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Abstract (278 words): 45 

Background: A Seasonal Asthma Exacerbation Predictive Index (saEPI) was previously 46 

reported based on two prior NIAID Inner City Asthma Consortium trials.  47 

Objective: We sought to validate the saEPI in a separate trial designed to prevent fall 48 

exacerbations with omalizumab therapy. 49 

Methods: The saEPI and its components were analyzed to characterize those who had an asthma 50 

exacerbation during the PROSE (Preventative Omalizumab or Step-Up Therapy for Fall 51 

Exacerbations) study. We characterized those inner-city children with and without asthma 52 

exacerbations in the fall periods treated with guidelines based therapy (GBT) in the absence and 53 

presence of omalizumab.   54 

Results: A higher saEPI was associated with an exacerbation in both the GBT alone (p<0.001, 55 

AUC 0.76) and the GBT + omalizumab group (p<0.01, AUC 0.65).  In the GBT group, younger 56 

age at recruitment, higher total IgE, higher blood eosinophil percent and number, and higher 57 

treatment step were associated with those who had an exacerbation compared to those who did 58 

not.  In the GBT + omalizumab group, younger age at recruitment, increased eosinophil number, 59 

recent exacerbation, and higher treatment step were also associated with those who had an 60 

exacerbation.  The saEPI was associated with a high negative predictive value in both groups.  61 

Conclusions: An exacerbation in children treated with GBT with or without omalizumab was 62 

associated with a higher saEPI along with higher markers of allergic inflammation, treatment 63 

step, and a recent exacerbation.  Those that exacerbated on omalizumab had similar features, 64 

indicating a need to develop better markers to predict poor response to omalizumab therapy and 65 

alternative treatment strategies for children with these risk factors.  66 
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The saEPI was able to reliably predict those children unlikely to have an asthma exacerbation in 67 

both groups.  68 
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Clinical Implications:  Fall seasonal exacerbations, despite guidelines-based asthma therapy 69 

including omalizumab, are associated with a higher saEPI and markers of allergic inflammation 70 

along with the history of a recent asthma exacerbation. The saEPI can reliably predict children 71 

unlikely to have an asthma exacerbation 72 

Capsule Summary:  The saEPI and its individual components help identify children with 73 

asthma at high risk or low risk for a fall asthma exacerbation in the presence of guideline-based 74 

therapy with and without omalizumab.   75 

Key Words: Fall asthma exacerbation, omalizumab, guidelines-based therapy, asthma 76 

exacerbation predictors, Seasonal Asthma Exacerbation Predictive Index (saEPI) 77 
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ABBREVIATIONS: 

ACE Asthma Control Evaluation 

CASI Composite Asthma Severity Index 

EPR-3 Expert Panel Recommendations-3 

FeNO Fractional Exhaled Nitric Oxide 

GBT Guidelines Based Therapy 

ICAC Inner City Asthma Consortium 

ICATA The Inner-City Anti-IgE Therapy for Asthma 

ICS Inhaled corticosteroids 

NIAID National Institute of Allergy and Infectious Diseases 

NPV Negative Predictive Value 

PPV Positive Predictive Value 

PROSE Preventative Omalizumab or Step-Up Therapy for Fall Exacerbations 

saEPI Seasonal Asthma Exacerbation Predictive Index 
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Introduction  78 

Asthma is a chronic disease with widespread impact, affecting approximately 6.8 million 79 

children in the US in 2012, which is about 9.3% of the US population of children.1 Asthma 80 

exacerbations are an increasingly important outcome in the determination of efficacy of asthma 81 

therapy, due to the high burden of disease, as well as significantly increased healthcare costs in 82 

patients who exacerbate2.  Children in the inner city are at higher risk for asthma related 83 

morbidity and mortality, for a variety of reasons.3   84 

The National Institute of Allergy and Infectious Diseases (NIAID) has sponsored the 85 

Inner City Asthma Consortium (ICAC) since 1991, with a focus on reducing disparities for 86 

children with asthma residing in the inner-city.4 A previous retrospective ICAC analysis used 87 

data from two previous trials (Asthma Control Evaluation [ACE]5) and Inner City Anti-IgE 88 

Therapy for Asthma [ICATA]6) to identify season-specific risk factors for asthma exacerbations 89 

and to develop a seasonal asthma exacerbation predictive index (saEPI) (Table E1 in the Online 90 

Repository).7  This index consisted of 8 variables, which were each given a low, medium or high 91 

point value.  The composite index score was then used to determine exacerbation risk during 92 

each season (see Methods section for more detail).  The fall season is a time of particular risk of 93 

exacerbation for children with asthma,8-12 beginning about 2 weeks after the start of the school 94 

year.13 The ICAC’s Preventative Omalizumab or Step-up Therapy for Fall Exacerbations, or 95 

PROSE study14 included a run-in period prior to the beginning of school, with a treatment period 96 

initiated at school start dates, affording a unique opportunity to re-examine the saEPI specifically 97 

for this fall period.   98 

Our primary objective was to test the reliability of the saEPI in a population of children 99 

treated with the consensus Expert Panel Recommendations (EPR-3)15 (which we have called 100 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
H. E. Hoch 

9 

Guidelines Based Therapy or GBT), with and without the addition of omalizumab.  Our 101 

hypothesis was that those with a high saEPI would be more likely to have an asthma 102 

exacerbation on GBT. Our secondary objectives were 1) to determine if these predictors might 103 

change in the presence of anti-IgE, and 2) to determine if providers with access to varying 104 

amounts of data would be able to use portions of the index to effectively predict the risk of an 105 

asthma exacerbation.   106 
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Methods 107 

Study group. The PROSE study randomized 486 children with an asthma diagnosis (or 108 

asthma symptoms) for >1 year, an exacerbation requiring systemic corticosteroids or 109 

hospitalization within the prior 14-19 months, at least one positive skin test to a perennial 110 

allergen in the last year, residence in a low-income census tract, body weight and IgE appropriate 111 

for omalizumab dosing, and insurance coverage for asthma medications.  Participants were 112 

randomized at a ratio of 3:3:1 to GBT +omalizumab arm (n=223), a GBT +  inhaled 113 

corticosteroid boost arm (n=155) or GBT only arm (n=89) (see PROSE study for further 114 

details).14  The following data were collected during the run-in period: spirometry, FeNO, total 115 

IgE, blood eosinophils (percent and total number).  Response predictors were collected at 116 

randomization.  For this analysis, participants from the GBT and GBT +omalizumab groups 117 

were analyzed post-hoc to determine the characteristics of those that had an exacerbation during 118 

the fall treatment period (starting 4-6 weeks from fall school start plus 90 days) in these two 119 

treatment groups. The ICS boost arm was not included in this analysis as the goal was to validate 120 

the results of previous evaluations of GBT only, as well as determine if characteristics were 121 

different in the group receiving biologic therapy (omalizumab). Those in the ICS boost arm were 122 

limited to participants receiving Step 2 through 4 treatment, while participants in the other two 123 

groups could exceed these limits, thus the ICS boost arm was not felt to accurately reflect the 124 

target population under study.   125 

Seasonal Asthma Exacerbation Predictive Index (saEPI).  The saEPI was developed by 126 

assigning cutoff values to 8 risk variables, and assigning point values to the risk variable range 127 

(low risk=0 points, medium risk=1 point, high risk=2 points) with a composite score ranging 128 

from 0 to16 (Supplement Table 1).  Variables included age, allergic propensity (total IgE and 129 
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allergen skin test positivity), percent blood eosinophils, exacerbation in the prior season, ICS 130 

step, FEV1/FVC, and FeNO.  An additional parameter tested separately included total eosinophil 131 

count.   132 

Statistical Analysis.  The primary objective of these analyses was the validation of the 133 

previously derived predictors of future asthma exacerbations7 for both the GBT and GBT + 134 

Omalizumab arm.  For the comparison between treatment groups (Table 1) and between 135 

exacerbation within treatment groups (Table 2A & 2B) we used the Mann-Whitney U, and the 136 

Chi-square test for continuous and categorical variables respectively to test for independence. 137 

The graphical relation between the saEPI and the dichotomous exacerbation (Figure 1), 138 

measured during the 90 days double-blind phase of the study, was constructed using a univariate 139 

logistic regression model, and a Chi-square test was used to test their association.  140 

Multivariate logistic regression analyses were conducted to quantify the risk factors and 141 

saEPI associations with exacerbations during the double-blind period. Likelihood-ratio Chi-142 

square tests were used to compare the fit of nested models and to provide a test of significance 143 

for the added variables to the model (Supplement Table 2). The order in which the variables 144 

were entered into the analyses was determined a priori, according to ease and cost of obtaining 145 

the clinical measurements. 146 

The purpose of relative importance16 is to quantify the relative contribution of an 147 

individual variable to the model’s total explanatory value by considering averaging over all 148 

possible orderings of variables in the model. These are computer-intensive methods that have 149 

become achievable17 as a result of recent advances in computational capabilities. 150 

  151 
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Discrimination was calculated by Receiver Operating Characteristic (ROC) curves and 152 

area under the curve (AUC or c statistic), and optimal cutpoint18 for the score were derived from 153 

the ROC.  154 

Log-transformations of skewed data (FeNO, total IgE) were used for partial multivariate 155 

analyses. A p value <.05 was considered statistically significant. All statistical analyses 156 

were performed using the R system for statistical computing version 3.2.19 The calculation of 157 

relative importance was conducted using the R add-on package hier.part.20 158 

 159 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
H. E. Hoch 

13 

Results 160 

The treatment groups were similar in terms of demographic characteristics, with a slight 161 

predominance of males in each group (Table 1).  Most children were African American or 162 

Hispanic.  They had carried an asthma diagnosis for several years and averaged more than one 163 

asthma related symptom day in the prior 2 weeks.  About half were in ICS treatment step 2-4, 164 

and more than 1/3 in each group had one or more asthma exacerbations during the run in.   165 

Guidelines Based Therapy (GBT) Group.  The previous study of children in the ACE5 166 

and ICATA6 trials reported age at recruitment, recent exacerbation, treatment step, total IgE, 167 

allergen skin test positivity, blood eosinophils, FEV1/FVC ratio and FeNO to be important 168 

predictors for fall exacerbations, and these variables were included as predictors in the saEPI7.   169 

When applied to the GBT group, the index was significantly higher in those with compared to 170 

those without an exacerbation (Chi-square test p<0.01) (Figure 1). Those with an exacerbation 171 

were also younger at enrollment, with a higher total IgE, blood eosinophils (both count and 172 

percent), and ICS treatment step than those who did not have a fall exacerbation (Table 2A).  Of 173 

note, there was not a significant association with the numbers of positive allergen skin tests, 174 

previous exacerbations, FeNO or FEV1/FVC. The AUC (area under the curve) for the GBT 175 

Receiver Operating Curve (ROC) was 0.76 with a PPV of 0.44 and NPV of 0.88 (Table 3 and 176 

supplement Figure 1).   177 

We evaluated the relative importance of the index characteristics for predicting 178 

exacerbations.  In the GBT group, treatment step, IgE, exacerbation in the prior 90 days, 179 

eosinophil percentage and age at randomization were independently  important in exacerbation 180 

prediction (Figure 2).  181 

 182 
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Guidelines based Therapy plus Omalizumab Group. When the index was applied to 183 

the GBT+omalizumab group, its predictive ability remained (Chi-square test p<0.01), though at a 184 

lower magnitude than the GBT group (Figure 1).  Those with an exacerbation were again 185 

younger in age at enrollment, with higher blood eosinophils and ICS treatment step, and more 186 

likely to have had an exacerbation in the prior season as compared to those without an 187 

exacerbation (Table 2B).  Total IgE, the numbers of positive skin tests, eosinophil percentage, 188 

FEV1/FVC ratio and FeNO were not significantly different in those with or without an 189 

exacerbation. The AUC for the GBT + omalizumab ROC was 0.65 with a PPV of 0.20 and NPV 190 

of 0.90 (Table 3 and Supplement Figure 1).    191 

 In the GBT + omalizumab group, ICS treatment step, exacerbation in the prior 90 days  192 

and age at randomization and were most important independent factors of the probability of 193 

exacerbations, while total IgE and blood eosinophil % were no longer important (Figure 2).  194 

Group Predictors. To determine the relative importance of the index components to 195 

provider screening questions in evaluating exacerbation risk, we evaluated Model 1 (M1), 196 

including age, history of previous exacerbation and treatment step.  We then added the saEPI 197 

laboratory variables (IgE and blood eosinophils) to Model 2 (M2).  The third model (M3) 198 

included more specialized testing including allergen skin testing, spirometry (FEV1/FVC ratio) 199 

and FeNO.   200 

In the GBT group, the model M2 (including questionnaire data and laboratory testing) 201 

was the most parsimonious model to retain significant predictive ability (Supplement Table 2).   202 

In the GBT + omalizumab group, model M1 (questionnaire data only) was the most 203 

parsimonious model to achieve statistical significance.   204 
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Discussion 205 

Our primary objective was to reassess and validate the reliability of the saEPI in the fall 206 

season.  Developing predictive models for asthma have been historically difficult as asthma is a 207 

complex, heterogenous disease21  although previous indices have been utilized to predict the 208 

development of asthma in children,22,23 attempts to correlate asthma phenotypes to asthma 209 

exacerbations have shown promise in adult and adolescent populations, but not previously in 210 

children.24 Prior studies evaluated symptom scores in the days prior to an exacerbation,25 211 

however, scores to predict exacerbations over the long term have remained more challenging.  212 

Based on our prior analysis, we hypothesized that the saEPI applied would reliably predict an 213 

exacerbation in the fall season. We found that the saEPI correlated well with exacerbations in 214 

both groups (see Figure 1).  While the positive predictive value was statistically reasonable at 215 

0.44 for the GBT group, what is more striking is the NPV of 0.88 and 0.90 for the GBT and GBT 216 

+ omalizumab groups respectively.  This indicates a good ability of the index to predict those 217 

children who are unlikely to have an asthma exacerbation during the fall time frame.  This is 218 

similar to the Asthma Predictive Index introduced by Castro-Rodrigues et al, which had a low 219 

PPV of only 26.2 in the 6-year-old population, but a striking NPV of 93.926.   220 

We were able to demonstrate that the majority of the fall-specific risk factors for asthma 221 

exacerbations that were determined previously7 continued to be associated with those who had 222 

an exacerbation in the GBT population (Table 2A).  Younger age has been shown to be a risk 223 

factor for asthma exacerbation27, and this was confirmed by our data.  Additionally, markers of 224 

allergic disease including IgE and blood eosinophils were higher in those with an exacerbation, 225 

consistent with prior studies.28-30 A history of an exacerbation in the previous 90 days was more 226 

likely in those with an exacerbation during the study period, consistent with prior studies,8,31,32 227 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
H. E. Hoch 

16 

however this association did not reach statistical significance.  As a marker of asthma severity, 228 

the ICS treatment step was also higher in the group with an exacerbation.  Very poorly controlled 229 

asthma has been demonstrated previously as a risk factor for future exacerbations,33,34 although it 230 

should be noted that the predictors of asthma exacerbations and asthma control are not always 231 

directly correlated.27  232 

 233 

Studies have demonstrated that poor asthma control leads to worsened asthma quality of 234 

life measures.35 Some patients remain difficult to control despite being treated with multiple 235 

controller medications, and these patients are high utilizers of healthcare resources,36 in part due 236 

to their increased rates of asthma exacerbations.  Of interest, FeNO and FEV1/FVC ratio were 237 

not significantly different in those with and without an exacerbation. We previously projected 238 

that those with a higher FeNO and lower FEV1/FVC ratio would be more likely to have an 239 

exacerbation. 240 

A proportion of participants had an exacerbation despite the addition of omalizumab 241 

(Figure 1).  When the risk factors were evaluated in the population of children receiving GBT + 242 

omalizumab, there were some notable differences (Table 2B).  Specifically, the allergic 243 

sensitization markers were largely no longer significant in comparing those with and without an 244 

exacerbation.  This observation suggests attenuation of these risk factors by omalizumab. 245 

Previous studies have shown a greater omalizumab effect in allergen-sensitized patients6. This 246 

highlights the need for further elucidation of high fidelity biomarkers for predicting 247 

exacerbations in this group that continues to exacerbate despite omalizumab therapy. 248 

In the GBT group, total IgE, age, recent exacerbation history, eosinophil percent, and 249 

treatment step were comparable in predicting exacerbations, with FEV1/FVC ratio, FeNO, and 250 
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skin test positivity being less important (Figure 2).  For the group receiving GBT + omalizumab, 251 

total IgE, and eosinophil percent were significantly less important relative to the rest of the 252 

predictors.  In this group, we again see that omalizumab dampens the previous association of 253 

total IgE and eosinophils on predicting asthma exacerbations (Figure 2). Although the blood 254 

eosinophil percentage did not reach statistical significance in comparing those who exacerbated 255 

and those who did not exacerbate with omalizumab therapy, the total eosinophil count was 256 

statistically different.  Therefore, a high total eosinophil count, perhaps approaching 400 cells/uL 257 

and above might be associated with a compromised effect of omalizumab, and an indicator to 258 

select another alternative immunomodulator, such as anti-IL-5 specific treatment.   259 

Data derived from the receiver operating curves for the GBT group demonstrated an 260 

AUC of 0.76, consistent with fair ability to distinguish between those who exacerbated and those 261 

who did not with a low PPV and high NPV.  The AUC for the GBT + omalizumab group was 262 

even lower, 0.65, with a similar low PPV and high NPV.  While the cutoff score of 9 on the 263 

saEPI could be a useful point of discrimination, especially for the GBT group, this index requires 264 

further refinement.  In addition, utilizing a risk score that is validated for omalizumab 265 

specifically will help to determine those most likely to fail this treatment, and should prompt the 266 

evaluation of other treatment strategies for those who fall into this risk category.  267 

Finally, we utilized multivariate modeling to evaluate the utility of various grouped 268 

portions of the saEPI in relation to clinical access.  The first model (which includes questionnaire 269 

data that could be easily obtained in any clinical setting) demonstrated good utility for 270 

exacerbation prediction in both groups.  The model continued to maintain efficacy when easily 271 

obtainable blood markers including IgE and blood eosinophils were added for those in the 272 

guidelines based therapy group but not in the omalizumab group.  However, this finding must be 273 
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interpreted with caution in the context of the population studied.  All of the patients in this study 274 

population had allergen skin test positivity, as well as moderate to severe asthma, which may 275 

have affected the utility of spirometry and skin testing for this population.  276 

The question of when to step down asthma therapy is a difficult decision.  Though the 277 

GINA asthma strategies recommend step down of therapy after 3 months of well-controlled 278 

asthma ,37 this can be difficult to assess, as children may have fewer triggers during the summer 279 

(and therefore have good control), and then have exacerbations during the fall return to school. 280 

While we did not evaluate this specifically in our studies, perhaps those with high blood 281 

eosinophils, high total IgE and an exacerbation in the prior year, should be approached 282 

cautiously, despite recent evidence of control.  However, specific evaluation of the saEPI and its 283 

various components in this setting is needed.   284 

 285 

There are several limitations to our study in regards to validation of the saEPI.  We 286 

conducted a post-hoc analysis of the data in a smaller population than previously studied, leading 287 

to some loss of power to detect significant differences.  The population studied consisted largely 288 

of urban and minority children and did not include children with intermittent or mild persistent 289 

asthma, which may limit generalizability to other groups.  In addition, the inclusion criteria for 290 

the PROSE study restricted our patient population (limited by total IgE level, weight and 291 

allergen skin test positivity).  Both groups had good adherence to guidelines based asthma 292 

therapy, which may have modified some of the risk factors that would be observed in a less 293 

adherent group.  Treatment changes made during the summer run-in period (including systemic 294 

corticosteroids for exacerbations) may have modified some of the risk factors as measured at the 295 

beginning of the intervention period.  Moreover, the number of exacerbations in the GBT + 296 
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omalizumab group was relatively low, tempering conclusions about this group.  There were a 297 

small number of children in the placebo group for comparison as well.  Finally, the time period 298 

of the PROSE study limited our ability to validate risk factors outside of the fall season.   299 

In conclusion, fall asthma exacerbations occurred in those receiving guidelines-based 300 

therapy in the absence and presence of additional omalizumab therapy in inner city children. In 301 

both groups, those who suffered an asthma exacerbation were more likely to be at higher ICS 302 

treatment steps, have higher blood eosinophils, and be at a younger age, than those who did not. 303 

The saEPI appears to be a good tool to evaluate which children are unlikely to have an asthma 304 

exacerbation in the fall.  Further studies are needed to enhance the ability to predict an asthma 305 

exacerbation in the general population of children with asthma as well as alternative strategies, 306 

including the continued search for better biomarkers to predict exacerbations for those who 307 

continue to do so, despite omalizumab therapy. 308 
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Table 1: Demographics of the study population* 

 Overall 
Guidelines 

Based Therapy 

Guidelines 
Based Therapy + 

Omalizumab 
P 

 N=478 N=89 N=259  

Study Cohort - no. (%): 
 

  

0.99     2012 229 (47.9%) 43 (48.3%) 127 (49.0%) 

    2013 249 (52.1%) 46 (51.7%) 132 (51.0%) 

Injection schedule - no. (%): 
 

  

0.86     Once per 2 weeks 183 (38.3%) 36 (40.4%) 100 (38.6%) 

    Once per 4 weeks ¶ 295 (61.7%) 53 (59.6%) 159 (61.4%) 

Race or ethnic group - no. (%): 
 

  

0.43 
    African American 279 (58.4%) 54 (60.7%) 145 (56.0%) 

    Hispanic 161 (33.7%) 30 (33.7%) 88 (34.0%) 

    White, mixed or other 38 (7.95%) 5 (5.62%) 26 (10.0%) 

Caretaker completed high school - no. (%) 340 (71.3%) 55 (61.8%) 188 (72.9%) 0.07 

1+ household member employed - no. (%) 330 (69.0%) 59 (66.3%) 175 (67.6%) 0.93 

Annual household income <$15,000 - no. (%) 262 (55.4%) 51 (58.6%) 145 (56.6%) 0.84 

Age – yr. 10.0 [8.0-12.0] 9.00 [8.0-12.0] 10.0 [8.0-12.0] 0.48 

Male sex - no. (%) 303 (63.4%) 59 (66.3%) 174 (67.2%) 0.98 

Duration of asthma – yr. 7.25 [4.85-9.90] 6.75 [4.92-9.50] 7.67 [4.96-10.1] 0.15 

C-ACT score in the previous month, age 4 to 
11 yr. (n=358) † 

21.6 (3.63) 21.3 (3.52) 21.3 (3.70) 0.91 

ACT score in the previous month, age 12 yr. 
or older (n=119) † 

21.5 (3.18) 21.2 (3.87) 21.4 (3.05) 0.84 

Asthma-related symptoms - days in prior 2 
weeks ‡ 

2.34 (3.13) 2.56 (2.95) 2.51 (3.25) 0.89 

Wheezing 1.79 (2.65) 1.98 (2.37) 1.89 (2.70) 0.77 

Interference with activity 1.39 (2.61) 1.72 (2.82) 1.56 (2.84) 0.65 

Nighttime sleep disruption 0.77 (1.80) 0.90 (1.98) 0.88 (1.84) 0.93 

FEV1 - % of predicted value 90.8 [79.7-101] 89.6 [77.4-102] 88.7 [78.9-98.9] 0.81 

FEV1:FVC ×100 78.3 [72.0-84.6] 78.2 [70.0-84.8] 77.3 [71.1-84.4] 0.97 

Medication - no. (%) § 
 

  0.89 
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    Step level 2 to 4 294 (61.5%) 43 (48.3%) 121 (46.7%) 

    Step level 5 184 (38.5%) 46 (51.7%) 138 (53.3%) 

1+ Asthma Exacerbation** 168 (35.1%) 35 (39.3%) 106 (40.9%) 0.89 
 

* Values are counts (percentages), means (SDs) or medians [IQR].  Calculation of the p-values for the independence 
test between groups was calculated using the Mann-Whitney U test, and the chi-square test for continuous and 
categorical variables respectively. 

†Scores on the Childhood Asthma Control Test (C-ACT) and the Asthma Control Test (ACT) were measured on 
scales of 0 to 27 and 5 to 25, respectively. A score of 19 or less on either test indicates that asthma is not well 
controlled. The minimally important difference for ACT equals 3 points; for the C-ACT, a 3-point increase suggests 
a clinically relevant improvement in asthma control, whereas a 2-point decrease suggests a clinically relevant 
worsening. 

‡The number of days with symptoms was calculated as the largest of the following variables during the previous 
2 weeks: number of days with wheezing, chest tightness, or cough; number of nights of sleep disturbance; and 
number of days when activities were affected. This symptom scale ranges from 0 to 14 days per 2-week period. 

§Six treatment steps were established, which is consistent with report 3 of the National Asthma Education and 
Prevention Program guidelines to standardize prescribing patterns according to levels of asthma severity 
summarized here. Steps 1 and 2 apply to mild asthma, step 3 to moderate asthma, and steps 4 through 5 to severe 
asthma. At step 0, the recommendation is for no asthma control medication or albuterol as needed; at step 1, the 
recommendation is for 50 µg of fluticasone twice a day; at step 2, the recommendation is for 100 µg of fluticasone 
twice a day; at step 3, the recommendation is for 250 µg of fluticasone twice a day; at step 4, the recommendation is 
for 250 µg of fluticasone and 50 µg of salmeterol twice a day (Advair, GlaxoSmithKline); and at step 5, the 
recommendation is for 500 µg of fluticasone and 50 µg of salmeterol twice a day (Advair, GlaxoSmithKline). 

¶Injections once every 2 or 4 weeks based on bodyweight and IgE , see APPENDIX 1: XOLAIR® 
(OMALIZUMAB) DOSING AND INJECTIONS, Table A1a Xolair® (omalizumab) Dosing Table in original 
protocol.  

** One or more asthma-related exacerbations, requiring treatment with a systemic corticosteroid course, during the 
double blind phase of the study (90 days period). 
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Table 2:  

A. Guidelines Based Therapy Group * 

 Exacerbations 

P 
 

No Yes 

 
N=66 N=23 

Seasonal Asthma Exacerbation Predictive 
Index (saEPI) 

7.00 [6.00-9.00] 9.00 [8.50-11.0] <0.001 

Variables included in the saEPI    

Age (years) 10.0 [8.00-13.0] 8.00 [7.00-9.50] 0.01 

Total IgE (kU/l) 242 [107-417] 410 [262-531] 0.01 

# of Positive Skin Tests 4.00 [3.00-5.75] 4.00 [3.00-5.50] 0.88 

Eosinophil % 4.20 [2.47-6.95] 7.30 [4.95-8.35] 0.01 

Prior 90 days Exacerbations: 
  

0.05     No 55 (83.3%) 14 (60.9%) 

    Yes 11 (16.7%) 9 (39.1%) 

FEV1/FVC Ratio 78.3 [73.5-84.5] 75.3 [67.1-85.1] 0.28 

Exhaled Nitric Oxide (ppb) 21.7 [11.0-34.5] 34.0 [17.0-48.5] 0.09 

Treatment Step 4.00 [2.00-5.00] 5.00 [4.00-5.00] 0.01 

Variables not included in the saEPI    

Eosinophils (cells/uL) 265 [162-430] 380 [350-600] 0.01 
 

* Values are counts (percentages), and medians [IQR].  Calculation of the p-values for the independence test 
between groups was calculated using the Mann-Whitney U test, and the chi-square test for continuous and 

categorical variables respectively. All variables were obtained at the time of randomization.   
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Table 2:  

B. Guidelines Based Therapy + Omalizumab Group * 

 Exacerbations 

P 
 

No Yes 

 
N=223 N=36 

Seasonal Asthma Exacerbation Predictive 
Index (saEPI) 

8.00 [6.00-9.50] 9.00 [7.00-10.2] 0.01 

Variables included in the saEPI    

Age (years) 10.0 [8.00-13.0] 9.50 [7.00-11.0] 0.02 

Total IgE (kU/l) 233 [132-446] 282 [151-522] 0.42 

# of Positive Skin Tests 4.00 [2.00-6.00] 4.00 [3.00-6.00] 0.47 

Eosinophil % 4.40 [2.80-6.90] 5.55 [3.97-7.00] 0.06 

Prior 90 days Exacerbations: 
  

0.03 

    No 195 (87.4%) 26 (72.2%) 
 

    Yes 28 (12.6%) 10 (27.8%) 
 

FEV1/FVC Ratio 77.4 [71.2-84.5] 76.8 [69.0-83.2] 0.29 

Exhaled Nitric Oxide (ppb) 23.5 [14.0-44.8] 28.7 [16.2-54.5] 0.27 

Treatment Step 4.00 [2.00-5.00] 5.00 [3.75-5.00] 0.01 

Variables not included in the saEPI    

Eosinophils (cells/uL) 290 [180-445] 400 [250-508] 0.02 
 
* Values are counts (percentages), and medians [IQR].  Calculation of the p-values for the independence test 
between groups was calculated using the Mann-Whitney U test, and the chi-square test for continuous and 
categorical variables respectively. All variables were obtained at the time of randomization.   
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
H. E. Hoch 

27 

Table 3: Threshold values for the index for differentiation between exacerbations 
 

 
Guidelines Based 
Therapy (GBT) 

GBT + Omalizumab 

 Estimate 95% CI Estimate 95% CI 

Area under the ROC curve (AUC) 0.76 (0.66, 0.86) 0.65 (0.56, 0.74) 

Optimal Cutoff of index * 9.0  9.0  

Sensitivity † 0.74 (0.52, 0.90) 0.58 (0.41, 0.74) 

Specificity ‡  0.67 (0.54, 0.78) 0.63 (0.56, 0.70) 

Positive predictive value § 0.44 (0.31, 0.70) 0.20 (0.16, 0.35) 

Negative predictive value ||  0.88 (0.73, 0.93) 0.90 (0.82, 0.93) 

False Positive  22  82  

False Negative  6  15  
 
* The Optimal Cutoff is the exacerbation index value at which we minimize the difference between sensitivity and 
specificity. An exacerbation index equal or greater than 9.0 we will predict the participant as exacerbator during the 
fall season. 
† Sensitivity = True Positive / Total Positive 
‡ Specificity = True negatives / (False positives + True negatives) 
§ Positive predictive value = True positive / (False positives + True negatives) 
|| Negative predictive value = True negative / (False positives + True negatives) 
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Figure Legends 
 
Figure 1.  Association between saEPI and the probability of an asthma exacerbation. Risk score on the x-axis is 

composite saEPI score, y-axis represents the probability of having an exacerbation in the 90 day PROSE 

treatment period.  The shaded areas represent the 95% confidence interval. The saEPI successfully predicts 

exacerbations in the fall treatment period. 

 

Figure 2.  Relative importance of index variables for predicting exacerbations during the intervention period. 

Bar length represents the independent % contribution of the variable in explaining exacerbations.  The numbers 

at the end of each bar represent the independent effect of each variable. 

 

Figure 1: Supplementary material.  Receiver operating curve (ROC) for each treatment arm. The point of 

optimal criterion, threshold that yields the optimal combination using the equality criteria of sensitivity and 

specificity for each curve is annotated. Area Under the Curve (AUC) and it’s 95% Confidence Interval is also 

annotated at the bottom of each figure. 
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Supplementary material 
 
 
 
Table E1: saEPI scoring schema7 

 

Variable Baseline/Seasonal 
Low 

(0 points) 
Medium 
(1 point) 

High 
(2 points) 

Age at recruitment (y) Baseline Characteristic 13-20  6-12 

Total IgE (kU/l) Baseline Characteristic 0-100 100-300 >300 

Allergen skin tests (positive tests of 14) Baseline Characteristic 0-4 5-7 8-14 

Blood eosinophils (%) Baseline Characteristic 0-2 2-6 6-22 

Exacerbation in previous season  Previous season No  Yes 

ICS (treatment steps) Previous season Step 0-3 Step 4-5 Step 6 

FEV1/FVC ratio (x100) Previous season >85 75-85 <75 

FeNO (ppb) Previous season 0-15 15-40 >40 
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Table E2 Comparison of models for predictors of fall exacerbations containing questionnaire, laboratory 
and specialist testing 
 

   
Guidelines Based Therapy 

(N=89) 

Guidelines Based Therapy 
+ Omalizumab 

(N=295) 

Models Variables Comparison 
Area under the 

ROC curve 
95% CI 

p-value 
Area under the 

ROC curve 
95% CI 

p-value 

M0 Null model --  --  -- 

M1 

Questionnaire: 
- Age 
- Previous exacerbations  
- Treatment Step 

vs. M0 
0.73  

(0.61, 0.85) 
P < 0.01 

0.69 
(0.60, 0.77) 

P < 0.01 

M2 
Laboratory: 
- Total IgE 
- Blood Eosinophils 

vs. M1 
0.81 

(0.71, 0.90) 
P < 0.01  

0.69  
(0.61, 0.78) 

P = 0.74 

M3 

Specialist: 
- Skin Test 
- FEV1FVC 
- FeNO 

vs. M2 
0.82 

(0.73, 0.91) 
P = 0.83 

0.71  
(0.63, 0.79) 

P = 0.27 

 

Multivariate modeling using previously described predictors. 
Likelihood-ratio chi-square tests were used to compare the fit of nested models and to provide a test of significance for the added 
variables to the model. 
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