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Purpose: Exercise-induced bronchoconstriction (EIB) is generally treated with short-acting
B,-agonists (SABA) before exercising, to prevent symptoms. Real-world data on treatments
and outcomes for patients with EIB alone (EIB,jope), or with asthma (EIB,ma), in the USA
are limited. This study compared demographics, treatment patterns, morbidity, and costs of
treating EIB between these two groups of patients.

Patients and Methods: Administrative claims from US IBM® MarketScan® Research
databases were analyzed retrospectively. Patients aged >4 years filling a SABA claim
between 1/1/2011 and 12/31/2016 were evaluated. Patients were indexed on a random
SABA claim and required to have 12 months’ continuous eligibility pre- and post-index,
>1 maintenance medication and/or SABA fill post-index, and were designated EIB,jone OF
EIB,gnma according to diagnostic codes (EIB only or EIB plus asthma, respectively).
Descriptive statistics were used.

Results: In total, 13,480 patients had EIB,j, and 14,862 had EIB,gpuma. Compared with
EIB.sthma, the EIB,jone group was older (mean[SD] 20.4[13.6] vs 17.8[13.6] years), had more
females (60.7% vs 54.7%), and filled fewer SABA claims (1.9[1.4] vs 2.5[2.2]) (all
p<0.001). A smaller proportion of patients in the EIB,jo,. than EIB,gpm, group had main-
tenance therapy claims (79.9% vs 90.6%, p<0.001). The EIBg,,. group also had a lower
proportion of patients with oral or injectable corticosteroid claims (29.4% vs 32.0%) and
asthma and/or EIB-related emergency department (1.0% vs 13.0%) or outpatient visits
(65.1% vs 72.3%; all p<0.0001). Annual days’ supply of oral corticosteroids was similar
between groups (mean[SD] EIB,jone: 20.7[30.8] vs EIBagma: 19.8[28] days).

Conclusion: Individuals with EIB,jo,. or EIB.gmma. demonstrate considerable morbidity.
New treatment paradigms may be needed to optimize outcomes for both patient groups.
Keywords: asthma, drug prescriptions, healthcare costs, short-acting beta,-agonist

Introduction
Exercise-induced bronchoconstriction (EIB) is the transient narrowing of the lower
airways during or after exercise and commonly occurs in patients with asthma but
can also occur in the absence of asthma.'™

The decline in lung function that occurs during or after exercise was initially
termed exercise-induced asthma but has more recently been subdivided and
reclassified as EIB without asthma (EIB,jone) or EIB with asthma (EIB,ghma).>
EIB occurs in up to 90% of patients with a confirmed asthma diagnosis,® and is
more frequent among patients with poor asthma control or more severe asthma.’
EIB,jone is particularly prevalent in children and in patients with atopy or rhinitis,’
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and is associated with atopy in athletes.” In children aged
<16 years, the prevalence estimates of EIB with or with-
out asthma vary between 3-35%,> with one estimate of
the global mean prevalence of EIB in children/adolescents
with asthma as high as 46%." The wide range of these
estimates is due to variability in, and lack of consensus
on, the diagnostic criteria and methods of clinical con-
firmation, as well as variability in testing conditions
(environmental conditions such as relative humidity, tem-
perature, pollutant levels' or exercise conditions such as
type and intensity of exercise®).

There is broad agreement that the aims of pharmaco-
logic treatment of EIB,jone and EIB,gnma should be pre-
vention and/or amelioration of exercise-related
bronchoconstriction and symptoms."*° For patients with
EIB,jone, use of inhaled short-acting [,-agonists (SABA)
taken 5-20 minutes before exercise and/or if symptoms
develop post-exercise is generally recommended.”'® In
contrast to the usual management of EIB,,,., Which tar-
gets symptom prevention and/or relief with SABA only,l’4
patients diagnosed with EIB,guma should be treated with
daily maintenance therapy for optimal asthma control,'**'°
according to the severity of their asthma, and following
clinical practice guidelines. Patients with EIB,,,. may
also be prescribed daily inhaled corticosteroid (ICS) or
leukotriene modifier (LM) treatment if they use SABA
on a frequent or even daily basis.'** Chronic/daily use of
SABA or long-acting [,-agonist (LABA) alone for
patients with EIB,j,,. should be avoided, because of the
risk of developing tachyphylaxis to the bronchoprotective
and bronchodilatory effects of ,-agonists and subsequent
risk of serious adverse effects including exacerbations
requiring hospitalization. 1.4.11-13

Other treatment options include low-dose ICS-formoterol
taken as needed and before exercise in patients with
EIB, s 4,15

mast cell stabilizers (inhaled cromolyn sodium or nedocromil

inhaled short-acting anticholinergics,” > and
sodium) given before exercise. Although mast cell stabilizers
are recommended for patients with EIB,ope 01 EIBgma Who
continue to have EIB despite SABA use or who require an
inhaled SABA daily or more frequently,” they attenuate EIB
only by ~50%, have a limited duration of effect and no
bronchodilator activity,' and are only available in the USA
in a formulation requiring nebulization.

Real-world treatment patterns and clinical outcomes of
EIB in patients with or without asthma in the USA have
not been studied in detail to date. The aim of this study,
therefore, was to compare demographic characteristics,

treatment patterns, morbidities, healthcare resource use,
and costs between patients with EIB,,,. versus those with
EIB,shma in a real-world setting.

Materials and Methods

Data Source and Patients

This was a retrospective analysis of administrative claims
data from the IBM® MarketScan®™ Research Databases in
the USA, which includes the Commercial, Medicare
Supplemental, and Medicaid databases. These databases
contain healthcare data for patients insured commercially
or via the Medicare or Medicaid programs. They include
detailed cost, use and outcomes data for healthcare ser-
vices, including prescription drug claims, provided in
inpatient or outpatient settings. The online analytic plat-
form Treatment Pathways 4.0 was used to access the
MarketScan databases.

Unique identifiers are used to link person-level enroll-
ment data to medical and outpatient prescription drug
claims. All database studies using US data that are con-
ducted by AstraZeneca comply with the United States
Health Insurance Portability and Accountability Act of
1996 Privacy Rule, which allows for use of health infor-
mation that neither identifies nor provides a reasonable
basis to identify an individual. This study used fully de-
identified data and as such was not classified as research
involving human participants as defined by 45 CFR
46.104(d)(4). For the use of fully de-identified US data,
AstraZeneca complies with the procedures set forth in
Sections 164.514 (a)—(b)lii of the Health Insurance
Portability and Accountability Act of 1996 Privacy Rule,
which allows for use of health information that neither
identifies nor provides a reasonable basis to identify an
individual. Therefore, approval from an institutional
review board was not sought.

Patients aged >4 years with a SABA fill between
January 1, 2011 and December 31, 2016 were assessed
for inclusion. A random SABA claim within the analysis
period was chosen as the index date. Randomization was
conducted through the random number generator
(RANUNIT function) using SAS 9.4. Eligible patients
were required to have continuous enrolment in the
MarketScan databases for 1 year prior to (pre-index per-
iod) and 1 year following this index date (post-index
period), 1 inpatient or 2 outpatient non-diagnostic claims
(ie visits) and a separate diagnostic code for EIB
(International Classification of Diseases (ICD)-9-CM:
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493.81; ICD-10-CM: J45990), asthma (ICD-9-CM: 493.
xx, except 493.81; ICD-10-CM: J45xx, except J45990), or
both, at any time in the pre-index through 60 days in the
post-index period, and >1 additional SABA fills, or for
patients with a single SABA fill (index fill only), >1
maintenance medication fills in the post-index period.
Thus, patients in the EIB,,, group had a diagnostic
code for EIB, but not asthma, and patients in the
EIB,snma group had diagnostic codes for both EIB and
asthma. Patients with diagnostic codes on an inpatient
claim or non-diagnostic outpatient claim any time during
the pre- or post-index periods associated with chronic
lower respiratory diseases other than asthma, primary eosi-
nophilic disorders, cancer, or autoimmune conditions were
excluded from the analysis.

Data Collected

The following patient data were collected: demographics
(age, sex), diagnoses of interest, and medication claims in
the 1-year post-index period (SABA, maintenance medica-
tion, and systemic corticosteroids [SCS; oral or injectable]
claims per National Drug Code).

Data on healthcare resource use and costs in the 1-year
post-index period were gathered: both all-cause and dis-
ease (EIB and/or asthma)-specific healthcare service utili-
zation by place of service, including medical services
(inpatient admission, outpatient medical services) and out-
patient prescriptions. Disease-specific medical costs
included EIB claims in the EIB,,, group and both EIB
and asthma claims in the EIB,g4ma group.

Healthcare costs were calculated based on amounts
paid for adjudicated claims; this included insurer and
health plan payments, as well as patient cost-sharing in
the form of copayments, deductibles or coinsurance. All
costs were inflation-adjusted using the medical care com-
ponent of the Consumer Price Index (CPI), and were
standardized to annualized 2017 US dollars (US$).

Statistical Analysis

Descriptive statistics were used to summarize patient
demographics, annual medication claims, and all-cause
and disease-specific healthcare costs. Comparisons
between patients with EIB,j,,. and those with EIB,pma
for treatment patterns and healthcare utilization were made
using the healthcare Student’s r-test and chi-squared (;%)
tests, and for costs using unpaired Student’s t-tests, at

a pre-determined alpha significance level of 0.05.

Results

A total of 13,480 patients with EIBgjo,e and 14,862 with
EIB,smma Were identified and included in this analysis
(Figure 1). Of note, the population of patients having
diagnostic codes for both asthma and EIB made up 1.3%
of the population with a diagnostic code for asthma
(N=1,134,143). Patients in the EIB,,,. group were older
(mean [standard deviation (SD)] 20.4 [13.6] vs 17.8 [13.6]
years) and had a greater proportion of females (60.7% vs
54.7%) than the EIB,gnma group (both »* p<0.001;
Table 1). EIB,jone Was more common than EIB,guma in
all the age groups except in the 4—11 years’ group, where
there were fewer patients with EIB,one than with EIB,gpnma
(20.9% vs 34.2%; x* p<0.001) (Table 1).

Treatment Patterns

The annual mean [SD] SABA claims were lower in the
EIB,jone than the EIB,gpma group (1.9 [1.4] vs 2.5 [2.2];
p<0.001), but the median number of SABA claims was 2.0
in both groups.

Significant between-group differences (p<0.0001) were
observed according to annual quantity of SABA claims: in the
EIB,jone group, more patients had filled one or two SABA
claims compared with the EIB,spma group (44.4% vs 34.8%
and 31.3% vs 26.9%, respectively; Figure 2). In contrast,
significantly fewer patients in the EIB,, group than
EIB.sthma group had 3 or 4 or more SABA fills in the post-
index period (12.8% vs 159% and 11.6% vs 22.4%,
respectively).

Maintenance medication fills were less common in the
EIB,jone than the EIB gnma group (Figure 3). The most com-
mon maintenance therapy regimen in both groups was a LM
alone or in combination with other maintenance treatments,
recorded for 40.2% of patients in the EIB,4,,. group and 45.0%
of patients in the EIB,4,ma group (between-group difference
p<0.0001). Between-group differences were significant
(p<0.0001) for all categories of maintenance medication pre-
scription (Figure 3). Maintenance medication prescriptions
were higher in the EIB,gpma than EIB,jon. group for ICS in
combination with other maintenance medication, ICS only or
ICS plus LM only (montelukast, zafirlukast, zileuton), ICS-
LABA only, and ICS-LABA in combination with any other
maintenance medication, while prescriptions for LM only were
higher with EIB,,c Versus EIB gma (all p<0.0001) (Figure 3).

The proportion of patients with >1 annual claim for SCS
was lower in the EIB,j, group than the EIB,pma group
(29.4% vs 32.0%; p<0.0001) (Table 2). However, when
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Patients 24 years with a recorded SABA fill between
1/1/2011 and 12/31/2016
(randomly selected SABA fill = index date)
N=11,972,304 (100%)

n=5,720,508 (47.8%)

12-months of pre- and post-index continuous enrollment

A

n=2,151,982 (18.0%)

1 inpatient or 2 outpatient visits in the 12 months prior through
60 days following index date

\4

n=1,784,449 (14.9%)

Absence of exclusionary diagnoses?
during 12-month pre- and post-index periods

\4

n=1,492,999 (12.5%)

Either one additional recorded SABA fill or a recorded
maintenance medication fill in the 12-month post-index period

\4

n=1,147,623 (9.6%)

Diagnosis of asthma and/or EIB in the 12 months
prior through 60 days following index date

Asthma only

n=1,119,281 (9.35%)

A4

v

ElBanne
n=13,480 (0.11%)

ElBasthma
n=14,862 (0.12%)

Figure | Study population selection from the IBM® MarketScan® Research Databases in the US, which includes the Commercial, Medicare Supplemental, and Medicaid
databases. *Presence of chronic lower respiratory illness other than asthma, primary eosinophilic disorders, cancer, or an autoimmune disorder resulted in exclusion.
Abbreviations: EIB, ., exercise-induced bronchoconstriction (EIB) without asthma; EIB,,m,, EIB with asthma; SABA, short-acting [3,-agonist.

analyzed by type of SCS (oral versus injectable), with the
between-group difference being significantly higher only for
oral corticosteroids (22.5% [EIB,jone] VS 26.6% [EIB sthmal;
p<0.0001). Approximately 3 weeks’ worth of oral corticos-
teroid prescriptions were filled in the post-index year in both
groups: a mean of 20.7 days (SD 30.8) in the EIB,jye group
and 19.8 days (28.8) in the EIB.snma group (p=0.188).
Chronic SCS use was rare and was observed in a similar

proportion of patients in both groups (both 0.2%; p=0.448).

Healthcare Resource Utilization

More than two-thirds of patients in both groups had disease-
specific outpatient healthcare professional (HCP) office vis-
its in the post-index period, fewer in the EIB,y, than the
EIBasthma group (65.1% vs 72.3%; p<0.0001) (Table 3).
While uncommon overall, fewer patients with EIBgone
than patients with EIB,¢,ma required urgent care visits in
the post-index period year (0.3% vs 2.0%; p<0.0001).
Emergency department (ED) visits were much less common

https:
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Table 1 Demographic Characteristics of Patients Aged 24 Years with a Diagnosis of EIB,jone OF EIB,sthma
All Patients EIB.ione EIB.s¢hma P-value®
(N=28,342) (N=13,480) (N=14,862)
Age, years, mean (SD) 19.1 (13.6) 204 (13.6) 17.8 (13.4) <0.001
Age group, n (%)
4-11 years 7911 (27.9) 2824 (20.9) 5087 (34.2)
12-17 years 11,981 (42.3) 6015 (44.6) 5966 (40.1)
18-34 years 4235 (14.9) 2331 (17.3) 1904 (12.8) <0.001
35-54 years 3243 (11.4) 1832 (13.6) 1411 (9.5)
255 years 972 (3.4) 478 (3.5) 494 (3.3)
Female, n (%) 16,308 (57.5) 8185 (60.7) 8123 (54.7) <0.001

Notes: “Between-group comparison of age group and female gender by % test and of age by Student’s t-test. P-values in bold are statistically significant.
Abbreviations: EIB,,,, exercise-induced bronchoconstriction (EIB) without asthma; EIB,sma EIB with asthma; SD, standard deviation.

among patients with EIB,j.,. than patients with EIB,gnma
(1.0% vs 13.0%; p<0.0001). Fewer patients with EIBjone
had a disease-related hospitalization (0.4%) than patients in
the EIB,smma group (2.0%; p<0.0001).

All-Cause and Disease-Related Costs
All-cause total healthcare costs were higher in the EIB sma
than the EIB,on group (US$6511 vs US$5432; P<0.0001).

This was likely attributable to significantly higher outpatient
costs, such as HCP office visits and pharmacy prescriptions
costs in the EIB,suma versus EIB,on group (Table 4).
However, all-cause inpatient costs were higher in the
EIBgjone than the EIB,gma group (mean costs per patient
per year: US$25,542 vs US$21,013; P<0.0001).
Disease-specific healthcare costs for EIB,jo,. repre-
sented 11.6% of all-cause healthcare costs in this group,

100% 1
m 1 SABA fill
90% A 2 SABA fills
m 3 SABA fills

80% A 4+ SABA fills

70% A
—~ 60% A
N3
2
T 50% - *
.g 44.4%
©
& 40% |

* 34.8%
31.3%
30% - 26.9% *
22.4%
%
20% A 15.9%
128%  11.6%
10% A
0%
EIBalone EIBasthma

Figure 2 SABA treatment patterns compared between patients aged 24 years with a diagnosis of EIB,jone (n=13,480) or EIB,ghma (n=14,862). *P<0.0001 for comparisons

between EIB,o,e and EIB,¢ma for each level of SABA fills (XZ tests).

Abbreviations: EIB,,., exercise-induced bronchoconstriction (EIB) without asthma; EIB,gyma EIB with asthma; SABA, short-acting B,-agonist.
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100.0% - * | EIBanne
91.6%

90.0% - W EIBygtma

80.0%

70.0%
i
C
2  60.0%
©
[oN
S 50.0%
c
i)
€
g 40.0% *
o 32.0%
o

30.0% *

22.4%
20.0%
10.0%
0.0%
Any Any LM + other Any ICS + other  ICS only or LM only ICS-LABAonly ICS-LABA +
maintenance  maintenance = maintenance ICS+LM only other
medication medication medication maintenance
medication

Figure 3 Asthma maintenance treatment prescriptions for patients aged = 4 years with EIB,o.e (n=13,480) or EIB,ihma (n=14,862). Rates of specific maintenance
medication use include patients who use other maintenance medications throughout the 12-month post-index period (indicated by “+ other maintenance medication”);
“only” implies no other use of maintenance medication other than the maintenance medication(s) specified. *P<0.0001 for comparisons between EIB,,ne and EIB,sma for
each maintenance therapy category (;* tests).

Abbreviations: EIB,,., exercise-induced bronchoconstriction (EIB) without asthma; EIB,sma, EIB with asthma; ICS, inhaled corticosteroid; LABA, long-acting f3,-agonist;
LM, leukotriene modifier.

while for the EIB,gnma group it was 26.2%. Although and US$822 vs US$764; P=0.002, respectively), the
disease-specific inpatient and ED costs were higher in  overall total healthcare costs were higher in the
the EIB,on. than EIB,guma group (mean costs per  ElBggnma group (US$1708 vs US$633 in the EIB,jone
patient per year: US$18,110 vs US$15,463; P<0.0001, group; P<0.0001). This was driven by significantly

Table 2 Systemic Corticosteroid Prescriptions for Patients Aged 24 Years with a Diagnosis of EIB,one or EIBasthma

EIB.jone EIB.sthma P-value®
(N=13,480) (N=14,862)
Any SCS treatment,” n (%) 3958 (29.4) 4760 (32.0) <0.0001
OCS, n (%) 3028 (22.5) 3953 (26.6) <0.0001
Injectable corticosteroids, n (%) 1394 (10.3) 1379 (9.3) <0.005
Total number of days OCS supplied for, mean (SD) 20.7 (30.8) 19.8 (28.8) =0.188
Chronic SCS use, n (%) 22 (0.2) 30 (0.2) =0.448

Notes: *Between-group comparison by % test. P-values in bold are statistically significant. ®To be included, corticosteroids had to be prescribed as a minimum 3-day supply
for oral administration or as a single injection, and were required to be filled in the 5-day period following the visit, inclusive of the day of the visit. “Assessed using outpatient
prescription claims or medical claims, where prescriptions covered 250% (6 months) in days’ supply or days of clinical benefit during the post-index period (not required to
be continuous).

Abbreviations: EIB, e, exercise-induced bronchoconstriction (EIB) without asthma; EIB,sthma EIB with asthma; OCS, oral corticosteroid; SCS, systemic corticosteroid;
SD, standard deviation.
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Table 3 Disease-Specific Healthcare Resource Use for Patients Aged 24 Years with a Diagnosis of EIB,one oF EIB,sthma

EIB,one EIB.sthma P-value®

(N=13,480) (N=14,862)

n (%) Mean (SD) n (%) Mean (SD)
Outpatient HCP office visits | 8769 (65.1) 1.5 (0.9) 10,743 (72.3) 2.6 (2.2) <0.0001
Urgent care visits 44 (0.3) 1.6 (1.2) 302 (2.0) 2.8 (2.5) <0.0001
ED visits 130 (1.0) 1.1 (0.2) 1935 (13.0) 1.0 (0.9) <0.0001
Inpatient admissions 49 (0.4) 1.1 (0.2) 300 (2.0) 1.0 (0.7) <0.0001

Notes: “Between-group comparison of proportions of patients by)(2 test. P-values in bold are statistically significant.
Abbreviations: ED, emergency department; EIB,jon, exercise-induced bronchoconstriction (EIB) without asthma; EIB,ghma, EIB with asthma; HCP, healthcare professional;

SD, standard deviation.

Table 4 All-Cause and Disease-Specific Healthcare Costs (US$) for Patients Aged 24 Years with a Diagnosis of EIB,jone or EIB,sthma

Costs,” Mean (SD) EIB, one EIB.thma P-value®
(N=13,480) (N=14,862)
All-cause
Outpatient HCP office visits $643 ($642) $702 ($719) <0.0001
Other outpatient visits $5042 ($13,943) $5105 ($13,834) 0.7029
Outpatient pharmacy prescriptions $1328 ($5164) $1823 ($6037) <0.0001
ED visit $934 ($2064) $940 ($1846) 0.7962
Inpatient $25,542 ($47,601) $21,013 ($51,563) <0.0001
Medical (inpatient + outpatient)® $4104 ($14,136) $4688 ($17,946) =0.0025
Total healthcare (medical + outpatient prescriptions) $5432 ($15,627) $6511 ($20,081) <0.0001
Disease-specific
Outpatient HCP office visits $156 ($138) $241 ($270) <0.0001
Other outpatient visits $1380 ($4093) $1775 ($5190) <0.0001
SABA $105 ($105) $132 ($172) <0.0001
Maintenance medication $313 ($840) $695 ($2431) <0.0001
ED visits $822 ($1720) $764 ($1430) =0.0020
Inpatient $18,110 ($22,457) $15,463 ($22,779) <0.0001
Medical (inpatient + outpatient) $262 ($1480) $983 ($4702) <0.0001
Total healthcare (medical + outpatient prescriptions) $633 ($2148) $1708 ($5272) <0.0001

Notes: *All costs are presented are per-patient-per-year costs, as all outcomes were assessed over a fixed 12-month follow-up period. Mean costs reflect the amount
incurred only among those patients using a particular service. “Between-group comparisons were made using unpaired Student’s t-tests. P-values in bold are statistically
significant. “Medical costs refers to all non-pharmacy inpatient and outpatient medical service costs.
Abbreviations: ED, emergency department; EIB,;one, exercise-induced bronchoconstriction (EIB) without asthma; EIB,guma EIB with asthma; HCP, healthcare professional;

SABA, short-acting By—agonist; SD, standard deviation.

higher medication costs (SABA and maintenance medi-
cation) and outpatient visit costs in the EIB,gnma Versus

EIBajone group (Table 4).

Discussion

Prescription claims and healthcare resource utilization data
from 28,342 US patients with EIB, of whom 14,862 also
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had a diagnosis of asthma, were analyzed in this study. To
the best of our knowledge, this is the first investigation of
its kind in which real world evidence data is analyzed to
better understand the burden of disease in patients with
EIB. Systemic corticosteroid claims, healthcare resource
utilization, and cost of care were high in both cohorts,
suggesting considerable unmet need in patients with EIB.

Almost one-third of patients with EIB,,,e had >1 SCS
claim (29.4% of patients), with 3-weeks’ worth of oral
being filled
Healthcare resource use data confirmed the extent of

corticosteroids in the post-index year.
unrecognized morbidity in EIB,jyne; 65.1% of patients in
this group had outpatient HCP office visits associated with
EIB. In the EIB,gma group, 32.0% of patients had >1 SCS
claim in the post-index period, and similar to the EIB,jone
population, this group also filled close to 3 weeks’ worth
of oral corticosteroids. Additionally, the majority of
patients with EIB,gnma (72.3%) had >1 outpatient office
13.0%
exacerbation.

visit and attended an ED for an asthma

Analysis of treatment patterns may help explain the
observed morbidity associated with EIB in both sets of
patients. The EIB,gnma group relied heavily on SABA use,
with 22.4% filling 4 or more SABA claims in the year. This
would equate to at least 400 doses annually (each canister
contains 200 puffs, ie 100 doses), constituting an average use
of SABA at least once daily. Regular use of SABA may not
only lead to an increase in bronchial hyperresponsiveness, but
also a tolerance to the bronchodilator effect and an increase in
bronchoconstriction in response to the stimulus of
exercise.*'""!* Patients with EIB,qnma should be treated for
optimum asthma control, ie with maintenance therapy, to
reduce the frequency and severity of EIB and the use of
SABA.'#%10 Although over 90% of patients with EIBgma
were receiving maintenance therapy, the reliance on SABA
suggests their asthma was uncontrolled. Indeed, the level of
SCS use in this group adds further support to this explanation.

Although there was no difference in the median number
of SABA fills per year between the EIB s m. and EIBgjone
populations (2.0), the majority of patients in the EIBgjone
group had one or two refills (~76%). This is what would be
expected if patients were using their SABA intermittently
prior to exercise, as recommended,'* since one canister
provides 100 doses and two canisters over 52 weeks would
equate to usage of 3.8 times a week, which seems reasonable
for prophylactic use during regular exercise. However, 80%
of patients with EIB,o, in our analysis were also prescribed
daily maintenance medication. Taken together with the

number of SCS claims in the EIB,,,. group, our analysis
raises several important issues that should be brought to the
attention of US healthcare providers: patients classified as
EIB,jone may be misdiagnosed, have unrecognized asthma,
or be placed on inadequate maintenance medication. EIB
to be
guidelines,>* and such rigor in making this diagnosis most

needs identified objectively as per current
likely occurred in a very small proportion of the groups
identified in this study. For many assumed to have EIB,
symptomatic assessment alone can be inadequate for asses-
sing both the presence and severity of EIB. The effective
treatment of EIB may require daily ICS with or without
additional ICS prior to exercise, where mast cell degranula-
tion due to airway drying results in inflammatory mediator
release.! In fact, it has been proposed that many EIB.gphma
patients have active EIB due to poor adherence to regular
ICS;* thus, as-needed ICS in EIB may be a problem in those
whose asthma is of a severity requiring daily maintenance
ICS to achieve asthma control. Furthermore, the increased
disease severity observed in this study for patients with
EIB,j0ne may point to this condition having a more severe
phenotype than is currently recognized in US clinical prac-
tice; these patients may be more similar to EIB,4ma patients
or those transitioning into active asthma.

We did observe differences in healthcare resource uti-
lization between patients with EIB,,,. and those with
EIB.smma- Patients with EIB,o,. had fewer disease-
related hospitalizations and outpatient, urgent care, and
ED visits. The higher outpatient (medical and pharmacy)
costs in the EIB,4nma group could be attributable to greater
vigilance in clinical assessment and determining treatment
plans for patients with an established asthma diagnosis,
thus helping to minimize the cost of any disease-specific
inpatient admissions. Since patients with EIB,,,. did not
have an asthma diagnosis, inpatient costs may have been
higher due to a more thorough clinical evaluation needed
for differential diagnosis, especially as between-group dif-
ferences in disease-specific inpatient costs were not attri-
butable to differences in mean length of stay (data not
shown).

Equally important for both patient populations, more
attention may need to be paid to EIB symptoms so that
insufficient and/or ineffective treatments can be modified
to decrease morbidity. Only a very small proportion of all
patients in this real world medical and pharmacy claims
database identified as having an asthma diagnosis and
a diagnosis of EIB (1.3% of the 1,134,143 patients with
asthma), even though it is well established that EIB and
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asthma frequently co-occur in up to 90% of patients with
asthma.'® This finding suggests EIB may be ignored or
downplayed if asthma is already diagnosed. Much the
same as providers under-coding for allergic asthma in
patients with a pre-existing asthma diagnosis,® failure to
enter a diagnostic code for EIB when treating a patient
with asthma for exercise-related symptoms may occur.
Moreover, this low prevalence of EIB in the asthma popu-
lation may have also resulted from patients not exercising,
and therefore not experiencing EIB, or from fear of exer-
cising and inducing EIB.

Overall, our morbidity results indicate that the currently
recommended EIB treatment paradigm of SABA prior to
exercise or in response to exercise-related symptoms with
or without daily maintenance therapy is not optimal."* For
patients with EIB,guma, the level of SABA use related to
exercise is excluded from National Asthma Education and
Prevention Program (NAEPP) recommendations for deter-
mining asthma control'” and is not specifically mentioned in
terms of determining asthma control in the Global Initiative
for Asthma (GINA) 2021 guidelines.” This suggests that the
consequent potential risk of morbidity associated with SABA
as prevention and/or treatment of EIB may be overlooked by
clinicians and patients, as illustrated by our results. Under-
explored alternative approaches include the use of as-needed
ICS-formoterol or an ICS whenever SABA is taken, for
patients with any severity of asthma. In a 6-week randomized
study in 59 patients with mild EIB,s4ma, as-needed budeso-
nide-formoterol was superior to as-needed SABA alone in
reducing EIB, and non-inferior to daily budesonide mainte-
nance therapy plus as-needed SABA.'* While as-needed
budesonide-formoterol is not recommended for the manage-
ment of EIB, and the NAEPP 2020 focused update does not
include any revisions on their recommendations for the man-
agement of EIB,chmas the 2021 GINA strategy document
acknowledges that when as-needed budesonide-formoterol is
used to manage mild asthma, EIB can be managed by using
the same inhaler as-needed prior to exercise,’ thus avoiding
the need for a separate inhaler prior to exercise, and mitigat-
ing the risks associated with SABA overuse.

Limitations of this study include the reliance on adminis-
trative claims databases, which could introduce the potential
for coding and data entry errors, misclassification or misdiag-
nosis of asthma status and healthcare resource utilization, and
incomplete assessment of cost of care. Furthermore, EIB
should be diagnosed on the basis of changes in lung function
provoked by exercise, not on the basis of symptoms.* The
patient selection criterion of requiring those with only the

index SABA fill to also have had >1 maintenance medication
claim could have biased our observations, although this was to
ensure that patients with a one-off prescription of SABA were
not included. Additionally, our findings may not be general-
izable to patients that have healthcare insurance types not in the
database or patients that have no insurance coverage. It is
therefore possible that the two groups we assessed did not
represent the full spectrum of patients with EIB,,. Or
EIB.sthma- Because the data available for analysis were inher-
ently limited by the information available in the database, we
were not able to adjust for age, comorbidities, socioeconomic
status, or other variables likely to influence clinical morbidity
and asthma- and all-cause healthcare costs. The cost analysis of
inpatient admissions was based on a small sample size without
the ability to adjust for outliers, and should be interpreted
cautiously. Additionally, it was not possible to determine the
role of maintenance treatment adherence on the lack of asthma
control observed in these patient populations. Studies with
a more detailed evaluation of demographic, clinical and treat-
ment data would be helpful in understanding the full extent and
causes of morbidity in patients with EIB. Most of these limita-
tions may be expected from a claims-based study, but because
this analysis was performed on the MarketScan database, it
represents actual prescribing practices and healthcare resource
use in a real-world setting.

Conclusions

To our knowledge, this is the first real-world study demonstrat-
ing the considerable burden of disease associated with EIB
with or without a concomitant asthma diagnosis. Our findings
underscore that there may be a lack of recognition, as well as
inadequate management, of EIB. Prospective research in clin-
ical practice settings that analyze methods of diagnosis and the
relationships between EIB and asthma control are needed to
determine if new therapeutic paradigms for patients with EIB
can impact the associated morbidity.
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