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ackground: Omalizumab is indicated for the treatment of moderate to severe asthma. There is limited
bservational evidence on the costs and effectiveness of omalizumab.
bjective: To examine the costs and effectiveness of omalizumab for treatment of severe asthma relative to
onusers.

Methods: We conducted a within-person repeated-measures matched cohort study in Ontario, Canada from
April 1, 2012 to March 31, 2014. Continuous users of omalizumab were matched with up to 4 nonusers
according to age, sex, recent specialist visits, oral corticosteroid use, asthma severity, and Charlson
comorbidity score. The primary outcome was direct health care costs. Secondary outcomes were asthma-
related hospitalizations or emergency department visits and oral corticosteroid use. The association
between omalizumab use and each outcome was assessed using mixed-effects models adjusting for
confounders.
Results: Ninety-five omalizumab users and 352 nonusers were matched. Among users, there was a signif-
icant increase in health care costs of $1,796 per person owing to the cost of the medication at treatment
initiation (P < .0001). Costs did not change significantly among nonusers ($85 increase in average monthly
costs per person; P ¼ .59). We found no significant changes in the rates of asthma-related hospitalizations or
emergency department visits among omalizumab users (P ¼ .44) or nonusers (P ¼ .99) between pre- and
postintervention periods.
Conclusion: The use of omalizumab was associated with increased costs but no evidence of lower rates of
clinically important outcomes. These results suggest omalizumab had limited effectiveness in our study
population. Future studies should further explore subsets of patients most likely to benefit from omalizumab
therapy.
� 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction Registered Persons Database. These databases, which are
securely linked using unique, encoded identifiers and analyzed
Table 1
Ontario Public Drug Program Criteria for Reimbursement of Omalizumab for Severe
Uncontrolled Asthmaa

Patients who meet ALL the following criteria:
1 Severe asthma as defined by one of the following:
a Asthma hospitalization; OR
b 2 urgent or emergency visits for asthma; OR
c 2 courses of high-dose oral corticosteroids

2 �12 y old
3 Positive skin test reaction to perennial aeroallergen
4 Baseline immunoglobulin E 30e700 IU/mL
5 Actual body weight 20e150 kg
6 Currently receiving high-dose inhaled corticosteroid in addition to

long-acting inhaled b2-agonist
7 Adherent to therapy with proper technique

aCurrent Exceptional Access Program reimbursement criteria from the Ontario
Public Drug Programs.22 Request must bemade by a specialist (respirology or allergy
and immunology).
Asthma is a chronic respiratory condition caused by inflam-
mation of the airways in the lungs. Chronic inflammation causes
airway obstruction that is associated with wheezing, coughing,
chest tightness, and shortness of breath.1 Severity of asthma
presents heterogeneously with varying levels of disease severity.
Patients with uncontrolled asthma are at increased risk of
exacerbations, which are associated with increased rates of hos-
pitalization and lower quality of life.1,2 Inhaled corticosteroids
(ICSs) are the cornerstone of asthma therapy and have been
shown to decrease exacerbations and improve quality of life.1,2

Furthermore, add-on therapy with other agents is sometimes
necessary to lower doses of ICS, with regimen changes
approached in a stepwise manner. However, even with
combination therapy, symptoms remain uncontrolled in some
patients, with severe refractory asthma estimated to occur in
approximately 4% of patients with asthma.3

Omalizumab (Xolair; Novartis Pharmaceuticals Corp, East
Hanover, New Jersey) is a humanized monoclonal antibody
targeting immunoglobulin E (IgE). The binding of omalizumab
with free IgE blocks activation of mast cells and basophils and
decreases mediator release and allergic response.4,5 Omalizumab
is currently indicated in adults and adolescents for the treatment
of moderate to severe persistent asthma as last-line treatment
indicated for use in patients whose symptoms are not controlled
with conventional treatment including an ICS.5e7 Omalizumab
has been shown in clinical trials to decrease corticosteroid doses
and hospitalizations in patients with severe asthma4,8e11; how-
ever, it is unclear how this translates to the wider population,
because much of the currently available observational evidence is
limited in methodology and does not involve comparator
groups.12e18 This issue is important because payers grapple with
the high cost of omalizumab treatment, which is in the range of
$1,400 to $1,800 CAD per month depending on dosing regimen.
Criteria for drug insurance coverage of omalizumab frequently
differ from the eligibility criteria in omalizumab clinical trials.
Understanding the real-world effectiveness of omalizumab is
important to payers and clinicians who are facing difficult
decisions regarding access to this costly treatment. Accordingly,
we examined the real-world costs and effectiveness of omalizu-
mab for treatment of severe asthma compared with treatment
without omalizumab using health care administrative databases
in Ontario, Canada.

Methods

We conducted a retrospective cohort study using a within-
person repeated-measures design leveraging administrative
claims data in Ontario, Canada from April 1, 2012 through March
31, 2014.

Data Source

The Ontario Drug Benefit claims database was used to identify
all drugs dispensed to individuals eligible for public drug
coverage in Ontario. Drug coverage is available for all residents
with financial need (owing to high drug costs relative to
income), those living in long-term care facilities or needing
home care, and all residents at least 65 years of age. We iden-
tified hospitalizations and emergency department (ED) visits
using the Canadian Institute for Health Information’s Discharge
Abstract Database and the National Ambulatory Care Reporting
System, respectively. We used the Ontario Health Insurance Plan
Claims History Database to identify physician visits.
Demographics, place of residence, and vital status information
were obtained from the Ontario Health Insurance Plan
at the Institute for Clinical Evaluative Sciences (www.ices.on.ca),
are routinely used to examine drug safety and effectiveness.19e21

This project was approved by the research ethics board of the
Sunnybrook Health Sciences Centre (Toronto).

Study Cohort

We created cohorts of patients who were new continuous users
or nonusers of publicly funded omalizumab from April 1, 2012
through March 31, 2013. New use was defined as no previous claim
for omalizumab in the year before study entry, and continuous use
was defined as having a prescription claim for omalizumab within
60 days of the previous claim. All omalizumab users were followed
for up to 365 days after drug initiation. All users younger than 66
years were required to have public drug coverage in the previous
year, defined as any prescription claim in the 270 to 365 days before
the index date. All omalizumab users were presumed to have
severe asthma, because this is a reimbursement criterion under the
Ontario Drug Benefit Plan (Table 1).23 We created a matched cohort
of patients with severe asthma not treated with omalizumab
(nonusers) using the Ontario Asthma Database,22 with severe
asthma defined by medication use equivalent to stage 4 or 5 in the
Global Initiative for Asthma (GINA) guidelines.1

The index date for omalizumab users was the date of the first
omalizumab claim. Nonusers were randomly assigned an index
date during the study period based on the same distribution of
dates as omalizumab users. All users were required to be alive for
a full year after the index date. Users were matched to up to 4
nonusers on index date (within 30 days), age (within 2 years), sex,
specialist visit (respirology or clinical immunology) in the past 90
days, oral corticosteroid (OCS) dose in the past 90 days (within
100 mg), stage of asthma severity as defined by GINA guidelines,1

any hospitalization or ED visits for asthma in the past 90 days, and
Charlson comorbidity score. Dosing schedule was determined
using the days’ supply field on the initial index omalizumab
prescription.

Outcomes

The primary outcome for our study was median monthly total
health care resource usage cost from a payer perspective, which
includes all actual government costs related to prescription drugs,
hospitalizations, ED visits, physician visits, same-day surgeries,
rehabilitation services, laboratory tests, and home care services. In
a prespecified sensitivity analysis, drug costs were excluded given
the high cost of omalizumab. Costs are reported in nominal Cana-
dian dollars. Secondary outcomes included asthma-related

http://www.ices.on.ca
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hospitalizations or ED visits, prescription for an OCS, high levels of
short-acting b-agonist (SABA) use (defined as >400 doses
dispensed per quarter), and number of physician visits. We report
the proportion of users with the outcome per quarter. We also
conducted 2 unmatched sensitivity analyses. The first was awithin-
person analysis conducted for the entire cohort of omalizumab
users (matched and unmatched), and the second was a post hoc
subgroup analysis of patients whowere treated using triple therapy
(ICS, long-acting b-agonist, and long-acting muscarinic antagonist)
in the 120 days before the index date.
Statistical Analysis

We reported descriptive characteristics at the index date for
matched omalizumab users and nonusers. We conducted an
individual-level repeated-measures analysis using mixed-effects
models. Outcomes were fit using the appropriate link function
and distribution. In particular, cost outcomes were fitted to a
gamma distribution using a log link, dichotomous outcomes
(hospitalizations and ED visits, high SABA use, and OCS
prescriptions) were fitted to a binomial distribution using log
links, and physician visits were fitted to a normal distribution
using an identity link. We examined health care usage costs and
physician visits monthly, and all other outcomes were measured
quarterly. All outcomes were analyzed using interaction terms in
the model to examine differences in outcomes between exposed
and unexposed groups before and after initiation of omalizumab.
The model included fixed effects for exposure groups with time,
Table 2
Characteristics of Matched Users and Nonusers of Omalizumab in Ontario From April 20

Matched users (n ¼ 95

Duration of omalizumab use (d), mean (SD) 373 (150)
Men, n (%) 31 (32.6)
Age (y), mean (SD) 61.1 (14.0)
Specialist visit in past 90 d, n (%) 62 (65.3)
Hospital or ED visit for asthma in past 90 d, n (%) �5b

Severe asthma based on GINA guidelines, n (%) 61 (64.2)
Rural residence, n (%) 9 (9.5)
Income quintile, n (%)
1 (lowest) 24 (25.3)
2 23 (24.2)
3 15 (15.8)
4 13 (13.7)
5 (highest) 20 (21.1)

Charlson comorbidity score, n (%)
No hospitalization 59 (62.1)
0 9 (9.5)
1 19 (20)
2þ 8 (8.4)

Asthma medication dispensed in past 120 d, n (%)
ICS 31 (32.6)
LABA �5
ICS þ LABA combination 68 (71.6)
Short-acting muscarinic antagonists �5
Long-acting muscarinic antagonists 31 (32.6)
Theophylline 11 (11.6)

Total asthma medications in past 120 d, n (%)
0 14 (14.7)
1 9 (9.5)
2 43 (45.3)
3 23 (24.2)
4 6 (6.3)

SABA puffs in past 90 d (n), mean (SD) 296.84 (428.78)
OCS prescriptions in past 90 d (n), mean (SD) 1.05 (1.32)
Physician office visits in past year (n), median (IQR) 18 (11e27)

Abbreviations: ED, emergency department; GINA, Global Initiative for Asthma; ICS, inha
corticosteroid; SABA, short-acting b-agonist.
aA value higher than 0.1 generally indicates a meaningful difference.
bIn accordance with Institute for Clinical Evaluative Sciences privacy policies, when the
confidentiality.
before and after drug initiation, and the 3-way interaction
between exposure groups and initiation of omalizumab. A random
effect was used to account for correlation arising from repeated
measures within the same individual over time. We adjusted
models for unbalanced covariates, which were defined as any
covariate with a standardized difference greater than 0.1.24 All
statistical analyses were completed using SAS 9.4 (SAS Institute,
Cary, North Carolina) at the Institute for Clinical Evaluative
Sciences in Toronto.
Results

From April 1, 2012 through March 31, 2014, there were 109 new
users of publicly funded omalizumab in Ontario, of whom 95
(87.2%) were matched with 352 omalizumab nonusers (Table 2).
Omalizumab users were largely adherent to therapy at 6 (85.3%)
and 12 (69.5%) months, and omalizumab was most commonly
administered biweekly (41.1%), weekly (36.8%), or monthly (22.1%).
The average age of subjects was 61 years (standard deviation [SD],
14 years), approximately one third were men, and two thirds
visited a specialist in the 90 days before the index date. Few
omalizumab users (n � 5) and nonusers (1.7%; n ¼ 6) users had an
asthma-related hospital or ED visit in the 90 days before the cohort
entry date. Approximately two thirds of omalizumab users and
nonusers (64.2% and 62.5%, respectively) were classified as having
severe asthma before the cohort entry based on GINA guidelines.
Most omalizumab users (76.0%; n ¼ 72) and nonusers (65.6%;
n ¼ 231) were on at least dual therapy before the index date.
12 to March 2014

) Matched nonusers (n ¼ 352) Standardized differencea

d d

110 (31.3) 0
61.3 (14.1) 0.02
224 (63.6) 0

6 (1.7) 0
220 (62.5) 0
30 (8.5) 0.03

112 (31.8) 0.16
75 (21.3) 0.07
63 (17.9) 0.04
56 (15.9) 0.07
45 (12.8) 0.23

234 (66.5) 0
29 (8.2) 0
64 (18.2) 0
25 (7.1) 0

53 (15.1) 0.41
�5 0.15

223 (63.4) 0.14
21 (6.0) 0.06
99 (28.1) 0.08
8 (2.3) 0.38

82 (23.3) 0.19
39 (11.1) 0.04

142 (40.3) 0.09
83 (23.6) 0.01
6 (1.7) 0.25

204.77 (285.24) 0.25
0.87 (1.17) 0.09
13 (7e20) 0.32

led corticosteroid; IQR, interquartile range; LABA, long-acting b-agonist; OCS, oral

number of total users was no larger than 5, this number was suppressed to ensure
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Figure 1. Total health care usage costs for matched omalizumab users and nonusers by month during the pre- and postintervention study periods.
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Similarly, omalizumab users used more SABA puffs (296.8; SD,
428.78) in the 90 days before the index date relative to nonusers
(204.77; SD, 285.24). The 2 groups had a similar number of OCS
prescriptions in the 90 days before the index date. The 2 groups
were high users of the health care system, with a large median
number of physician office visits in the year before the index date
for omalizumab users (n ¼ 18; interquartile range, 11e27) and
nonusers (n ¼ 14; interquartile range, 11e19).

Primary Outcome

Trends in averagemedian health care usage costs were stable for
omalizumab users ($361 per month) and nonusers ($496 per
month) in the year before the intervention date (Fig 1). After
intervention, the average median monthly costs per person
increased nearly 6-fold for omalizumab users (from $361 to $2,157;
P < .0001), whereas these costs did not change significantly for
nonusers ($85 increase in average monthly costs per person;
P ¼ .59; Table 3). The average median monthly costs for omalizu-
mab users remained high at $2,157 during the postintervention
period, whereas average median costs for nonusers remained
similar to pre-intervention levels in the postintervention period
($581 per month). There was no significant change in the slope of
total health care usage cost among omalizumab users after drug
initiation compared with nonusers (P ¼ .43).

Secondary Outcomes

Omalizumab users had a higher average rate of asthma-related
hospitalizations or ED visits before the intervention (6.6%)
compared with nonusers (2.9%). There was no significant change in
Table 3
Change in Total Cost of Health Care Usage Before and After Intervention for Omalizumab

Group Cost/mo ($), median (range)

Before intervention After interv

Omalizumab users 361 (289e463) 2,157 (1,867
Nonusers 496 (432e557) 581 (476e

aP values are derived from transformed and adjusted models.
bThere was no statistically significant (P ¼ .43) difference in differences for the rate of c
the rate of asthma-related hospitalizations or ED visits for omali-
zumab users (P ¼ .44) or nonusers (P ¼ .99) between the
pre-intervention and postintervention periods. Similarly, the
average proportion of subjects with any OCS prescription per
quarter was consistently larger among omalizumab users (49.0%
per quarter) compared with nonusers (16.8 % per quarter) in the
year before the intervention date. After the intervention date, the
average proportion of subjects with any OCS prescription remained
larger among omalizumab users (42.9% per quarter) comparedwith
nonusers (19.1% per quarter). Although omalizumab users had a
higher rate of OCS use (Table 4), we observed no change in the rate
of OCS prescriptions associated with the use of omalizumab
(P ¼ .61). Our findings were similar in our analyses of SABA use and
physicians visits (Supplemental Material, available online). In our
within-person sensitivity analysis among all omalizumab users
(n ¼ 109), the results were consistent, with no significant impact of
omalizumab initiation on any outcomes studied (Table 5). In our
second within-person sensitivity analysis of a subgroup of triple-
therapy users (n ¼ 25), the results were similar with 1 exception.
In the triple-therapy subgroup, there was a statistically significant
decrease in the proportion of subjects receiving OCS prescriptions
quarterly after omalizumab initiation, from an average of 70.5%
users per quarter before the intervention to 50.9% users per quarter
after the intervention (P ¼ .03; Table 5).

Discussion

Our findings suggest a significant increase in median health care
usage costs after the initiation of omalizumab and no significant
impact on rates of hospitalizations, physician visits, or OCS use
Users and Matched Controls

Pre-post comparison

ention Change in average cost ($) P valuea,b

e2,996) 1,796 <.0001
684) 85 .59

hange between groups.



Table 4
Change in Rates of Secondary Outcomes Before and After Intervention in Omalizumab Users and Matched Controls

Outcome Group Proportion (%), average (quarterly range) Pre-post comparison

Before intervention After intervention Change in proportion (%) P valuea,b

Asthma-related hospitalization or ED visit omalizumab user 6.6 (3.2e9.5) dc dc .44
nonuser 2.9 (1.9e4.0) 2.8 (2.1e3.7) �0.1 .99

Oral corticosteroid use omalizumab user 49.0 (45.3e54.7) 42.9 (38.9e45.3) �6.1 .99
nonuser 16.8 (13.9e19.3) 19.1 (17.4e21.6) 2.3 .22

Abbreviation: ED, emergency department.
aP values are derived from transformed and adjusted models.
bThere was no statistically significant (P ¼ .53 and .61, respectively) difference in differences for the rate of change between groups for the 2 outcomes.
cIn accordance with Institute for Clinical Evaluative Sciences privacy policies, when the number of total users was no larger than 5, this number was suppressed to ensure
confidentiality. When a proportion was used to recalculate the number of users, the proportion was suppressed to avoid residual disclosure issues.
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among patients who meet the public drug programs criteria for
reimbursement. Our sensitivity analysis shows that in a specific
subgroup of patients treated with triple therapy before omalizu-
mab initiation, there could be a benefit in decreased use of OCS
prescriptions. Further studies of this subgroup are needed.

The large increase in costs with no indication of a sizable and
broad clinical benefit is important to payers who aim to maximize
clinical benefit of medications they reimburse. Evidence regarding
the effectiveness of omalizumab is derived primarily from clinical
trials, which might not translate into real-world practice, where
users might be older or have more severe asthma. Current
omalizumab coverage might be discordant with demographics of
the clinical burden of disease and thus might not be benefiting
persons for whom omalizumab is most effective. The results of our
study will be important as payers explore options to expand or
refine funding eligibility criteria. The results of our sensitivity
analysis do not exclude the possibility of some benefit from
omalizumab, because there was evidence of lower OCS use in a
subset of the population. As a result, policy makers might want to
review funding criteria for omalizumab to restrict its use to the
population most likely to benefit.

The vast majority of observational studies have been conducted
among omalizumab users starting at baseline with no control
group of unexposed individuals.12e17 The absence of comparator
groups in most studies prevents a robust pre-post analysis, which is
critical when studying a chronic disease such as asthma in which
patients might improve or worsen over time and often regress
toward a mean disease state. In contrast, our use of a repeated-
measures design and a matched comparator group provides
stronger evidence than is currently available. Our study leveraged
many matching criteria to generate a comparator group of patients
with asthma who were similar in age, sex, and recent health care
usage. In the one other observational study that included a
comparator group,17 omalizumab users (n ¼ 53) were compared
Table 5
Results of Sensitivity Analyses in a Cohort of All Omalizumab Users and a Subgroup of T

Outcome Group Proportion

Before int

Total cost of health care usage all omalizumab users $381 (294
triple-therapy subgroupa $593 (406

Asthma-related hospitalization or ED visit all omalizumab users 10.3%b

triple-therapy subgroupa 10e15%b

Oral corticosteroid use all omalizumab users 51.6% (45.
triple-therapy subgroupa 70.5% (57.

Abbreviation: ED, emergency department.
aTriple therapy is defined as the concurrent use of inhaled corticosteroids, long-acting b
bIn accordance with Institute for Clinical Evaluative Sciences privacy policies, when the
confidentiality. We have supplied a summary average of all events from all quarters. W
suppressed to avoid residual disclosure issues.
with a matched usual-care group (n ¼ 53), and the investigators
reported no significant improvement in the rate of asthma
exacerbations, which is consistent with our findings. This study did
not conduct a repeated-measures analysis and did not control for
disease progression before receiving omalizumab. The within-
person repeated-measures analysis used in this study allowed us
to account for the trajectory of the disease by comparing users with
a matched group of nonusers with similar asthma severity,
allowing each subject to also act as the control in a pre-post
comparison. More importantly, the repeated-measures analysis
decreased the risk of selection bias relative to other study designs
by controlling for within-person variation.

Our findings of no association between omalizumab initiation
and any outcomes studied might partly reflect differences between
the publicly funded population in this study and those included in
randomized controlled trials. First, there was a clinically important
difference between patients treated with omalizumab in Ontario
(and thus included in our study) and those in whom drug benefits
have been observed in clinical trials (Table 6). In general, our study
population was older (average age, 61) than those included in
clinical trials (average age, 43 to 48).25 Therefore, Ontario’s criteria
for eligibility to receive public coverage for omalizumab might not
be targeting omalizumab to the demographic of patients with
asthma who might benefit most from this treatmentdthose who
are younger and whose asthma is more typical with less airway
remodeling and more reversibility of obstruction.26e28 Further-
more, our sensitivity analysis suggests that among patients taking
triple therapy, the benefits of omalizumab, in decreased OCS
prescriptions, might be more pronounced. The small sample
(n ¼ 25) of this subgroup is a limitation and should be further
explored in future studies. We estimate that a sample size of 34 to
80 individuals, depending on the level of correlation, would be
required to detect a statistically significant effect estimate for our
subgroup analysis. This estimate assumes a power of 80% and a
riple-therapy Omalizumab Users

or costs, average (quarterly or monthly range) Pre-post comparison

ervention After intervention Change P value

e493) $2,374 (1,895e3,105) $1,993 <.0001
e760) $2,378 (1,843e3,250) $1,785 <.0001

6.0%b �4.3%b .19
5e10%b �7.2%b .95

9e56.9) 46.6% (41.3e50.5) �5.0% .67
1e82.1) 50.9% (46.4e53.6) �19.6% .03

-agonists, and long-acting muscarinic antagonists.
number of total users was no more than 5, this number was suppressed to ensure
hen a proportion was used to recalculate the number of users, the proportion was



Table 6
Comparison of Ontario Omalizumab Users and Clinical Trial Population

Ontario population Clinical trial populationa

Age (y), mean (SD) 61.1 (14.0) 41.6 (14.8)
Men, % 32.6 40.5
Serum IgE (IU/mL), range 30e700b 20e1,118
Prior LABA use, % 75c 61.2

Abbreviations: IgE, immunoglobulin E; LABA, long-acting b-agonist.
aBased on information from a systematic review by Korn et al.12
bBased on reimbursement criteria.22
cApproximated because of censoring.
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2-sided significance level of .05. A test for correlated proportions
with a design effect (to account for repeated measures) that varied
the intraclass correlation from 0.05 to 0.2 was used. The subgroup
analysis is an important area of future research to help select the
patient populationmost likely to benefit from omalizumab therapy.
Second, effect sizes in clinical trials for decrease in exacerbations,
although significant, were small and therefore might require larger
observational studies than current usage in Ontario allows.8,29 For
example, compared with placebo, omalizumab users with severe
asthmawere more likely to withdraw from corticosteroids (relative
risk, 1.80; 95% confidence interval, 1.42e2.28) and have fewer
asthma exacerbations (relative risk, 0.57; 95% confidence interval,
0.48e0.66).29 However, the numbers needed to treat to avoid an
asthma-related hospitalization among patients with moderate to
severe disease were 33 (Rodrigo et al29) and 40 (Normansell et al8)
in these trials. A larger study by Normansell et al8 found a lack of
supportive evidence of efficacy in patients with severe asthma
treated with OCSs or ICSs. Discordance in detecting exacerbations
also could be due to our conservative definition of exacerbations
limited to only hospitalizations and ED visits, which in a trial
setting is often more liberal and includes absence from work or
school, physician visits, and increases in medication use. Third,
adherence to therapy has been cited as a possible explanation for
decreased effectiveness of omalizumab outside clinical trials. In our
study we found that a large majority of users were adherent to
therapy at 6 (85.3%) and 12 (69.5%)months, only slightly lower than
adherence rates found in randomized controlled trials, which
ranged from 80.6% to 92.9%.30

Some limitations of our study warrant emphasis. First, we did
not have access to certain clinical variables such as IgE levels, and
omalizumab users might have differed from nonusers on unmea-
sured clinical factors. Also, residual differences in the type and
number of asthmamedications used persisted despite our attempts
at matching. Therefore, our failure to observe differences in
comparisons between users and nonusersmight have been affected
by residual confounding by severity. However, our within-person
sensitivity analysis of the entire cohort of omalizumab users
demonstrated consistent findings, adding robustness to our find-
ings that omalizumab was not associated with changes in clinical
outcomes of interest in a real-world setting. Second, we did not
have access to patient-reported outcomes, which would have
allowed for more robust and sensitive analysis. Third, we did not
explore the impact of adherence and dose scheduling on outcomes.
We found variation in the scheduled administration of omalizu-
mab; the most common was biweekly (41.1%) followed by weekly
(36.8%) and monthly (22.1%).

Real-world evidence of the effectiveness of omalizumab for the
treatment of asthma is limited. Our results found that omalizumab
could have limited effectiveness and increased costs in currently
reimbursed populations, specifically older patients. Further explo-
ration of specific subpopulations that might benefit from
omalizumab is essential to payers as they design strategies to
reimburse more cost-effective treatment options.
Supplementary Data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.anai.2017.08.016.
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eFigure 2. Proportion of subjects with at least 1 oral corticosteroid (OCS) prescription for matched omalizumab users and nonusers by quarter during the pre- and post-
intervention study periods.
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eFigure 1. Proportion of subjects with at least 1 asthma-related hospitalization or emergency department (ED) visit for matched omalizumab users and nonusers by quarter
during the pre- and postintervention study periods. In accordance with Institute for Clinical Evaluative Sciences privacy policies, when the number of total users was no larger
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eTable 2
Components of Monthly Total Health Care Costs for Matched Omalizumab Users and Nonusers During the Pre- and Postintervention Study Periods by Major Contributing Cost
Categories

Cost component Group Cost ($), monthly mean (range)a

Before intervention After intervention

Total omalizumab user 654 (412e904) 2,787 (2,383e3,309)
nonuser 1,028 (782e1,339) 1,148 (847e1.660)

Drug costs omalizumab user 207 (173e248) 2,204 (1,921e3,021)
nonuser 280 (260e295) 326 (287e503)

Emergency department visits omalizumab user 33 (15e76) 33 (18e47)
nonuser 39 (23e54) 44 (26e64)

Inpatient hospitalizations omalizumab user 83 (0e228) 195 (0e558)
nonuser 196 (45e56) 245 (78e528)

Physician services omalizumab user 204 (151e248) 222 (173e281)
nonuser 204 (152e247) 208 (156e271)

aValues are weighted monthly means that are based on weighted matched controls. These costs include all individuals, even those with 0 cost, in any category.

eTable 1
Change in Proportion of SABA Inhaler Use and Physicians Visits Between Pre- and Postintervention Periods

Outcome Group Proportion, average (quarterly range) Pre-post comparison

Before intervention After intervention Change in units P valuea,b

>400 puffs of SABA use per quarter omalizumab user 36.4% (29.5e41.1) 42.4% (40.0e46.3) 6.0% .35
nonuser 30.0% (27.0e31.4) 31.0% (27.5e33.1) 1.0% .72

Physician visits per quarter omalizumab user 4.8 (4.5e5.1) 5.2 (5.0e5.2) 0.4% .06
nonuser 4.0 (3.8e4.4) 4.0 (3.9e4.2) 0 visit .07

Abbreviation: SABA, short-acting b-agonist.
aP values are derived from transformed and adjusted models.
bThere was no statistically significant (P ¼ .52 and .46, respectively) difference in differences for the rate of change between groups for the 2 outcomes.
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