasone propionate on mortality.[41] A small trial found that salmeterol/fluticasone pro-
contributing factor may have been the significantly pionate had similar effects on lung function to sus-
(p < 0.001) higher drop-out rate seen in placebo tained-release theophylline plus fluticasone pro-
recipients than in patients receiving salmeterol/fluti- pionate in patients with COPD, although salmeterol/
casone propionate, salmeterol alone or fluticasone fluticasone propionate was associated with greater
propionate alone (44% vs 34%, 36% and 38%); symptomatic improvement (section 4.4).
placebo recipients were then permitted to receive Triple therapy has been suggested as an option in
active treatment subsequently.[41] The 2.6% differ- patients with advanced COPD and frequent exacer-
ence in absolute mortality seen between salmeterol/ bations.[74] However, combining treatment with
fluticasone propionate and placebo recipients may salmeterol/fluticasone propionate plus tiotropium
be clinically relevant; indeed, the TORCH trial bromide did not confer additional benefit in terms of
raises the question of what constitutes a clinically exacerbation rates, although some benefits were
important between-group difference in mortality.[73] seen in terms of hospitalisation rates, lung function

and health status (section 4.5).In general, salmeterol/fluticasone was more ef-
fective than the component monotherapies or place- The vast majority of the above-mentioned studies
bo in terms of exacerbation rates and lung function, examined a salmeterol/fluticasone propionate dos-
according to the results of the TORCH study, the age of 50µg/500µg twice daily, the dosage approved
TRISTAN study and various other trials (section for use in the EU (section 7). A lower dosage of
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salmeterol/fluticasone is approved for use in the US terol/fluticasone propionate was not associated with
an increased fracture risk or an increase in eye(50µg/250µg twice daily) [section 7]; approval of
disorders after 3 years of therapy in the TORCHthe higher dosage was recently declined.[76] In the
study (section 5), although a longer duration ofEU, salmeterol/fluticasone was previously approved
follow-up may be needed to detect such effects.[41]for use in patients with COPD and a prebronchodi-
Pneumonia occurred in more patients receivinglator FEV1 of <50% of predicted. However, this
salmeterol/fluticasone propionate or fluticasone pro-label was recently amended meaning that salmeter-
pionate alone versus placebo in the TORCH trial,ol/fluticasone propionate is now indicated for use in
and in more patients receiving salmeterol/fluti-patients with a prebronchodilator FEV1 of <60% of
casone propionate versus tiotropium bromide in thepredicted.[45]

INSPIRE trial; further research is needed concern-
Administering salmeterol and fluticasone pro-

ing this finding.
pionate together in a dry powder inhaler is conve-

COPD is a condition associated with significantnient and has potential advantages in terms of pa-
costs. Salmeterol/fluticasone propionate appears totient adherence.[77] Moreover, breath-actuated dry
be a cost-effective option in the treatment of COPD,powder inhalers have an advantage over metered-
although more pharmacoeconomic data are neededdose inhalers in that patients do not have to co-
(section 6).ordinate inspiration with actuation.[65,77]

In conclusion, salmeterol/fluticasone propionate
Salmeterol is generally held to have a slower administered twice daily via dry powder inhaler is

onset of action than the long-acting β2-adrenoceptor effective and generally well tolerated in patients
agonist formoterol.[6] However, the two drugs were with COPD. Although not associated with a statisti-
shown to have a similar onset of action in one study cally significant reduction in mortality versus place-
in patients with COPD (section 2.2).[16] Formoterol bo in the TORCH trial (p = 0.052), salmeterol/
administered in combination with budesonide in a fluticasone propionate reduced the rate of decline in
single inhaler has also been shown to have benefi- lung function over the 3 years of the trial and was
cial effects in patients with COPD.[78,79] Data com- associated with lower exacerbation rates than the
paring salmeterol/fluticasone propionate with component monotherapies or placebo; other trials
budesonide/formoterol are limited; two single-dose revealed clinically significant improvements in
studies have compared the combination therapies health status and dyspnoea scores with salmeterol/
(section 2.2),[9,15] but data from larger multiple-dose fluticasone propionate. Results of the INSPIRE trial
studies would be of interest. suggest that salmeterol/fluticasone propionate is

The tolerability of drugs in patients with COPD is associated with a significantly lower mortality rate
of particular interest, given that these patients are than tiotropium bromide monotherapy in patients
often older and have significant co-morbid ill- with COPD; the two treatments had similar effects
nesses.[6,80] Salmeterol/fluticasone propionate was in terms of exacerbation rates and lung function.
generally well tolerated in patients with COPD, with Thus, salmeterol/fluticasone propionate is an impor-
reported adverse events generally being those ex- tant option in the treatment of patients with COPD
pected with the component monotherapies (section who are appropriate candidates for combination
5). It is possible that even highly selective β2-adre- therapy with a long-acting bronchodilator and an
noceptor agonists such as salmeterol may be asso- inhaled corticosteroid.
ciated with cardiac adverse events, given that β2-
adrenoceptors comprise 10–15% of the total β-adre-

Disclosurenoceptors in the heart.[17] However, such events
were seen infrequently in salmeterol/fluticasone
propionate recipients in clinical trials (section 5). During the peer review process, the manufacturer of the
The adverse effects of oral corticosteroids (e.g. os- agent under review was offered an opportunity to comment

on this article; changes based on any comments received wereteoporosis) are well established.[80] By contrast, the
made on the basis of scientific and editorial merit.fluticasone propionate component of inhaled salme-
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