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Background: Racemic albuterol is an equal mixture of (R)-
albuterol (levalbuterol), which is responsible for the bron-
chodilator effect, and (S)-albuterol, which provides no benefit
and may be detrimental.

Objective: We sought to compare 2 doses of a single enan-
tiomer, levalbuterol (0.63 mg and 1.25 mg), and equivalent
amounts of levalbuterol administered as racemic albuterol

with placebo in patients with moderate-to-severe asthma.
Methods: This was a randomized, double-blind, parallel-group
trial. Three hundred sixty-two patients 12 years of age or older
were treated with study drug administered by means of nebu-
lization 3 times daily for 28 days. The primary endpoint was
peak change in FEV after 4 weeks.

Results: The change in peak FEYresponse to the first dose in
the combined levalbuterol group was significantly greater com-
pared with the combined racemic albuterol group (0.92 and
0.82 L, respectively;P = .03), with similar but nonsignificant
results after 4 weeks (0.84 and 0.74 L, respectively). Improve-
ment in FEV; was similar for levalbuterol 0.63 mg and

racemic albuterol 2.5 mg and greatest for levalbuterol 1.25 mg.
Racemic albuterol 1.25 mg demonstrated the weakest bron-
chodilator effect, particularly after chronic dosing. The great-
est increase in FE\ was seen after levalbuterol 1.25 mg, espe-
cially in subjects with severe asthma. All active treatments
were well tolerated, andB-adrenergic side effects after admin-
istration of levalbuterol 0.63 mg were reduced relative to leval-
buterol 1.25 mg or racemic albuterol 2.5 mg. At week 4, the
predose FEV\, value was greatest in patients who received lev-
albuterol or placebo when compared with those who received
racemic albuterol. The difference was more evident and was
statistically significant in patients who were not receiving
inhaled corticosteroids.

Conclusion: Levalbuterol appears to provide a better thera-
peutic index than the standard dose of racemic albuterol.

From a&he National Jewish Medical and Research Center, Deb&bergy,
Immunology & Asthma Group, Inc, Stocktof817 North El Camino Real,
EncinitasdPPD Pharmaco Inc, Wilmington; afepracor Inc, Marlborough.

Presented in part at the annual meeting of the American Thoracic Society,

Chicago, Ill, April 1998.
Supported by a grant from Sepracor Inc, Marlborough, Mass.

These results support the concept that (S)-albuterol may have
detrimental effects on pulmonary function. (J Allergy Clin
Immunol 1998;102:943-52.)
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Bronchodilators (specifically the short-actirfi-
adrenergic agonists) are required for the relief and pre-
vention of bronchospasm in all severities of asthra.
The most commonly prescribe8h-agonist, racemic
albuterol (eg, Ventolin or Proventil), is a 50/50 mixture of
2 mirror-image enantiomers termed (R)- and (S)-
albuterol34 (R)-albuterol (levalbuterol) is responsible
for the rapid bronchodilator effects of the racemate,
whereas (S)-albuterol has essentially no bronchodilator
properties and was considered to be biologically ert.

However, the role of (S)-albuterol has been reexam-
ined recently, fueled in part by controversies about the
possible deleterious effects B§-agonists, as well as
the Food and Drug Administration’s mandate to quan-
tify the risks of stereoisomeric dru§sthe new evi-
dence suggests that (S)-albuterol is not inert, but rather
may exaggerate airway reactivity and cause loss of
asthma control. Specifically, (S)-albuterol increases
intracellular calciun,8 enhances experimental airway
hyperresponsiveness to spasmogdetsand may have
proinflammatory effects as gauged by eosinophil
superoxide production in response to I1135(S)-
albuterol is metabolized 10-fold more slowly than lev-
albuterol14-16 With repeated frequent dosing, this
slower metabolism increases the proportion of (S)-
albuterol to levalbuterol in vivo and exposes the patient
to relatively more of the potentially adverse effects of
(S)-albuterol than the beneficial effects of levalbuterol.

This study evaluated the benefits and risks associated
with the use of optically pure (R)-albuterol (levalbuterol)
in the treatment of asthma in comparison with racemic
albuterol and placebo.

METHODS
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Four hundred twenty-four patients at 33 outpatient asthma clin-

ics in the United States (see Appendix) were enrolled in the study.
Eligible patients were nonsmoking males or females 12 years of age
or older who had at least a 6-month history of chronic and stable
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monary function testing, vital signs were monitored, and a 12-lead
Abbreviations used ECG was obtained before dosing and at 15, 30, 60, 120, and 180
AUC:  Area under the curve minutes after the dose was given. Additionally, a blood specimen
ECG: Electrocardiogram was obtained for electrolyte and glucose determinations before and
MDI:  Metered-dose inhaler at 60 minutes after dosing.
All patients used a standard nebulizer (PARI LC PLUS with a

DURA-NEB 2000 compressor; Pari Respiratory Equipment, Inc,
Richmond, Va) and received detailed instruction on how to self-
asthma (as defined by the American Thoracic Society) requiringadminister the study drug. The identity of the study drug was con-
pharmacotherapy. Patients were eligible if they had moderate-to-cealed from all investigators and patients. The blinded study drug
severe lung compromise, defined as an FB¥tween 45% and  Was a clear and colorless solution provided in identical 3-mL single-
70% of predicted normal value for age, gender, height, and raceuse unit dose vials. A randomization schedule provided to the inves-
after abstaining from short-actifig-agonists for at least 8 hours. At  tigators dictated study treatment allocation.
the first visit, all patients demonstrated at least a 15% improvemen:  The sponsor of the study, Sepracor Inc (Marlborough, Mass),
in FEV; in response to a single 2.5-mg dose of racemic albuterolprovided study medications and coordinated all aspects of the study.
administered by means of nebulization. Patients were allowed tcThe data analysis was performed by Pharmaceutical Product Devel-
take other medications for asthma or allergic rhinitis, including opment (PPD Pharmaco, Inc, Wilmington, NC).
inhaled and intranasal corticosteroids, sodium cromoglycate (Intal),
and nedocromil sodium (Tilade) if taken at stable doses throughouStatistics
the study and if withheld for a sufficient period of time before study
visits. Bronchodilators, such as theophylline and ipratropium, were  Treatment arms were compared for differences in mean peak
not permitted. Patients who required oral steroids for the treatmenchange in FEY, FEV, area under the curve (AUC), and other pul-
of asthma exacerbations were allowed to take 1 course of therapmMonary function parameters on the basis of an ANOVA model with
with prednisone or its equivalent at 60 mg/day for 5 days. If morethe SAS MIXED procedure. Effects in the model included investi-
than 60 mg/day or a course longer than 5 days was required, thoator and treatment. If the overall treatment F test was significant,
patient was discontinued from the study. Patients who were disconthen pairwise comparisons of all active treatment arms versus place-
tinued from the study were included in the statistical analyses a0, as well as the combined levalbuterol groups versus the com-
part of the intent-to-treat population. All patients were provided bined racemic albuterol groups, were performed.

with a racemic albuterol metered-dose inhaler (MDI) to be used on  On the basis of prior studies, it was assumed that the standard
an as-needed basis for relief of asthma symptoms. deviation of the change from baseline in FEvould be 0.55 L.

Therefore a sample size of 60 patients per treatment arm would pro-
vide at least 80% power to detect a difference in peak change in
FEV; of 0.29 L between any active treatment arm relative to place-

This multicenter, randomized, double-blind, placebo-controlled, bo. This calculation was based on an ANOVA with a significance
parallel-arm clinical trial was conducted according to the principles level @) equal to .05.
of Good Clinical Practices and the Declaration of Helsinki (1989).  Secondary efficacy endpoints included AUC and use of rescue
Ethics committees approved the protocol and the informed consenracemic albuterol MDI. Safety endpoints included spontaneously
form before initiation, and consent was obtained from all patientsreported drug-related adverse events, standard clinical laboratory
before enrollment. Patients meeting all eligibility criteria were tests, and electrocardiography. Inferential statistics were also per-
entered into a 1-week, single-blind, placebo period to establish sformed on the number of patients reporting adverse events. In par-
baseline for asthma and to provide an appropriate washout for otheticular, chi-square tests were used to assess differences by body sys-
medications. Afterwards, patients were randomly assigned to receivdéeéms across all treatment groups. If the overall test was significant,
1 of the following nebulization treatments 3 times daily for 4 weeks: all pairwise comparisons were performed with Fisher's exact test.
0.63 mg levalbuterol (rounded value; actual amount administerecAll safety and efficacy analyses were performed on the intent-to-
was 0.625 mg), 1.25 mg levalbuterol, 1.25 mg racemic albuterol, 2.5treat population, which consisted of all patients randomized to
mg racemic albuterol, or placebo. Doses were selected to facilitatdreatment (n = 362). All significance testing was conducted with a
milligram-to-milligram comparisons of levalbuterol in its pure form  significance levelq) equal to .05.
as opposed to levalbuterol in a racemic mixture (the 2.5 mg racemic
albuterol dose contained 1.25 mg levalbuterol and the 1.25 mg dos
of racemic albuterol contained 0.625 mg levalbuterol). RESULTS

Serial pulmonary function testing was performed after the first Demographics and disposition
dose (week 0), and at weeks 2 and 4. Nonserial pulmonary functior
testing was done at week 5 (1 week after double-blind therapy A total of 424 patients enrolled in the study. Sixty-two
ceased and all patients were receiving single-blind placebo). Orpatients were withdrawn before randomization, 35
each serial pulmonary function testing day, FEvas measured  (56.5%) of whom did not meet enrollment criteria.
before the first dose, immediately after the dose, at 15 minutes afteTyelve patients (19.4%) voluntarily withdrew, 9 patients
the dose, at 30-minute intervals for Fhe first'Z hours, and then hourly(14'5%) were withdrawn because of adverse events
for 6 hours. $ena| pu.lmonary functl.on testing was r'escheduled for(including asthma exacerbation), and 6 patients (9.6%)
another day if the patient had used inhaled or nebulized albuterol oWere lost to follow-up or withdrew for other causes. Of

oral corticosteroids within 8 hours of the start of the testing period. . . .
Safety endpoints included adverse events, clinical Iaboratorythe 362 patients who were randomized into the double-

tests, vital signs, 12-lead electrocardiogram (ECG) data, and physiPlind treatment period, 328 (90.6%) completed the study
cal examination. Physical examinations, 12-lead ECGs, and routine@Nd 34 were withdrawn early. The most common reason
clinical chemistry, hematology, and urinalysis were conducted atfor early withdrawal (22 of 34 patients) was an adverse
screening and after 4 weeks of treatment. During the serial pul-event (see Safety in the Results section). The majority of

Design and procedures
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FIG 1. Mean percent change from baseline in FEV, after the first dose (week 0, top panel) and after 4
weeks (week 4, bottom panel) of study treatment. Week 0 mean peak change (L): P<.001 placebo (PBO)
versus active treatments; P = .03 levalbuterol (Lev) versus racemic albuterol (Rac). Week 4 mean peak
change: P<.001 placebo versus active treatments; P = .13 levalbuterol versus racemic albuterol.
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FIG 2. Mean percent change in FEV; after the first dose in a subgroup of patients with pretreatment
FEV, of 60% or less of predicted normal value. Mean peak change P value = .0476 levalbuterol (Lev)
versus racemic albuterol (Rac).
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TABLE I. Baseline demographic characteristics

Racemic Racemic
Levalbuterol  Levalbuterol albuterol albuterol
0.63 mg 1.25 mg 1.25 mg 25 mg Placebo Total
(n=72) (n=73) (n=68) (n =74) (n=75) (n =362)
Mean age (SD) 36.2 (14) 35.0 (13) 37.9 (15) 38.3 (16) 35.2 (15) 36.5 (15)
Sex (%)
M 36 48 41 38 39 40
F 64 52 59 62 61 60
Race (%)
White 86 82 88 88 79 85
Black 11 8 9 8 8 9
Other 3 10 3 4 13 6
FEV; % of predicted mean (SD) 60.0 (8) 60.0 (7) 60.1 (7) 59.5 (7) 59.7 (8) 59.8 (7)
FEV, % reversibility mean (SD) 40.9 (20) 41.6 (22) 39.9 (21) 39.7 (20) 37.1 (17) 39.8 (20)
Concomitant medications
Inhaled corticosteroids (%) 46 49 43 59 37 a7
Cromolyn/nedocromil (%) 1.4 4.1 8.8 4.1 2.7 4
Baseline FEY < 60% (%) 44 49 43 57 52 49

TABLE Il. Use of racemic albuterol MDI rescue medication during weeks 0 to 4

Levalbuterol Levalbuterol Racemic albuterol Racemic albuterol

0.63 mg 1.25 mg 1.25 mg 25 mg Placebo

(n=72) (n=73) (n =68) (n=74) (n=75)
Percent using any rescue medication 95.8 95.9 97.1 97.3 97.3
Mean puffs per day 3.5(3.2) 2.7 (2.5) 3.6 (3.0) 3.8(2.9) 49 (4.1)
P value (vs placebo) .006 <.0001 .012 .042 —
Change in mean puffs per -0.25 -0.74 +0.01 -0.50 +0.33

day compared with baseline

P value 372 <.001 .99 .056 .019

the patients who were withdrawn did so during the first 2and this improvement was maintained for at least 5 hours
weeks after randomization. for all active treatments after the first dose and after 4
Baseline demographic characteristics of patients in theweeks of dosing. At both times, mean peak change in
5 treatment arms were comparable (Table ). The mean acFEV; was significantly higher than placebo in all active
was 36.5 years (range, 12 to 80 years), and 60% of thtreatment armsR < .001).
patients were female. Eighty-five percent of the patients The combined levalbuterol treatment group had a sig-
were white. The treatment arms had comparable pulnificantly greater improvement in mean peak FEhvan
monary function at baseline; the mean percent predictethe combined racemic albuterol group after the first dose
FEV; value was 59.8% (range, 44% to 77%), and the(P = .03) but not at week #(= .13). The results at week
mean percent reversibility in response to nebulized? revealed a trend similar to that seen at week 4, and all
racemic albuterol was 39.8% (range, 15% to 115%). Thir-active treatment arms were significantly better than
ty-seven to sixty percent of patients used inhaled corticoplacebo P < .001; data not shown). After both the first
steroids, and a small percentage in each arm used crdose and after 4 weeks of treatment, the greatest peak
molyn sodium or nedocromil. About 50% of patients over- improvement and longest duration of improvement were
all (range, 43% to 57%) had severe asthma as characteobserved for patients treated with levalbuterol 1.25 mg.
ized by a baseline FE\less than 60% of predicted value. Overall, the weakest bronchodilator effect and shortest
duration were seen when patients received racemic
Efficacy data albuterol 1.25 mg. Levalbuterol 0.63 mg and racemic
albuterol 2.5 mg had similar peak improvements and
The mean percent change in FEMlative to study  duration of action at weeks 0, 2, and 4.
baseline for the 8-hour period after the first dose of study A similar pattern was seen in the FEAUC analysis.
medication (week 0) and after 4 weeks of treatmentLevalbuterol treatment was significantly better than
(week 4) is shown in Fig 1. On a percent basis, clinical-racemic albuterol treatment after the first dd3e=(02;
ly significant (>15%) improvement was observed for all not shown). At week 4, the combined levalbuterol group
active treatment arms immediately after nebulization,had higher mean AUC values than the combined racemic
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FIG 3. Mean change from study baseline in predose FEV, (L) after 4 weeks of treatment for all patients
(All Pts.) and subgroup of patients who were not taking concurrent inhaled corticosteroid therapy. All
patients: P = .41 across all treatments; inhaled corticosteroid—free patients: P = .006 levalbuterol ver-
sus racemic albuterol.

albuterol group, but these were not statistically signifi-buterol > 0.63 mg levalbuterol = 2.5 mg racemic
cant P = .14). Racemic albuterol 1.25 mg was not sig-albuterol > 1.25 mg racemic albuterol.
nificantly different from placebo at week 4, whereas all Over 95% of patients in each treatment arm used res-
of the other treatments were significantly better tharcue medication (racemic albuterol MDI) at one time or
placebo at both week 0 and weekP4(.01). Significant  another while receiving double-blind treatment (Table
bronchodilator subsensitivity was observed for each oll). Patients in all of the active treatment arms used sig-
the active treatment arms when comparing their week nificantly less rescue medication when compared with
AUC results with their week 0 AUC resultB € .04). the placebo group. Compared with baseline use during
The improvement in pulmonary function after the first the single-blind week before randomization, patients
dose was evaluated in patients with more severe puwho received placebo increased rescue medication use
monary compromise at baseline, defined as an,f€&%  significantly during the double-blind phase of the study
than 60% of predicted normal value (Fig 2). A significant(P = .019). Only the 1.25 mg levalbuterol arm had a sig-
improvement in efficacy was observed in the combinecnificant decrease in rescue medication use during double-
levalbuterol group when compared with the combinedblind treatment® < .001). The decrease in rescue med-
racemic albuterol group (mean peak chamye;.0476). ication use with racemic albuterol 2.5 mg was of margin-
The responses to 0.63 mg levalbuterol and 2.5 mal significance R = .056).
racemic albuterol were similar, with racemic albuterol To determine the effect of chronic dosing on lung
having a slightly longer duration of action. In this subsetfunction, the mean predose change from baseline in
of subjects with severe asthma, the improvement anFEV; at week 4 for all patients and for the subset of
duration of improvement observed with 1.25 mg leval-patients who received no concomitant inhaled cortico-
buterol were consistent with the results seen in the entirsteroids was examined (Fig 3). When the total study pop-
patient population (Fig 1) but with an even greaterulation was analyzed, there was a 0.1 L (~6%) improve-
improvement in peak FEVMcompared with 2.5 mg ment in predose FEMN the placebo and levalbuterol
racemic albuterol. arms, which was not observed in the racemic albuterol
Overall, the rank order of efficacy regarding change inarms. The improvement in predose REvas even more
FEV, for all analyses was as follows: 1.25 mg leval- profound and significant in the subset of patients who did
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TABLE Ill. Potentially drug-related adverse events*

Levalbuterol Levalbuterol Racemic albuterol Racemic albuterol

0.63 mg 1.25 mg 1.25 mg 2.5mg Placebo

(n=72) (n=73) (n =68) (n=74) (n=75)
Subjects with any adverse events, n (%) 12 (16.7) 23 (31.5) 14 (20.6) 20 (27.0) 14 (18.7)
Asthma 5(6.9) 4 (5.5) 5(7.4) 6 (8.1) 7(9.3)
Asthma increase 1(1.4) 3(4.1) 2 (2.9 2(2.7) 2 (2.7
Nervousness 2 (2.8) 7 (9.6) 3(4.4) 6 (8.1) 0 (0.0)
Tremor 0 (0.0) 5 (6.8) 0 (0.0) 2(2.7) 0 (0.0)
Headache 3(4.2) 4 (5.5) 2(2.9) 2(2.7) 3(4.0)
Tachycardia 2 (2.8) 2 (2.7) 0 (0.0) 2(2.7) 0 (0.0)
Leg cramps 0 (0.0) 2(2.7) 0 (0.0) 0 (0.0) 1(1.3)
Anxiety 0 (0.0) 2(2.7) 0 (0.0) 0 (0.0) 0 (0.0)
Dizziness 1(1.4) 2 (2.7) 0 (0.0) 0 (0.0) 0 (0.0)

*Events listed are those reported by 2% or more of patients in any treatment group.

not receive concomitant inhaled corticosteroids and whc Overall, study medication was well tolerated, with
were receiving placebo: 0.63 mg levalbuterol and 1.250nly 22.9% of all patients reporting any potentially
mg levalbuterol arms when compared with racemicdrug-related adverse events and no significant differ-
albuterol P = .006 when comparing the combined leval- ences across the treatment groups (18). Potentially
buterol groups and the combined racemic albuteroldrug-related adverse events were reported by 16.7%,
groups). There was a 0.13 and 0.31 L (7% and 15%) dif-31.5%, 20.6%, 27.0%, and 18.7% of patients in the 0.63
ference between the predose REV subjects receiving mg levalbuterol, 1.25 mg levalbuterol, 1.25 mg racemic
0.63 mg levalbuterol and 1.25 mg levalbuterol whenalbuterol, 2.5 mg racemic albuterol, and placebo arms,
compared with those receiving 1.25 mg and 2.5 mgrespectively (Table Ill). The events most commonly
racemic albuterol, respectively. Of note, the greatestreported by patients were asthma-related and were sim-
increase in FEYwas in the 1.25 mg levalbuterol arm. ilar across the treatment arms. The next most common
Both racemic albuterol arms had FE¥alues that were  events were nervousness, headache, tremor, and tachy-
worse than the placebo group and their baseline values.cardia. There was a dose-related incidende adrener-

In regard to predose FE\at study week 5, 1 week gic side effects, such as nervousness and tremor. The
after active treatment had stopped and all patients hapercentage of patients who reported nervousness or
begun receiving single-blind placebo, similar results tremor in the combined low-dose groups (0.63 leval-
were observed despite the fact that the Fidlues for  buterol plus 1.25 mg racemic albuterol) compared with
all treatment arms, including placebo, had increasedthe combined high-dose groups (1.25 levalbuterol plus
Similar to week 4, for patients not receiving concomitant 2.5 mg racemic albuterol) was significantly lower=
inhaled corticosteroids, the mean change from baselinc.003). The difference between the 0.63 mg levalbuterol
in FEV, for patients treated with 1.25 mg levalbuterol arm and the 2.5 mg racemic albuterol arm was not sig-
during the double-blind phase of the study was signifi- nificantly different f = .098).
cantly better than either racemic albuterol arm (lboth Significant, dose-related increases in mean ventricular
.015), and the combined levalbuterol groups were signif-heart rate relative to predose values were observed at week
icantly better than that of the combined racemic albuterol4 after dosing with all active treatment arms in comparison
groups P = .045). The same trend was noted as early awith placeboP <.0001). The 1.25 mg levalbuterol and the
week 2; however, it did not reach statistical significance2.5 mg racemic albuterol treatment arms demonstrated a

(data not shown). similar increase in heart rate (ranging from 3.6 to 4.9 beats
Saf d per minute, respectively? = .24). The 0.63 mg leval-
afety data buterol and 1.25 mg racemic albuterol doses resulted in

Twenty-two patients (6.1% of total) withdrew from the relatively minor increases in heart rate. Change in heart
study because of adverse events: 3 (4.2%) in the 0.63 mrate after dosing was significantly lower in the 0.63 mg
levalbuterol arm, 8 (11.0%) in the 1.25 mg levalbuterol levalbuterol arm than in the 2.5 mg racemic albuterol arm
arm, 2 (2.9%) in the 1.25 mg racemic albuterol arm, 4after both the first dose and at week 4 (Fi§ £;.03).

(5.4%) in the 2.5 mg racemic albuterol arm, and 5 (6.7%) Statistically significant increases in mean serum glu-

in the placebo arm. Serious adverse events occurred icose (range, 2.4 to 10.3 mg/dL) occurred in all active

only 8 (2.2%) patients (3 in the 0.63 levalbuterol arm; 1treatment arms at all visits when compared with placebo
each in the 1.25 mg levalbuterol, 1.25 mg racemic(P < .0414). Elevations in mean serum glucose were
albuterol, and 2.5 mg racemic albuterol arms; and 2 inmore pronounced in the higher dose group than the lower
the placebo arm). There were no on-study deaths ({dose group. Levalbuterol 0.63 mg had a less marked
patient who received placebo died 3 months after com-effect than racemic albuterol 2.5 mg, but this difference

pleting the study after an asthma attack). did not reach statistical significance (Fig 4).
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FIG 4. Summary of the key beneficial (bronchodilation) and adverse effect (heart rate at 15 minutes after
dose, potassium and glucose 60 minutes after dose) properties of levalbuterol (Lev) 0.63 mg versus
racemic albuterol (Racemic Alb) 2.5 mg on day 0 and on day 28. *P < .05 versus racemic albuterol 2.5
mg; #P = .07 versus racemic albuterol 2.5 mg.

Dose-related decreases in serum potassium valuepatients with moderate-to-severe asthma. The study was
were also observed in the active treatment arms. Botpowered to determine differences between active treat-
1.25 mg levalbuterol and 2.5 mg racemic albuterol pro-ments compared with placebo and was not designed to
duced significantly lower mean serum potassium valuedetect intertreatment differences. Although all of the
(decrease from baseline; range, —0.3 to —0.4 nmol/L) thaactive treatment arms experienced significant improve-
the 0.63 mg levalbuterol dose at week O (FiB 4,.018).  ment in their FEY values compared with placebo, the
Although the same trend was evident at week 4, the diflevalbuterol doses afforded better efficacy than equal
ference was not significant. doses of levalbuterol administered as part of the

] . . racemic mixture. These differences were not always
Risk/benefit ratio statistically significant, but the rank order of efficacy

A summary of the key beneficial and adverse properwas consistent at week 0, week 2, and week 4: leval-
ties of equipotent doses of levalbuterol and racemiduterol 1.25 mg > levalbuterol 0.63 mg = racemic
albuterol are compared in Fig 4. After both acute ancalbuterol 2.5 mg > racemic albuterol 1.25 mg. The
chronic dosing, the bronchodilator response to 0.63 m@adverse effects of both levalbuterol and racemic
levalbuterol and 2.5 mg racemic albuterol was similaralbuterol were similar and appeared to be related to the
Although B-adrenergic side effects were observed foramount of levalbuterol administered. This is supported
both treatments, these side effects were consistentlby the results showing that the low-dose treatment
lower with 0.63 mg levalbuterol than with 2.5 mg groups had fewep-adrenergic and total side effects
racemic albuterol. These differences reached statisticthan the high-dose treatment groups.
significance for the increase in mean ventricular hear At lower doses, levalbuterol was an equipotent bron-
rate and for potassium decrease at week O. chodilator when compared with a much larger dose of

racemic albuterol. Administration of 0.63 mg leval-
DISCUSSION buterol resulted in an improvement in lung function that

The effects of the (R)-enantiomer of albuterol, leval-was similar to 2.5 mg racemic albuterol and was associ-
buterol HCI, were compared with those of placebo ancated with fewer total drug-related side effeftsdrener-
standard racemic albuterol in adolescent and adulgic side effects such as nervousness and tremor, and
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FIG 5. (R)- and (S)-albuterol plasma levels after inhalation of a single dose of 2.5 mg racemic albuterol.1®
log, Limit of quantitation.

fewer effects on heart rate, potassium, and glucose. Acated that the airway hyperresponsiveness produced by
equal doses of the (R)-isomer, levalbuterol may be aracemic albuterol resides with (S)-albuterol and that this
more potent bronchodilator than racemic albuterol.induction is not a function dB,-receptor downregula-
Improvement in lung function was consistently, but not tion.10-12,18,19 Fyrthermore, exposure to racemic
always, statistically significantly greater with 1.25 mg albuterol induces airway hyperresponsiveness to a vari-
levalbuterol than 2.5 mg racemic albuterol, although theety of spasmogens or antigens in aniffaland
systemic effects were similar. The results observedhumansi8 and this hyperresponsiveness persists longer
regarding rescue medication use support the greater effthan the bronchodilator effects of the compound.
cacy of levalbuterol and also raised the question of Third, (S)-albuterol may have proinflammatory effects
whether the efficacy results with levalbuterol would have as gauged by eosinophil superoxide production in
been amplified had fewer patients self-administered resresponse to IL-33
cue racemic albuterol. The differential metabolism of levalbuterol and (S)-
That levalbuterol alone would improve pulmonary albuterol may contribute to these observed effects. (S)-
function more than equal doses of levalbuterol adminis-albuterol is metabolized 10-fold more slowly, has a 5-
tered as part of a racemic mixture is a surprising ancfold greater AUC, a 2-fold higher G, and a longer
intriguing finding. It suggests that the S-albuterol con- elimination half-life than the therapeutic isomer, leval-
tained within the racemic albuterol exerted deleteriousbuterof3.14.16.2QFig 5). On the basis of the pharmacoki-
effects on pulmonary function. There are 3 possiblenetic profile of the racemic mixture, the potential exists
explanations for this. First, measurements of intracellularfor (S)-albuterol to exert its negative effects without
calcium in isolated airway smooth muscle cells havebeing counterbalanced by the therapeutic effects of leval-
indicated that (S)-albuter6® and racemic albuter®l  buterol. In fact, (S)-albuterol has been detected in the
increase basal levels of intracellular€and induce cell  blood of normal volunteers and patients for up to 24
shortening, and (S)-albuterol enhances the increase ihours after their last dose of racemic albuté¢alemon-
intracellular calcium induced by carbacHdrhis is in strating a potential for accumulation during chronic use.
direct contrast to the bronchodilator actions of leval- In addition, no interconversion of levalbuterol to (S)-
buterol that have been shown to decrease basal intracealbuterol has been observed in animal models or human
lular calciunT8 and reduce the increase in calcium subjectst4-16.21,22
induced by carbachdlThe increase in intracellular cal- There has been considerable debate in recent years
cium caused by (S)-albuterol may hasten other adversabout the possible adverse consequences of regular or
consequences. (S)-albuterol may cause an increase frequent3-agonist therap$3-280ne issue in the debate is
calcium in the microvasculature that leads to endotheliawhether regular treatment wifftagonists worsens pre-
cell disruptiont? dose or trough lung function during chronic treatment.
Second, results of airway function studies have indi-Predose lung function has been observed to decline in
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some studies after regularly scheduled racemic albuterdosing and after a 1-week washout. Additional studies
treatment9-31 whereas it has remained essentiallyare underway to further evaluate the decline in lung func-

unchanged in others:32-34However, the lack of signifi-

tion that was observed in this study with racemic

cant improvement in predose lung function with racemicalbuterol in patients with asthma.

albuterol in the aforementioned studies is notable in ligh
of the significant improvement in predose REMth lev-
albuterol or placebo in the study reported here. Signifi- ;.
cant improvement was associated only with levalbutero
and placebo treatment, particularly in the subgroup o 2.
patients not receiving concomitant inhaled corticosteroic
therapy. This pattern has been previously rep@éd.
D’'Alonzo et aP® observed a small decline in predose
FEV; relative to placebo after chronic treatment with 4.
albuterol. This difference was not apparent in the sub
group of patients using corticosteroids. Similarly, Pearl- >
man et a4 observed large differences in FEXUC 6.
responses to racemic albuterol between patients wh
were and were not treated with inhaled corticosteroids 7.
The authors cited asthma severity as an important factc
for the observed differences. The current study sugges o
that in patients unprotected by antiinflammatory treat-
ment, racemic albuterol may have less efficacy. Cortico-
steroids are known to reduce airway hyperresponsivene:
and to inhibit the production of cytokines, the recruit- *
ment of eosinophils, the release of inflammatory media-,
tors, and microvascular leakage. Whether the advers
effects of (S)-albuterol are masked or prevented as

result of corticosteroid therapy and whether rescuell-

racemic albuterol use by patients in the levalbuterol arm_,
had any effect on masking an even larger improvemer
with levalbuterol compared with racemic albuterol on
predose FEVare questions for future studies.

This is the first study to compare the effects of chron-
ic dosing of levalbuterol with racemic albuterol. The ,,
findings suggest 3 things: (1) Levalbuterol is a more

potent bronchodilator when administered as the singlas.

enantiomer compared with the same amount of leval
buterol in a racemic mixture. ($-Adrenergic side

effects are related to the levalbuterol dose. In support ¢
this, 0.63 mg of levalbuterol provided comparable effica-

cy to 2.5 mg of racemic albuterol with reduced sidel”-

effects. (3) Deterioration of predose lung function with
chronic administration of racemic albuterol, but not lev- 4
albuterol administered as the pure enantiomer, may i
part be a function of the administration of (S)-albuterol.

In summary, this study suggests that there may be 1°

better therapeutic index for levalbuterol than racemic
albuterol. The 0.63 mg levalbuterol dogedf the stan-

dard racemic dose) provided similar efficacy with
reduced systemifi-agonist side effects compared with

2.5 mg of standard racemic albuterol. Levalbuterol 1.25%%

mg consistently provided better efficacy than 2.5 mg ol

standard racemic albuterol, with a similar safety profile.2».

This difference was greatest in patients with a baselini
FEV, value less than 60%, indicating that levalbuterol
1.25 mg may be particularly useful in patients with more
severely compromised lung function. Racemic albutero
was associated with a decline in lung function compares
with levalbuterol as assessed by morning FBefore
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20.

24.
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