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Abstract

Background—Cost-effectiveness analyses of asthma controller regimens for adults exist, but
similar evaluations exclusively for children are few.

Objective—To compare the cost-effectiveness of two commonly used asthma controllers,
fluticasone and montelukast, with data from the Pediatric Asthma Controller Trial.

Methods—We compared the cost-effectiveness of low-dose fluticasone with montelukast in a
randomized controlled multi-center clinical trial in children with mild-moderate persistent asthma.
Analyses were also conducted on subgroups based on phenotypic factors. Effectiveness measures
included a) the number of asthma-control days, b) the percentage of participants with an increase
over baseline of FEV1>12%, and c) the number of exacerbations avoided. Costs were analyzed
from both a US health care payer's perspective and a societal perspective.

Results—For all cost-effectiveness measures studied, fluticasone cost less and was more
effective than montelukast; e.g., fluticasone treatment cost $430 less in mean direct cost (P<0.01)
and had 40 more asthma control days (P<0.01) during the 48 week study period. Considering
sampling uncertainty, fluticasone cost less and was more effective at least 95% of the time. For the
high eNO phenotypic subgroup (eNO=25ppb) and more responsive PCy,q subgroup (PCyp<2 mg/
mL), fluticasone was cost-effective compared with montelukast for all cost-effectiveness
measures; whereas not all the effectiveness measures were statistically different for the other two
phenotypic subgroups.

Conclusion—For children with mild-moderate persistent asthma, low dose fluticasone had
lower cost and higher effectiveness compared with montelukast, especially in those with more
airway inflammation as indicated by elevated levels of eNO and more responsivity to
methacholine.

Keywords
Cost-effectiveness analysis; childhood asthma; fluticasone; montelukast; PACT

INTRODUCTION

Asthma is costly to treat with US direct health care costs of $14.7 billion in 2007.1 Given
that nine million children in the US have asthma? and that children account for 44% of all
asthma hospitalizations,3 cost-effectiveness of therapies to treat childhood asthma is an
important consideration.

In cost-effectiveness analysis (CEA) of medications for treating asthma, there are many
publications based on data from outside the US.4713 However, the US system has not been
explored adequately, especially for pediatric asthma. Furthermore, although there have been
many studies for asthma treatment in adults or combined analysis of adults and adolescents,
there have been very few CEA done exclusively for children.14+ 15 We used data collected
from the Pediatric Asthma Controller Trial (PACT) 16 to compare cost effectiveness of two
drugs commonly used in pediatric asthma, montelukast and low-dose fluticasone therapy.
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METHODS

Study design

The PACT study was a randomized, controlled, double-blind trial conducted by the
Childhood Asthma Research and Education (CARE) Network. Participants were recruited at
five study centers (Denver and Tucson, CO; Madison, WI; San Diego, CA; St. Louis, MO)
between October 2002 and January 2004. The PACT studied three treatment regimens in
children with mild-moderate persistent asthma: 1) low-dose fluticasone 100 pg dry powder
inhaler (DPI) twice daily (fluticasone monotherapy); 2) montelukast 5 mg in the evening;
and 3) fluticasone 100 pg/salmeterol 50 g DPI in the morning together with salmeterol 50
ug DPI in the evening (PACT combination regimen).16 Placebo Diskus and placebo oral
drug were given to ensure double-blindness. All Diskus devices looked identical. Adherence
to both inhaled medication and oral medication was assessed. Inclusion criteria were age 6
to less than 14 years, physician-diagnosed asthma, an FEV; >80% predicted normal at
screening and >70% predicted normal at randomization, a methacholine FEV1 PCyg £12.5
mg/mL, and ability to perform reproducible spirometry. Exclusion criteria and other design
descriptions of PACT and primary study outcomes can be found in Sorkness et al.16 Results
from PACT demonstrated the superiority of fluticasone monotherapy over montelukast for
most asthma control, lung function and inflammatory marker outcomes. Since the
combination regimen is not commercially available and was devised specifically for PACT,
this CEA study will focus on the commercially available and commonly used inhaled
corticosteroid, fluticasone, and the leukotriene receptor antagonist, montelukast.

Participants

This CEA studies only the two monotherapy treatment groups in PACT in which there were
96 children treated with fluticasone propionate 100 mcg twice daily (Flovent Diskus;
GlaxoSmithKline, Research Triangle Park, NC) and 95 with montelukast 5 mg in the
evening (Singulair; Merck, Whitehouse Station, NJ).16 Participants who did not complete
the entire 48 weeks of PACT or did not have information on the variables of interest were
excluded, resulting in a total of 154 participants for this CEA, 79 that received fluticasone
and 75 that received montelukast. Data were collected from daily diaries, study visits, and
phone contacts throughout the trial.

Effectiveness measures

Given the multiple domains of asthma, multiple measures of effectiveness were applied
including asthma control days (ACD),? improvement in FEVy' 17+ 18 and the number of
exacerbations avoided® 19 for a comprehensive CEA. An ACD, the primary outcome in
PACT, was defined as a day without albuterol rescue, prednisone for asthma, or non-study
asthma medications as well as no daytime symptoms, nighttime awakenings, unscheduled
health care visits, emergency department visits, hospitalizations for asthma, or school
absenteeism for asthma. The improvement of FEV; was measured by the percentage of
participants who had >12% increase in FEV compared to baseline.1”: 18 Thus, a value of 30
in the improvement of FEV; means 30% of the participants had achieved an increase of
FEV12>12% at the last study visit. An asthma exacerbation was defined by prespecified
criteria of worsening asthma by symptoms such as coughing, dyspnea, chest tightness and/or
wheezing, or by a decrease in the patient’s PEF. 16

Cost measures

Both direct costs from a third-party payer’s perspective and societal costs from a societal
perspective 20 21 were measured for the 48-week study period. Since the PACT study was
conducted in 2002—2004, costs in 2003 US dollars were used as an approximation.
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Table 1 shows the unit costs used in this study. Unit costs for emergency department visits
and regular physician costs were expressed in 2003 dollars previously reported. 18 The
monetary value of lost productivity from missed school or work was estimated by the
Human Capital approach,20™24 using the same value ($162.5 at the 1999 price level)
previously reported 24 with the cost inflator being the index of the average weekly earnings.
25 The drug costs were the average wholesale prices from the Drug Topics Red Book in
2003.26 Because Flovent Diskus (GlaxoSmithKline, fluticasone propionate Diskus, 100ug,
DPI) was not yet available in the US at the time of the study period, the price of its then
equivalent, Flovent Rotadisk, (GlaxoSmithKline, fluticasone propionate Rotadisk, 100pg,
DPI) was used. Hospitalization costs were not included because there were no
hospitalizations in these two study arms.

The direct costs for a participant were the sum of the costs from asthma-related medication,
emergency department visits, and regular physician visits, where each cost component was
computed as the unit price times the corresponding quantity. The societal costs were the
direct costs plus productivity losses from asthma-induced missed school or work. The mean
cost and the mean effectiveness of a treatment group were the average cost and effectiveness
across all participants in that group.

Cost-effectiveness analysis

CEA compares the effectiveness of different treatments relative to their costs. Suppose that
hypothetical treatment A has better effectiveness; if it also has lower cost than hypothetical
treatment B, then A is said to dominate B. However, if treatment A is not the dominant
strategy, i.e., A has better effectiveness together with higher cost than treatment B, then the
choice decision is made by comparing a decision maker’s willingness to pay (WTP) for one
unit of effect with incremental cost-effectiveness ratio (ICER). ICER measures the
additional cost for one additional unit of effect, i.e., ICER=Acost/Aeffect, where A stands for
difference between the two candidate therapies. If WTP is greater than ICER, then one is
willing to pay the additional cost of treatment A to gain its additional effect, and treatment A
is cost-effective. Note that unlike ACD, asthma exacerbation is an undesirable outcome; so
for CEA regarding asthma exacerbation, the denominator in the ICER is defined as the
number of asthma exacerbations avoided, i.e., the inverse of the difference in the number of
exacerbations rather than the usual raw difference between the two treatments.

CEA was first done for the 154 participants, and then for subgroups based on phenotypic
factors eNO and PC,q, which were shown to have predictive values in treatment responses
between fluticasone and montelukast. 27 We used the cutoffs of 25ppb for eNO and 2mg/mL
for PC,q which were previously reported to discriminate between fluticasone and
montelukast response. 27

Statistical Methods

The above deterministic CEA was used for the original sample. A probabilistic approach to
account for sampling uncertainty was conducted by nonparametric bootstrap. The 95%
confidence interval for an estimate of the ICER was defined by the 2.5% percentile through
the 97.5% percentile of the corresponding values from all bootstrapped samples.

Two-sample t-tests were used to compare the group difference in mean between fluticasone
and montelukast for variables that were continuous or could be treated as continuous. Two-
sample z-tests for proportions were used to compare the distribution of dichotomous
variables. For count variables, simple Poisson regression was used with the treatment group
as the predictor. The Mann-Whitney U test is conducted to test the difference in median for
baseline eNO and PCy.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 January 1.
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Among the 154 participants eligible for this analysis, there were no statistical differences in
age, gender, height gained during the study, baseline FEV1, eNO and PC,q between the
fluticasone and montelukast arms (Table 2).

Effectiveness

Costs

The comparison of outcome features (Table 2) showed a significant higher effectiveness of
fluticasone compared to montelukast with respect to ACD, percentage of participants with
increase in FEV1 = 12%, and number of asthma exacerbations (all P<0.01).

Based on the unit cost estimates for asthma care, the direct costs in the 48-week study period
were $759 in 2003 dollars for fluticasone and $1189 for montelukast (p<.001). The societal
costs were $1075 for fluticasone and $1673 for montelukast (p<.001). Since fluticasone had
lower costs and higher effectiveness, fluticasone dominated montelukast with respect to all
pairs of cost-effectiveness measures.

The ICER values, with 95% confidence intervals (Table 3) revealed direct cost savings from
using fluticasone were $11 for one more ACD, $13 for one percentage point more of
participants with a >12% improvement in FEV1, and $916 for one exacerbation avoided.

Uncertainty analysis

Scatter-plots of cost difference vs. effectiveness difference on the cost-effectiveness plane
revealed that for all the cost-effectiveness measures, fluticasone had lower costs and higher
effectiveness in at least 95% of the bootstrapped samples (See Figure E1 in the Online
Repository at http://www.jacionline.org). Thus, the probability of fluticasone being cost-
effective compared with montelukast was at least 95% considering sampling uncertainty.

Subgroup cost effectiveness analyses

Higher eNO levels and lower PCyq values predicted superiority of fluticasone over
montelukast for pediatric asthma control in the PACT trial; e.g., increased baseline eNO
levels predicted the expected treatment benefit with fluticasone over montelukast regarding
the gain in ACDs. 27 Based on those findings, a subgroup analysis of CEA was conducted to
examine whether the cost-effectiveness of fluticasone still held for these phenotype
subgroups.

For the high eNO subgroup (eNO=25ppb), fluticasone dominated montelukast at least 95%
of the time by bootstrap analysis for each of the cost-effectiveness measures (Table 4). For
the low eNO subgroup (eNO<25ppb), fluticasone dominated montelukast with respect to
improvement in FEV1; but there was no statistical difference in effectiveness between
fluticasone and montelukast regarding ACD or the number of exacerbations avoided.

In the more responsive PCyq subgroup (PC»p<2 mg/mL), fluticasone dominated montelukast
for all of the cost-effectiveness measures considered. In the less responsive PCy,q subgroup
(PC20=2 mg/mL), there was no significant difference in effectiveness between fluticasone
and montelukast. The insignificance of effectiveness difference in the low eNO and less
responsive PCyq phenotypic subgroups may be partly due to the modest sample sizes in the
subgroup analysis.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 January 1.
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Sensitivity analyses

A participant’s success in improving FEV; was defined as an improvement >12%. For
sensitivity analysis, we varied this definition between 10 and 15 percent, and fluticasone still
dominated montelukast at least 95% of the time. A sensitivity analysis with respect to the
unit cost of health care utilization in Table 1 was conducted by replacing the unit cost
estimate one at a time with 0.5, 1.5 or 2 times its original estimate. Sensitivity analysis on
drug costs was done by simultaneously changing both fluticasone and montelukast drug
costs to 0.9 or 1.1 times their original values with fluticasone consistently dominating
montelukast.

Since the metered dose inhaler (MDI) formulation of fluticasone is widely used, a sensitivity
analysis was conducted to compare fluticasone in the MDI formulation with montelukast.
For cost comparison purposes, the MDI formulation of fluticasone used in sensitivity
analysis was Flovent HFA (by GlaxoSmithKline), and the cost of fluticasone also included
the cost of a spacer device. The MDI formulation of fluticasone had lower direct and
societal costs compared with monetlukast. If the effectiveness of the MDI formulation is
assumed to be the same as that of the DPI formulation although they may not be exactly the
same, then fluticasone in the MDI formulation can be considered cost-effective. For
instance, it would cost 12 dollars less in direct costs for fluticasone in the MDI formulation
compared with montelukast for each additional ACD.

A sensitivity analysis that included all the 191 randomized subjects in the cost-effectiveness
analysis was conducted by extrapolating missing values. For each variable of interest,
missing values were extrapolated by the average of all the participants in each drug arm who
had recorded values on that variable. With 191 subjects included, results were similar to
those from the original cost-effectiveness analysis. Again fluticasone had lower direct and
societal costs and higher effectiveness, and was cost-effective using the intent-to-treat
approach. For instance, fluticasone cost 16 dollar less in societal costs for each additional
ACD. Other extrapolation methods were also used, and the cost-effectiveness of fluticasone
was robust.

DISCUSSION

The present CEA studies the cost-effectiveness of fluticasone vs. montelukast treatment for
children with mild to moderate persistent asthma using data from the PACT clinical trial.16
The fluticasone treatment was shown to be cost-effective compared with montelukast both
from point estimates and bootstrap simulations for all six cost-effectiveness measures
analyzed.

To our knowledge, this report is the first to formally perform a comprehensive CEA
comparing fluticasone and montelukast in mild-moderate childhood asthma based on a
randomized trial conducted in the US. Previous CEA of asthma treatments compared other
controller regimens.>~10, 19, 24, 28=30 Ty studies,31: 32 though not formal CEA, compared
the efficacy of fluticasone with montelukast relative to their costs using retrospective
insurance claims data. With claims data on patients 4-17 years in 2001-2003, Stempel et al.
32 found annualized asthma-related costs of $861 for fluticasone and $1616 for montelukast.
Pathak et al.3! identified the annual treatment charges to be $572 (in 1999 dollars) for
fluticasone and $902 for montelukast in patients 4-45 years of age. Both studies found fewer
hospitalizations for those treated with fluticasone. The present study extends prior claims
data based retrospective analyses of heterogeneous populations with no clinical outcome
measures by showing conclusively that fluticasone was cost-effective compared with
montelukast using data from a prospective clinical trial. Sensitivity analyses show that the

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 January 1.
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cost-effectiveness of fluticasone over montelukast was robust in a wide range of settings,
ensuring the generaliziblity of our study.

The present CEA also is the first to conduct subgroup analyses based on asthma phenotypic
characteristics, and the cost-effectiveness of fluticasone over montelukast was substantiated
for phenotypes indicating higher degrees of airway inflammation and hyper-responsiveness.
This phenotypic subgroup analysis has similar implications as in Knuffman et al.27 in that
baseline eNO levels greater than 25 ppb and PCyq value less than 2 mg/mL were more likely
to show superiority of fluticasone over montelukast.

This study has several limitations. The unit cost estimates were taken from sources on
pediatric asthma, but the inflators were based on the entire population rather than
exclusively on children to adjust costs to the year 2003. Though this method was not ideal,
sensitivity analysis showed the results were robust to a wide range of unit costs.

As to the societal cost, the monetary loss of productivity from missed school or work would
vary greatly depending on the estimation method. We employed the Human Capital
approach and used a published estimate, which assumed the loss to be a caregiver’s
earnings. Methods to more accurately measure the societal cost of pediatric asthma are left
for future study.

The PACT study found no significant difference in height growth between the two treatment
groups.18 So no steroid effect on growth was considered in the cost-effectiveness analysis.
The incorporation of potential steroid effect on growth into cost-effectiveness analysis was
left for future research.

Rescue treatment in PACT included telephone contact with the study physician who would
recommend starting oral corticosteroids if indicated by the study protocol. These contacts as
well as use of oral corticosteroids occurred significantly more often in the montelukast
group. It would be expected that this expeditious intervention reduced urgent care and
emergent visits that would have occurred more frequently in the montelukast group than the
fluticasone group if study physicians had not been available; this process could have caused
an underestimation of the cost-effectiveness of fluticasone compared with montelukast.

Conclusions and Recommendations

Fluticasone is cost-effective compared with montelukast for children with mild to moderate
persistent asthma. This CEA demonstrated that fluticasone dominated montelukast as it led
to more ACD, a higher proportion of participants with 12% of FEV; improvement, and
fewer asthma exacerbations, yet at lower direct and societal costs.

Our study demonstrates the cost-effectiveness of low-dose fluticasone compared with
montelukast in addition to the previously demonstrated clinical benefits in three clinically
relevant asthma domains (asthma control days, lung function, and exacerbations) and further
supports the NAEPP guidelines based on effectiveness that recommend inhaled
corticosteroid monotherapy as the preferred asthma controller option for mild to moderate
persistent asthma in children.
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Abbreviations Used

ACD asthma-control days
CEA cost-effectiveness analysis
DPI dry powder inhaler
FEV, forced expiratory volume in one second
ICER incremental cost effectiveness ratio
MDI metered dose inhaler
PACT Pediatric Asthma Controller Trial
WTP willingness to pay
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Figure 1. Confidence Interval for the Incremental Cost Effectiveness Ratio: 1 (a—c) direct costs;
(d-f) societal costs

1 The difference in mean cost is the cost of the fluticasone arm minus that of the montelukast
arm. The green rays show 95% confidence interval for Incremental Cost-Effectiveness Ratio
as indicated in Table 3.
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Table 1
Estimates of unit costs (in 2003 US dollars)

Direct Costs Unit cost ($)
Emergency department visit 296.95
Physician office visit 45.57

Medication costs

Fluticasone DPI treatment (per day) 1.87

Montelukast treatment (per day) 293

Indirect Costs

Missed day of school or work 164.92
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Table 2

Comparison of demographic and outcome features between fluticasone and montelukast

Fluticasone Montelukast P
Variable (n=79) (n=75) Value
Age in years (meant SD) 9.7£22 9.7+22 0942
Sex
Male, n (%) 47 (59) 48 (64) 057b
Female, n (%) 32 (41) 27 (36)
Height increase in cm (SD) 5.4 (1.8) 5.8(1.9) 0.162
Baseline FEVy, mean (SD) 1.86 (0.56) 1.96 (0.53) 0242
Baseline eNO, ppb, median (Quartile 1, Quartile 3) 24.5(13.0,485) 29.4(12.7,55.4) 0.82°C
Baseline Methacholine PCy, mg/mL, median (Quartile 1, Quartile 3) 0 76(0.27,2.81)  0.85(0.28,2.57)  0.95C¢
Outcomes (mean + SD)
Treatment Exposure days 336+17.6 338+19.8 0492
Asthma control days during study period 21097 170+90 0.009 &
Percentage with an increase of FEV;212% 73 a1 <001 P
Number of exacerbations 0.66+0.9 113+1.1 0.002d
Emergency department visits 0.10£0.3 0.35+0.6 0.0024d
Physician office visits 2.19+1.9 2.08+1.8 0.64 9
Hospital days 0 0 N/A
Missed school days 14425 2.1+3.1 <0014d
Missed work days 0.6x1.5 0.8+1.9 0.06d

a . .
by two-sample t-tests for difference in mean.

b .
by two-sample z-tests for proportions.

be the Mann-Whitney U test for difference in median.

d . . . . .
by simple Poisson regression with the treatment group as the predictor.
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