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Clinical Comparability of Ventolin Formulated
With Hydrofluoroalkane or Conventional
Chlorofluorocarbon Propellants in Children

With Asthma
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Background: Acrosolized asthma medications with chlo-
rofluorocarbon (CFC) propellants are being phased out
because of environmental concerns about the ozone layer.
Medications are being reformulated with non—ozone-
depleting propellants.

Objective: To evaluate the clinical comparability
of albuterol sulfate formulated in a new hydrofluoro-
alkane-134a (HFA) propellant (Ventolin HFA Inhalation
Aerosol), and conventional CFC-containing albuterol (Ven-
tolin Inhalation Aerosol) in children with asthma.

Design: Randomized, double-blind, placebo-con-
trolled 2-week clinical trial with a 1- to 2-week run-in
period. During the run-in, patients took Ventolin CFC
as needed. Patients (n=135) aged 4 to 11 years with
asthma then were assigned randomly to treatment with
Ventolin HFA, Ventolin CFC, or placebo administered
4 times daily via metered-dose inhaler for 2 weeks. All
patients were allowed rescue albuterol use in matching
propellant as needed for relief of breakthrough symp-
toms. The main outcome measure was the mean per-

centage of predicted peak expiratory flow (PEF) after the
morning dose of study drug on day 1 and after 2 weeks
as assessed by results of 6-hour serial tests.

Results: At day 1, the mean (+ SE) percentage of pre-
dicted PEF increased postdose by 14% (+ 1%) in the Ven-
tolin HFA group and 13% (+ 1%) in the Ventolin CFC group
compared with 6% (= 2%) in the placebo group (P=.006).
At week 2, mean postdose increases were 11% (+ 1%) in
the Ventolin HFA and CFC groups compared with 5% (=
1%) in the placebo group (P<<.001). There were no sig-
nificant differences between the Ventolin HFA and CFC
groups in postdose increases in pulmonary function, time
to onset of response, duration of response, or peak effects.
Safety profiles were similar among the 3 groups.

Conclusion: Ventolin HFA is clinically comparable to Ven-

tolin formulated with the conventional CFC-containing pro-
pellant when administered to children with asthma.
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LBUTEROL delivered via me-
tered-dose inhaler (MDI)
has been used safely and
effectively in the treat-
ment and prevention of
bronchospasm for 30 years. However, the
propellants used in albuterol MDIs and
most other aerosolized asthma medica-
tions are chlorofluorocarbons (CFCs).
Chlorofluorocarbons have been impli-
cated in contributing to the damage of
the ozone layer and are to be phased out
when adequate non-CFC substitution
products become available.!* Before phy-
sicians could begin prescribing the new
non-CFC formulations of asthma medi-
cations, clinical trials had to be con-
ducted to demonstrate the safety and
efficacy of these new formulations.
Ventolin in the propellant hydrofluo-
roalkane-134a (Ventolin HFA; Glaxo Well-

come Inc, Research Triangle Park, NC) is
a non-CFC formulation of albuterol sul-
fate that has been developed recently for
the treatment and prevention of broncho-
spasm in asthma and for the prevention
of exercise-induced bronchospasm in pa-
tients aged 4 years and older. One puff of
Ventolin HFA contains 108 ng of al-
buterol sulfate, which is equivalent to 90
ng of albuterol base (1 puff of conven-
tional Ventolin in CFC). Ventolin HFA,
unlike other non-CFC albuterol prepara-
tions, contains no surfactants or cosol-
vents such as ethanol. Ventolin HFA has
been approved for use in at least 50 coun-
tries worldwide, and MDI-delivered Ven-
tolin with CFC propellant has been phased
outin at least 12 countries. Ventolin HFA
is under review by the Food and Drug Ad-
ministration, Washington, DC, for use in
the United States.
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PATIENTS, MATERIALS,
AND METHODS

PATIENT SELECTION

Boys and premenarchal girls aged 4 to 11 years were enrolled
if they had asthma® requiring physician-prescribed chronic
pharmacotherapy for at least 6 months and had no other sig-
nificant pulmonary disease or serious chronic disease. Patients
were required to have a baseline peak expiratory flow (PEF)
or forced expiratory volume in 1 second (FEV,) 0f 50% to 80%
of predicted values. Predicted FEV, and PEF values were based
onstandards of Polgar and Promadhat’ for sex and height, with
standard corrections for African American patients.® Atleast
15% reversibility of diminished lung function was required.
Patients were excluded from the study if they had life-
threatening asthma. To evaluate the effect of Ventolin HFA
on cardiovascular end points, including data collected from
Holter monitors, patients were not allowed to take medica-
tions with a potential impact on these analyses (eg, methyl-
phenidate hydrochloride [Ritalin Hydrochloride]).

STUDY DESIGN

This randomized, double-blind, parallel-group, placebo-
controlled study (study No. SALA3006) was conducted at
11 clinical sites in the United States and Puerto Rico. In-
stitutional review board approval and a written informed
consent form for each patient signed by a parent or legal
guardian were obtained before the start of the study. The
study consisted of a 1- to 2-week run-in period and a 2-week
treatment period. At the beginning of the run-in, patients
stopped all short-acting B,-agonist therapy except
as-needed albuterol (CFC-containing formulation of Ven-
tolin Inhalation Aerosol, 90 ug per puff, 2 puffs). Patients
also stopped taking long-acting (3,-agonists, all forms of the-
ophylline, and ipratropium bromide; patients taking oral
corticosteroids during the previous month were not en-
rolled. Patients were allowed to continue inhaled cortico-
steroid or cromolyn sodium therapy during the study and
to use antihistamines and decongestants as needed, al-
though these medications were withheld before each clinic
visit. Patients showing signs of unstable asthma, defined
as using 12 or more puffs of rescue albuterol on more than
2 days during the 7 preceding days, were not randomized.
The population was stratified by age (4-8 and 9-11 years).

After the run-in, eligible patients were assigned ran-
domly to 1 of the following 3 treatments administered via
MDI every 4 to 6 hours for 2 weeks: 2 puffs of Ventolin

HFA (Ventolin HFA group), conventional Ventolin CFC
(Ventolin CFC group), or HFA propellant only (placebo
group). During the treatment period, each patient was given
a canister of rescue albuterol (Ventolin in either HFA or
CFC propellant to match their randomized treatment) to
use as needed for breakthrough symptoms.

MEASUREMENTS

Mean percentage of predicted PEF during 6-hour serial tests
was a primary measure of efficacy for all patients. Mean per-
centage of predicted FEV, during serial tests was a second
primary efficacy measure for patients aged 6 to 11 years
and those aged 4 and 5 years who were capable of perform-
ing spirometry. Functions of serial pulmonary function tests
(eg, time to onset of response, duration of response, and
peak effect) also were assessed. On day 1 and after 2 weeks,
pulmonary function tests (PEF and FEV; highest of 2 at-
tempts) were conducted 30 minutes before the morning
dose of study drug, immediately before dosing, and at the
following postdose time points: 5, 15, and 30 minutes
and 1, 2, 3, 4, 5, and 6 hours. If patients had taken study
drug or rescue albuterol within 8 hours, the visit was
rescheduled.

Additional measures of efficacy included daily patient-
conducted determinations of morning and evening PEF,
guardian- or patient-rated asthma symptoms, percentage
of nights with awakenings due to asthma requiring al-
buterol treatment, use of rescue albuterol, and the fre-
quency of asthma exacerbations. Symptoms during the pre-
vious 24 hours were assessed daily before measuring
morning PEF; patients rated the most severe of 4 possible
symptoms (chest tightness, shortness of breath, wheez-
ing, and coughing) on a scale from 1 (no symptoms) to 4
(annoying symptoms occurring even at rest). All patients
and parents or guardians were instructed on the proper tech-
nique for using an MDI and the peak flow meter (Mini
Wright Peak Flow Meter; Clement Clarke Inc, Columbus,
Ohio). Patients and parents or guardians were instructed
to measure morning and evening PEF before administer-
ing the morning and evening doses of study medication
(or before administering rescue albuterol). Patients, par-
ents, or guardians recorded PEF, symptom ratings, night-
time awakenings, and albuterol use on daily diary cards.

An exacerbation was defined as asthma requiring treat-
ment with medications other than study drug qid, rescue
albuterol, or allowed concomitant medications. During se-
rial testing, if patients experienced a single episode of break-
through symptoms, they were treated first with rescue al-
buterol and then nebulized albuterol if necessary.

Previous studies conducted in adults have demon-
strated the comparability of conventional CFC-
containing Ventolin with Ventolin HFA® and with other
brands of non-CFC albuterol (Proventil HFA; Schering
Corporation, Kenilworth, NJ).** However, to our knowl-
edge, this is the first report of a study designed to com-
pare the efficacy and safety of an HFA-containing al-
buterol formulation with conventional CFC-containing
albuterol in children. As with the adult studies, a 4-times-
daily (qid) regimen was used to meet regulatory re-
quirements. A placebo control arm, in which patients re-

ceived only HFA propellant qid and as-needed Ventolin
HFA, was included.

— T

STUDY POPULATION

One hundred thirty-five patients aged 4 to 11 years com-
pleted the 1- to 2-week run-in and were randomly as-
signed to treatment; 118 patients (87%) completed the
2-week treatment period. The most common reason re-
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Although the serial spirometry was terminated, patients re-
mained at the clinic for the scheduled 6 hours and vital signs
were taken hourly. Patients experiencing 2 episodes of break-
through symptoms requiring treatment during serial spi-
rometry and patients for whom nebulized albuterol failed
to provide adequate relief (necessitating administration of
subsequent drugs) were discontinued from the study. Pa-
tients receiving treatment for an exacerbation outside the
clinic other than study drug qid, rescue albuterol, or al-
lowed concomitant medications also were discontinued from
the study.

Safety assessments at each visit included adverse
event monitoring, vital signs, 12-lead electrocardiograms
(ECGs) with standard lead II rhythm strips (predose and
approximately 45 minutes postdose), and Holter moni-
toring in a subset of patients. Abnormal ECG findings
were, as a minimum, defined as a 12-lead tracing consis-
tent with ischemic changes, ventricular hypertrophy,
clinically significant intraventricular conduction abnor-
malities (eg, left bundle-branch block, Wolff-Parkinson-
White syndrome), or clinically significant arrhythmias
(eg, atrial fibrillation, ventricular tachycardia). Holter
monitoring was conducted at 6 study centers using estab-
lished methods.® A baseline 24-hour Holter recording was
performed during screening. Results of the recording
were analyzed and reviewed before randomization to
study medication at treatment day 1. Only patients with
normal or clinically insignificant abnormal recordings
were randomized. Eight-hour Holter monitoring was con-
ducted at each treatment visit approximately 1 hour be-
fore dosing and for a full 6 hours postdose. Routine clini-
cal laboratory tests and physical examinations were
conducted at the screening visit and at week 2. Laboratory
tests were performed before the start of serial testing at
week 2.

DATA ANALYSIS

Enrollment was planned for 90 evaluable patients (30 com-
pleted patients per treatment group). A sample size of 30
patients per treatment group provided at least 80% power
to detect a difference of 10% in percentage of predicted FEV,
between any 2 treatment groups by means of an analysis
of variance (ANOVA) F test (significance level of .05) and
assuming an SD of 12% as indicated by previous studies.
All statistical tests were 2-sided, and treatment differences
were considered statistically significant at P=<.05. Pair-
wise treatment comparisons were only interpreted when
the overall treatment comparison was significant. The intent-
to-treat population (all patients exposed to study drug) was

used for all safety and efficacy analyses. Statistical soft-
ware (SAS version 6.09; SAS Institute, Cary, NC) was used
for summary and inferential statistics.

Treatment groups were compared for demographic and
other characteristics at baseline. Treatment comparisons
for sex, ethnic origin, inhaled corticosteroid use, and cro-
molyn use were based on the Cochran-Mantel-Haenszel test,
a x* test controlling for investigator. Treatment compari-
sons for age and pulmonary function test results were based
on ANOVA F tests controlling for investigator. Treatment
comparisons for diary card assessments were based on the
van Elteren test.”

Serial pulmonary function was analyzed as the per-
centage of predicted PEF or FEV,. Baseline was the aver-
age of the -30- and 0-minute measurements at each treat-
ment visit. Treatment groups were compared by means of
a repeated-measures analysis of covariance F test control-
ling for investigator and using baseline percentage of the
predicted value as the covariate. For each 6-hour serial mea-
surement, the last postdose observed value before use of
rescue albuterol (if any) was carried forward as the value
for each postintervention observation time. A response to
treatment was defined as at least a 15% improvement above
baseline measurements within 30 minutes of inhalation of
study drug. Times of onset and offset of response were cal-
culated for each patient by means of linear interpolation.
For those patients who failed to respond, onset and offset
of response were set to 6 hours, and duration was set to 0
hours. Peak effect was defined as the maximum increase
above baseline (expressed as a percentage) achieved at any
time during the 6-hour serial day. Time to onset, dura-
tion, and time to peak effect were analyzed by means of a
van Elteren test controlling for investigator. Peak effect was
analyzed by means of an ANOVA F test. Induction of tol-
erance to the bronchodilator effect was assessed by the
change in PEF, expressed as a percentage of the predicted
value, between test day 1 and week 2.

Patient-recorded daily morning and evening PEF,
patient-rated symptom scores, rescue albuterol use, and
nighttime awakenings were averaged for the 7 days
before randomization (baseline) and for the 2-week
treatment period (or the period before discontinuation
from the study). Patient-recorded PEF values were tested
for treatment differences in the change from baseline for
the overall treatment period (average of weeks 1 and 2) by
means of ANOVA. Treatment group differences in
changes from baseline for all other diary card variables
were analyzed using a van Elteren test. Missing diary card
values were not imputed; last observations were not car-
ried forward.

corded for study withdrawal was “other,” eg, protocol vio-
lations and noncompliance (2 to 5 patients in each group).
Mean compliance with scheduled study drug adminis-
tration, as reported by the 133 patients (or parents or
guardians) who returned diary cards, was 88% to 90%
across the 3 treatment groups. Treatment groups were
comparable for demographic and other characteristics at
baseline with a few exceptions. Fifty percent of patients
(23 patients) in the Ventolin HFA group were receiving
inhaled corticosteroids compared with 28% (13 pa-
tients) in the Ventolin CFC group and 30% (13 pa-

tients) in the placebo group. Patients in the Ventolin HFA
group reported fewer symptom-free days and higher symp-
tom scores during the screening period compared with
the placebo group (Table 1).

EFFICACY
Six-Hour Serial Pulmonary Function Tests

The Ventolin HFA and CFC formulations produced com-
parable bronchodilation as assessed by the mean in-

(REPRINTED) ARCH PEDIATR ADOLESC MED/VOL 154, DEC 2000

1221

WWW.ARCHPEDIATRICS.COM

Downloaded from www.archpediatrics.com on February 13, 2012
©2000 American Medical Association. All rights reserved.


http://www.archpediatrics.com

Table 1. Demographics and Other Characteristics
of Patients at Baseline*
Treatment Group
I Ventolin Ventolin !
HFA CFC Placebo
No. of patients enrolled 46 46 43
No. (%) receiving inhaled 23 (50) 13 (28)t 13 (30)t
corticosteroids
No. (%) receiving inhaled 14 (30) 12 (26) 11 (26)
cromolyn sodium
Median age, y 9.0 85 9.0
Male, % of total population 54 72 53
PEF, L/min 187 10 201 £ 11 1919
PEF, % predicted 7222 71z2 702
FEV;, £ 137+0.07 151+0.07 1.38+0.06
FEV, % predicted 69 +2 711 67 £2
Rescue albuterol use, puffs 3103 30+04 26+04
per day
Days with no rescue albuterol  28.1+53  30.5+57 426+6.8
use, %
Asthma symptom score§ 2.05+0.09] 1.84+0.09 1.76+0.09
Days symptom free, % 25251 355+55 447+6.0
Nights with no awakenings, % 88 +3 91+2 86+4

*Treatment groups are described in the “Study Design” subsection of the
“Patients, Materials, and Methods” section. HFA indicates
hydrofluoroalkane-134a propellant; CFC, chlorofluorocarbon propellant; PEF,
peak expiratory flow; and FEV;, forced expiratory volume in 1 second. Unless
otherwise indicated, data are given as mean + SE. For pulmonary function
measures, baseline is the average of the -30- and 0-minute (predose)
measurements at treatment day 1. For diary card measures, baseline is the
average of data collected from the 7 days immediately before treatment day 1.

tP=.05 compared with the Ventolin HFA group.

}Performed for all patients aged 6 to 11 years and for patients younger than
6 years if able to perform procedure (n = 41 for the Ventolin HFA group, n = 40
for the Ventolin CFC group, and n = 39 for the placebo group).

§For asthma symptom score, 1 indicates none, 2, mild; 3, moderate, and 4,
severe.

|IP=.01 compared with placebo group.

crease in percentage of predicted PEF (Figure 1 and
Figure 2). The Ventolin HFA and CFC groups were
similar in the mean increase in percentage of predicted
PEF at both clinic visits; increases in the Ventolin HFA
and CFC groups ranged from 11% to 14% compared
with 4% to 6% of predicted PEF in the placebo group
(Table 2; P=.006 vs placebo). Predose PEF rates at
week 2 were higher than at day 1 for all groups, with
increases ranging from 5% in the placebo group to 9%
in the Ventolin HFA group. The Ventolin HFA and
CFEC groups were similar for serial PEF functions
(Table 2). The median times to onset of response were
within 5 to 12 minutes for the Ventolin HFA and CFC
groups (P=.02 vs placebo).

One hundred twenty patients, 39 to 41 in each group,
also underwent assessment using spirometry. Results were
similar to those of the PEF evaluations. Increases in mean
(z SE) percentage of predicted FEV, for day 1 and week
2 were 14% (+ 1%) and 10% (+ 1%), respectively, in the
Ventolin HFA group; 11% (+ 1%) and 9% (+ 1%), re-
spectively, in the Ventolin CFC group; and 5% (+ 1%)
and 4% (+ 19%), respectively, in the placebo group (P=.003
for Ventolin HFA and CFC vs placebo). There were no
significant differences between the Ventolin HFA and CFC
groups in mean increases. Serial FEV, functions gener-
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Figure 1. Percentage of predicted serial peak expiratory flow (PEF) (measured
in liters per minute) at day 1 (P=.006 for change from baseline during the
6-hour serial testing for the groups treated with Ventolin containing propellant
hydrofluoroalkane-134a [Ventolin HFA group] or chlorofluorocarbons [Ventolin
CFC group] compared with the placebo group). Treatment groups are described
in the “Study Design” subsection of the “Patients, Materials, and Methods”
section. Ventolin is the proprigtary name for albuterol sulfate marketed

by Glaxo Wellcome Inc, Research Triangle Park, NC.
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Figure 2. Percentage of predicted serial peak expiratory flow (PEF) (measured
in liters per minute) at week 2 (P<.001 for change from baseline during the
6-hour serial testing for the groups treated with Ventolin containing propellant
hydrofiuoroalkane-134a [Ventolin HFA group] or chlorofluorocarbons [Ventolin
CFC group] compared with the placebo group). Treatment groups are described
in the “Study Design” subsection of the “Patients, Materials, and Methods”
section. Ventolin is the proprietary name for albuterol sulfate marketed

by Glaxo Wellcome Inc, Research Triangle Park, NC.

ally were similar to those calculated for PEF. Predose FEV,
rates at week 2 were higher than at day 1 for all groups.

Daily Assessments Recorded on Diary Cards

At baseline, patients in the 3 groups were taking an av-
erage of 2 to 3 puffs of albuterol daily as needed (Table
1). During the treatment period, patients receiving 2 puffs
of active treatment qid also took a mean of 1.3 (Vento-
lin HFA) and 1.1 (Ventolin CFC) pulffs per day of res-
cue albuterol (mean total daily doses of 9.3 and 9.1 puffs,
respectively). The placebo group (as-needed albuterol use
only) took a mean of 1.9 puffs daily. These values rep-
resent decreases of as-needed albuterol use by 1.8 and
2.0 puffs in the Ventolin HFA and CFC groups, respec-
tively, compared with a decrease of 0.8 puffs in the pla-
cebo group (Table 3; P=.03). There was a 36% (Ven-
tolin HFA) and 40% (Ventolin CFC) increase in the
percentage of days with no rescue albuterol compared
with an increase of 12% for the placebo group (P=.009).
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Table 2. Six-hour Serial Peak Expiratory Flow*
Treatment Groups
1
Ventolin HFA Ventolin CFC Placebo
1 1 I 1
Day 1 Week 2 Day 1 Week 2 Day 1 Week 2
(n = 461) (n=41) (n = 46) (n=41) (n = 43%) (n = 36)
Baseline PEF, % predicted 715224 78.5+3.1 71.0+22 76.7+2.8 69.7 + 2.1 723+28
Change from baseline in PEF, % predicted 1391 +£14 108t +1.4 1263 £1.4 1085 £1.4 6.3+1.7 4509
Mean peak PEF, % predicted 95.4+32 98.8+39 91.8+26 95.8+3.2 84.4+29 85.2+29
Median time to onset of response, min§ 4.8t 4.6% 12.0% 11.4% 360 360
Median duration of response, h§ 2.63 1.6% 1.1 1.9% NA NA
Mean peak effect, % change from baseline 35.8t+3.5 28.01+3.3 31.51+ 3.1 26.61+2.7 21927 19.7£2.7
Median time to peak response, h 1 1% 2 2% 3 3

*NA indicates not applicable. Treatment groups and other abbreviations are described in the first footnote to Table 1. Unless otherwise indicated, data are given

as mean + SE.

1t The first postdose measurement was missing for 1 of the 46 patients in the Ventolin HFA group and 1 of the 43 patients in the placebo HFA group on day 1;
data from these patients were excluded from all day-1 PEF analyses except the baseline analysis.
1P<.03 compared with the placebo group. Change from baseline (expressed as percentage of predicted value) has been averaged during 6-hour postdose

serial testing.

§Response was defined as an increase in PEF of at least 15% above same-day predose value within 30 minutes postdose. For patients who did not respond,

time to onset was set to 6 hours, duration was not applicable.

There was no significant difference between albuterol
treatment groups in rescue albuterol use.

There were small increases in patient-collected pre-
dose morning and evening PEF values compared with the
prerandomization baseline value in each group, with the
greatest increases occurring in the Ventolin HFA group
(Table 3; P=.01 vs placebo). Similarly, there were small
improvements in asthma symptom scores in the Vento-
lin HFA and CFC groups (decreases of 0.1 to 0.3), with
the greatest improvement observed in the Ventolin HFA
group (P<.01 vs placebo). Although symptoms were mild
for all groups and changes were small, the Ventolin HFA
and CFC groups decreased mean symptom scores (in-
dicating improved symptoms), and the placebo group in-
creased the mean symptom score. During run-in, pa-
tients had few nighttime awakenings due to asthma;
changes from baseline were not statistically significant
among treatment groups.

Asthma Exacerbations

Serial pulmonary function testing was terminated for pa-
tients experiencing an asthma exacerbation during a clinic
visit. On day 1, 1 patient in the placebo group and 1 pa-
tient in the Ventolin HFA group had an exacerbation. Both
patients and 3 additional patients in the placebo group
had an exacerbation at the week-2 clinic visit. No pa-
tient had a second episode of breakthrough symptoms
during serial testing. During the period between clinic
visits, 2 patients in the placebo group and 3 patients in
the Ventolin CFC group had an exacerbation requiring
treatment other than rescue albuterol and were discon-
tinued from the study.

SAFETY

The Ventolin HFA formulation was comparable in safety
to Ventolin CFC and similar in most assessments to pla-
cebo. There were few adverse events in this study; 30%
of patients in the Ventolin HFA group (14 patients) and

Table 3. Mean Change From Baseline
in Diary Card Variables*

Treatment Group

I
Ventolin

Ventolin
HFA CFC Placebo
(n = 46) (n=46) (n=41)f
Morning PEF, L/min 17 £ 4% 9:4 2+3
Evening PEF, L/min 15 + 3t 114 3+3
Rescue albuterol use, mean -18+04F -20+04f -08x04
puffs per day
Days with no rescue albuterol  36.4 +6.1F 395+56% 11.5+6.2
use, %
Asthma symptom score -0.3+0.1F -0.1+0.1 0.1+0.1
Days symptom free, % 15.6 £4.2 7140 09+59
Nights with no awakenings, % 1+4 412 514

*Treatment groups, abbreviations, and asthma symptom scores are
described in the first footnote to Table 1. Data are given as mean + SE. For
diary card measures, baseline is the average of data collected from the 7
days immediately before treatment day 1. Mean change is the average of
data collected during treatment weeks 1 and 2.

1Two patients in the placebo group did not return diary cards.

1P=.03 compared with the placebo group.

35% of patients in the Ventolin CFC and placebo groups
(16 and 15 patients, respectively) had at least 1 adverse
event. The most common adverse events were headache
(4 patients in the Ventolin HFA group, 3 patients in the
Ventolin CFC group, and 4 patients in the placebo group)
and upper respiratory tract infection (1 patient in the Ven-
tolin HFA group, 5 patients in the Ventolin CFC group,
and 2 patients in the placebo group). Five patients had
an adverse event considered potentially related to study
drug. In the Ventolin HFA group, potentially drug-
related events included throat irritation (1 patient), epi-
staxis (1 patient), and throat spasm with oropharyngeal
edema several hours later (1 patient). All of these events
were resolved, and the use of study drug was continued
without recurrence of events on subsequent days. Other
potentially drug-related events were hyperactivity in the
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Ventolin CFC group (1 patient) and headaches in the pla-
cebo group (1 patient). The only adverse event leading
to discontinuation of study drug and the only serious ad-
verse event during the treatment phase was asthma ex-
acerbation secondary to an upper respiratory tract infec-
tion in 1 patient in the Ventolin CFC group. There were
no treatment-related trends in clinical laboratory evalu-
ations or physical examinations.

Vital signs and cardiovascular evaluations revealed
no statistically significant or clinically significant find-
ings. Mean changes in pulse and blood pressure in the 6
hours after study drug administration at weeks 1 and 2
were small. Mean pulse rate for the Ventolin HFA group
increased by 2 to 4 beats/min more than that of the pla-
cebo group at each visit, and mean pulse rate for the Ven-
tolin CFC group differed from that of the placebo group
by less than 2 beats/min at each visit. The numbers of
patients who experienced changes in systolic or dias-
tolic blood pressure were comparable among groups. No
clinically or statistically significant changes from base-
line were observed in 12-lead ECG findings or with Holter
monitors (subset of 76 patients; 26 from the Ventolin HFA
group, 27 from the Ventolin CFC group, and 23 from
the placebo group). Mean changes in QTc interval were
minimal (=4.8 milliseconds) for each treatment group
atday 1 and week 2. Mean minimum and maximum car-
diac rates were comparable across treatment groups at
each visit. The median number of ventricular ectopic
events was 0, and only single ventricular ectopic events
occurred during the 6-hour postdose treatment visits.
Similarly, the median number of supraventricular ecto-
pic events was very low, ranging from 0 to 1; 75% of the
patients had no more than 3 supraventricular ectopic
events. No statistically significant differences were ob-
served among treatment groups with respect to the num-
ber of patients with either event.

B COMMENT

The results of this placebo-controlled study in children
with asthma demonstrate that Ventolin reformulated with
the new HFA propellant produces bronchodilation that
is clinically comparable to the effects of inhaled Vento-
lin using the conventional CFC propellant. During 6-hour
serial pulmonary function tests (PEF and FEV,), the Ven-
tolin HFA and CFC formulations produced significant
increases in bronchodilation compared with placebo (HFA
propellant only), and no statistically significant differ-
ences between the Ventolin HFA and CFC groups were
observed.

The safety profiles were similar among the 3 groups.
Our results showed Ventolin HFA to have comparable
safety to the Ventolin CFC formulation and to be simi-
lar to placebo in most assessments. Clinical investiga-
tors considered very few adverse events to be poten-
tially drug related. Data collected from 12-lead ECGs in
all patients and from 6-hour Holter monitors in a large
subset of patients showed no clinically significant car-
diovascular effects. These results are consistent with pre-
viously reported studies in adult patients with asthma
demonstrating that albuterol reformulated with the HFA

propellant produces a safety and efficacy profile compa-
rable to that of the original product.*>

To meet regulatory requirements, a regularly sched-
uled qid dosing regimen was used in this study. Al-
though this study was of limited duration, the mean peak
PEF expressed as a percentage of predicted values were
similar at day 1 and at week 2, suggesting no reduction in
the bronchodilatory response over time. Other studies
evaluating the use of regularly scheduled bronchodilator
therapy in adults have shown mixed results.!'"?* Drazen
etal® found neither deleterious nor beneficial effects with
the regular use of inhaled albuterol compared with as-
needed use in adult patients with mild asthma. Current
guidelines of the National Institutes of Health for the di-
agnosis and management of asthma include as-needed dos-
ing of a short-acting 3,-agonist for all patients regardless
of age and asthma severity. For any patient with asthma,
increasing amounts of daily albuterol use should be evalu-
ated as a worsening of asthma, and additional pharmaco-
therapy may be warranted. Current guidelines indicate that
children older than 5 years who are using short-acting 3,-
agonists more than 2 times weekly have persistent asthma
and require anti-inflammatory therapy (inhaled cortico-
steroids or cromolyn) for long-term control of their per-
sistent asthma, in addition to the quick relief provided by
inhaled short-acting B,-agonists."* In addition, although
the current registration study conducted to support the
safety and efficacy of Ventolin HFA delivered via MDI in
children did not include the use of spacers, asthma guide-
lines recommend that a spacer be used with the MDI for
maximum efficacy and minimum side effects.

Itis interesting to note that, although changes were
small, there were statistically significant differences in pa-
tient-rated symptoms and rescue albuterol use between
the Ventolin groups and the placebo group. The pla-
cebo group’s mean symptom score increased slightly,
whereas the Ventolin HFA and CFC groups showed an
improvement in symptoms. As expected, rescue al-
buterol use significantly decreased in the Ventolin HFA
and CFC groups, and there was a significant increase in
the percentage of days with no rescue albuterol use. What
was unexpected was the finding that rescue albuterol use
decreased by almost 1 puff per day in the placebo group,
although asthma symptoms remained unchanged or in-
creased slightly. Our findings may be related to study de-
sign or may suggest that those children receiving pla-
cebo treatment qid and as-needed albuterol, or their
caretakers (ie, parents, teachers, day care providers), may
not have recognized subtle signs of worsening asthma to
increase albuterol use or perhaps did not have easy ac-
cess to an inhaler at school or day care.

Although 1 non-CFC albuterol product is already
on the US market, few pediatric studies have been con-
ducted with this product, and the currently marketed
product has not obtained a pediatric indication in the
United States. Studies such as the one reported here that
evaluate newly formulated non-CFC asthma medica-
tions in the pediatric population and demonstrate com-
parable safety and efficacy to the conventional CFC-
containing formulations will help the transition from CFC
to non-CFC asthma medications. In addition, non-CFC
medications such as this albuterol formulation, which

(REPRINTED) ARCH PEDIATR ADOLESC MED/VOL 154, DEC 2000

1224

WWW.ARCHPEDIATRICS.COM

Downloaded from www.archpediatrics.com on February 13, 2012
©2000 American Medical Association. All rights reserved.


http://www.archpediatrics.com

maintains the same dosages as corresponding CFC medi-
cations, will assist in a smooth transition. Similarity of
the non-CFC and CFC inhalers, in terms of taste and feel
of the aerosol plume, will help minimize patient percep-
tion issues in this transition. No patients in this study or
in the other Ventolin HFA registration studies>! re-
ported any adverse event related to taste sensation with
the HFA product.

As the United States begins the transition to non-
CFC asthma medications, already occurring in other coun-
tries, data demonstrating comparability of old and new
formulations specifically in children are needed for each
chemical moiety. Although medications such as al-
buterol are available in a dry-powder inhaler, the MDI
remains one of the most widely used delivery devices. It
is important for patients and physicians to maintain their
options in the process of individualizing asthma man-
agement plans, and thus, non-CFC aerosols for the dif-
ferent classes of asthma medications are being devel-
oped. Multiple treatment options and asthma management
plans individualized to patient needs and preferences are
important factors in increasing adherence to prescribed
asthma medication and in reducing costly asthma exac-
erbations.

B CONCLUSIONS

This study has demonstrated the efficacy and safety of
qid dosing with Ventolin HFA (2 puffs, 90 pg/puff) in
children aged 4 to 11 years with persistent asthma.
These data also show that Ventolin HFA is clinically
comparable to Ventolin delivered in the conventional
CFC-containing propellant.
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