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Introduction

Poor adherence to asthma controller medications, such as inhaled corticosteroids (ICS), is
frequent among asthma patients.! This behavior may contribute to worsened clinical
outcomes, including increased need for short courses of oral corticosteroids,? increased risk
of hospitalization,® and increased risk of mortality from asthma.*

Conventional interventions for poor adherence include removing barriers to adherence,
home visits, patient education, and school-based asthma care. However, in many patients
these interventions may not be successful.?

Previously we tried to improve adherence in patients with high resource utilization by
having a nurse make daily home visits to supervise controller medication administration.8
This reduced total hospitalization days for asthma from 70 in the year before intervention to
24 in the year after the intervention among seven children with very poor asthma control due
to poor adherence to ICS. However Florida Medicaid and other third-party payers no longer
cover payments for this method of intervention.

Accordingly we hypothesized that once or twice monthly administration of omalizumab
(Xolair®, Genentech, Inc., South San Francisco, California, and Novartis Pharmaceuticals
Corporation, East Hanover, New Jersey) would circumvent the challenge of daily adherence
and, thus, improve outcomes in patients whose asthma was not well controlled because of
poor adherence to ICS.
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Omalizumab is an anti-immunoglobulin E (IgE) monoclonal antibody that binds circulating
free IgE with a subsequent reduction in the number of high affinity receptors on mast cells
and thereby decreases mast cell release of inflammatory mediators in asthma.’

Adenosine 5’-monophosphate (AMP) enhances the release of inflammatory mediators from
activated mast cells and airway responsiveness to AMP is a marker of allergic airway
inflammation.8:9 By using AMP as a surrogate of clinical effectiveness, we were able to
improve the power of the study while minimizing the number of patients needed for a single
center study. As an indicator of asthma control, the number of prednisone bursts required
during the study was a secondary outcome measure.

Methods

Patients

This study included patients (ages 6—26 yr) with persistent asthma for whom ICS were
prescribed for at least 3 months, either alone or in combination with a long-acting B,-agonist
or leukotriene modifier. They had poor asthma control (defined by any of the following:
FEV, < 80% predicted, short- acting 3-agonist use > 3 times/wk, nocturnal symptoms > 2
times/mo, exercise-induced bronchospasm from activities of daily living, unscheduled
physician visits or hospitalization for asthma, or > 1 prednisone burst in previous 3 months).
Other inclusion criteria were a pharmacy prescription refill history of < 50% of prescribed
doses of ICS for = 3 months; sensitization to one or more indoor allergens or outdoor
altenaria; total IgE of 30 to 700 1U/ml for patients = 12 years or up to 1,300 1U/ml for those
6 to 12 years; baseline FEV = 60% predicted; and a 20% decrease in FEV after inhaling <
60 mg/ml of AMP (i.e., PCyg FEV7 < 60 mg/ml).

Patients were excluded if they had smoked in the past 12 months or had a smoking history of
> 10 pack years, were pregnant or lactating, had a respiratory tract infection in the past 6
weeks, or had an omalizumab dosage requirement > 375 mg every 2 weeks.

This study was conducted under an investigator-sponsored Investigational New Drug
Application approved by the US Food and Drug Administration (IND #70,241) for use of
AMP challenge and study of children < 12 yr, and was approved by the University of Florida
Institutional Review Board. All patients or parents gave written informed consent and
children gave verbal assent.

Study Design

This was a randomized, double-blind, three-period, placebo-controlled, crossover study
(Figure 1). Patients received omalizumab or placebo by subcutaneous injection every 2 or 4
weeks for 4 months, followed by a 3- to 4-month washout period and then 4 months of the
opposite treatment. FEV; was measured at each treatment visit; AMP PCyg was measured
before and after each treatment period (see E-Supplement for details). Health care utilization
was recorded at each visit and prescription refill histories were obtained from their
pharmacies after the screening visit and upon discharge from the study. Patients were not
asked to measure peak flow or record symptoms in a diary because they were poorly
adherent to ICS and it was assumed that they would not reliably record in a diary.

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2016 July 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hendeles et al.

Page 3

Statistical Analysis

Results

Patients

A sample size of 16 patients was calculated (based on reported reproducibility of AMP PCyq
in 13 subjects with asthma with a log standard deviation of 0.4)10 to provide 95% power to
detect a 2-fold difference in PCyq between treatments.

The regression method of Shuster!! was used to compare the treatments. This method takes
the period 2 less period 1 difference (irrespective of treatment assignment) and compares the
two treatment orderings. The effect size estimate is superior to the one-sample t-test in that it
is unbiased when the actual sample sizes assigned to the orderings differ, is more efficient,
and adjusts for carryover effects. The dependent primary variable was the difference in the
change in natural log final PCy less baseline (period 2 less period 1). Note that two patients
had post-dose values that could not be ascertained, except they were known to be above 200
mg/ml, the highest AMP concentration administered. These values were assigned 200
mg/ml. FEV was compared in the same way, except logs were not used. A fitted regression
model was used to determine the prognostic importance of baseline PC,y and FEV1 on
change in PCyq during active treatment. The number of steroid bursts was compared by the
Friedman test. Median ICS use per month was assessed by the Sign test for obtaining 95%
confidence intervals. A p value less than 0.05 was considered statistically significant.

Of 104 patients screened, 17 were randomized and 15 completed both treatment periods
(Table 1). The most commaon reasons for screen failure included no positive allergens
detected by blood test for specific allergens (ImmunoCAP) (n = 16); FEV < 60% predicted
(n =12), and a combination of body weight and total IgE that would require an omalizumab
dosage higher than 375 mg every 2 weeks (n = 12). The two randomized patients who failed
to complete the study discontinued because they moved out of the area.

Of the 17 patients randomized to treatment (10 females, 7 males), the mean (= SD) age was
16.4 + 5.5 years; five patients were aged 6 to 12 years. The mean baseline FEV1 was 83.7%
predicted, geometric mean PCyg was 14.1 mg/ml, mean total IgE level was 427 1U (range
95-956), and doses of omalizumab ranged from 300 to 375 mg (Table 2).

Primary and Secondary Endpoints

In the 15 patients who completed the study, the geometric mean PCyq increased from 10.8 to
33.9 mg/ml during omalizumab treatment, while decreasing from 20.1 to 18.5 mg/ml during
the placebo period (Table 3). Thus, the primary endpoint—geometric fold change in PCyq
from baseline to end of treatment—was significantly improved with omalizumab versus
placebo (3.1 vs. 0.9, p = 0.022; Figure 2). Based on the regression analysis, the point interval
and 95% confidence interval for the ratio of fold changes (geometric means), omalizumab:
placebo was 3.4 (1.23, 9.25). Per protocol, the washout period was extended 1 month when
the PCyq did not return to baseline after washout. This occurred in five of the eight patients
who received omalizumab treatment first, compared with two of the eight patients who
received placebo first. Change in PCyq during omalizumab treatment showed no relationship
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with baseline values of either FEV; or PCyq. Also, there was no significant change in FEV,
during either treatment (the mean FEV; value increased by 6% during both placebo and
omalizumab treatment periods) (Table 3).

Six patients required at least one prednisone burst during placebo administration (five
patients required one burst each, and one patient required two bursts during the 4-month
period); however, none required prednisone during omalizumab treatment. One patient
required an asthma-related emergency department visit while on placebo treatment (the
same patient who required two prednisone bursts during the placebo period and one burst
during washout). There were no emergency department visits during the omalizumab
treatment period, and no asthma-related hospitalizations throughout the study. We did not
observe a seasonal pattern to these exacerbations.

It is interesting to note that the median (95% CI) number of refills/mo for a 1-month supply
of ICS was 0.15 (0.00, 0.33) throughout the study, similar to the 12 months prior to the study
of 0.17 (0.12, 0.33). The median paired difference (during minus pre) was 0.04 (-0.17,
+0.17), P=0.99, reflecting continued poor adherence to ICS therapy, in spite of instructions
to continue ICS.

Adverse Events

Three patients reported serious adverse events resulting in emergency department visits: two
during placebo administration (only one was asthma-related) and one during the washout
period. There were no serious adverse events during treatment with omalizumab. Nonserious
adverse events were reported by 10 patients during both treatment periods; two patients only
during placebo administration, and four patients only during omalizumab treatment. None of
these adverse events were considered to be related to study treatment. None of the patients
spontaneously offered complaints about local injection site reactions. However, it is
important to note that patients were asked open-ended questions at each visit rather than
specific questions on whether they had experienced an injection site reaction from the
previous visit.

Discussion

In this randomized, double-blind, crossover study in patients with poor asthma control and
prior evidence of poor ICS adherence, omalizumab significantly increased adenosine PCyq, a
marker of airway inflammation, compared with placebo. In addition, none of the patients
required prednisone for exacerbations of asthma during omalizumab treatment, whereas six
patients required this intervention while on placebo. Interestingly, pharmacy refill rates for
prescribed ICS therapy remained unchanged during the course of the study, indicating
persistently poor adherence. It is noteworthy that 12 patients required one or more
emergency department visits for asthma in the year prior to this study, whereas only one
patient required an asthma-related emergency department visit during the study (occurring
during the placebo period). This reduction may have been a result of providing a treatment
plan which included supplying albuterol metered-dose inhalers and prednisone to keep on
hand, along with telephone access to a study coordinator during week days and to a study
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physician during nights and weekends who initiated prednisone over the phone for
bronchodilator-unresponsive symptoms.

FEV did not significantly improve during the treatment period with omalizumab which is
consistent with other omalizumab clinical trials of similar duration.12:134 However, there
was not much room for improvement since the mean baseline FEV was 84% predicted. It is
not known whether the reduction in asthma exacerbations would decrease the rate of decline
in lung function that may occur over time, however long-term studies would help answer this
question.

Prieto et al compared the effects of omalizumab on airway responsiveness to methacholine
and AMP in patients with mild to moderate allergic asthma in a randomized, placebo-
controlled, parallel-group study.14 In that study, improvement in AMP PC,, was
significantly greater in the omalizumab versus placebo group after 4 weeks of treatment
(PCyq increased by 1.92 doubling concentrations in the omalizumab group vs. 0.41 doubling
concentrations in the placebo group, p = 0.02). However, after 12 weeks of treatment, the
increased PCyq in the omalizumab group was sustained, but improvements in the placebo
group were such that the difference between groups was no longer significant (increased
PCyg from baseline of 1.91 and 1.01 doubling concentrations in the omalizumab and placebo
groups, respectively, p = 0.24). This lack of significant difference at 12 weeks may have
been the result of too small of a sample size for the parallel design, in contrast to the
crossover design of our current study which is statistically more powerful.

A potential limitation of this study is the observation that the AMP PC,q did not return to
baseline after the washout period for five of the eight patients who received omalizumab
first. Although a 3-month washout interval after omalizumab therapy was thought to be
sufficient based on a previous report of airway responsiveness to acetylcholine,® it appears
that a longer washout period may have been needed. However, the use of AMP PC, at the
start of each treatment period to calculate the change in PC,q after 4 months and the
regression analysis, which adjusts for a carryover effect, compensated for this. Also, patients
were not asked to measure peak flow, or report daily symptoms or use of albuterol, all
important measures of asthma control.® It was our concern that data would be missing and
make interpretation difficult. Rather, the emphasis was on collection of objective measures
such as airway responsiveness to adenosine and FEV; along with intervention with
prednisone and other health care utilization as more reliable measures of impairment and
risk. In retrospect, it would have been important to measure exhaled nitric oxide during the
study, a marker of eosinophilic airway inflammation.1’” However, we did not have that
capability until the end of this study.

There are few proven methods of improving adherence to asthma medications. Some of
them involve removing barriers, such as cost of medication or remembering to take the
medication and others focus on changing patient behavior through interviews.® Since
omalizumab is extremely expensive ($12,000-$30,000/yr), this intervention should only be
considered when conventional methods of dealing with poor adherence fail and the patients
is at risk for severe outcomes. The goal is to circumvent the challenge of requiring daily
adherence in order to decrease resource utilization and possibly even death in high risk
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patients. In this circumstance, the potential benefit far outweighs the risks. Local reactions at
the injection site are uncommon; true anaphylaxis is rare!® and the most recent observation
study (EXCELS) indicates that omalizumab does not increase the risk of malignancy.19
Nevertheless, a cost-benefit analysis of this alternative is needed.

In conclusion, omalizumab is an alternative therapy for patients with very poor asthma
control who continue to have poor adherence to inhaled steroids after conventional
interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

FEV, FEV, FEV,

Placebo or OMA was administered every 2 or 4 weeks. FEV; was measured at every study
visit; PCyg FEV; to adenosine-5’-monophosphate challenge was measured before and after

each treatment period.
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Figure 2.
Geometric mean fold change (&) in adenosine PCyq from baseline to end of treatment period

for omalizumab (O) versus placebo (@). *p = 0.022 for omalizumab versus placebo.
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Table |
Patient Disposition

No. of Patients

Total Screened
Total Screen Failures
Reasons for screen failure:
No positive allergens
FEV, < 60% predicted
Combination of total body weight and IgE that would require dosage of omalizumab > 375 mg Q 2 weeks
Unable to perform ATS acceptable and reliable spirometry
IgE <30 IU
Lack of evidence for poor asthma control

PCy > 60 mg/ml

Other ™
Total randomized
Total completed both treatment periods

Discontinued because of relocation out of area

104
87

16
12
12

13

17
15

Definition of abbreviations. IgE = immunoglobulin E; Q = every; ATS = American Thoracic Society.

*
Includes failure to return, abnormal electrocardiogram, positive result for illicit drugs, abnormal laboratory values, or inability to withhold

medications as required by the protocol.
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Table Il
Patient Demographics and Baseline Characteristics

Characteristic Randomized Patients (n = 17)
Age, y (mean = SD) 16.4+55
Gender, n
Female 10
Male 7
Race, n (%)
Caucasian 11 (64)
African American 4 (24)
Asian 1(6)
Hispanic 1(6)
Weight, kg (mean = SD) 63.0+20.2
FEV/{, % predicted (mean + SD) 83.7+11.8

PCy, mg/ml (Geometric mean [95% CI])  14.1[10.8, 18.4]

Total IgE, 1U (mean + SD) 427 + 275
ICS refills/mo ™ (median [95% CI]) 0.17(0.14,0.24)
Calculated omalizumab dose for study, mg
Mean + SD 313+ 38
Frequency: Every 2 weeks, n 10
Every 4 weeks, n 7

SD = standard deviation; Cl = confidence interval; IgE = immunoglobulin E; ICS = inhaled corticosteroids.

*
12 months prior to study entry
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