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What is already known about this topic? Older patients and patients with disabilities have unique problems (eg,
comorbidities, polypharmacy, poorer cognition, and lower incomes) that make management of their asthma more chal-
lenging versus younger patients; older age and increased disease severity are associated with worse asthma outcomes.

What does this article add to our knowledge? In US Medicare patients with asthma initiating omalizumab, patient age,
low-income subsidy status, and the number of physician visits for evaluation and management were factors associated
with discontinuation and adherence to omalizumab.

How does this study impact current management guidelines? Understanding the reasons for omalizumab treatment
discontinuation and adherence in the Medicare population may provide insights that may guide the management of
omalizumab in patients with asthma treated with this biologic.
BACKGROUND: Asthma in older adults is associated with high
rates of morbidity and mortality; similarly, asthma can be severe
enough among younger adults to warrant disability benefits.
Reasons for poor outcomes in both groups of patients may
include discontinuation and lack of adherence to controller
therapies.
OBJECTIVE: To examine characteristics and treatment patterns
of US Medicare patients initiating omalizumab for asthma, and
factors associated with its discontinuation and adherence.
METHODS: A retrospective claims database analysis of
Medicare beneficiaries with asthma initiating omalizumab
treatment was carried out. The primary outcomes were
omalizumab discontinuation (gap in use ‡90 days) and
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adherence (proportion of days covered ‡0.8) over a 12-month
follow-up. Multivariable regressions were used to examine fac-
tors associated with omalizumab discontinuation and adherence.
RESULTS: Of the 3058 Medicare patients initiating omalizumab
for asthma (mean age, 62.7 years), 36.9% discontinued
omalizumab and 60.6% were adherent. Discontinuation rates
were 32.7% and 42.8%, and adherence rates were 65.4% and
53.9%, for disabled and older Medicare patients, respectively.
Patients aged 65 to 69 years and 70 to 74 years had significantly
lower odds of discontinuation (odds ratios [95% CI], 0.66 [0.46-
0.93] and 0.62 [0.43-0.89], respectively) and higher odds of
adherence than did patients aged 80 years or older. Compared
with patients receiving low-income subsidy, patients not
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receiving low-income subsidy had lower odds of discontin-
uation (0.66 [0.52-0.83]) and higher odds of adherence (1.52
[1.20-1.93]). Greater numbers of preindex evaluation and
management physician visits and comorbid rhinitis were
associated with lower odds of discontinuation and higher
odds of adherence.
CONCLUSIONS: More than 60% of Medicare patients with
asthma continued and were adherent to omalizumab over a
12-month follow-up. Patient age, low-income subsidy status,
and the numbers of evaluation and management physician visits
were among factors associated with treatment adherence and
discontinuation. � 2019 The Authors. Published by Elsevier
Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). (J Allergy Clin Immunol Pract 2020;8:507-15)

Key words: Omalizumab; Asthma; Treatment patterns; Discon-
tinuation; Adherence; Medicare; Older adults; Disabled

INTRODUCTION
The prevalence of current asthma among older adults (aged

�65 years) in the United States is significant, estimated at 7.4%
of the population (>3.5 million people).1 However, this number
is likely larger because asthma is frequently underdiagnosed in
this age group.2,3 Asthma can also be severe enough among
younger patients (aged <65 years) to warrant disability benefits,
though the number of patients with asthma currently classified as
disabled is difficult to ascertain.4 In addition, given that asthma
impacts approximately 10.9 million adults between the ages of
35 and 64 years (8.8% of the population),1 it is possible that
asthma is a comorbidity in patients who are receiving disability
benefits for another condition. Importantly, older age and more
severe asthma are often associated with increased mortality and
morbidity in patients with asthma. This includes higher rates of
hospitalization after an emergency department visit, longer
hospital stays, higher rates of readmission, and poorer lung
function.2,3,5-9 This trend is likely secondary to multiple factors
including undertreatment, poor adherence, delayed recognition
of symptoms, multiple comorbidities and associated concomitant
medications, lack of treatment response, reduced mobility, and
possible differences in airway inflammation with aging.8,10,11

Consequently, older patients and disabled patients with severe
asthma have increased health care usage and cost associated with
their disease,9,11,12 and poorly controlled asthma can significantly
reduce quality of life, compared with their younger and healthier
counterparts.2,3 Despite a growing population of older people
with asthma,1,13,14 this group is often underrepresented in
clinical trials.2,15 Similarly, the exclusion of adults with a
disability from clinical trials is well documented.16,17 Therefore,
there are limited evidence-based guidelines and data on treat-
ment patterns and effectiveness for such patients.2,15,18 Efforts to
better understand treatment patterns in older adults with asthma
and adults with a disability with asthma could ultimately help
alleviate the burden of disease in these populations.

Omalizumab (anti-IgE) is a biologic therapy approved by the
US Food and Drug Administration in 2003.19 Omalizumab
treatment has been shown to reduce the number of asthma
exacerbations, dosing of inhaled corticosteroid (ICS), and rescue
medication use in adults and children with moderate to severe
persistent allergic asthma.19-24 Evidence suggests that omalizu-
mab is also effective and well tolerated in people aged 50 years or
older.25-29 To our knowledge, no study to date has examined
treatment patterns with omalizumab for asthma among older
patients (>65 years) or patients with a disability (<65 years)
covered under Medicare, a federal government program that
offers health insurance to approximately 60 million older adults
and/or individuals with a disability in the United States.30 To
address this question, we performed a retrospective claims data-
base analysis to examine the characteristics and factors associated
with treatment patterns (adherence and discontinuation) in a
national sample of US Medicare patients initiating omalizumab
for asthma.

METHODS

Data source

This study was a retrospective claims database analysis using the
2011 to 2015 Chronic Condition Data Warehouse 100% Medicare
files available from the Centers for Medicare & Medicaid Services.
The Chronic Condition Data Warehouse includes Medicare Part A
(hospital, skilled nursing facility, and limited home health services)
and Part B (outpatient hospital, physician, physician-administered
drugs, other outpatient, durable medical equipment, hospice, and
home health services) medical claims and Medicare Part D pre-
scription claims (outpatient prescription drug events). These files
were linked to personal summary files that contained patients’
demographic characteristics and eligibility information as well as Part
D plan characteristics files.

Sample
The study population consisted of Medicare beneficiaries initi-

ating omalizumab treatment between January 1, 2012, and
December 31, 2014 (intake period). The first medical/pharmacy
claim date for omalizumab during the intake period was defined as
the index date; patients were followed for 12 months from this date.
Patients were required to have continuous eligibility of Medicare fee-
for-service and stand-alone Part D coverage for 12 months before
and 12 months after the index date to ensure completeness of data
during the study period. In addition, patients were required to have
1 or more claims with diagnosis of asthma (International Classifica-
tion of Diseases, Ninth Revision code 493.x) in the 12 months before
or on the index date. To ensure that the sample included new ini-
tiators of omalizumab treatment, patients with 1 or more omalizu-
mab claims during the 12 months before the index period were
excluded. Finally, patients with missing values on any covariates
were excluded (see Figure E1 in this article’s Online Repository at
www.jaci-inpractice.org).

This study was approved by the University of Pennsylvania’s
Institutional Review Board.

Outcomes
The primary outcomes included adherence to and discontinua-

tion of omalizumab. Adherence was captured using the proportion
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of days covered (PDC) measure, which has a range from 0 to 1.
PDC was calculated as the number of days covered with omalizumab
during a fixed time interval, divided by the length of the fixed time
interval (ie, 365 days) from the omalizumab initiation date.31 For
example, a patient with omalizumab coverage available for 292 days
during the 365-day post-index date period would have a PDC of
292/365 ¼ 0.80. Patients with a PDC of 0.80 or more were clas-
sified as adherent. Additional information on how the PDC was
calculated from Medicare Part D pharmacy claims and Part B
medical claims is available in Appendix E1 in this article’s Online
Repository at www.jaci-inpractice.org.

Discontinuation was defined as a continuous gap in availability of
treatment after a prespecified permitted gap between refills.32 In this
study, discontinuation was captured via a dichotomous measure
indicating the presence of a continuous 90-day or more period
without omalizumab during the 12-month follow-up period (ie, if
another prescription fill or administration for omalizumab did not
occur for �90 consecutive days after the final day covered by the
previous days’ supply [or assigned days’ supply] of a fill or admin-
istration, then this was coded as discontinuation).

Finally, we measured whether patients who discontinued omali-
zumab (1) switched to another asthma therapy, defined as the first
occurrence of a prescription fill of a different asthma therapy within
90 days after the last days’ supply of omalizumab, or (2) restarted
omalizumab or another asthma therapy, defined as a prescription fill
of omalizumab or another asthma therapy after a continuous 90-day
period without omalizumab but within 1 year after the index date.
Patients who had neither switched nor restarted before the end of the
follow-up period were categorized as other discontinuers. In addi-
tion, nondiscontinuers (patients who did not discontinue omalizu-
mab) were grouped on the basis of whether there was augmentation
(add-on of a new asthma medication during continuous use of
omalizumab) or nonaugmentation.

Statistical analyses

Descriptive statistics including mean � SD and absolute/relative
frequencies for continuous and categorical data, respectively, were
reported. Multivariable logistic regression was used to examine
discontinuation of, and adherence to, omalizumab over a 12-month
follow-up period; odds ratios (ORs) and 95% CIs were generated for
all variables. A multivariable Cox regression analysis of time to
omalizumab discontinuation was also performed. A multinomial
logistic regression was conducted to examine factors associated with
omalizumab treatment patterns (ie, continuous users without
augmentation [reference group], continuous users with augmenta-
tion, switchers, restarters, and other discontinuers).

Covariates in the regression analyses included sociodemographic
characteristics (age, sex, and race/ethnicity), clinical characteristics in
the 12 months before omalizumab initiation (resource use in the 12
months before the index date with primary asthma diagnosis, pre-
scription drug hierarchical condition category score [a risk adjust-
ment method33 that has been used to adjust for potential selection
biases in drug use studies among Medicare patients34-36], relevant
comorbidities, asthma medications, baseline oral systemic cortico-
steroid use, and the number of other medications), Medicare Part
Derelated variables (Part D plan characteristics, Part D low-income
subsidy [LIS] status, index omalizumab claim received under Part D
benefit or not), county-level characteristics and census region, and
year and season of index date.

Subgroup analyses of discontinuation were conducted on the
basis of patient age (ie, age <65 years [adults with a disability] or age
�65 years [older adults]). In addition, sensitivity analyses on the
sample selection criteria and outcome definitions were conducted.
First, because urticaria is also a Food and Drug
Administrationeapproved indication for omalizumab,19,20 we reran
our analyses after the exclusion of patients with a diagnosis of urti-
caria during the preindex period. Second, sensitivity analyses were
also performed to assess factors associated with adherence on the
basis of alternative cutoff points (PDC �0.70 and PDC �0.90).

Analyses were performed in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology state-
ment,37 where descriptive statistical analyses were reported only for
demographic and clinical characteristics (item 14[a] of the state-
ment), and inferential statistical analyses for outcome variables were
limited to reporting CIs for the differences between the 2 groups.

Statistical analyses were performed using Stata 15.0 software
(StataCorp, College Station, Texas). To ensure data quality and
integrity, all data analyses, initially performed by a biostatistician
from the University of Pennsylvania, were archived. A senior
investigator then separately assessed the methodology and data to
ensure validity.

RESULTS

Study population
A total of 13,364 Medicare beneficiaries initiated omalizumab

during the intake period (January 1, 2012, to December 31,
2014). After applying the inclusion and exclusion criteria, the
final sample included 3058 patients; sample attrition is sum-
marized in Figure E1. Patients had a mean age of 62.7 � 13.4
years, of whom 58.6% were 65 years or older, and 67.0% were
women (Table I). The mean age of patients with a disability (age
<65 years) was 49.6 � 9.8 years, and that of older patients (age
�65 years) was 72.0 � 5.3 years. During the 12 months before
the index date, the mean number of hospitalizations, evaluation
and management physician visits, and emergency department
visits with asthma as the primary diagnosis were 0.3 � 0.8, 3.7
� 3.5, and 0.7 � 2.0 per patient, respectively. The most com-
mon comorbid conditions were rhinitis (71.6%); upper respira-
tory tract infection, laryngitis, or nasopharyngitis (71.0%); and
chronic obstructive pulmonary disease or emphysema (63.8%).
Rates of anxiety or depression were also high (42.1%). An in-
dividual may have reported 1 or more of the listed comorbidities.
The mean prescription drug hierarchical condition category score
was 1.1 � 0.4. During the preindex period, 98.3% of patients
were receiving some asthma medication (data not shown). Most
patients were receiving ICS þ long-acting b2 agonist (69%),
leukotriene receptor antagonist (70%), or short-acting b2 agonist
(78%). Approximately one-third of patients received ICS, long-
acting muscarinic antagonist, and/or short-acting b2 agonist þ
short-acting muscarinic antagonist. Only 8.4% of patients were
receiving short-acting muscarinic antagonist as one of their
asthma medications (Table I). The mean number of 30-day
supply equivalent prescriptions for nonasthma medications was
6.5 � 5.3. Approximately half of all patients were receiving LIS
(49.8%). Most patients received omalizumab under Part B (only
6.6% under Part D). Distribution of omalizumab initiation was
similar when categorized according to the season of the index
date (Table I).

Treatment patterns
The distribution of patients across omalizumab utilization

groups at 12 months is presented in Table II. On the basis of a
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TABLE I. Patients’ baseline characteristics

Characteristic All patients (N [ 3058)

Age (y), mean � SD 62.7 � 13.4

Age category (y), n (%)

<65 1267 (41.4)

65-69 701 (22.9)

70-74 588 (19.2)

75-79 319 (10.4)

�80 183 (6.0)

Sex: female, n (%) 2049 (67.0)

Race, n (%)

White 2386 (78.0)

Black 455 (14.9)

Hispanic 87 (2.8)

Other/unknown 130 (4.3)

Resource use in the 12 mo before the index
date with primary asthma diagnosis,
mean � SD

No. of ED visits 0.7 � 2.0

No. of evaluation and management
physician visits

3.7 � 3.5

No. of hospitalizations 0.3 � 0.8

RxHCC score, mean � SD 1.1 � 0.4

Comorbid conditions, n (%)

Anxiety or depression 1287 (42.1)

Bronchitis 1146 (37.5)

Chronic obstructive pulmonary disease or
emphysema

1951 (63.8)

LRTI excluding pneumonia 1167 (38.2)

Pneumonia 714 (23.3)

Rhinitis 2189 (71.6)

Sinusitis 1381 (45.2)

Upper respiratory tract infection,
laryngitis, or nasopharyngitis

2171 (71.0)

Use of asthma medication in the 12 mo
before the index date, n (%)*

ICS þ LABA 2120 (69.3)

ICS 992 (32.4)

LAMA 932 (30.5)

LTRA 2128 (69.6)

SABA þ SAMA 768 (25.1)

SABA 2396 (78.4)

SAMA 257 (8.4)

Oral systemic corticosteroid claims, mean �
SD

4.5 � 4.2

No. of 30-d supply equivalent prescriptions
for nonasthma medications, mean � SD

6.5 � 5.3

Part D drug benefit type†

Defined standard 91 (3.0)

Actuarially equivalent standard 1229 (40.2)

Basic alternative 563 (18.4)

Enhanced alternative 1175 (38.4)

Part D LIS status, n (%)

Full-year LIS, partial-year LIS, or plan
switch

1523 (49.8)

None 1535 (50.2)

Received omalizumab under Part D, n (%) 203 (6.6)

(continued)

TABLE I. (Continued)

Characteristic All patients (N [ 3058)

County-level characteristics, mean � SD

Income, per capita, $10,000s 5.3 � 1.4

Allergy or immunology physicians per
10,000 residents

14.8 � 29.5

Pulmonologists per 10,000 residents 39.6 � 75.3

Census region, n (%)

Northeast 545 (17.8)

Midwest 719 (23.5)

South 1202 (39.3)

West 592 (19.4)

Year of index date, n (%)

2012 871 (28.5)

2013 961 (31.4)

2014 1226 (40.1)

Season of index date, n (%)

Fall 782 (25.6)

Winter 645 (21.1)

Spring 765 (25.0)

Summer 866 (28.3)

ED, Emergency department; LABA, long-acting b2 agonist; LAMA, long-acting
muscarinic antagonist; LRTI, lower respiratory tract infection; LTRA, leukotriene
receptor antagonist; RxHCC, prescription drug hierarchical condition category;
SABA, short-acting b2 agonist; SAMA, short-acting muscarinic antagonist.
*An individual may be receiving �1 of the listed preindex asthma medications.
†Plan D drug benefit definitions: “Defined standard” benefits have an annual
deductible with 25% coinsurance in the initial coverage phase (the beneficiary is
responsible for costs in any coverage gap); “actuarially equivalent standard” benefits
have an annual deductible and may substitute certain cost-sharing requirements in
“defined standard” benefit coverage; “basic alternative” benefits may have a reduced
or zero-dollar deductible, can use tiered co-payments or coinsurance, and may have a
modification to the initial coverage limit (remains actuarially equivalent to the
standard benefit); “enhanced alternative” coverage exceeds the value of the “defined
standard” benefit and includes prescription drug coverage and supplemental benefits
(ie, reduction in cost-sharing in the “coverage gap”; a reduction in, or elimination of,
the initial deductible; a reduction in the coinsurance or co-payments applicable
during the initial coverage phase; an increase in the initial coverage limit).38
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definition of PDC greater than or equal to 0.8, 60.6% of patients
were adherent to omalizumab treatment. In total, 36.9% of pa-
tients discontinued omalizumab within 12months after treatment
initiation (primary end point). Most patients who discontinued
did not resume treatment before the end of the follow-up period
(61.3% of discontinuers; 22.6% of the overall sample); 26.3% of
discontinuers (9.7% of the overall sample) switched to a new
asthma medication, and 12.3% of discontinuers (4.5% of the
overall sample) used a new drug or resumed omalizumab therapy
after a gap of 90 or more consecutive days. Among the continuers,
32.8% (20.7% of the overall sample) augmented their omalizu-
mab treatment with another asthma medication. Discontinuation
rates were 32.7% and 42.8%, and adherence rates were 65.4% and
53.9%, for disabled and olderMedicare patients, respectively (data
not shown).

Factors associated with omalizumab discontinuation

and adherence
Results from the multivariable logistic regression analysis are

presented in Figure 1. Patients aged 65 to 69 years and 70 to 74
years had significantly lower odds of omalizumab discontinuation
(OR [95% CI], 0.66 [0.46-0.93] and 0.62 [0.43-0.89],



TABLE II. Distribution of omalizumab treatment utilization groups at 12 mo

Characteristic All patients (N [ 3058)

PDC, mean � SD 0.74 � 0.31

Adherence (PDC �0.8), n (%) 1854 (60.6)

Subgroup Patients, n Percentage of all patients, % Percentage of subgroup, %

Continuous omalizumab use 1930 63.1 100.0*

Nonaugmentation 1297 42.4 67.2*

Augmentation† 633 20.7 32.8*

Discontinuationz 1128 36.9 100.0x
Switchk 297 9.7 26.3x
Restart{ 139 4.5 12.3x
Other discontinuation# 692 22.6 61.3x

*Percentage of continuous omalizumab users (n ¼ 1930).
†Patient received add-on of another asthma medication during continuous use of omalizumab.
zDefined as a continuous gap of �90 d.
xPercentage of discontinuers (n ¼ 1128).
kPatients started treatment with a new drug within 90 d of discontinuing the index biologic.
{Patients used a new drug or resumed omalizumab therapy after a gap of �90 consecutive days; restart occurred within 1 y after the index date.
#Patients did not resume treatment before the end of the follow-up period.
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respectively) and higher odds of adherence (OR [95% CI], 1.45
[1.02-2.07] and 1.50 [1.05-2.15], respectively) than did patients
80 years or older (reference group) at the 12-month follow-up
(Figure 1). There were no significant differences between pa-
tients younger than 65 years and patients 80 years or older with
respect to adherence and discontinuation rates (OR [95% CI],
1.03 [0.71-1.49] and 0.87 [0.61-1.26], respectively). However,
when analyses were run with a binary age variable (<65 years vs
�65 years), patients younger than 65 years (ie, patients with a
disability) had significantly poorer adherence (OR [95%CI], 0.77
[0.63-0.95]) and higher discontinuation (OR [95% CI], 1.25
[1.02-1.55]) than adults 65 years or older (data not shown). Men
had significantly greater odds of adherence than women (OR
[95% CI], 1.20 [1.02-1.43]), even though the odds for discon-
tinuation were not significantly different (OR [95% CI], 0.99
[0.83-1.17]). Compared with patients receiving LIS, patients not
receiving LIS had higher odds of adherence (OR [95% CI], 1.52
[1.20-1.93]) and lower odds of discontinuation (OR [95% CI],
0.66 [0.52-0.83]). Patients receiving their index omalizumab via
the Part D benefit were significantly less likely to be adherent than
those receiving it via the Part B benefit (OR [95%CI], 0.52 [0.36-
0.74]), although the odds for discontinuation were not signifi-
cantly different. A higher number of all-cause patient evaluation
and management physician visits in the 12 months before the
index date was associated with lower odds of discontinuation (OR
[95% CI], 0.96 [0.94-0.99]) and higher odds of adherence (OR
[95% CI], 1.03 [1.00-1.05]). Rhinitis was the only comorbidity
associated with significantly lower odds of omalizumab discon-
tinuation (OR [95% CI], 0.82 [0.69-0.97]) and higher odds of
omalizumab adherence (OR [95% CI], 1.23 [1.03-1.46]) versus
patients without rhinitis in the 12 months before the index date.
Patients using ICS with or without a long-acting b2 agonist in the
preindex period had significantly higher odds of omalizumab
adherence 12 months after the index date (OR [95% CI], ICS þ
long-acting b2 agonist, 1.29 [1.08-1.55]; ICS, 1.19 [1.00-1.40])
versus those not receiving these medications (Figure 1). The use
of oral systemic corticosteroids during the preindex period did not
have a significant association with omalizumab discontinuation
and adherence.
Multivariable Cox regression analysis of the factors associated
with time to omalizumab discontinuation (see Table E1 in this
article’s Online Repository at www.jaci-inpractice.org) showed
qualitatively similar findings to those from the multivariable
logistic regression analysis of omalizumab discontinuation. The
multinomial logistic regression analysis of the factors associated
with varying omalizumab treatment patterns of augmentation,
switching, restarting, and other discontinuation (relative to
nondiscontinuation) is presented in Table E2 in this article’s
Online Repository at www.jaci-inpractice.org. This analysis
found that patients aged 70 to 74 years were less likely to
reinitiate treatment than those 80 years or older, and those aged
65 to 69 years were the only group of patients (vs those aged
�80 years) significantly more likely to resume treatment after a
gap of 90 or more consecutive days and before the end of the
study follow-up period. Patients with anxiety or depression were
significantly more likely to switch to a new treatment within 90
days of discontinuing omalizumab (OR [95% CI], 1.39
[1.03-1.86]) (Table E2). Patients with comorbid upper respira-
tory tract infection, laryngitis, or nasopharyngitis were signifi-
cantly more likely to restart therapy after a period of
discontinuation than those without these comorbidities
(OR [95% CI], 2.20 [1.26-3.85]), whereas patients with bron-
chitis were significantly less likely to restart (OR [95% CI], 0.31
[0.11-0.85]) (Table E2).

Subgroup analysis in older patients (�65 years) found similar
results to the main sample in terms of the trends for associations
of the age groups of 65 to 69 and 70 to 74 years, number of
evaluation and management physician visits, rhinitis, non-LIS
status, and receipt of omalizumab under Part D, with adher-
ence and discontinuation (see Table E3 in this article’s Online
Repository at www.jaci-inpractice.org). In a subgroup analysis
among patients with a disability younger than 65 years, patients
younger than 45 years were significantly more likely to discon-
tinue omalizumab therapy compared with patients aged 55 to 64
years (OR [95% CI], 1.66 [1.22-2.27]) (Table E3). Although
not significant in the main sample, anxiety or depression was
significantly associated with lower adherence rates among the
population with a disability (Table E3). The directions of the
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Discontinuation
Characteristic
Age category, years (ref: age ≥80 years)

<65
65–69
70–74
75–79

0.87 (0.61, 1.26)
0.66 (0.46, 0.93)
0.62 (0.43, 0.89)
0.85 (0.58, 1.24)
0.99 (0.83, 1.17)

0.98 (0.93, 1.04)
0.96 (0.94, 0.99)
1.05 (0.93, 1.20)
0.96 (0.75, 1.23)

1.14 (0.96, 1.35)
0.86 (0.53, 1.40)
0.96 (0.80, 1.14)
1.05 (0.65, 1.71)
1.11 (0.92, 1.35)
0.82 (0.69, 0.97)
0.99 (0.82, 1.20)
1.04 (0.82, 1.30)

1.01 (0.99, 1.03)

0.88 (0.74, 1.06)
0.85 (0.72, 1.01)
0.98 (0.83, 1.17)
0.83 (0.70, 0.98)
1.01 (0.84, 1.20)
0.92 (0.75, 1.13)
0.87 (0.66, 1.16)
1.01 (0.99, 1.03)

1.14 (0.83, 1.56)

0.80 (0.50, 1.29)
0.96 (0.78, 1.19)
0.89 (0.70, 1.12)
0.66 (0.52, 0.83)

1.00 (1.00, 1.01)

1.05 (0.98, 1.12)
0.99 (0.98, 1.01)

1.31 (1.00, 1.70)

1.09 (0.84, 1.42)
1.22 (0.95, 1.56)

0.89 (0.72, 1.09)

0.84 (0.69, 1.04)
0.77 (0.62, 0.96)

0.76 (0.62, 0.94)
0.91 (0.74, 1.12)

0.94 (0.74, 1.19)
1.59 (1.01, 2.50)
0.84 (0.57, 1.24)

1.03 (0.71, 1.49)
1.45 (1.02, 2.07)
1.50 (1.05, 2.15)
0.99 (0.67, 1.46)
1.20 (1.02, 1.43)

1.02 (0.97, 1.08)
1.03 (1.00, 1.05)
0.89 (0.78, 1.01)
1.11 (0.86, 1.42)

0.86 (0.73, 1.02)
1.56 (0.96, 2.55)
1.09 (0.92, 1.30)
0.72 (0.44, 1.18)
0.91 (0.75, 1.11)
1.23 (1.03, 1.46)
1.01 (0.84, 1.22)
0.98 (0.78, 1.23)

0.99 (0.97, 1.01)

1.29 (1.08, 1.55)
1.19 (1.00, 1.40)
1.01 (0.85, 1.21)
1.18 (0.99, 1.40)
1.07 (0.89, 1.29)
1.00 (0.81, 1.22)
0.94 (0.71, 1.24)
1.01 (0.99, 1.03)

0.39 (0.28, 0.54)

1.48 (0.91, 2.40)
1.01 (0.82, 1.25)
1.08 (0.85, 1.37)
1.52 (1.20, 1.93)

1.00 (0.99, 1.00)

0.93 (0.87, 0.99)
1.00 (0.99, 1.01)

0.87 (0.67, 1.14)

0.90 (0.70, 1.17)
0.97 (0.76, 1.24)

1.15 (0.93, 1.41)

1.02 (0.83, 1.25)
1.22 (0.98, 1.51)

1.13 (0.92, 1.39)
1.08 (0.88, 1.33)

1.15 (0.91, 1.46)
0.83 (0.52, 1.32)
1.39 (0.94, 2.05)

Male sex (ref: female)
Race (ref: white)

African American
Hispanic
Other/Unknown

Resource use in the 12 months prior to index date with primary asthma diagnosis
No. of ED visits
No. of evaluation and management physician visits
No. of hospitalizations

RxHCC score*
Comorbid conditions†

Anxiety or depression
Bronchitis
COPD or emphysema
LRTI excluding pneumonia
Pneumonia
Rhinitis
Sinusitis
URTI, laryngitis, or nasopharyngitis

Use of asthma medication in the 12 months prior to index date‡

ICS + LABA
ICS 
LAMA
LTRA
SABA + SAMA
SABA
SAMA

Oral systemic corticosteroid claims*
No. of 30-day supply equivalent prescriptions for non-asthma medications*
Part D drug benefit type (ref: enhanced alternative)

Defined standard benefit
Actuarially equivalent standard
Basic alternative

Part D LIS status ‘none’ (ref: full/partial-year LIS or plan switch)
Received omalizumab under Part D§

County-level characteristics*
Income, per capita, $10,000s
Allergists/immunologists per 10,000 residents
Pulmonologists per 10,000 residents

Census region (ref: northeast)
Midwest
South
West

Year of index date (ref: 2012)
2013
2014

Season of index date (ref: summer)
Fall
Winter
Spring

Odds ratio (95% Cl)

0.25 0.5 1.0 2.0 4.0

Lower odds of discontinuation Higher odds of discontinuation

0.25 0.5 1.0 2.0 4.0

Lower odds of adherence Higher odds of adherence

Adherence
Odds ratio (95% Cl)

FIGURE 1. Factors associated with omalizumab discontinuation and adherence during the 12-month follow-up period. ORs were adjusted
for the covariates listed. Ref indicates the reference group against which other factors within that group were compared. COPD, Chronic
obstructive pulmonary disease; ED, emergency department; LABA, long-acting b2 agonist; LAMA, long-acting muscarinic antagonist;
LRTI, lower respiratory tract infection; LTRA, leukotriene receptor antagonist; RxHCC, prescription drug hierarchical condition category;
SABA, short-acting b2 agonist; SAMA, short-acting muscarinic antagonist; URTI, upper respiratory tract infection. *ORs indicate how
odds of the outcome change if the mean value increases by 1. †Reference group contains those patients without the asthma-related
comorbidity in the preindex period. zReference group contains those patients not using the specified drug in the preindex period.
xReference group contains those patients who did not receive omalizumab under Part D.
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association of the various factors associated with discontinuation
and adherence were quite similar in sensitivity analyses con-
ducted among patients without urticaria (see Table E4 in this
article’s Online Repository at www.jaci-inpractice.org), and
when defining adherence on the basis of alternative cutoff points
(PDC �0.70 and PDC �0.90; see Table E5 in this article’s
Online Repository at www.jaci-inpractice.org).
DISCUSSION

This study is among the first to investigate omalizumab
treatment patterns and associated factors among a national
sample of fee-for-service Medicare beneficiaries with moderate to
severe persistent allergic asthma. Because patients are eligible for
Medicare at age 65 years, or can become eligible due to disability,
Medicare claims offer an ideal data set to study discontinuation
and adherence among both older adults and adults with a
disability. Among patients initiating omalizumab during the
study period, we found that approximately 60% were adherent
to treatment over a 12-month follow-up period. More than one-
third of the patients discontinued omalizumab. Some of these
patients switched therapies (w25% of discontinuers) or even-
tually restarted omalizumab or another therapy (>10% of dis-
continuers), whereas the remainder did not have evidence of
resuming treatment before the end of the study period. Among
patients who were continuous users of omalizumab, approxi-
mately one-third augmented their omalizumab treatment with
another asthma therapy. Our study identified several factors
associated with these treatment patterns.

One of the key factors identified in our study was patient age.
Previous studies have documented that older patients have low
adherence to asthma medications, which may be linked to a
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number of factors, including comorbidities, polypharmacy, and
limited health literacy.39-41 We found that among older Medi-
care patients, being older than 80 years was associated with
higher odds of discontinuation, consistent with existing litera-
ture. Of note, we found that more than 40% of our sample
comprised patients with a disability younger than 65 years,
significantly higher than the wider Medicare population.42

Although some studies have shown that omalizumab treatment
is associated with good rates of adherence in relatively younger
patient populations (mean age, <50 years),38,43,44 our subgroup
analysis found that patients younger than 45 years were more
likely to discontinue treatment compared with patients aged 55
to 64 years. This might suggest that patients with a disability are
at a greater risk for discontinuation than other younger patients.

Interestingly, we also discovered that nearly half of omalizumab
users were receiving LIS. Those patients receiving LIS were less
likely to be adherent to omalizumab and more likely to discontinue
this treatment than non-LIS patients. Part D LIS status likely serves
as a general proxy measure for socioeconomic status (eg, patients
receiving LIS may have lower income, have lower education
attainment, and are more likely to be of a racial/ethnic minority vs
patients without LIS), whichmay contribute to the lower adherence
and compliance to omalizumab of LIS versus non-LIS patients.45 In
addition, because omalizumab should be administered by a health
care provider in a health care setting,19 patient access to transport
and associated travel time and costs related to visiting a physician
office or administration center may create additional barriers for
patients receiving LIS. Previous studies have shown that despite
these issues, LIS patients are more likely to use Part Decovered
specialty and biologic drugs than non-LIS patients because their
otherwise high out-of-pocket costs are subsidized to minimal
amounts under Part D.46-50 In contrast, most patients in this study
received omalizumab through the Part B medical benefit wherein a
majority of both LIS and non-LIS patients are shielded from the
cost-sharing burden owing to the presence of Medicare supple-
mental insurance. However, post hoc analysis did find that patients
who received omalizumab under Medicare Part D, especially non-
LIS patients, were significantly more likely than LIS patients to be
nonadherent to omalizumab treatment. These findings suggest that,
to the extent possible, physicians should consider administering
omalizumab via the Part B benefit to non-LIS patients.

Our study also suggested potential clinical factors associated
with adherence to omalizumab in Medicare patients with
asthma. Those with concomitant rhinitis were more likely to be
adherent to omalizumab compared with patients without
rhinitis. Treatment with omalizumab targets a common under-
lying disease mechanism in both allergic rhinitis and allergic
asthma, and has been shown to provide significant clinical
benefits in a study of patients with these concomitant diseases.51

In experiencing an improvement in symptoms relating to both
conditions, this may explain the greater odds of adherence in
patients with this concomitant rhinitis in the present study. In
addition, patients with recurrent upper respiratory tract infec-
tion, laryngitis, or nasopharyngitis were significantly more likely
to restart therapy (a new drug or resume omalizumab therapy)
after a period of discontinuation than those individuals without
these comorbidities. Notably, high rates of anxiety or depression
were also observed in the study population. Anxiety and
depression are known barriers to adherence to medication in
chronic disease, including asthma,40,52,53 and this was corrobo-
rated in our subgroup of patients with a disability
(age <65 years) in which these comorbidities were associated
with lower adherence rates.

Patients with more frequent physician visits for evaluation and
management of asthma in the year before the index date (ie, 1
year before their first claim for omalizumab) were less likely to
discontinue omalizumab treatment. We did not capture resource
use data after the index date because this was outside the scope of
our study, but this finding may suggest that patients who had
more frequent physician visits before initiating omalizumab had
greater severity of disease and may have been more informed
about their condition and treatment options, resulting in them
being less likely to discontinue treatment. Thus, physician visits
provide an opportunity to provide education about asthma and
to discuss any patient concerns regarding treatment, which may
relate to adherence and compliance. The hypothesis that more
physician contact and visits will increase adherence to omalizu-
mab should be explored in future research.

Our study had some potential limitations worth noting. As a
retrospective claims-based study, details on treatment response,
adverse events, and reasons for nonadherence or gaps in treat-
ment were unavailable. Therefore, we were unable to determine
whether omalizumab discontinuation was deliberate and appro-
priate (eg, due to lack of efficacy or adverse events) or otherwise
(eg, related to factors such as age, treatment cost, or patient
burden/inconvenience). Although we performed adjusted
regression analyses for a number of covariates, we acknowledge
the potential for possible confounding due to unobserved cova-
riates. Our data may also have been affected by limitations
relating to the measures used (eg, proxies of comorbidity status),
possible coding errors, and the possibility of patients receiving
medication outside of Part D not being captured. In addition,
Medicare medical claims do not include dosing information for
omalizumab received under Medicare Part B; as a result, we
cannot determine whether patients were prescribed omalizumab
for 2 weeks or 4 weeks. As outlined in the Methods section, we
opted to assume a 28 days’ supply to minimize underestimation
of adherence among those patients receiving a 28-day supply.
However, this might have resulted in a slight overestimation of
adherence for patients receiving a 14-day supply. Because
Medicare beneficiaries are generally older and/or have a
disability, our findings may not be representative of the broader
population with asthma; although approximately 40% of pa-
tients in this study were younger than 65 years, they were likely
to have had more comorbidities than people not covered by
Medicare. The generalizability of our results to patients in other
countries (with different health care systems) is also unknown,
although higher discontinuation rates have also been observed in
older versus younger patients with asthma in a German study
(�50 years vs <50 years).26,28

CONCLUSIONS
This study is the first to provide new national data regarding

treatment patterns of disabled and older Medicare patients with
asthma initiating omalizumab. We found that 60% of patients
newly starting omalizumab were adherent to the treatment over a
1-year follow-up. More than one-third of the patients initiating
omalizumab discontinued treatment over the same time frame.
We have identified at-risk groups and modifiable factors that can
potentially be targeted to increase adherence to omalizumab with
a goal to improve outcomes in these vulnerable patients with
asthma.
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Appendix E1. Adherence calculation for omalizumab

injections covered under Medicare Part B (medical

benefit)
Adherence was captured using the PDC measure, which has a

range from 0 to 1. PDC is widely used to evaluate medication
adherence in chronic disease. It is calculated as the number of
days covered with omalizumab divided by a fixed time interval
(ie, 365 days) from the omalizumab initiation date.E1 For
example, a patient with omalizumab coverage available for 292
days during the 365-day posteindex date period would have a
PDC of 292/365 ¼ 0.80. We applied the frequently used
threshold of PDC greater than or equal to 0.80 to classify pa-
tients as adherent.E2-E5 A sensitivity analysis using adherence
thresholds of PDC greater than or equal to 0.70 and greater than
or equal to 0.90 was also conducted.

Prescription fill date and days’ supply information were used
from the pharmacy claims to calculate the PDC for patients
receiving omalizumab under the Part D prescription drug
benefit. For patients receiving omalizumab under the Medicare
Part B medical benefit (as would be expected of most patients
given that omalizumab is a physician-administered drug), we
did not have access to days’ supply or dosing information
because this is not contained in Medicare Part B claims.
Although omalizumab has 2 possible dosing frequencies (every
2 weeks or every 4 weeks), we opted to assign a 28 days’ supply
(4 weeks) to all omalizumab Part B claims because this would,
at worst, result in an overestimate of adherence for some pa-
tients. For example, if both patient A and patient B received
omalizumab, that provided coverage for 336 days over the 365-
day follow-up. If patient A received 24 administrations of
omalizumab every 14 days (ie, 336 days covered) and patient B
had 12 administrations of omalizumab every 28 days (ie, 336
days covered), and we assigned 14 days’ supply to all omali-
zumab claims, patient A would have the correct PDC ([14 �
24]/365 ¼ 0.92), but we would substantially underestimate
patient B’s PDC ([14 � 12]/365 ¼ 0.46). Alternatively, if we
assign 28 days’ supply for both patients, patient B would have
the correct PDC ([28 � 12]/365 ¼ 0.92) and we would
slightly overestimate the PDC for patient A ([336 þ 14]/365 ¼
0.96; instead of 0.92) given that Part B PDC calculation does
not carry over overlap days’ supply.
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SUPPLEMENTARY DATA
All patients with ≥1 claim for omalizumab during the intake period January 1, 2012 
to December 31, 2014 (first claim is index date) 

N=13,364

Medicare Part A and B coverage during the 12 months prior to the index date
N=10,013

Medicare Part D coverage during the 12 months prior to the index date
N=7,314

No omalizumab use in the 12 months prior to the index date
N=3,477

Medicare Part A and B coverage during the 12 months post-index date
N=3,219

Medicare Part D coverage during the 12 months post-index date
N=3,173

All patients with ≥1 diagnosis of asthma (ICD-9: 493.x) in the 12 months
prior to, or on, index date

N=3,062

Excluding observations with missing values
N=3,058

1

2

3

4

5

6

7

8

FIGURE E1. Sample selection criteria and sample attrition. ICD-9, International Classification of Diseases, Ninth Revision.



TABLE E1. Cox regression analysis of factors associated with
time to omalizumab discontinuation

Characteristic Hazard ratio (95% CI)

Age category (y) (reference age �80 y)

<65 0.93 (0.71-1.23)

65-69 0.74 (0.57-0.97)

70-74 0.70 (0.53-0.93)

75-79 0.91 (0.68-1.22)

Male sex (reference female) 0.99 (0.87-1.13)

Race (reference white)

Black 0.94 (0.78-1.12)

Hispanic 1.29 (0.95-1.77)

Other/unknown 0.86 (0.63-1.17)

Resource use in the 12 mo before the
index date with primary asthma
diagnosis

No. of ED visits 0.99 (0.95-1.03)

No. of evaluation and management
physician visits

0.97 (0.95-0.99)

No. of hospitalizations 1.05 (0.96-1.15)

RxHCC score* 0.98 (0.81-1.19)

Comorbid conditions†

Anxiety or depression 1.11 (0.97-1.26)

Bronchitis 0.87 (0.60-1.27)

Chronic obstructive pulmonary disease
or emphysema

0.97 (0.85-1.11)

LRTI excluding pneumonia 1.07 (0.74-1.56)

Pneumonia 1.08 (0.93-1.26)

Rhinitis 0.86 (0.75-0.98)

Sinusitis 1.01 (0.87-1.17)

Upper respiratory tract infection,
laryngitis, or nasopharyngitis

1.02 (0.85-1.21)

Use of asthma medication in the 12 mo
before the index datez

ICS þ LABA 0.90 (0.78-1.03)

ICS 0.88 (0.77-1.00)

LAMA 0.96 (0.84-1.10)

LTRA 0.86 (0.75-0.98)

SABA þ SAMA 1.00 (0.87-1.16)

SABA 0.94 (0.80-1.10)

SAMA 0.93 (0.74-1.16)

Oral systemic corticosteroid claims 1.00 (0.99-1.02)

No. of 30-d supply equivalent
prescriptions for nonasthma
medications*

1.01 (0.99-1.02)

Part D drug benefit type (reference
enhanced alternative)

Defined standard 0.83 (0.57-1.19)

Actuarially equivalent standard 0.95 (0.81-1.12)

Basic alternative 0.91 (0.75-1.10)

Part D LIS status “none” (reference full-/
partial-year LIS or plan switch)

0.70 (0.58-0.85)

Received omalizumab under Part Dx 1.12 (0.89-1.41)

County-level characteristics*

Income, per capita, $10,000s 1.03 (0.98-1.08)

Allergists/immunologists per 10,000
residents

1.00 (0.99-1.01)

Pulmonologists per 10,000 residents 1.00 (1.00-1.01)

(continued)

TABLE E1. (Continued)

Characteristic Hazard ratio (95% CI)

Census region (reference Northeast)

Midwest 1.04 (0.84-1.27)

South 1.13 (0.93-1.38)

West 1.21 (0.99-1.48)

Year of index date (reference 2012)

2013 0.94 (0.80-1.10)

2014 0.82 (0.70-0.97)

Season of index date (reference summer)

Fall 0.89 (0.76-1.05)

Winter 0.81 (0.68-0.96)

Spring 0.89 (0.76-1.04)

ED, Emergency department; LABA, long-acting b2 agonist; LAMA, long-acting
muscarinic antagonist; LRTI, lower respiratory tract infection; LTRA, leukotriene
receptor antagonist; RxHCC, prescription drug hierarchical condition category;
SABA, short-acting b2 agonist; SAMA, short-acting muscarinic antagonist.
Hazard ratios were adjusted for the covariates listed. Reference indicates the refer-
ence group against which other factors within that group are compared.
*Hazard ratios indicate the odds of discontinuing omalizumab at each point in time if
the mean value increases by 1.
†Reference group contains those patients without the asthma-related comorbidity in
the the preindex period.
zReference group contains those patients not using the specified drug in the preindex
period.
xReference group contains those patients who did not receive omalizumab under Part D.
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TABLE E2. Multinomial logistic regression results for factors associated with augmentation, switching, restart, or other discontinuation
of omalizumab treatment (relative to nondiscontinuation)

Factor

OR (95% CI)

Augmentation* Switch† Restartz
Other

discontinuationx
Age category (y) (reference age �80 y)

<65 1.24 (0.75-2.03) 0.91 (0.48-0.72) 0.95 (0.42-2.13) 0.96 (0.61-1.51)

65-69 1.01 (0.63-1.61) 0.79 (0.43-1.46) 0.65 (0.30-1.44) 0.61 (0.39-0.95)

70-74 1.07 (0.67-1.71) 0.77 (0.41-1.43) 0.23 (0.09-0.58) 0.69 (0.44-1.07)

75-79 0.99 (0.59-1.66) 0.94 (0.48-1.83) 0.55 (0.22-1.38) 0.87 (0.54-1.41)

Male sex (reference female) 0.94 (0.76-1.17) 1.01 (0.75-1.35) 0.79 (0.52-1.20) 0.99 (0.80-1.21)

Race (reference white)

Black 0.90 (0.66-1.24) 0.89 (0.59-1.35) 1.48 (0.90-2.45) 0.82 (0.61-1.10)

Hispanic 1.64 (0.84-3.20) 1.99 (0.93-4.26) 1.88 (0.70-5.05) 1.85 (1.03-3.33)

Other/unknown 0.80 (0.48-1.34) 0.71 (0.36-1.42) 0.92 (0.37-2.29) 0.79 (0.49-1.28)

Resource use in the 12 mo before the index date with primary asthma diagnosis

No. of ED visits 0.93 (0.85-1.02) 0.95 (0.85-1.06) 0.81 (0.67-0.98) 0.99 (0.93-1.06)

No. of evaluation and management physician visits 1.00 (0.97-1.03) 0.97 (0.93-1.01) 0.95 (0.89-1.01) 0.96 (0.93-0.99)

No. of hospitalizations 1.21 (1.00-1.45) 1.21 (0.96-1.51) 1.13 (0.79-1.62) 1.09 (0.93-1.28)

RxHCC scorek 1.14 (0.83-1.58) 0.94 (0.61-1.44) 0.75 (0.41-1.38) 1.09 (0.80-1.49)

Comorbid conditions{
Anxiety or depression 0.91 (0.72-1.14) 1.39 (1.03-1.86) 0.81 (0.53-1.22) 1.07 (0.86-1.32)

Bronchitis 0.88 (0.46-1.69) 1.55 (0.68-3.56) 0.31 (0.11-0.85) 0.79 (0.42-1.46)

Chronic obstructive pulmonary disease or emphysema 1.10 (0.88-1.38) 1.25 (0.92-1.68) 0.77 (0.51-1.16) 0.94 (0.76-1.17)

LRTI excluding pneumonia 1.13 (0.59-2.17) 0.71 (0.31-1.63) 2.39 (0.89-6.42) 1.11 (0.60-2.05)

Pneumonia 0.78 (0.61-1.02) 0.93 (0.66-1.30) 1.36 (0.87-2.13) 1.02 (0.80-1.29)

Rhinitis 1.09 (0.86-1.37) 0.93 (0.69-1.25) 0.71 (0.47-1.05) 0.84 (0.67-1.04)

Sinusitis 1.04 (0.81-1.33) 1.36 (0.97-1.91) 0.95 (0.62-1.47) 0.90 (0.71-1.14)

Upper respiratory tract infection, laryngitis, or nasopharyngitis 1.02 (0.76-1.38) 0.76 (0.51-1.14) 2.20 (1.26-3.85) 1.03 (0.78-1.37)

Use of asthma medication in the 12 mo before the index date#

ICS þ LABA 0.60 (0.48-0.75) 0.62 (0.46-0.84) 0.88 (0.56-1.37) 0.76 (0.61-0.96)

ICS 0.76 (0.61-0.94) 0.70 (0.52-0.94) 1.16 (0.79-1.71) 0.75 (0.61-0.92)

LAMA 0.88 (0.70-1.11) 0.91 (0.67-1.23) 1.00 (0.66-1.51) 0.95 (0.77-1.18)

LTRA 0.77 (0.62-0.96) 0.58 (0.44-0.77) 0.68 (0.46-1.03) 0.86 (0.69-1.08)

SABA þ SAMA 1.16 (0.92-1.47) 0.82 (0.59-1.14) 1.43 (0.95-2.15) 1.10 (0.87-1.37)

SABA 0.49 (0.38-0.63) 0.56 (0.40-0.79) 0.80 (0.48-1.33) 0.73 (0.56-0.95)

SAMA 0.84 (0.58-1.23) 0.78 (0.47-1.30) 1.27 (0.70-2.32) 0.77 (0.54-1.10)

Oral systemic corticosteroid claimsk 0.98 (0.95-1.00) 0.98 (0.95-1.02) 1.01 (0.97-1.06) 1.00 (0.98-1.03)

No. of 30-d supply equivalent prescriptions for nonasthma medicationsk 1.01 (0.99-1.04) 1.02 (0.99-1.05) 1.00 (0.96-1.05) 1.01 (0.99-1.04)

Part D drug benefit type (reference enhanced alternative)

Defined standard 1.65 (0.89-3.05) 1.29 (0.60-2.76) 0.27 (0.06-1.23) 1.04 (0.55-1.93)

Actuarially equivalent standard 0.97 (0.74-1.28) 0.91 (0.64-1.31) 0.64 (0.39-1.05) 1.04 (0.80-1.36)

Basic alternative 0.91 (0.67-1.22) 0.74 (0.49-1.12) 0.65 (0.36-1.17) 0.95 (0.71-1.28)

Part D LIS status “none” (reference full-/partial-year LIS or plan switch) 1.05 (0.77-1.44) 0.61 (0.40-0.91) 0.46 (0.26-0.83) 0.74 (0.55-1.00)

Received omalizumab under Part D** 0.66 (0.41-1.05) 0.89 (0.51-1.53) 1.49 (0.79-2.82) 0.98 (0.66-1.44)

County-level characteristicsk
Income, per capita, $10,000s 1.04 (0.96-1.13) 1.15 (1.03-1.28) 1.07 (0.92-1.25) 1.03 (0.95-1.11)

Allergists/immunologists per 10,000 residents 1.00 (0.99-1.02) 0.98 (0.96-1.00) 1.01 (0.98-1.03) 1.00 (0.98-1.01)

Pulmonologists per 10,000 residents 1.00 (0.99-1.01) 1.01 (1.00-1.02) 1.00 (0.99-1.01) 1.00 (1.00-1.01)

Census region (reference Northeast)

Midwest 0.87 (0.62-1.22) 1.34 (0.86-2.09) 0.72 (0.39-1.32) 1.01 (0.73-1.41)

South 1.07 (0.78-1.48) 1.30 (0.84-2.01) 0.89 (0.51-1.56) 1.32 (0.96-1.80)

West 0.96 (0.68-1.35) 1.29 (0.82-2.03) 0.84 (0.45-1.57) 1.41 (1.01-1.96)

Year of index date (reference 2012)

2013 0.90 (0.68-1.18) 0.80 (0.56-1.14) 0.77 (0.48-1.25) 0.93 (0.72-1.20)

2014 0.80 (0.61-1.06) 0.70 (0.49-1.00) 0.66 (0.40-1.08) 0.72 (0.55-0.93)
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J ALLERGY CLIN IMMUNOL PRACT
VOLUME 8, NUMBER 2

LI ETAL 515.e4



TABLE E2. (Continued)

Factor

OR (95% CI)

Augmentation* Switch† Restartz
Other

discontinuationx
Season of index date (reference summer)

Fall 1.02 (0.78-1.33) 0.95 (0.67-1.33) 0.66 (0.40-1.08) 0.86 (0.66-1.11)

Winter 0.90 (0.68-1.20) 0.70 (0.48-1.02) 0.62 (0.37-1.04) 0.79 (0.60-1.04)

Spring 1.03 (0.79-1.36) 0.78 (0.54-1.12) 0.73 (0.45-1.19) 1.00 (0.77-1.29)

ORs were adjusted for the covariates listed. Reference indicates the reference group against which other factors within that group are compared.
ED, Emergency department; LABA, long-acting b2 agonist; LAMA, long-acting muscarinic antagonist; LRTI, lower respiratory tract infection; LTRA, leukotriene receptor
antagonist; RxHCC, prescription drug hierarchical condition category; SABA, short-acting b2 agonist; SAMA, short-acting muscarinic antagonist.
*Patients received add-on of another asthma medication during continuous use of omalizumab.
†Patients started treatment with a new drug within 90 d of discontinuing the index biologic.
zPatients used a new drug or resumed omalizumab therapy after a gap of �90 consecutive days; restart occurred within 1 y after the index date.
xPatients did not resume treatment before the end of the follow-up period.
kORs indicate how odds of the outcome change if the mean value increases by 1.
{Reference group contains those patients without the asthma-related comorbidity in the preindex period.
#Reference group contains those patients not using the specified drug in the preindex period.
**Reference group contains those patients who did not receive omalizumab under Part D.
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TABLE E3. Factors associated with omalizumab discontinuation and adherence during the 12-mo follow-up by age group (<65 y or�65 y)

Factor

Age <65 y, OR (95% CI) Age ‡65 y, OR (95% CI)

Discontinuation Adherence Discontinuation Adherence

Age category (y)

<45 1.66 (1.22-2.27) 0.77 (0.56-1.05) — —

45-54 1.24 (0.93-1.65) 0.95 (0.71-1.26) — —

55-64 Reference Reference — —

65-69 — — 0.67 (0.47-0.97) 1.39 (0.97-2.01)

70-74 — — 0.61 (0.42-0.88) 1.50 (1.04-2.16)

75-79 — — 0.84 (0.56-1.24) 0.99 (0.67-1.47)

�80 — — Reference Reference

Male sex (reference female) 0.70 (0.53-0.92) 1.53 (1.17-2.02) 1.23 (0.99-1.54) 1.03 (0.83-1.29)

Race (reference white)

Black 0.96 (0.72-1.29) 1.25 (0.94-1.68) 0.99 (0.63-1.55) 0.91 (0.58-1.41)

Hispanic 1.50 (0.85-2.65) 0.87 (0.49-1.53) 1.95 (0.86-4.43) 0.64 (0.27-1.50)

Resource use in the 12 mo before the index date with primary asthma diagnosis

No. of ED visits 0.98 (0.92-1.04) 1.04 (0.98-1.11) 0.83 (0.69-1.00) 1.19 (0.99-1.44)

No. of evaluation and management physician visits 0.95 (0.91-0.99) 1.02 (0.98-1.06) 0.96 (0.93-1.00) 1.04 (1.00-1.07)

No. of hospitalizations 1.09 (0.94-1.27) 0.82 (0.70-0.96) 1.07 (0.78-1.46) 0.98 (0.72-1.34)

RxHCC score* 1.08 (0.77-1.52) 1.02 (0.73-1.43) 0.83 (0.57-1.22) 1.20 (0.82-1.76)

Comorbid conditions†

Anxiety or depression 1.25 (0.97-1.62) 0.75 (0.58-0.97) 1.07 (0.84-1.36) 0.94 (0.74-1.20)

Bronchitis 0.82 (0.35-1.91) 1.30 (0.56-3.02) 0.81 (0.44-1.49) 1.84 (0.99-3.45)

Chronic obstructive pulmonary disease or emphysema 1.17 (0.90-1.53) 1.03 (0.79-1.34) 0.88 (0.69-1.12) 1.07 (0.84-1.36)

LRTI excluding pneumonia 1.11 (0.48-2.57) 0.85 (0.37-1.95) 1.14 (0.62-2.12) 0.61 (0.33-1.15)

Pneumonia 1.02 (0.75-1.37) 0.94 (0.69-1.27) 1.19 (0.91-1.54) 0.88 (0.68-1.15)

Rhinitis 0.89 (0.68-1.16) 1.13 (0.87-1.48) 0.78 (0.62-0.98) 1.26 (1.00-1.59)

Sinusitis 0.92 (0.69-1.23) 0.90 (0.68-1.20) 1.01 (0.78-1.31) 1.14 (0.88-1.47)

Upper respiratory tract infection, laryngitis, or nasopharyngitis 1.14 (0.80-1.62) 1.02 (0.72-1.46) 0.97 (0.71-1.32) 0.94 (0.69-1.28)

Use of asthma medication in the 12 mo before the index datez
ICS þ LABA 0.93 (0.69-1.26) 1.17 (0.87-1.58) 0.90 (0.71-1.13) 1.34 (1.06-1.69)

ICS 0.88 (0.68-1.14) 1.16 (0.90-1.50) 0.85 (0.68-1.02) 1.16 (0.93-1.46)

LAMA 0.99 (0.76-1.28) 1.10 (0.84-1.43) 1.01 (0.79-1.29) 0.95 (0.74-1.21)

LTRA 0.78 (0.59-1.03) 1.16 (0.88-1.54) 0.84 (0.67-1.05) 1.22 (0.98-1.52)

SABA þ SAMA 0.93 (0.71-1.21) 1.12 (0.86-1.46) 1.11 (0.86-1.44) 1.01 (0.78-1.31)

SABA 0.82 (0.57-1.17) 1.20 (0.83-1.73) 0.98 (0.76-1.26) 0.86 (0.67-1.11)

SAMA 0.81 (0.53-1.24) 0.98 (0.64-1.49) 0.90 (0.61-1.34) 0.93 (0.63-1.38)

Oral systemic corticosteroid claims* 1.02 (0.99-1.05) 0.98 (0.96-1.01) 0.99 (0.96-1.02) 1.02 (0.99-1.06)

No. of 30-d supply equivalent prescriptions for nonasthma medications* 1.00 (0.97-1.02) 1.01 (0.98-1.04) 1.03 (1.00-1.06) 0.97 (0.95-1.00)

Part D drug benefit type (reference enhanced alternative)

Defined standard 1.11 (0.60-2.03) 1.50 (0.81-2.77) 0.64 (0.24-1.69) 1.14 (0.43-3.00)

Actuarially equivalent standard 1.43 (1.01-2.02) 0.83 (0.59-1.17) 0.75 (0.56-1.00) 1.21 (0.91-1.62)

Basic alternative 1.44 (0.93-2.23) 0.96 (0.62-1.48) 0.72 (0.53-0.97) 1.15 (0.86-1.55)

Part D LIS status “none” (reference full-/partial-year LIS or plan switch) 1.20 (0.79-1.82) 1.25 (0.82-1.90) 0.52 (0.38-0.71) 1.54 (1.13-2.10)

Received omalizumab under Part Dx 0.92 (0.60-1.41) 0.53 (0.34-0.81) 1.25 (0.78-2.01) 0.29 (0.18-0.48)

County-level characteristics*

Income, per capita, $10,000s 1.05 (0.94-1.16) 0.95 (0.86-1.06) 1.06 (0.98-1.15) 0.93 (0.85-1.01)

Allergists/immunologists per 10,000 residents 1.01 (0.99-1.03) 0.99 (0.97-1.01) 0.98 (0.97-1.00) 1.01 (0.99-1.03)

Pulmonologists per 10,000 residents 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.01 (1.00-1.01) 1.00 (0.99-1.00)

Census region (reference Northeast)

Midwest 0.90 (0.62-1.30) 0.94 (0.65-1.36) 1.34 (0.91-1.97) 0.86 (0.59-1.25)

South 1.06 (0.74-1.53) 1.06 (0.74-1.53) 1.40 (0.98-2.01) 0.91 (0.64-1.29)

West 1.12 (0.75-1.68) 0.72 (0.48-1.08) 1.37 (0.94-1.98) 1.02 (0.71-1.47)

Year of index date (reference 2012)

2013 0.85 (0.63-1.15) 1.23 (0.91-1.67) 0.93 (0.70-1.24) 0.98 (0.74-1.32)

2014 0.77 (0.57-1.06) 1.19 (0.87-1.63) 0.72 (0.53-0.96) 1.09 (0.82-1.47)
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TABLE E3. (Continued)

Factor

Age <65 y, OR (95% CI) Age ‡65 y, OR (95% CI)

Discontinuation Adherence Discontinuation Adherence

Season of index date (reference summer)

Fall 0.93 (0.68-1.28) 1.02 (0.75-1.40) 0.77 (0.58-1.02) 0.99 (0.75-1.31)

Winter 0.77 (0.55-1.07) 1.05 (0.75-1.46) 0.77 (0.57-1.03) 1.33 (0.98-1.79)

Spring 0.84 (0.61-1.14) 1.38 (1.01-1.89) 0.92 (0.69-1.22) 0.99 (0.75-1.32)

ORs were adjusted for the covariates listed. Reference indicates the reference group against which other factors within that group are compared.
ED, Emergency department; LABA, long-acting b2 agonist; LAMA, long-acting muscarinic antagonist; LRTI, lower respiratory tract infection; LTRA, leukotriene receptor
antagonist; RxHCC, prescription drug hierarchical condition category; SABA, short-acting b2 agonist; SAMA, short-acting muscarinic antagonist.
*ORs indicate how odds of the outcome change if the mean value increases by 1.
†Reference group contains those patients without the asthma-related comorbidity in the preindex period.
zReference group contains those patients not using the specified drug in the preindex period.
xReference group contains those patients who did not receive omalizumab under Part D.
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TABLE E4. Factors associated with omalizumab discontinuation
and adherence during the 12-mo follow-up, excluding patients
with urticaria

Factor

OR (95% CI)

Discontinuation Adherence

Age category (y) (reference age �80 y)

<65 1.02 (0.69-1.50) 0.88 (0.60-1.29)

65-69 0.66 (0.46-0.95) 1.43 (0.99-2.08)

70-74 0.64 (0.44-0.93) 1.42 (0.97-2.07)

75-79 0.86 (0.57-1.29) 0.97 (0.64-1.46)

Male sex (reference female) 1.03 (0.86-1.22) 1.15 (0.97-1.38)

Race (reference white)

Black 0.97 (0.75-1.24) 1.11 (0.87-1.43)

Hispanic 1.44 (0.88-2.36) 0.98 (0.60-1.61)

Other/unknown 0.93 (0.61-1.41) 1.38 (0.90-2.12)

Resource use in the 12 mo before the index date with primary asthma
diagnosis

No. of ED visits 0.99 (0.93-1.05) 1.01 (0.96-1.08)

No. of evaluation and
management physician
visits

0.98 (0.95-1.00) 1.01 (0.99-1.04)

No. of hospitalizations 1.03 (0.90-1.18) 0.92 (0.80-1.05)

RxHCC score* 1.00 (0.77-1.31) 1.01 (0.77-1.32)

Comorbid conditions†

Anxiety or depression 1.17 (0.97-1.41) 0.83 (0.69-1.00)

Bronchitis 0.65 (0.39-1.10) 1.89 (1.12-3.21)

Chronic obstructive
pulmonary disease or
emphysema

1.00 (0.83-1.21) 1.05 (0.87-1.27)

LRTI excluding pneumonia 1.36 (0.81-2.28) 0.61 (0.36-1.03)

Pneumonia 1.10 (0.90-1.35) 0.94 (0.76-1.15)

Rhinitis 0.84 (0.69-1.00) 1.16 (0.97-1.40)

Sinusitis 1.01 (0.83-1.24) 0.99 (0.81-1.21)

Upper respiratory tract
infection, laryngitis, or
nasopharyngitis

1.03 (0.81-1.32) 0.97 (0.76-1.25)

Use of asthma medication in the 12 mo before the index datez
ICS þ LABA 0.94 (0.77-1.14) 1.21 (1.00-1.48)

ICS 0.84 (0.70-1.00) 1.16 (0.97-1.38)

LAMA 0.99 (0.83-1.19) 1.01 (0.84-1.22)

LTRA 0.78 (0.65-0.94) 1.25 (1.04-1.50)

SABA þ SAMA 0.99 (0.82-1.20) 1.06 (0.88-1.28)

SABA 0.94 (0.75-1.17) 0.98 (0.78-1.22)

SAMA 0.78 (0.58-1.06) 0.96 (0.71-1.28)

Oral systemic corticosteroid
claims*

1.00 (0.98-1.02) 1.01 (0.99-1.04)

No. of 30-d supply equivalent
prescriptions for
nonasthma medications*

1.01 (0.99-1.03) 1.00 (0.98-1.02)

Part D drug benefit type (reference enhanced alternative)

Defined standard 0.68 (0.40-1.15) 1.84 (1.08-3.14)

Actuarially equivalent
standard

0.97 (0.77-1.22) 1.02 (0.81-1.28)

Basic alternative 0.96 (0.75-1.25) 1.03 (0.80-1.33)

Part D LIS status “none”
(reference full-/partial-
year LIS or plan switch)

0.70 (0.54-0.91) 1.50 (1.16-1.93)

(continued)

TABLE E4. (Continued)

Factor

OR (95% CI)

Discontinuation Adherence

Received omalizumab under
Part Dx

1.33 (0.95-1.86) 0.37 (0.26-0.52)

County-level characteristics*

Income, per capita,
$10,000s

1.04 (0.97-1.11) 0.94 (0.88-1.01)

Allergists/immunologists
per 10,000 residents

1.00 (0.99-1.01) 1.00 (0.98-1.01)

Pulmonologists per 10,000
residents

1.00 (1.00-1.01) 1.00 (0.99-1.01)

Census region (reference Northeast)

Midwest 1.09 (0.83-1.45) 0.96 (0.73-1.27)

South 1.25 (0.96-1.63) 1.02 (0.78-1.32)

West 1.30 (0.97-1.73) 0.93 (0.70-1.24)

Year of index date (reference 2012)

2013 0.93 (0.75-1.15) 1.08 (0.87-1.35)

2014 0.77 (0.62-0.96) 1.11 (0.89-1.39)

Season of index date (reference summer)

Fall 0.88 (0.70-1.10) 0.97 (0.78-1.21)

Winter 0.80 (0.63-1.01) 1.18 (0.93-1.49)

Spring 0.92 (0.74-1.14) 1.08 (0.86-1.35)

ORs were adjusted for the covariates listed. Reference indicates the reference group
against which other factors within that group are compared.
ED, Emergency department; LABA, long-acting b2 agonist; LAMA, long-acting
muscarinic antagonist; LRTI, lower respiratory tract infection; LTRA, leukotriene
receptor antagonist; RxHCC, prescription drug hierarchical condition category;
SABA, short-acting b2 agonist; SAMA, short-acting muscarinic antagonist.
*ORs indicate how odds of the outcome change if the mean value increases by 1.
†Reference group contains those patients without the asthma-related comorbidity in
the preindex period.
zReference group contains those patients not using the specified drug in the preindex
period.
xReference group contains those patients who did not receive omalizumab under Part D.
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TABLE E5. Sensitivity analysis based on the use of alternative
PDC cutoff points to define adherence

Factor

OR (95% CI)

Adherence

(PDC ‡0.70)
Adherence

(PDC ‡0.90)

Age category (y) (reference age �80 y)

<65 0.95 (0.65-1.39) 0.96 (0.67-1.39)

65-69 1.37 (0.95-1.98) 1.25 (0.88-1.77)

70-74 1.46 (1.00-2.12) 1.41 (0.99-2.00)

75-79 1.03 (0.69-1.54) 0.83 (0.57-1.22)

Male sex (reference female) 1.13 (0.95-1.34) 1.31 (1.11-1.55)

Race (reference white)

Black 1.03 (0.81-1.31) 1.02 (0.81-1.29)

Hispanic 0.72 (0.46-1.15) 0.54 (0.33-0.88)

Other/unknown 1.30 (0.87-1.95) 1.17 (0.80-1.71)

Resource use in the 12 mo before the index date with primary asthma
diagnosis

No. of ED visits 1.04 (0.98-1.10) 1.00 (0.95-1.05)

No. of evaluation and
management physician
visits

1.04 (1.01-1.07) 1.02 (1.00-1.05)

No. of hospitalizations 0.88 (0.77-1.01) 0.93 (0.82-1.05)

RxHCC score* 1.14 (0.88-1.47) 1.11 (0.87-1.41)

Comorbid conditions†

Anxiety or depression 0.80 (0.67-0.95) 0.90 (0.76-1.07)

Bronchitis 1.20 (0.73-1.99) 1.54 (0.95-2.50)

Chronic obstructive
pulmonary disease or
emphysema

1.05 (0.88-1.26) 1.05 (0.89-1.25)

LRTI excluding pneumonia 0.89 (0.54-1.48) 0.73 (0.45-1.18)

Pneumonia 0.93 (0.76-1.14) 0.99 (0.82-1.20)

Rhinitis 1.26 (1.06-1.51) 1.17 (0.99-1.39)

Sinusitis 0.97 (0.79-1.18) 0.99 (0.82-1.19)

Upper respiratory tract
infection, laryngitis, or
nasopharyngitis

1.05 (0.83-1.33) 0.94 (0.75-1.17)

Use of asthma medication in the 12 mo before the index datez
ICS þ LABA 1.16 (0.96-1.40) 1.33 (1.12-1.59)

ICS 1.21 (1.02-1.44) 1.15 (0.98-1.35)

LAMA 0.96 (0.80-1.15) 0.89 (0.75-1.06)

LTRA 1.16 (0.97-1.39) 1.19 (1.01-1.41)

SABA þ SAMA 1.07 (0.89-1.29) 1.08 (0.90-1.28)

SABA 1.10 (0.89-1.36) 1.24 (1.02-1.51)

SAMA 1.05 (0.78-1.40) 0.86 (0.65-1.13)

Oral systemic corticosteroid
claims*

1.00 (0.98-1.02) 1.01 (0.99-1.03)

No. of 30-d supply equivalent
prescriptions for
nonasthma medications*

0.99 (0.98-1.01) 0.99 (0.98-1.01)

Part D drug benefit type (reference enhanced alternative)

Defined standard 1.56 (0.95-2.58) 1.41 (0.88-2.27)

Actuarially equivalent
standard

1.01 (0.82-1.26) 1.07 (0.87-1.31)

Basic alternative 1.07 (0.84-1.37) 1.06 (0.84-1.34)

Part D LIS status “none”
(reference full-/partial-
year LIS or plan switch)

1.57 (1.23-2.01) 1.43 (1.41-1.81)

(continued)

TABLE E5. (Continued)

Factor

OR (95% CI)

Adherence

(PDC ‡0.70)
Adherence

(PDC ‡0.90)
Received omalizumab under

Part Dx
0.53 (0.39-0.73) 0.29 (0.20-0.41)

County-level characteristics*

Income, per capita,
$10,000s

0.94 (0.88-1.00) 0.92 (0.87-0.98)

Allergists/immunologists
per 10,000 residents

1.01 (1.00-1.02) 1.00 (0.99-1.02)

Pulmonologists per 10,000
residents

1.00 (0.99-1.00) 1.00 (0.99-1.00)

Census region (reference Northeast)

Midwest 0.90 (0.69-1.18) 0.92 (0.71-1.18)

South 0.95 (0.74-1.23) 1.02 (0.80-1.30)

West 0.81 (0.62-1.06) 0.85 (0.66-1.10)

Year of index date (reference 2012)

2013 1.05 (0.85-1.30) 1.07 (0.87-1.30)

2014 1.11 (0.90-1.38) 1.09 (0.89-1.34)

Season of index date (reference summer)

Fall 1.03 (0.83-1.27) 0.98 (0.80-1.21)

Winter 1.23 (0.98-1.55) 1.17 (0.95-1.45)

Spring 1.18 (0.95-1.46) 1.08 (0.88-1.33)

ORs were adjusted for the covariates listed. Reference indicates the reference group
against which other factors within that group are compared.
ED, Emergency department; LABA, long-acting b2 agonist; LAMA, long-acting
muscarinic antagonist; LRTI, lower respiratory tract infection; LTRA, leukotriene
receptor antagonist; RxHCC, prescription drug hierarchical condition category;
SABA, short-acting b2 agonist; SAMA, short-acting muscarinic antagonist.
*ORs indicate how odds of the outcome change if the mean value increases by 1.
†Reference group contains those patients without the asthma-related comorbidity in
the preindex period.
zReference group contains those patients not using the specified drug in the preindex
period.
xReference group contains those patients who did not receive omalizumab under Part D.
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