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Abstract

Background Mepolizumab, the first widely available anti-interleukin 5 biologic, targets eosinophilic inflammation
and has been shown in clinical trials to reduce exacerbations, oral corticosteroid dependence, and healthcare
utilization in patients with severe asthma. The impact of mepolizumab in a real-world, publicly funded healthcare
setting is unknown. The objective of this study was to describe the demographics and clinical characteristics of real-
world patients receiving mepolizumab, and to compare asthma-related outcomes and associated asthma-related
costs before and during mepolizumab use.

Methods This retrospective, observational study in Ontario, Canada, included patients initiating mepolizumab
between February 2016 and March 2019. Patients were identified using the mepolizumab patient support program
and linked to the Institute for Clinical Evaluative Sciences database of publicly accessed healthcare. Patient outcomes
were obtained for 12 months pre- and post-mepolizumab initiation and compared.

Results A total of 275 patients were enrolled in the overall patient support program cohort (mean [standard
deviation] age 57.6 [13.5] years, mean [standard deviation] of the median per-patient eosinophil count 540.4 [491.9]
cells/uL). Mepolizumab was associated with reductions in asthma exacerbations (46.1%, P < 0.001) and in the number
of asthma-related visits to general practitioners (40.2%, P < 0.001), specialists (27.2%, P < 0.001), and emergency
departments (52.1%, P < 0.001). Associated costs were significantly lower post- versus pre-mepolizumab for
asthma-related general practitioner and specialist visits, and for all-cause emergency department visits and hospital
admissions.

Conclusions In a real-world population of Canadian patients with severe asthma with an eosinophilic phenotype,
the use of mepolizumab within a patient support program reduced asthma exacerbations and decreased asthma-
related healthcare resource utilization and associated costs.

Keywords Mepolizumab, Severe asthma, Eosinophilic, Real-world, Canada, Costs, Healthcare resource utilization,
Exacerbations, ICES, Patient support program
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Introduction

Severe asthma represents less than 10% of the total
asthma population but the care of such patients accounts
for a disproportionate share of asthma care costs. In the
United States (US), the annual direct cost per patient is
up to US$9,175 for severe asthma [1], whereas in Que-
bec, Canada, a 2019 study reported annual per-patient
costs of CAD$11,946 and CAD$2,884 for very severe and
uncontrolled asthma, respectively [2]. In the US, the cost
of treating severe asthma was substantially greater than
treating mild-to-moderate asthma [1]. Costs were related
to outpatient visits, emergency department (ED) visits,
and hospitalizations, with a loss of productivity associ-
ated with missed work or school days.

Up to 80% of severe asthma with an eosinophilic phe-
notype (SA-EP) is associated with type 2 inflamma-
tion, for which eosinophils are a key effector cell [3, 4].
Mepolizumab is an anti-interleukin 5 (IL5) biologic that
reduces the number of circulating eosinophils by block-
ing IL5 signaling. In randomized trials, mepolizumab has
been shown to reduce clinically significant exacerbations
(CSEs; defined as asthma worsening requiring systemic
corticosteroids administration for = 3 days and/or ED
visit and/or hospitalization) in patients with SA-EP by up
to 53% versus placebo [5].

A global, prospective, observational cohort study,
REALITI-A, showed that real-world rates of CSEs were
reduced by 71% with mepolizumab treatment, as were
exacerbations requiring hospitalizations and/or ED vis-
its (76% reduction), while median daily oral corticoste-
roid (OCS) dose (in patients using maintenance OCS)
decreased by 75% (10 mg/day to 2.5 mg/day) after 1 year
of treatment [6]. Further studies have supported these
findings, including the real-world REDES study in Spain,
where mepolizumab reduced CSEs in patients with
SA-EP by up to 77.5% compared to baseline [7-9]. Whilst
a strength of REALITI-A was its multi-national study
design, evaluation in a variety of real-world populations
within different healthcare systems is invaluable. For
example, the REALITI-A findings are heavily influenced
by the impact of concomitant daily OCS use, a manage-
ment strategy employed more commonly in Europe
than in North America [6]. Additionally, the background
healthcare delivery system can influence the apparent
impact of biologic therapies in severe asthma due to dif-
ferences in the availability of healthcare and background
inhaled medications [10, 11].

Canada has a publicly funded universal healthcare
system that is implemented at the provincial level. In
Ontario, the most populous province in Canada, all
health services are provided within the public system
and can be analyzed using the ICES (formerly known
as the Institute for Clinical and Evaluative Sciences
[ICES]) database [12]. Furthermore, the Ontario Drug
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Benefit (ODB) program provides coverage for more
than 5,000 drug products to individuals who qualify
for reduced prescription drug costs [13]. Ontario res-
idents who qualify include those aged = 65 years, on
social assistance, residing in special or long-term care
homes, receiving professional home care services, and/
or registrants in the Trillium Drug Program [13].

Mepolizumab was first approved in Canada in
December 2015, and is currently indicated as an add-
on maintenance treatment for patients aged > 6 years
with uncontrolled SA-EP [14]. At the time of this
study, mepolizumab was approved for use in patients
aged > 18 years. Public reimbursement of mepoli-
zumab, under the Exceptional Access Program within
ODB (a categorization that requires specialist pre-
scribing), began in March 2018. As with many biolog-
ics, a patient support program (PSP) was implemented
to assist patients and caregivers in accessing and man-
aging the medication.

This study used data from the ICES database and
ODB program to investigate the real-world impact of
mepolizumab on asthma-related outcomes and the
associated costs among patients with SA-EP in a real-
world population in Ontario, Canada.

Methods

Study design

This retrospective, observational study compared
cohorts of patients with SA-EP before and after ini-
tiating mepolizumab. Patients who initiated mepoli-
zumab during the selection period (February 1, 2016,
to March 31, 2019) were identified using the Canadian
mepolizumab PSP and linked to the ICES database.
Individual patient study outcomes were obtained for
the 12 months pre- and post-mepolizumab initiation.

The study comprised one main cohort, the overall
PSP population, and two subsets of the overall PSP
population: (1) the provincial drug coverage subset
(used to track utilization of related medications such
as OCS/inhalers independently of reimbursement
of mepolizumab through the ODB program); and
(2) a second subset of patients who were adherent to
treatment (= 9 mepolizumab prescriptions within 12
months post-index date).

The ICES captures all health services provided by
the Ontario public system, and its data repository con-
sists of de-identified, record-level, coded and linkable
health data sets for as many as 13 million Ontarians.
The records in ICES data reflect Ontarians’ day-to-day
interactions with the healthcare system. These include:
(1) physician claims submitted to the Ontario Health
Insurance Plan; (2) medical drug claims based on pre-
scriptions submitted to and reimbursed by the ODB
program; (3) discharge summaries of hospital stays
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and ED visits; and (4) claims for home care, long-term
care, and more.

Objectives

The primary objectives of this study were: to describe
the demographics and clinical characteristics of real-
world patients receiving mepolizumab; to compare
asthma-related outcomes before and during mepo-
lizumab use; and to compare asthma-related costs
before and during mepolizumab use. The second-
ary objective was to assess real-world asthma-related
outcomes and associated costs for patients who were
adherent to mepolizumab treatment (= 9 prescriptions
in 12 months).

Study outcomes
Asthma-related real-world outcomes of interest were:
asthma exacerbations (defined as outpatient or ED
visit with a diagnosis of asthma and at least one dis-
pensing of systemic corticosteroids + 5 days after the
encounter or exacerbations resulting in hospitaliza-
tion/inpatient hospital admissions with a primary
diagnosis of asthma); physician visits (general practi-
tioner [GP], specialist, and other outpatient visits); ED
visits; inpatient hospitalizations; OCS use (provincial
drug coverage subset only); and short-acting -agonist
(SABA) use (provincial drug coverage subset only).
Real-world outcome costs were: GP cost (asthma-
related); specialist cost (asthma-related); ED cost (all-
cause); hospital admission cost (all-cause); total cost
(excluding all drug costs); drug cost (provincial drug
coverage subset only); total cost (including drug cost;
provincial drug coverage subset only). When reim-
bursed by the ODB program after March 2018, the
cost of mepolizumab treatment was included in the
provincial drug coverage subset costs. Due to resource
intensity weighting, costs cannot be accurately esti-
mated from specific hospital admission reasons; thus,
any ED visit and inpatient hospitalization costs are not
asthma-specific. Cost per service was collected from
ICES, which collates data from the Ontario Health
Insurance Plan database and covers all publicly funded
healthcare billing.

Patient identification

The Canadian mepolizumab PSP was used to identify
patients with mepolizumab utilization, who were then
linked to the ICES database. Using deterministic link-
age, the patients’ unique Ontario health card numbers
connected PSP patients to the provincial ICES dataset
which allowed tracking of patients’ healthcare system
interactions through both the PSP and the healthcare
system. The remaining patients were identified by
probabilistic linkage using date of birth, sex, and postal
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code and linked to a corresponding patient in the ICES
Ontario asthma cohort.

Study population

Patients were included in the study if they had provided
informed consent, received 2 1 injection of mepolizumab
within the selection period, initiated mepolizumab
within the selection period, were identified within the
ICES database, were > 18 years of age at index, and were
active within the ICES database for 1 year pre- and post-
mepolizumab index date. Additional inclusion criteria for
the provincial drug coverage subset included > 1 ODB
asthma claim in both the 12-month pre- and post-mepo-
lizumab analysis periods, and > 1 ODB asthma claim in
the 3 months before the pre-mepolizumab period and 3
months after the post-mepolizumab period.

We defined patients adherent to mepolizumab treat-
ment as individuals within the PSP population who
received > 9 mepolizumab injections over a 1-year cat-
egorization period. This subgroup was further stratified
into those who had an eosinophil level < 300 cells/uL
(PSP population only), those with > 2 baseline exacerba-
tions and eosinophil level = 300 cells/uL (provincial drug
coverage subset only), and those with > 3 baseline exac-
erbations (provincial drug coverage subset only), where
baseline eosinophil counts were recorded as the median
eosinophil count in the 12-month pre-mepolizumab
period. Additional subgroups were considered but were
not evaluated due to low patient numbers.

Statistical considerations

For the sample size calculation, the minimum detect-
able reduction in mean exacerbations between pre- and
post-mepolizumab initiation periods was used (see Sup-
plementary Table 1, Additional file 1). For all analyses,
missing data were reported as their own category, and
no imputation was performed. All analyses were con-
ducted using statistical analysis system (SAS) version 9.3
or higher.

Descriptive analyses were performed using the number
of patients and percentage for categorical variables, and
the mean (standard deviation [SD]) and median (inter-
quartile range [IQR]) for continuous variables. As health-
care resource utilization (HCRU) outcomes and costs
data were not continuous and bounded at zero, a distri-
bution other than the normal was assumed. For HCRU,
negative binomial distribution was used where variance >
mean, or Poisson where mean < variance; gamma distri-
bution was used for cost. Corrections for multiple com-
parisons were made using a baseline significance level of
a=0.05.

The mean number of events observed in a category was
presented for all patients and patients adherent to mepo-
lizumab treatment, and the presence or absence of an
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event was compared pre- and post-mepolizumab initia-
tion using McNemar’s test. Differences in HCRU counts
between pre- and post-mepolizumab initiation (in the
overall PSP population and the provincial drug coverage
subset) were compared using an adjusted, generalized,
linear mixed model with a negative binomial distribution.
The model was used to control for covariates and model
the HCRU count as the dependent variable, with patient
as a random factor to account for the paired nature of the

(2024) 20:11

Table 1 Baseline demographics and clinical characteristics

Overall PSP Provincial
cohort drug cover-
(N =275) age subset
(n=113)
Age, years
Mean (SD) 57.6 (13.5) 64.6 (12.6)
Median (IQR) 59.0(50.0-68.0) 680
(59.0-72.0)
Female, n (%) 154 (56.0%) 65 (57.5%)
Index year, n (%)
2016 70 (25.5%) 25 (22.1%)
2017 129 (46.9%) 56 (49.6%)
2018 64 (23.3%) 27-31%
2019 12 (4.4%) 1-5%
Rural residence, n (%)
Urban 256 (93.1%) 104 (92.0%)
Rural 19 (6.9%) 9 (8.0%)
Income quintile, n (%)
Q1, lowest 50 (18.2%) 29 (25.7%)
Q2 51 (18.6%) 16 (14.2%)
Q3 52 (18.9%) 18 (15.9%)
Q4 64 (23.3%) 24 (21.2%)
Q5, highest 58 (21.1%) 26 (23.0%)
Highest eosinophil count values® n =259 (94.2%) n=
108-112*
Mean (SD) 925.3(1275.7) 894.7
(1295.6)
Median (IQR) 620.0 600.0
(400.0-1010.0) (325.0-950.0)
Median eosinophil count values* n =259 (94.2%) n=
108-112*
Mean (SD) 5404 (491.9) 457.8 (464.1)
Median (IQR) 4000 400.00
(200.0-700.0) (200.0-600.0)
Charlson Comorbidity Index, n (%) 95 (34.5%) 45 (39.8%)
Low 0-1 64 (23.3%) 24 (21.2%)
Moderate 2-3 23 (8.4%) 14-18*
High 4+ 8(2.9%) 3-7*
Missing 180 (65.5%) 68 (60.2%)

*Value reported as a range according to ICES reporting standards to reduce the

risk of patient re-identification

This represents the patient’s highest eosinophil count in the 12-month pre-

mepolizumab period

*This represents the patient’s median eosinophil count in the 12-month pre-

mepolizumab period

ICES, Institute for Clinical and Evaluative Sciences; IQR, interquartile range; PSP,

patient support program; Q, quintile; SD, standard deviation
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data. Mean costs were compared pre- and post-mepoli-
zumab initiation for all patients (in the overall PSP popu-
lation and the provincial drug coverage subset) using an
adjusted mixed gamma model with patient as a random
factor.

Study ethics

This study complied with all laws regarding patient pri-
vacy. No direct patient contact or primary collection
of individual human subject data occurred. Patients
enrolled or previously enrolled in the Canadian mepoli-
zumab PSP program were given the opportunity to pro-
vide informed consent that allowed their patient-level
data to be shared with ICES. This was conducted by the
program coordinators via email, phone, or in person. All
executed versions of the consent form and study proto-
col were approved by an Institutional Review Board (IRB;
Pro00034156). These were first approved in May 2019
and continually reviewed every 12 months by the IRB.

Results

Patient demographics and clinical characteristics

Overall PSP cohort

The overall PSP cohort included 275 patients (Table 1).
The mean (SD) age was 57.6 (13.5) years and 56.0% were
female. Most patients were deemed to reside in an urban
area (93.1%). Mepolizumab use was distributed evenly
amongst income quintiles. Of the 275 patients, 259
(94.2%) had a recorded eosinophil value in the 12-month
pre-mepolizumab period. The mean (SD) of the within-
patient median eosinophil count level was 540.4 (491.9)
cells/pL. Charlson Comorbidity Index (CCI) values were
available for 95 patients (34.5%), of which 64 patients
were categorized as low (0-1). Of the 275 patients in
the overall PSP cohort, 256 (93.1%) were adherent to
mepolizumab treatment. Within the adherent subgroup,
27 patients (10.5%) had eosinophil levels < 300 cells/uL
(Fig. 1).

Provincial drug coverage subset

The provincial drug coverage subset included 113 patients
(Table 1). On average, these patients were older than the
overall PSP population (mean [SD] age 64.6 [12.6] years),
with comparable proportions of patients who were female
(57.5%) and who lived in an urban area (92.0%). Of the 113
patients in the provincial drug coverage subset, the mean
(SD) of the within-patient median eosinophil count level
was 457.8 (464.1) cells/pL. CCI values were available for 45
patients (39.8%), of which 24 patients were categorized as
low (0-1). Baseline asthma-related medication use for the
provincial drug coverage subset is reported in Table 2. Of
the 113 patients in the provincial drug coverage subset, 103
(91.2%) were adherent to mepolizumab treatment. Of these
103 patients within the provincial drug coverage subset
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n=305
Mepolizumab PSP patients consented

n=23 (7.5%)
> Patients unable to be
linked to ICES database

n=282
Patients linked to ICES database

n=7 (2.3%)
Patients inactive in ICES
q database for 1 year prior
to mepolizumab index date
A 4
n=275

Patients active in ICES
database for 1 year prior
to mepolizumab index date

n=113
Provincial drug coverage
subset population

: :

n=275
Overall PSP population >

n=256 n=103
Adherent Adherent
n=27 n=29
Adherent with Adherent with =2 baseline S
<300 cells/uL exacerbations and Adherent with
300 cells/ul >3 baseline exacerbations

Fig. 1 Patient selection

Asthma exacerbations were defined as outpatient or emergency department visits with a diagnosis of asthma and at least one dispensing of systemic
corticosteroids + 5 days after the encounter or exacerbations resulting in hospitalization/inpatient hospital admission with a diagnosis of asthma as a
primary diagnosis

ICES, Institute for Clinical and Evaluative Sciences; PSP, patient support program
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Table 2 Baseline asthma-related medication use in the provincial drug coverage subset (n = 113)
ocCs SABA ICS LABA SAMA LAMA Theophylline ICS + LTRA Biologics*
LABA
Patients with > 1 claim, n (%) 101 98 49 2-6* 14-18* 85 5-9*% 105 1-5% 13
(89.4) (86.7) (43.4) (75.2) (92.9) (11.5)
Total claims, n 482 486 187 NA 64 369 43 622 NA 146
Claims per patient, mean (SD) 477 497 165 NA 0.57 3.27 0.38 5.50 NA 1.29
(5.1 (4.5) (2.6) (2.1 (3.2 (1.4) (3.M (4.0)
Claims per patient, min—-max 0.0-47.0 0.0-200 0.0-11.0 NA 0.0-140 0.0-140 00-70 0.0-13.0 NA 0.0-21.0

*The value was reported as a range according to ICES reporting standards to reduce the risk of patient re-identification

fOnly asthma-related biologics were included in the biologics category

ICES, Institute for Clinical and Evaluative Sciences; ICS, inhaled corticosteroid; LABA, long-acting B-agonist; LAMA, long-acting muscarinic antagonist; LTRA,
leukotriene receptor antagonist; max, maximum; min, minimum; NA, not applicable; OCS, oral corticosteroid; SABA, short-acting -agonist; SAMA, short-acting

muscarinic antagonist; SD, standard deviation

6 1 m Pre-mepolizumab
Post-mepolizumab

5 -
-40.2%
P<0.0001
4
3.48

Mean number of events per-patient per-year
w
]

-27.2%
P<0.0001

3.67

-46.1% -52.1%
P<0.0001 P<0.0001 -36.7%
14 I | L | P=0.0343
0.89 | |
0 0.48 0.46 0.30 IR
Exacerbations GP visits Specialist visits ED visits Hospitalizations

Fig. 2 Asthma-related HCRU for patients in the overall PSP population pre- versus post-mepolizumab
ED, emergency department; GP, general practitioner; HCRU, healthcare resource utilization; PSP, patient support program

adherent subgroup, 29 (28.2%) had > 2 baseline exacerba-
tions and eosinophil levels > 300 cells/uL, and 26 (25.2%)
had > 3 baseline exacerbations (Fig. 1).

HCRU
In the overall PSP cohort, mepolizumab use was associ-
ated with significant reductions in the mean number of
per-patient asthma exacerbations (46.1%, P < 0.0001) and
all measures of asthma-related HCRU (Fig. 2). The greatest
per-patient reduction was in ED visits (52.1%, P < 0.0001),
with marked decreases in GP visits (40.2%, P < 0.001), spe-
cialist visits (27.2%, P < 0.0001), and hospitalizations (36.7%,
P = 0.0343). Results for the PSP-adherent subgroup and
PSP-adherent (eosinophil level < 300 cells/uL) subgroup
were comparable with the overall PSP population (see Sup-
plementary Table 2, Additional file 2).

In the provincial drug coverage subset, statistically sig-
nificant reductions were observed in the mean number of

per-patient asthma exacerbations (44.4%, P < 0.0001) and
all asthma-related HCRU outcomes (Fig. 3). Decreases were
observed in GP visits (35.8%, P < 0.0001), specialist visits
(26.3%, P < 0.0001), ED visits (36.6%, P = 0.0114), and hos-
pitalizations (40.0%, P = 0.0431). Reductions in mean per-
patient claims were observed for OCS (33.1%, P = 0.0001)
and SABA (18.6%, P = 0.0036). Within the provincial drug
coverage subset adherent sub-cohort, patients with > 2
baseline exacerbations and eosinophil count of > 300 cells/
pL, and patients with > 3 baseline exacerbations, all showed
similar results to the provincial drug coverage subset (see
Supplementary Table 3, Additional file 3).

Healthcare costs

In the overall PSP cohort, a reduction in the average cost
per patient was seen for all HCRU outcomes after initiating
mepolizumab (Table 3). While the all-cause hospitalization
costs were reduced by 34%, the result was not statistically
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Fig. 3 Asthma-related HCRU for patients in the provincial drug coverage subset pre- versus post-mepolizumab
ED, emergency department; GP, general practitioner; HCRU, healthcare resource utilization; OCS, oral corticosteroid; SABA, short-acting 3-agonist

Table 3 Healthcare cost outcomes for the overall PSP cohort (N = 275)

Mean annual HCRU cost per patient ($CAD)

Real-world cost outcome Pre-mepolizumab Post-mepolizumab % change
GP visit (asthma-related) $83.55 $52.54 —37.]%**
Specialist visit (asthma-related) $390.74 $246.82 —36.8%**
ED visits (all-cause) $602.69 $447.82 —25.7%*
Hospital admission (all-cause)’ $4,372.92 $2,885.32 -340
HCRU (excluding drug cost)* $6,214.42 $4,109.12 -33.9%

*P <0.05

**P <0.01

***¥P < 0.001

Due to resource intensity weighting, costs cannot be accurately estimated from specific hospital admission reasons; thus, costs are not asthma-specific

*HCRU includes all factors listed in table as well as other asthma-related physician costs for shadow billings, where the location was other than home, office, or phone

$CAD, Canadian dollars; ED, emergency department; GP, general practitioner; HCRU, healthcare resource utilization; PSP, patient support program

significant. For asthma-related GP visits, the average cost
per patient was reduced by 37.1% and for asthma-related
specialist visits, the average cost per patient was reduced by
36.8%. The mean total HCRU costs (excluding drug costs) in
the 12 months before and after initiating mepolizumab were
CAD$6,214 versus CAD$4,109 per patient, respectively
(33.9% reduction, P < 0.05) (Table 3 and Fig. 4).

In the provincial drug coverage subset, a directionally
similar reduction in average cost per patient was observed
for all HCRU outcomes except for asthma-related drug
cost (Table 4). In this subset however, only asthma-related
specialist visits reached statistical significance. The mean
total HCRU costs (excluding drug costs) in the 12 months
before and after initiating mepolizumab were CAD$7,566
versus CAD$5,206 per patient, respectively (31.2% reduc-
tion) (Table 4). Mean per-patient asthma-related drug
costs (including mepolizumab) increased from CAD$3,680
before mepolizumab to CAD$4,153 after mepolizumab

(11.4%), contributing to mean total HCRU costs (including
drug costs) of CAD$11,246 versus CAD$9,359 per patient
(16.8% reduction), respectively (Fig. 4).

Discussion

This observational real-world study showed that mepoli-
zumab use in real-world clinical practice in Ontario, Can-
ada, was associated with a reduction in HCRU, including
exacerbations and hospitalizations. These results are aligned
with other studies assessing real-world outcomes of mepo-
lizumab. The REALITI-A study assessed real-world out-
comes of mepolizumab in 822 patients globally (57 patients
in Canada) and showed significant reductions in exacer-
bations and daily OCS dose [6]. As REALITI-A included
patients from several different countries with differing reim-
bursement criteria, costs of HCRU were not included in the
analysis. A US claims database study [15] that assessed the
impact of mepolizumab on OCS use, asthma exacerbations,
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Fig. 4 Mean HCRU cost per patient in both populations (pre- versus post-mepolizumab)
Includes costs indicated in Table 3 (PSP population) and Table 4 (provincial drug coverage subset population)
$CAD, Canadian dollars; HCRU, healthcare resource utilization; PSP, patient support program
Table 4 Healthcare cost outcomes for the provincial drug coverage subset (n = 113)
Mean annual HCRU cost per patient ($CAD)

Real-world cost outcome Pre-mepolizumab Post-mepolizumab % change
GP visit (asthma-related) $98.97 $70.02 -293
Specialist visit (asthma-related) $400.01 $259.57 —34.7%x%
ED visits (all-cause) $845.35 $724.50 -143
Hospital admission (all-cause)" $5,381.49 $3,569.75 -337
HCRU (excluding drug cost)* $7,565.79 $5,205.87 -31.2
Drug cost (asthma-related) $3,679.92 $4,152.60 +114
HCRU (including drug cost) $11,245.71 $9,358.47 -16.8

**¥P < 0.001

Due to resource intensity weighting, costs cannot be accurately estimated from specific hospital admission reasons; thus, costs are not asthma-specific

*HCRU includes all factors listed in table as well as other asthma-related physician costs for shadow billings, where the location was other than home, office, or phone

$CAD, Canadian dollars; ED, emergency department; GP, general practitioner; HCRU, healthcare resource utilization

and asthma exacerbation-related costs in a real-world set-
ting found similar results, with a 51.5% reduction in asthma
exacerbation-related costs versus the pre-mepolizumab
period.

Although REALITI-A, the aforementioned US claims
study, and the current study all demonstrated an association
between mepolizumab use and decreased asthma exacer-
bations (REALITI-A: 71%; US study: 45.5%; current study:
46.1%), there were differences in the definition of exacerba-
tions that may have resulted in differences in the magnitude
of reduction seen [6, 15]. In REALITI-A, exacerbations were
defined as a deterioration in asthma requiring systemic cor-
ticosteroids for > 3 days or a single systemic administration
of corticosteroids and/or hospitalization and/or ED visit.
By contrast, the US study had a more stringent definition of
exacerbations (one outpatient or ED claim with a diagnosis

of asthma and at least one claim for a systemic corticoste-
roid + 5 days of the encounter, or exacerbations resulting
in hospitalization) that was comparable with the definition
used in the current study, and the similarities in exacerba-
tion criteria are reflected in the similar levels of exacerba-
tion reduction observed.

As PSP support (nursing support, patient education and
injection services, pharmacy services [including counselling
and medication delivery], reimbursement navigation, and
financial assistance) was provided to all patients, the posi-
tive outcome effects observed following mepolizumab initi-
ation are a result of a combination of mepolizumab efficacy
and any support-related factors; it is not possible to quan-
tify the extent to which the PSP support contributed to the
patients’ outcomes. Patients receiving mepolizumab injec-
tions from their healthcare provider may have visited their
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clinic at monthly intervals to receive treatment. This pro-
vided patients with additional touchpoints with healthcare
professionals that may have resulted in early identification
and treatment of asthma worsening, potentially leading to
fewer exacerbations.

Only a small percentage of patients were less than opti-
mally adherent to mepolizumab treatment and received
fewer than 9 of 12 scheduled injections. This contrasts with
low adherence figures typically seen with inhaled medi-
cations in asthma [16] and is noteworthy given that most
injections would have been clinic-based rather than patient
self-administered. Better outcomes were seen in the adher-
ent group, although the number of patients who were sub-
optimally adherent to mepolizumab treatment was small.
Such an outcome likely reflects the efficacy of mepolizumab
and would suggest that strategies to improve adherence
would improve the efficacy of the intervention [17]. We can-
not rule out the possibility that patients who were poorly
adherent to mepolizumab treatment were less responsive
and that missed doses were the consequence rather than the
cause of poor asthma outcomes. We also note that the pre-
sented data do not allow us to explore the temporal relation-
ship between exacerbations and missed mepolizumab visits.

A strength of this study is that it reflects the real-world
effect of mepolizumab on patients with asthma, comple-
menting clinical trial evidence. Furthermore, few exclusion
criteria were applied, reflecting diverse and unselected pop-
ulations in Ontario who may not otherwise be included in
clinical trials.

There are several limitations to note within this study.
First, the database used provided data only for Ontario
residents with health coverage, so estimates of HCRU may
not be generalizable to individuals in other provinces or
those with different or no health insurance. Second, use of
an administrative database may also have introduced mea-
surement errors such as inaccurate coding and data entry.
Furthermore, the provincial drug coverage dataset only
includes publicly reimbursed drug claims largely for patients
aged = 65 years; therefore, patients < 65 years old and those
with cash and private claims may not be included in this
subset. Additionally, hospital costs were calculated using
a weighted average resource intensity method that could
potentially underestimate outliers. For patients with hos-
pitalization, HCRU and associated costs were captured for
all healthcare touchpoints which could not be separated for
asthma versus other conditions. A further limitation is that
the study design did not account for asthma progression;
however, this is similar to the recent US claims study which
also noted that exacerbations remained constant indepen-
dent of treatment [15]. The current study did not distinguish
between OCS for maintenance use and episodically for
acute exacerbation. Consequently, if a patient had an outpa-
tient/ED visit with an asthma diagnosis and OCS dispensing
within 5 days, that was considered an asthma exacerbation.

(2024) 20:11
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Nevertheless, the reduction in exacerbations shown in this
study is likely reliable as reductions were observed across all
outcomes. Despite these limitations, this real-world study
reiterates the value of mepolizumab treatment and its abil-
ity to reduce the burden of severe asthma on patients and
the healthcare system, as similarly seen in the clinical trial
setting.

Conclusion

In conclusion, this study has shown that treatment with
mepolizumab resulted in reduced asthma exacerbations
and decreased HCRU and associated costs in Canadian
patients in Ontario with SA-EP. This could translate to
greater asthma control, leading to improved quality of life
and productivity.

Abbreviations

CADS  Canadian dollars

ca Charlson Comorbidity Index

CSE Clinically significant exacerbation
ED Emergency department

GP General practitioner

HCRU Healthcare resource utilization
ICES Institute for Clinical and Evaluative Sciences
ICS Inhaled corticosteroid

IL5 Interleukin 5

IQR Interquartile range

IRB Institutional Review Board

LABA Long-acting B-agonist

LAMA  Long-acting muscarinic antagonist
LTRA Leukotriene receptor antagonist
max Maximum

mepo  Mepolizumab

min Minimum

NA Not applicable

0ocCs Oral corticosteroid

ODB Ontario Drug Benefit
PSP Patient support program
Q Quintile

SA-EP  Severe asthma with an eosinophilic phenotype
SABA  Short-acting B-agonist

SAMA  Short-acting muscarinic antagonist

SAS Statistical analysis system

SD Standard deviation

UK United Kingdom

us$ United States dollars

us United States

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/513223-023-00863-7.

Additional file 1: Supplementary Table 1. Sample sizes to detect a
minimum detectable reduction in mean exacerbation rate pre- and post-
mepolizumab

Additional file 2: Supplementary Table 2. Mean number of real-world
outcomes for the PSP-adherent subpopulations following mepolizumab
initiation

Additional file 3: Supplementary Table 3. Mean number of real-world
outcomes for the provincial drug coverage adherent subpopulations fol-

lowing mepolizumab initiation



https://doi.org/10.1186/s13223-023-00863-7
https://doi.org/10.1186/s13223-023-00863-7

Chapman et al. Allergy, Asthma & Clinical Immunology (2024) 20:11

Acknowledgements

Editorial support (in the form of writing assistance, including preparation

of the draft manuscript under the direction and guidance of the authors,
collating, and incorporating authors' comments for each draft, assembling
tables and figures, grammatical editing, and referencing) was provided by
Rosie Robson, MSc, and Azraa Khan, MSc, of Ashfield MedComms (Manchester,
UK), an Inizio company, and was funded by GSK.

Author contributions

KRC, KC, EA, and CL were involved in study design and data analysis. CLF and
SG were involved in data acquisition and data analysis. BM was involved in
study design, data acquisition, and data analysis. KU was involved in data
analysis. All authors had access to the study data, take responsibility for the
accuracy of the analysis, contributed to data interpretation, reviewed, and
contributed to the content of the manuscript, and read, approved, and had
authority in the decision to submit the final manuscript.

Funding
This study was funded by GSK (study 211271; https://www.gsk-studyregister.
com/en/trial-details/?id=211271).

Data Availability

The dataset from this study is held securely in coded form at ICES. While legal
data sharing agreements between ICES and data providers (e.g., healthcare
organizations and the government) prohibit ICES from making the dataset
publicly available, access may be granted to those who meet pre-specified
criteria for confidential access, available at https.//www.ices.on.ca/use-ices-
data/working-with-ices-data/ (accessed on 05 September 2023) (email: das@
ices.on.ca). The full dataset creation plan and underlying analytic code are
available from the authors upon request, understanding that the computer
programs may rely upon coding templates or macros that are unique to ICES
and are, therefore, either inaccessible or may require modification.

Declarations

Ethics approval and consent to participate

This study complied with all laws regarding patient privacy. No direct patient
contact or primary collection of individual human subject data occurred.
Patients enrolled or previously enrolled in the Canadian mepolizumab PSP
program were given the opportunity to provide informed consent that
allowed their patient-level data to be shared with ICES. This was conducted by
the program coordinators via email, phone, or in person. All executed versions
of the consent form and study protocol were approved by an Institutional
Review Board (IRB; Pro00034156). These were first approved in June 2019 and
continually reviewed every 12 months by the IRB.

Consent for publication
Not applicable.

Competing interests

KRC received funding from GSK to advise on this study. KC, KU, and EA are
employees of, and shareholders in, GSK. CLF, SG, and BM are employees of
IQVIA, which received funding from GSK to complete this study. CL received
funding from GSK to advise on this study and, outside of the submitted work,
reports personal fees and/or research grants from AstraZeneca, Covis Pharma,
GSK, Novartis, Sanofi Genzyme, Teva, and Valeo.

Received: 6 September 2023 / Accepted: 4 December 2023
Published online: 04 February 2024

References

1. Song HJ, Blake KV, Wilson DL, Winterstein AG, Park H. Medical costs and pro-
ductivity loss due to mild, moderate, and severe asthma in the United States.
J Asthma Allergy. 2020;13:545-55.

Page 10 of 10

2. Ismaila A, Blais L, Dang-Tan T, Zhang S, Forget A, Kettani FZ, et al. Direct and
indirect costs associated with moderate and severe asthma in Quebec,
Canada. Can J Respir Crit Care Sleep Med. 2019;3(3):134-42.

3. Heaney LG, Perez de Llano L, Al-Ahmad M, Backer V, Busby J, Canonica GW, et
al. Eosinophilic and noneosinophilic asthma: an expert consensus framework
to characterize phenotypes in a global real-life severe asthma cohort. Chest.
2021;160(3):814-30.

4. Azim A, Newell C, Barber C, Harvey M, Knight D, Freeman A, et al. Clinical
evaluation of type 2 disease status in a real-world population of difficult to
manage asthma using historic electronic healthcare records of blood eosino-
phil counts. Clin Exp Allergy. 2021;51(6):811-20.

5. Ortega HG, Liu MC, Pavord ID, Brusselle GG, FitzGerald JM, Chetta A, et al.
Mepolizumab treatment in patients with severe eosinophilic asthma. N Engl J
Med. 2014;371(13):1198-207.

6.  Pilette C, Canonica GW, Chaudhuri R, Chupp G, Lee FE, Lee JK, et al. REALITI-A
study: real-world oral corticosteroid-sparing effect of mepolizumab in severe
asthma. J Allergy Clin Immunol Pract. 2022;10(10):2646-56.

7. Menzella F, Ballarin A, Sartor M, Floriani AF, Corsi L, Dartora C, et al. Compari-
son between clinical trials and real-world evidence studies on biologics for
severe asthma. J Int Med Res. 2022;50(11):3000605221133689.

8. Kallieri M, Zervas E, Fouka E, Porpodis K, Mitrova MH, Tzortzaki E, et al. RELIght:
a two-year REal-LIfe study of mepolizumab in patients with severe eosino-
philic asTHma in Greece: evaluating the multiple components of response.
Allergy. 2022;77(9):2848-52.

9. Ribas CD, Diaz TC, Aparicio MB, Moragon EM, Conejero DB, Herrero MGS, et al.
REal worlD Effectiveness and safety of mepolizumab in a multicentric Spanish
cohort of asthma patients stratified by eosinophils: the REDES study. Drugs.
2021,81(15):1763-74.

10. Godbout K, Bhutani M, Connors L, Chan CKN, Connors C, Dorscheid D, et al.
Recommendations from a Canadian Delphi consensus study on best practice
for optimal referral and appropriate management of severe asthma. Allergy
Asthma Clin Immunol. 2023;19(1):12.

11. Chapman KR, Penz E, Fitzgerald JM. Targeted management of severe
asthma: developing a Canadian approach. Can J Respir Crit Care Sleep Med.
2019:4(2):124-32.

12. ICES. https://www.ices.on.ca/. Accessed 8 December 2023.

13. Government of Ontario Ministry of Health and Long-Term Care. Publicly
funded drug programs: Ontario drug benefit program. https://www.health.
gov.on.ca/en/pro/programs/drugs/funded_drug/fund_odbp.aspx. Accessed
3 March 2023.

14.  GSK.NUCALA (mepolizumab) approved in Canada as the first and only bio-
logic treatment for adults with hypereosinophilic syndrome. https://ca.gsk.
com/en-ca/media/press-releases/nucala-mepolizumab-approved-in-canada-
as-the-first-and-only-biologic-treatment-for-adults-with-hypereosinophilic-
syndrome/. Accessed 3 March 2023.

15. Silver J, Bogart M, Packnett E, Wu J, McMorrow D, Hahn B. Real-world reduc-
tions in oral corticosteroid use in the USA following mepolizumab therapy for
severe asthma. J Asthma Allergy. 2020;13:689-99.

16.  Zhang X, Ding R, Zhang Z, Chen M, Yin Y, Quint JK. Medication adherence in
people with asthma: a qualitative systematic review of patient and health
professional perspectives. J Asthma Allergy. 2023;16:515-27.

17. Maddux JT, Inselman JW, Jeffery MM, Lam RW, Shah ND, Rank MA. Adherence
to asthma biologics: implications for patient selection, step therapy, and
outcomes. Chest. 2021;159(3):924-32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.gsk-studyregister.com/en/trial-details/?id=211271
https://www.gsk-studyregister.com/en/trial-details/?id=211271
https://www.ices.on.ca/use-ices-data/working-with-ices-data/
https://www.ices.on.ca/use-ices-data/working-with-ices-data/
https://www.ices.on.ca/
https://www.health.gov.on.ca/en/pro/programs/drugs/funded_drug/fund_odbp.aspx
https://www.health.gov.on.ca/en/pro/programs/drugs/funded_drug/fund_odbp.aspx
https://ca.gsk.com/en-ca/media/press-releases/nucala-mepolizumab-approved-in-canada-as-the-first-and-only-biologic-treatment-for-adults-with-hypereosinophilic-syndrome/
https://ca.gsk.com/en-ca/media/press-releases/nucala-mepolizumab-approved-in-canada-as-the-first-and-only-biologic-treatment-for-adults-with-hypereosinophilic-syndrome/
https://ca.gsk.com/en-ca/media/press-releases/nucala-mepolizumab-approved-in-canada-as-the-first-and-only-biologic-treatment-for-adults-with-hypereosinophilic-syndrome/
https://ca.gsk.com/en-ca/media/press-releases/nucala-mepolizumab-approved-in-canada-as-the-first-and-only-biologic-treatment-for-adults-with-hypereosinophilic-syndrome/

	﻿Real-world outcomes of mepolizumab for the treatment of severe eosinophilic asthma in Canada: an observational study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Objectives
	﻿Study outcomes
	﻿Patient identification
	﻿Study population
	﻿Statistical considerations
	﻿Study ethics

	﻿Results
	﻿Patient demographics and clinical characteristics
	﻿Overall PSP cohort
	﻿Provincial drug coverage subset


	﻿HCRU
	﻿Healthcare costs
	﻿Discussion
	﻿Conclusion
	﻿References


