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Efficacy of mepolizumab add-on therapy on health-related
quality of life and markers of asthma control in severe
eosinophilicasthma (MUSCA): a randomised, double-blind,
placebo-controlled, parallel-group, multicentre, phase 3b trial

Geoffrey L Chupp, Eric S Bradford, Frank C Albers, Daniel | Bratton, Jie Wang-Jairaj, Linda M Nelsen, Jennifer L Trevor, Antoine Magnan,
Anneke ten Brinke

Summary

Background Mepolizumab, an anti-interleukin-5 monoclonal antibody approved as add-on therapy to standard of care
for patients with severe eosinophilic asthma, has been shown in previous studies to reduce exacerbations and
dependency on oral corticosteroids compared with placebo. We aimed to further assess mepolizumab in patients with
severe eosinophilic asthma by examining its effect on health-related quality of life (HRQOL).

Methods We did a randomised, double-blind, placebo-controlled, parallel-group, multicentre, phase 3b trial (MUSCA)
in 146 hospitals or research centres in 19 countries worldwide. Eligible participants were patients aged 12 years or older
with severe eosinophilic asthma and a history of at least two exacerbations requiring treatment in the previous
12 months before screening despite regular use of high-dose inhaled corticosteroids plus other controller medicines.
Exclusion criteria included current smokers or former smokers with a history of at least ten pack-years. We randomly
assigned participants (1:1) by country to receive a subcutaneous injection of either mepolizumab 100 mg or placebo,
plus standard of care, every 4 weeks for 24 weeks (the final dose was given at week 20). We did the randomisation using
an interactive voice response system and a centralised, computer-generated, permuted-block design of block size six.
The two treatments were identical in appearance and administered in a masked manner; patients, investigators, other
site staff and the entire study team including those assessing outcomes data were also masked to group assignment.
The primary endpoint was the mean change from baseline in the St George’s Respiratory Questionnaire (SGRQ) total
score at week 24 in the modified intention-to-treat (modified ITT) population (analysed according to their randomly
assigned treatment). Safety was assessed in all patients who received at least one dose of trial medication (analysed
according to the actual treatment received). This trial is registered with ClinicalTrials.gov, number NCT02281318.

Findings We recruited patients between Dec 11, 2014, and Nov 20, 2015, and the study was undertaken between
Dec 11, 2014, and June 10, 2016. The modified ITT population comprised 274 patients assigned to mepolizumab
100 mg and 277 assigned to placebo. Mepolizumab versus placebo showed significant improvements at week 24 from
baseline in SGRQ total score (least squares mean [SE] change from baseline -15-6 (1-0) vs =7-9 (1-0), a treatment
difference of -7-7 (95% CI -10-5 to —4-9; p<0-0001). No deaths occurred during the study. 192 (70%) of 273 patients
who received mepolizumab and 207 (74%) of 278 who received placebo reported at least one on-treatment adverse
event, the most common of which were headache (in 45 [16%] given mepolizumab vs 59 [21%)] given placebo) and
nasopharyngitis (in 31 [11%)] given mepolizumab vs 46 [17%)] given placebo). 15 (5%) and 22 (8%) patients had an
on-treatment serious adverse event in the mepolizumab and placebo groups, respectively; the most common was
asthma in both groups (in three [1%] given mepolizumab vs nine [3%] given placebo).

Interpretation Mepolizumab was associated with significant improvements in HRQOL in patients with severe
eosinophilic asthma, and had a safety profile similar to that of placebo. These results add to and support the use of

mepolizumab as a favourable add-on treatment option to standard of care in patients with severe eosinophilic asthma.

Funding GlaxoSmithKline.

Introduction

The long-term goals of asthma management are to
achieve good symptom control, and to minimise any
future risk of exacerbations, fixed airflow limitation, and
side-effects of treatment.! Improving patients’ health-
related quality of life (HRQOL) is also important, and
subjective data obtained from the patient’s perspective
can be useful for identifying changes in health status

and disease burden, allowing for treatment adjustments.?
Improving HRQOL is of particular interest in severe
eosinophilic asthma, which is characterised by recurrent
exacerbations, poor disease control, accelerated lung
function decline, and decreased HRQOL.**

HRQOL in patients with severe asthma can be assessed
using the St George’s Respiratory Questionnaire (SGRQ),
a 50-item questionnaire developed for patients with
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Research in context

Evidence before this study

The anti-interleukin-5 monoclonal antibody mepolizumab is
approved as an add-on therapy in Europe, Canada, USA, and
other countries, to standard of care for the treatment of
patients with severe eosinophilic asthma. Mepolizumab has
been shown to reduce exacerbation rates and dependency on
oral corticosteroid use in clinical trials in patients with severe
eosinophilic asthma. However, less evidence is available for its
effect on health-related quality of life (HRQOL), a particularly
important consideration for patients with severe eosinophilic
asthma, which is characterised by recurrent exacerbations, poor
disease control, accelerated lung function decline, and worse
HRQOL compared with milder forms of asthma. Much of the
available evidence comes from the assessment of responses to
the Asthma Control Questionnaire (ACQ)-5, a targeted
questionnaire focused on specific symptoms (night-time
waking, activity limitation, shortness of breath or wheezing,
and rescue medication use for assessing asthma control).

The St George’s Respiratory Questionnaire (SGRQ) is an
alternative assessment of respiratory health status that
evaluates a range of respiratory experiences including
symptoms, physical activity, and effect on HRQOL, providing a
wider perspective on treatment effect in patients with severe
disease. We searched PubMed for English-language studies of
mepolizumab on HRQOL published up to Dec 13, 2016, using
the search terms “mepolizumab”, “eosinophilic asthma”, and
“quality of life OR asthma control questionnaire OR St George’s
Respiratory Questionnaire”. The search identified seven
publications presenting data from four clinical trials, ranging in
duration from 11 to 52 weeks. In three of the four trials (Halder

chronic airflow limitation.”” The SGRQ assesses symp-
toms, physical activity, and the effect of the disease on the
patient’s life, and can therefore provide a wider
perspective on treatment effectiveness in patients with
severe asthma compared with more targeted question-
naires such as the Asthma Control Questionnaire
(ACQ)-5.* The SGRQ is scored from 0-100, with higher
scores indicating worse HRQOL; a four-point reduction
in score is considered to be the minimal clinically
important difference (MCID), defined as the individual
patient score change over a predetermined period that
should be interpreted as a treatment benefit.*" Findings
from a previous study? have confirmed the content
validity of the SGRQ in patients with severe asthma.
HRQOL data in patients with asthma can be further
supplemented by the assessment of other indicators of
asthma impact on patients, and control including lung
function and ACQ-5 scores, providing a fuller perspective
on the overall treatment benefits.

Mepolizumab is an anti-interleukin-5 monoclonal
antibody that is approved in Europe, Canada, USA, and
other countries as an add-on therapy to standard of care
for the treatment of patients with severe eosinophilic
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and colleagues, SIRIUS, and MENSA), significant improvements
occurred in HRQOL with mepolizumab compared with placebo,
as assessed with the SGRQ, ACQ-5, or Asthma Quality of Life
Questionnaire. However, HRQOL was assessed as a secondary
endpoint in all four trials, and where the SGRQ was used, scores
were generally assessed only at baseline and at the study end,
resulting in too few data to fully assess the effect of
mepolizumab on HRQOL over time.

Added value of this study

To our knowledge, this study was the first clinical trial designed
primarily to assess the effect of mepolizumab on
disease-specific HRQOL using the SGRQ in patients with severe
eosinophilic asthma. We showed that early and sustained
improvements occurred in disease-specific HRQOL with
mepolizumab compared with placebo in patients with severe
eosinophilic asthma. Our findings provide valuable new
evidence to help to understand the effect of mepolizumab on
the daily lives of patients in this population.

Implications of all the available evidence

Our results are consistent with, and build upon, those from
previous studies. Evidence to date suggests that
mepolizumab treatment decreases exacerbation rates,
reduces oral corticosteroid use, and improves HRQOL in
patients with severe eosinophilic asthma. Given that
achieving good symptom control, minimising future risk of
exacerbations, and improving HRQOL are key goals in asthma
management, mepolizumab provides a favourable add-on
treatment option to standard of care for patients with severe
eosinophilic asthma.

asthma.”" Results from previous studies showed signifi-
cant reductions in exacerbation rates™ and dependency
on oral corticosteroid use” with mepolizumab treatment
compared with placebo in patients with severe eosino-
philic asthma, both in addition to standard of care. In
these trials, treatment with mepolizumab resulted in
significant improvements in SGRQ and ACQ-5 scores
compared with placebo; however, SGRQ was only assessed
as a secondary endpoint with collection of data at baseline
and the end of treatment,” resulting in too few data to
fully assess the effect of mepolizumab on HRQOL.
Additionally, although improvements in lung function
have been shown with mepolizumab treatment, the
degree of improvement varied between studies.”" Further
investigation of the efficacy of mepolizumab on lung
function in asthma was therefore warranted. We
undertook the MUSCA clinical trial, designed mainly to
assess the effect of mepolizumab on disease-specific
HRQOL—using the SGRQ—in patients with severe
eosinophilic asthma. We also examined the effects of
mepolizumab on lung function and asthma symptom
control as secondary objectives, providing a broader view
of potential treatment benefits.
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See Online for appendix

For the protocol see https://
www.gsk-clinicalstudyregister.
com/

Methods

Study design and participants

We did a phase 3b, placebo-controlled, double-blind,
parallel-group, multicentre study in 146 hospitals or
research centres in 19 countries (Argentina, Belgium,
Bulgaria, Canada, Czech Republic, Estonia, France,
Germany, Greece, Italy, Netherlands, Norway, Peru,
Russia, Slovakia, Spain, Ukraine, UK, and USA). We did
the study in accordance with the applicable country-
specific regulatory ethics requirements in individual
countries. The protocol for this study is available online
from the GSK Clinical Study Register (number 200862)."*

We enrolled patients aged 12 years or older with severe
eosinophilic asthma who had experienced at least
two exacerbations requiring treatment with systemic
corticosteroids in the previous 12 months (for patients
on maintenance oral corticosteroids, two-fold or greater
dose increases were required for inclusion), despite
treatment with regular high-dose inhaled corticosteroids
in the 12 months before screening, plus additional
controller medication(s) for at least 3 months before
screening. Participants were also required to have
airflow obstruction as indicated by a pre-bronchodilator
FEV, of less than 80% predicted in those aged =18 years,
or less than 90% predicted in those aged 12-17 years, as
per the criteria for severe uncontrolled asthma of
the European Respiratory Society/American Thoracic
Society joint guidelines.*

Current or former smokers with a smoking history of
ten pack-years or more were excluded, as were individuals
with a concurrent respiratory disease and those who had
received omalizumab within 130 days before screening.
Patients were also excluded if they had severe or clinically
significant cardiovascular disease, or other eosinophilic
diseases. After a 1-4-week run-in period after the
screening visit, patients eligible to be randomly assigned
to treatment had to demonstrate an eosinophilic pheno-
type, characterised by a blood eosinophil count of at least
300 cells per pL within the 12 months before screening,
or a blood eosinophil count of at least 150 cells per pL at
screening (these thresholds were established from the
analysis of the DREAM study, in which they best
predicted patients who were likely to respond to
mepolizumab). All patients, and their parent or guardian

A Mepolizumab 100 mg
¥ Placebo

Run-in period (1-4 weeks)

Primary
efficacy
endpoint

Treatment administration l

Pre-screening
Visit O

Screening
Visit 1

Randomisation
(1:1) Visit 2

Figure 1: Trial design
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if they were younger than 18 years, provided written
informed consent. Additional inclusion, exclusion, and
randomisation criteria are in the appendix.

Randomisation and masking

We randomly assigned patients (1:1) to receive a
subcutaneous injection of either mepolizumab 100 mg
(GSK, GSK Manufacturing Strada Provinciale Parma,
Italy) or placebo using an interactive voice response
system. The randomisation sequence was centrally
computer generated using a permuted-block design of
block size six, and the randomisation was done
separately for each country. At each study centre,
formulations of mepolizumab and placebo were pre-
pared by staff members who were aware of study-group
assignments but were not involved in study assessments.
The two preparations were identical in appearance and
were administered in a masked manner. Patients,
investigators, other site staff, and the entire study team
including those assessing outcomes data were masked
to treatment assignment.

Procedures

Patients who successfully completed the run-in period
received either mepolizumab or placebo every 4 weeks
for 24 weeks in addition to standard of care (figure 1).
The last dose was given at week 20. Spirometry
measurements were taken at screening, baseline, and
every 4 weeks until week 24. SGRQ total and domain
scores were recorded at baseline, and at weeks 4, 12, 20,
and 24 (SGRQ was not recorded at weeks 8 and 16 to
reduce the burden on patients). ACQ-5 scores were
recorded and exacerbation reviews were undertaken at
baseline and every 4 weeks until week 24.

Outcomes

The primary efficacy endpoint was the mean change
from baseline in SGRQ total score at week 24. SGRQ
domain scores (symptoms, activity, and impact) were
assessed as other endpoints. Secondary endpoints (all
measured at week 24) were the mean change from
baseline in pre-bronchodilator FEV,, the proportion of
SGRQ total score responders (ie, patients achieving a
=four-point reduction from baseline in SGRQ score),
and the mean change from baseline in ACQ-5 score.
Other patient-reported outcome endpoints assessed at
week 24 were the proportion of ACQ-5 responders (ie,
patients achieving a =0 5-point reduction from baseline
in ACQ-5 score), daily asthma symptom scores
(measured on six-point scale [appendix]), bronchodilator
use, and morning peak expiratory flow (PEF) as assessed
by electronic diary. Other lung function parameters
assessed at week 24 were the mean change from
baseline in post-bronchodilator FEV,, pre-bronchodilator
or post-bronchodilator forced vital capacity (FVC), and
pre-bronchodilator forced expiratory flow (FEF),,, (ie,
FEF at 25-75% of FVC).
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Other endpoints included the annual rate of clinically
significant exacerbations (defined as worsening of
asthma requiring systemic corticosteroids administered
intravenously or orally for =3 days or as a single intra-
muscular dose, or an emergency room visit or admission
to hospital), exacerbations requiring an emergency room
visit or admission to hospital, and exacerbations re-
quiring admission to hospital.

Safety assessments included reported adverse events
and serious adverse events, including systemic and
injection site reactions, clinically significant changes
in haematological variables (assessed at baseline and
weeks 12 and 24) or clinical chemistry variables
(assessed at baseline, and weeks 4, 8, 12, and 24);
12-lead electrocardiograms, assessed at baseline and
weeks 12 and 24; and immunogenicity, assessed using
an anti-mepolizumab bridging immunoassay (an in-
direct ligand-binding immunoassay that uses electro-
chemiluminescent detection) at baseline and week 24.
We also undertook physical examinations at baseline
and week 24 and measured vital signs every 4 weeks
until week 24.

Statistical analysis
We estimated that, with a sample size of 544 patients
(272 per group), the study had a 98% probability
of achieving a statistically significant between-group
difference for SGRQ total score, assuming a true treatment
difference of six points (SD 15 - 3). Additionally, this sample
size had a 92% probability of achieving a difference of
more than four points (MCID) between treatment groups.
All randomly assigned patients who received at least
one dose of trial medication were included in the
modified intention-to-treat (ITT) population for efficacy
assessments, with patients analysed according to their
randomised treatment. A per-protocol analysis, including
all patients in the modified ITT population who were not
identified as full protocol deviators, was also planned for
supplementary analysis of the primary endpoint. Safety
assessments were done in the safety population, which
consisted of all randomly assigned patients who received
at least one dose of trial medication, analysed according
to the actual treatment received for more than half of the
administrations. No interim data analyses were planned.
The study was designed to test the superiority of
mepolizumab versus placebo. Significance tests were
done at the two-sided 5% o level (one-sided 2-5%).
To control the overall type I error rate for the primary
and secondary endpoints, we used a hierarchical testing
procedure whereby statistical significance of the
primary endpoint led to testing of the secondary
endpoints in a similar manner in the following pre-
defined order: change from baseline in pre-broncho-
dilator FEV, at week 24; percentage of patients achieving
at least a four-point reduction from baseline in SGRQ at
week 24; and change from baseline in ACQ-5 score at
week 24.

www.thelancet.com/respiratory Vol 5 May 2017

830 patients screened

274 patients excluded

6 physician decision
3 protocol deviation
1 lost to follow-up

130 inclusion or exclusion criteria not met
72 continuation criteria not met
10 withdrawal by patient

52 did not meet pre-screening criteria

A4

| 556 patients randomised |

|
v v

280 assigned to placebo |

| 276 assigned to mepolizumab 100 mg |

—>| 3 did not receive treatment |

v v

—>| 2 did not receive treatment |

277 in mITT population 274 in mITT population

278 in safety population*

273 in safety population*

14 withdrawn from study
6 withdrew consent
2 adverse event

5 withdrawn from study
2 withdrew consent
2 adverse event

2 poor efficacy ™ 1lost to follow-up
2 lost to follow-up
2 physician decision
v v
263 completed study | | 269 completed study

Figure 2: Trial profile

*One patient randomly assigned to mepolizumab received placebo in error and was therefore included in the

placebo safety analysis (but was included in the mepolizumab modified intention-to-treat [ITT] efficacy analysis).

We investigated the effect of mepolizumab on SGRQ
score, ACQ-5 score, pre-bronchodilator FEV,, and the
annual rate of exacerbations, according to baseline blood
eosinophil count as a pre-specified analysis. We also did a
non-predefined post-hoc analysis of the proportion of
SGRQ and ACQ-5 responders by blood eosinophil count
thresholds at baseline (=150, 2300, and =500 cells per pL).

For continuous endpoints, estimated absolute means,
mean changes from baseline and estimated treatment
differences (mepolizumab minus placebo) were
calculated for each visit. Data were analysed using
mixed-effect model repeat measures adjusting for
baseline values, region, baseline maintenance oral
corticosteroid therapy, exacerbations in the 12 months
before the study, baseline percentage of predicted FEV,
(excluding lung function endpoints), and interaction
terms for visit by baseline and visit by treatment group as
covariates. All data obtained up to and including week 24
were included in the model. Residuals were assessed to
check model assumptions and no violations were noted.

Data for the percentage of patients achieving at least a
four-point reduction in SGRQ at week 24 and the ACQ-5
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response were analysed using a logistic regression model

with baseline value, region, baseline maintenance oral

corticosteroid therapy, exacerbations in the year before

the study, and baseline percentage of predicted FEV, as

covariates. Patients with a missing score at week 24 were

included in the least favourable category in the analysis.

Exacerbation rates were analysed using negative binomial

regression with region, baseline maintenance oral

For more onthe researchdata ~ corticosteroid therapy, exacerbations in the year before
see https://protect-eumimecast.  the study, and baseline percentage of predicted FEV, as
com/s/ntWrBTRNLfo?domain=c ;v iateg. Electronic diary endpoints were averaged over

linicalstudydatarequest.com

4-week periods. We used univariate models to investigate

the effect of baseline blood eosinophil count on the

continuous primary and secondary outcomes at week 24

and clinically significant exacerbations, adjusting for the

Placebo (n=277) Mepolizumab
100 mg (n=274)

Age (years) 521(12.9) 49-8 (14-0)
Sex

Female 176 (64%) 149 (54%)

Male 101 (36%) 125 (46%)
Body-mass index (kg/m?) 27-9 (6-2) 285 (6:6)
Former smoker 76 (27%) 71(26%)
Duration of asthma (years) 19:6 (15-0) 19-5(14-7)
Number of exacerbations in the 12 months before screening 2.7 (1:5) 2:9(1.9)
Patients with =1 exacerbation requiring ER visit or admission 92 (33%) 87 (32%)
to hospital in the 12 months before screening
Patients with =1 exacerbation requiring admission to hospital 68 (25%) 69 (25%)
in the 12 months before screening
Current oral corticosteroid use 67 (24%) 64 (23%)
Oral corticosteroid dose (mg/day) 13-4(10-8) 126 (11-0)
Current inhaled corticosteroid use 277 (100%) 273 (>99%)
Current LABA use 274.(99%) 273 (>99%)
Current LRA use 114 (41%) 108 (39%)
Current xanthine derivative use 56 (20%) 59 (22%)
Current LAMA use 63 (23%) 51(19%)
Measures of lung function

Pre-bronchodilator FEV, (L) 1.7 (0-6) 1.8 (0-6)

Percentage of predicted pre-bronchodilator FEV, 55-2% (14-6) 55:5% (14-4)

Percentage of FEV, reversibility 20-5% (21-6) 22:0% (23-2)

Pre-bronchodilator FVC (L) 2-9(0-9) 3-1(09)

Pre-bronchodilator FEF,,_, (mL/s) 869 (505) 919 (529)
Baseline blood eosinophil count

Baseline geometric mean (10°/L) 035 0-30

2150 per pL at screening 240 (87%) 234 (85%)

=300 per plL in 12 months before screening 165 (60%) 186 (68%)
Total SGRQ score 46-3(18-9) 47-4 (18-1)
ACQ-5 score 2:2(1-2) 2-2(11)
Baseline presence of nasal polyps 47 (17%) 58 (21%)
Positive atopic status 124 (45%) 127 (46%)

Data are mean (SD) or n (%). ER=emergency room. LABA=long-acting -2 agonist. LRA=leukotriene receptor
antagonist. LAMA=long-acting muscarinic agonist. FVC=forced vital capacity. FEF,, ,,=forced expiratory flow at
25-75% of FVC. SGRQ=St George's Respiratory Questionnaire. ACQ=Asthma Control Questionnaire.

Table 1: Baseline characteristics of the modified intention-to-treat population
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same covariates as used in the main analysis of the
corresponding endpoint and an interaction between
treatment and log baseline blood eosinophil count.
A data monitoring committee did not oversee the study.
All analyses were done using SAS 9.3. This trial is
registered with ClinicalTrials.gov, number NCT02281318.

Data sharing

Anonymised patient-level data underlying this study can
be requested by qualified independent researchers, subject
to review by an independent panel. To protect the privacy
of patients and individuals involved in our studies, GSK
does not publically disclose individual-level data.

Role of the funding source

The funder of study had a role in study design, data
collection, data analysis, data interpretation, and writing of
the report. The funder did not place any restrictions on
access to the data or statements made in the report. The
corresponding author had full access to all the data in the
study and had final responsibility to submit for publication.

Results

We recruited patients between Dec 11, 2014, and
Nov 20, 2015, and the study was undertaken between
Dec 11, 2014, and June 10, 2016. Of 830 patients screened,
556 were randomly assigned to treatment. Five patients
(three assigned to placebo and two assigned to
mepolizumab) did not receive treatment as they were
assigned in error, and one patient assigned to
mepolizumab received placebo in error. Therefore,
551 patients were included in the modified ITT popu-
lation (274 assigned to mepolizumab, 277 assigned to
placebo), 273 were included in the mepolizumab safety
population, and 278 in the placebo safety population
(figure 2). Demographic and baseline disease char-
acteristics were well balanced between the treatment
groups, although there was a non-significantly higher
proportion of female patients in the placebo group than
in the mepolizumab group (table 1).

Mepolizumab treatment significantly improved SGRQ
total score from baseline compared with placebo at
week 24 (least squares mean [SE] change from baseline
-15-6[1-00] vs =7-9 [1-01], a treatment difference of -7-7
[95% CI -10-5 to —4-9; p<0-0001]. Improvements in
SGRQ total score exceeded MCID from week 12 onwards
for mepolizumab versus placebo (figure 3). Results of
the per-protocol analysis of change in SGRQ total score
from baseline with mepolizumab versus placebo were
consistent with the modified ITT analysis (appendix).
Treatment with mepolizumab also significantly im-
proved SGRQ domain scores (symptoms, activity, and
impact) from baseline at week 24 compared with placebo
(table 2; figure 3). The number of SGRQ total score
responders (=4-point improvement) at week 24 was
greater in the mepolizumab group than in the placebo
group (table 2).

www.thelancet.com/respiratory Vol 5 May 2017
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The mean change from baseline in ACQ-5 score
at week 24 was greater for patients treated with
mepolizumab compared with placebo (table 2), and
between-group differences in ACQ-5 change from baseline
were evident from week 4 onwards (figure 4). Additionally,
the proportion of patients who had a 0-5 point or more
improvement (MCID) from baseline in ACQ-5 at week 24
was higher for mepolizumab than with placebo (table 2).

Mean changes from baseline in pre-bronchodilator
FEV,, FVC, and FEF, , at week 24 were higher for
patients treated with mepolizumab versus placebo
(table 3). Pre-bronchodilator FEV, values improved
early, and improvements were sustained up to week 24
(figure 4). Mean changes from baseline in post-
bronchodilator FEV, and FVC were non-significantly
higher at week 24 with mepolizumab versus placebo (data
not shown). Improvements in daily asthma symptom
scores and bronchodilator use at weeks 21-24 from
baseline were similar between treatment groups
(appendix), and mean changes from baseline in morning
PEF in this period were non-significantly higher with
mepolizumab compared with placebo (appendix).

The mean annualised rates of clinically significant
exacerbations, and exacerbations requiring an emergency-
room visit or admission to hospital, were significantly
lower in the mepolizumab group versus the placebo
group, resulting in yearly rate reductions of 58% and
68%, respectively. The annual rate of exacerbations
requiring admission to hospital did not differ between
groups (table 3).

192 (70%) of 273 patients who received mepolizumab and
207 (74%) of 278 patients who received placebo reported at
least one on-treatment adverse event, and 31 (11%) and
25 (9%) patients reported at least one treatment-related
adverse event in the mepolizumab and placebo groups,
respectively (table 4). The most frequently reported adverse
events in both the mepolizumab group and the placebo
group were headache and nasopharyngitis. The occurrence
of systemic and local injection site reactions was similar
between groups (table 4). Two systemic reactions occurred
in the mepolizumab group but neither was deemed a
serious adverse event; two systemic reactions also occurred
in the placebo group, both deemed as serious adverse
events. 15 (5%) and 22 (8%) patients in the mepolizumab
and placebo groups, respectively, had an on-treatment
serious adverse event (in the placebo group, these included
the two systemic reactions) during treatment. Of these,
12 were asthma-related: three (1%) in the mepolizumab
group and nine (3%) in the placebo group. No patients died
during the study. At the exit visits, (ie, at 24 weeks—4 weeks
after the final dose) ten (4%) patients in the mepolizumab
group and five (2%) patients in the placebo group tested
positive for anti-mepolizumab antibodies with no evidence
of neutralising anti-drug antibodies in either group.
Clinical and laboratory parameters during the study were
similar to baseline and between treatment groups (data
not shown).
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Mean change in total
SGRQ score
Mean change in symptom
domain SGRQ score

24 Mepolizumab 100 mg
~@- Placebo
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Mean change in activity
domain SGRQ score
Mean change in impact
domain SGRQ score
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Figure 3: St George’s Respiratory Questionnaire (SGRQ) scores at each visit

Figure shows adjusted mean changes (95% Cl) from baseline in (A) total SGRQ score, (B) symptom domain SGRQ

score, (C) activity domain SGRQ score, and (D) impacts domain SGRQ score.

Exploratory modelling of baseline blood eosinophil
count indicated that mepolizumab treatment effects on the
change from baseline in SGRQ total score were of similar
magnitude across the range of baseline eosinophil counts
(figure 5). However, predictive changes from baseline in
ACQ-5 score, pre-bronchodilator FEV,, and the annual rate
of exacerbations suggested that mepolizumab treatment
had a greater effect with higher baseline blood eosinophil
counts, shown by diverging predicted values as baseline
blood eosinophil count increased (figure 5).

A post-hoc analysis of the proportion of SGRQ and
ACQ-5 responders by baseline blood eosinophil count
showed that similar proportions of patients responded to
mepolizumab across baseline eosinophil thresholds
(=150, =300, and =500 cells per pL; appendix).

Discussion

In our study, mepolizumab treatment produced early
and sustained improvements in HRQOL and markers
of overall asthma control, including lung function and
asthma symptoms, in patients with severe eosinophilic
asthma. Additionally, mepolizumab treatment was
associated with a reduction in exacerbations and had a
safety profile consistent with placebo, as reported in
previous studies.”

Enrolled patients had similar demographic and baseline
characteristics to those in previous mepolizumab clinical
trials, with only minor differences in characteristics such
as slightly higher baseline blood eosinophil counts and
fewer exacerbations in the previous year compared with
DREAM and MENSA.®* By contrast with previous
studies, MUSCA assessed the effect of mepolizumab on
HRQOL throughout the study and showed substantial
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Placebo (n=277)

Mepolizumab 100 mg (n=274) Treatment difference (95% Cl;

p value)

SGRQ total score at week 24 (primary endpoint)

Baseline SGRQ total score
Change from baseline
SGRQ domain scores at week 24
Symptom domain
Baseline symptom domain score
Change from baseline
Activity domain
Baseline activity domain score
Change from baseline
Impacts domain
Baseline impacts domain score
Change from baseline
SGRQ responders*
SGRAQ responders at week 24
ACQ-5 score at week 24
Baseline ACQ-5 score
Change from baseline
ACQ-5 responders
ACQ-5 responderst at week 24

46:3(18.9)
-7:9 (1.0) [n=260]

57-6 (24-3)

-10:0 (1.5) [n=261]

56.1(22.0)
-8:0 (1-2) [n=261]

37:1(203)
-7:3(1:0) [n=262]

151 (55%) [n=275]

22(12)
-0-4(0-1) [n=261]

116 (42%) [n=276]

Data are mean (SD) for baseline scores, least-squares mean (SE) for changes from baseline, or n (%), except where otherwise stated. Treatment differences for responder
analyses are presented as odds ratios. *SGRQ total score responders defined as patients achieving a reduction of four points or more from baseline in SGRQ score at week 24.
+ACQ-5 score responders defined as patients achieving a reduction of 0-5 points or more from baseline in ACQ-5 score at week 24.

—7:7 (-10-5 to -4-9; p<0-0001)
47-4 (181)
156 (1-0) [n=265]

-11.0 (-15-1 to -7-0; p<0-0001)
59-9(227)
-21-1(1-4) [n=266]
-7-2 (106 to-3-9; p<0-0001)
57-2(20-5)
-15:3(1:2) [n=265] .
-6-6 (-9-4 to -3-8; p<0-0001)
38.0(20-4)
-13-9 (1-0) [n=266]
2:2 (1-6 to 3-2; p<0-0001)
198 (73%) [n=273]
-0-4 (-0-6 t0-0-2; p<0-0001)
22(11)
-0-8 (0-1) [n=266]
2.0 (1-4t0 2-8; p=0-0014)
161 (59%) [n=274]

Table 2: St George's Respiratory Questionnaire (SGRQ) and Asthma Control Questionnaire (ACQ)-5 endpoints in the modified intention-to-treat population

improvements in SGRQ scores with mepolizumab
compared with placebo by week 12; these improvements
were approximately twice the MCID® by week 24. This
early and sustained response in SGRQ score has not been
investigated in previous mepolizumab studies.” The
change in SGRQ total score from baseline with
mepolizumab treatment versus placebo in this study
compares favourably with the approximate changes of
1-5-4-0 units reported with long-acting bronchodilator
therapies such as salmeterol and formoterol, and the
4-5 unit changes reported with long-acting bronchodilator
combination therapies in patients with COPD."* Further-
more, patients receiving mepolizumab were more likely
to have a clinically significant four-point improvement in
total SGRQ score versus placebo after 4 weeks of
treatment, which was sustained through to week 24. The
symptoms domain for the mepolizumab group had the
earliest clear separation from placebo compared with the
other domain scores, which suggests that the early
improvements in the total score were driven mainly by
the symptoms domain and the early and sustained
improvements in lung function. Changes in the activity
and impacts domains with mepolizumab and placebo
were clearly separated by week 12 and week 4, respectively,
(impact domain mean treatment difference at week 4
was -2-5, 95% CI 4.7 to —0-2; p=0-035), and these
differences were sustained to week 24. These results
support the responsiveness of the SGRQ in patients with

severe eosinophilic asthma, and provide more com-
prehensive treatment response data than those previously
provided in the MENSA study® which only assessed
SGRQ scores at the beginning and end of the study
(SGRQ was not assessed in DREAM).

Mepolizumab treatment produced significant improve-
ments in ACQ-5 scores from week 4 onwards, which
were maintained through to week 24. Additionally, the
proportion of patients with an improvement of at least
0-5 points (MCID)* from baseline in ACQ-5 at week 24
was higher for mepolizumab compared with placebo.
However, the difference in mean change from baseline
in ACQ-5 scores between the mepolizumab group and
the placebo group was less than the MCID (0.5 units) at
all timepoints; this finding contrasts with the improve-
ments in SGRQ score, which exceeded the MCID
by week 12. In the MENSA study, greater improvements
in ACQ-5 scores occurred with mepolizumab treatment
compared with placebo from week 4 through to week 32.%

Differences in the ability of SGRQ and ACQ-5 to detect
clinically significant improvements in HRQOL and
asthma control, respectively, might be attributable to
several factors. Patients with eosinophilic inflammation
have more poorly controlled asthma and higher exacer-
bation rates than individuals with less severe disease.*”
In patients with eosinophilic inflammation, small airway
inflammation might lead to dynamic hyperinflation, an
effect that occurs in patients with eosinophilic asthma.*
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Figure 4: Secondary endpoints at each visit
Data are adjusted mean changes (95% Cl) from baseline in (A) pre-bronchodilator
FEV, and (B) Asthma Control Questionnaire (ACQ)-5 scores.

Furthermore, patients with severe asthma might report
few symptoms despite a high inflammatory load** and
potentially not be able to perceive asthma symptoms as
assessed by the ACQ-5. Therefore, although both
questionnaires have high levels of reliability and validity
in patients with asthma,” changes in symptoms attrib-
utable to eosinophilic physiology might not be easily
detected by questionnaires such as the ACQ-5, which are
focused on specific symptoms rather than a range of
respiratory experiences. By contrast, the SGRQ, which
includes 50 items, has a broader scope and might be
more sensitive to changes in HRQOL in this specific
patient population. However, the difference in the ability
of SGRQ and ACQ-5 to detect clinically significant
improvements in HRQOL and asthma control in this
study might also be a result of the two questionnaires
including different concepts, with the SGRQ having a
focus on acute chest symptoms, good days, shortness of
breath, and activity limitation, while the ACQ-5 assesses
frequency of individual asthma symptoms.

Early and sustained improvements in lung function
also occurred with mepolizumab compared with placebo.
An early and sustained improvement in pre-
bronchodilator FEV, is consistent with findings from
other studies of anti-interleukin-5 antibodies”* and

www.thelancet.com/respiratory Vol 5 May 2017

Placebo (n=277)

Mepolizumab (n=274) Treatment difference (95% Cl;
p value)

Pre-bronchodilator FEV, at week 24 (mL)

Baseline pre- 1805 (660)

bronchodilator FEV,

Change from baseline

1887 (709)

56 (26) [n=259]
Pre-bronchodilator FVC at week 24 (mL)
2993 (913)

176 (26) [n=264]

Baseline
pre-bronchodilator FVC

3186 (971)

Change from baseline 41 (28) [n=259]
Pre-bronchodilator FEF,, , at week 24 (mL/s)

998 (659)

143 (28) [n=264]

Baseline pre-
bronchodilator FEF

1017 (641)
2575
Change from baseline 44 (28) [n=259] 167 (28) [n=264]
Exacerbations
Clinically significant exacerbation
Rate per year 121 0-51
Exacerbations requiring admission to hospital or an ER visit
Rate per year 010 0-03
Exacerbations requiring admission to hospital

Rate per year 0-07 0-02

FVC=forced vital capacity. FEF,, ,,=forced expiratory flow at 25-75% of FVC.

120 (47-192; p=0-001)

102 (23-181; p=0-012)

123 (46-200; p=0-002)

0-42 (0-31-0-56; p<0-0001)

0-32 (0-12-0-90; p=0-031)

0-31 (0-08-1-24; p=0-098)

Data are mean (SD) for baseline data, least-squares mean (SE) for changes from baseline, or n (%), except where
otherwise stated. Treatment differences for exacerbation endpoints are presented as rate ratios. ER=emergency room.

Table 3: Efficacy target endpoints in the modified intention-to-treat population

general trends in the MENSA study in which an
increase in pre-bronchodilator FEV, occurred at week 4
with mepolizumab. However, a large placebo effect also
occurred in MENSA, obscuring treatment effects,
particularly between weeks 8 and 24. The mitigation of
such an effect in MUSCA might be attributed to the use
of centralised spirometry procedures, reducing the
potential for interstudy site variability. Importantly,
mepolizumab improved lung function (compared with
placebo), unlike other therapies for patients with severe
eosinophilic asthma, which are often ineffective in
improving lung function because of the lower plasticity
of smooth muscle in this population, generally
characterised by high levels of airways remodelling.”

In previous studies, greater improvements in outcome
measures, such as reductions in exacerbation frequency,
have been shown for mepolizumab treatment with
increasing baseline blood eosinophil counts in patients
with severe eosinophilic asthma.® This finding is
reflective of the higher baseline exacerbation frequency
associated with higher baseline blood eosinophil counts,
giving patients with higher baseline blood eosinophils
more scope for improvement. By contrast, in this study,
changes in SGRQ total score were similar across different
baseline eosinophil counts, potentially reflecting the
equally poor HRQOL at baseline across the range of
baseline blood eosinophil counts (data not shown).
Conversely, predicted mepolizumab treatment effects for
exacerbation rates, pre-bronchodilator FEV,, and ACQ-5
tend to increase with baseline blood eosinophil counts.
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Placebo (n=278)  Mepolizumab (n=273)

All adverse events

On-treatment 207 (74%) 192 (70%)

Treatment-related 25 (9%) 31(11%)

Leading to treatment 3 (1%) 2 (<1%)

discontinuation or study

withdrawal

All serious adverse events

On-treatment 22 (8%) 15 (5%)

Fatal 0 0

Adverse events occurring in 25% of patients

Headache 59 (21%) 45 (16%)

Nasopharyngitis 46 (17%) 31(11%)

Back pain 18 (6%) 13 (5%)

URTI 14 (5%) 17 (6%)

Arthralgia 18 (6%) 9 (3%)

Asthma 15 (5%) 8 (3%)

Systemic or injection-site reactions®

Systemic reactions 2 (<1%) 2 (<1%)

Injection site reactions 6 (2%) 7 (3%)

Anaphylaxis 1(<1%) 0

Cardiovascular adverse eventst

Arrhythmias 6 (2%) 2 (<1%)

DVT 0 1(<1%)
URTI=upper respiratory tract infection. DVT=deep venous thrombosis.
*As identified in electronic case report forms (eCRF) designed for collecting data
about systemic reactions and local injection site reactions. tData for cardiovascular
adverse events are based on investigator completion of the specific page of the
eCRF for a predefined list of cardiovascular events: myocardial infarction or
unstable angina, congestive heart failure, arrhythmias, valvulopathy, pulmonary
hypertension, cerebrovascular events or stroke and transient ischaemic attack,
peripheral arterial thromboembolism, and DVT or pulmonary embolism.
Table 4: Summary of adverse events and serious adverse events

These results are in line with a recent post-hoc analysis
of the DREAM and MENSA studies, which showed a
close relationship between baseline blood eosinophil
count and clinical efficacy of mepolizumab.* The effect
of baseline blood eosinophil count on SGRQ differs from
the slight correlation between baseline blood eosinophil
count and improvement in SGRQ in MENSA.* This
difference perhaps relates to the self-reported nature of
the SGRQ score, and the focus on SGRQ as the primary
endpointin MUSCA. In a population with severe asthma,
HRQOL is of great importance and might be perceived
differently to changes in objective variables such as
exacerbation rate and lung function. Nonetheless, given
that exacerbation rates and pre-bronchodilator FEV,
tended to improve with higher baseline blood eosinophil
counts, these data support the Dblood eosinophil
thresholds used to identify patients likely to benefit from
treatment with mepolizumab, and indicate that con-
tinued study of the eosinophil-HRQOL response
relationship for all interleukin-5 pathway biologicals is
warranted. The safety profile of mepolizumab in this
study was similar to that in previous studies of patients

with severe eosinophilic asthma, and was also similar to
that of placebo.”™™"

To our knowledge, this is the first study to assess
HRQOL as the primary endpoint, at several timepoints,
in patients with severe eosinophilic asthma, comparing
mepolizumab with placebo in addition to standard of
care. This study provides valuable new evidence to help
understand the effect of mepolizumab on the daily life
of patients in this population. Additionally, these results
build upon, and are consistent with, results from
previous studies.®* To determine an early predictor of
treatment response that identifies patients who are
likely to benefit from continued therapy is an important
goal to ensure an appropriate risk-benefit ratio with
ongoing treatment and to assist in the allocation of
resources in short supply. In the case of mepolizumab,
an early assessment that ultimately predicts which
patients are likely to achieve a reduction in exacerbations
would be of particular interest but this is beyond the
scope of the current study. Our results suggest that the
disease activity instrument used in future studies to
explicitly address this question needs to be carefully
considered.

One limitation of this study was that, although the
treatment difference in SGRQ total and domain scores
significantly favoured mepolizumab over placebo at
week 24, the change from baseline for placebo also
exceeded the MCID for these scores at week 24. This
result could have been potentially due to patients in the
placebo group receiving frequent monitoring and
adhering to their standard of care medications better
under clinical trial conditions. However, documentation
of consistent therapy in the months before screening
was required to reduce changes in adherence during
the study. Patient characteristics, including the
exclusion of current smokers, and the high degree of
reversibility in this population, were generally con-
sistent with previous studies, although they might
restrict generalisability to the overall population.
Another limitation of this trial was the short length of
treatment and assessment compared with previous
mepolizumab studies. Although useful and significant
results occurred within the 24-week study period, and
are consistent with observations over 32 weeks in
MENSA,* real-world studies to investigate the long-
term effects of mepolizumab in patients with severe
eosinophilic asthma over a longer period would further
increase understanding of the duration of effect.

Finally, we can only speculate about the reasons
behind the difference in SGRQ and ACQ-5 scores.
However, further assessments, such as the measurement
of static or dynamic lung volumes, in addition to the
lung function measurements undertaken in the present
study, could be done to determine if potential beneficial
effects of mepolizumab on small airways disease
contribute to the overall improvements in the SGRQ
results.
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Figure 5: Predictive changes from baseline in target endpoints

Data are adjusted predicted mean changes (95% Cl) from baseline in (A) total SGRQ scores, (B) pre-bronchodilator FEV,, and (C) Asthma Control Questionnaire
(ACQ)-5 scores, and (D) predicted mean (95% Cl) annual exacerbation rates, by baseline blood eosinophil counts. Data adjusted for the same covariates used in the
main analysis. Solid lines represent predicted mean changes from baseline. Dashed lines represent the 95% Cl upper and lower bounds. Treatment differences are

shown at 150 and 750 cells per pL.

In conclusion, results from the MUSCA study showed
significant and clinically relevant, early and sustained
improvements in HRQOL, lung function and, in part,
asthma symptom control for mepolizumab compared
with placebo in patients with severe eosinophilic asthma.
These results add to and support the use of mepolizumab
as a favourable add-on treatment option to standard of
care in this patient population.
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