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ABSTRACT

Background: In controlled clinical studies, mepolizumab has been shown to reduce exacerbation rates and the use of oral
corticosteroids as well as improve asthma control and health-related quality of life compared with placebo in patients with
severe eosinophilic asthma. However, real-world data on the impact of mepolizumab on clinical outcomes are limited.
Objective: To evaluate the effect of mepolizumab on asthma exacerbations and asthma exacerbation–related costs in

patients with severe asthma in U.S. clinical practice.
Methods: This retrospective cohort study used U.S. administrative claims data from patients ages �12 years and with

severe asthma at mepolizumab treatment initiation (index date; identification period, January 2015–June 2017) who had
received two or more mepolizumab administrations within 180 days of the index date and had no evidence of treatment with
another asthma biologic. The exacerbation rate and exacerbation-related costs were assessed in both the 12 months before
mepolizumab initiation (baseline period) and the following 12 months (follow-up period). A clinical trial–like cohort was iden-
tified, defined as patients with two or more baseline exacerbations and �10 administrations during follow-up.
Results: A total of 201 patients were included in the overall population and 74 patients in the clinical trial–like cohort.

Mepolizumab significantly reduced the exacerbation rate between the baseline and follow-up periods in both the overall popu-
lation and the clinical trial–like cohort (p < 0.001), which corresponded to 33.6% and 48.6% reductions, respectively. The rate
of exacerbations in patients who required hospitalization between the baseline and follow-up periods was also reduced by
35.3% (p= 0.080) and 68.2% (p= 0.015) in the overall population and in the clinical trial–like cohort, respectively. Cost data
were inconclusive.
Conclusion: This study, which used real-world data, demonstrated that mepolizumab is associated with reductions in

asthma exacerbations, in line with the findings from controlled clinical studies. These results provided further evidence of the
effectiveness of mepolizumab in a real-world setting.

(Allergy Asthma Proc 41:341–347, 2020; doi: 10.2500/aap.2020.41.200043)

S evere asthma, defined as asthma that requires regu-
lar use of high-dose maintenance therapies and

additional controllers or that remains uncontrolled de-
spite this treatment,1,2 is estimated to affect up to 10%
of patients with asthma.2 Quality of life is significantly

reduced and health care resource utilization and costs
are higher in patients with severe asthma compared
with those with nonsevere asthma.3–5 Asthma com-
prises several distinct phenotypes6; one such phenotype
is severe eosinophilic asthma, which is characterized by
increased eosinophil levels in blood and/or sputum,
frequent exacerbations, and oral corticosteroid (OCS)
dependence to achieve asthma control.7

Several biologic therapies have been approved to treat
severe asthma in the United States.8 In particular,
mepolizumab, an anti–interleukin-5 monoclonal anti-
body,9 is approved as an add-on maintenance treatment
for patients six or more years of age and with severe
eosinophilic asthma.10 Results from clinical trials show
that mepolizumab treatment is associated with reduc-
tions in exacerbations and use of OCS as well as
improvements in lung function, asthma control, and
health-related quality of life compared with placebo.11–14

There is also evidence that mepolizumab treatment
reduces the rate of exacerbations and improves asthma
control in the longer term (up to 3.5 years) and that stop-
ping treatment leads to a rise in blood eosinophil counts
and loss of asthma control.15,16 However, to date, there
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are limited data available on the impact of mepolizumab
on clinical outcomes in a real-world setting.
The benefits of real-world evidence in describing the

effectiveness of a particular treatment in a heterogene-
ous patient population are well documented, with
physicians looking to such evidence to help determine
the link between clinical trial data and real-world clini-
cal practice.17,18 Given the importance of real-world
data in this regard, the main objective of this analysis
was to evaluate the impact of mepolizumab on the rate
of asthma exacerbations in patients with severe asthma
by using data from a U.S. health care claims data base.

METHODS

Study Design
This was a retrospective cohort study (GSK ID:

209032; HO-18–19177) that used administrative claims
data from the Optum (Eden Prairie, MN) Research
Database. In 2016, this data base contained data on;14.6
million commercially enrolled individuals and ;3.2 mil-
lion individuals enrolled in Medicare Advantage from
geographically diverse areas across the United States who
were enrolled for one ormore days between January 1 and
December 31, 2016. Patients were identified based on
mepolizumab use between January 1, 2015, and June 30,
2017 (identification period). Evidence of mepolizumab
treatment was determined by using Healthcare Common
Procedure Coding System codes (C9473 or J2182), or
NationalDrugCode (00173–0881-01) listed on amedical or
pharmacy claim. Data for each patient were assessed from
the baseline period, defined as the 12 months before and
including the index date (the first mepolizumab adminis-
tration), and the follow-up period, defined as the 12
months after the indexdate (up to June 30, 2018) (Fig. 1).
This study used fully de-identified retrospective

claims data and, as such, was not classified as research
that involved human participants; therefore, institu-
tional review board approval and informed consent
were not required. B. Hahn, H. Ortega, C.F. Bell, M.
Bogart, J.-P. Llanos, and T. Bancroft contributed to the
conception and design of the study. B. Hahn, T.
Bancroft, and B. Chastek contributed to the acquisition

of data. All the authors contributed to the analysis and
interpretation of the data and to the development of
the manuscript, and approved the final version for
submission.

Study Population
Eligiblepatientsreceivedmepolizumabduringthe iden-

tificationperiodandwerediagnosedwithasthma(defined
as one or more nondiagnostic medical claim with an
International Classification of Diseases, Ninth Revision,
ClinicalModification or International Classification ofDiseases,
Tenth Revision, Clinical Modification diagnosis code for
asthma in the primary position [Online Supplemental
Material]) during the baseline period. Patients also had to
be commercial or Medicare Advantage enrollees, ages
�12 years at the index date, with continuous enrollment
with medical and pharmacy benefits during the baseline
and follow-up periods, and had received two or more
dosesofmepolizumab in thefirst 180daysof the12-month
follow-up period (including the index date). Patients who
receivedmepolizumabduringthebaselineperiod(exclud-
ing the index date) or another asthma-related biologic,
suchasomalizumab, reslizumab,orbenralizumab,during
the baseline or follow-up periods were excluded from the
analysis, aswere patientswith a diagnosis of chronic idio-
pathicurticariaduring thebaselineperiod,and thosemiss-
ingdemographic information.
Patients were stratified into two cohorts: the all patients

cohort, which comprised all patients who met the inclu-
sion/exclusion criteria, and the clinical trial–like cohort.
The clinical trial–like cohort included only patients with
two or more exacerbations during the baseline period and
�10 mepolizumab administrations during the follow-up
(including the index date), which reflected similar criteria
used in the design of the mepolizumab clinical trials.

End Points and Assessments
The primary end point was to compare the rate of

asthma exacerbations among patients who received
mepolizumab in the year before initiating mepolizumab
with the year after initiating mepolizumab. The second-
ary end point was to compare the asthma exacerbation-

12-month
baseline period

Jan 1, 2014 Jan 1, 2015

Identification period

First fill for
mepolizumab 
= index date

June 30, 2017 June 30, 2018

12-month
follow-up period

Figure 1. Study design.
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related expenditure between the baseline and follow-up
periods. Asthma exacerbations were defined as an out-
patient or emergency department (ED) visit with a di-
agnosis of asthma in the primary position and one or
more dispensing of systemic corticosteroids (intramus-
cular, intravenous, or oral) 65 days after the encounter.
Asthma exacerbations that resulted in hospitalization
were defined as inpatient hospital admissions, with
asthma as a primary diagnosis any time during the
stay. Claims for scheduled administration of mepolizu-
mab (see Online Supplemental Table 1) were not
included as exacerbations. Exacerbations that occurred
in the 14 days after the exacerbation start date for out-
patient exacerbations or the discharge date for hospital-
izations were considered a single episode and classified
according to the contributing event with the highest se-
verity (exacerbation start and end dates are described in
the Online Supplemental Material).
Asthma exacerbation–related costs were measured in

the follow-up period and computed as the combined
health plan and the patient paid amounts (copayment,
deductible, and co-insurance) on adjudicated claims.
Costs were adjusted by using the annual medical care
component of the Consumer Price Index to reflect infla-
tion to year 2017 and were adjusted by using a coordi-
nation of benefits to account for costs from multiple
payers.19 Claims with asthma exacerbation–related
costs were identified as the following: inpatient stays
with a primary diagnosis of asthma during the stay; ED
visits with a primary diagnosis of asthma associated
with an asthma-related hospitalization within 61 day;
ED visit (without an asthma-related hospitalization
within 61 day), urgent care, or ambulatory visits with
an asthma-related diagnosis code in the primary posi-
tion and the presence of a systemic corticosteroid pre-
scription within 65 days of the visit. Costs associated
with mepolizumab administration or acquisition, and
maintenance medications were excluded.
Data on demographic characteristics and insurance

plan type on the index date were collected. General
comorbid conditions were defined by using the Clinical
Classifications Software managed by the Agency for
Healthcare Research and Quality.20 Baseline Quan-
Charlson comorbidity scores21 were calculated based on
the presence of diagnostic codes on medical claims dur-
ing the baseline period, and the baseline blood eosino-
phil count was based on the latest measurement during
the baseline period.

Statistical Analyses
The rate of asthma exacerbations and the asthma exac-

erbations that required hospitalization per patient during
the 12-month baseline and 12-month follow-up periods
were calculated, as were related overall mean total costs
per patient within these periods. McNemar tests were

used to evaluate the differences for dichotomous or cate-
gorical variables, and paired t-tests were used for com-
parison of continuous variables. Differences were
considered statistically significant when p<0.05. A post
hoc sensitivity analysis of the exacerbation cost data was
also carried out (owing to the skewed nature of the data)
in which data for patients with the 10 largest cost
increases and the 10 largest cost decreases between the
baseline and follow-up periods were excluded.

RESULTS

Patient Population
In total, 201 patients met the study criteria and were

included in the all patients cohort; of these, 74 patients
were included in the clinical trial–like cohort (Fig. 2).
The mean age in the all patients cohort was 55.9 years,
most (67.7%) were female and had commercial insur-
ance (68.2%) (Table 1). Demographics were similar in the

Commercial and Medicare Advantage health plan members
with ≥1 pharmacy fill for mepolizumab between

January 1, 2015 and June 30, 2017 (N=653)

≥12 years of age as of index date
and valid demographic, geographic
and insurance information (N=315)

≥1 non-laboratory medical claim with
a diagnosis code for asthma in the primary
position during the baseline period (N=286)

≥2 baseline exacerbations and ≥10 mepolizumab
administrations during the follow-up period

Clinical Trial-like Cohort (N=74)

No claims for omalizumab, reslizumab, or benralizumab
during the baseline or follow-up periods

All Patients Cohort (N=201)

≥12 months of continuous enrollment
strictly following the index date (N=316)

≥12 months of continuous enrollment prior
to and including the index date (N=398)

≥2 claims for mepolizumab during the first 180 days
of  the follow-up period (including index date) (N=262)

No non-laboratory medical claims with a diagnosis
code for chronic idiopathic urticaria in any position

during the baseline period and no claims for mepolizumab
during the baseline period (excluding index date) (N=280)

Figure 2. Patient inclusion. In total, 40 patients had two or more
baseline exacerbations but did not meet the criteria of �10 mepoli-
zumab administrations during the follow-up period for inclusion
in the clinical trial–like cohort.
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Table 1 Patient baseline demographics and clinical characteristics*

All Patients Cohort
(N = 201)

Clinical Trial–Like Cohort
(n = 74)

Age, mean 6 SD, y 55.9 6 13.71 56.3 6 11.92
Age categories, n (%)

12–17 y 2 (1.0) 0 (0.0)
18–44 y 38 (18.9) 12 (16.2)
45–64 y 106 (52.7) 43 (58.1)
�65 y 55 (27.4) 19 (25.7)

Gender, n (%)
Female 136 (67.7) 47 (63.5)
Male 65 (32.3) 27 (36.5)

Region, n (%)
Northeast 23 (11.4) 8 (10.8)
Midwest 51 (25.4) 20 (27.0)
South 93 (46.3) 33 (44.6)
West 34 (16.9) 13 (17.6)

Insurance plan type, n (%)
Commercial 137 (68.2) 57 (77.0)
Medicare 64 (31.8) 17 (23.0)

Top 12 AHRQ comorbidities, n (%)
Other lower respiratory disease 173 (86.1) 65 (87.8)
Other upper respiratory disease 160 (79.6) 65 (87.8)
Respiratory infections 157 (78.1) 59 (79.7)
Hypertension 102 (50.8) 38 (51.4)
Disorders of lipid metabolism 88 (43.8) 33 (44.6)
Other connective tissue disease 86 (42.8) 32 (43.2)
Diseases of the heart 84 (41.8) 33 (44.6)
Other skin disorders 82 (40.8) 32 (43.2)
Upper gastrointestinal disorders 81 (40.3) 33 (44.6)
Eye disorders 80 (39.8) 26 (35.1)
COPD and bronchiectasis 80 (39.8) 30 (40.5)
Nontraumatic joint disorders 75 (37.3) 30 (40.5)

Other comorbid conditions, n (%)
Allergic rhinitis 136 (67.7) 55 (74.3)
Sinusitis 115 (57.2) 49 (66.2)
COPD 65 (32.3) 26 (35.1)
Nasal polyps 45 (22.4) 19 (25.7)
Autoimmune disorders 17 (8.5) 7 (9.5)
Cancers accompanied by metastasis codes 15 (7.5) 4 (5.4)
Atopic dermatitis 7 (3.5) 4 (5.4)
Eosinophilic esophagitis 4 (2.0) 2 (2.7)
Connective tissue disease 4 (2.0) 2 (2.7)
Eosinophilic granulomatosis with polyangiitis 3 (1.5) 1 (1.4)
Cystic fibrosis 1 (0.5) 0 (0.0)

Modified Quan-Charlson comorbidity score, mean 6 SD 1.58 6 1.09 1.50 6 0.95
Rate of exacerbations during the 12-mo baseline

period, mean 6 SD
2.29 6 2.06 3.54 6 1.83

Frequent OCS use, n (%)# 115 (57.2) 53 (71.6)
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clinical trial–like cohort, except a higher proportion of
patients had commercial insurance (77.0%) (Table 1).
During the 12-month baseline period, patients in the all
patients cohort experienced a mean of 2.29 exacerbations,
whereas those in the clinical trial–like cohort experienced
a mean of 3.54 exacerbations. As expected across both
cohorts, the most common comorbidities as defined by
the Agency for Healthcare Research and Quality20 were
respiratory disease and respiratory infections, followed
by hypertension, lipid disorders, and other connective
tissue disease (Table 1). The mean 6 standard deviation
number of mepolizumab administrations in the 12-month
follow-up period was 10.76 4.64 in the all patients cohort
and 13.36 3.18 in the clinical trial–like cohort. Use of sys-
temic OCS at baseline and during follow-up is detailed in
the Online Supplemental Table 2.

Asthma Exacerbations
Mepolizumab significantly reduced the rate of exac-

erbations from baseline to the follow-up in the all
patients cohort (33.6% reduction; p<0.001) and in the

clinical trial–like cohort (48.6% reduction; p<0.001)
(Fig. 3). Similarly, mepolizumab reduced the rate of
exacerbations that resulted in hospitalization versus
the baseline in both cohorts, which corresponded to
reductions of 35.3% (p=0.080) and 68.2% (p=0.015) in
the all patients cohort and the clinical trial–like cohort,
respectively (Fig. 3).

Asthma-Related Costs during Asthma Exacerbations
In the all patients cohort, the mean total asthma-related

(medical and pharmacy) costs during asthma exacerba-
tions were found to increase from baseline to follow-up,
whereas there was a small decrease in the clinical trial–
like cohort (Online Supplemental Table 3). After catego-
rizing asthma-related total costs during exacerbations
according to the change from baseline to follow-up,
most patients (88.0%) had a change in total cost, ranging
from a decrease of up to $10,000 to an increase of
$10,000, with 12 patients having decreases >$10,000 and
12 patients having increases >$10,000. A post hoc sensi-
tivity analysis, in which data from the patients with the

Table 1 Continued

All Patients Cohort
(N = 201)

Clinical Trial–Like Cohort
(n = 74)

Blood eosinophil count, n (%)
<150 cells/mL 6 (7.3) 2 (6.5)
150 to <300 cells/mL 21 (25.6) 6 (19.4)
300 to <400 cells/mL 13 (15.9) 3 (9.7)
�400 cells/mL 42 (51.2) 20 (64.5)

SD = Standard deviation; AHRQ = Agency for Healthcare Research and Quality; COPD = chronic obstructive pulmonary
disease; OCS = oral corticosteroid.
*Baseline demographics were measured on the index date.
#Total day’s supply on all claims �56 days.
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Figure 3. Mean rates of (A) asthma exacerbations and (B) asthma exacerbations that resulted in hospitalization during baseline and follow-
up periods. **p < 0.001; *p < 0.05. Data labels show mean 6 standard deviation. NS = Not significant.
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10 largest decreases and 10 largest increases in these
total costs were removed, resulted in an overall mean
decrease of $76 between baseline and follow-up.

DISCUSSION
In this retrospective studybasedonU.S. administrative

claims data, treatment with mepolizumab resulted in a
reduction in exacerbations and exacerbations that
resulted in asthma-related hospitalizations in patients
with severe asthma. When data from a cohort of patients
with two ormore baseline exacerbations and�10 admin-
istrations during follow-up (which reflected study entry
criteria and treatment adherence inmepolizumab clinical
trials)were assessed, the reductions in the rates of exacer-
bations and exacerbations that resulted in hospitalization
were more pronounced than those seen in the overall
study population. Our findings contribute to mounting
real-world evidence that demonstrates that the beneficial
impact on the exacerbation rate illustrated during the
mepolizumab clinical trial program translates into real-
world effectiveness in patients treated in clinical practice.
This has important clinical implications, as in patients
with severe uncontrolled asthma, exacerbations have
been shown to contribute substantially to disease burden
and clinical data have demonstrated that mepolizumab
improves health status by reducing exacerbations.22

The reductions in the rates of exacerbations andexacer-
bations that required hospitalization after mepolizumab
treatment we observed in the all patients cohort were
broadly in line with findings from clinical trials for the
licensed dose of mepolizumab (100 mg subcutaneously)
in patients with severe eosinophilic asthma. The percent-
age rate reductions versus placebo of 53–58% for all
exacerbations and 61–68% for those exacerbations that
required hospitalization were reported.12,13 However, to
better compare our real-world data with those from pre-
viousmepolizumab clinical trials, we identified a clinical
trial–like cohort of patients.
Patients in this cohort experienced greater reductions

in the rates of exacerbations and exacerbations that
resulted in hospitalization than those patients in the
full cohort, with the reductions in the clinical trial–like
cohort (48.6% and 68.2%, respectively) being closer to
those shown in the mepolizumab clinical trials.
However, it should be noted that the clinical trial–like
cohort excluded patients with one or no exacerbation
in the baseline period; therefore, any changes in exac-
erbations after mepolizumab treatment in these
patients would not be detected. Nonetheless, the
results from the overall study population showed that
outcomes observed during clinical trials can also be
seen in a real-world clinical practice setting. This notion
is also supported by several smaller real-world studies
that showed reductions in exacerbations after mepoli-
zumab initiation.23–27

We also investigated changes in the total asthma
exacerbation–related costs between the baseline and fol-
low-up periods; for both the clinical trial–like cohort
and the all patients cohort, an increase was observed
from baseline to follow-up. This is in contrast to another
study based on U.S. insurance claims data (IBMWatson
Health MarketScan Commercial Claims Database) (IBM
Corporation, Somers, NY) in which a reduction in mean
total costs after mepolizumab initiation was observed in
patients with severe asthma.28 Likewise, an economic
analysis of the phase III MENSA trial29 reported a
reduction in mean exacerbation-related medical costs
with mepolizumab compared with placebo. In our anal-
ysis, the relatively small sample size (N = 201) and the
large standard deviation of the total costs relative to the
means within the periods used did not allow a precise
enough estimation of change in costs from baseline to
follow-up.
Overall, the proportion of patients who showed a

reduction in the mean total asthma exacerbation–related
costs was 60.2%, and, indeed, when we conducted a post
hoc sensitivity analysis, in which data for the 10 patients
with the greatest cost increases and the 10 patients with
the greatest cost decreases were excluded, a marginal
decrease in the mean total costs from baseline to follow-
up was seen. Future studies based on data from larger
numbers of patients should enable a more thorough
investigation of the impact of mepolizumab on exacerba-
tion-related costs. Notably, approximately one-third
of the patients in our study had comorbid chronic ob-
structive pulmonary disease (COPD), which was in line
with the IBM Watson Health Database study.28 Asthma–
COPD overlap is associated with a greater burden and
severity of disease than asthma or COPD alone.30 The
substantial proportion of patients in the real world with
both asthma and COPD highlights the need for early
identification of these individuals and intervention with
appropriate tailored therapies.
There were several limitations that should be consid-

ered for this study. First, the patient population was re-
stricted to the United States, and a subgroup analysis
by insurance type was not possible for this study,
owing to the number of patients available. Second, it
should be noted that, in some instances, the diagnosis
code on a medical encounter or an outside claim may
have been coded incorrectly or included as rule-out cri-
terion rather than actual disease, which may have
introduced some bias. Third, we also used dispensed
medication claims as an indicator of medication use,
which does not necessarily indicate that medication
was consumed or taken as prescribed. Fourth, the
study did not account for other medications or control-
lers that patients may have been taking during the
study period, unlike in clinical trials in which control-
ler medication use and adherence are typically moni-
tored. Despite these limitations, this study provided
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further evidence of the effectiveness of mepolizumab
treatment in real-world clinical practice.

CONCLUSION
This study of data from a real-world patient popu-

lation of patients who received mepolizumab demon-
strated a reduction in asthma exacerbations, similar
to that seen in formal clinical trials. These data pro-
vide valuable real-world insights into the impact of
mepolizumab treatment for physicians and payers.
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