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Abstract

Background—Phenotypic presentations in young children with asthma are varied and may 

contribute to differential responses to asthma controller medications.

Methods—The Individualized Therapy for Asthma in Toddlers (INFANT) study was a 

multicenter, randomized, double-blind, double-dummy, clinical trial in children age 12-59 months 

(n=300) with asthma necessitating treatment with daily controller (Step 2) therapy. Participants 

completed a 2-8 week run-in period followed by three crossover periods with daily inhaled 
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corticosteroid (ICS), daily leukotriene receptor antagonist (LTRA), and as-needed ICS treatment 

co-administered with albuterol. The primary outcome was differential response to asthma 

medication based on a composite measure of asthma control. The primary analysis involved two 

stages: determination of differential response, and assessment of whether three pre-specified 

features (aeroallergen sensitization, previous exacerbations, sex) predicted differential response.

Results—74% (170 of 230) of children with analyzable data had a differential response to the 

three treatment strategies. Within differential responders, the probability of best response was 

highest for daily ICS and was predicted by aeroallergen sensitization, but not exacerbation history 

or sex. The probability of best response to daily ICS was further increased in children with both 

aeroallergen sensitization and blood eosinophils ≥300/μL. In these children, daily ICS was 

associated with more asthma control days and fewer exacerbations compared to the other 

treatments.

Conclusions—In young children with asthma necessitating Step 2 treatment, phenotyping with 

aeroallergen sensitization and blood eosinophils is useful for guiding treatment selection and 

identifies children with a high exacerbation probability for whom treatment with daily ICS is 

beneficial despite possible risks of growth suppression.

Graphical abstract

Keywords

Asthma; Asthma treatment; Asthma biomarkers; Asthma phenotype; Inhaled corticosteroid; 
Leukotriene receptor antagonist; Personalized medicine; Treatment response

INTRODUCTION

Although asthma treatment guidelines1,2 have proven useful in care standardization and 

reduction of adverse outcomes,3 there is phenotypic heterogeneity within the disorder and 

growing appreciation for “personalized” medicine as opposed to a “one-size-fits-all” 

treatment approach.4,5 Young children are particularly diverse with numerous and variable 

phenotypic presentations in early life that correspond to different outcomes,6-9 yet they are 

incompletely studied and significant treatment gaps remain.10,11 Even among young 

children who warrant treatment with daily inhaled corticosteroids (ICS), the response to ICS 
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is inconsistent,12 perhaps due to differences in symptom presentation and/or persistence13 or 

other underlying inflammatory features.14 Indeed, many young children have asymptomatic 

periods between respiratory viral illnesses,15 raising the question whether daily therapy with 

ICS is warranted in all children since ICS administration does not significantly alter the 

long-term disease course16 and may contribute to dose-dependent and sustained reductions 

in linear growth in selected subpopulations.17,18

Given these challenges and the mandate for personalized and more efficient medicine,19 the 

Individualized Therapy for Asthma in Toddlers (INFANT) trial characterized phenotypic 

heterogeneity in young children with asthma necessitating treatment with daily controller 

medications (i.e., Step 2 therapy2) and examined the relationship of phenotypic features and 

biomarkers to asthma medication response profiles. This study demonstrates for the first 

time differential responses to asthma medications in young children that can be predicted 

with clinical biomarkers. The results support personalization of asthma therapy and highlight 

a phenotype of children with aeroallergen sensitization and elevated blood eosinophils at 

risk for exacerbation for whom daily ICS treatment is beneficial despite the possible risk of 

growth suppression.

METHODS

Study design and oversight

The INFANT study was a multicenter, randomized, double-blind, double-dummy, clinical 

trial conducted from March, 2013 through April, 2015. A run-in period of 2-8 weeks was 

followed by a randomized cross-over of three 16-week treatment periods with daily ICS 

(fluticasone propionate, two inhalations, 44 μg each, twice daily, GlaxoSmithKline, Evreux, 

France), daily leukotriene receptor antagonist (LTRA) (montelukast, 4 mg, once daily at 

bedtime, Merck and Co., Inc., Whitehouse Station, NJ), and as-needed ICS co-administered 

with an open-label short-acting bronchodilator for symptom relief (fluticasone propionate, 

two inhalations, 44 μg each; albuterol sulfate, two inhalations, 90 μg each, GlaxoSmithKline, 

Research Triangle Park, NC) (Figure 1A). Antipyretic/analgesic therapy was blinded and 

controlled in a linked protocol (NCT01606319) through a factorial design. Details of that 

study were previously published.20 Children were randomized in two processes: the first 

determined the crossover sequence of asthma therapy and the second determined the blinded 

antipyretic/analgesic medication to be used as needed for fever or pain throughout the 48 

week duration of the crossover study, with stratification by clinical center.

The National Heart, Lung and Blood Institute's asthma network (AsthmaNet) funded the 

study, which was managed by a Data Coordinating Center (Hershey, PA). The protocol was 

developed by the AsthmaNet Steering Committee (NCT01606306) and was approved by an 

external Protocol Review committee, a Data Safety Monitoring Board, and each site's 

Institutional Review Board. Caregivers provided written informed consent.

Sites and patients

The study was conducted in children 12-59 months of age at 18 sites in the United States. 

Children were recruited for the study through a variety of methods including advertisements, 
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primary care and specialty care clinic referrals, and screenings of urgent care facility visits 

and after-hours telephone logs. Children were eligible for study entry if they met guideline-

based criteria for daily asthma controller medication (i.e., Step 2 treatment).2 To encourage 

recruitment and generalization of results, this protocol enrolled ICS and LTRA-naïve 

children treated only with intermittent bronchodilators who required step-up therapy, as well 

as children currently treated with low-dose ICS or LTRA for whom daily controller therapy 

was warranted. Children symptomatic on current ICS or LTRA were enrolled with the 

rationale that 1) they may require treatment with LTRA and not ICS or vice versa, 2) they 

may benefit from the ICS formulation (i.e., directly inhaled versus nebulized), and 3) 

medication delivery may be improved with educational intervention and adherence 

monitoring.

Children were eligible for the study irrespective of current medication use if their caregivers 

reported daytime asthma symptoms >2 days per week (averaged over the preceding 4 

weeks), nighttime awakening from asthma at least once over the previous 4 weeks, or ≥4 

wheezing episodes, each lasting ≥24 hours, in the preceding 12 months. Children not 

receiving current ICS or LTRA treatment were also eligible if they reported ≥2 exacerbations 

requiring systemic corticosteroids in the preceding 6 months. Children receiving current ICS 

or LTRA treatment were also eligible if they reported ICS or LTRA receipt for >90 days 

during the preceding 6 months or ≥2 exacerbations requiring systemic corticosteroids in the 

preceding 12 months.

Run-in period

Eligible children received one oral medication and one inhaled medication for daily use, 

open-label albuterol sulfate and open-label prednisolone. The run-in duration was variable 

and based upon whether or not the child was currently receiving step 2 therapy (i.e., daily 

low-dose ICS or LTRA) and whether or not the child qualified based on exacerbation 

history. Children not on step 2 therapy during the 6 months prior to enrollment (including 

children who received ICS or LTRA intermittently) received placebo oral and inhaled 

therapy during the run-in. The run-in was completed in 2 weeks if the participant had a 

previous exacerbation requiring systemic corticosteroids. If the participant did not have an 

exacerbation, the run-in period could be extended up to 8 weeks to elicit symptoms. 

Children who were currently receiving step 2 therapy received active ICS or active LTRA 

during the run-in period. If the participant had a previous exacerbation requiring systemic 

corticosteroids, the run-in was completed in two weeks. If not, the run-in lasted 4 weeks in 

total. Caregivers recorded symptoms, healthcare utilization and medication use in electronic 

diaries each day at bedtime (Spirotel®, Medical International Research, Rome, Italy). 

Children were ineligible for randomization if the following were observed during the run-in 

period: 1) completion of <75% of daily electronic diaries, 2) an exacerbation requiring 

systemic corticosteroids, 3) daily asthma symptoms if not receiving active therapy, or 4) 

asthma symptoms >2 days per week if receiving active therapy. Further details are provided 

in Figure 1 and the online supplement.
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Biomarker determination

Peripheral blood eosinophil counts were determined from one aliquot of whole blood by an 

automated assay at each clinical site. ECP,21 total serum immunoglobulin E (IgE) and 

specific IgE concentrations were quantified by a commercial laboratory (Advanced 

Diagnostic Laboratories, National Jewish Health, Denver, CO). Specific IgE 

(ImmunoCAP®) was performed for a nationally representative panel of inhalant 

aeroallergens (details provided in the online supplement). Aeroallergen test results were 

considered positive if values were ≥ 0.35 kU/L. Urinary leukotriene E4 (LTE4) 
concentrations were measured by mass spectrometry as previously described22,23 and were 

expressed per mg of creatinine.

Outcome measures

The primary outcome was the differential response to three therapies on the basis of fixed 

threshold criteria for the following asthma control measures, which encompassed domains of 

risk and impairment:1,2 the time from the start of the treatment period to an asthma 

exacerbation treated with systemic corticosteroids, and the annualized number of asthma 

control days (ACDs) from within that period. ACDs were defined as full calendar days 

without symptoms, rescue medication use, or unscheduled healthcare visits. Children were 

defined as differential responders if, first, the time to an asthma exacerbation was at least 

four weeks longer, or second, if the number of annualized ACDs was at least 31 days more 

for one treatment than another, in that order. If neither threshold was met, the participant was 

considered a non-differential responder. Four weeks between the onset of treatment and an 

asthma exacerbation was selected as a clinically meaningful outcome based on the results of 

a previous study in school-age children that noted differences in asthma exacerbation 

prevalence in children treated with fluticasone (16%) versus montelukast (32%) over a 16-

week period.24 A difference of 31 days of more with regard to ACDs was also thought to be 

clinically meaningful based on the results of a prior study in school-age children24 and 

preschool children at high risk for asthma development.16

Differential response was determined in children completing at least two treatment periods 

and at least 50% of the daily diary entries for each period. Because placebo washouts were 

not performed, the data collected during the first two weeks of each period were not 

included in the analysis of ACDs. Days with missing diary data were also excluded from 

ACD determination. Secondary outcomes included exacerbations, ACDs, albuterol use, 

unscheduled healthcare for asthma, and protocol-defined treatment failures.

Criteria for treatment period failure and study failure

Treatment period failure was achieved if a child experienced two exacerbations, separated by 

at least one week, in a single 16-week treatment period. When two exacerbations occurred, 

the child was advanced to the next treatment period. Criteria for study failure were met if the 

participant: 1) received four courses of prednisolone after randomization, 2) was 

hospitalized >24 hours for an acute asthma exacerbation, or 3) was moved forward to the 

next treatment period two times during the course of the study.
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Statistical Analysis

The primary analysis involved two stages: first testing the null hypothesis of all three 

treatments having equal probability to yield the best response as defined by the criteria 

described above, and second to determine whether any of three pre-specified phenotypic 

characteristics (sensitization to at least one aeroallergen, previous exacerbations requiring 

systemic corticosteroids, and sex) predict different patterns of treatment response. The 

overall type I error rate for the primary analysis was 0.05 using a significance level of 

0.0125 for the first stage test and for each of the three pre-specified predictors. Rank-ordered 

logistic regression25 was used to model the probability of yielding best response for each 

treatment and bootstrapping was used to calculate confidence intervals. Secondary analyses 

employed the generalized linear model framework to compare treatments with respect to 

secondary outcomes, using the Generalized Estimating Equations approach to incorporate 

the longitudinal aspect of the cross over design, and including period and treatment-by-

period interaction effects to examine potential carryover effects. Exploratory analyses 

utilized rank-ordered logistic regression to examine other phenotypic characteristics that 

might predict patterns of treatment response. Pre-specified exploratory analyses focused on 

serum eosinophil cationic protein (ECP) levels21 and urinary leukotriene E4 (LTE4) 
concentrations26 as predictors of treatment response. Blood eosinophils, specific 

aeroallergen tests results, serum IgE and modified Asthma Predictive Index27 (mAPI) status, 

defined by a history of 4 or more wheezing episodes plus one major criteria (parental history 

of asthma, physician-diagnosed atopic dermatitis, or allergic sensitization to ≥1 

aeroallergen) or two minor criteria (allergic sensitization to milk, egg, or peanut, wheezing 

unrelated to colds, or blood eosinophils ≥4%),28 were examined post-hoc as potential 

predictors. Secondary and exploratory analyses utilized a 0.05 significance level without 

adjustment for multiple testing. Exploratory models also included allergic sensitization, 

history of exacerbations and sex as covariates.

A sample size of 294 participants was selected to test the primary null hypothesis of all three 

treatments having equal probability (one-third) to yield the best response with statistical 

power of at least 0.90 if any one of the three treatments actually has probability of at least 

one-half to yield the best response. This study was also powered to detect differences in 

patterns of treatment response for the prespecified predictors. The sample size allowed for 

up to 25% of participants to drop-out and up to 45% of participants to not demonstrate 

differential response.29 These sample size assumptions were met. SAS® statistical software 

(version 9.4, SAS Inc., Cary, NC) was used for all analyses.

RESULTS

Study patients

443 children were enrolled and 300 were randomized (Figure 2). Of these, 42% were 

sensitized to at least one aeroallergen and 60% had a positive mAPI28 (Table 1). Specific 

aeroallergen testing results are shown in Table E1. 226 children completed all three periods 

while 230 children completed at least two periods with adequate diary completion, 

permitting assessment of differential response.
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Differential response to the treatment strategies

A differential response to the three treatments occurred in 170 (74%) of the 230 children 

with evaluable data. Among the differential responders, the probability of best response was 

highest for daily ICS (Figure 3A). Sixty children (26%) did not demonstrate a differential 

response and had indicators of less disease activity, including more ACDs and lower 

exacerbation probability (Figure 2, B-C). Seasonal adjustment did not impact results. No 

interactions with antipyretic/analgesic use (NCT01606319) were noted. Sensitivity analyses 

also indicated no interactions based upon ICS treatment during the run-in (Figure E1A) or 

based upon the order in which the study treatments were received (Figure E1, B-C).

Primary analysis of pre-specified predictors of differential response

The second stage of the primary analysis focused on sensitization to at least one 

aeroallergen, previous exacerbations requiring systemic corticosteroids, and sex as 

predictors of differential response. Aeroallergen sensitization, but not exacerbation history or 

sex, was associated with a differential response favoring daily ICS (Figure 3, A-C).

Exploratory analyses of predictors of differential response

Blood eosinophils ≥300/μL were also associated with a higher probability of responding best 

to daily ICS (Figure 3D) and predictive ability was significantly enhanced when both 

elevated eosinophils and aeroallergen sensitization were included in the model (Figure 3E). 
Further analyses demonstrated that serum ECP levels ≥10 μg/L and dog and/or cat 

sensitization also predicted better response to daily ICS, while mAPI status, serum IgE and 

urinary LTE4 concentrations did not predict differential response pattern (Figure E2, A-E). 

Cut-points for quantitative biomarker predictors were identified based on analyses in which 

they were treated as continuous predictors. No predictor identified a group in which LTRA 

or as-needed ICS were more likely than daily ICS to yield best response.

Secondary Outcomes

Daily ICS treatment was associated with more ACDs, fewer rescue albuterol inhalations, and 

fewer exacerbations (Table E2). The average weekly ICS dose was approximately 1200 μg 

fluticasone in the daily ICS group versus 270 μg fluticasone in the as-needed ICS group. 

Descriptive analyses further indicated greater improvement in ACDs (Figure E3) and a 

prolonged time to exacerbation (Figure 4) with daily ICS treatment in children with 

aeroallergen sensitization, children with blood eosinophils ≥300/μL and children with both 

aeroallergen sensitization and blood eosinophils ≥300/μL.

Adherence to the study therapies

75% of daily diaries were completed throughout the study. Self-reported adherence to daily 

medication was ≥96% for all treatments. As-needed ICS was used concomitantly with 

albuterol on 99% of occasions per electronic diary report. Albuterol was administered on 

approximately 70% and 90% of days with mild and moderate-severe symptoms reported, 

respectively.

Fitzpatrick et al. Page 9

J Allergy Clin Immunol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Adverse events

There were no marked differences in adverse events between treatments (Table E3). There 

was a non-significant trend toward decreased height velocity in children treated with daily 

ICS (Table E4).

DISCUSSION

Young children with asthma are a heterogeneous group of patients with significant morbidity 

and healthcare utilization who are challenging to treat.30,31 Initial medication selection and 

timing of delivery is controversial32,33 given a limited number of studies and overall low 

quality of evidence in this age group.34,35 Moreover, while differential responses to asthma 

medications have been observed in older children,36,37 and argue against a universal 

treatment approach, no study has assessed how treatment decisions should be made in young 

children using phenotypic characteristics and biomarkers to estimate the likelihood of 

improvement. Utilizing a composite measure of asthma control, we found that 74% of young 

children demonstrated clinically relevant improvements in response to one treatment versus 

others, most often daily ICS, and that clinically accessible biomarkers can be used to predict 

the medication strategy associated with the best response in these children. We further noted 

a phenotype of children with type-2 inflammation evidenced by aeroallergen sensitization 

and elevated blood eosinophils for whom daily ICS treatment conferred the most protection 

against symptoms and exacerbations. Given that young children have nearly 2-3 times the 

rate of emergency department visits and hospitalizations compared to older children,30,38 

these results are clinically important and demonstrate the potential impact of phenotype-

directed asthma care in this age group.

Although we were adequately powered for our primary analyses of best response, the 

proportion of children with a non-differential response (24%) was substantially greater than 

a previous study that found a differential response to Step 3 asthma therapy in >97% of older 

children.36 Because pulmonary function testing is challenging in young children, our 

composite outcome of asthma control included only two components, exacerbations and 

ACDs, which may explain this finding. We were not specifically powered for sub-analyses 

of non-differential responders and therefore it remains unclear whether those children have 

unique inflammatory profiles. However, the asthma control in those children throughout the 

study may also suggest that some children became candidates for step-down therapy despite 

initial qualification for controller medication.

Overall, children with a differential response in this study were most likely to respond best 

to daily ICS, consistent with other studies demonstrating efficacy of daily ICS in this age 

group overall12 and regardless of factors such as mAPI status.13,39 However, the overall 

probability of a best response to ICS was only 0.40 when non-differential responders are 

considered, highlighting the need for personalized medicine with the “right” therapies for 

the “right” patients.19 Indeed, many participants had a best response to daily LTRA or as-

needed ICS. While we were unable to identify clear predictors of best response to these 

therapies, further study is warranted since these therapies are useful for many children. For 

example, a study of older children with mild persistent asthma noted similar efficacy 

between intermittent low-dose ICS and daily ICS treatment with regard to exacerbations.40 
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Other studies in preschool children demonstrate that pre-emptive high-dose ICS treatment 

(i.e., 1500-2000 mcg fluticasone equivalent) can reduce systemic corticosteroid 

requirements,29,41 although a recent systematic review was unable to firmly conclude 

equivalence between daily low dose and pre-emptive high dose ICS therapy due to the 

limited number of head-to-head comparisons.13 The double dummy design of the present 

study prevented a similar treatment strategy and is acknowledged as a potential limitation. 

Other studies in young children have also demonstrated improved asthma outcomes with 

LTRA with minimal adverse effects42-44 and greater tolerability.45

The INFANT study was not designed to study treatment group means for individual 

outcomes as a whole but rather to study responses at the individual patient level based on the 

composite outcome incorporating both the risk and impairment domains, with an emphasis 

on clinically accessible features and biomarkers, which have not been well studied in this 

age group.46 A secondary analysis of a previous study in mAPI positive children at high risk 

for asthma development16,47 found that episode-free days were increased with daily ICS 

versus placebo among boys and participants who were white, who had an emergency 

department visit or hospitalization for asthma within the past year, and who were more 

symptomatic at baseline.14 Systemic corticosteroid use and healthcare utilization and were 

also significantly reduced in children with aeroallergen sensitization in that study.14 Our 

primary predictor analysis was based on these prior observations14 as well as findings from 

older children.24,37,48,49 The fact that sex and previous exacerbations did not differentiate 

best response in the present study was surprising but may be due to differences in the 

baseline severity of the populations studied. However, a recent analysis of a birth cohort 

similarly found no association between sex and phenotype in young children at high risk for 

asthma development.50 Previous exacerbations may also have limited predictive potential 

given their self-reported nature and the lack of standardization for systemic corticosteroid 

administration in general practice.51 However, aeroallergen sensitization and blood 

eosinophils ≥300/μL were strong predictors of differential response and identified a 

phenotype of children at high risk for disease morbidity who benefit from treatment with 

daily ICS, although these medications are not without some risk. A previous study in 

preschool children demonstrated dose-dependent reductions in linear growth with daily ICS 

that may be worse in selected subpopulations, including children of lesser age and of lesser 

weight.17 In school-age children with long-term ICS exposure, these height reductions may 

also persist into the adult years.52 However, asthma exacerbations in children do carry a 

significant risk of hospitalization and in rare cases, death.53,54 Phenotype-directed daily ICS 

therapy is therefore beneficial in selected children, but may not be the optimal choice for 

other children with non-type 2 patterns of inflammation. Other biomarker analyses are 

needed to guide treatment selection in those children.

This study does have limitations. While overall adherence was quite good in children with 

evaluable data, adherence to study medications was self-reported on an electronic diary and 

it is unclear whether medication dose counters would have yielded different adherence 

estimates.55 This study also did not include a placebo washout phase between the treatment 

periods due to ethical concerns so carryover effects may have been present. Although we 

excluded data collected during the first 14 days of each treatment period from the calculation 

of ACDs, it is possible that carryover effects from daily ICS may be longer for children with 
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less active disease. There may also be an impact of seasonal exacerbations that influences 

the selection of the best treatment. Although we adjusted for this in the overall population, it 

may still be a factor for assessing individual preference. We also measured biomarkers at the 

time of randomization and these may change over time and in association with treatment 

response. This is particularly true for specific IgE measures, since aeroallergen sensitization 

tends to develop with age and may not necessarily be present in young preschool children. 

Attrition and the number of participants with evaluable data, particularly among African 

Americans, is another consideration despite adequate power for the primary outcome 

analysis. Missing data from diary cards may also have resulted in underestimation or 

overestimation of ACDs and differential response.

In conclusion, daily low dose ICS is the most effective therapy for the majority of young 

children with asthma symptoms and recurrent wheezing episodes for whom Step 2 treatment 

with daily controller medication is warranted.2 However, phenotypic heterogeneity is 

abundant in this age group and is associated with differential responses to asthma 

medications. Readily available biomarkers of type 2 inflammation, namely aeroallergen 

sensitization and blood eosinophils, can also be used to identify a group of children for 

whom daily ICS treatment is beneficial. Other studies are needed to determine whether these 

findings would also apply to young children requiring higher treatment steps.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL IMPLICATIONS

Although young children requiring Step 2 asthma treatment are phenotypically diverse, 

children with aeroallergen sensitization and elevated blood eosinophils respond best to 

daily inhaled corticosteroids (ICS), as opposed to leukotriene receptor antagonists or as-

needed ICS.
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CAPSULE SUMMARY

Phenotyping with aeroallergen sensitization and blood eosinophils is useful for guiding 

treatment selection in young children requiring Step 2 asthma treatment and can identify 

children for whom treatment with daily ICS is best.

Fitzpatrick et al. Page 17

J Allergy Clin Immunol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Study diagram and procedures. ICS = inhaled corticosteroid; LTRA = leukotriene receptor 

antagonist; Diary = electronic diary distribution and data review; Height = height 

measurement, Blood = blood collection; Urine = urine collection. The “+” sign indicates that 

the procedure was performed.
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Figure 2. 
Flow chart depicting the number of participants who enrolled in the study, underwent 

randomization, and completed the study, and provided analyzable data for analysis.
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Figure 3. 
(A) Probability of each asthma treatment being the best of the three. Gray shading depicts 

participants who did not have a differential response. (B) The percentage of Asthma Control 

Days (ACDs) and (C) the probability of an exacerbation.. Boxplots represent the median 

value, 25th to 75th percentile (shading) and 5th to 95th percentile (whiskers). Outliers are 

shown as triangles.
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Figure 4. 
The probability of best response based on (A) aeroallergen sensitization, (B) previous 

exacerbation, (C) sex, (D) eosinophils ≥300/μL, and (E) combinations of sensitization and 

eosinophils. P-values correspond to the test of interaction between the predictor and 

treatment and indicate whether the pattern of treatment response differs according to 

subgroup. Sample sizes correspond to participants with evaluable data (N = 230).
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Figure 5. 
The cumulative probability of an exacerbation requiring systemic corticosteroids for all 

participants with evaluable data (N = 230), stratified by (A) aeroallergen sensitization, (B) 
blood eosinophils ≥300/μL, and (C) combinations of aeroallergen sensitization and blood 

eosinophils.
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