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Background: Limited dose-response information is available

for nebulized B,-agonists, especially in young children.
Objective: The purpose of this study was to determine the
safety and efficacy of increasing doses of nebulized levalbuterol
(Xopenex; the pure R-isomer of racemic albuterol) and

racemic albuterol compared with placebo in the treatment of
asthma in pediatric patients.

Methods: In this randomized, double-blind, crossover study,
children (aged 3 to 11 years) with asthma (resting FEM50%

to 80% of predicted normal [Polgar’s] values) were treated

with either levalbuterol, racemic albuterol, or placebo. Eligible
subjects underwent a screening visit followed by 4 treatment
visits. At each treatment visit, serial pulmonary function tests
were completed before and after the treatment; plasma was
collected to determine enantiomer levels, and safety was evalu-
ated.

Results: Five 3- to 5-year-old patients and twenty-eight 6- to
11-year-old patients completed the study, and a total of 87
doses of levalbuterol were administered. In the 6- to 11-year-
old group, all doses of levalbuterol were significantly greater
than placebo in peak change and percent peak change in FEV
and area under the FEV, versus time curve P < .05). The

FEV, values over the 8-hour study period were similar for lev-
albuterol 0.31 and 0.63 mg and racemic albuterol 2.5 mg and
were greatest after levalbuterol 1.25 mg. Median plasma levels
of R-albuterol depended on dose and were 0.4, 0.7, 1.2, and 1.0
after levalbuterol 0.31 mg, 0.63 mg, and 1.25 mg and racemic
albuterol 2.5 mg, respectively. All patients in the 2.5-mg
racemic albuterol arm had measurable plasma levels of S-
albuterol, although S-albuterol levels were undetectable in

most patients in the levalbuterol arms. In a few patients who
received levalbuterol, S-albuterol levels were detected, which
was likely because of the use of racemic albuterol as a con-
comitant medication. All active treatments were well tolerated.
B-Mediated changes in heart rate, potassium, and glucose were
dose dependent for all active treatment groups.

Conclusion: Levalbuterol caused a significantly greater

increase in FEV, than placebo, and FEV] values were compa-
rable with or better than those observed with racemic
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albuterol. B-Mediated side effects were lower for an equipotent
dose of levalbuterol when compared with racemic albuterol.
Treatment with levalbuterol resulted in plasma levels that were
dose dependent and had an approximate correlation with
pharmacodynamic parameters. (J Allergy Clin Immunol
1999;103:615-21.)
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Levalbuterol is the pure R-isomer of racemic
albuterol. Racemic albuterol is manufactured by a
method that results in a 50:50 mixture of R-albuterol and
S-albuterol (R,S-albuterol). Levalbuterol is synthesized
by a manufacturing process based on resolution of R,S-
benzylalbuterol to prepare an optically pure form of the
stereoisomer R-albuterdlLevalbuterol is known to be
responsible for the bronchodilator effects of the race-
mate, and S-albuterol has been considered biologically
inert2

Many studies have indicated that there is a potential
for deleterious effects of S-albuterol, however. Results
from an in vitro study of cyclic adenosine monophos-
phate production and binding to hum@radrenergic
receptors demonstrated that levalbuterol is 2-fold more
potent than racemic albuterol and 90- to 100-fold more
potent than S-albuter8lin airway smooth muscle cells,
levalbuterol decreased intracellular calcium concentra-
tions, although S-albuterol and racemic albuterol in-
creased intracellular calcium and induced cell shorten-
ing.45 In isolated guinea pig airways, levalbuterol and
racemic albuterol were 100-fold more potent against all
spasmogens. Preincubation with levalbuterol or racemic
albuterol decreased carbachol-induced contractions, but
S-albuterol enhanced these contractile respohses.
humans, S-albuterol has been shown to increase bron-
chial responsiveness to methacholine 3 hours after treat-
ment; levalbuterol decreased hyperresponsiveness, and
racemic albuterol had no effett.evalbuterol 0.63 mg
has been shown to be as effective as 2.5 mg of racemic
albuterol, with fewe3-mediated side effects in patients
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Of interest, in the latter study, after 4 weeks of therapy
acemic albuterol decreased pretreatment lung function
compared with both placebo and levalbuterol, suggesting
a deleterious effect of the S-albuterol isomer.
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TABLE I. Subject disposition TABLE Il. Subject demographics
Age group ITT Efficacy
T population population
Disposition population (n) 25y 69y 10-11y Demographics (n=33) (n=28)
Randomized (%) 43 (100) 7 (16.3) 21 (48.8) 15 (34.9) Meanage (y) 8.3£2.3 94+13
Completed (%) 33(76.7) 5(116) 14(326) 14(326)  Rande Y 3-11 6-11
Discontinued (%) 10 (23.3) 2 (4.6) 7(16.3) 1(2.3)  Male (A)g 22 (51.2) 14 (50)
Adverse event 5 1 4 Female(%) 21 (48.8) 14 (50)
Protocol violation 4 3 1 Race .
Voluntary White (OA)) 34 (79.1) 22 (78.6)
withdrawal 1 1 Black (%) 8 (18.6) 6 (21.4)
Other (%) 1(2.3) 0
ITT, Intent to treat. Height (cm) 134.¢: 151 141.2+ 9.1
Weight (kg) 34.8: 135 39+ 12.4
FEV, % predicted 69.% 8.7 68.9£ 9.7
Percent reversibility 30.5134 28.2£12.6

Abbreviation used
AUC: Area under the curve (L « h) ITT, Intent to treat.

utes after the treatment); blood was collected for analysis (15 and

efficacy of levalbuterol and racemic albuterol in the 60 minutes after the treatment); and serial pulmonary functions
y were tested (immediately after the treatment, at 15, 30, 45, 60, 90,

reversal of bronchoconstriction in subjects with aSthmaalnd 120 minutes and then hourly for 6 or more hours after the treat-
between the ages of 2 and 11 years and to measure leVinen). patients were seen for a final visit within 48 hours of the last
buterol plasma levels after patients received a range Cyeatment visit.

This study was designed to investigate the safety an

treatments. The study drug was provided in identical unit dose vials by
Sepracor, Inc, and was administered as a single dose with a PARI

ME.I:H_ODS LC PLUS nebulizer and a DURA-NEB 2000 Portable compressor

Participants (Pari Respiratory Equipments Inc, Richmond, Va). Levalbuterol

The study was conducted at 2 centers between October 1996 arinhalation solutions contained levalbuterol in 0.9% saline solution,
February 1997. Children between the ages of 2 and 11 years weWithout preservative, in 3 mL volumes in the doses of 0.16 mg, 0.31
eligible if they had a history of asthma for 6 months or more, a restMd, 0.63 mg, and 1.25 mg. Racemic albuterol contained R,S-
ing FEV, between 50% and 80% of predicted normal (Polgar's albuterol sulfate in 0.9% saline solution, without preservative, in 3
values, 3 consecutive FEWalues that varied by less than 10%, and ML volumes in the doses of 1.25 mg and 2.5 mg. The placebo solu-
reversibility of 12% or more within 30 minutes after 2.5 mg of tion was 0.9% saline solution in 3 mL volumes. Medication was
racemic albuterol was administered through nebulization. Childrerdiven at the same time of day (1 hour) on each treatment visit. To
were not eligible if they had an upper or lower respiratory infection maintain blinding, medication was dispensed by an individual who
within 15 days of the baseline visit; were taking theophylline, Was not responsible for subject care or assessment.
methylphenidate hydrochloride, monoamine oxidase inhibitors, or Pulmonary function tests were performed in triplicate at each
tricyclic antidepressants; received antibiotic treatment within 72 time point, and the largest FEWas used? The primary efficacy
hours of the baseline visit; received treatment with an investigation-€ndpoint was the peak change in FE¥®lative to the pretreatment
al drug or systemic steroid within 30 days or astemizole within 9ovalue (peak change in FEYAFEV,]). Secondary endpoints were
days of the baseline visit; or had a history of hypersensitivity or aller-the peak percemFEV, relative to pretreatment and the area under
gic reaction to racemic albuterol. Subjects were able to continue t¢he curve (L « h) (AUC).
use their routine asthma medications during the study, but specific  Safety was assessed by incidence of adverse events and changes
washout periods were established before study visits. Racemiin vital signs, electrocardiogram parameters, laboratory tests, and
albuterol was withheld for 8 hours or more before testing on studyPhysical examinations. Adverse events occurring between visits
days. This study was reviewed and approved by a qualified instituWere assigned to the previous treatment.
tional review board, and written informed consent and patient asser ~ Levalbuterol (R-albuterol) and S-albuterol plasma concentra-

were obtained before any study-specific procedures were conductefions were measured 15 minutes after the drug administration.
Blood samples were collected and centrifuged within 30 minutes,

Design and then plasma was harvested, frozen at —20°C, and analyzed in a

This was a randomized, double-blind, single-dose, crossoveicentral laboratory.

study with a 7 4 balanced incomplete block design based on Pat- L. .

terson’s squares, as presented by Jones and Kedhaligible Statistical analysis

subjects underwent a screening visit consisting of a physical exam The primary analysis was based on differences relative to place-
ination, assessment of vital signs, a 12-lead electrocardiogram, colbo, and the study was powered to detect these differences. Treat-
lection of blood and urine for analysis, and baseline pulmonaryment groups were compared with placebo for differences in peak
function testing. Those who qualified were randomly assigned toAFEV,, peak percemFEV;, and AUC based on an ANOVA model
treatment sequences and administered a single dose of the stufor crossover designs. If the treatment effect was significant at the
drug at 4 treatment visits, which were scheduled 2 to 8 days apar.05 level, pairwise comparisons were presented along with the dose-
Before and after the administration of the study drug, vital signsresponse testing of levalbuterol and racemic albuterol. The dose-
were recorded; a 12-lead electrocardiogram was obtained (30 mirresponse hypothesis testing was performed with Holm'’s sequential-
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FIG 1. Mean percent change in FEV, over time after exposure to levalbuterol (lev), racemic albuterol (rac), or
placebo in patients aged 6 to 11 years.

TABLE lll. Changes in the FEV, by treatment for patients aged 6 to 11 years

Levalbuterol Racemic albuterol
0.16 mg 0.31 mg 0.63 mg 1.25 mg 1.25 mg 2.5 mg Placebo
(n=16) (n=16) (n =16) (n=16) (n=16) (n =16) (n=16)
AFEV; (L)
Mean (SD) 0.39* (0.19) 0.42* (0.24) 0.41* (0.22) 0.51* (0.28) 0.35* (0.19) 0.40* (0.18) 0.37 (0.22)
LSM 0.40* 0.41* 0.41* 0.48* 0.40* 0.48* 0.28
Range 0.19-0.66 0.11-1.02 0.17-0.84 0.18-1.04 0.10-0.66 0.15-0.74 0.06-0.90
Peak YAFEV,
Mean (SD) 28.7* (16.9) 30.6* (19.3) 31.1* (24.7) 36.8* (22.5) 24.6* (22.5) 27.9* (16.2) 26.2 (15.6)
LSM 28.4* 28.8* 30.8* 35.3* 28.8* 34.6* 19.1
Range 8.7-51.7 6.2- 67.5 10.8- 98.7 9.0- 85.3 5.5-78.5 8.6- 69.2 3.8-52.6
AUC FEV,
Mean (SD) 9.3* (1.2) 9.8* (1.3) 9.4* (1.9) 10.3* (1.1) 9.1(1.4) 9.5* (1.3) 8.7 (1.7)
LSM 9.3* 9.6* 9.6* 10.1* 9.1 9.9* 8.4
Range 6.5-11.3 6.7-11.9 5.2-125 8.5-12.1 55-115 7.3-125 4.6- 10.7

LSM, Least square means.
*P < .05 vs placebo.

ly rejective Bonferroni procedure, which adjusted the type | erorefficacy analyses, but the data from the 3- to 5-year-old
for simultaneous hypotheses. group was excluded from the efficacy analysis because of
s S incomplete enrollment for this age group. All patients
RESULT who received at least 1 dose of study drug were included
Forty-three subjects were enrolled: 7 subjects werdn the safety analysis.
aged 3 to 5 years, and 36 subjects were aged 6 to I The average age of the efficacy population was 9.4 +
years. Five subjects were discontinued because (1.3 years, and one half of the study population was male.
adverse events unrelated to the study drug, 4 subjecApproximately 80% were white, with an average REV
were discontinued because of protocol violations, and ‘approximately 70% of predicted value (Table II).
subject was discontinued for personal reasons (Table I Treatment with all doses of levalbuterol and racemic
Thirty-three subjects completed the study: 5 subjects iralbuterol 2.5 mg was significantly better than administra-
the 2- to 5-year age group and 28 subjects in the 6- to 1ition of placebo in mean peakFEV,;, peak percent
year age groups (14 subjects aged 6 to 9 years and AFEV;, and AUC. Racemic albuterol 1.25 mg was not
subjects aged 10 to 11 years). Patterson’s sqtfaressignificantly better than placebo in AUC but was better in
require that at least 14 subjects per age group complepeakAFEV, and peak percetFEV; (Table IlIl). The
the study for the squares to be balanced for carry-oveFEV; values over the 8-hour study period were similar
and for the planned analysis to be performed. Thereforfor levalbuterol 0.31 and 0.63 mg and racemic albuterol
data from the 6- to 11-year-old group was used in the.5 mg, with the largest improvements occurring at all
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TABLE IV. Summary of R-albuterol and S-albuterol plasma levels for all patients

Levalbuterol Racemic albuterol
0.16 mg 0.31 mg 0.63 mg 1.25 mg 1.25 mg 25 mg Placebo
(n=23) (n=20) (n=22) (n=22) (n=20) (n=20) (n=23)
R-albuterol level (ng/mL)
Mean (SD) 0.4 (0.15) 0.5 (0.24) 0.8 (0.41) 1.4 (0.73)t 0.6 (0.22) 1.1 (0.39) 0.3
Median 0.3 0.4 0.7 1.2 0.6 1.0 N/A
Min, max 0.3,0.6 0.3,0.9 0.3,1.9 0.5,3.1 0.3,1.0 0.4,1.7 N/A
n* (%) 7 (35) 12 (71) 21 (100) 18 (95) 15 (88) 19 (100) 1(5)
BQL* 13 5 0 1 2 0 19
S-albuterol level (ng/mL)
Mean (SD) 0.8 (0.37) 1.4 (1.05) 1.0 (1.44) 1.9 (1.62) 1.3 (0.61) 2.7 (1.11) 0.7
Median 0.7 1.7 0.5 1.6 1.4 2.3 0.5
Min, max 0.6,1.4 04,28 0.3,4.8 0.4,4.4 0.3,2.3 0.8,5.0 03,11
n* (%) 4 (20) 5 (29) 9 (43) 5 (25) 14 (82) 19 (100) 3 (14)
BQL* 16 12 12 15 3 0 18

*The overall potential sample size is given in the column header; the number of quantifiable values isrgities rasmber of subjects with values below the
quantifiable limit BQL; <0.25 ng/mL) is indicated. It was not possible to test some samples because of insufficient sample volume for retesting.
tMean excludes 1 outlier (patient with plasma level of 14.3 ng/mL of R-albuterol).

time points after the administration of levalbuterol 1.25 Safety
mg (Fig 1).

There were no significant differences between treat- Therapy was well tolerated, and all adverse events
ment groups, but trends were noted in the comparison creported were mild or moderate in severity. A total of 49
peak AFEV, between levalbuterol 1.25 mg and leval- adverse events were reported in 22 subjects (51.2%). No
buterol 0.16 mg and between levalbuterol 1.25 mg ancsignificant differences across treatment groups were seen
racemic albuterol 1.25 mdP(< .055). The mean peak in the incidence of total adverse events, and the most
percentAFEV; after active treatment ranged from 26.2% common events were a worsening of asthma (19 events
in the placebo group to 36.8% in the levalbuterol 1.25 m¢reported by 11 patients), asthma increase (5 events
group. In the analysis of AUC, all active treatmentsreported by 5 patients), and headache (5 events reported
except racemic albuterol 1.25 mg were significantly bet-by 5 patients). The most frequent potentially related
ter than placebo. Treatment with levalbuterol 0.31 ancadverse event (either a definite, probable, possible, or
0.63 mg resulted in AUCs greater than or comparableunknown relationship to treatment) was worsening of
with racemic albuterol, and the greatest AUC occurredasthma symptoms (17 events reported by 10 patients).
after treatment with levalbuterol 1.25 mg (Table 1ll). There was no relationship between dose level and the
Treatment with 0.31 mg, 0.63 mg, and 1.25 mg leval-number of potentially related adverse events within the
buterol doses produced greater or equivalent improvelevalbuterol treatment group (5, 1, 5, and 2 events for
ments in mean percellFEV, than both doses of 0.16 mg, 0.31 mg, 0.63 mg, and 1.25 mg levalbuterol,
racemic albuterol over the 8-hour study period (Fig 1). respectively, compared with 12 events for placebo).

Plasma levels of levalbuterol (R-albuterol) were Five subjects were discontinued because of adverse
detectable in most patients after administration of leval-events of asthma exacerbations; 4 of these events were
buterol 0.31 mg, 0.63 mg, and 1.25 mg and both doses cassociated with upper respiratory infections. One event
racemic albuterol (Table V). Plasma levels of individual each of asthma exacerbation occurred after treatment
enantiomers increased with increasing dose, and Rwith levalbuterol 0.16 mg, levalbuterol 0.63 mg, racemic
albuterol levels were similar for levalbuterol 1.25 mg andalbuterol 1.25 mg, racemic albuterol 2.5 mg, and place-
racemic albuterol 2.5 mg (median, 1.2 ng/mL and 1.0bo. No serious adverse events were reported.
ng/mL, respectively) and levalbuterol 0.63 mg and No significant changes in vital signs were detected in
racemic albuterol 1.25 mg (median, 0.7 ng/mL and 0.6blood pressure, respiratory rate, or body temperafire.
ng/mL, respectively). S-albuterol was quantifiable in Mediated side effects were dependent on the levalbuterol
82% and 100% of the patients who received treatmendose, whether administered as the single enantiomer or
with racemic albuterol 1.25 mg and 2.5 mg, respectively.as racemic albuterol. Ventricular heart rate was elevated
S-albuterol was also detectable in 20% to 43% of the30 minutes after treatment with all active drugs (Table
patients who received levalbuterol and 14% of theV). Levalbuterol 0.63 mg resulted in changes similar to
patients who received placebo. All of the patients whothose seen in both racemic albuterol groups. Changes in
received levalbuterol and placebo in whom S-albuterolthe corrected Q-T interval were 3.3 ms, 4.3 ms, 6.6 ms,
levels were detected used concomitant racemic albutercand 11.4 ms after 0.16 mg, 0.31 mg, 0.63 mg, and 1.25
during the study. mg levalbuterol, respectively, compared with 4.2 ms, 7.6
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TABLE V. Mean change in 3-mediated events relative to before treatment for all patients

Levalbuterol Racemic albuterol
0.16 mg 0.31 mg 0.63 mg 1.25 mg 1.25 mg 2.5 mg Placebo
(n=23) (n=20) (n=22) (n=22) (n=20) (n=20) (n=23)
Glucose (mg/dL) 14.8 -0.5 21.2 30.5 16.2 19.6 59
Change (%) 18 —-0.53 24.6 35.6 18.8 23.6 6.6
Potassium (mEg/L) -0.2 -0.2 -0.5 -0.5 -0.4 -0.6 -0.1
Change (%) —4.7 —4.8 -11.9 -12.2 -95 -13.95 -2.3
Ventricular heart rate (bpm) 0.4 6.0 10.8 15.9 10.6 10.2 -0.1
Change (%) 0.46 7.3 13.2 19.2 13.2 12.1 0.12

ms, and 1.3 ms after 1.25 mg and 2.5 mg racemii362) 4-week study in adolescents and adults with asthma
albuterol and placebo, respectively. Small increases iafter the use of levalbuterol 0.63 mg and 1.25 mg and
the corrected Q-T interval are expected vfithgonists, racemic albuterol 1.25 mg and 2.5 mg. This study
and the magnitude of the changes found in this studdemonstrated that levalbuterol 0.63 mg and racemic
were not clinically significant. albuterol 2.5 mg were equipotent, with a rank order of
Potassium levels showed a slight decrease 60 minutdevalbuterol 1.25 mg > levalbuterol 0.63 mg = racemic
after the treatment, with a mean change of —0.6 mEg/lalbuterol 2.5 mg > racemic albuterol 1.25 #ng.
with racemic albuterol 2.5 mg and —0.5 mEg/L with lev- The incidence ofi-mediated side effects was related
albuterol 1.25 mg and 0.63 mg groups (Table V). Theto the levalbuterol dose and was lowest in the levalbuterol
smallest decreases were seen with levalbuterol 0.16 m0.16 mg and 0.31 mg groups. Increases in heart rate
and 0.31 mg and placebo. Glucose levels were increastoccurred in the first 30 minutes and thereafter stabilized
60 minutes after the administration of all active treat-or declined. This response is similar to those responses
ments, with the exception of levalbuterol 0.31 mg (Tablereported in 4- to 12-year-old subjects after treatment of
V). Racemic albuterol 2.5 mg and levalbuterol 0.63 mgacute asthma with 2.5 mg of nebulized albuterol (Ven-
resulted in comparable increases in glucose (19.6 mg/dtolin).12 In that study tremor was reported by 57% of the
and 21.2 mg/dL, respectively), and the largest increassubjects; in contrast, tremor was not reported by any sub-

was seen in the levalbuterol 1.25 mg group. ject in this study. Decreases in serum potassium were
seen 60 minutes after dosing with levalbuterol and
DISCUSSION racemic albuterol, with the largest changes after racemic

albuterol 2.5 mg and the 2 highest levalbuterol groups

In this study the efficacy of levalbuterol and racemic(0.63 mg and 1.25 mg). Plasma glucose levels were
albuterol were compared with that of placebo in pediatricincreased 60 minutes after treatment for all treatment
patients aged 6 to 11 years who had asthma. Thegroups except levalbuterol 0.31 mg. Reducing the
results demonstrated that levalbuterol was better than @mount of B-agonist administered by reducing the
comparable to racemic albuterol at improving pulmonaryamount of levalbuterol per treatment appears to have a
function at dosages lower than racemic albuterol. Levalbeneficial effect irB-mediated side effects.
buterol 0.31 mg and 0.63 mg, 12% and 25% of the R-albuterol plasma levels were dependent on the dose
racemic albuterol dose, produced efficacy comparable tof levalbuterol administered, and these levels were com-
racemic albuterol 2.5 mg and better than racemicparable for the single enantiomer levalbuterol or racemic
albuterol 1.25 mg over an 8-hour period. The rank ordealbuterol groups. Although no formal statistical analyses
of efficacy over the study period was levalbuterol 1.25were completed, there appeared to be a correlation
mg greater than levalbuterol 0.63 mg equaled levalbetween levalbuterol plasma levels and both F&\ip-
buterol 0.31 mg equaled racemic albuterol 2.5 mg greatemediated side effects. If these results are confirmed, this
than levalbuterol 0.16 mg greater than racemic albutercwould be the first time that levalbuterol plasma levels had
1.25 mg greater than placebo. The onset of action waa correlation with pharmacodynamic parameters. In pre-
evident immediately after nebulization, and all leval- vious reports of nebulized racemic albuterol in children,
buterol treatments resulted in mean improvements itpharmacokinetic data is minimal, and studies were not
FEV; that were greater than both doses of racemiwell controlled!3.14In 1 report that included 33 children
albuterol at this time. Clinically significant improve- up to the age of 17 years, there was no correlation
ments (defined as an increase in FEB¥ 15% or more  between albuterol levels and pharmacodynamic parame-
above baseline) were maintained for 3 hours after thters, possibly because R-albuterol and S-albuterol could
administration of racemic albuterol 1.25 mg, for 4 hoursnot be distinguished in the plasma assay and only the R-
after the administration of levalbuterol 0.31 mg and 0.6Zalbuterol molecule had therapeutic activity.
mg and racemic albuterol 2.5 mg, and for at least 6 hour Plasma levels of S-albuterol were detectable in almost
after the administration of levalbuterol 1.25 mg (Fig 1).all subjects in the racemic albuterol group (82% to 100%
These results are similar to those obtained in a large (n for low- and high-dose racemic albuterol, respectively).
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Not unexpectedly, S-albuterol was detected in 20% tcaerosol by metered-dose inhaler or as a dry powder with
43% of subjects in the placebo and levalbuterol groupsa 12-week 4 times daily regimen. The results of pul-
This was due to the concomitant use of racemic albutercmonary function testing performed on the first day of
between visits that was allowed per protocol. There are ‘treatment and after 12 weeks of treatment were consis-
main reasons to support this. First, patients were instructtent and duplicated those of a 25-patient, single-dose
ed not to take racemic albuterol for at least 8 hours beforstudy reported in the same artiéle.
a visit, and although this was adequate for washout of R In summary, levalbuterol 0.16 mg, 0.31 mg, 0.63 mg,
albuterol, it was not adequate for S-albuterol because cand 1.25 mg and racemic albuterol 1.25 mg and 2.5 mg
its long half-life15-17Because of its slow metabolism, S- produce significantly greater improvements in FEan
albuterol is detectable for up to 12 hours after the adminplacebo. Patients treated with levalbuterol 0.31 mg and
istration of single doses and up to 24 hours after the0.63 mg and racemic albuterol 2.5 mg maintained clini-
administration of multiple doses of racemic albutérfol. cally significant improvements for 4 hours, although the
Second, preclinical and clinical studies have shown thaeffect of levalbuterol 1.25 mg was apparent for at least 6
interconversion of R-albuterol to S-albuterol, and vice hours. Administration of lower doses of levalbuterol, the
versa, does not occur in viye.17-20 active isomer of racemic albuterol, was as effective as the
This study compares favorably with other well-con- currently recommended dose of racemic albuterol in
trolled studies examining the effects of nebulized short-improving FEV, in pediatric patients with asthma.
acting B;-agonists in children V_V'th aSthma who are l_ess We thank the parents of the enrolled children; the study coordi-
than 12 years of age because it adds important new info nators; PPD Pharmaco, Inc, for the conduct of the study, manage-
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nonstandard or more subjective measdfes:.23FEV,
assessments were made over a period of 8 hours so tt
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ment26 Another dose-ranging study in 204 children with
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Correction
The following correction applies to an abstract that appeared in volume 103, numbgr 1,
part 2, p. S60, 1999, of The Journal.

231 Effect of Immunotherapy (IT) on Allergen-Induced Late Phase Skin Respons-
es (LPR) and Associated Cell Infiltration Three Years after Withdrawal of
Treatment. EM Varga, K Nouri-Aria, F O'Brien, SM Walker, MR Jacobson, SR
Durham,National Heart and Lung Institute, London, UK.

In 40 patients with summer hayfever grass pollen IT was effective and inhipit-
ed late cutaneous responses and associated T cell infiltration (Varney et al. J Clin
Invest 1993;92:644-651). In order to evaluate the effect of IT withdrawal on these
parameters following 4 years treatment, the remaining 32 patients received dopible-
blind either continued IT (IT-a) or placebo (IT-p) monthly injections for a furthpr
3 years. Matched IT-naive patients were studied in parallel. Subjects received iptra-
dermal allergenRhleum pratens8BU) and a control challenge with diluent fol-|
lowed by trephine biopsies (3mm) at 24hr. Immunohistologyof 6ections from
4% paraformaldehyde fixed biopsies (APAAP technique) was used to assesg cell
phenotype and activation markers for CD3+T-cells CD25+ activated cells, CD$8+
macrophages, EG2+ eosinophils and tryptase+ mast cells. Median values wgre as

follows:

IT-a (n = 12) IT-p (n=13) IT-naive (n = 11)
Cells/mm?2 [ Ag [ Ag [ Ag
CD3 20 39 22 40 20 139"
CD25 6 6 4 11 3 36
CD68 6 16 3 40™ 22 74
EG2 0 21T 0 110" 0 64*
Tryptase 73 51 83 64 56 3

P values refer to Allergen (Ag) vs Diluent (C) sites (Wilcoxon matched pairs
test). * p<0.05 * * p<0.01.LPR sizes were not different (p=0.19) between IT-a §nd
IT-p whereas both were lower ( p=0.0001; p=0.0002) than the IT- naive groug. In
patients with summer hayfever grass pollen IT resulted in a prolonged reductign in
the late skin response and associated dermal infiltration of CD3+ T-lymphocytes
and CD25+ cells which persisted for three years following withdrawal of trefpt-
ment.




