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Several classes of medications are available for the treatment of
asthma, and often they must be taken concurrently to achieve
asthma control. Based on the understanding of asthma as an
inflammatory disease, the National Heart Lung and Blood
Institute guidelines provide a stepwise approach to pharmaco-
logic therapy. Corticosteroid therapy, principally inhaled corti-
costeroid (ICS) therapy, is considered the most effective anti-
inflammatory treatment. In cases of moderate-to-severe
persistent asthma, the addition of a second long-term control
medication to ICS therapy is one recommended treatment
option. A combination-product inhaler (Advair, Seretide) was
developed to treat both the inflammatory and bronchoconstric-
tive components of asthma by delivering a dose of the ICS, flu-
ticasone propionate, and a dose of the long-acting [3,-adrenergic
(LABA) bronchodilator, salmeterol. The Advair Diskus is avail-
able in 3 strengths of fluticasone propionate (100, 250, and 500
ng) and a fixed dose (50 |1g) of salmeterol. Combination treat-
ment with both ICS and LABA provides greater asthma con-
trol than increasing the ICS dose alone, while at the same time
reducing the frequency and perhaps the severity of exacerba-
tions. Furthermore, salmeterol added to ICS therapy provides
superior asthma control compared with the addition of
leukotriene modifiers or theophylline. The superior control is
likely a consequence of the complementary actions of the drugs
when taken together, including the activation of the glucocorti-
coid receptor by salmeterol. By combining anti-inflammatory
treatment with a long-acting 3,-agonist in a single inhaler (1
inhalation twice daily), physicians can provide coverage for
both the inflammatory and bronchoconstrictive aspects of asth-
ma without introducing any new or unexpected adverse conse-
quences. The most common drug-related adverse events were
those known to be attributable to the constituent medications
(ICS therapy and/or LABA therapy). Although the benefits of
combined ICS plus LABA therapy can be achieved with sepa-
rate inhalers, the convenience of the combination product may
improve patient adherence and may therefore reduce the mor-
bidity of asthma. (J Allergy Clin Immunol 2001;107:397-416.)
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OVERVIEW

Several classes of medications are used in the treat-
ment of asthma, including glucocorticoids, short-acting
and long-acting B-adrenergic (LABA) bronchodilators,
leukotriene modifiers, mast cell stabilizers, methylxan-
thines, and anticholinergics. These medications are often
used in combination to optimize asthma control by
improving pulmonary function, preventing symptoms,
reducing the need for rescue medication, normalizing
activity levels, preventing exacerbations, and minimizing
the impact of disease on patient quality of life. The
necessity for multiple medications, however, can compli-
cate treatment regimens and may contribute substantially
to medication misuse. A new combination powder
inhaler under the trade name of Advair or Seretide
(Glaxo Wellcome) has been developed that combines a
dose of inhaled corticosteroid (ICS) (fluticasone propi-
onate [FP]) and a LABA bronchodilator (salmeterol
xinafoate) in a single breath-activated device (Diskus).
Each inhalation from the Advair Diskus inhaler provides
50 pg of salmeterol and, depending on the selected
Adbvair strength, 100, 250, or 500 pg of FP. This article is
a review of the scientific and clinical evidence for the
combined use of ICSs with long-acting bronchodilators,
specifically focusing on the new Advair product. The
objectives of this manuscript are:

» To review the positioning in the guidelines for the
combined use of ICS and LABA in the treatment of
asthma.

* To review the scientific basis for ICS and LABA use
in asthma.

* To review the clinical evidence of the complemen-
tary actions of ICS and LABA in asthma.

» To address the potential issues inherent in the com-
bined use of ICS and LABA.

* To review the clinical evidence published to date
describing the use of the combination Advair prod-
uct at all 3 strengths.
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Abbreviations used

BDP: Beclomethasone dipropionate

BHR: Bronchial hyperresponsiveness
FP: Fluticasone propionate

ICS: Inhaled corticosteroid

LABA: Long-acting B,-adrenergic

MDI: Metered-dose inhaler

PEF: Peak expiratory flow
RR: Relative risk

NATIONAL HEART LUNG AND BLOOD
INSTITUTE GUIDELINES FORTHE
TREATMENT OF ASTHMA

The National Heart Lung and Blood Institute Expert
Panel 2 Guidelines to the Diagnosis and Management
of Asthma classify asthma into 4 levels of severity
based on symptoms and lung function measures
assessed before the initiation of treatment: (1) mild
intermittent asthma, (2) mild persistent asthma, (3)
moderate persistent asthma, and (4) severe persistent
asthma.! Corresponding to the 4 levels of severity, a 4-
step approach to asthma therapy has been defined. The
medications used in this step therapy are classified as
providing long-term control or quick relief. The long-
term control medications include corticosteroids (oral
and inhaled), cromolyn and nedocromil, sustained-
release theophylline, long-acting B,-agonists, and
leukotriene pathway modifiers. The medications pro-
viding quick relief are short-acting B,-agonists, anti-
cholinergics, and systemic corticosteroids.

Patients with mild intermittent asthma, characterized
by symptoms twice weekly or less and normal pul-
monary function between episodes, require only a quick
relief medication that can be used for episodes of asthma
and also can be used prophylactically to prevent symp-
toms, particularly those associated with exercise (step 1).
Patients with mild persistent asthma (symptoms more
than twice weekly but less than daily with normal lung
function but peak flow variability) are appropriately
treated with a long-term control medication with anti-
inflammatory properties (step 2). For these patients, low-
dose ICSs are the preferred agents and the standard to
which all others are compared. When low-dose ICSs do
not provide the requisite asthma control, treatment
options include increasing the dose of the ICS or adding
another long-term control medication, including long-
acting inhaled B,-agonists such as salmeterol, sustained-
release theophylline, or leukotriene pathway modifiers to
low-to-medium doses of ICSs (step 3). The current evi-
dence reviewed in this article suggests that the preferred
treatment option for these patients is combination thera-
py with low- to moderate-dose ICSs and long-acting [3,-
agonists. For severe persistent asthma, multiple medica-
tions may be necessary, including high-dose ICSs,
additional long-term control medications, and occasion-
ally oral prednisone (step 4).
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EVIDENCE FOR THE EFFECTIVENESS OF ICS
THERAPY

Importance of ICS therapy in the treatment
of asthma

The importance of ICS therapy in the treatment of asthma
cannot be overstated. Asthma is a chronic inflammatory dis-
order of the airways involving multiple cells and cellular ele-
ments including mast cells, eosinophils, T lymphocytes, neu-
trophils, and epithelial cells.! The magnitude of the
inflammation and the thickening of the subepithelial layer
(airway remodeling) are generally correlated with the sever-
ity of asthma but have been observed to some degree even in
mild intermittent asthma.23 In addition to the disruption in
epithelial integrity, the inflammatory response leads to
abnormalities in autonomic neural control of airway tone,
mucus hypersecretion, change in mucociliary function, and
increased airway smooth muscle responsiveness.! These
inflammatory changes are believed to eventually result in the
clinical manifestation of the disease, including symptoms,
airflow obstruction, and bronchial hyperresponsiveness
(BHR).! Because of this, the early introduction of ICS ther-
apy into the treatment of asthma is recommended. Treatment
with ICS therapy diminishes the overall inflammatory reac-
tion in the airways, improves the structure of the bronchial
epithelium, and reduces the number of eosinophils in the
bronchial walls.4¢ These actions are believed to translate
into the improvements in clinical outcomes of asthma that
have been observed with ICS treatment.

Prevention of asthma complications

ICS therapy reduces the severity of symptoms and airway
hyperresponsiveness, improves peak flow and spirometry,
prevents exacerbations, and possibly even prevents and/or
reverses airway wall remodeling.l.7 ICS therapy may also
prevent the development of fixed airflow obstruction; how-
ever, a delay in the introduction of ICS therapy may blunt
this beneficial effect. An inverse relationship between the
duration of asthma before the introduction of ICS therapy
and subsequent response to treatment has been observed (ie,
patients in whom ICS therapy was introduced early demon-
strated greater improvements in FEV, than patients in
whom ICS therapy was delayed®). This work corroborates
the earlier report of Haahtela et al, who observed that
patients with newly diagnosed asthma who had a 2-year
delay in the introduction of ICS therapy had a diminished
improvement in peak expiratory flow (PEF) compared with
patients with newly diagnosed asthma in whom ICS thera-
py was instituted immediately.® Furthermore, patients with
long-standing asthma in whom introduction of ICS therapy
was delayed have been observed to have a smaller improve-
ment in airway hyperresponsiveness to methacholine than
those in whom ICS therapy was introduced earlier. !0

ICS therapy has been demonstrated to reduce the
morbidity and mortality of asthma by decreasing exac-
erbations requiring additional corticosteroids,!! reduc-
ing the risk of hospitalizations due to asthma,l12-14
decreasing the rate of decline in pulmonary function,!5
and reducing the risk of death.!6.17
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Asthma control: Evidence with FP

FP is one of the available ICSs that has been widely
observed to have a favorable risk-to-benefit ratio when
used in a variety of doses and in patients with varying
severities of asthma. One of FP’s unique features is that
it is available in a variety of strengths such that twice-
daily administration of 1 to 4 puffs can deliver between
88 and 1760 pg/d. In multiple clinical trials in adult
patients previously treated only with as-needed short-act-
ing bronchodilators, FP has been observed to improve
lung function, reduce the occurrence of asthma exacer-
bations, and reduce symptoms and bronchodilator usage
in comparison to placebo,!8.19 theophylline,20 and zafir-
lukast.2! Similar findings were observed with FP in com-
parison to cromolyn in children.22

FP at dosages of 88 to 440 g bid has been observed to
improve asthma control in patients who are switched from
other ICSs, specifically 8 to 16 puffs/day of beclometha-
sone dipropionate23.24 or 8 to 12 puffs/day of triam-
cinolone acetonide or beclomethasone dipropionate
(BDP).25,26 In patients with severe oral prednisone—depen-
dent asthma, FP at dosages of 500 to 1000 pg bid (440-880
pug bid for metered-dose inhalers [MDIs]) has been
observed to eliminate or reduce the need for prednisone
while maintaining and improving lung function and other
measures of asthma control.27-28 In head-to-head compar-
isons of efficacy, FP at a lower dose has been observed to
be more effective than triamcinolone acetonide,25.26
BDP,29:30 and budesonide.2® The onset of these benefits of
FP, particularly on the improvements in PEF, symptoms,
and rescue albuterol use, can be observed within the first
week of treatment and often within the first day.3! From
the perspective of safety, FP at dosages of 50 to 100 pg bid
has been observed to have negligible adverse effects on
linear growth in children during a period of 12 to 20
months?2-32:33 or on bone mineral density in adults after 6
months (FP dosages of 500-1000 pg bid)34 and 2 years (FP
dosage of 500 ug bid) of treatment.35

EVIDENCE FORTHE EFFECTIVENESS OF
LABA THERAPY
Efficacy of salmeterol

Salmeterol, a potent 3,-adrenergic agonist, is the only
long-acting bronchodilator currently available in the
United States. Salmeterol provides superior bronchodila-
tion in 12-hour serial pulmonary function studies in com-
parison to placebo33-38 and albuterol administered every
6 hours.36-39 Additionally, salmeterol provides signifi-
cantly greater improvement than albuterol in predose
FEV, and morning PEF while reducing the requirement
for rescue albuterol.36-39 As one would predict on the
basis of its prolonged bronchodilation, salmeterol pro-
vides excellent relief of nocturnal symptoms and reduces
daytime symptoms of chest tightness, shortness of
breath, wheeze, and cough.36:37.40 Salmeterol is given at
a dosage of 50 g bid (powder delivery systems) or 42 g
bid for MDIs. Higher dosages of salmeterol (100 pg bid)
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have been evaluated, but because they provide little or no
additional benefit40-42 and can be associated with a high-
er incidence of side effects,#2-44 they are rarely used.

Salmeterol studies of up to 1 year’s duration have
demonstrated undiminished bronchodilator effect and no
increase in asthma exacerbations compared with placebo
(as-needed albuterol) even when used without attendant
anti-inflammatory drugs.3945-47 Moreover, the respon-
siveness to albuterol was preserved during treatment with
salmeterol, irrespective of ICS therapy.47-48 Although a
partial loss of the initial bronchoprotective effect against
methacholine or histamine challenge by salmeterol has
been observed, particularly in those studies in which sal-
meterol treatment followed a B-agonist washout period,#9-52
no loss of long-term protection or rebound hyperrespon-
siveness has been observed.>3 Salmeterol has been
observed to provide protection from exercise-induced
bronchoconstriction, but again, some decrease from the
initial degree of protection has been reported with twice-
daily dosing in adults>4 and children when taking salme-
terol once daily.55 Despite this decrease from the initial
level, the continuing bronchoprotective effect of salme-
terol exceeded that of the control group, suggesting that
the partial tolerance is of limited clinical significance.

Despite the clinical benefit observed with salmeterol,
it is particularly important to stress that salmeterol, like
other medications that do not have direct anti-inflamma-
tory activity, is not recommended as monotherapy.! Sal-
meterol monotherapy has been shown to provide poorer
asthma control than ICS therapy in children56-57 and
adults, as will be discussed later in combination FP/sal-
meterol studies.58:59 The same has been shown for the
leukotriene pathway modifiers21:60.61 and theophyl-
1ine20:62 when used as monotherapy compared with ICS
therapy.

Effects on asthma morbidity and mortality

Several studies have been conducted that provide reas-
surance that salmeterol does not increase asthma mor-
bidity or mortality.63-66 Salmeterol, like theophylline and
ipratropium before it, was preferentially prescribed in
patients with more severe asthma in the years immedi-
ately after its introduction. As a result of this and in
response to the increase in asthma mortality reported
with another long-acting B-agonist, fenoterol,57 salme-
terol was closely evaluated with respect to asthma mor-
tality with reassuring results.63.64 No evidence was pro-
duced that salmeterol contributed to death in any patients
in a large prescription-event monitoring study involving
15,407 patients.%4 Additionally, salmeterol use was not
associated with any increase in mortality compared with
theophylline or ipratropium in a study of the first 16
weeks of prescription, according to a database represent-
ing 4 million patients in the United Kingdom.®3 More-
over, salmeterol recipients did not have a greater risk
than theophylline recipients for emergency care (relative
risk [RR] = 1.09), hospitalization (RR = 1.09), or inten-
sive care unit stays (RR = 0.81), based on the automated
records of a large New England insurer.65
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Clinical outcomes: ICS plus LABA therapy

The efficacy of adding an LABA to ICS therapy ver-
sus increasing the dose of ICS therapy in patients in
whom low- to moderate-dose ICS therapy alone provid-
ed insufficient asthma control has been evaluated in a
number of studies*1:68-74 and a recent meta-analysis.”S
All are in agreement that improvement in pulmonary
function and asthma symptoms is greater with low-dose
ICS plus an LABA than with higher dose ICS therapy.
Addition of salmeterol to low-dose®8-70 or high-dose?!
beclomethasone or to low-dose?!:72 or high-dose’3:74 FP
resulted invariably in greater improvement in pulmonary
function when compared with at least a doubling of the
dose of the same ICS. In most instances symptoms were
improved and rescue medication use was reduced com-
pared with the treatment with larger doses of ICS alone.
Because of the well-recognized relatively flat dose-
response curve to ICSs, especially at higher doses, those
studies at the low-dose range of 400 ug/d of beclometha-
soneb8-70 and 176 pg/d of FP7L.72 are perhaps the most
clinically relevant.

The use of LABA added to ICS has not been implicat-
ed, despite concerns to the contrary, in contributing to
worsening asthma or in magnifying the problems associ-
ated with asthma exacerbations. In studies evaluating the
addition of an LABA to ICS versus higher doses of ICS,
combination ICS plus LABA therapy has been observed
to neither mask the detection of declining asthma con-
trol76.77 nor increase the frequency or severity of exacer-
bations, regardless of whether the patients were receiving
low- or high-dose ICS therapy.”7-78 Specifically, Matz et
al”7 evaluated the frequency and severity of asthma exac-
erbations in a large number (n = 925) of patients taking
FP 88 g bid plus salmeterol versus higher dose FP (220
ug bid) for 6 months. Significantly fewer patients in the
FP plus salmeterol group (41 [8.8%]) than in the higher
dose FP group (63 [13.8%]) had exacerbations (P =
.017). Lower exacerbation rates were observed with
combination treatment in patients with both mild-to-
moderate airway obstruction (60%-85% predicted) and
severe obstruction (40%-60% predicted) at baseline. Fur-
thermore, an analysis of the time to first exacerbation
revealed that FP plus salmeterol therapy was significant-
ly (P = .049) more protective than higher dose FP thera-
py. When exacerbations occurred leading to treatment
with prednisone, there was evidence that patients receiv-
ing combination FP plus salmeterol treatment did not
have any delay in recognition of the exacerbation and
recovered significantly faster in terms of return to pre-
exacerbation levels of PEF, symptoms, and rescue
albuterol use.

Comparisons of LABA versus other long-
term control medications

The addition of an LABA to ICS therapy is one of sev-
eral available step 3 options recommended by the guide-
lines, but how does this option compare with others,
specifically, adding either a leukotriene pathway modifi-
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er or a sustained-release theophylline to ICS therapy?
Whereas all options provide benefit,’9-83 recent evidence
suggests that the addition of an LABA to ICS therapy is
a superior choice. The addition of salmeterol versus
zafirlukast was compared in patients whose asthma was
not adequately controlled (>80% of whom were taking
ICSs).7 In this study, designed to compare zafirlukast 20
mg bid to salmeterol 42 pg bid for a period of 4 weeks,
salmeterol compared with zafirlukast resulted in an
improvement in morning PEF of 30 L/min versus 13
L/min, an improvement in symptom-free days of 22%
versus 9%, and an improvement in nights with no rescue
medication required of 31% versus 11%. In a more
recent direct comparison, the benefits of combination
therapy with FP and salmeterol were observed to be
superior to those achieved with FP and montelukast, as
will be discussed in detail later.80 By way of contrast, the
benefits of the addition of both leukotriene pathway
modifiers8! and sustained release theophylline$2:83 to
ICS therapy have been found to be generally comparable
to those achieved with doubling the dose of ICS. In an
abstract report by Nayak et al,8! the addition of zafir-
lukast 40 mg bid or 80 mg bid to BDP 336 pug bid was
found to be as effective as but not superior to doubling
the dose of BDP (672 pg bid). The mean percentage of
improvement in asthma symptom scores was comparable
between groups: 16% in both the low-dose zafirlukast
and the higher dose BDP group, and 23% in the higher
dose zafirlukast group. Mean improvements in PEF were
higher in all groups but were also comparable between
treatments. In other studies, when theophylline was
added to ICS therapy versus doubling the dose of ICS,
similar results were observed.32.83

In studies directly comparing salmeterol with the-
ophylline, usually in combination with ICS therapy, sal-
meterol was found to be superior. A meta-analysis of 9
studies involving 1330 patients comparing salmeterol to
theophylline found that all outcomes significantly
favored salmeterol.84 Salmeterol compared with the-
ophylline increased morning PEF by 20 L/min versus 10
L/min, produced 51% versus 39% symptom-free days,
and produced 63% versus 52% symptom-free nights, and
more patients withdrew due to side effects with the-
ophylline.

CONCERNS ABOUT COMBINATION ICS
PLUS LABATHERAPY

Evidence that LABAs may mask
inflammation

Although long-acting inhaled B,-agonists clearly are
the most effective bronchodilators to add to ICS therapy,
concerns persist that by allowing the use of a lower dose
of ICS, the underlying inflammation of asthma will be
masked. This has been fueled by a crossover study where
13 patients taking at least 1500 pg/d of ICS for control of
asthma were subjected to a steroid taper while receiving
either salmeterol or placebo.85 As predicted, while
receiving salmeterol, the patients were able to taper their
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ICS to a lower dose before having an exacerbation. At
this lower dose of ICS, there was a significantly higher
percentage of eosinophils in induced sputum compared
with the percentage in patients who had exacerbations at
a higher dose of ICS plus placebo, suggesting that the
ongoing inflammation was greater in the salmeterol-
treated group. Ten of 13 subjects in the salmeterol arm
had tapered completely off of ICS therapy by the time of
their exacerbations. Therefore this study addresses the
potential consequences of salmeterol monotherapy more
than it addresses the masking of inflammation with
LABA plus ICS therapy.

However, in this study, there were also increasing
eosinophil levels in the placebo group because their dose
of ICSs was reduced. Importantly, this raises the possi-
bility that “smoldering” airway inflammation is not lim-
ited to patients receiving long-acting B-agonists. One
could also argue that, just as long-acting 3-agonists may
control clinical manifestations of asthma but leave per-
sisting bronchial inflammation, ICSs can do the same.
This was demonstrated by Sont et al,8¢ who treated sub-
jects with ICS for 2 years, basing dosing in half of the
subjects on clinical parameters and in the other half also
on the degree of BHR. Those patients treated to reduce
BHR received 4 times the dose of ICS and had fewer
exacerbations and greater increases in FEV | than those
treated in response to clinical symptoms. Reduction in
bronchial eosinophils correlated with reduction in BHR.

Clearly, the dose of ICS must be carefully selected and
individualized to provide the requisite anti-inflammatory
coverage, a prospect made difficult by the fact that there
is no noninvasive and readily available inflammation
marker for this purpose. Guideline recommendations to
use the lowest effective dose of ICS (and thereby avoid
unwanted adverse systemic effects of ICS therapy) should
be interpreted conservatively so that inflammation and the
corresponding detrimental effects of it are avoided when-
ever possible. It remains critical that physicians continue
to have the flexibility to adjust the ICS dose.

Evidence that LABAs do not mask
inflammation

Despite the above concerns to the contrary, there is
ample evidence that the use of an LABA in combination
with ICS therapy does not mask inflammation. From a
clinical perspective, if use of long-acting 3-agonists per-
mitted greater airway inflammation, it is reasonable to
expect that there would be a higher incidence of asthma
exacerbations in long-term studies. Reassurance in this
regard comes from several studies.”>:77.78 In a 1-year
study conducted in 852 patients with asthma, patients’
conditions were first stabilized for 1 month with 1600
ug/d of budesonide.’ Patients were then randomly
assigned to receive budesonide 200 or 800 pg/d; half in
each group also received the long-acting inhaled B-ago-
nist formoterol. Asthma control in terms of pulmonary
function and symptoms was improved by the addition of
formoterol, but more importantly, the frequency of both
moderate and severe exacerbations was reduced with the
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addition of formoterol treatment compared with both
high- and low-dose ICS therapy alone. This study indi-
cates that rather than increasing exacerbations, the long-
acting B-agonist formoterol decreased the incidence of
both moderate and severe exacerbations. Among the
severe exacerbations that occurred in the same series,
153 occurred with low-dose budesonide, 125 occurred
with low-dose budesonide plus formoterol, 90 occurred
with high-dose budesonide, and 57 occurred with high-
dose budesonide plus formoterol.”6

Similar data are available for salmeterol during a 6-
month period, as described earlier by Matz et al.”? Fur-
thermore, a meta-analysis of studies comparing the addi-
tion of salmeterol to ICS therapy versus at least a
doubling of the ICS dose demonstrated that, rather than
increasing asthma exacerbations, the addition of salme-
terol to ICS therapy had a positive effect (ie, that of
reducing the number of exacerbations) (Fig 1).75 Accom-
panying this reduction in exacerbations was an increase
in pulmonary function (Fig 2) and an increase in symp-
tom-free days (Fig 3).

Further direct evidence that LABAs do not mask
inflammation comes from biopsy studies87-88 or studies
of bronchial alveolar lavage$%:90 and induced sputum.9!
Sue-Chu et al87 studied the effects on inflammation of 3
twice-daily treatments, FP 200 pg, FP 500 ug, or FP 200
lg plus salmeterol, and found that the addition of salme-
terol to low-dose FP treatment, rather than masking
inflammation, had a beneficial effect. Patients receiving
FP 200 pg treatment alone were observed to have signif-
icantly increased CD3 and CD4 lymphocyte levels com-
pared with those receiving other treatments, whereas the
FP plus salmeterol treatment group had significantly
decreased submucosal mast cell and CD25+ lymphocyte
levels. In a study with formoterol, the number of submu-
cosal mast cells and to a lesser extent the number of
eosinophils were found by biopsy to be significantly
reduced.88 In bronchial alveolar lavage studies, there was
no evidence of a deterioration in the underlying inflam-
matory disease process as assessed by cell profiles for
macrophages, eosinophils, lymphocytes, epithelial cells,
neutrophils, or mast cells after treatment with salmeterol
for 8 weeks.8 In a study of 60 patients who were initial-
ly treated with salmeterol 1600 pg/d and then randomly
assigned to receive either budesonide 200 pg/d plus for-
moterol or budesonide 800 pg/d for 1 year, no significant
differences were observed between groups in terms of
clinical asthma control or the proportion of eosinophils
or EG2+ cells.91 Moreover, there was no increase in the
level of sputum eosinophils during the year of treatment.

SCIENTIFIC RATIONALE: COMPLEMENTARY
ACTION OF ICS PLUS LABA

Considerable research effort has been aimed at charac-
terizing the precise mechanisms of asthma and the contri-
butions of various asthma treatments, fueled in part by the
observed and otherwise unexplained clinical benefits of
combination therapy with ICS and LABAs. The interac-
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FIG 1 .Difference in proportion of patients with 1 or more exacer-
bations (with 95% Cls). Meta-analysis of studies comparing the
treatment options of adding salmeterol to ICS therapy or increas-
ing (at least doubling) the dose of ICS in patients symptomatic
while receiving ICS therapy. Positive differences indicate treat-
ment benefit with addition of salmeterol. (Reprinted with permis-
sion from Shrewsbury et al. BMJ 2000;320:1368-73.)
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Image available in print only

FIG 2. Difference in mean clinic FEV, after 6 months of treatment
(with 95% Cls). Meta-analysis of 7 studies of 6 months’ duration
comparing the treatment options of adding salmeterol to ICS ther-
apy or increasing (at least doubling) the dose of ICS in patients
symptomatic while receiving ICS therapy. Positive differences
indicate treatment benefit with addition of salmeterol. (Adapted
with permission from Shrewsbury et al. BMJ 2000;320:1368-73.)

Image available in print only

FIG 3. Difference in mean percentage of symptom-free days after 6 months of treatment (with 95% Cls).
Meta-analysis of 7 studies of 6 months’ duration comparing the treatment options of adding salmeterol to
ICS therapy or increasing (at least doubling) the dose of ICS in patients symptomatic while receiving ICS
therapy. Positive differences indicate treatment benefit with addition of salmeterol. (Adapted with permis-

sion from Shrewsbury et al. BMJ 2000;320:1368-73.)

tions between corticosteroids and B,-agonists in asthma
have been excellently reviewed.92 Perhaps the most
important finding in this regard has been the demonstra-
tion of the positive complementary actions of ICS and
LABA therapy on receptors for the other agent. In a study
by Eickelberg et al,%3 it was demonstrated that the B,-
adrenergic agonists salmeterol and albuterol promoted the
ligand-independent activation of the glucocorticoid recep-
tors in vitro in human lung fibroblasts and vascular
smooth muscle cells. The complementary actions, howev-

er, are not limited to B-agonists. Using a human nasal
mucosa model, Baraniuk et al% demonstrated that clinical
doses of glucocorticoids increase the number of 3,-adren-
ergic receptors as well. Other studies have demonstrated
the complementary or synergistic actions of ICS plus
LABA and characterized the nonbronchodilator proper-
ties of salmeterol (Table I). Taken together, these data pro-
vide a foundation not only for the better understanding of
asthma but also for a solid scientific basis for the use of
combined ICS and LABA therapy.
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TABLE I. Findings from other studies regarding the complementary actions of ICS and LABA and the nonbronchodila-

tory properties of LABA

Study

Finding

Complementary actions of ICS and LABA

Eickelberg et al®3
Baraniuk et al%4
Pang!08

Pang and Knox109%

Oddera et all10

Anenden et al!ll*
Mak et alll2

Mak et a]!13

Nonbronchodilatory properties of LABA

Proud et alll4
Bissonnette and Befus!!>
Butchers et all16

Nials et alll7

Chong et al!l8

Dowling et al!l9

Dowling et al!20

B,-Agonists activate the glucocorticoid receptor (in vitro)

Glucocorticoids increase B,-receptor number (in vivo/in vitro)

Synergistic inhibition by [3,-agonists and corticosteroids of TNF-o—induced IL-8 release
(in vitro)

Synergistic inhibition by [,-agonists and glucocorticoids of TNF-a—induced eotaxin
release (in vitro)

Salmeterol enhances inhibitory activity of corticosteroids on allergen-induced blood
mononuclear cell activation (in vitro)

Salmeterol facilitates FP-induced eosinophil apoptosis (in vivo)

Glucocorticoids have protective effects on downregulation of ,-adrenergic receptors
(in vivo)

Glucocorticoids increase f3,-adrenergic receptor transcription (in vitro)

Salmeterol inhibits allergen-induced vascular permeability (in vivo)

Salmeterol and albuterol inhibit the IgE-dependent release of TNF-a (in vitro)

Salmeterol inhibits release of histamine, leukotriene C,, and prostaglandin D (in vitro)

3,-Agonists (salmeterol, formoterol, albuterol) inhibit release of histamine from human
lung fragments (in vitro)

Salmeterol inhibits IgE-mediated release of histamine from human lung mast cells by —
adrenoceptor—dependent and B-adrenoceptor-independent mechanisms (in vitro)

Salmeterol reduces Pseudomonas aeruginosa—induced damage to organ culture and nasal
epithelium (in vitro)

Salmeterol protects respiratory epithelium against Haemophilus influenzae—induced
damage (in vitro)

*Abstracts.

STUDIES OF ADVAIR THERAPY

The clinical and scientific rationale for the combined
use of ICS and LABA is well founded and compelling.
No other single therapy or combination of other therapies
has been shown to provide equal asthma control or to
equally prevent the sequelae of uncontrolled asthma,
including exacerbations and hospitalizations. Provided
there is flexibility to vary the ICS dose, a combination
ICS plus LABA product represents an important treat-
ment advance. Furthermore, there is a compelling need
for asthma therapies that reduce the complexity of treat-
ment, particularly in patients who require multiple thera-
pies, and improve the likelihood of patient adherence.

The combination product has been evaluated in sever-
al multicenter trials of 4 to 28 weeks’ duration to com-
pare the efficacy and safety of the combination product to
the efficacy and safety of the constituent medications
taken individually,38-5 the constituent medications taken
concurrently in separate inhalers,95:96 and other alterna-
tive treatments30 (Table II). Although these trials differ in
the severity of asthma and the dose of FP being evaluat-
ed, the results are remarkably similar. These studies will
be reviewed below.

Each of these studies included a run-in period of 1 to
3 weeks to collect information on lung function, symp-
tom scores, and albuterol use before randomization to
study treatments. This design enabled an evaluation of
patient compliance with study medication (in those with
a single-blind placebo run-in period) and study proce-

dures and provided baseline data for later comparative
purposes. Lung function was generally assessed by pre-
dose morning spirometry, 12-hour serial pulmonary
function testing, and twice-daily PEF measurements.
Additionally, symptom scores, nighttime awakenings due
to asthma, rescue use of albuterol, and asthma exacerba-
tions (generally defined as a clinical deterioration requir-
ing the use of oral prednisone) were recorded. In 2 stud-
ies,58:59 a uniform definition of worsening asthma based
on a composite of lung function, clinical symptoms,
nighttime awakenings, and use of rescue albuterol was
used to assess asthma stability (Table III). If patients met
these criteria, they were withdrawn early, and alternative
therapy was instituted. In addition to ensuring safety in
these placebo-controlled trials, the comparative asthma
stability of the varying treatments could be compared.
The arms using placebo and salmeterol alone afforded
the opportunity for the researchers to observe the effects
of discontinuation of ICS therapy on the control of asth-
ma in those patients previously treated with ICS therapy.

Pilot study: Concurrent FP and salmeterol
via MDI

The first study, by Pearlman et al,%5 was not an Advair
study per se but was an important pilot study because it
compared the benefits of several doses of concurrent ther-
apy (in separate MDIs) with those obtained by the con-
stituent medications taken alone. Despite the concurrent
use of these medications for several years, this had not
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TABLE Il. Study designs

Nelson 405

Duration
Study Design Treatments (BID via Diskus) (wk) Patients
Pearlman et al%>
R Placebo (MDI) 136 4 Age: 212 y; FEV,: 50%-80%; no CSs within 1 mo
DB FP 88 ug (MDI)
PC FP 220 pug (MDI)
PG Salm 42 ug (MDI), FP 88 ug +
Salm 42 pg (separate MDIs),
FP 220 ug + Salm 42 pg
(separate MDIs)
Kavuru et al58
R Placebo 356 12 Age: 212 y; FEV : 40%-85%; stratified: + previous
ICS use
DB FP 100 pg
PC Salm 50 pg
PG Advair 100/50 ug (FP 100/Salm 50)
Shapiro et al%?
R Placebo 349 12 Age: 212 y; FEV,: 40%-85%; previous ICS:
medium-dose for 212 wk
DB FP 250 pg
PC Salm 50 pg
PG Advair 250/50 ug (FP 250/Salm 50)
Aubier et al%
R Advair 500/50 pg (FP 500/Salm 50) 503 28 Age: 212 y; FEV,: 50%-100%; previous ICS:

DB FP 500 pg + Salm 50 pg
(separate inhalers)
PG FP 500 ug
Nelson et al80
R, DB

AC, PG FP 100 pg + montelukast 10 mg
QD orally

Advair 100/50 pg (FP 100/Salm 50) 447 12

high-dose for 212 wk

Age: 215 y; FEV : 50%-80%; previous ICS:
low-medium dose

R, Randomized; DB, double-blind; PC, placebo-controlled; PG, parallel-group; AC, active controlled; Salm, salmeterol; QD, once daily.

been fully evaluated. A total of 136 adolescent and adult
patients with asthma controlled previously with only daily
or as-needed short-acting bronchodilators were enrolled.
Patients with life-threatening asthma, those who had
received any corticosteroid therapy within 1 month, and
those who had unstable asthma during the 2-week single-
blind placebo screening period were excluded. In a dou-
ble-blind, double-dummy design, eligible patients were
randomly assigned to receive 1 of the following 6 treat-
ments via MDI without a spacer twice daily for 4 weeks:
(1) placebo, (2) salmeterol 42 ng, (3) FP 88 ug, (4) FP
220 pug, (5) FP 88 g plus salmeterol 42 ug, and (6) FP
220 pg plus salmeterol 42 pg. Patients treated with con-
current doses of FP and salmeterol had significantly
greater improvements in FEV, over baseline at the end-
point (0.6-0.7 L) compared with patients receiving salme-
terol alone (0.3 L), FP alone, (0.3 L), or placebo (no
change). Improvements in the mean maximum percent
change from baseline in FEV,| were observed after the
first dose (~40% improvement in both combination
groups), and these were maintained after 4 weeks of treat-
ment. The magnitude of the mean improvement in FEV
associated with combination FP plus salmeterol treatment
(0.6-0.7 L) is virtually unprecedented in clinical trials.

TABLE Illl. Predefined criteria indicating worsening asth-
ma for studies by Kavuru et al®® and Shapiro et al5®

Category Criteria

Clinical Clinical exacerbation requiring emergency
department or hospital drugs or addition-
al asthma medications

FEV, >20% decrease from predose baseline

PEF 220% decrease from mean baseline morn-

ing PEF on >3 of 7 d before visit
212 pulffs of albuterol on >2 of 7 d before
visit
Nighttime awakenings >2 nighttime awakenings/week because of
asthma symptoms that required albuterol

Rescue medication

Low-strength Advair

The efficacy and safety of the low-strength combina-
tion product (FP 100 pg + salmeterol 50 pg bid via
Diskus) was compared with the efficacy and safety of FP
100 pg bid, salmeterol 50 pg bid, and placebo in a 12-
week study.58 In total, 356 patients were stratified into 2
groups: those who had previously taken low-dose ICS for
at least 3 months before screening (n = 250), and those
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FIG 4. Probability of remaining in the study (Kaplan-Meier survival curve) without exhibiting signs of wors-
ening asthma. Low-dose Advair study. (Reprinted with permission from Kavuru et al. J Allergy Clin

Immunol 2000;105:1108-16.)

who had taken salmeterol for at least 1 week and no ICS
therapy for at least 1 month (n = 106). This design
enabled an evaluation of the effects of both switching to
combination therapy from other ICS therapies and initi-
ating combination therapy in patients previously not tak-
ing ICSs. After the 2-week baseline period, during which
patients continued their usual asthma medication,
patients were randomly assigned to study treatments, and
prior therapies (other than the as-needed use of albuterol)
were discontinued. Twelve-hour serial pulmonary func-
tion tests were performed after the first dose (day 1) and
after 1 and 12 weeks of treatment. Morning and evening
PEF, asthma symptom scores, nighttime awakenings due
to asthma, and rescue albuterol use were recorded on
diary cards. At each clinic visit, lung function and diary
data were reviewed to determine whether the patient was
eligible to continue. Patients who met predefined criteria
for worsening asthma were withdrawn from the study.

The treatment groups were balanced at baseline: mean
age 35 to 39 years, 51% to 59% male, 83% to 87% white,
64% with FEV | predicted normal (all groups), and 29%
to 32% reversibility in response to albuterol. The mean
albuterol use during baseline was 3 puffs/day, asthma
symptoms were present on 75% to 87% of days, and
patients were relatively undisturbed by asthma during the
night (90%-92% of nights without awakenings).

Patients in the combination group were significantly
less likely to be withdrawn because of worsening asthma
(Fig 4). Only 3% of patients treated in the combination
group were withdrawn due to worsening asthma in com-
parison with FP alone (11%), salmeterol alone (35%), or
placebo (49%, P < .020). It is worth noting that asthma
stability was particularly compromised in patients who

were not receiving ICS therapy. This was exaggerated by
the fact that most patients treated with salmeterol alone
or placebo (as-needed albuterol only) had their previous
baseline ICS therapy discontinued, and thus this finding
illustrates the importance of anti-inflammatory therapy
in preventing asthma exacerbations and the potential
consequences of salmeterol and as-needed albuterol
monotherapy.

Combination therapy provided significantly greater
improvement in lung function (FEV, [Fig 5], PEF [Fig
6]). Mean changes from baseline during 12-hour serial
pulmonary function tests were significantly greater in the
combination group on day 1, week 1, and week 12 com-
pared with placebo (all time points, P < .001), FP (all
time points, P < .002), or salmeterol (all time points
weeks 1 and 12, P < .047). The percent change from
baseline in FEV, on day 1, although superior to that with
placebo and FP, as might be expected, was not different
from that with salmeterol; however, with continued treat-
ment (12 weeks), the improvements in the combination
group surpassed improvements seen with salmeterol
alone (Fig 5). Similarly, with morning PEF, patients in
the combination group had improvement on the first day
of treatment, and this increased over time (Fig 6).

Combination therapy provided significantly greater
improvement than all other treatments in PEF, asthma
symptom scores, nighttime awakenings, and rescue
albuterol use (Table IV). Most notably, albuterol use was
decreased by 1.9 puffs/day to approximately 1 puff/day
in the combination group, and it was reduced slightly in
the salmeterol and FP groups (0.3-0.4 puffs/day) and
increased by 1.7 puffs/day in the placebo group. The
deterioration in asthma control observed in the placebo
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FIG 5. Mean change from baseline (before randomization of study drug) in serial FEV, for 12 hours at day

1, week 1, and week 12. Low-dose Advair study. (Reprinted with permission from Kavuru et al. J Allergy Clin
Immunol 2000;105:1108-16.)
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FIG 6. Mean change from baseline in daily mean morning PEF.
Low-dose Advair study. (Reprinted with permission from Kavuru
et al. J Allergy Clin Immunol 2000;105:1108-16.)

group and to a lesser extent in the salmeterol group again
highlights the importance of continued anti-inflammato-
ry treatment for optimal asthma control.

Medium-strength Advair

The medium-strength combination product was evalu-
ated in a double-blind, parallel-group, placebo-controlled
trial that required all patients to be receiving moderate
doses of ICS therapy at baseline before being randomly
assigned to combination therapy twice daily (250 pg FP,
50 ug salmeterol), FP 250 g bid, salmeterol 50 pg bid, or
placebo.59 Baseline lung function and symptoms were col-
lected during a 2-week single-blind run-in period before
the randomization to treatment (and discontinuation of
previous ICS therapy). Patients were evaluated at 1- to 2-
week intervals during the study and were permitted to con-
tinue in the study only if their asthma was stable.

In total, 349 patients were enrolled in the study: 93 in
the placebo group, 84 in the combination group, 88 in the
salmeterol 50 ug group, and 84 in the FP 250 ug group.
The groups were similar at baseline: mean age 38 to 40
years, 41% to 54% male, 73% to 89% white, FEV, 68%
to 69% predicted normal, and 28% to 29% reversibility to
albuterol. Additionally, the mean albuterol use was 3 to 4
puffs/day, asthma symptoms were present on 63% to 81%
of days, and patients were undisturbed by asthma during
the night on 90% to 91% of the nights.

As was observed with low-strength combination ther-
apy, the combination group had significantly greater
asthma stability than all other treatment groups (Fig 7).
During 12 weeks of treatment, 4% of the combination
group was withdrawn due to worsening asthma as com-
pared with 22%, 38%, and 62% of the patients in the FP,
salmeterol, and placebo groups, respectively. Like the
study by Kavuru et al,58 asthma stability was consider-
ably compromised in those patients in whom ICS thera-
py was discontinued at randomization (ie, the placebo-
and salmeterol-alone groups). Most of the deterioration
in asthma occurred within 1 month of the discontinuation
of ICS therapy.
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Greater improvement in predose FEV| was observed with
combination therapy than with salmeterol alone, FP alone,
and placebo at each study visit, and at endpoint, an analysis
that included the last available measurement for all patients
revealed differences that were statistically significant (Fig 8).
The improvement in lung function in the combination group
was observed initially after the first dose but became more
pronounced after continued treatment. The magnitude of the
improvement and the onset of effect (significantly improved
compared with salmeterol alone within hours of the first
dose) provide support that there are complementary actions
of ICS and LABA taken in combination. After 12 weeks of
treatment, FEV, values, including those obtained before the
morning dose of medication, had increased 26% to 33% over
the pretreatment baseline values in the combination group.

Combination therapy also provided superior control of
asthma compared with all other treatments with respect to
symptoms, nocturnal awakenings, and albuterol use
(Table V). With combination therapy, mean morning PEF
increased to 90% of predicted at endpoint, an increase of
53.5 L/min, or approximately 15% from baseline. The
improvements with FP 250 ug were more modest (86% of
predicted, +15.2 L/min), whereas PEF declined with sal-
meterol and placebo treatment, a likely consequence of
the discontinuation of ICS therapy. Combination therapy
resulted in an increase in the percentage of days with no
asthma symptoms from 27% at baseline to 51% at end-
point, and albuterol use was reduced from 3.5 puffs/day to
just more than 2 puffs/day. The need for rescue albuterol
was unchanged for the salmeterol group and actually
increased nearly 1 puff/day in the placebo group.

High-strength Advair

Twice-daily administration of the high-strength combi-
nation product (FP 500 pg + salmeterol 50 ug) was com-
pared with twice-daily concurrent use of FP 500 pg plus
salmeterol 50 g in separate Diskus inhalers and FP 500
ug bid via Diskus taken alone in a randomized, double-
blind, parallel-group study.%6 Because of the severity of
asthma and the duration of this study (28 weeks), no place-
bo arm was included. All patients were required to have an
FEV, between 50% and 100% of predicted normal while
taking high-dose ICS therapy (BDP or budesonide 1500-
2000 pg/d or FP 750-1000 pg/d). After the 2-week run-in
period, only those patients who were symptomatic and had
a PEF between 50% and 85% of maximum after albuterol
were enrolled. Patients were evaluated after 2, 4, 12, 20,
and 28 weeks of treatment and kept diary records of PEF,
daytime and nighttime asthma symptom scores, and
albuterol use during the first 12 weeks of treatment.
Adverse events and changes in concurrent medications
were monitored throughout the 28-week treatment period.

A total of 503 patients were randomly assigned to
treatment: 167 in the combination group, 171 in the con-
current FP plus salmeterol group, and 165 in the FP 500
ug group. Most patients had long-standing asthma (>15
years); the mean age ranged from 46 to 50 years, slight-
ly more men than women participated, and the mean per-
centage of predicted FEV, was 73%.
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FIG 7. Probability of remaining in the study (Kaplan-Meier survival curve) without exhibiting signs of worsening
asthma. Medium-dose Advair study. (Reprinted with permission from Shapiro et al. Am J Respir Crit Care Med

2000;161:527-34.)

TABLE IV. Low-strength Advair: Mean (SE) change from baseline at endpoint

Placebo (n = 77)

Advair 100/50 ug (n = 87)

Salmeterol 50 ug (n =86) FP 100 ug (n = 85)

Morning PEF (L/min)

Baseline 382 (11.7)

Mean change -23.7 (4.8)
Evening PEF (L/min)

Baseline 398 (11.5)

Mean change -13.3 (4.4)
Asthma symptom score (0-5 scale)

Baseline 1.8 (0.11)

Mean change 0.4 (0.10)
Days with no asthma symptoms (%)

Baseline 15.8 (3.33)

Mean change -3.8(3.01)
Nights with no awakenings (%)

Baseline 89.9 (1.44)

Mean change -16.5 (3.42)
Albuterol use (puffs/d)

Baseline 3.2(0.24)

Mean change 1.7 (0.26)

393 (10.6) 369 (9.5) 374 (11.3)
52.5 (5.3)%1% ~1.7 (4.6)* 17.3 (4.4)*
418 (10.7) 396 (9.6) 390 (11.0)
35.0 (4.7)*T ~7.4(4.9) 18.0 (4.6)*
1.5 (0.11) 1.8 (0.10) 1.6 (0.11)
~0.7 (0.11)*t% ~0.1 (0.1)* -0.2 (0.09)*
25.2 (4.00) 12.6 (2.78) 19.4 (3.74)
22.6 (4.59)%T% 8.0 (3.29)* 7.2 (4.09)
91.7 (1.58) 91.6 (1.45) 91.3 (1.79)
4.6 (1.73)" 5.3 (2.57)* 2.4 (2.34)%
3.1(0.28) 3.3 (0.28) 3.1 (0.27)
~1.9 (0.26)*1% ~0.3 (0.26)* ~0.4 (0.21)*

Reprinted with permission from Kavuru et al. J Allergy Clin Immunol 2000;105:1108-16.
All doses were administered twice daily. Endpoint analyses included data from the final visit during treatment for patients completing the study and the last
available data for patients who were withdrawn early. Days with no symptoms and nights with no awakenings were recorded as 0.

*P <.013 vs placebo.
TP <.023 vs salmeterol 50 pg.
P <.025 vs FP 100 pg.

As expected, both groups that received FP and salme-
terol together, either via the combination device or con-
currently in separate inhalers, fared better than those who
received only FP for morning PEF (Fig 9). Morning PEF
in the combination group and the concurrent therapy
group was improved 12% and 10%, respectively, over
baseline levels with high-dose ICS therapy. No differ-
ences were observed between combination use and con-
current use of FP and salmeterol for PEF at any time
point. Other measures of asthma control, including FEV,
and symptom scores, nighttime awakenings, and

albuterol use, were improved to a greater degree in the
combination group than in the concurrent treatment
group or the FP group; however, these differences were
not generally statistically significant. The incidence of
asthma exacerbations was not reported in this 28-week
study, but a similar number of patients (19% in the com-
bination group, 16% in the concurrent therapy group, and
25% in the FP 500 pg group) were withdrawn for a vari-
ety of reasons. This further supports that idea that the
addition of LABA to ICS therapy does not increase the
incidence of asthma exacerbations. These results corrob-
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TABLE V. Medium-strength Advair: Mean (SE) change from baseline at endpoint

Placebo (n = 90)

Advair 250/50 (n = 81)

Salmeterol 50 ug (n = 84) FP 250 ug (n = 81)

Morning PEF (L/min)

Baseline 373 (10.5) 367 (11.0) 372 (10.1) 374 (8.4)

Mean change -14.1 (3.9) 53.5 (5.6)*% -11.6 (5.2) 15.2 (4.6)*
Morning PEF (% predicted)

Baseline 82 (1.9) 79 (1.8) 79 (1.7) 83 (1.7)

Mean change -3.1(0.9) 11.8 (1.2)*f -2.2(1.1) 3.3 (1.0)*
Evening PEF (L/min)

Baseline 396 (10.0) 388 (11.7) 393 (10.2) 388 (8.5)

Mean change -15.8 (4.4) 45.4 (5.2)*T% —-13.7 (4.8) 7.9 (4.5)*
Asthma symptom score (0-5 scale)

Baseline 1.6 (0.12) 1.4 (0.11) 1.6 (0.10) 1.6 (0.12)

Mean change 0.4 (0.1) —0.8 (0.12)*7% 0.1 (0.1)* -0.4 (0.09)*
Days with no asthma symptoms (%)

Baseline 24.1 (3.6) 26.5 (4.1) 19.2 3.7) 23.5 (4.0)

Mean change -79 (3.4) 33.8 (4.6)*% 2.1(3.6) 15.4 (4.2)*
Nights with no awakenings (%)

Baseline 89.1(1.9) 90.7 (1.8) 89.7 (2.0) 90.5 (2.1)

Mean change -12.0 (3.4) 7.2 (1.9)*t% -8.0 (3.6) 2.8 (2.4)*
Albuterol use (puffs/d)

Baseline 3.8 (0.3) 3.5(0.4) 3.8 (0.3) 3.2(0.3)

Mean change 0.9 (0.3) 2.3 (0.4)T% 0(0.3)* -0.9 (0.2)*

Reprinted with permission from Shapiro et al. Am J Respir Crit Care Med 2000;161:527-34.

All doses were administered twice daily. Endpoint analyses included data from the final visit during treatment for patients completing the study and the last

available data for patients who were withdrawn early. Days with no symptoms and nights with no awakenings were recorded as 0.

*P <.036 vs placebo.
TP <.003 vs salmeterol 50 pg.
£P < 015 vs FP 250 pg.

orated the findings of other researchers who had investi-
gated the effects of the lower strength combination prod-
uct versus those of concurrent therapy via separate
inhalers.97-98

Advair versus other treatment options

How does Advair compare with other treatments that
could be added to ICS therapy? The answer to this ques-
tion is a subject of considerable interest and research
effort today that, given time, will yield important infor-
mation for clinicians.9 The available evidence suggests

that the combination product provides better asthma con-
trol than adding the leukotriene pathway modifier, mon-
telukast, to ICS therapy, as described below.80

A randomized, double-blind trial was conducted in
patients aged 15 years and older who demonstrated inad-
equate asthma control (as defined by lung function, the
presence of symptoms, and frequent albuterol use)
despite treatment with low-dose ICS therapy. Clinically,
these patients were classic candidates for step 3 therapy.
All patients were switched from their previous ICS to FP
100 pg bid for a 3-week run-in period. This was done to
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permit stabilization with a uniform ICS before random-
ization as well as to exclude those patients whose symp-
toms improved (and were therefore no longer sympto-
matic) as a result of switching to FP. As predicted, a
number of patients were excluded after switching to FP,
and among those that continued in the study, mean lung
function improved from 67% to 70% of predicted during
run-in. At the end of the run-in period, patients who were
still in need of an additional asthma medication (defined
as an FEV, between 50% and 80% of predicted normal
and at least 1 additional sign of inadequate asthma con-
trol based on albuterol use, symptoms, or nighttime
awakenings) were assigned to Advair 100/50 pg bid or
FP 100 pg bid plus montelukast 10 mg orally once daily
in the evening.

A total of 447 patients were randomly assigned to the
study treatment: 222 in the combination group and 225 in
the FP plus montelukast group. At baseline, the groups
were balanced with respect to age (mean 40-43 years),
sex (60%-61% female), ethnic origin (84%-91% white),
lung function (70%-71% predicted FEV,), and rescue
albuterol use (3.7-3.8 puffs/day).

Both treatment groups’ symptoms improved relative to
baseline; however, when the improvements were com-
pared between treatments, the combination group fared
better in terms of lung function (both PEF and FEV|,
Figs 10 and 11, respectively), albuterol use, and short-
ness of breath scores (Table VI). Moreover, although the
study lasted only 12 weeks, the combination group had
significantly (P = .031) fewer asthma exacerbations (4
patients, 2%) compared with the FP plus montelukast
group (13 patients, 6%).

Adverse events and safety

The safety of ICSs has been extensively reviewed for
the local effects of the drug as well as the potential, unin-
tentioned systemic effects on growth, bone mineral den-
sity, hypothalamic-pituitary-adrenal axis function, and
cataract formation.100-103 Without exception, the consen-
sus remains that, while there are risks inherent in partic-
ularly high-dose administration, ICSs remain the best
anti-inflammatory treatment option for patients with per-
sistent asthma. Potential systemic effects can be mini-
mized or altogether avoided by obtaining control quickly
with higher doses and then reducing the ICS dose to the
minimum dose required to control asthma.

Likewise, multiple studies and years of clinical use
have found the risk-benefit ratio of the long-acting [3,-
adrenergic bronchodilator salmeterol to be favorable,
even desirable.!04.105 Not only has salmeterol been
demonstrated to provide sustained bronchodilation but its
use neither masks underlying inflammation nor con-
tributes to increases in asthma exacerbations.

The relevant issue with the use of Advair is whether
there are any new and unexpected adverse consequences
of taking the drugs in combination that have not been
previously observed, and the simple answer is that there
are not. In the reviewed studies, adverse events were
reported at similar frequencies across treatment groups.
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FIG 9. Mean change from baseline in daily morning PEF. High-
dose Advair study. (Adapted with permission from Aubier et al.
Respir Med 1999;93:876-84.)
TABLE VI. Advair versus FP plus montelukast

Advair FP +

100/50 montelukast P value
Morning PEF (L/min)
Baseline 398.3 (5.9) 392.1 (6.3)
Change weeks 1-12  +24.9 (2.1) +13.0 (2.1) <.001
Evening PEF (L/min)
Baseline 419.4 (6.1) 410.9 (6.4)
Change weeks 1-12  +18.9 (1.9) +9.6 (1.9) <.001
FEV, (L)
Baseline 2.38 (0.04) 2.39 (0.04)
Change at endpoint ~ +0.34 (0.03) +0.20 (0.02) <.001
Days with no albuterol
use (%)
Baseline 14.0 (1.7) 15.8 (1.9)
Change weeks 1-12 +26.3 (2.3) +19.1 (2.1) .032
Total albuterol use
(puffs/d)
Baseline 3.77 (0.16) 3.73 (0.16)
Change weeks 1-12  —1.55 (0.14) -1.14 (0.12) .014
Shortness of breath score
(scale 0-5)
Baseline 1.52 (0.07) 1.54 (0.07)
Change weeks 1-12  -0.56 (0.05) —-0.40 (0.04) .017
Chest tightness score
(scale 0-5)
Baseline 1.39 (0.06) 1.32 (0.07)
Change weeks 1-12 —0.49 (0.05) -0.43 (0.04) 521
Wheeze score (scale 0-5)
Baseline 1.18 (0.07) 1.13 (0.07)
Change weeks 1-12 -0.41 (0.05) —-0.38 (0.05) 279
Overall daytime symptom
scores (0-5 scale)
Baseline 1.36 (0.06) 1.33 (0.06)
Change weeks 1-12  -0.49 (0.04) -0.41 (0.03) 199

Reprinted with permission from Nelson et al. J Allergy Clin Immunol
2000;106:1088-95.

No significant differences were found between treatment groups at baseline.
All treatment groups experienced significant within-treatment group
improvements over baseline for all efficacy measures (P < .001). Overall
daytime score is mean of individual symptom scores (shortness of breath,
chest tightness, and wheeze).

The most common drug-related adverse events were
those attributable to ICS therapy (oral candidiasis,
sore/irritated throat, hoarseness/dysphonia) or LABA
treatment (tremor, nervousness, muscle cramping) or
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FIG 10. Mean percent change from baseline in morning (A) and evening (B) PEF. Advair therapy versus FP
plus montelukast study. Baseline values obtained during treatment with FP 100 pug bid. Comparable base-
line morning PEF (398 L/min, 392 L/min) and evening PEF (419 L/min, 411 L/min) for FP/salmeterol combi-
nation and FP plus montelukast groups, respectively. (Reprinted with permission from Nelson et al. J Aller-

gy Clin Immunol 2000;106:1088-95.)

both (headache, cough), and even the most common of
these events occurred infrequently (<3%) and rarely led
to discontinuation of treatment. Holter monitoring for
potential cardiovascular effects and assessments of hypo-
thalamic-pituitary-adrenal axis function for potential sys-
temic corticosteroid effects were consistently found in
multiple studies to be similar to those of the constituent
medications.

Other considerations: Convenience and
compliance

Combination therapy with FP and salmeterol undoubt-
edly represents an advance in terms of the convenience of
asthma treatment. With 1 inhalation twice daily, patients
can receive potent anti-inflammatory treatment along
with a superior bronchodilator and, because there are 3

strengths, the FP dose can be modified commensurate
with asthma control. The Advair Diskus is a breath-actu-
ated powder device that obviates the need to coordinate
actuation and inhalation. Furthermore, the Advair Diskus
has a dose counter (60 doses, a 1-month supply) so that
patients can keep track of their usage and anticipate the
need for refills.

Whether the introduction of Advair will ultimately
increase patient adherence to this important therapy is
not known. A number of factors contribute to medication
adherence rates, including the patient’s perception of the
benefits and risks.100.107 Steroid phobia regrettably still
exists and limits the widespread and aggressive use of
ICS. A concern with salmeterol has been that patients
will perceive the improvement in symptoms associated
with salmeterol treatment and choose, without counsel-
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FIG 11. Mean percent change from baseline in clinic FEV,. Clinic FEV, conducted in the morning, 2 to 4 hours
after the morning dose of study medication. Advair therapy versus FP plus montelukast study. Baseline FEV,
values were 2.38 L (70% predicted normal) in the FP/salmeterol combination group and 2.39 L (71% pre-
dicted normal) in the FP plus montelukast group after 3 weeks of run-in treatment with FP. (Reprinted with
permission from Nelson et al. J Allergy Clin Immunol 2000;106:1088-95.)

ing to the contrary, to stop taking their anti-inflammato-
ry therapy. Because the two medications are combined in
a single inhaler, Advair therapy may improve adherence
and prevent patients from making preferential and poten-
tially ill-advised medication choices to stop one medica-
tion or another.

CONCLUSION

This article has reviewed the scientific and clinical
rationale for and the efficacy and safety of Advair, a new
combination inhaler for the treatment of asthma com-
posed of the ICS fluticasone propionate and the long-act-
ing B,-agonist salmeterol. For patients whose symptoms
are inadequately controlled on low-dose ICS therapy,
combination therapy provides better asthma control than
increasing the dose of ICS. Combination treatment also
provides superior asthma control than adding a
leukotriene modifier or theophylline to ICS therapy.
Despite concerns to the contrary, combination therapy
has not been shown to be associated with evidence of
masking the inflammation of asthma, but instead it has
been observed to reduce surrogate markers of inflamma-
tion. The superior clinical efficacy of combination treat-
ment is likely a consequence of the complementary
actions of these two classes of drugs when taken togeth-
er. Advair is a unique combination therapy that permits
treatment of both the inflammatory and bronchoconstric-
tive components of asthma in a single inhalation device.

The author thanks Amy Schaberg for her assistance with prepa-
ration of this manuscript.
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