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Short-acting 3,-agonists are effective in relieving acute
symptoms of asthma and in the short-term prevention of
symptoms from stimuli, such as exercise. They are ineffective
when used on a regular schedule to improve asthma control.
Long-acting (3,-agonists, on the other hand, provide sustained
bronchodilation and improve asthma control. Regular use of
long-acting B,-agonists is not associated with significant
tolerance to their bronchodilator action, impairment in the
response to albuterol, decreased baseline pulmonary function,
increased response to methacholine, or increased risk of
adverse cardiac events. Case-control studies do not suggest an
increased risk for death or intensive care unit admissions
with use of long-acting 3,-agonists. In prospective studies in
which there has been an increase in asthma deaths or serious
asthma exacerbations, this increased risk has not been observed
in subjects using inhaled corticosteroids. Where increased
deaths have occurred in relation to either short- or long-acting
[3>-agonists, the events have not occurred equally throughout
the exposed population. This suggests that these outcomes
were not a direct toxic effect of the drugs and increases the
possibility that they resulted from an interaction between relief
of symptoms by 3,-agonists and delay in seeking medical care.
(J Allergy Clin Immunol 2006;117:3-16.)
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Abbreviations used
ACRN: Asthma Clinical Research Network
BAL: Bronchoalveolar lavage
LABA: Long-acting [3,-adrenergic bronchodilator
OR: Odds ratio
PEF: Peak expiratory flow
RR: Relative risk
SMART: Salmeterol Multicenter Asthma Research Trial

Concerns regarding the use of 3,-adrenergic agonists in
the treatment of asthma originally arose as a result of 2
epidemics of deaths from asthma. The first of these, which
lasted from 1959 through 1966, occurred in the United
Kingdom and 6 other countries. Deaths in the 5- to 34-
year-old age group increased 3-fold. Circumstantial evi-
dence linked this increase in deaths to the introduction
of a metered-dose inhaler delivering a higher dose of
isoproterenol than that used in other countries.' The death
rate decreased after widespread publicity about possible
overuse of this drug and the importance of closer medical
supervision of patients with asthma. In 1976, a sharp in-
crease occurred in asthma deaths in New Zealand. Case-
control studies established a link to the use of fenoterol,
a 3-adrenergic agonist that was somewhat less 3, selective
than albuterol and dispensed at a higher relative dose. A
dramatic reduction in the use of fenoterol in New Zealand
was temporally associated with a return of mortality caused
by asthma to low levels, despite increasing total sales of
B-agonists.”

To further explore the relationship between [3,-adrenergic
agonists and asthma deaths, epidemiologists used the
health insurance databases from Saskatchewan, Canada.
They identified 12,301 patients 5 to 54 years of age for
whom at least 10 prescriptions for 1 or more asthma drugs
had been dispensed over a 10-year period. From this
cohort, they identified 44 who had died from asthma, 85
with a near-death experience and 655 matched control sub-
jects. The initial case-control study found an increased risk
of death or near death from asthma was associated with the
regular use of inhaled (3,-agonists. Although the risk with
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fenoterol was higher, they also found an increased risk as-
sociated with the use of albuterol.> The group next exam-
ined asthma-related and non—asthma-related deaths in the
entire cohort. They identified a marked rate of increase in
asthma-related deaths beginning with the prescription
of 1.4 canisters per month of inhaled (3-agonists. They
concluded that the strong association between the use of
inhaled (3-agonists and asthma mortality was confined pri-
marily to the use of these drugs in excess of recommended
limits.* The group further analyzed the subset who had
used at least 12 inhalers during the 12-month study period.
They found that above and beyond the risk previously
identified with the number of (3-agonist canisters used, a
pattern of increasing use of 3-agonists over the course of
a 6-month period was a major predictive factor for asthma-
related death or near-death episodes. The investigators
concluded that the greater use of (3-agonists was princi-
pally a marker of a greater severity of asthma, which itself
was associated with an increased risk of fatal or near-fatal
asthma and that their data argued against the hypothesis
that the B-agonists were causing these adverse effects.’

The relationship between fenoterol and the New Zealand
epidemic of asthma-related deaths also came under reex-
amination. An analysis of 3-agonist prescribing patterns
in Saskatchewan revealed that there was preferred pre-
scribing of fenoterol among users of albuterol who showed
signs of increased severity or uncontrolled asthma.® A pro-
spective study in 653 patients from New Zealand found
that fenoterol was used more often by patients with severe
asthma, and after adjusting for this difference, its use did
not increase the risk of severe life-threatening asthma.’
Further analysis of the New Zealand epidemic revealed
that the increase in asthma-related deaths occurred to the
greatest extent in the lowest and somewhat less so in
the middle socioeconomic areas, while sparing the eco-
nomically advantaged areas. Furthermore, the epidemic
occurred during a period of dramatic increase in unem-
ployment. This suggested to the authors that financial bar-
riers to health care could have been a contributing factor,
along with the availability of a more potent [3-agonist
inhaler, leading to delay in seeking treatment for asthma
exacerbations.”

SHORT-ACTING INHALED B-ADRENERGIC
BRONCHODILATORS

Prospective clinical studies with
short-acting B-agonists

The issue of the possible danger of using (3-agonists on
aregular basis was raised by a prospective crossover study
of regular fenoterol compared with as-needed [3,-agonists,
each for 6 months. Asthma control, on the basis of symp-
toms, peak flows, and rescue medication use, was better on
one of the 2 regimens in 57 of the 64 evaluable subjects, in
30% while receiving regular fenoterol and in 70% while
receiving only as-needed B-agonists.® Because fenoterol
had been associated with increased asthma-related deaths
in New Zealand, it was not clear whether the findings
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in this study were unique to fenoterol or applicable to all
B-agonists. To further investigate this question, the
National Institutes of Health Asthma Clinical Research
Network (ACRN) conducted a study in 255 subjects
with mild asthma who were not receiving inhaled cortico-
steroids. For 16 weeks, half of the subjects received 180
g of inhaled albuterol 4 times daily plus as-needed albu-
terol, whereas the other half received only as-needed albu-
terol. There was no difference in the outcome between the
2 groups in terms of pulmonary function, asthma symp-
toms, requirement for as-needed albuterol, quality-of-life
scores, or response to inhaled methacholine.'® An even
larger and longer trial with a higher dose of albuterol
was conducted in England. In a randomized placebo-
controlled trial, 983 patients with asthma, 90% of whom
were receiving inhaled corticosteroids, were treated with
400 g of albuterol 4 times daily or placebo for 1 year.
The primary outcome was exacerbations, which were not
increased in number, timing, or duration in the albuterol
group.11 Although neither of these studies showed any
loss of asthma control with regular use of albuterol, they
did not show any particular advantage over only as-needed
use. The ineffectiveness of the regular use of a short-acting
[3>-agonist for treating asthma was emphasized in the
pivotal studies of salmeterol, in which the albuterol
4-times-daily arm offered no advantage over placebo.'*"?

Problems with short-acting B-agonists

Unwanted receptor stimulation. Because of the wide-
spread distribution of 3,-adrenergic receptors, a number of
undesired responses result when [3,-adrenergic agonists
are absorbed into the systemic circulation. The principal
side effect of (3,-adrenergic therapy is tremor, which is
caused by the direct stimulation of [3,-adrenergic receptors
in skeletal muscle. Increased heart rate and palpitations are
less common with the selective 3,-agonists than with non-
selective 3;- and [3,-agonists; however, even stimulation
of 3,-adrenergic receptors can result in vasodilatation and
reflex tachycardia. Furthermore, some of the 3-adrenergic
receptors in the atria and ventricles are [3, in type, and thus
direct simulation of the heart results from the use of even
selective [3,-agonists. [3,-adrenergic agonists might cause
a transient decrease in arterial oxygen tension, often of
more than 5 mm Hg. The mechanism of this decrease is
probably relaxation of the compensatory vasoconstriction
in areas of decreased ventilation combined with increased
pulmonary blood flow caused by increased cardiac output.
Acute metabolic responses to [3,-adrenergic agonists
include hyperglycemia, hypokalemia, and hypomagnese-
mia. Because these responses diminish with regular stim-
ulation, such changes are not important in patients
receiving long-term therapy.14

Bronchodilator subsensitivity. A well-recognized ef-
fect of the regular administration of [3,-adrenergic agonists
is the development of tolerance (subsensitivity) to the
nonbronchodilator effects of the (3,—agonists, including
tremor, tachycardia, prolongation of the QTc interval
on the electrocardiogram, hyperglycemia, and hypokale-
mia.'* More controversial is whether there is a reduced
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bronchodilator response. However, if the first dose of a
short-acting (3,-agonist is preceded by a period of relative
[3-agonist avoidance, a subsequently diminished broncho-
dilator response can be readily demonstrated when pa-
tients are then treated on a regular basis. The effect is
particularly in shortening the duration rather than reducing
the peak of bronchodilation. 1516 The reduced bronchodila-
tion develops over a period of several weeks and, once
established, is stable with continued administration of
the same dose of the drug.!” The clinical significance of
this loss of bronchodilator response can be debated. How-
ever, if the duration of time that the FEV, value remains
15% greater than baseline is used as a measure of continu-
ing significant bronchodilation, this is decreased by
approximately 50% as subsensitivity develops.'® On the
other hand, the peak bronchodilator effect is better pre-
served, and thus the short-acting [3,-adrenergic bronchodi-
lators continue to perform well as rescue medication, even
after development of subsensitivity.

Decrease in FEV; and increased response to bron-
chial challenges. Discontinuation of regular administra-
tion of short-acting [3,-agonists has been followed in some
studies by decreases in FEV; and increased bronchial
responsiveness.'®2! These changes are usually observed
8 to 12 hours after cessation of regular treatment with a
short-acting (3,—agonist, and it is not certain how long
they persist. Their duration was systematically investi-
gated in a study in which subjects were treated with regular
albuterol for 12 weeks and then evaluated 15 hours and 168
hours after stopping treatment. At 15 hours, the FEV, had
decreased from baseline values of 85.6% to 78.8%, and
methacholine sensitivity had increased by 1.17 doubling
doses. After 168 hours, the FEV, had returned to 85.5%,
but the PC,, methacholine, although 0.55 doubling dilu-
tions improved, was still significantly increased.”” The
authors suggested that the decrease in FEV represented
atransient rebound, whereas the persisting change in meth-
acholine sensitivity might point to a real deterioration of
the disease. Pretreatment with 4-times-daily albuterol for
1 week has also been reported to increase the response to
exercise challenge.”” When subjects were tested at least
8 hours after the last dose of albuterol, their baseline
FEV, was 230 mL lower than after placebo, their FEV,
decreased 390 mL more after exercise challenge, and they
had reduced protection against exercise from pretreatment
with albuterol.

Regular treatment with albuterol has also been reported
to increase the response to bronchial challenge with inhaled
allergen. In a series of studies in which challenges were
conducted 8 to 12 hours after the last dose of regular
albuterol, there was increased sensitivity to inhaled aller-
gen, as shown by a 0.91 doubling dose decrease in the
PC,0,>* an increase in the early and late bronchial response
to inhaled allergen, and the subsequent increase in metha-
choline sensitivity.25 Eosinophils and eosinophil cationic
protein were increased in induced sputum 7 hours but
not 24 hours after the allergen challenge.”® The increased
response to allergen after regular albuterol was not pre-
vented by treatment with an inhaled corticosteroid.*’
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Loss of bronchoprotection. Bronchoprotection is to be
distinguished from bronchodilation. Bronchoprotection
refers to the ability of pretreatment with a (3,-agonist to
prevent bronchoconstriction caused by a variety of stim-
uli, including histamine, methacholine, hyperventilation
with cold dry air, adenosine, allergens, and exercise. As
with subsensitivity to the bronchodilator action of the
short-acting 3-agonists, partial loss of bronchoprotection
is regularly demonstrated if the initial challenge has
been preceded by a relative [3,-agonist—free period.28

Cardiac toxicity. A case-control study was conducted
with 1444 individuals who had experienced myocardial
infarctions and 4094 matched control subjects.29 In those
who had filled a prescription for a 3,-agonist metered-
dose inhaler within 3 months of the index date, there was
an increased risk of a myocardial infarction, which was
limited to new users of B,-agonists who had a history of
cardiovascular disease (adjusted odds ratio [OR], 7.32).
However, by using the Saskatchewan Health Service data-
bases, a population was formed of all patients given new
diagnoses of chronic obstructive pulmonary disease who
were older than 55 years of age. All subjects were followed
until 1999, death, or their first myocardial infarction.
Short-acting 3,-agonists in any form did not increase the
risk of an acute myocardial infarction. First-time use, in
particular, also did not increase the risk of myocardial
infarction.*® Earlier, this same group had identified 30 car-
diovascular deaths among 12,301 patients 5 to 54 years of
age. They found that nebulized and oral 3,-agonists were
associated with an OR of 2.4, but $-agonist metered-dose
inhalers were not associated with an increased risk of
cardiovascular death. The majority of those dying had a
significant history of coronary insufficiency or congestive
cardiomyopathy.3 !

Some reports suggest the presence of an association
between P,-agonists and the risk of chronic heart failure.*
It has been suggested that in patients with heart failure, 3,-
agonists augment cardiac function, but with regular expo-
sure to [3,-agonists, myocardial [3,-adrenoceptors become
desensitized and downregulated.33 On the other hand, the
Asthma [3-agonists and Development of Congestive Heart
Failure (ABCHEF) study failed to confirm an association
between asthma, [3;-agonist use, and the later develop-
ment of idiopathic dilated cardiomyopathy.**

B>-Adrenoceptor genotypes. lIdentification of genetic
polymorphisms in the (3-adrenergic receptor has led to
investigations into the relation of these genotypes to
3,-adrenergic function and clinical outcomes. Subjects
who participated in 2 earlier studies examining regular
treatment compared with as-needed-only treatment'*°
were genotyped for the 16th codon of the [3,-adrenergic
receptor, where arginine (Arg) replaces glycine (Gly) in an
appreciable percentage of the population. In the ACRN>®
study, during the 16 weeks of active treatment, there was
a small decrease in the morning peak expiratory flows
(PEFs) in patients homozygous for arginine at the 16th
codon who used albuterol regularly. This effect increased
during a 4-week run-out period during which all patients
returned to using only as-needed albuterol. There was no
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decrease in PEFs with regular use of albuterol in patients
who were homozygous for glycine at the 16th codon. No
significant differences in outcomes between regular and
as-needed treatment were associated with polymorphisms
at the 27th codon of the 3,-adrenergic receptor. The results
of this retrospective analysis were subsequently confirmed
in a prospective study by ACRN A 3-way crossover
study in 157 patients had compared 6 months of treatment
with 400 g of albuterol 4 times daily, 50 g of salmeterol
twice daily, and plau::ebo.35 Retrospective genotyping
of the 16th position was performed in 108 of the sub-
jects, of whom 16% were homozygous Arg:Arg, 37%
were heterozygous Arg:Gly, and 47% were homozygous
Gly:Gly.38 The rate for major exacerbations was signifi-
cantly greater during treatment with regular albuterol
among the homozygous Arg-16 patients compared with
placebo, but there was no increase in other genotypes.
Morning peak flows were also 7.5 L/min lower in homozy-
gous Arg-16 subjects while receiving regular albuterol, but
this did not reach statistical significance.

LONG-ACTING INHALED pB,-ADRENERGIC
BRONCHODILATORS

Prospective clinical studies of the long-acting
inhaled B,-adrenergic bronchodilators

The inhaled long-acting (3,-adrenergic bronchodilators
(LABAs) salmeterol and formoterol were first shown in
single-dose studies to produce sustained improvement in
pulmonary function, persisting, on average, for more
than 12 hours.***° Their performance with regular admin-
istration was then compared with that of regularly admin-
istered short-acting inhaled [3,-agonists and placebo.
These studies demonstrated that the LABAs were superior
to both for all outcomes, including improvement in pulmo-
nary function and decrease in both daytime and nighttime
symptoms and use of rescue bronchodilators, whereas the
results with regular albuterol were for most outcomes no
better than those for placebo. 12,13.41.42 1 ext, the combina-
tion of long-acting inhaled [3,-agonists with inhaled corti-
costeroids was examined. Not only were the effects found
to be additive, but for all outcomes, the addition of a
LABA to an inhaled corticosteroid was superior to admin-
istering twice as much of the inhaled corticosteroid.*>**
Furthermore, the combination of salmeterol and fluticasone
in the same canister was found to offer further advantages
over the same doses of the 2 drugs in separate devices.
When delivered from one device, there was a significantly
greater increase in morning PEF.* Also, the combination
of fluticasone with salmeterol in a single inhaler resulted,
over a 12-month period, in a 73% increase in the rate of
refills over that seen with fluticasone in a separate device.*®
The comparison of fluticasone alone with the combination
of fluticasone and salmeterol was given its ultimate test
in the Gaining Optimal Asthma Control (GOAL) study.
In this study in 3421 patients with uncontrolled asthma, flu-
ticasone propionate and salmeterol-fluticasone combina-
tion were compared in their ability to achieve 2 rigorous
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composite, guideline-based measures of control (total con-
trol and well controlled).*” The inhaled corticosteroid com-
ponent of treatment was increased at 3-month intervals
until total control was achieved or the subject was receiv-
ing a maximum of 500 pg of fluticasone propionate twice
a day. Significantly more patients in each of the 3 strata
(previously corticosteroid free or previously taking low
or moderate doses of corticosteroids) achieved control
with the salmeterol-fluticasone combination than with flu-
ticasone alone. Total control after 1 year was achieved by
28% of those receiving fluticasone and 41% receiving the
salmeterol-fluticasone combination, whereas well-controlled
status after 1 year was achieved by 59% receiving fluticasone
propionate and 71% receiving the salmeterol-fluticasone
combination.

Problems with LABAs

Bronchodilator subsensitivity. In the Formoterol and
Corticosteroids Establishing Therapy (FACET) study
there appeared to be a decrease over the first few weeks
in morning PEF from the level initially attained on addition
of formoterol.*® The decrease was small, however, and
lung function was maintained at a higher level than with
inhaled corticosteroids alone for 1 year, showing no evi-
dence of progressive tolerance. Another study using the
LABA formoterol suggested that the initial bronchodila-
tion was not fully retained with chronic administration.*’
Again, after a small initial decrease, the level of broncho-
dilation was maintained without further loss. In another
study with formoterol, the area under the curve of FEV,
over 12 hours was unchanged from the initial value after
12 weeks of treatment for the group receiving the 12-pg
dose but was significantly reduced in those receiving 24
g twice daily.50 A study was specifically designed to ex-
amine the development of bronchodilator subsensitivity
with formoterol. Subjects received 24 pg of formoterol or
placebo for 4 weeks.”! After 4 weeks of treatment with for-
moterol compared with placebo, there was an attenuation
of the absolute values of FEV in response to repeated ad-
ministration of formoterol, which was significant at the last
measurement, 6 hours after the last dose of formoterol.

Similar subsensitivity to the bronchodilator action of
salmeterol has not been repox’[ed.lz’B’52

Reduced response to short-acting B-agonists. Several
studies have examined the bronchodilator response to
albuterol after methacholine-induced bronchoconstriction
in subjects who have been given a single week’s to several
weeks’ treatment with the long-acting adrenergic bron-
chodilators.®>> A potential confounder in these studies is
the differing prechallenge baseline and differing amounts
of methacholine required to produce the same decrease in
FEV, caused by residual effects of the LABA.

The residual effect on baseline pulmonary function of
the LABA also poses a problem with measurement of the
response of naturally occurring bronchoconstriction to
albuterol. If the differences in baseline are ignored and
response is expressed as change from baseline, misleading
results can be reponed.5 ® This problem is circumvented by
expressing the response as the absolute value attained after
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FIG 1. The absolute response to albuterol before and after 28 days of treatment with either 42 pg of salmeterol
(SAL) twice daily (upper panel) or placebo (PBO; lower panel) in a crossover study with 20 subjects not using
(No ICS) and 20 subjects using (ICS) inhaled corticosteroids. Reprinted with permission from Nelson et al.>’

administration of albuterol. When the response has been
expressed in this manner, no reduction in the response to
single or multiple doses of albuterol has been observed
after regular use of salmeterol.>”>® The response to albu-
terol was preserved both in subjects using and those not
using inhaled corticosteroids (Fig .7

The effect of regular use of salmeterol on the response
to albuterol has also been examined in patients presenting
to an emergency department with acute asthma.’® Fifty-

seven patients had been using salmeterol, and 57 who
had not been using salmeterol served as control subjects.
In response to nebulized albuterol, mean PEF increased
from 45% of predicted value to 62% of predicted value
in the control group, a response of 49%, whereas in pa-
tients taking salmeterol, there was an increase in PEF of
50% percent from 40% to 60% of predicted value. There
also were no significant differences between the 2 groups
in the mean length of emergency department stay, the
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proportion of subjects admitted to the hospital, or the num-
ber of return visits.

The cumulative experience in these 3 studies is re-
assuring that in the clinical setting there is no reduction in
the response to an inhaled short-acting [3-agonist taken to
relieve symptoms in patients regularly using a LABA or at
least salmeterol.

Decrease in FEV | and increased response to bronchial
challenges. Pulmonary function has been monitored after
the discontinuation of both salmeterol and formoterol.®*¢!
With both drugs, the level of pulmonary function gradu-
ally decreases to normal, and there is no rebound to less
than baseline levels.

Both formoterol and salmeterol provide bronchopro-
tection against methacholine challenge, which, however,
decreases with regular use. This has suggested that there
could be a rebound increase in sensitivity to methacholine
after discontinuation of long-term treatment. However,
methacholine sensitivity has been monitored after discon-
tinuation of salmeterol at 60 hours, 1 week, and 2 weeks,
without any evidence of a rebound increase in sensitivity
to less than the baseline value.® Similarly, methacholine
sensitivity was assessed 12 hours, 36 hours, 60 hours, 108
hours, and 2 weeks after discontinuation of formoterol,
with no evidence of methacholine sensitivity increasing
beyond the baseline level.®'

The effect of regular treatment with salmeterol on
the bronchial response to allergen challenge has been
assessed.”® Sixteen patients who had dual asthmatic
responses to allergen inhalation were studied after
1 week each of placebo or salmeterol. After posttreatment
allergen challenge, there was no difference in bronchoal-
veolar lavage (BAL) cell counts, but bronchial biopsy
specimens revealed significantly increased numbers of sub-
mucosal CD45-, CD45Ro-, and AAl-positive cells after
salmeterol treatment.

Loss of bronchoprotection. A partial loss of broncho-
protection has been regularly observed with the long-acting
adrenergic bronchodilators.®"** The onset of tolerance to
bronchoprotection against the bronchoconstriction with
methacholine occurs progressively with the second, third,
and fourth doses, and this rapid development of tolerance
was not affected by use of inhaled corticosteroids.®®

Protection against exercise-induced bronchoconstric-
tion. As with protection against methacholine, protection
against bronchoconstriction after exercise by salmeterol
and formoterol decreases with their regular use.®®®” Even
with once-daily administration of salmeterol and regular
use of inhaled corticosteroids, there was significant loss
in the degree of protection 1 and 9 hours after exercise
after 1 month.®® In an 8-week study in adults, protection
at the beginning was similar with montelukast and salme-
terol, but after 8 weeks, the percentage inhibition in the
decrease in FEV; was 57% with montelukast and 33%
with salmeterol.®”

Cardiac toxicity. In patients with mild-to-moderate
asthma, there was no difference between the maximum
effects of 12 wg of formoterol and placebo on heart rate,
blood pressure, QTc interval, and plasma potassium level.
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The 24-p.g dose significantly decreased plasma potassium
levels. The 2 highest doses, 48 and 96 g, affected most of
the variables.”® A review of 17 studies involving 1443 pa-
tients who received 50 g of salmeterol twice daily found
no increase in cardiovascular adverse effects with salme-
terol compared with placebo. Holter data revealed no epi-
sodes of sustained ventricular tachycardia and no clinically
significant differences in 24-hour heart rate, ventricular
and supraventricular ectopic events, qualitative electrocar-
diograms, QT intervals, or vital signs between the salme-
terol treatment group and the placebo group.71 Similar
findings were seen when patients were stratified according
to age and the known presence of cardiovascular disease.
The risk of nonfatal cardiac failure and ischemic heart
disease was investigated in 3 cohorts of British patients
receiving at least one prescription for nedocromil, salme-
terol or bambuterol. The risk of cardiac failure was in-
creased 3.4-fold among patients prescribed bambuterol
compared with nedocromil. The risk was greatest during
the first month of treatment. There was also a 4-fold
increased risk of ischemic heart disease during the first
month of bambuterol treatment, which rapidly decreased
to the same rate as seen in patients prescribed nedocromil.
There was no increase in the risk of either outcome among
patients prescribed salmeterol.”>

B-Adrenoceptor genotype. A retrospective analysis of
the influence of (3,-adrenoceptor polymorphism on the
response to salmeterol was conducted in a 3-way crossover
study in 157 patients that had compared 6 months of treat-
ment with 400 g of albuterol 4 times daily, 50 pg of
salmeterol twice daily, and placebo.35 Retrospective geno-
typing of the 16th position was performed in 108 of the
subjects, of whom 16% were homozygous Arg:Arg.*®
As opposed to the results in the albuterol arm, in which
the morning PEFs were lower and the rate for major exac-
erbations was significantly greater among the homozygous
Arg-16 patients compared with those receiving placebo,
in the salmeterol arm Arg:Arg-16 subjects had a higher
morning PEF and reduction in the occurrence of major
exacerbations compared with those in the placebo arm
(Fig 2).38 Additional reports on the effect of 3,-adrenocep-
tor polymorphisms have appeared in abstract form.”>’*
These studies found no difference in the 12-week response
to salmeterol (in combination with fluticasone) assessed
on the basis of changes in morning PEF, symptoms, or
albuterol use between 57 patients with Arg:Arg-16 and
187 patients with Arg:Gly or Gly:Gly genotypes of
the B-adrenergic receptor. The rate of exacerbations was
not increased in 29 Arg:Arg-16 patients compared with
154 with Arg:Gly or Gly:Gly-16 genotypes after 12
weeks of treatment with the fluticasone-salmeterol
combination.”*

The effect of long-acting adrenergic agonists
on airway inflammation

The effect of the LABASs on airway inflammation has
been examined during monotherapy compared with pla-
cebo or during add-on therapy to inhaled corticosteroids
in comparison with unchanged or higher doses of inhaled
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FIG 2. The effect of B-adrenergic receptor genotypes on morning PEF during 6 months of treatment with
placebo, albuterol 4 times daily, or salmeterol twice daily. Whereas the trend is for morning PEF to be lower in
the Arg:Arg-16 subjects while receiving regular albuterol, 400 ng twice daily, these same subjects tended
to have higher morning PEFs while receiving salmeterol, 50 p.g twice daily. Similar differences were observed
in the rate of asthma exacerbations. Reprinted from Taylor et al®® with permission from the BMJ Publishing

Group.

corticosteroids. When the inflammatory response during
monotherapy with salmeterol has been compared with that
during placebo treatment, there have generally been no
differences in airway inflammation as assessed by using
BAL, induced sputum, or bronchial biopsy.””’® Excep-
tions have been the demonstration of reduced blood ves-
sels in the lamina propria after 3 months of treatment
with salmeterol’”; reduction in bronchial wall mast cells
and eosinophils with 24 pg of formoterol twice daily for
9 weeks,”® and reduction after 6 weeks of treatment with
salmeterol of neutrophils in bronchial biopsy specimens
and concentrations of myeloperoxidase and soluble E-
selectin in serum.”” When a LABA is added to a low
dose of inhaled corticosteroids and compared with a
higher dose, the control of airway inflammation is usually
as good80 or better with the lower dose of inhaled cortico-
steroid plus the LABA. Fifty patients symptomatic on
100 to 500 pg/d inhaled corticosteroids were randomly
placed on added treatment with placebo, 50 g of salme-
terol, or 100 wg of fluticasone twice daily for 12 weeks.
Those receiving salmeterol had a significant decrease in
EG1-positive eosinophils in the lamina propria (18.3—7.6
cellssmm), whereas those receiving fluticasone had a
decrease in BAL lymphocyte activation but no significant
change in eosinophils.81 Fifty-six asthmatic subjects whose
symptoms were previously not well controlled with inhaled
corticosteroids were randomized to 3 months of treatment
with 200 g of fluticasone alone or with added salmeterol
or to 500 pg of fluticasone, all given twice daily.** The
only significant change was a significant decrease in mast
cells in the bronchial biopsy specimens in those receiving
low-dose fluticasone plus salmeterol.

Monotherapy with LABAs

Because the LABAs lack consistent anti-inflammatory
effects, they are not recommended for use as monotherapy
by the National Heart, Lung, and Blood Institute
“Guidelines for the diagnosis and treatment of asthma.””*?

Perhaps the best evidence to support this positioning is the
study known as Salmeterol or Corticosteroid (SOCS). In
this study in adolescents and adults, the National
Institutes of Health Asthma Clinical Research Network
examined the effect of randomizing patients whose symp-
toms were well controlled with the inhaled corticosteroid
to either continue on the inhaled corticosteroid or be
switched to salmeterol or placebo.®* Although pulmonary
function and symptoms continued to be controlled in the
patients who were started on salmeterol, there was evi-
dence of increasing airway inflammation evidenced by
sputum eosinophilia and increases in exhaled nitric oxide
and the response to inhaled methacholine. Both treatment
failures and asthma exacerbations were greater in those on
salmeterol monotherapy than in those who remained on
inhaled corticosteroids. The lack of effectiveness of mono-
therapy with salmeterol was confirmed in two 1-year studies
in children that compared monotherapy with salmeterol
with monotherapy with beclomethasone. In one study in
67 children, FEV; and methacholine sensitivity both im-
proved more with beclomethasone dipropionate, whereas
exacerbations of asthma were more frequent with salme-
terol (17 vs 2).% In the other study, a placebo-controlled
study in 241 children, similar results were obtained.
Beclomethasone was superior for reduction in asthma
symptoms, albuterol use, and improved airway hyper-
responsiveness and was associated with fewer withdrawals
because of asthma exacerbations.®

Masking inflammation

A recurrent concern is that LABAs, by providing
symptomatic improvement, might mask the presence of
bronchial inflammation and thereby leave the asthmatic
patient at risk for more severe exacerbations. This concern
was addressed in a crossover study in which high-dose
inhaled corticosteroids (>1500 pg/d beclomethasone
equivalent) were tapered while subjects received either
placebo or salmeterol.®” Salmeterol treatment allowed a
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FIG 3. The effect on the rate of asthma exacerbations of 2 doses of budesonide (BUD) with or without the
addition of formoterol (F) in patients previously treated with low doses of inhaled corticosteroids. Reprinted

with permission from O’Byrne et al.**

greater reduction in steroid dose before an exacerbation
developed. The week before the exacerbation, eosinophils
in induced sputum had increased to 19.9% in the salme-
terol arm versus 9.3% in the placebo arm. This finding
was interpreted as evidence for masking of inflammation
by salmeterol. However, because 9 of 13 subjects were
tapered completely off inhaled corticosteroids while re-
ceiving salmeterol, it really confirms what others have
shown, that monotherapy with LABAs is not appropriate.

Exacerbations

Because deaths from asthma are fortunately rare, many
studies have examined near-fatal attacks as a surrogate
outcome. It has been shown that asthmatic patients who
have respiratory failure or impaired consciousness or
require intubation, admission to an intensive care unit, or
both are similar in many ways to patients who died,
including in terms of their regular use of medication.®® The
first study that suggested that the addition of a LABA to
an inhaled corticosteroid could reduce the occurrence of
major exacerbations of asthma was the Formoterol and
Corticosteroids Establishing Therapy study.*® Although
the single most successful strategy for reducing major ex-
acerbations of asthma (those requiring prednisone or with a
decrease in PEF of >30% for 2 consecutive days) was a
quadrupling of the dose of budesonide (from 200 pg/d to
800 wg/d), the addition of formoterol to either low- or
high-dose budesonide further reduced both minor and ma-
jor exacerbations. This effect of the addition of a LABA to
an inhaled corticosteroid in reducing asthma exacerbations
was confirmed in the Optimal Treatment for Mild Asthma
(OPTIMA) study,44 in which the addition of formoterol to
200 g of budesonide was more effective at preventing
exacerbations than 400 wg alone (Fig 3),** and by an

analysis of 9 studies in which the addition of salmeterol
to low-dose inhaled corticosteroid was compared with at
least doubling the dose of inhaled corticosteroids.*?
Once again, the addition of the LABA was more effective
in preventing exacerbations of asthma. Even more striking
was the analysis of the exacerbations that occurred in sub-
jects treated with 88 g of fluticasone plus salmeterol or
220 pg of fluticasone, each twice daily.*’ Not only was
the rate of exacerbations reduced from 13.8% to 8.8%,
but the mean duration of exacerbations was reduced
from 10.5 to 8.4 days. Further analysis of these exacerba-
tions revealed that the difference was due to a more rapid
improvement after the institution of prednisone in those
receiving the combination therapy (Fig 4).%°

The greater reduction in exacerbations with combina-
tion therapy with inhaled corticosteroids and long-acting
[B-agonists than with higher doses of inhaled steroids alone
received scientific support from in vitro studies showing
that the combination of fluticasone and salmeterol is
able to control peripheral blood T-cell activation more
effectively than fluticasone alone and with a lower concen-
tration of steroid.’® Corticosteroids have long been known
to upregulate the B-adrenergic receptor.”’ There are now
in vitro data indicating that the long-acting [3-agonist
primes the glucocorticoid receptor, facilitating activation
by corticosteroids.”*

Spontaneous reports and
retrospective studies

The introduction of salmeterol was followed by several
reports of adverse events, including a report of 6 patients
who experienced breathlessness, wheeze, or cough after
salmeterol.”> These patients experienced the same
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FIG 4. Onset and recovery from asthma exacerbations in patients receiving 88 ng of fluticasone twice daily
plus salmeterol twice daily or receiving 220 pg of fluticasone twice daily. At the time the exacerbation was
diagnosed, the subjects were started on prednisone. The improvement was faster in subjects receiving low-
dose fluticasone plus salmeterol than in those receiving the higher dose of fluticasone alone. The differences
were statistically significant at several time points, as indicated by asterisks. Reprinted with permission from

Matz et al.®®

immediate decrease in FEV after placebo, suggesting the
problem was the slow onset of bronchodilation with salme-
terol. More serious were reports of respiratory arrests in 3
young asthmatic subjects occurring 1 to 4 weeks after start-
ing salmeterol”* and of 2 elderly patients who had fatal
respiratory arrests at home and were found holding their
salmeterol inhalers.”>

As opposed to these anecdotal reports, several retro-
spective analyses have been conducted to determine
whether there was a relation between salmeterol use and
poor asthma outcomes. A postmarketing survey was
conducted in the United Kingdom in which information
was obtained from physicians on 15,407 patients who were
given salmeterol and observed for a minimum of 1 year.”®
There were 73 asthma deaths, but only 39 of these were in
patients still taking salmeterol in the last month of life.
Review of patient records identified only 4 deaths in which
a temporal relationship between death and the use of sal-
meterol made it difficult to exclude a possible association.
The study suggested that advanced age and severity of dis-
ease were the most likely factors contributing to asthma
mortality in the population studied. A case-control study
was conducted of 48 patients with asthma admitted to
the intensive care unit for asthma in Wessex in 1992.%
The adjusted relative risk (RR) of a near-fatal attack of
asthma in patients prescribed salmeterol was 1.42 for
chronically severe patients. This suggested to the authors
that the use of salmeterol by patients with chronic severe
asthma was not associated with a significantly increased
risk of a near-fatal attack of asthma. By using automated
health insurance claims, 2709 recipients of salmeterol
were identified and compared with 3825 recipients of slow-

release theophylline.”® After adjusting for baseline factors,
including severity, incidence rates of severe asthma in the
salmeterol recipients were not increased for emergency
care (RR, 0.69), hospitalization (RR, 1.09), or intensive
care unit stays (RR, 0.81). A nested case-control analysis
was performed on the UK General Practice Research
database.”® First-time users of salmeterol (8386), ipratro-
pium (4305), or theophylline (4228) between January
11, 1992, and April 30, 1995, were followed for 16 weeks.
After adjusting for risk factors, the RR estimates of a res-
piratory death compared with those seen in salmeterol
users were 1.8 for ipratropium and 3.0 for theophylline.
It was concluded that salmeterol use was not associated
with an increase in short-term mortality compared with
ipratropium and theophylline. Data covering 27% of the
population of Great Britain for the years 1994 through
1998 were examined in a case-control study.'® Five hun-
dred thirty-two patients younger than 65 years who died
from asthma and a like number of matched control subjects
with a hospital admission for asthma were compared.
There was no significant association with drugs prescribed
in the 4 to 12 months before the index date. LABAs, mostly
salmeterol, were prescribed for 38% of the control sub-
jects. After adjusting for severity, the OR associated with
LABA prescription in the 1 to 5 years before the index
date was 0.74, suggesting, if anything, a decreased associ-
ation with mortality.

Prospective studies of mortality associated
with the LABAs

Shortly after approval of salmeterol in the United
Kingdom, a 16-week, randomized, double-blind clinical
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TABLE I. Serious asthma exacerbations in subjects
receiving formoterol'®

Formoterol,
Formoterol, Formoterol, 12 png twice

Serious 12 pg twice 24 pg twice daily plus
asthma daily daily as needed Placebo
exacerbations (n=527) (n=527) (n=517) (n =514)
All subjects 5 2 1 1
Subjects 3 0 0 1
receiving
inhaled
corticosteroids
Exacerbations 31 (5.9%) 33 (6.3%) 23 (4.4%) 45 (8.8%)
treated with
prednisone

trial was undertaken in which 50 pg of salmeterol twice
daily was given to 14,113 and 200 g of albuterol 4 times
daily was given to 7082 patients with asthma. Sixty-nine
percent in each treatment group were using inhaled cortico-
steroids.'®! Twelve deaths occurred in the salmeterol group
compared with 2 in the albuterol group, for an RR of 3.0
and a P value of .105. However, asthma overall did not
appear to worsen in those receiving salmeterol because
the RR with salmeterol for asthma hospitalization was
0.95, and that for withdrawals because of asthma was 0.77.

Concerns have been expressed regarding the safety of
formoterol when administered at the unapproved dose of
24 g twice daily.102 The authors analyzed 3 prospective,
randomized, placebo-controlled, double-blind clinical
trials of formoterol, 12 g twice daily and 24 pg twice
daily. They observed that more patients treated with 24
pg of formoterol twice daily experienced serious asthma
exacerbations than did patients who had been treated
with placebo. In the two 12-week studies in adolescents
and adults, 9 (3.3%) of 271 who received 24 pg twice
daily experienced exacerbations that required hospitaliza-
tion and resulted in 1 death and 2 intubations. This was in
comparison with 2 patients receiving placebo, 2 patients
receiving 4-times-daily albuterol, and 1 patient receiving
12 g twice daily who had serious exacerbations. In a
yearlong pediatric study there were 11 serious exacerba-
tions in the group receiving 24 wg twice daily (6.4%)
and 8 in those receiving 12 g twice daily (4.7%), whereas
there were none in the placebo group. There was, how-
ever, no difference among the groups in total number of
exacerbations or withdrawals because of asthma.

As a consequence of these findings, a prospective phase
IV study was conducted with formoterol.'®* This 16-week,
randomized, double-blind, placebo-controlled study com-
pared the occurrence of asthma exacerbations in 2085 sub-
jects 12 years of age or older with a mean FEV, of 69% of
predicted value who were started on 12 g of formoterol
twice daily, 24 g of formoterol twice daily, or 12 pg of
formoterol twice daily plus up to 2 additional as-needed
doses or placebo.

The conclusion was that the incidence of serious adverse
events was low and similar across treatment groups
(Table 1).'”
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The Salmeterol Multicenter Asthma
Research Trial (SMART)

In 1996, a multicenter, randomized placebo-controlled
study was begun to compare the safety of salmeterol added
to usual asthma therapy compared with the usual asthma
therapy alone.'** Subjects were seen once in the investi-
gator’s clinic, at which time they were issued a 7-month
supply of study medication. Subsequent contact with the
subject was by telephone from a central office scheduled
every 4 weeks. The target was 60,000 participants. A
planned interim analysis was conducted after appro-
ximately half the subjects were enrolled. At that time,
although predefined criteria for stopping the study were
not met, it was elected to terminate the study because of
preliminary findings in African American subjects and
difficulty in enrolling subjects. A major cause for this dif-
ficulty in recruitment was the exclusion of any subject who
had previously used a long-acting 3-agonist.

As aresult of the findings from the interim analysis, the
US Food and Drug Administration imposed a ‘‘black box™
warning on both salmeterol and the salmeterol-fluticasone
combination. The wording of this warning has been as
follows (Serevent Diskus package insert; GlaxoSmithKline,
Research Triangle, NC):

Data from a large placebo-controlled US study that
compared the safety of salmeterol (SEVREVENT®
inhalation Aerosol) or placebo added to usual asthma
therapy showed a small but significant increase in
asthma-related deaths in patients receiving salme-
terol (13 deaths out of 13,176 patents treated for
28 weeks) versus those on placebo (3 of 13,179).
(see WARNINGS and CLINICAL TRIALS).

In the “Warnings”* section of the package insert is the
following:

DATA FROM A LARGE PLACEBO-
CONTROLLED SAFETY STUDY THAT WAS
STOPPED EARLY  SUGGEST THAT
SALMETROL MAY BE ASSOCIATED WITH
RARE SERIOUS ASTHMA EPISODES OR
ASTHMA-RELATED DEATHS. Data from this
study further suggest that the risk might be greater
in African American patients. The data from the
Salmeterol Multicenter Asthma Research Trial
(SMART) study are not adequate to determine
whether concurrent use of inhaled corticosteroids
provides protection from this risk.

How should a physician respond to this information?
The warning appropriately alerts the physician to findings
of which he or she should be aware. Clearly the best course
for the physician is to become familiar with the results of
the SMART study to be able to make an informed
judgment as to whether this information is relevant to
the patient for whom he or she is considering prescribing
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TABLE Il. Combined asthma-related death or life-
threatening experiences in the SMART study by
use of inhaled corticosteroids at baseline’®

Salmeterol Placebo
Category (n = 13,176) (n = 13,179)
Baseline ICS use 16 13
African American ICS use 9 3
No baseline ICS 21 9
African American no ICS use 10 1

ICS, Inhaled corticosteroid.

salmeterol or the salmeterol-fluticasone combination. The
details of the outcomes of the SMART study follow.

The study population of 26,355 was 72% Caucasian
and 18% African American. There was an imbalance in
markers of asthma severity between those 2 populations.
The African American subjects’ baseline PEFs were 7.2%
of predicted value lower, and emergency department visits
and hospitalizations in the previous 12 months were 41%
and 15%, respectively, compared with 22% and 6% for
the Caucasian subjects. Furthermore, only 38% were using
inhaled corticosteroids at baseline compared with 49% of
the Caucasian subjects.

The occurrence of the primary outcome, respiratory-
related deaths or life-threatening experiences (intubation
and mechanical ventilation), was not significantly different
for salmeterol versus placebo (50 vs 36 subjects). There was
a small but significant increase in respiratory-related (24 vs
11 subjects) and asthma-related (13 vs 3 subjects) deaths
and in combined asthma-related deaths or life-threatening
experiences (37 vs 22 subjects) in subjects receiving salme-
terol versus placebo. The imbalances occurred largely in
the African American subpopulation (respiratory-related
deaths or life-threatening experiences [20 vs 5] and
asthma-related deaths or life-threatening experiences
[19 vs 4] in subjects receiving salmeterol vs placebo).
Deaths occurred in 7 patients who were receiving inhaled
corticosteroids at baseline, 4 of whom were randomized
to salmeterol and 3 to placebo, whereas in those pa-
tients not receiving inhaled corticosteroids at baseline, all
9 deaths occurred in patients randomized to salmeterol
(Table I).1%

Two methods of recruitment were used during the
study. Initially, subjects were recruited through print,
radio, and television advertising and were assigned to a
study investigator by geographic location (1996-1999).
When recruitment waned, the method of recruitment was
changed. The large-scale advertising campaign was
stopped, and during 2000 through 2003, additional study
investigators were added to facilitate enrollment. During
phase II, subjects were recruited directly by the study
investigators. There was a marked difference in the
occurrence of asthma-related death and life-threatening
experiences between the 2 phases (Table 1m).'* Al-
though only 58.2% of the subjects were enrolled in
phase I, they experienced 81.4% of the adverse outcomes.
Thus subjects were more than 3 times as likely to die or

Nelson 13

TABLE lll. Combined asthma-related death or life-
threatening experience by recruitment phase'%*

Phase | Phase Il
Sm Pl Sm Pl
Outcome (n =7670) (n = 7672) (n = 5506) (n = 5506)
Deaths and LTE 31 (0.4%) 17 (0.22%) 6 (0.1%) 5 (0.09%)
Deaths 10 3 3 0
African American 7% 17% 19% 19%
subjects

Sm, Salmeterol; Pl, placebo; LTE, life-threatening experience.

have a life-threatening experience if they were re-
cruited in the first phase. This was not accounted for by
an ethnic imbalance because African Americans consti-
tuted 17% of subjects in phase I and 19% of subjects in
phase II.

In conclusion, the association of salmeterol in the
SMART study with an overall significant increase in
asthma-related deaths or deaths and life-threatening ex-
periences compared with placebo is unarguable. However,
the nearly equal occurrence of asthma-related deaths and
life-threatening experiences in the salmeterol and placebo
cohorts in those using inhaled corticosteroids at baseline
(16 vs 13) and in those recruited by the investigators in
phase II (6 vs 5) suggests caution in assuming that the
nature of this association is known.

CONCLUSIONS
Short-acting p-adrenergic bronchodilators

1. Short-acting 3-adrenergic bronchodilators are effective
in relieving acute symptoms of asthma and, in the short
term, prevention of symptoms from stimuli, such as
exercise.

2. On the other hand, short-acting [3-agonists are ineffec-
tive when used on a regular schedule to improve asthma
control.

3. With frequent administration, short-acting [3-agonists
incur some loss of bronchodilation and decrease in
bronchoprotective action.

4. Regular albuterol treatment of patients with the Arg:
Arg-16 genotype of the (3,-adrenergic receptor results
in a decrease in morning PEF and an increase in
asthma exacerbations.

5. There is, at most, on stopping regular administration a
very transient rebound decrease in pulmonary function
and increase in bronchial hyperresponsiveness.

6. Cardiac toxicity is largely associated with nebulized
and oral preparations.

7. Use, and especially frequent use, of short-acting {3,-
agonists has been associated with increased risk of
death and near-death from asthma. However, studies
suggest that the increased use of short-acting (3, ago-
nists in these situations is symptomatic of poor asthma
control, which is the underlying cause of the untoward
outcomes.

Reviews and
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LABAs

1. LABAs provide sustained bronchodilation and improve
asthma control.

2. LABAs by themselves have no significant anti-
inflammatory effects and hence should be used in
conjunction with inhaled corticosteroids.

3. LABAs added to inhaled corticosteroids enhance
asthma control and decrease the occurrence of asthma
exacerbations more effectively than does a doubling
of the dose of inhaled corticosteroid.

4. In combination with inhaled corticosteroids, there is
some evidence to suggest an enhanced effect on airway
inflammation by the addition of long-acting 3-agonists.

Potential problems with LABAs

1. A minor degree of tolerance to the bronchodilator
activity of formoterol has been demonstrated but not
to salmeterol.

2. Regular use of salmeterol is not associated with any
decrease in the absolute level of lung function attained
with administration of albuterol, either in patients with
stable asthma or in patients presenting with acute
asthma symptoms.

3. There is no evidence for either a rebound increase in
methacholine sensitivity or a decrease in baseline pul-
monary function during interruptions in LABA therapy.

4. There is a partial loss of protection against exercise-
induced bronchoconstriction with regular use of either
of the long-acting (3-agonists.

5. Significant cardiac risk has not been documented with
approved doses of the long-acting [3-agonists.

6. There is currently no evidence that the response to
LABA:s is affected by B-adrenoceptor genotype. This
question is the subject of ongoing studies.

LABA effects on asthma control and mortality

1. Large retrospective case-control studies of asthma ex-
acerbations and deaths have failed to implicate LABAs
as a risk factor for hospitalization, intensive care unit
admissions, or death.

2. Prospective studies of both salmeterol and formoterol
have identified an increased risk for death or near-fatal
outcome, while not suggesting an overall worsening
of asthma control in the treated population.

3. Studies have not identified an increased risk of deaths
or near-fatal outcomes in patients using both LABAs
and inhaled corticosteroids.

4. Reanalysis of the pattern of asthma deaths from New
Zealand in relation to the socioeconomic status of
areas of residence of those with fatal asthma attacks
and the relation of deaths in the SMART study to
method of recruitment suggest that the isolated deaths
are not due to a direct toxic effect of the $-agonists.
Rather, the data support an alternative hypothesis
that in patients with limited access to medical care,
the symptomatic relief provided by (-agonists might
result in delay in seeking medical care in the face of
increasing airway inflammation.
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In conclusion, LABAs should only be administered to
patients with asthma accompanied by therapy with inhaled
corticosteroids. In this combination there is no evidence
of deleterious effects from use of the LABAs, and the
combination results in better control of asthma and a
reduction in asthma exacerbations compared with up to
twice as high a dose of inhaled corticosteroids used alone.
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