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BACKGROUND—Treatment regimens for omalizumab are guided by a dosing table that is 

based on total serum IgE and body weight. Limited data exist about onset and offset of 

omalizumab efficacy in children and adolescents or subgroups that most benefit from treatment.

OBJECTIVES—Post hoc analyses were conducted to (1) examine patient characteristics of those 

eligible and ineligible for omalizumab, (2) describe onset of effect after initiation of omalizumab 

and offset of treatment effect after stopping therapy, and (3) determine whether the efficacy differs 

by age, asthma severity, dosing regimen, and prespecified biomarkers.

METHODS—Inner-city children and adolescents with persistent allergic asthma were enrolled in 

the Inner-City Anti-IgE Therapy for Asthma trial that compared omalizumab with placebo added 

to guidelines-based therapy for 60 weeks.

RESULTS—Two hundred ninety-three of 889 participants (33%) clinically suitable for 

omalizumab were ineligible for dosing according to a modified dosing table specifying IgE level 

and body weight criteria. Baseline symptoms were comparable among those eligible and ineligible 

to receive omalizumab, but other characteristics (rate of health care utilization and skin test 

results) differed. The time of onset of omalizumab effect was <30 days and time of offset was 

between 30 and 120 days. No difference in efficacy was noted by age or asthma severity, but high 

exhaled nitric oxide, blood eosinophils, and body mass index predicted efficacy.

CONCLUSIONS—A significant portion of children and adolescents particularly suited for 

omalizumab because of asthma severity status may be ineligible due to IgE >1300 IU/mL. 

Omalizumab reduced asthma symptoms and exacerbations rapidly; features associated with 

efficacy can be identified to guide patient selection.

Keywords

Asthma exacerbations; Biomarkers; Dosing regimens; Inhaled corticosteroids; Omalizumab; 
Pharmacodynamics; Response predictors

For patients with persistent allergic asthma who fail to achieve control on the higher 

treatment steps of the National Asthma Education and Prevention Program Expert Panel 

Report 3 (EPR-3) guidelines, omalizumab, a humanized monoclonal anti-IgE antibody, is 

recommended.1 On the basis of previous studies, omalizumab reduces exacerbations, 

symptoms, and, in some patients, the dose of inhaled corticosteroids (ICS) needed to 

maintain asthma control.2–7

Because of the increased morbidity associated with a high prevalence of allergic 

sensitization and the heavy burden of allergen exposure among children, adolescents, and 

young adults living in inner-city environments,8–11 this population may particularly benefit 

from an IgE-targeted treatment. We therefore conducted a study and demonstrated the 

efficacy and safety of omalizumab when added to guidelines-based therapy among such 

inner-city residents with asthma in the National Institute of Allergy and Infectious Diseases 

Inner City Asthma Consortium, called the Inner-City Anti-IgE Therapy for Asthma 

(ICATA) trial.12 Among the 419 participants randomly assigned, omalizumab compared 

with placebo significantly reduced the number of days with asthma symptoms (24.5% 

decrease; P < .001) and reduced the proportion of participants who had one or more 
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exacerbations from 48.8% to 30.3% (P < .001). These improvements occurred with 

omalizumab despite reductions in the use of ICS and long-acting β-agonists. Participants 

who were both sensitized and exposed to cockroach allergen were observed to have the 

greatest clinical benefits.

We have now conducted a post hoc analysis to learn more about the efficacy of omalizumab 

and its pharmacodynamics in children and adolescents. Our specific aims were to (1) 

examine patient characteristics of those eligible and ineligible for omalizumab, (2) further 

describe the apparent onset of effect after initiation of omalizumab and offset of treatment 

effect after stopping therapy, and (3) determine whether the efficacy of omalizumab differs 

by age, asthma severity, dosing regimen, and prespecified biomarkers.

METHODS

The design of this study is summarized in the primary outcome manuscript.12 Briefly, 

ICATA was a randomized, double-blind, placebo-controlled, parallel-group, multicenter 

trial that compared omalizumab with placebo added to guidelines-based therapy in 419 

inner-city children, adolescents, and young adults (ages of 6–20 years) with persistent 

allergic asthma. Participants had a physician’s diagnosis of asthma or symptoms for >1 year. 

Persons receiving long-term control therapy were also required to have symptoms of 

persistent asthma or evidence of uncontrolled disease as indicated by hospitalization or 

unscheduled urgent care in the 6 to 12 months preceding study entry. Those not receiving 

long-term control therapy were eligible for ICATA only if they met both of the above 

criteria. Finally, all were required to have at least one positive perennial allergen skin test 

and a weight and IgE suitable for dosing by an expanded dosing table described below 

(Table I). Allergen skin testing consisted of a panel of 14 extracts of indoor and outdoor 

allergens most relevant to inner-city environments. Written informed consent was obtained 

from each participant or their parent or legal guardian. Participants younger than 18 years of 

age provided assent. This trial is registered with www.clinicaltrials.gov, number 

NCT00377572.

Study design

At screening visits, each participant was assessed for asthma symptoms, previous treatment, 

pulmonary function, allergen skin prick test sensitivity, total serum IgE, and allergen-

specific IgE. From the ICATA treatment algorithm, study physicians determined participant 

eligibility along with the appropriate asthma regimen, based on symptoms, percentage of 

predicted FEV1, and current level of therapy, with the goal to achieve disease control. This 

regimen was given for a 4-week run-in period. Asthma medications covered by the 

participants’ insurance were prescribed but not directly supplied with the exception of 

omalizumab or placebo study injections and oral prednisone for exacerbations. Caregivers 

and participants received education about relevant environmental allergen remediation as 

well as bedding covers, traps, and a vacuum cleaner.

After the 4-week run-in period, each participant was randomly assigned to receive 

subcutaneous omalizumab or placebo injections every 2 or 4 weeks for a total of 60 weeks 

(15 or 30 injections). The omalizumab injection dose (75–375 mg) was based on weight and 
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total serum IgE to ensure a minimum dose of 0.016 mg/kg/IgE (IU/mL) every month. The 

dosing table had an expanded range for weight (20–150 kg) and total IgE (30–1300 IU/mL) 

compared with the label dosing approved by the Food and Drug Administration (FDA) 

which is limited to weights of 30 to 150 kg and total IgE from 30 to 700 IU/mL (highlighted 

in Table I). This expanded dosage table was consistent with the omalizumab FDA-approved 

safety and tolerability studies in ages 6 to 12 years and approved for use in ICATA.6,13 

Placebo was administered in the same volume and frequency as omalizumab by unblinded 

study nurses; all other study procedures were performed by study staff members masked to 

treatment assignment.

During the 60-week double-blind treatment, in addition to the 2- or 4-week injection visits, 

evaluation and management visits occurred every 3 months, at which time treatment 

adjustments were made on the basis of symptoms in the previous 2 weeks, estimated 

controller regimen adherence, and FEV1. A standardized 6-item Adherence Review 

Questionnaire was administered to query how many controller medications were taken in the 

previous 2 weeks. Asthma control was assessed and assigned a level that paralleled EPR-3 

definitions: level 1 (well-controlled), levels 2 and 3 (not well-controlled), and level 4 (poorly 

controlled).1 Ongoing treatment adjustments were made to achieve well-controlled asthma. 

Six ICATA treatment steps were established12 to standardize prescribing patterns and 

corresponded to EPR-3—defined levels of asthma severity: mild (steps 1 and 2), moderate 

(step 3), and severe (steps 4–6).1

Study outcome measures

The primary ICATA outcome evaluated at each 4-week injection visit was the number of 

days with symptoms during the previous 2 weeks, as used in previous inner-city asthma 

studies.14,15 Symptom days is the largest of the following variables reported via 

standardized questionnaire over the previous 2 weeks: (1) number of days with wheezing, 

chest tightness, or cough; (2) number of nights of sleep disturbance; (3) number of days 

when activities were affected; (4) number of days of rescue albuterol use. For this post hoc 

analysis, the primary outcome measure was used along with 2 secondary outcomes, 

exacerbation rate and ICS usage, to evaluate the onset and offset of effect of omalizumab 

after starting and discontinuing this treatment, respectively. In addition, these outcome 

measures were used to determine whether the effect of omalizumab was equivalent in 

participants with moderate and severe asthma, and in participants <12 years and 12 to 20 

years of age.

Statistical analysis

All reported analyses are post hoc comparisons. Recruitment eligibility group comparisons 

were made with analysis of variance and chi-square tests. On the basis of previous 

research,16 ICATA was designed with a 12-week wash-in period at the beginning of the 

double-blind period that was not included in primary intent-to-treat analysis that was 

previously reported12; the same convention was used here unless otherwise noted. Like 

previous analyses, longitudinal analyses were performed with linear mixed-effects models 

with random intercept and slope (to account for the within-subject correlation) and with visit 

and group as fixed effects; the models were adjusted for baseline symptom level, site, dosing 
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schedule, and season. Subgroup analyses were performed with a baseline-adjusted statistical 

test for interaction and were considered significant at a P value < .10.17 Statistical analyses 

were performed with SAS software, version 9.2 (SAS Institute), and R, version 2.14.

RESULTS

Eligibility

Dosing eligibility status and reasons for ineligibility (IgE too high, IgE too low, IgE/weight 

combination ineligible) are reported (Figure 1, A) and baseline characteristics (symptoms, 

health care utilization, and allergen skin test sensitivity percentages) for each of these 

classifications are provided (Table II).

Of those potential participants who were screened as clinically suitable for ICATA, 33% 

(293 of 889 participants) were ineligible for protocol dosing because of their IgE and/or 

weight (Figure 1; Table II). Those excluded were categorized as follow: IgE <30 IU/mL (83 

participants; 9.3%), IgE/weight combined (107; 12.0%), and IgE >1300 IU/mL (103; 

11.6%). Eligible and ineligible participants had similar symptom levels, but other 

characteristics differed. Eligible participants had fewer positive allergen prick skin tests and 

sensitivity to specific allergens than groups ineligible because of IgE >1300 IU/mL or 

combined IgE/weight (P < .001 for number of positive skin tests), but eligible participants 

had more allergic activity than the group with IgE <30 IU/mL (P < .001). Participants who 

were excluded because of low IgE levels also had fewer hospitalizations in the previous year 

and lower rates of daily controller medication usage than eligible participants (both P < .01) 

and other ineligible participants (both P < .01; comparison not shown in Table II). 

Conversely, the participants excluded because of low IgE were more likely than others to 

have had an asthma-related unscheduled health care visit in the previous year (P = .03). 

Participants younger than the age of 12 years were less likely to be eligible for dosing than 

participants between 12 and 20 years old (61% vs 72% respectively; P < .001). Furthermore, 

participants excluded because of their IgE/weight combination or low IgE alone were 

younger (11.0 and 10.1 years, respectively) than participants excluded because of high IgE 

(14.0 years; P < .001) alone.

Onset and offset of omalizumab effect

Figure 2 summarizes the time to effect for reduction in (1) asthma symptom days per 2 

weeks, (2) exacerbations in the past month, and (3) ICS usage for participants receiving 

omalizumab compared with participants who received placebo. As previously reported,12 

compared with placebo, omalizumab significantly decreased symptoms, exacerbations, and 

ICS usage (Figure 2) during the 12-month double-blind period. Although the protocol 

specified a 3-month wash-in period to guarantee omalizumab had time to achieve its 

maximum effect, similar results are seen with or without the wash-in data included.

Figure 2 shows that omalizumab treatment reduced both symptoms and exacerbations within 

the first 30 days of treatment and that these benefits were sustained over the remainder of 

the study. At the first visit after random assignment, 4 weeks after the initial injection, 

participants taking omalizumab had symptom days and exacerbation rates that were 
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significantly lower than those observed in the placebo group (4-week treatment effect of 

0.86 days per 2 weeks for symptom days; P = .04) and odds ratio of 2.65 for exacerbations 

(P = .03). Four-week effects cannot be measured for ICS because treatment was adjusted in 

3-month intervals, but the 12-week effect for ICS was also significant (92 μg/day of 

budesonide equivalent; P = .02).

There were 318 ICATA participants, 211 receiving omalizumab and 107 receiving placebo, 

who had at least 4 months of open-label follow up after their last study injection. Of those, 

167 active and 47 placebo participants completed symptom assessments at their last 

injection, and again 1 and 4 months later. Participants stopping omalizumab injections saw a 

larger increase in symptom days than participants who stopped taking placebo (P for 

interaction = .01; Figure 3). On average, participants saw a 0.84 day increase per 2 weeks in 

symptoms 4 months after stopping omalizumab (P < .001), whereas participants stopping 

placebo showed no significant change in symptoms (P = .30). By 4 months, the treatment 

effect for exacerbations also appeared to be waning, but the interaction between the groups 

stopping placebo and omalizumab was not significant (P = .23; Figure 3).

Efficacy based on dosing regimen, participant age, level of asthma severity, and 
prespecified biomarkers

Table III summarizes the efficacy of omalizumab as differentiated by dosing interval (2 

week versus 4 week), age (<12 versus 12–20 years), and by asthma severity level (as 

indicated by treatment at randomization). Participants receiving biweekly injections saw 

greater reductions in both exacerbations (odds ratio = 2.54) and ICS usage (−204.8 μg/day) 

than participants receiving monthly injections (1.42 and −50.2 μg/day; interaction P values 

of .08 and 0.02, respectively). Omalizumab efficacy for symptom days per 2 weeks did not 

differ by dosing regimen (P = .62). Similar reductions were seen for all outcomes regardless 

of whether the treatment regimen was changed from the FDA-approved omalizumab dosing 

chart. Omalizumab was more efficacious in reducing exacerbations for children age 12 years 

and older (P = .09), but no corresponding differences were observed in ICS dose or 

symptom effects according to age. ICATA participants at all treatment step levels benefitted 

similarly from omalizumab on the basis of all 3 outcomes. Participants with total IgE ≥700 

IU/mL had the greatest reduction in ICS usage (−504.6 μg/day) because of omalizumab, a 

population that exceeds the limits in the FDA-approved product information.

Table III summarizes the association of prespecified biomarkers with the efficacy of 

omalizumab; cut points for these subgroup analyses were set a priori. Participants with 

exhaled nitric oxide ≥20 ppb, blood eosinophils ≥2%, and body mass index (BMI; calculated 

as weight divided by height; kg/m2) ≥25 were more likely to benefit from omalizumab, 

based on exacerbation measures.

DISCUSSION

A significant finding in the ICATA study12 was the marked reduction in seasonal asthma 

exacerbations experienced by the omalizumab-treated group. In a post hoc analysis, the 

average monthly rate of exacerbations nearly doubled in the placebo group during the fall 

and spring compared with summer (9.0% and 8.1%, respectively, vs 4.6%; P < .001). This 
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seasonal spike in exacerbations was not observed in the omalizumab group (4.3% in fall and 

4.2% in spring vs 3.3% in summer), and the difference between the treatment groups was 

significant (P for interaction < .001). Although this effectiveness of omalizumab was noted 

across the study population as a whole, subgroup analysis found that participants both 

sensitized and exposed to cockroach allergen had the greatest benefit. This article presents 

further post hoc analyses to describe the pharmacodynamics and other biomarkers of 

response for omalizumab in the enrolled inner-city children and adolescents.

First, one-third of participants suitable for omalizumab therapy according to the clinical 

entry criteria of the ICATA trial, aeroallergen sensitivity, and asthma symptoms and history 

were ineligible for dosing on the basis of the body weight/serum IgE dosing table 

restrictions. This observation was in the face of utilization of an expanded dosage table. This 

ineligibility was primarily driven by high serum IgE (>1300 IU/mL), with and without 

higher body weight, a highly atopic and clinically relevant population.

In the ICATA study,12 the first 12 weeks of the double-blind phase served as a wash-in 

period, and data were not included in the analysis to make sure that enough time was 

provided for omalizumab to achieve maximum effect, based on the observations of 

Bousquet et al.16 Omalizumab is absorbed slowly after subcutaneous administration, 

reaching peak serum concentrations after a mean of 7 to 8 days. Clearance is slow (mean, 

2.4 ± 1.1 mL/kg/day) with a terminal half-life estimated to be 26 days. No clinically 

important changes in the pharmacokinetics of omalizumab have been observed as a result of 

differences of age, sex, or race.18

Unexpectedly, this secondary analysis of ICATA suggests onset of effect sooner than 

previously reported. Omalizumab treatment reduced both asthma symptoms and 

exacerbations within the first 30 days, with improvement maintained throughout the 48 

weeks of the study. The offset of effect of 1 to 4 months was consistent with previous 

observations.

Previous published studies of omalizumab in the treatment of allergic asthma in children, 

adolescents, and young adults have been somewhat limited,6,13 thus the importance of the 

ICATA study.12 The post hoc analyses presented here suggest that efficacy for 

exacerbations and ICS treatment is comparable in children 6 to 12 years of age compared 

with older children (>12 years). Our data suggest that omalizumab may be efficacious in 

both severe disease (steps 5–6 treatments) and more moderate disease (steps 1–4). Certain 

subgroups of persons, for example, those with higher exhaled nitric oxide, blood 

eosinophils, and BMI were more likely to benefit from omalizumab according to the 

secondary analysis. Confirmation of these findings could be useful in additional trials, 

particularly with pharmacoeconomic outcomes and in populations beyond the inner-city 

cohort we enrolled in ICATA, to validate their use in clinical studies to individualize 

therapy.

In summary, this secondary analysis of the primary National Institute of Allergy and 

Infectious Diseases ICATA study provides some new insights for inner-city children and 

adolescents with persistent allergic asthma. Omalizumab reduces both asthma symptoms and 
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exacerbations rapidly. Predictors of clinical efficacy can be identified to guide patient 

selection.
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What is already known about this topic?

Omalizumab is recommended for patients with persistent allergic asthma inadequately 

controlled on higher treatment steps. Omalizumab reduces exacerbations, symptoms, and, 

in some patients, the dose of inhaled and oral corticosteroids needed to maintain asthma 

control.

What does this article add to our knowledge?

This study provides new insights on dosing information and interpretation of onset and 

offset of omalizumab efficacy for children/adolescents who qualify for treatment on the 

basis of our defined entry criteria. Predictors of efficacy are presented.

How does this study impact current management guidelines?

This study suggests that the onset of efficacy of omalizumab is sooner than previously 

reported. Omalizumab treatment reduced both asthma symptoms and exacerbations 

within the first 30 days of treatment.
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FIGURE 1. 
Dosing status for patients in the ICATA study. A, Shown is where weight and IgE 

measurements fall in the dosing chart for each of the 889 participants screened in ICATA. 

Ineligible participants are classified into 3 groups according to where they fall in the dosing 

chart (IgE <30 IU/mL; weight/IgE combo, and IgE >1300 IU/mL). B, Shown is how 

participants who are eligible for dosing break down into monthly and biweekly dosing 

groups. Q4, monthly; Q2, biweekly.
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FIGURE 2. 
Omalizumab time to effect for exacerbations and symptom days. Shown are changes in 

overall symptoms (top row), exacerbations (middle row), and ICS use (bottom row) between 

enrollment (week −4) and the end of the double-blind (week 60) in ICATA. Changes in 

group means (left column) are compared with effect size (right column) to better emphasize 

the timing of efficacy. The left column shows average effect sizes at the first symptom 

assessment (4 weeks for symptom days and exacerbations, 12 weeks for ICS) and over the 

course of the outcome period starting at week 12. During the outcome period, the relative 

improvement in symptoms was 24.5%, reduction in exacerbations was 37.9%, and reduction 
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in ICS dose was 14.1%. From N Engl J Med. Busse WW, Morgan WJ, Gergen PJ, Mitchell 

HE, Gern JE, Liu AH, et al. Randomized trial of omalizumab (anti-IgE) for asthma in inner-

city children. Volume 364, pp. 1005–15. Copyright © 2011 Massachusetts Medical Society. 

Reprinted with permission.12
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FIGURE 3. 
Time for omalizumab to lose effect. Shown are changes in symptoms and exacerbations 

after cessation of injections (omalizumab or placebo) during the ICATA open-label follow-

up period. Within 4 months of the final injection, participants taking omalizumab saw 

increases in symptoms and exacerbations (symptoms: 0.84-day increase, P <.001; 

exacerbations: 2.8% increase, P =.30) whereas the placebo group remained stable (both P > .

30).
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