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Abstract

Background: Mepolizumab and omalizumab are treatments for distinct but overlap-
ping severe asthma phenotypes.

Objective: To assess if patients eligible for both biologics but not optimally controlled
with omalizumab experience improved asthma control when switched directly to
mepolizumab.

Methods: OSMO was a multicenter, open-label, single-arm, 32-week trial in patients
with 22 asthma exacerbations in the year prior to enrollment, despite receiving high-
dose inhaled corticosteroids and other controller(s), plus omalizumab (24 months).
At baseline, patients with blood eosinophil counts 2150 cells/pL (or 2300 cells/uL in
the prior year) and an Asthma Control Questionnaire (ACQ)-5 score 1.5 discontin-
ued omalizumab and immediately commenced mepolizumab 100 mg subcutaneously
every 4 weeks. Endpoints included change from baseline in ACQ-5 score (primary),
St George's Respiratory Questionnaire (SGRQ) score and the proportions of ACQ-5
and SGRQ responders, all at Week 32, and the annualized exacerbation rate over the
study period.

Results: At Week 32 (intent-to-treat population [n = 145]), the least squares (LS) mean
changes (standard error [SE]) in ACQ-5 and SGRQ total scores were -1.45 (0.107) and
-19.0 (1.64) points; with 77% and 79% of patients achieving the minimum clinically
important differences (ACQ-5: 0.5 points; SGRQ: >4 points), respectively. The an-
nualized rate of clinically significant exacerbations was 1.18 events/year, a 64% re-
duction from 3.26 events/year during the previous year. Safety and immunogenicity

profiles were consistent with previous trials.

Abbreviations: ACQ-5, Asthma Control Questionnaire-5; ADA, anti-drug antibody; AE, adverse event; AESI, adverse event of special interest; BMI, body mass index; Cl, confidence
interval; ECG, electrocardiogram; ER, emergency room; FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; GEE, generalized
estimating equation; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid; IgE, immunoglobulin E; IL, interleukin; ITT, intent-to-treat; LABA, long-acting p,-agonist; LS, least
squares; LTRA, leukotriene receptor antagonist; MCID, minimum clinically important difference; OCS, oral corticosteroid; SAE, severe adverse event; SC, subcutaneous; SCS, systemic
corticosteroids; SD, standard deviation; SE, standard error; SGRQ, St George’s Respiratory Questionnaire; TSQM-9, Treatment Satisfaction Questionnaire for Medication-9.
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issues reported.
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Conclusion: After directly switching from omalizumab to mepolizumab, patients with
uncontrolled severe eosinophilic asthma experienced clinically significant improve-

ments in asthma control, health status, and exacerbation rate, with no tolerability

ACQ-5, asthma control, mepolizumab, omalizumab, severe eosinophilic asthma
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GRAPHICAL ABSTRACT

Minimal clinically important difference for improvement in asthma control questionnaire-5 and St. George's Respiratory Questionnaire total
scores was achieved by 77% and 79% of patients, respectively. Annualized rate of clinically significant exacerbations was reduced from 3.26
to 1.18 events/year. Safety and immunogenicity profiles of mepolizumab were consistent with previous placebo-controlled trials in severe

eosinophilic asthma.

1 | INTRODUCTION
Asthma is a heterogenous condition that affects approximately 235
million people worldwide.! Although most patients with asthma are
able to manage their symptoms and enjoy a good quality of life, 5%-10%
of patients suffer from severe asthma.? Severe asthma is associated
with significant morbidity and mortality,® and accounts for approxi-
mately 50% of asthma care costs.* Patients with severe asthma typi-
cally require regular treatment with high-dose inhaled corticosteroids
(ICS), plus an additional controller or systemic corticosteroids (SCS) to
prevent their disease from becoming uncontrolled.? Despite this ther-
apy, a subset of patients continue to have uncontrolled disease.
Severe asthma comprises different phenotypes driven by dis-
tinct pathophysiological processes.> However, some severe asthma
phenotypes overlap in terms of clinical and physiological character-
istics, biomarker expression, and treatment response.z'5 In clinical
practice, severe allergic asthma and severe eosinophilic asthma are

recognized as distinct, but potentially overlapping phenotypes of

severe asthma.® Severe allergic asthma is characterized by an early
age of onset, high levels of serum immunoglobulin E (IgE), high frac-
tional exhaled nitric oxide (FeNO), clinically relevant sensitization to
common aeroallergens and eosinophilic inflammation; severe eosin-
ophilic asthma is characterized by a later age of onset, peripheral
eosinophilia, high FeNO, and frequent exacerbations.?° Due to the
unmet clinical need within these severe asthma populations, novel
biologic therapies that target the immunologic mediators of disease
have been developed.*

Omalizumab is an anti-IgE antibody indicated for use in patients
with moderate-to-severe allergic asthma.” The humanized monoclo-
nal antibody binds to the FceRI binding domain of free circulating IgE,
inhibits binding of IgE to its receptors, and decreases free IgE levels
in serum.® In patients with severe asthma, omalizumab treatment de-
creases exacerbations, improves asthma control and improves patient
quality of life.”*! Omalizumab is recommended by the Global Initiative
for Asthma (GINA) as a potential Step 5 treatment for patients with se-

vere allergic asthma.'? However, in some patients, symptoms remain
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uncontrolled despite omalizumab therapy. The European Respiratory

Society/American Thoracic Society guidelines note that if symptoms
do not improve within 4 months of initiating omalizumab treatment,
further administration is unlikely to be beneficial.?

Mepolizumab is an anti-interleukin (IL)-5 humanized mono-
clonal antibody indicated for use in severe eosinophilic asthma.*®
By binding with high affinity to free IL-5, mepolizumab blocks the
interaction between IL-5 and the eosinophil cell surface receptor
IL5Ra, preventing IL-5-driven eosinophil proliferation, survival and
differentiation.* Mepolizumab effectively decreases peripheral

15-17

blood eosinophil counts and exacerbations, reduces oral gluco-

corticoid dependence,'® and improves lung function and health-re-
lated quality of life in patients with severe eosinophilic asthma. €
Mepolizumab is also recommended by GINA as a potential Step 5
treatment for patients with severe eosinophilic asthma.'?
Omalizumab has been available for clinical use since 2003.” As
such, some patients with severe asthma who are eligible for both
biologics have been receiving omalizumab.'®* The primary objec-
tive of this study was to identify patients with severe eosinophilic
asthma being treated with omalizumab whose disease was not op-
timally controlled, and to evaluate, in a pragmatic setting, any im-
provement in asthma control following a switch from omalizumab to

mepolizumab without a washout period.

2 | METHODS

2.1 | Study design and treatment

OSMO (Omalizumab Switch to MepOlizumab study) was an open-label,
single-arm, multicenter trial in patients with severe eosinophilic asthma
not optimally controlled by omalizumab treatment (NCT02654145).
Details of study locations are provided in the Appendix S1. The sin-
gle-arm study design was chosen in order to focus on the switch from
omalizumab to mepolizumab in a manner that reflects clinical practice.
Following a prescreening phase, which occurred over a 2-week period,
patients attended a screening visit (Visit 1) to assess eligibility for the
study. Eligible patients entered a 1-4 weeks run-in period, during which
their continued eligibility was assessed. All maintenance therapy, in-
cluding omalizumab, was continued throughout the run-in period. At
the baseline study visit (Visit 2), patients discontinued omalizumab
treatment and switched to mepolizumab 100 mg subcutaneously
every 4 weeks for 32 weeks (final dose Week 28). With the exception
of omalizumab, patients continued their maintenance therapies in un-

changed dosages throughout the study period.

2.2 | Patients

Eligible patients were 212 years of age (or 218 years of age where
local regulations restricted enrollment to adults), had a physician's
diagnosis of asthma for 22 years according to National Heart, Lung

and Blood Institute or GINA guidelines,zo’21

and a peripheral blood
eosinophil count 2 150 cells/uL at Visit 1, or 2300 cells/uL in the

12 months prior to Visit 1. All patients had documented requirement

for high-dose ICS for the 12 months prior to Visit 1, plus an addi-
tional controller (long-acting B, agonist [LABA], leukotriene receptor
antagonist [LTRA], long-acting anticholinergic, or theophylline) with
or without maintenance oral corticosteroids (OCS). Patients were
considered to have suboptimal control on omalizumab if they had
an Asthma Control Questionnaire-5 (ACQ-5) score of 21.5 at Visits
1 and 2 and a history of 22 exacerbations requiring treatment with
SCS (intramuscular, intravenous, or oral) in the 12 months prior to
Visit 1, despite treatment with omalizumab for at least 4 months. For
patients receiving omalizumab for 28 months, at least 1 exacerba-
tion must have occurred on omalizumab treatment. Patients were
excluded if, in the opinion of the investigator, omalizumab treatment
had provided significant clinical benefit in the past 12 months, de-
spite the patient experiencing 22 exacerbations. Further inclusion
and exclusion criteria are described in the Appendix S1. This study
was conducted in accordance with International Conference for
Harmonization Good Clinical Practice, applicable country-specific
requirements and ethical principles outlined in the Declaration of
Helsinki. All patients provided written informed consent prior to any
study-related activities. The study was approved by local ethics re-

view boards of the participating sites.

2.3 | Endpoints and assessments

The primary endpoint was mean change from baseline at Week 32 in
ACQ-5 score. The ACQ-5 score has a range of 0-6 with higher scores
indicating worse asthma control. The minimum clinically important dif-
ference (MCID) in ACQ-5 score has been established as 0.5 points.?2
Secondary endpoints were mean change from baseline at Week 32
in St George's Respiratory Questionnaire (SGRQ) score, frequency
of clinically significant asthma exacerbations over the 32-week study
period (Appendix S1), and ratio to baseline at Week 32 of blood eo-
sinophil count. SGRQ scores range from 0 to 100, with higher scores
indicating worse health status (MCID = 4-point change in score).®

Additional endpoints included the percentage of patients achiev-
ing 20.5-point reduction from baseline in ACQ-5 score, the percent-
age of patients achieving 24-point reduction from baseline in SGRQ
total score, and mean change from baseline in pre- and postbron-
chodilator FEV,, all at Week 32. We also assessed the frequency of
exacerbations requiring an emergency room (ER) visit or hospitaliza-
tion over the 32-week study period, patient- and clinician-rated re-
sponse to therapy, and the mean change from baseline in Treatment
Satisfaction Questionnaire for Medication (TSQM-9). The TSQM-9
Overall Satisfaction Scale score has a range of 0-100, with higher
scores indicating greater satisfaction. Levels of inflammatory bio-
markers were also assessed (Appendix S1).

Safety endpoints were the frequency of adverse events (AEs),
serious AEs (SAEs) and AEs of special interest (AESIs; Appendix S1).
AEs were recorded on a worksheet by patients and documented
by study staff at each visit. Immunogenicity endpoints included
the presence of anti-drug antibodies (ADAs), defined as any anti-
body isotype directed against mepolizumab; binding assays were
performed at baseline and Weeks 12, 28, and 32. Samples testing



CHAPMAN ET AL.

FIGURE 1 Overview of study design
and patient flow. One patient failed two
inclusion/exclusion criteria at screening

206 patients enrolled
(receiving omalizumab)

*Fourteen patients (10%) received
mepolizumab and were included in the

ITT population despite having failed = 1
eligibility criterion, see Table S1 for

details. There were two patients that Y

A

»| 7 pre-screen failures

discontinued treatment with mepolizumab
due to adverse events (urticaria and

199 patients screened for eligibility

ECG QT prolonged) but who were not
withdrawn and completed the study. ECG,
electrocardiogram; ITT, intent-to-treat

41 screen failures

Failed airflow obstruction criterionn = 10
Failed eosinophilic asthma criterionn = 18
Failed asthma control criterion n = 7

v

A

A

Failed exacerbation history criterion n = 2
Did not provide informed consentn = 1
Failed hepatitis status criterion n = 1
Failed ECG criterionn = 2

Failed smoking criterion n = 1

158 patients entered in run-in phase

13 run-in failures

Failed eosinophilic asthma criterion n = 6
Failed asthma control criterion n = 4

A

A

A4

Failed omalizumab dose criterion n = 1
On-going exacerbation n = 1
Lost to follow-up n =1

145 patients included in the
ITT population®
(switched to mepolizumab)

7 withdrew from study (5%)

A

> Withdrawal of consentn =5
Lack of efficacy n = 1
Protocol deviation n = 1

138 patients completed study (95%)

positive for ADAs were further tested for the presence of neutral-

izing antibodies.

2.4 | Statistical analysis

The intent-to-treat (ITT) population, defined as all patients who were
enrolled in the study and received 21 dose of mepolizumab, formed
the primary analysis population. To take into account a possible
“placebo effect” or “Hawthorne effect” due to clinical trial partici-
pation, the primary endpoint data were also compared to two “his-
torical placebo” estimates produced from meta-analyses of previous
studies of mepolizumab in patients with severe eosinophilic asthma.
The first, a meta-analysis of DREAM (NCT01000506)Y” and MENSA
(NCT01691521)* using all placebo patients, estimated a “placebo
effect” of —-0.55 mean change from baseline in ACQ-5 score (stand-
ard error [SE]: 0.05); and the second, a meta-analysis of MENSA and
MUSCA (NCT02281318)* using placebo patients previously treated
with omalizumab, estimated a “placebo effect” of —-0.11 mean change
from baseline in ACQ-5 score (SE: 0.14).

We estimated that a sample size of 120 would provide 90%
power to declare statistical significance over the historical “placebo

effect” of -0.55 mean improvement from baseline in ACQ-5 score
at a two-sided significance level of 5%. These estimates were made
based on a residual standard deviation (SD) of 0.96 and assumed
15% of patients would withdraw from the study prematurely.
Comparisons in all efficacy endpoints were made back to base-
line. Questionnaires, blood eosinophil counts, and lung function
tests were analyzed using a mixed model repeated measures model
(MMRM) with covariates of region, baseline maintenance OCS ther-
apy (OCS, no OCS), exacerbations in the prior year, and visit. For
ACQ-5, the primary comparison was based on estimates from week
32. Exacerbation data were analyzed using a generalized estimating
equation (GEE) model ?* assuming a negative binomial distribution
with a covariate of treatment period (pretreatment, 32 weeks study
period). For blood eosinophil counts, where a result of zero was re-
corded, a small value (ie, half the minimum nonzero result) was im-
puted prior to log-transformation.

Post hoc subgroup analyses were additionally conducted in pa-
tients who were or were not receiving maintenance OCS at baseline,
and in patients who experienced 22 exacerbations during the on-
treatment period. All statistical analyses were performed using SAS
version 9.4 (SAS Institute).
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3 | RESULTS

3.1 | Patient population

The study was conducted from March 17, 2016, to May 31, 2017.
Overall, 206 patients currently receiving omalizumab were enrolled
in the study, of whom 145 were switched to mepolizumab and were
included in the ITT population. Seven patients (5%) withdrew from
the study and two additional patients (1%) withdrew from the in-
vestigational product (mepolizumab) due to AEs but completed the
study (Figure 1). Demographic and baseline clinical characteristics
are summarized in Table 1. Patients in the ITT population had an av-
erage age of 53.6 years and 59% were women. Overall, 52% and 48%
of patients previously received omalizumab every 2 weeks and every
4 weeks, respectively, with a median (range) prior omalizumab treat-
ment duration of 29.6 (4, 161) months (Table 1).

3.2 | Primary endpoint

Patient ACQ-5 scores improved substantially over the study period,
from a least squares (LS) mean score (SE) of 3.20 (0.076) at baseline
to 1.75 (0.096) at Week 32 (Figure 2A), giving an LS mean change
(SE) in ACQ-5 score between baseline and Week 32 of -1.45 (0.107).
Of the patients studied, 65/145 (45%) had an ACQ-5 score <1.5 at
Week 32, compared with 2/145 (1%) of patients at baseline. The
2 patients with an ACQ-5 score <1.5 at baseline were enrolled in
error after failing the ACQ-5 continuation criterion (Table S1). The LS
mean change from baseline at Week 32 in ACQ-5 score was signifi-
cantly improved compared with the DREAM/MENSA historical pla-
cebo control (difference: -0.90; 95% confidence intervals [CI] -1.13,
-0.66; P <0.001), and compared with the MENSA/MUSCA historical
placebo control (difference: -1.34; 95% Cl, -1.68, -1.00; P < 0.001).
There was an early response in asthma control, with 103 patients
(71%) achieving an improvement (reduction) in ACQ-5 score of 20.5
points by Week 8. This improvement was maintained over the study
period, with 111 patients (77%) meeting the MCID in ACQ-5 score
at Week 32 (Figure 2B).

3.3 | Secondary endpoints

The LS mean (SE) SGRQ total score improved from 56.7 (1.36) at
baseline to 37.8 (1.78) at Week 32, giving an LS mean change (SE) of
-19.0 (1.64) (Figure 2C). The SGRQ domain with largest observed im-
provement was the SGRQ symptom domain score with an LS mean
change (SE) of -26.2 (1.95) at Week 32. With regard to the percent-
age of SGRQ responders, 100 patients (69%) achieved an improve-
ment (reduction) in SGRQ total score of 24 points by Week 12; this
increased to 114 patients (79%) by Week 32 (Figure 2D).

Sixty patients (41%) experienced a total of 104 clinically significant
exacerbations during the 32-week study period, of whom 15 patients
required an ER visit/hospitalization and 9 patients required hospitaliza-
tion. During the study period, the annualized rates of clinically significant

exacerbations and exacerbations requiring an ER visit/hospitalization

were reduced by 64% and 69%, respectively, compared with the year
prior to study enrollment (Table 2). The cumulative incidence for time to
first clinically significant exacerbation is shown in Figure S1.

In the subgroup of patients who experienced 22 exacerbations
during the on-treatment period (n = 24), the mean (SD) number of
exacerbations during the 12 months prior to screening was 4.3 (3.61)
compared with 3.3 (2.65) in the overall study population. Other dis-
ease characteristics were similar to those in the overall ITT popu-
lation (Table S2). Despite experiencing =2 exacerbations during
mepolizumab treatment, 6/24 (25%) patients in this subgroup still
experienced a 210% reduction in exacerbation rate while on treat-
ment compared with the 12 months prior to the study (Table S3).

As observed in previous studies, blood eosinophil counts de-
creased rapidly from an LS mean (SE logs) of 290 cells/uL (0.091) at
baseline to 70 cells/pL (0.073) at Week 4, and remained suppressed
throughout the study period (LS mean [SE logs] at Week 32:60 cells/
uL [0.081]). At Week 32, the ratio to baseline in blood eosinophil
count was 0.22, demonstrating a 78% reduction from baseline
(Figure 3). There was an associated fall in markers of eosinophil ac-
tivity (Appendix S1).

3.4 | Additional endpoints

Prebronchodilator FEV, values increased over the treatment period
from an LS mean (SE) of 1755 (56.7) mL at baseline to 1915 (63.3) mL at
Week 32, giving an LS mean change (SE) from baseline at Week 32 of
159 (40.7) mL (Figure S2A). Similarly, postbronchodilator FEV, values
increased from an LS mean (SE) of 1987 (66.1) mL at baseline to 2106
(65.6) mL at Week 32, giving an LS mean change (SE) from baseline
of 120 (36.2) mL (Figure S2B). Both these results exceeded the MCID
in FEV, of 100 mL. Patient- and clinician-rated responses to therapy
supported the improvements seen in clinical outcomes (Appendix S1).

In subgroup analyses, improvements from baseline were seen
in ACQ-5 score, SGRQ total score, and prebronchodilator FEV, at
Week 32 both in patients who required maintenance OCS use at
baseline and in those who did not (Table S4). Additionally, compared
with the year prior to study enrollment, the annualized rate of clini-
cally significant exacerbations was reduced during the study period
by 51% in patients who required maintenance OCS use at baseline
and by 69% in patients who did not (Table S4).

3.5 | Safety

Overall, 124 patients (86%) experienced an on-treatment AE (Table 3).
The most frequently reported AEs were headache (28%) and viral
upper respiratory tract infection (17%). Sixteen patients (11%) expe-
rienced an on-treatment SAE, of whom 7 (5%) experienced asthma
worsening. These seven patients did not display any common clinical
characteristics, and all tested negative for ADAs. Overall, AEs were
comparable in the first 16 weeks of the study, when omalizumab was
within the patients’ system, and in the second 16 weeks of the study,

when omalizumab is anticipated to have washed out (data not shown).
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TABLE 1 Summary of demographic and baseline clinical

characteristics (ITT population)

Characteristic

Age, years
12-17, n (%)
18-64, n (%)
265, n (%)
Mean (SD)
Gender, female, n (%)
Race, n (%)
White
Asian
Black or African American
Mixed
Ethnicity, n (%)
Non-Hispanic/Latino
Body mass index, kg/mz, mean (SD)
Duration of asthma, years, mean (SD)
Allergy comorbidities
Allergic rhinitis
Nasal polyps
Maintenance OCS use at baseline, n (%)

Median (range) dose, mg/day predniso-
lone equivalent

Concurrent therapy use at baseline, n (%)
ICSs?

Mean (SD) dose, mcg/day fluticasone
propionate (DPI) equivalent

LABA®
SABA
LTRA
LAMA
Xanthine
Exacerbations® in the past 12 mo

Clinically significant exacerbations,
mean (SD)

Exacerbations requiring ER/hospitaliza-
tion, n (%)

Exacerbations requiring hospitalization,
n (%)

Mepolizumab
100 mg SC
(N = 145)

2(1)
112(77)
31(21)
53.6(13.83)
86 (59)

128 (88)
5(3)
11 (8)

1(<1)

107 (74)
30.2(6.27)
25.6(16.81)

29 (20)
20 (14)
35 (24)
10 (4, 40)

145 (100)
997 (574)

145 (100)

125 (8¢)
70 (48)
62 (43)
14 (10)

3.3(2.65)

43(30)

17 (12)

Spirometry assessments at baseline, mean (SD)

Prebronchodilator % of predicted FEV,
Prebronchodilator FEV,, L
Postbronchodilator FEV;, L
Prebronchodilator FEV,/FVC
Postbronchodilator FEV, /FVC?

FEV, reversibility, L

59.5(17.94)
1.76 (0.68)
1.99 (0.80)
0.62(0.13)
0.65 (0.13)
0.22(0.26)

(Continues)

TABLE 1 (Continued)
Mepolizumab
100 mg SC
Characteristic (N = 145)
Baseline ACQ-5 score®, mean (SD) 3.19 (0.937)
Baseline SGRQ total scoref, mean (SD) 56.6 (17.36)
Baseline blood eosinophil count, cells/uL
Geometric mean (SD logs) 290 (1.135)
>150 cells/pL at screening, n (%) 125 (86)
>300 cells/uL in previous 12 mo, n (%) 96 (66)
Omalizumab therapy prior to treatment®
Duration, months, median (range) 29.6 (4, 161)
Frequency of dose, n (%)
Every 2 wk 75 (52)
Monthly 69 (48)

Monthly dose, mg, median (range)h 450.0 (100, 1200)

Abbreviations: ACQ-5, Asthma Control Questionnaire-5; DPI, dry
powder inhaler; ER, emergency room; FEV,, forced expiratory volume
in 1's; FVC, forced vital capacity; ICS, inhaled corticosteroid; ITT, intent-
to-treat; LABA, long-acting beta agonist; LAMA, long-acting muscarinic
antagonist; LTRA, leukotriene receptor antagonist; OCS, oral corticos-
teroid; SABA, short-acting p,-agonist; SC, subcutaneous; SCS, systemic
corticosteroids; SD, standard deviation; SGRQ, St George's Respiratory
Questionnaire.

2Adults (218 y) required =880 pg, adolescents (12-17 y) required

2440 ug fluticasone propionate per day.

PLABA was provided concomitant with ICS, as per standard of treat-
ment guidelines.

“Exacerbations requiring treatment with SCS (intramuscular, intrave-
nous, or oral) per protocol.

dData not available for one patient.

€Scale scores: 0 = no impairment, 6 = maximum impairment.

fScale scores: O = best possible health status, 100 = worst possible
health status.

8Data for one patient who received omalizumab every 3 wk is not
included.

PAdditional patient who received alternating doses of 450/300 mg
every 2 wk not included.

Two patients (1%) experienced AEs that led to permanent treat-
ment discontinuation: one patient reported a nonserious AE of wors-
ening urticaria and subsequently re-started omalizumab (which is
indicated for the treatment of urticaria’); a second patient met the
protocol defined ECG stopping criteria with nonserious AE of pro-
longed ECG QT. Neither AE was considered related to mepolizumab
treatment by the investigator. Both patients discontinued treatment
but remained within the study until completion.

No events of anaphylaxis were reported. One systemic hyper-
sensitivity reaction was reported, which was described as a symp-
tom of headache; this occurred in a patient 35 days after the first
dose, and 4 days after the last dose, of mepolizumab. The reaction
was assessed as mild and nonserious by the investigator and re-
solved with continued mepolizumab treatment. Five (3%) patients
experienced local injection site reactions. All AESIs are summarized
in Table 3.
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FIGURE 2 Analysis of (A) change from baseline in ACQ-5 score, (B) the proportion of ACQ-5 responders, (C) change from baseline

in SGRQ total score, and (D) the proportion of SGRQ responders over the 32-wk study period (ITT population). Vertical bars show 95%
confidence intervals. *Placebo estimate of —0.55 (SE: 0.05), which was estimated from a meta-analysis of studies MEA112997 (DREAM) and
MEA115588 (MENSA) using all placebo patients; Placebo estimate of -0.11 (SE: 0.14), which was estimated from a meta-analysis of studies
MEA115588 (MENSA) and 200862 (MUSCA) using placebo patients who previously used omalizumab. ACQ-5 responders were defined

as patients with 20.5-point reduction from baseline; SGRQ responders were defined as patients with 24-point reduction from baseline;
Analyses were performed using mixed model repeated measures with covariates of region, baseline maintenance OCS therapy (OCS, no
OCS), exacerbations in the prior year, and visit. ACQ-5, Asthma Control Questionnaire; ITT, intent-to-treat; LS, least squares; OCS, oral
corticosteroid; SE, standard error; SGRQ, St George's Respiratory Questionnaire

At any time, postbaseline, eleven patients (8%) tested positive
for ADAs, of whom one patient tested ADA-positive prior to com-
mencing mepolizumab treatment. All patients tested negative for
neutralizing antibodies postbaseline.

4 | DISCUSSION

Patients with severe eosinophilic asthma not optimally controlled
by omalizumab experienced a clinically significant benefit in asthma
control following a direct switch from omalizumab to mepolizumab.
Over the study period, the adjusted LS mean change in ACQ-5 score
was substantially greater than the MCID of 0.5 points, demonstrat-
ing a significant improvement over two historical placebo control
estimates. Furthermore, almost half of the study population (45%)

achieved an ACQ-5 score of <1.5 at Week 32. In addition, patients
showed clinically significant improvements in lung function and
health status, with 79% of patients experiencing a 24-point im-
provement in SGRQ total score at Week 32. There was a substantial
reduction in the rate of clinically significant exacerbations and exac-
erbations requiring ER visit/hospitalization. Additionally, analysis of
the cumulative incidence of time to first exacerbation demonstrated
that there was no increase in the risk of exacerbation over time as
omalizumab was washed out.

All efficacy endpoints demonstrated an early response, with near-
maximal results being achieved within 8-12 weeks. Improvements
were maintained over the study period showing no evidence of ad-
ditional benefit when both biologics were in the patients’ system,
nor a decline in benefit as omalizumab washed out. In contrast, im-

provements in several endpoints continued to increase until Week
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TABLE 2 Analysis of annualized rate of exacerbations® with
mepolizumab over the 32-week study period (ITT population)

Mepolizumab

100 mg SC
N =145
Clinically significant exacerbations
Pretreatment® annualized exacerbation rate 3.26

On-treatment® annualized exacerbation rate 1.18
Rate Ratio [On/Pretreatment] (95% Cl) 0.36 (0.28, 0.47)°
Exacerbations requiring ER visit or hospitalization

Pretreatment® annualized exacerbation rate 0.63

On-treatment® annualized exacerbation rate 0.19

Rate ratio [On/Pretreatment] (95% Cl) 0.31(0.18, 0.53)°

Exacerbations requiring hospitalization

Pretreatment® annualized exacerbation rate 0.17

On-treatment® annualized exacerbation rate 0.12

Rate ratio [On/Pretreatment] (95% CI) 0.74 (0.40, 1.37)
Abbreviations: Cl, confidence interval; ER, emergency room; GEE,
generalized estimating equation; ITT, intent-to-treat; SC, subcutaneous;
SCS, systemic corticosteroids.
2Performed using GEE model assuming a negative binomial distribu-
tion with a covariate of treatment period (pretreatment, 32-wk study
period), all exacerbations required treatment with SCS (intramuscular,
intravenous, or oral) per protocol.
PDenotes P < 0.001.
‘Pretreatment refers to the year prior to study enrollment.
4On-treatment refers to the time between the first dose of me-

polizumab and study conclusion, regardless of mepolizumab
discontinuation.

32. With clinical benefit being observed across a wide range of
endpoints, there was no evidence of trade-off between clinical out-
comes. We acknowledge that although improvements in both pre-
and postbronchodilator FEV, exceeded the MCID of 100 mL, we
may have expected greater improvements in FEV, given the marked
improvements seen in other parameters. This may be because FEV,,
a directly measured value, may not reflect improvements in symp-
toms and asthma control that are perceived by patients with severe/
refractory asthma, creating a dissociation between lung function,
asthma symptom control and risk of exacerbations.?>? It is also
possible that patients with such severe and long-standing asthma
may have undergone remodeling, limiting their capacity to improve
spirometry, a concept that is supported by the mean baseline post-
bronchodilator FEV,/FVC of 0.65 and FEV, reversibility of 0.22 L.
Despite switching patients from one biologic to another without a
washout period, the safety and immunogenicity profiles of mepo-
lizumab during this study were similar to previous clinical trials in
patients with severe eosinophilic asthma.?®

Omalizumab has previously been reported to reduce peripheral
blood eosinophil counts in patients with severe asthma,?” and to
have greater efficacy in terms of exacerbation reduction in patients
with blood eosinophil counts 2260 cells/uL* or 2300 cells/pL,3**?
as compared with patients with lower blood eosinophil counts.
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FIGURE 3 Blood eosinophil count adjusted ratio to baseline
over the 32-wk study period (ITT population). Vertical bars show
95% confidence intervals; Analyses were performed using mixed
model repeated measures with covariates of region, baseline
maintenance OCS therapy (OCS, no OCS), exacerbations in the
prior year, and visit. ITT, intent-to-treat; OCS, oral corticosteroid

Interestingly, the present study assessed patients whose asthma
was unresponsive to a biologic treatment targeting the IgE pathway
and who were switched to an alternative treatment targeting the
IL-5 pathway. The results showed a significant decrease in periph-
eral blood eosinophil count as early as 4 weeks after switching from
omalizumab to mepolizumab, and an associated decrease in markers
of eosinophil activity (eosinophilic cationic protein and eosinophil-
derived neurotoxin). This rapid decrease is consistent with previous

b,”> and reflects the direct action and tar-

studies of mepolizuma
get engagement of mepolizumab on the eosinophil survival factor,
IL-5. This study has demonstrated that mepolizumab is a relevant
treatment option in patients with severe eosinophilic asthma that
is unresponsive to high-dose ICS and omalizumab, and that physi-
cians may substitute one biologic with another to improve clinical
outcomes.

The design of this study reflected expected clinical practice
where mepolizumab would be started 2-4 weeks after the final dose
of omalizumab. Although we did not assess potential interaction be-
tween the two biologics, there was no evidence of negative inter-
actions in terms of tolerability. Similarly, there was no evidence of
greater efficacy during the first half of the mepolizumab treatment
period as compared to the second half, suggesting that there was no
positive interaction during the potential washout period from omali-
zumab. Patients in the ITT population had baseline ACQ-5 scores, and
other disease parameters that were representative of severe asthma
and poor asthma control. Of note, the worse (higher) ACQ-5 and
SGRQ baseline scores allowed greater room for improvement over
the study period. In addition, the average body mass index (BMI) of
patients included in this study was 30.2 kg/m2 (range: 18.7-48.4 kg/
m?). Obesity, defined as BMI > 30.0 kg/m?, has been repeatedly as-
sociated with increased asthma severity and decreased response to
glucocorticoid-based therapies.®**° It is possible that patients in the
ITT population were experiencing obesity-related asthma, which may
have contributed to the severity of their disease and lack of response
to standard of care therapies. Notwithstanding, the majority (77%)
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TABLE 3 Summary of on-treatment® adverse events (ITT
population)

Mepolizumab

100 mg SC
N =145
Any AE 124 (86)
Related to study treatment, as per investiga- 33(23)
tor assessment
Leading to discontinuation of study treatment 2(1)
ECG QT prolonged 1 (<1)
Urticaria 1(<1)
Most common AEs (occurring in 210% of patients)
Headache 41 (28)
Viral upper respiratory tract infection 24 (17)
Bronchitis 19 (13)
Arthralgia 14 (10)
Fatigue 14 (10)
Any SAE 16 (11)
Related to study treatment, as per investiga- 0
tor assessment
Leading to discontinuation of study treatment 0
Most common SAEs (occurring in >1 patient)
Asthma 7 (5)
Cellulitis 2(1)
Pneumonia 2(1)
Fatal SAEs 0
Mepolizumab AESIs
Systemic reactions 1(<1)
Allergic/hypersensitivity reactions 1(<1)
Nonallergic reactions 0
Anaphylaxis 0
Local injection site reactions 5(3)
All infections® 87 (60)
Serious infections 6 (4)
Opportunistic infections 5(3)
Malignancies 1(<1)
Cardiac disorders® 7 (5)
Serious cardiac, vascular and thromboembolic 3(2)
events
Serious ischemic events 3(2)

Abbreviations: AE, adverse event; AESI, adverse event of special inter-
est; ECG, electrocardiogram; ITT, intent-to-treat; SAE, serious adverse
event; SC, subcutaneous.

Data are presented as n (%).

20n-treatment refers to the time between the first dose of mepoli-
zumab and 4 wk after the last dose of mepolizumab.

PAll infections include all events in Infections and infestations System
Organ Class, most commonly viral upper respiratory tract infection
(24/145 [17%])), bronchitis (19/145 [13%)]), influenza (12/145 [8%]), and
rhinitis (10/145 [7%)]).

“Cardiac disorders include all events in Cardiac disorders System Organ
Class.

of patients in the ITT population experienced a clinically significant
improvement in asthma control in response to mepolizumab.

The principal limitation of this study was the single-arm design
without a randomized control group. This limitation was partly ad-
dressed using historical placebo control estimates, generated by meta-
analyses of previous clinical trials of mepolizumab in patients with
severe eosinophilic asthma. The clinical trials used in these meta-anal-
yses were of similar length and had comparable inclusion and exclusion
criteria; therefore, the “placebo estimates” were based on patients of
similar clinical status and disposition. In particular, the meta-analysis of
MENSA/MUSCA only included patients who had previously received
omalizumab therapy. Secondly, this was a 32-week, rather than 12-
month study. Thirty-two weeks is shorter than the ideal time frame for
assessment of exacerbation rates; however, this limitation was partly
mitigated through recruitment of patients across seasons, reducing
seasonality confounding. Furthermore, although clinical conditions
may vary when comparing exacerbation rates pre- and poststudy, ob-
jective measures such as FEV, and blood eosinophil counts showed
the same trend as exacerbation rates over this time frame. Thirdly,
as patients were receiving omalizumab treatment prior to entering
the study, the initial indications for prescribing omalizumab were not
known for all patients, and therefore could have been incorrect in a
subset. Nonetheless, it is thought that these patients were likely to
have been identified as suitable for omalizumab treatment according
to the product label and, as such, would have been diagnosed with al-
lergic asthma and received the appropriate dose of omalizumab based
on their IgE levels. Indeed, one of the study inclusion criteria stated
that study patients must have been receiving omalizumab based on
weight and IgE levels. As patients were not required to washout prior
to the switch to mepolizumab, baseline measurements of atopy were
not collected as these would have been confounded by current omal-
izumab treatment. Finally, to justify the study treatment, this study
was conducted in a subgroup of patients eligible for both omalizumab
and mepolizumab who had uncontrolled disease. Consequently, the
results of this study are not necessarily generalizable to the entire
overlapping population of patients eligible for both biologics.

In conclusion, this open-label study provides evidence that pa-
tients with severe asthma who are eligible for both biologics and not
optimally controlled with omalizumab could be effectively switched
to mepolizumab to improve their asthma control. Patients experi-
enced statistically significant and clinically meaningful improvements
in asthma control (measured by ACQ-5), quality of life (measured by
SGRQ), and asthma exacerbations, following the switch from omal-
izumab to mepolizumab without a standard washout. No tolerabil-
ity issues were observed. This pragmatic study reflects expected
clinical practice and provides practical guidance to clinicians for the
treatment of patients with severe eosinophilic asthma.
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