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REGULAR USE OF LONG-ACTING

b2-agonists has been shown to
be more effective than regular
use of albuterol sulfate, a short-

acting b2-agonist, at improving peak ex-
piratory flow (PEF) and reducing asthma
symptoms.1,2 Asthma treatment guide-
lines3 recommend addition of a long-
acting b2-agonist for asthma inad-
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Context Long-acting b2-agonists are prescribed for patients with persistent asthma
and are sometimes used without inhaled corticosteroids (ICSs). No evidence exists,
however, to support their use as monotherapy in adults with persistent asthma.

Objective To examine the effectiveness of salmeterol xinafoate, a long-acting b2-
agonist, as replacement therapy in patients whose asthma is well controlled by low-
dose triamcinolone acetonide, an ICS.

Design and Setting A 28-week, randomized, blinded, placebo-controlled, parallel
group trial conducted at 6 National Institutes of Health–sponsored, university-based
ambulatory care centers from February 1997 to January 1999.

Participants One hundred sixty-four patients aged 12 through 65 years with per-
sistent asthma that was well controlled during a 6-week run-in period of treatment
with inhaled triamcinolone (400 µg twice per day).

Interventions Patients were randomly assigned to continue triamcinolone therapy
(400 µg twice per day; n=54) or switch to salmeterol (42 µg twice per day; n=54) or
to placebo (n=56) for 16 weeks, after which all patients received placebo for an ad-
ditional 6-week run-out period.

Main Outcome Measures Change in morning and evening peak expiratory flow
(PEF), forced expiratory volume in 1 second (FEV1), self-assessed asthma symptom
scores, rescue albuterol use, asthma-specific quality-of-life scores, treatment failure,
asthma exacerbation, bronchial reactivity, and markers of airway inflammation, com-
pared among the 3 treatment groups.

Results During the16-week randomized treatmentperiod,nosignificantdifferencesbe-
tween the salmeterol and triamcinolonegroupswereobserved for conventional outcomes
of clinical studiesof asthma therapy—morningPEF, eveningPEF, asthmasymptomscores,
rescue albuterol sulfate use, or quality of life. Both active treatments were superior to pla-
cebo. However, the salmeterol group had more treatment failures than the triamcinolone
group (13/54 [24%] vs 3/54 [6%]; P=.004), as well as more asthma exacerbations
(11/54 [20%]vs4/54 [7%];P=.04),greater increases inmedian (interquartile range) spu-
tum eosinophils (2.4% [0.0% to 10.6%] vs −0.1% [−0.7% to 0.3%]; P,.001), eosino-
phil cationic protein (71 [−2 to 430] U/L vs −4 [−31 to 56] U/L; P=.005), and tryptase (3.1
[2.1 to 7.6] ng/mL vs 0.0 [0.0 to 0.7] ng/mL; P,.001). The duration of benefit when pa-
tientswere switched fromactive treatment toplaceboafter22weeksof randomized treat-
ment was not significantly longer in the triamcinolone group than in the salmeterol group.

Conclusions Patients with persistent asthma well controlled by low doses of triam-
cinolone cannot be switched to salmeterol monotherapy without risk of clinically sig-
nificant loss of asthma control.
JAMA. 2001;285:2583-2593 www.jama.com
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equately controlled by low-to-moderate
dosages of an inhaled corticosteroid
(ICS) because addition of salmeterol xin-
afoate or formoterol fumarate, 2 long-
acting b2-agonists, was shown to be more
effective than increasing the dose of the
ICS.4-6 In the first half of 1999, more pre-
scriptions were written in the United
States for salmeterol for patients with
asthma than for any other asthma medi-
cation except albuterol (IMS Health, Ply-
mouth Meeting, Pa, unpublished data,
September 2, 1999). The role of long-
acting b2-agonists as monotherapy, how-
ever, is unclear,7-9 since most studies of
salmeterol have included a significant
proportion of patients taking other con-
troller medications, including ICSs.1,2 A
recent study suggests that salmeterol may
be equivalent to low-dose beclometha-
sone dipropionate in corticosteroid-
naive patients with persistent asthma.10

Current asthma treatment guidelines
suggest use of controller medications for
patients who require rescue albuterol
morethan2to3timesperweek.3,11 These
recommendations are based on recog-
nition of the inflammatory basis of
asthma and on several studies suggest-
ingthatadelayininitiationofICStherapy
could lead to irretrievable loss of airway
function, attributable to “airway remod-
eling” that results fromuntreated inflam-
mation.12-15 Inhaled corticosteroids are
widely used as controller therapy, but
long-acting b2-agonists are also classi-
fied as long-term controller medica-
tions3 even though they are generally
believed to have little effect on inflam-
matory mediators or cells.16-18

Howdifferences in themechanismsof
actionof long-actingb2-agonistsandICSs
translate into differences in effective-
nessof long-termtreatmentofadultswith

asthma isnotknown.Forpatientswhose
asthma is well controlled by low-to-
moderate doses of an ICS, must the ICS
be continued, or might monotherapy
with a long-acting b2-agonist be equally
or more effective? To our knowledge, no
evidence from clinical trials supports
replacement of ICS therapy with salme-
terol monotherapy in patients with per-
sistent asthma, but this approach has
begun to appear in clinical practice. To
study these questions, the Asthma Clini-
cal Research Network (ACRN) of the
National Heart, Lung, and Blood Insti-
tute (NHLBI) undertook a 28-week, ran-
domized, multicenter, blinded, placebo-
controlled trial inpatientswithmoderate
persistent asthma that was well con-
trolled with an ICS. The trial compared
the effects of continuing the ICS, triam-
cinoloneacetonide, aftera6-weekrun-in
period; switchingtoa long-actingb2-ago-
nist, salmeterol; or switching to placebo
on asthma symptoms, pulmonary func-
tion, bronchial reactivity, markers of air-
way inflammation, and frequency of
exacerbationsduring treatmentandafter
treatmentwaswithdrawn.Thetrial tested
the null hypothesis that in patients with
moderatepersistentasthmawhosesymp-
toms are well controlled with regularly
scheduled triamcinolone and as-
needed inhaled rescue albuterol, contin-
ued treatment with triamcinolone does
not differ in efficacy from a change to
monotherapy with salmeterol.

METHODS
Study Design and Patients

This 28-week, randomized placebo-
controlled trial, the Salmeterol or Cor-
ticosteroids (SOCS) study, was con-
ducted from February 1997 to January
1999 at the 6 clinical sites that com-
prise the ACRN. The study was ap-
proved by the NHLBI-ACRN Protocol
Review Committee and by the commit-
tees on human research at each clinical
site. Written informed consent was ob-
tained from all enrolled patients. Pa-
tients with asthma as defined by the
American Thoracic Society19 who met
recommended criteria for treatment with
an ICS20 were recruited. Four hundred
twenty-two patients who met the inclu-

Box 1. Inclusion Criteria

Inclusion Criteria for Study Entry (Triamcinolone Run-in Period)
1. Age 12 through 65 years
2. For patients not already receiving an ICS:

FEV1 #80% of predicted value; and

Documentation of $12% increase in FEV1 after aerosolized albuterol treat-
ment

3. For patients already receiving an ICS:
FEV1 $40% of predicted value

If FEV1 is 40%-80% of predicted value, patient must demonstrate $12% in-
crease in FEV1 after aerosolized albuterol treatment

If FEV1 is .80% of predicted value, patient must demonstrate a 20% reduction
in FEV1 in response to a concentration of inhaled methacholine #8 mg/mL (PC20

FEV1 #8 mg/mL)
4. Nonsmoker (total lifetime smoking history ,10 pack-years; no smoking for at

least 1 year)
5. No regular use of other medications except oral contraceptives and nasal be-

clomethasone
6. No respiratory tract infection or asthma exacerbation within 6 weeks of run-in

period
7. No serious medical illness other than asthma

Inclusion Criteria for Allocation Into the SOCS Study After 6-Week
Triamcinolone Run-in Period
1. FEV1 .80% of predicted value; and
2. Average peak expiratory flow (PEF) variability #20%, calculated as [(PM PEF −

AM PEF)/(PM PEF + AM PEF)/2] 3 100, during the final 2 weeks of the run-in
period; and

3. Ability of the patient to measure his/her AM PEF and PM PEF on schedule using
assigned device, to appropriately mark the PEF measurements using the post-
medication marker, and to accurately transcribe the PEF measurements onto di-
ary cards at least 85% of the time during the last 2 weeks of the run-in period
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sion criteria (BOX 1) entered a 6-week
run-in phase during which all patients
received 400 µg (4 puffs) twice per day
of open-label triamcinolone acetonide.
Patients whose asthma was well con-
trolled, defined objectively (Box 1), fol-
lowing the 6-week run-in period were
entered into the SOCS study. Patients
whose asthma was not well controlled af-
ter the run-in were assigned to a con-
current study, the Salmeterol ± Inhaled
Corticosteroids (SLIC) study.21

Patients eligible to continue in the
SOCS study were randomly assigned to
receive either 400 µg (4 puffs) twice per
day by metered-dose inhaler (MDI) of tri-
amcinolone; 42 µg (2 puffs) twice per day
by MDI of salmeterol xinafoate; or 2 puffs
twice per day by MDI of placebo for the
next 16 weeks. After 16 weeks, all ac-
tive scheduled medications were stopped
for an additional 6-week, single-blind
placebo run-out period.

Patient randomization was per-
formed online via an Internet connec-
tion to the computer system at the data
coordinating center. Patients were strati-
fied according to clinical center, metha-
choline responsiveness (PC20, the pro-
vocative concentration of methacholine
required to decrease forced expiratory
volumein1second[FEV1]by20%),race/
ethnicity, sex, and age by a permuted-
blocks scheme, with blocks of random
sizewithineachstratum.Whenapatient
was deemed eligible for study entry, a
clinical center staff member entered and
verified the pertinent data and received
adrugpacketnumber togive thepatient.

Thestudywas triple-blinded:patients,
clinical center personnel, and data ana-
lysts were all blinded to treatment iden-
tity and dosages. Each patient received
2 inhalers, either active triamcinolone
plus placebo salmeterol, placebo triam-
cinolone plus active salmeterol, or pla-
cebo triamcinolone plus placebo salme-
terol. All patients were given albuterol
inhalers to use for rescue treatment
throughoutthestudy.Triamcinoloneand
triamcinolone placebo were adminis-
tered through a built-in spacer; all other
MDIs were used without spacers. All
inhalers used chlorofluorocarbon pro-
pellant. Patients were trained in each

technique, and techniqueswereassessed
at each visit. Treatment medication for
each patient was packaged together,
labeled with a unique number, and dis-
tributed to the clinical centers. The con-
tents of the drug packages were known
only to administrative personnel at the
data coordinating center.

Procedures
Throughout the study, patients rated the
severity of 5 asthma symptoms (short-
ness of breath, chest tightness, wheez-
ing, cough, and phlegm/mucus) on a
scale of 0 (none) to 3 (severe). Patients
recorded daytime and nighttime asthma
symptom scores, morning (AM) and
evening (PM) PEF using an Airwatch
device (Enact, Palo Alto, Calif), rescue
albuterol use, intercurrent illnesses, and
hospitalizations. Patients were evalu-
ated every 2 to 4 weeks (after a 6-hour
albuterol hold and 48-hour salmeterol
hold) for intervalhistory,physicalexami-
nation, diary review, spirometry (Col-
lins Eagle 2 spirometer, Quincy, Mass),
andmeasurementofexhalednitricoxide
(NOA 280, Sievers, Boulder, Colo).22 An
asthma-specific quality-of-life question-
naire23 was administered at the begin-
ning of the run-in period (baseline), at
the end of the run-in period (week 6), at
the end of the randomized treatment
period(week22),and2and6weeksafter
cessation of therapy (run-out period,
study weeks 24 and 28). Methacholine
responsiveness24 and sputum induction
for analysis of total and differential cell
counts, eosinophil cationic protein
(ECP), and tryptase25 were performed at
baseline; at the end of the run-in period;
after 2, 8, and 16 weeks of randomized
treatment; and 2 and 6 weeks after ces-
sation of therapy (FIGURE 1).

All testing was performed at each site
with standardized equipment and pro-
cedures. Network staff were trained and
tested to ensure proficiency and unifor-
mity in all procedures. All spirometric
testing, including that forPC20,wasover-
read by a single member of the network.
The function of the PEF measurement
device was confirmed at each clinic visit,
and the devices were replaced if they
failed to meet predetermined standards.

A distributed data entry system allowed
each clinical center to submit data elec-
tronically to the data coordinating cen-
ter.Thedatacoordinatingcenterentered
the data a second time for verification.

Outcomes
The primary outcome variable was
change in AM PEF from the final week
of the run-in period (week 6) to the final
weekof therandomizedtreatmentperiod
(week 22). To examine the duration of
benefit after treatment was stopped, we
also compared the change in AM PEF
from the final week of the run-in period
(week 6) to the final week of the run-
out period (week 28). Similar analyses
were applied to other markers of asthma
severity and asthma control, including
FEV1, asthma symptom scores, rescue
albuterol use, quality-of-life scores, and
PC20.Otheroutcomes includedthenum-
ber of asthma exacerbations in the treat-
ment and off-treatment periods.

To determine whether differences in
efficacy or duration of benefit reflected
differences in anti-inflammatory activ-
ity, we compared total and differential
cell counts as well as concentrations of
ECP and tryptase from induced spu-
tum samples25 and measured exhaled ni-
tric oxide at each visit.22

Treatment Failure
and Asthma Exacerbation
Specific criteria were established pro-
spectively to define treatment failure,
asthma exacerbation, and run-out fail-
ure (BOX 2). Patients who met treat-
ment failure criteria were treated with
a short burst of prednisone or 400 µg
twice per day of open-label, inhaled tri-
amcinolone acetonide, and continued
open-label triamcinolone instead of
study triamcinolone for the remainder
of the study. Study inhalers of salme-
terol or placebo were continued. Data
collected during and after treatment fail-
ure were included in the primary inten-
tion-to-treat (ITT) analysis for all out-
come variables. Patients who developed
an asthma exacerbation during the
run-in period (prior to randomiza-
tion) were withdrawn from the study;
asthma exacerbations following ran-
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domization were managed according to
specific predefined rescue algo-
rithms.3 Trialdrugswerecontinueddur-
ing exacerbations unless a physician
believed it appropriate to suspend such
therapy until the exacerbation had
resolved. Patients with asthma exacer-
bations, as in the case of treatment fail-
ure, were included in the ITT analysis.
Patients who met failure criteria dur-
ing the run-out phase were dropped
fromfurther studyparticipation.Alldata
collected prior to study withdrawal were
included in the analyses.

Statistical Analysis
The primary analyses were conducted
using longitudinal data analysis based
on fitting a mean for each treatment
group at each point.26 Daily daytime and
nighttime symptom scores for each pa-
tient were averaged, yielding a 15-
point scale between 0 and 3, and then
averaged over each week for each pa-
tient, yielding a 105-point score that
was used in the longitudinal data analy-
sis. Within-group differences were con-
structed from model-based estimates,
eg, end of treatment minus end of run-

in, and these within-group differences
were compared across groups. Vari-
ables that displayed a high level of skew-
ness or discreteness were analyzed via
rank tests. All available data on all ran-
domized patients were included in the
primary statistical analysis and ana-
lyzed according to treatment group as-
signments at randomization. Values
were not imputed for missing data.

Patients who were assigned treat-
ment failure or asthma exacerbation sta-
tus received protocol-defined treat-
ment with prednisone, inhaled

Figure 1. Flow Diagram of the Salmeterol or Corticosteroids (SOCS) Trial

Randomized Treatment Period wk 7-22

Spirometry at wk 8, 10, 12, 14, 18, 22

Diary Review at wk 8, 10, 12, 14, 18

Sputum Induction and
Methacholine Reactivity at wk 8, 14, 22

Quality-of-Life Questionnaire at wk 22

Placebo Run-Out Period wk 23-28

Spirometry at wk 24, 26, 28

Diary Review at wk 24, 26

Sputum Induction, Methacholine Reactivity,
and Quality-of-Life Questionnaire at wk 24, 28

54 Randomized to Receive
Triamcinolone

56 Randomized to Receive
Placebo

54 Randomized to Receive
Salmeterol

51 Entered Placebo Run-out 53 Entered Placebo Run-out 48 Entered Placebo Run-out 

49 Completed Trial 40 Completed Trial41 Completed Trial

5 Withdrew Consent 1 Lost to Follow-up6 Withdrew
5 Withdrew Consent
1 Adverse Event

2 Withdrew (Run-out Failure) 13 Withdrew
10 Run-out Failure
2 Physician-Initiated
1 Withdrew Consent

7 Withdrew
6 Run-out Failure
1 Physician-Initiated

Randomized Treatment Period (16 wk)

Placebo Run-out Period (6 wk)

Study, Phase and Timing of Outcome Measures

Triamcinolone Run-In Period wk 1-6
Spirometry at Baseline, wk 2, 4, 6

Diary Review at wk 2, 4

Sputum Induction, Methacholine Reactivity,
and Quality-of-Life Questionnaire at Baseline, wk 6

61 Did Not Complete Run-in

22 Excluded
1 Pregnancy
2 Asthma Exacerbation
3 Withdrew Consent

16 Ineligible

422 Patients Enrolled

Triamcinolone Run-in Period (6 wk)

361 Completed Run-in

339 Eligible for Randomization

175 Entered SLIC Trial
(FEV1 ≤ 80% Predicted,
or if FEV1 > 80% Predicted,
PEF Variability >20%) 

422 Patients Received Triamcinolone
400 µg Twice Daily

164 Randomized
(FEV1 > 80% Predicted, 
PEF Variability ≤20%)

FEV1 indicates forced expiratory volume in 1 second; PEF, peak expiratory flow; and SLIC, the Salmeterol ± Inhaled Corticosteroids study.
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triamcinolone, or both. Because this res-
cue therapy was likely to affect out-
comes, we planned a secondary analy-
sis, performed by the last-observation-
carried-forward (LOCF) method,
carrying forward the last value prior to
treatment failure or asthma exacerba-
tion, or by excluding data collected af-
ter treatment failure or asthma exacer-
bation (truncation). The cumulative
incidences of treatment failure and
asthma exacerbation were analyzed us-
ing Kaplan-Meier survival curves.

Based on published data,13 we esti-
mated that a total of 150 randomized pa-
tients were required to provide an 80%
likelihood of detecting clinically signifi-
cant changes in AM PEF. This sample size
would detect a 15.7-L/min difference in
AM PEF in a 3-armed trial, assuming a
withdrawal rate of 20%. This sample size
also yielded effect sizes for FEV1 of 0.17
L and PC15 of 0.68 dose steps (less than
1 doubling dose). Because we applied a
Bonferroni correction to account for 3
pairwise comparisons and conducted an
interim analysis at the trial midpoint
based on the O’Brien-Fleming group se-
quential method,27 a P value of less than
.016 was required for statistical signifi-
cance for all 3-way comparisons. Al-
though descriptive statistics and P val-
ues are reported for within-group
changes, the P values also should be con-
sidered as descriptive statistics because
changes over time within a treatment
group are not necessarily due to the ef-
fect of that particular treatment.

RESULTS
Enrollment, Retention,
and Adherence

Four hundred twenty-two patients were
enrolled, 389 (92%) of whom were al-
ready receiving an ICS at enrollment. Of
the 422 patients enrolled, 361 com-
pleted the run-in period (Figure 1). Of
these, 164 met entry criteria for the SOCS
study and were randomly assigned to
blinded treatment with placebo (n=56),
salmeterol (n=54), or triamcinolone
(n=54). The groups were well matched
with regard to age, sex, and race/
ethnicity and did not differ by airway
function, asthma symptoms, or inflam-

matory cells in induced sputum
(TABLE 1). During the 22 weeks of ran-
domized treatment and the placebo run-
out period, 34 patients withdrew from
the trial, 7 in the placebo group, 13 in
the salmeterol group, and 14 in the tri-
amcinolone group. Twelve of 34 with-
drawals occurred during the random-
ized treatment period; 3 were for
dissatisfactionwithasthmacontrol, 1was
physician-initiated, and the remainder
were for personal or administrative rea-
sons. One serious adverse event (not
asthma-related) occurred in the salme-
terol group. Of 792 scheduled visits in
the triamcinolone run-in period, none
were missed. During the treatment pe-

riod, 1314 (99%) of 1327 scheduled vis-
its were completed and 91% occurred
within preassigned time windows. Over
the duration of the study, patients re-
ported their AM PEF on 94.7% of days
and reported taking their inhaled medi-
cations as directed on 81.1% of days.

Triamcinolone Run-in Period
Even though 159 (97%) of the 164 pa-
tients who entered the SOCS study were
already receiving an ICS at enrollment,
AM PEF, FEV1, PC20, and sputum eo-
sinophil concentration all improved sig-
nificantly after 6 weeks of run-in therapy
with 400 µg twice per day of open-label
triamcinolone (TABLE 2).

Box 2. Criteria for Treatment Failure and Asthma Exacerbation

Criteria for Treatment Failure Status During the Randomized Treatment Period
Any of the following:
1. Requirement for $1 course of prednisone for treatment of asthma exacerba-

tions
2. More than 1 emergency department or urgent care visit for treatment of asthma

exacerbation
3. Hospitalization for treatment of asthma exacerbation
4. Physician clinical judgment for safety

Criteria for Asthma Exacerbations
Increased cough, chest tightness, or wheezing in association with 1 or more of the
following:
1. Rescue albuterol use of $8 puffs per 24 hours over baseline use* for a period of

48 hours
2. Rescue albuterol use of $16 puffs per 24 hours for a period of 48 hours
3. Peak expiratory flow (PEF) ,65% of reference levels† despite 60 minutes of

rescue treatment
4. Symptoms despite 60 minutes of rescue treatment
5. Requirement for systemic corticosteroids

Criteria for Failure During Placebo Run-out Period
Any of the following:
1. FEV1 #50% of predicted and inability to reverse to within 5% of baseline FEV1

2. Emergency department or urgent care visit requiring treatment for asthma ex-
acerbation

3. PEF of #65% of reference PEF level† despite albuterol treatment (2-4 puffs ev-
ery 20 minutes up to 1 hour)

4. Increased symptoms associated with increased rescue albuterol use of $8 puffs
per 24 hours over baseline* for a period of 48 hours

5. Increased symptoms associated with increased rescue albuterol use to $16 puffs
per 24 hours for a period of 48 hours

6. Use of oral or parenteral corticosteroids for asthma exacerbation
7. Physician clinical judgment for safety

*Baseline rescue albuterol use refers to the average from the last 2 weeks of the triamcino-
lone run-in period.
†Reference PEF level was the average prebronchodilator AM PEF from the last 2 weeks of
the triamcinolone run-in period.
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Randomized Treatment Period
Primary ITT Analysis. During the ran-
domized treatment period, the primary
outcome variable, AM PEF, increased in
the salmeterol and triamcinolone groups
and decreased initially then increased in
the placebo group (FIGURE 2A). We
found no statistically significant differ-

ences either within or among the 3
groups (TABLE 3).

In the Kaplan-Meier analysis, the treat-
ment failure rate for the triamcinolone
group was significantly lower than the
treatment failure rates in the placebo
(P,.001) and salmeterol (P = .004)
groups (FIGURE 3A). Treatment failure

occurred in 20 patients (36%) in the pla-
cebo group, 13 (24%) in the salmeterol
group, and 3 (6%) in the triamcinolone
group. Nineteen of these 36 patients were
judged to have treatment failure be-
cause of an asthma exacerbation that met
our preestablished criteria for predni-
sone therapy; in the remaining 17, the
patient’s asthma control was consid-
ered to be sufficiently unstable to war-
rant a change in therapy by physician
clinical judgment for safety. The differ-
ence in treatment failure rates between
the placebo and salmeterol groups was
not significant (P=.18). The pattern of
asthma exacerbations paralleled that of
treatment failures (Figure 3B). Asthma
exacerbations were experienced by 16
patients (29%) in the placebo group, 11
(20%) in the salmeterol group, and 4

Table 2. Interval Change in Outcome Measures During Triamcinolone Run-in Period*

n Median (Interquartile Range)
P

Value

AM PEF, L/min 164 3.23 (−19.09 to 45.06) .008

PM PEF, L/min 164 3.95 (−25.50 to 33.65) .21

FEV1, L 164 0.16 (0 to 0.35) ,.001

PC20, mg/mL 155 0.14 (−0.04 to 0.77) ,.001

Sputum eosinophils, % 132 −0.30 (−1.50 to 0.20) ,.001

*Interval change is expressed as end of run-in − baseline. Statistical analysis was done with the Wilcoxon signed rank
test; P values are 2-sided. PEF indicates peak expiratory flow; FEV1, forced expiratory volume in 1 second; and PC20,
methacholine responsiveness (the provocative concentration of methacholine required to decrease FEV1 by 20%).

Table 1. Patient Characteristics at Randomizationa

Characteristics

Treatment Group

P
Value

Placebo
(n = 56)

Salmeterol
(n = 54)

Triamcinolone
(n = 54)

Male, No. (%) 18 (32.1) 21 (38.9) 18 (33.3) .77b

Age at randomization, mean (SD), y 31.19 (10.62) 31.62 (10.77) 31.32 (10.95) .99c

Patients aged ,18 y, No. (%) 5 (8.9) 5 (9.3) 6 (11.1) .95b

Race or ethnicity, No. (%)
White 38 (67.9) 41 (75.9) 36 (66.6)

Asian or Pacific Islander 4 (7.1) 2 (3.7) 3 (5.6)

Black 9 (16.1) 7 (12.9) 8 (14.8) .55b

Hispanic 5 (8.9) 3 (5.6) 5 (9.3)

Other 0 1 (1.9) 2 (3.7)

Previous inhaled corticosteroid use, No. (%) 52 (92.9) 53 (98.2) 54 (100) .13b

Previous inhaled corticosteroid use, mean (SD), µg/dm 565.3 (391.4) 488.2 (237.6) 507.5 (309.8) .44c

PEF, mean (SD), L/mind

AM PEF 446.5 (101.4) 443.9 (112.3) 459.4 (107) .72c

PM PEF 452.9 (96.3) 454.3 (112.6) 473.3 (110.7) .54c

PEF variability, mean (SD)d,e 0.108 (0.041) 0.100 (0.048) 0.108 (0.054) .55c

Daily asthma symptom score, median (IQR)d,f 0.159 (0.054-0.411) 0.223 (0.064-0.431) 0.253 (0.080-0.463) .42g

Rescue albuterol use, median (IQR), puffs/dd 0.445 (0.000-2.307) 1.129 (0.067-3.133) 0.75 (0.200-2.476) .50g

FEV1, mean (SD), Lh 3.066 (0.623) 3.105 (0.786) 3.213 (0.646) .51c

FEV1 % predicted, mean (SD)h 93.25 (8.29) 92.54 (8.65) 95.67 (10.35) .18c

PC20, geometric mean (IQR), mg/mLh,i 0.767 (0.277-1.670) 0.885 (0.299-1.970) 0.966 (0.395-2.050) .50g

Asthma quality-of-life score, median (IQR)h,j 1.934 (1.688-2.859) 2.141 (1.563-2.844) 2.203 (1.556-2.625) .94g

Sputum eosinophils, median (IQR), %h,k 0.7 (0.2-2.0) 0.6 (0.0-1.8) 0.6 (0.0-1.8) .83g

Exhaled nitric oxide, median (IQR), ppbh,l 14.3 (11.4-24.5) 14.1 (8.8-29.7) 15.7 (11.3-28.4) .94g

aPEF indicates peak expiratory flow; IQR, interquartile range; FEV1, forced expira-
tory volume in 1 second; and PC20, methacholine responsiveness (the provoca-
tive concentration of methacholine required to decrease FEV1 by 20%).

bData calculated using the Fisher exact test (2-tailed) for differences in proportions
across treatment groups.

cData calculated using 1-way analysis of variance for differences across treatment
groups.

dAverage for the last 2 weeks of run-in period.
e PEF variability was calculated as PEFPM − PEFAM

(PEFPM + PEFAM) /2
.

fAsthma symptoms were graded by the patients each day from 0 (no symptoms) to 3
(severe symptoms).

gData calculated using the Kruskal-Wallis test for differences across treatment groups.
hAverage for the last week of the run-in period.
iIn the placebo group, 52 patients had PC20 data.
jA score of 1.0 indicates no limitation; a score of 7.0 indicates total limitation.
kIn the placebo, salmeterol, and triamcinolone groups, 50, 46, and 46 patients had spu-

tum eosinophil data, respectively.
lIn the placebo, salmeterol, and triamcinolone groups, 26, 27, and 26 patients had ex-

haled nitric oxide data, respectively.
mIn the placebo and salmeterol groups, 52 and 53 patients had previous inhaled corti-

costeroid use data, respectively.
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(7%) in the triamcinolone group. The
rate of asthma exacerbations was signifi-
cantly lower in the triamcinolone group
compared with the salmeterol (P=.04)
and placebo (P=.003) groups.

Secondary LOCF Analysis: Out-
comes Prior to Treatment Failure or
Asthma Exacerbation. In the LOCF
analyses, there were statistically signifi-
cant within-group changes in every out-
come in the placebo group during the
randomized treatment period (Figure 2

and FIGURE 4); AM PEF, PM PEF, FEV1,
PC20, and quality of life all decreased; res-
cue albuterol use, daily asthma symp-
tom scores, sputum eosinophils, ECP,
and tryptase, and exhaled nitric oxide
all increased (P#.03 for all). In con-
trast, no significant within-group change
occurred in any outcome in the triam-
cinolone group. In the salmeterol group,
AM PEF, PM PEF, rescue albuterol,
asthma symptom scores, and quality of
life did not change significantly within

the group, but FEV1 and PC20 (both mea-
sured after b2-agonist hold) decreased
and exhaled nitric oxide and sputum eo-
sinophils, ECP, and tryptase all in-
creased (P,.04 for all).

During the randomized treatment pe-
riod (end of week 6 through week 22),
increases in markers of inflammation—
sputum eosinophils (median [inter-
quartile range {IQR}], 2.4% [0% to
10.6%] vs −0.1% [−0.7% to 0.3%];
P,.001), sputum ECP (71 [−2 to 430]

Figure 2. Primary and Secondary Outcome Measures During Triamcinolone Run-in and Randomized Treatment Periods
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U/L vs −4 [−31 to 56] U/L; P=.005), and
sputum tryptase (3.1 [2.1 to 7.6] ng/mL
vs 0 [0 to 0.7] ng/mL; P,.001)—were
significantly greater in the salmeterol
group than in the triamcinolone group.
There were no significant differences in
the salmeterol vs triamcinolone groups
for interval changes in any of the other
outcomes. Similar results were ob-
tained for the salmeterol vs triamcino-
lone comparisons using ITT and trun-
cation analyses, except that changes in
ECP in the 2 groups were no longer sig-
nificantly different. When we com-
pared changes in the placebo and sal-
meterol groups during the randomized
treatment period using the LOCF analy-
sis, we found significant differences for
AM PEF, rescue albuterol use, daily

asthma symptom scores, and quality of
life (P,.01 for all); there were no sig-
nificant differences between placebo
and salmeterol for PM PEF, FEV1, PC20,
exhaled nitric oxide, sputum eosino-
phils, ECP, or tryptase. Changes dur-
ing the randomized treatment period
were significantly different between the
placebo and triamcinolone groups for
AM PEF, rescue albuterol use, daily
asthma symptom scores, quality of life,
sputum eosinophils, and tryptase
(P,.01 for all); there were no signifi-
cant differences for PM PEF, FEV1, PC20,
exhaled nitric oxide, or ECP.

Placebo Run-out Period
During the placebo run-out period
(weeks 23-28), when all patients re-

ceived placebo, there were 18 run-out
failures, 2 in the placebo group, 6 in the
salmeterol group, and 10 in the triam-
cinolone group. Sixteen patients met
objective criteria for run-out failure; 2
others were identified because of un-
stable asthma by physician clinical judg-
ment for safety. Four additional pa-
tients withdrew during the run-out
period for personal or administrative
reasons. The differences in failure rates
between the salmeterol and triamcino-
lone groups and between the placebo
and salmeterol groups were not signifi-
cant (P=.05 for both); the difference be-
tween the placebo and triamcinolone
groups was significant (P=.004).

When patients were switched from
triamcinolone to placebo, there were

Figure 3. Kaplan-Meier Survival Curves for Treatment Failure and Asthma Exacerbation During the Randomized Treatment Period
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Table 3. Intention-to-Treat Analysis of Mean AM PEF and Change in AM PEF*

AM PEF, L/min

Treatment Group

Placebo Salmeterol Triamcinolone
Placebo vs
Salmeterol

Placebo vs
Triamcinolone

Salmeterol vs
Triamcinolone

Model estimate, mean (SE)
End of run-in (wk 6) 449.2 (16.8) 446.4 (17.1) 460.4 (17.1)

End of randomized
treatment (wk 22)

430.8 (14.3) 467.7 (14.5) 474.6 (14.3)

End of run-out (wk 28) 429.6 (15.5) 447.5 (16.1) 449.4 (15.7)

Change in mean AM PEF at end
of treatment vs end of run-in,
model estimate (95%
confidence interval) [P value]

−18.4
(−50.1 to 13.3)

[.26]

21.3
(−11.3 to 53.9)

[.20]

14.2
(−17.5 to 46.0)

[.38]

−39.7
(−85.2 to 5.8)

[.09]

−32.6
(−77.5 to 12.2)

[.15]

7.1
(−38.4 to 52.6)

[.76]

*PEF indicates peak expiratory flow.
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statistically significant decreases in AM

PEF, FEV1, and PC20, and increases in
rescue albuterol use and daily asthma
symptom scores in all analyses (within-
group, ITT, and LOCF) (FIGURE 5).
When patients were switched from sal-
meterol to placebo, there were signifi-
cant within-group changes in FEV1, res-
cue albuterol use, and daily asthma
symptom scores. The placebo group,
having already worsened during the
randomized treatment period, demon-
strated no further significant change in
any outcome. When changes during the
placebo run-out period were com-
pared between groups, there were sig-
nificant differences between the pla-
cebo and triamcinolone groups for FEV1

(P=.015 by ITT), and PC20 (P=.003 by
ITT; P=.01 by LOCF). Percentage of eo-
sinophils and tryptase concentration in
sputum and exhaled nitric oxide all in-
creased significantly (within group,
P=.002 for all) when the triamcino-
lone group was switched to placebo,
and the pattern mirrored that seen in

the placebo and salmeterol groups when
triamcinolone was stopped at the end
of the triamcinolone run-in period.

To determine whether the duration
of active treatment affected airway func-
tion after treatment was stopped, we
compared ITT changes in AM PEF,
FEV1, and PC20 between the end of the
placebo run-out (week 28) and the end
of the triamcinolone run-in (week 6)
periods. There were no significant dif-
ferences among groups, indicating no
long-term carryover benefit from up to
22 weeks of triamcinolone treatment.

COMMENT
Although use of long-acting b2-agonists
as additive therapy in patients whose
asthma is not controlled by inhaled cor-
ticosteroids is well supported by the
results of clinical trials,4-6 their use as
monotherapy inpersistent asthma isnot.
Indeed, US guidelines for diagnosis and
management of asthma recommend
long-acting b2-agonists only as additive
therapy,3 but this recommendation was

Figure 4. Change in Asthma Quality-of-Life
Scores During the Randomized Treatment
Period
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Quality of life was assessed using a 32-item question-
naire, with each item scored from 1 (no limitations)
to 7 (totally limited); a separate average score for each
of 4 individual domains was calculated and an overall
score was calculated by averaging the responses to
all 32 items. The dotted lines represent the change be-
lieved to be clinically significant.28 Data are median val-
ues; error bars indicate interquartile range. Asterisk in-
dicates P,.001 for within-group change using the
Wilcoxon signed rank test.

Figure 5. Primary and Secondary Outcome Measures During the Placebo Run-out Period
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Outcome data in this figure were calculated using intention-to-treat analysis. Forced expiratory volume in 1 second (FEV1) and methacholine responsiveness (PC20, the
provocative concentration of methacholine required to decrease FEV1 by 20%) were measured after b2-agonist hold. Data are mean values; error bars indicate SE.
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based on expert opinion, not on evi-
dence fromclinical trials.Ourstudydem-
onstrates that patients with persistent
asthma that is well controlled by low-
dose triamcinolone monotherapy can-
not be switched to salmeterol mono-
therapy without risk of clinically
significant loss of asthma control.

Although most of the 164 patients in
this study reported using an ICS prior to
entry, significant improvements were still
noted in AM PEF, FEV1, PC20, and spu-
tum eosinophil concentration during the
triamcinolone run-in period, presum-
ably reflecting greater compliance with
regular ICS treatment in the setting of a
clinical trial. In the randomized treat-
ment period, patients who continued
treatment with triamcinolone had bet-
ter asthma control than those treated
with placebo or salmeterol. Treatment
failure and asthma exacerbations were
the most robust indicators of the differ-
ence in asthma control achieved by treat-
ment with triamcinolone vs salmeterol.
Thus, althoughpatientswhoreceivedsal-
meterolhad fewerasthmasymptoms, less
need for rescue albuterol, and better air-
way function than patients who re-
ceived placebo, they experienced treat-
ment failures and asthma exacerbations
at a rate similar to the placebo group.
Similarly, methacholine responsive-
ness worsened significantly in the sal-
meterol and placebo groups but not in
the triamcinolone group. In the pla-
cebo run-out period, all patients whose
treatment had not failed were switched
to inhaled placebo, and most elements
of asthma control predictably wors-
ened in both active treatment groups.
Notably, the duration of treatment ben-
efit was not significantly longer in the tri-
amcinolone group than in the other 2
groups. Fourteen (25%) of the patients
assigned to receive placebo at the end of
the 6-week triamcinolone run-in pe-
riod met criteria for treatment failure
within 6 weeks; 12 (24%) of the pa-
tients who received triamcinolone for 22
weeks also qualified as failures during the
6-week placebo run-out period. We thus
found no evidence that an additional 16
weeks of continuous corticosteroid treat-
ment conferred persistent benefit.

This study illustrates some limita-
tions of traditional asthma outcome mea-
sures in clinical trials. Although treat-
ment with salmeterol resulted in greater
improvements in AM and PM PEF, asthma
symptoms, and rescue albuterol use than
treatment with placebo, the differences
in the rates of treatment failure and
asthma exacerbations between these 2
groups were small and insignificant. A
similar dissociation between symptom
control and asthma exacerbations was
observed when salmeterol was given as
monotherapy to children for 1 year. In
that study, salmeterol was less effective
than beclomethasone in preventing ex-
acerbations.29

The effect of long-acting b2-agonists
on asthmatic inflammation is controver-
sial. In this study, airway inflammation,
as inferred from analysis of induced spu-
tum, decreased during triamcinolone
treatment in the run-in period and in-
creased in both the placebo and salme-
terolgroupsduring the randomized treat-
ment period when triamcinolone was
stopped. The authors of a recent small
study proposed that treatment with long-
acting b2-agonists may mask worsen-
ing airway inflammation and delay
awareness of worsening asthma.9 We ob-
served an increase in markers of inflam-
mation when patients were switched
from triamcinolone to salmeterol. This
change appears to reflect cessation of tri-
amcinolone treatment rather than a di-
rect salmeterol effect, since we saw a
similar increase in inflammatory mark-
ers when patients were switched from tri-
amcinolone to placebo in the run-out pe-
riod. Other recent studies have shown no
increase in markers of inflammation and
a reduction in some inflammatory cell
types in airway mucosal biopsy speci-
mens after combined treatment with sal-
meterol and an ICS30 or with the long-
acting b2-agonist formoterol alone.31

Our findings indicate that salmeterol
should not be used as monotherapy for
treatmentofpersistentasthma.Although
salmeterol was highly effective at main-
taining improvement in some conven-
tionalasthmaoutcomemeasures, includ-
ing PEF, asthma symptoms, and rescue
albuterol use, salmeterol was no more

effective thanplaceboatpreventing treat-
ment failures and asthma exacerbations
or at suppressing airway inflammation.
These data support the concept that an
ICS is preferable to a long-acting bron-
chodilator as monotherapy in patients
with persistent asthma.

Author Affiliations: University of California, San Fran-
cisco (Drs Lazarus, Boushey, and Fahy); Milton S. Her-
shey Medical Center, Hershey, Pa (Drs Chinchilli, Craig,
and Mauger); University of Wisconsin Medical School
(Dr Lemanske) and School of Pharmacy (Dr Sorkness),
Madison; National Jewish Medical and Research Cen-
ter, Denver, Colo (Drs Kraft, Martin, Spahn, and Sze-
fler); Thomas Jefferson University, Philadelphia, Pa (Drs
Fish and Peters); Brigham and Women’s Hospital and
Harvard Medical School, Boston, Mass (Drs Drazen and
Israel); and Harlem Hospital Center, New York, NY (Drs
Ford and Nachman).
Financial Disclosures: Lazarus: Abbott (research fund-
ing and honoraria), Astra (honoraria), Aventis (con-
sultant), Boehringer Ingelheim (research funding), Fu-
jisawa (consultant), Genentech (research funding),
GlaxoSmithKline (consultant), Immunex (consult-
ant), Merck (consultant), Merck Frosst (honoraria),
Novartis (consultant), Pfizer (research funding), Phar-
macia-Upjohn (research funding), and Zeneca Phar-
maceuticals (research funding and honoraria).
Boushey: Aventis (consultant), GlaxoSmithKline (re-
search funding), Kosan Biosciences (scientific advi-
sory board membership), Novartis/Genentech (con-
sultant), Roche (consultant), and Schering-Plough (data
monitoring board for research study).
Fahy: Amgen (consultant), Astra-Zeneca (research
funding and honoraria), Boehringer Ingelheim (re-
search funding), Fujisawa (consultant), Genelabs Inc
(research funding), Genentech (consultant), Glaxo-
SmithKline (research funding), Merck (honoraria), Nov-
artis (research funding), Rhone-Poulenc Rorer (con-
sultant), Roche Bioscience (Syntex) (consultant), and
Texas Biotechnology (consultant).
Chinchilli: GlaxoSmithKline (consultant) and Robert
Wood Johnson Pharmaceutical Research Institute
(consultant).
Lemanske: Abbott (patent pending), Astra-Zeneca
(honoraria), Aventis (honoraria), GlaxoSmithKline
(honoraria and research funding), Merck (honoraria
and research funding), and Novartis (consultant).
Sorkness: Astra-Zeneca (consultant and honoraria),
GlaxoSmithKline (consultant and honoraria), and Merck
(consultant and honoraria).
Kraft: Abbott (research funding), Astra-Zeneca (speak-
er’s bureau), Aventis (consultant), Forrest (consult-
ant), Genentech (consultant), GlaxoSmithKline (speak-
er’s bureau and consultant), Immunex (research
funding), Merck (research funding and speaker’s bu-
reau), Novartis (research funding), Purdue Frederick
(speaker’s bureau), Schering-Plough (consultant), and
3M (research funding).
Fish: Astra-Zeneca (speaking honoraria), Aventis
(speaking honoraria), Genentech (speaking hono-
raria and consultant), GlaxoSmithKline (research fund-
ing and speaking honoraria), Merck (research fund-
ing and consultant), Ortho-McNeil (speaking
honoraria), Schering-Plough (speaking honoraria and
consultant), and Viropharm (consultant).
Peters: Abbott (clinical trial), Astra-Zeneca (clinical trial,
consultant, and speaker’s bureau), Aventis (consultant
and speaker’sbureau), Fujisawa (consultant),Genentech-
Novartis (consultant), GlaxoSmithKline (clinical trial and
consultant), Health Science Center CME/World Medi-
cal Leaders.com (consultant), Merck (clinical trial, ad-
visory board, and speaker’s bureau), Schering-Plough
(clinical trial, advisory board, and speaker’s bureau), 3M
(consultant), and Wyeth-Ayerst (consultant).

LONG-ACTING b2-AGONIST MONOTHERAPY IN ASTHMA

2592 JAMA, May 23/30, 2001—Vol 285, No. 20 (Reprinted) ©2001 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Craig: Astra-Zeneca (research funding), Aventis (con-
sultant), Aventis-Pasteur (clinical trials), Bayer (re-
search funding), GlaxoSmithKline (speaker’s bureau,
research funding), Merck (speaker’s bureau, re-
search funding), Schering-Plough (speaker’s bu-
reau), and SmithKline (clinical trials).
Drazen: Forrest Pharmaceuticals and Sepracor (re-
search funding during SOCS and SLIC trials; grants
completed in 1999 and not renewed); 2 US patents
covering the use of genetic information to under-
stand the variability in asthma treatment response—
all revenues from licensing these patents currently ac-
crue to the Brigham and Women’s Hospital and none
are distributed to Dr Drazen or his laboratory; no cur-
rent arrangements with any commercial entity in the
health care sector other than his current employer, the
Massachusetts Medical Society.
Ford: Boehringer Ingelheim (consultant), GlaxoSmith-
Kline (speaking honoraria and consultant), Merck
(speaking honoraria and consultant), and Sepracor
(speaking honoraria).
Israel: Abbott (patent pending), Astra-Zeneca (re-
search funding), Eli Lilly (research funding), Genen-
tech (research funding), Genetics Institute (research
funding), GlaxoSmithKline (consultant), Immunex (re-
search funding), LeukoSite (research funding), Merck
(honoraria, consultant, and research funding), Nov-
artis (research funding), Pfizer (research funding), and
Sepracor (research funding).
Martin: Abbott (consultant, honoraria, research fund-
ing, and speaker’s bureau), Astra-Zeneca (consul-
tant, honoraria, research funding, and speaker’s bu-
reau), Boehringer Ingelheim (honoraria and research
funding), Eli Lilly (research funding), Genentech (con-
sultant), GlaxoSmithKline (consultant, honoraria, re-
search funding, and speaker’s bureau), Immunex (con-
sultant), Merck (consultant, honoraria, research
funding, and speaker’s bureau), Muro (honoraria, re-
search funding, and speaker’s bureau), Novartis (con-
sultant), Purdue Frederick (honoraria, research fund-
ing, and speaker’s bureau), Rhone-Poulenc Rorer
(consultant, honoraria, research funding, and speak-
er’s bureau), Schering-Plough (consultant, hono-
raria, and speaker’s bureau), and 3M (consultant, hono-
raria, research funding, and speaker’s bureau).
Spahn: Astra-Zeneca (research funding and speak-
er’s bureau), GlaxoSmithKline (research funding and
speaker’s bureau), Merck (research funding and speak-
er’s bureau), and Schering-Plough (research funding).
Szefler: Astra-Zeneca (consultant and honoraria),
Merck (consultant and honoraria), Schering-Plough
(consultant), Sepracor (consultant), and 3M (consul-
tant, honoraria.
Author Contributions: Study concept and design:
Lazarus, Boushey, Fahy, Chinchilli, Lemanske, Sork-
ness, Kraft, Fish, Peters, Craig, Drazen, Ford, Israel,
Martin, Mauger, Nachman, Szefler.
Acquisition of data: Lazarus, Boushey, Fahy, Chin-
chilli, Lemanske, Sorkness, Kraft, Fish, Peters, Craig,
Drazen, Ford, Israel, Martin, Mauger, Nachman, Spahn,
Szefler.
Analysis and interpretation of data: Lazarus, Boushey,
Fahy, Chinchilli, Lemanske, Sorkness, Kraft, Fish, Pe-
ters, Drazen, Ford, Israel, Martin, Mauger, Nach-
man, Szefler.
Drafting of the manuscript: Lazarus, Boushey, Fahy,
Chinchilli, Lemanske, Sorkness, Kraft, Craig, Drazen,
Israel, Martin, Mauger.
Critical revision of the manuscript for important in-
tellectual content: Lazarus, Boushey, Fahy, Chin-
chilli, Lemanske, Sorkness, Kraft, Fish, Peters, Dra-
zen, Ford, Israel, Martin, Mauger, Nachman, Spahn,
Szefler.
Statistical expertise: Lazarus, Chinchilli, Lemanske,
Mauger.
Obtained funding: Lazarus, Boushey, Fahy, Chin-
chilli, Lemanske, Sorkness, Kraft, Fish, Peters, Dra-
zen, Ford, Martin.

Administrative, technical, or material support: Laza-
rus, Boushey, Fahy, Chinchilli, Lemanske, Sorkness,
Kraft, Fish, Peters, Craig, Drazen, Ford, Israel, Mar-
tin, Mauger, Nachman, Spahn, Szefler.
Study supervision: Lazarus, Boushey, Fahy, Chin-
chilli, Lemanske, Sorkness, Kraft, Fish, Peters, Dra-
zen, Ford, Israel, Martin, Mauger, Nachman.
Funding/Support: This study was supported by grants
U10 HL-51810, U10 HL-51834, U10 HL-51831, U10
HL-51823, U10 HL-51845, U10 HL-51843, U10 HL-
56443, and M01 RR-03186 from the National Heart,
Lung, and Blood Institute. Medications/equipment
were provided by Aradigm Corp, Enact Health Man-
agement Systems, GlaxoWellcome Inc, Hoechst Marion
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