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COLUMBA: Long-term safety and durability of mepolizumab response in patients with severe eosinophilic asthma
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Abbreviations used

ACQ-5: Asthma Control Questionnaire 5

ADA: Anti-drug antibody

AE: Adverse event

AESI: Adverse event of special interest

COLUMBA: Open-label Long Term Extension Safety Study of

Mepolizumab in Asthmatic Subjects, NCT01691859

COSMOS: A Study to Determine Long-term Safety of

Mepolizumab in Asthmatic Subjects, NCT01842607

DREAM: Dose Ranging Efficacy And Safety With Mepolizumab

in Severe Asthma, NCT01000506

EXCELS: A Study of Xolair to Evaluate Effectiveness and

Long-Term Safety in Patients With Moderate to Severe

Asthma, NCT00252135

MENSA: Efficacy and Safety Study of Mepolizumab Adjunctive

Therapy in Subjects With Severe Uncontrolled

Refractory Asthma, NCT01691521

MUSCA: Efficacy and Safety Study of Mepolizumab Adjunctive

Therapy in Participants With Severe Eosinophilic

Asthma on Markers of Asthma Control, NCT02281318

NAb: Neutralizing drug antibody

SAE: Serious adverse event

SEA: Severe eosinophilic asthma

SIRIUS: Mepolizumab Steroid-Sparing Study in Subjects With

Severe Refractory Asthma, NCT01691508
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Background: Mepolizumab has demonstrated favorable safety
and efficacy profiles in placebo-controlled trials of 12 months’
duration or less; however, long-term data are lacking.
Objective: We sought to evaluate the long-term safety and
efficacy of mepolizumab in patients with severe eosinophilic
asthma (SEA).
Methods: COLUMBA (Open-label Long Term Extension Safety
Study of Mepolizumab in Asthmatic Subjects, NCT01691859)
was an open-label extension study in patients with SEA
previously enrolled in DREAM (Dose Ranging Efficacy And
Safety With Mepolizumab in Severe Asthma, NCT01000506).
Patients received 100 mg of subcutaneous mepolizumab every
4 weeks plus standard of care until a protocol-defined stopping
criterion was met. Safety end points included frequency of
adverse events (AEs), serious AEs, and AEs of special interest.
Efficacy end points included annualized exacerbation rates,
changes from baseline in Asthma Control Questionnaire 5
scores, and blood eosinophil counts. Immunogenicity was also
assessed.
Results: Overall, 347 patients were enrolled for an average of
3.5 years (maximum, 4.5 years; total exposure, 1201 patient-
years). On-treatment AEs were reported in 94% of patients
(exposure-adjusted rate, 3688 events/1000 patient-years). The
most frequently reported on-treatment AEs were respiratory
tract infection, headache, bronchitis, and asthma worsening.
Seventy-nine (23%) patients experienced 1 or more on-
treatment serious AEs; there were 6 deaths, none of which were
assessed as related to mepolizumab. For patients with 156 weeks
or greater enrollment, the exacerbation rate was 0.74 events/y
(weeks 0–156), a 56% reduction from the off-treatment period
between DREAM and COLUMBA. For all patients, at the first
postbaseline assessment, the mean Asthma Control
Questionnaire 5 score was reduced by 0.47 points, and blood
eosinophil counts were reduced by 78%, with similar
improvements maintained throughout the study. The
immunogenicity profile (8% anti-drug antibodies) was
consistent with previous studies.
Conclusion: These data support the long-term safety and
efficacy of mepolizumab in patients with SEA. (J Allergy Clin
Immunol 2019;143:1742-51.)

Key words: Mepolizumab, severe eosinophilic asthma, long-term
safety, extension study

Severe asthma is a heterogeneous condition in which patients
present with different clinical and physiologic characteristics and
display differing treatment responses.1,2 The addition of biologics
to standard-of-care asthma therapy has introduced a more person-
alized treatment approach for patients with severe asthma,3,4

providing direct benefit in reducing exacerbations and improving
other markers of asthma control. However, there are limited data
evaluating the long-term safety of these biologics and the dura-
bility of the treatment response.

Mepolizumab, an anti–IL-5 humanized mAb, is recommended
as a step 5 therapy option for patients with severe eosinophilic
asthma (SEA).3 The efficacy of mepolizumab in patients
with SEA has been demonstrated, with strong and consistent
exacerbation reductions in 4 randomized placebo-controlled
trials: DREAM (Dose Ranging Efficacy And Safety With
Mepolizumab in Severe Asthma, NCT01000506),5 MENSA
(Efficacy and Safety Study of Mepolizumab Adjunctive Therapy
in Subjects With Severe Uncontrolled Refractory Asthma,
NCT01691521),6 SIRIUS (Mepolizumab Steroid-Sparing Study
in Subjects With Severe Refractory Asthma, NCT01691508),7

and MUSCA (Efficacy and Safety Study of Mepolizumab
Adjunctive Therapy in Participants With Severe Eosinophilic
Asthma on Markers of Asthma Control, NCT02281318).8 In
comparison with placebo in these trials, mepolizumab also
improved quality of life, asthma control, and lung function.5-8

In addition, during SIRIUS, patients treated with mepolizumab
were significantly more likely to achieve a 50% or greater
reduction in daily oral glucocorticoid dose than patients treated
with placebo.7 In these studies treatment with mepolizumab
was associated with an average reduction in peripheral blood
eosinophil counts to 40 cells/mL.4

In further support of the established efficacy of mepolizumab in
patients with SEA, mepolizumab has demonstrated a consistent
safety profile in all randomized placebo-controlled trials.5-8

Additionally, in COSMOS (A Study to Determine Long-term
Safety of Mepolizumab in Asthmatic Subjects, NCT01842607),
a 52-week open-label extension study of MENSA and SIRIUS,
mepolizumab had a favorable long-term safety profile, with no
increase in the rate of adverse events (AEs) over the study period
or compared with previous placebo-controlled trials.9

Although mepolizumab has demonstrated a favorable safety
profile in placebo-controlled trials of up to 12 months’ duration
and in an open-label extension study, long-term safety data in
patients with SEA beyond 1.5 years are lacking. Here we
report the results of an open-label, long-term extension in
patients who participated in the DREAM study. The primary
objective was to describe the safety profile of mepolizumab in
patients receiving long-term treatment. The effects of
mepolizumab on a range of clinical markers of asthma control
were also assessed.
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METHODS

Study design
COLUMBA (GlaxoSmithKline ID MEA115666; NCT01691859)10 was a

multicenter, open-label, long-term safety study conducted in patients who

had previously participated in the DREAM study (GlaxoSmithKline ID

MEA112997).5 In brief, DREAM was a randomized, double-blind, placebo-

controlled trial of mepolizumab in patients with SEA (aged >_12 years) who

were randomized to receive intravenous mepolizumab at 75, 250, or 750 mg

or placebo every 4 weeks for 52 weeks.

Patients were invited to participate in COLUMBA 12 to 28 months after

they completed the DREAM study. This study was conducted in accordance

with International Conference on Harmonisation Good Clinical Practice,

applicable country-specific requirements, and ethical principles outlined in the

Declaration of Helsinki. All patients providedwritten informed consent before

any study-related activities.

Patients
To be eligible for inclusion in COLUMBA, patients had to have been

randomized and received at least 2 doses of treatment (mepolizumab or

placebo) in the DREAM study5 and to have been receiving an asthma

controller medication for 12 or more weeks before enrollment in this study.

Patients were excluded from this study if they experienced any of the

following during or since participation in the DREAM study: a positive

neutralizing drug antibody (NAb) status based on the last sample, a report of a

hypersensitivity reaction (aside from injection-site reactions) assessed as

related to mepolizumab by the investigator that led to withdrawal, a serious

adverse event (SAE) assessed as possibly related to mepolizumab by the

investigator, or a clinically significant change in health status that in the

opinion of the investigator would make the patient unsuitable for participation

in this long-term study. Further exclusion criteria are detailed in the Methods

section in this article’s Online Repository at www.jacionline.org.

Treatments
During COLUMBA, all patients received 100 mg of mepolizumab

administered subcutaneously every 4 weeks, regardless of previous treatment

regimen, until a protocol-defined stopping criterion was met (see the Methods

section in this article’s Online Repository). Patients continued to receive

standard-of-care asthma therapy for the duration of the study, which could be

adjusted at the discretion of their physicians.
End points
Safety end points. The primary safety end point was the frequency

of all AEs, SAEs, and adverse events of special interest (AESIs). All AESIs are

listed within theMethods section in this article’s Online Repository. AEs were

recorded on a worksheet by patients and documented by study staff at each

visit. Deaths from any cause and selected cardiovascular events (see the

Methods section in this article’s Online Repository) were adjudicated by a

Clinical Endpoint Committee.

Secondary safety end points included 12-lead electrocardiograms, which

were assessed at screening every 24 weeks throughout the study and 4 weeks

after the last dose, as well as vital signs and clinical laboratory assessments,

which were monitored throughout the study.

Efficacy end points. Exacerbations were recorded on a worksheet

by patients and documented by study staff at each visit. The definition of an

exacerbation is detailed within the Methods section in this article’s Online

Repository. The Asthma Control Questionnaire 5 (ACQ-5) was used to assess

asthma control at baseline and every 12 weeks throughout the study.

Spirometry, assessed as FEV1, was conducted at baseline and every 12 to

24 weeks throughout the study. Patients were asked to withhold short-acting

b2-agonists for 6 or more hours and long-acting b2-agonists for 12 or more

hours before the clinic visit, if possible. Blood eosinophil counts were assessed

at baseline and at specified times throughout the study.

Immunogenicity end points. Immunogenicity testing for the

presence of anti-drug antibodies (ADAs), which were defined as any antibody
isotype directed against mepolizumab, was performed in blood by using

electrochemiluminescence. Samples testing positive for ADAs were further

tested for the presence of NAbs.

Statistical analysis
No sample sizewas calculated; the study population was determined by the

number of patients randomized in the DREAM study who were eligible for

and willing to participate in COLUMBA. All analyses were performed by

using the as-treated population, whichwas defined as all patients who received

at least 1 dose of open-label mepolizumab. All end points were summarized by

using appropriate descriptive statistics (means/geometric means, medians,

standard deviations, and ranges).

AEs were summarized by using the Medical Dictionary for Regulatory

Activities Primary System Organ Class and Preferred Terms. Exposure-

adjusted rates of AEs per 1000 patient-years were calculated. The annualized

rate of on-treatment exacerbations for each study period was analyzed by

using a negative binomial generalized linear model with logarithm of time as

an offset variable, from which the estimated rate per year and associated 95%

CIs were calculated. Asthma control and spirometric end points were assessed

as changes from baseline. For blood eosinophil counts, ratio to baseline was

summarized by visit; if a result of zerowas recorded, a small value (ie, half the

minimum nonzero result) was imputed before log-transformation. All statis-

tical analyses were performed with SAS software (version 9.4; SAS Institute,

Cary, NC).

Post hoc subgroup analyses were conducted to assess the annualized on-

treatment exacerbation rate by baseline blood eosinophil count by using the

following subgroups: 150 cells/mL or greater, 300 cells/mL or greater,

400 cells/mL or greater, and 500 cells/mL or greater. Additionally, AEs,

SAEs, exacerbation rates, and ACQ-5 scores were assessed post hoc in pa-

tients with early-onset (<33 years of age) and late-onset (>_33 years of age)

asthma and in patients with and without chronic rhinosinusitis present at

screening.
RESULTS

Patient population
This study was conducted between September 28, 2012, and

May 31, 2017, in 65 centers across 13 countries (see the Methods
section in this article’s Online Repository). Overall, 362 patients
were enrolled in the study, and 347 were included in the as-treated
population, corresponding to 56% of the DREAM intent-to-treat
population. An overview of patient flow through the study is
shown in Fig 1. Most patients (n 5 221 [64%]) remained in the
study until mepolizumab became commercially available in their
country, and 50 (14%) patients in countries awaiting regulatory or
reimbursement approval remained in the study at closure. Nine-
teen (5%) patients withdrew because of an AE; the only AE re-
sulting in more than 1 patient withdrawal was asthma
worsening (n5 3 [<1%]; see Table E1 in this article’s Online Re-
pository at www.jacionline.org). A summary of time to study
discontinuation is presented in Fig 2; this reflects the staged study
closure as mepolizumab became commercially available for pre-
scription in each participating country.

Patients’ demographic and clinical characteristics at baseline
are summarized in Table I. Patients had a mean age of 52.2 years,
and 65% were female. The median period from completion of
DREAM to enrollment in COLUMBA was 17.8 months (range,
12–28 months), and patients were evenly distributed from each
of the 4 treatment arms of the DREAM study (22% to 28% across
groups). Over the COLUMBA study period, the mean duration of
treatment was 3.5 years (range, 4 weeks to 4.5 years); exposure to
mepolizumab amounted to 1201 patient-years.

http://www.jacionline.org
http://www.jacionline.org


DREAM ITT population; N=616
Placebo; n=155

Mepolizumab 75 mg IV; n=153
Mepolizumab 250 mg IV; n=152
Mepolizumab 750 mg IV; n=156

Patients enrolled in COLUMBA; N=362
Excluded from AT population; N=15
 Screening failure; n=4
 Run-in failure; n=11

12–28 month break without clinical trial participation

COLUMBA AT population; N=347
Mepolizumab 100 mg SC

Patients remained in study at closure*,
N=50 (14%)

Patients switched to commercially
available mepolizumab*, N=221 (64%)

Withdrew from trial; N=76 (22%)
 Withdrew consent; n=31 (9%)
 Adverse event; n=19 (5%)
 Lack of efficacy; n=11 (3%)
 Physician decision; n=6 (2%)
 Lost to follow-up; n=5 (1%)
 Protocol deviation; n=4 (1%)

FIG 1. Patient flow through the COLUMBA study. *After completion of COLUMBA, patients could enter a

further mepolizumab study (201810 or 201956) or choose to receivemepolizumab commercially outside of a

clinical trial. ITT, Intent-to-treat; IV, intravenous; SC, subcutaneous.
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FIG 2. Time to study cessation. Study closure was conducted in a staged manner as mepolizumab became

commercially available for prescription in each participating country. SC, Subcutaneous.
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Safety end points
Overall, 326 (94%) patients experienced at least 1 on-treatment

AE, resulting in an exposure-adjusted rate of 3688 events per
1000 patient-years. Respiratory tract infection (n 5 231 [67%]),
headache (n5 99 [29%]), asthma worsening (n5 94 [27%]), and
bronchitis (n5 73 [21%]) were the most commonly reported on-
treatment AEs (Fig 3,A). Ninety-seven (28%) patients reported an
on-treatment AE that was assessed by the investigator as related to
the study treatment. The only on-treatment drug-related AEs re-
ported with an incidence 3% or greater were injection-site
reactions (12%; exposure-adjusted rate, 103 events per 1000
patient-years) and headache (4%; exposure-adjusted rate, 30
events per 1000 patient-years).

A total of 159 SAEs were reported in 82 (24%) patients during
the conduct of this study, with 79 (23%) patients experiencing any
on-treatment SAE (Table II).11,12 On-treatment SAEs reported in
more than 1 patient are summarized in Fig 3, B. Six fatalities were
reported: 1 patient experienced sudden death; 1 patient died of
respiratory arrest; 1 patient died of morbid obesity, chronic
asthma, and sleep apnea; 1 patient died of myocardial infarction;



TABLE I. Baseline demographic and clinical characteristics (as-

treated population)

Characteristic

Mepolizumab,

100 mg SC (n 5 347)

Age (y), mean (SD) 52.2 (10.73)

Sex, female, no. (%) 224 (65)

Race, no. (%)

White 318 (92)

Asian 18 (5)

Other 11 (3)

Non-Hispanic, no. (%) 306 (88)

Body mass index (kg/m2), mean (SD) 28.6 (6.10)

Comorbidities of interest, no. (%)

Allergic rhinitis or hay fever 165 (48)

Chronic rhinosinusitis 41 (12)

Nasal polyposis 24 (7)

Duration of disease (y), mean (SD) 21.4 (14.22)

Age of onset of disease (y), median (range) 33 (0-66)

Lung function tests at baseline

Prebronchodilator FEV1 (mL), mean (SD) 1811 (696.2)

Prebronchodilator % predicted normal FEV1,

mean (SD)

60.1 (18.89)

Prebronchodilator FEV1/FVC ratio, mean (SD) 0.62 (0.121)

ACQ-5* score at baseline n 5 346

Mean (SD) 2.21 (1.169)

Blood eosinophil count at baseline (cells/mL) n 5 337

Geometric mean (SD logs) 240 (1.016)

Median (minimum-maximum) 270 (0-1600)

Concurrent therapy, no. (%)

ICS� 347 (100)

LABA� 339 (98)

SABA 315 (91)

Xanthine 75 (22)

LTRA 63 (18)

LAMA 51 (15)

Maintenance OCS use at baseline, no. (%) 90 (26)

Period since completion of DREAM (mo), median

(range)

17.8 (12-28)

Exacerbations since completion of DREAM

Exacerbations, mean (SD) 2.7 (4.74)

No. of patients to experience >_1 event (%) 280 (81)

Exacerbations requiring ED/hospitalization,

mean (SD)

0.4 (0.83)

No. of patients to experience >_1 event (%) 75 (22)

Exacerbations requiring hospitalization,

mean (SD)

0.2 (0.59)

No. of patients to experience >_1 event (%) 55 (16)

Annualized rate of exacerbations since completion

of DREAM, mean (SD)

As-treated population 1.74 (2.94)

Baseline blood eosinophil count subgroup
>_150 cells/mL (n 5 243) 1.64 (1.76)
>_300 cells/mL (n 5 153) 1.69 (1.89)
>_400 cells/mL (n 5 106) 1.69 (1.94)
>_500 cells/mL (n 5 80) 1.69 (1.86)

ED, Emergency department; FVC, forced vital capacity; ICS, inhaled corticosteroid;

LABA, long-acting b2-agonist; LAMA, long-acting muscarinic antagonist; LTRA, long-

acting leukotriene receptor antagonist; OCS, oral corticosteroids; SABA, short-acting

b2-agonist; SC, subcutaneous.

*Scale scores: 0, no impairment; 6, maximum impairment.

�During the DREAM study, patients required 880 mg/d fluticasone propionate or

greater; however, ICS doses might have been reduced after completion of the study.

�LABA was provided concomitant with ICS, as per standard-of-case guidelines.
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1 patient died of acute heart failure; and 1 patient died of a severe
asthma exacerbation. The patient who died of a severe asthma
exacerbation had a disease duration of 12.5 years, a baseline
blood eosinophil count of 30 cells/mL, and a history of sinusitis,
which was resolved before entry into DREAM. This death was
not adjudicated because the information for adjudication was
not available. No fatal SAEs were assessed as possibly related
to study treatment.

A post hoc analysis of AEs by age of asthma onset was also per-
formed. Patients were defined as having early- and late-onset
asthma based on the median age of asthma diagnosis in the study
(33 years). Back pain, arthralgia, and pain in the extremities were
more frequently reported in the late-onset group (those with diag-
nosis at >_33 years, n5 174) compared with the early-onset group
(those with diagnosis at <33 years, n 5 173; see Table E2 in this
article’s Online Repository at www.jacionline.org). In addition,
the frequency of reported bronchitis was greater in the early-
onset group compared with the late-onset group. Overall, the pro-
portion of patients reporting SAEs was similar between the 2
groups (see Fig E1 in this article’s Online Repository at www.
jacionline.org).

As expected, respiratory tract infections were reported more
frequently in patients who had chronic rhinosinusitis at screening.
In addition, a slightly higher proportion of patients with chronic
rhinosinusitis at screening reported worsening of their asthma
symptoms (n5 13 [32%]) compared with those who did not have
chronic rhinosinusitis at screening (n5 81 [26%]; see Table E3 in
this article’s Online Repository at www.jacionline.org).

All on-treatment AESIs are summarized in Table II. Eight (2%)
patients experienced allergic/hypersensitivity systemic reactions,
and 1 (<1%) patient experienced a nonallergic systemic reaction.
Investigators were requested to assess AEs they considered sys-
temic reactions against Sampson’s diagnostic criteria for anaphy-
laxis.11 There were no reports of mepolizumab-related
anaphylaxis. Twenty-four (7%) patients experienced an on-
treatment opportunistic infection, of whom 8 (2%) patients expe-
rienced herpes zoster infection (17 events per 1000 patient-years);
1 event was reported as serious. No parasitic infections were re-
ported. Six (2%) patients reported malignancies while receiving
treatment: 3 (<1%) patients had basal cell carcinoma (5.8 events
per 1000 patient-years), 2 (<1%) patients had prostate cancer (1.7
events per 1000 patient-years), and 1 (<1%) patient had breast
cancer (0.83 events per 1000 patient-years).

There were no reports of clinically significant changes in
electrocardiographic findings or laboratory data, and vital signs
remained stable throughout the study (data not shown).
Efficacy end points
Over the study period, the annualized rate of on-treatment

exacerbations across all enrolled patients was 0.68 events/y (95%
CI, 0.60-0.78 events/y), representing a 61% reduction from the
off-treatment period between DREAM and COLUMBA (1.74
events/y). For patients with 156 weeks enrollment or greater in
COLUMBA, the mean annualized rate of exacerbations was 0.74
events/y for weeks 0 to 156, representing a 79% reduction from
the 12 months before DREAM and a 56% reduction from the off-
treatment period between DREAM and COLUMBA (Fig 4, A,
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FIG 3. Summary of on-treatment AEs occurring in more than 10% of patients (A) and on-treatment SAEs

occurring in more than 1 patient (as-treated population; B). *Respiratory tract infection encompasses all

AEs reported as (1) viral upper respiratory tract infection; (2) upper respiratory tract infection; (3) respiratory

tract infection; (4) lower respiratory tract infection; (5) respiratory tract infection, viral; (6) lower respiratory
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and see Table E4 in this article’s Online Repository at www.
jacionline.org). Post hoc analysis showed similar rates of on-
treatment exacerbations for all baseline blood eosinophil count
subgroups (see Fig E2 in this article’s Online Repository at
www.jacionline.org). In addition, similar annualized rates of
on-treatment exacerbations were observed when patients were
grouped by early (<33 years; 0.69 events/y [95% CI, 0.58-0.83
events/y]) or late (>_33 years; 0.67 events/y [95% CI, 0.55-0.82
events/y]) asthma onset. Consistent with the previously discussed
subgroup analysis of AEs, post hoc analysis indicated marginally
higher on-treatment exacerbation rates for patients with chronic
rhinosinusitis at screening compared with those without chronic
rhinosinusitis present (1.04 vs 0.69 events/y).
Improvements in asthma control were observed at the first
postbaseline assessment (week 12), with a mean reduction from
baseline in ACQ-5 score of 0.47 points. Similar improvement was
maintained throughout the study, with the mean change in ACQ-5
score ranging from 0.40 points (week 188) to 0.66 points (week
124) and approximately 50% of patients achieving an improve-
ment (decrease) in ACQ-5 score of 0.5 or more points at each
postbaseline assessment (Fig 4, B). In addition, similar improve-
ments in ACQ-5 scores were seen in patients who received a diag-
nosis of early-onset (<33 years of age) or late-onset (>_33 years of
age) asthma. Mean reductions in ACQ-5 scores ranged from 0.58
(week 124) to 0.07 (week 228) points in the early-onset group and
0.75 (week 124) to 0.45 (week 188) points in the late-onset group.

http://www.jacionline.org
http://www.jacionline.org
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TABLE II. Summary of on-treatment AEs (as-treated

population)

Mepolizumab,

100 mg SC (n 5 347)

Any AE 326 (94)

Related to study treatment 97 (28)

Leading to withdrawal from the study 19 (5)

Any SAE 79 (23)

Related to study treatment 2 (<1)

Leading to withdrawal from the study 12 (3)

Fatal SAEs 6 (2)

AESIs

Systemic reactions 9 (3)

Allergic/hypersensitivity reactions* 8 (2)

Nonallergic reactions� 1 (<1)

Anaphylaxis� 0 (0)

Local injection-site reactions 42 (12)

All infections§ 284 (82)

Serious infections 17 (5)

Opportunistic infectionsk 24 (7)

Malignancies 6 (2)

Cardiac disorders{ 35 (10)

Serious cardiac, vascular, and

thromboembolic events#

10 (3)

Serious ischemic events# 3 (<1)

Data are presented as numbers (percentages).

MedDRA, Medical Dictionary for Regulatory Activities; SC, subcutaneous; SMQs,

standardized MedDRA queries.

*More than 1 allergic/hypersensitivity symptom could be described per event.

�Patient reported slight light headedness.

�Considered by the investigator to represent a systemic reaction meeting Sampson’s

criteria for anaphylaxis.11

§All infections include all events in Infections and Infestations System Organ Class.

kIdentified based on published list of pathogens and/or presentations of specific

pathogens to be considered as opportunistic infections in the setting of biologic

therapy.12

{Cardiac disorders includes all events in Cardiac Disorders System Organ Class.

#Identified through MedDRA SMQs.
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Prebronchodilator FEV1 values initially increased from base-
line (mean, 1811 mL [SD, 696.2 mL]; percent predicted mean,
60.1% [SD, 18.9%]) to a mean of 1955 mL (SD, 728 mL) at
week 24 (percent predicted mean, 65.0% [SD, 19.8%]) and grad-
ually decreased over the remainder of the study period. At week
200, the mean prebronchodilator FEV1 showed no clinically sig-
nificant difference from baseline (1855mL [SD, 660mL]; percent
predicted, 61.5% [SD, 17.1%]; Fig 4,C). Blood eosinophil counts
were suppressed by 78% from a geometric mean of 240 cells/mL
(SD logs, 1.016 cells/mL) at baseline to 50 cells/mL (SD logs,
0.951 cells/mL) at week 4 and remained suppressed throughout
the study period (Fig 4, D).
Immunogenicity end points
Of the 341 patients tested at baseline, 1 patient had a

positive ADA response. In DREAM this patient was ADA
positive at baseline (titer value, 128) and subsequently received
250 mg of mepolizumab administered intravenously for
52 weeks. Within COLUMBA, the patient was ADA positive
(titer value, 320) at baseline and all but 1 postbaseline visit
(final visit titer value, 40).

At any time after baseline, 27 (8%) of 346 patients had positive
ADA test results. Titer values after baseline were low for all
patients with positive results (<_160; median, 32), and the presence
of ADAs was transient in the majority of the ADA-positive
patients (20/27). All samples were negative for NAbs.
DISCUSSION
This is the first study to report data evaluating the long-term

durability and safety of the anti–IL-5 biologic mepolizumab in
patients with SEA. The observed safety and immunogenicity
profile of long-term subcutaneous mepolizumab treatment was
similar to that seen in previous randomized placebo-controlled
trials of mepolizumab with intravenous and subcutaneous
administration and the COSMOS 52-week extension study.5-8,13

The COLUMBA study had a substantially longer duration of up
to 4.5 years compared with 12 months (plus the associated expo-
sures from the original studies) for the COSMOS extension
study.9 Tolerability and immunogenicity are more meaningfully
characterized over an extended period of time, providing a
more comprehensive assessment of safety outcomes. In addition,
patients were re-exposed to mepolizumab after a drug holiday,
which was not the case in the COSMOS study.

Overall, no new safety concerns were identified in this study
after long-term exposure. As reported previously,14 cessation of
mepolizumab at the end of the DREAM study led to a general
decrease in patients’ disease status, with increased blood eosino-
phil counts and exacerbations reported in the time between
DREAM and COLUMBA. However, this extended interruption
of mepolizumab dosing had no negative effect on the safety and
efficacy of mepolizumab after treatment resumed. Results from
this study strengthen the safety profile for mepolizumab in pa-
tients with severe asthma.

The most commonly reported AEs were respiratory tract
infections and headaches, and the worsening or exacerbation of
asthma was the most frequent SAE observed. The high frequency
of respiratory tract infections is not uncommon in this type of
patient. Of note, the rate of pneumonia was low (10.8 events/1000
patient-years). These data are in line with those observed in the
COSMOS extension study, in which nasopharyngitis and upper
respiratory tract infections were the most frequent AEs and
worsening or exacerbation of asthma was the most frequent SAE.
The rate of pneumoniawas also found to be low (11.2 events/1000
patient-years).9 Exposure-adjusted rates of headache among
those treated with mepolizumab were found to be similar to those
observed previously in patients while receiving placebo. In the
original mepolizumab asthma registration studies,5-7 headache
was reported in placebo-treated patients with a rate of 647.8
events/1000 patient-years and 853.9 events/1000 patient-years
in patients receiving mepolizumab. This compares with lower
rates of 340.4 and 321.34 in mepolizumab-treated patients within
the COSMOS and COLUMBA studies, respectively.

Six deaths were reported during the study after 1201 patient-
years of exposure to mepolizumab, all of which were considered
unrelated to mepolizumab treatment by the investigator. This rate
is similar to rates in the treatment and placebo arms of the original
mepolizumab asthma registration studies,5-7 in which 3 deaths
were reported after 687 patient-years of exposure to mepolizu-
mab, and 2 deaths were reported after 284 patient-years of expo-
sure to placebo. Finally, the number of cancers observed in the
study population was similar to age- and sex-adjusted incidence
rates from the Surveillance Epidemiology and End Results Reg-
istry in the United States.15 Incidence rates of prostate and breast
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cancers in this study were 1.7 and 0.83 events per 1000 patient-
years, respectively, compared with 1.5 and 0.67 events per
patient-years in the Surveillance Epidemiology and End Results
Registry for 2007–2011.16,17

Immunogenicity findings were consistent with previous studies
of mepolizumab, including the COSMOS extension study.9 All
samples were negative for NAbs. Positive ADA samples were
infrequent, and in most cases positive titers were low and tran-
sient, with no suggestion of increased immunogenicity with treat-
ment duration. The interruption in mepolizumab administration
did not lead to greater immunogenicity for patients who previ-
ously received intravenous mepolizumab in the DREAM study,
and there was no indication of a relationship between the fre-
quency of AEs or hypersensitivity reactions and the presence or
absence of ADAs.

Eosinophil count was used as a marker of pharmacodynamic
response to mepolizumab. The magnitude of eosinophil suppres-
sion was consistent with that measured in previous mepolizumab
studies.5-8 Importantly, this study demonstrated the long-term
durability of this pharmacodynamic effect and provided no evi-
dence for tolerance to mepolizumab after re-exposure or long-
term treatment.

Results from this study also demonstrate the durability of
mepolizumab treatment response on various clinical parameters,
including exacerbations, asthma control, and lung function. Most
importantly, there was a sustained improvement in the rate of
clinically significant exacerbations throughout the study period,
with 33% of patients not experiencing an exacerbation during the
long-term follow-up period. There were also sustained improve-
ments in asthma control, with approximately 50% of patients
achieving the minimum clinically important difference of 0.5
points at each postbaseline assessment.18 It is worth noting that
patients included in this study havemore severe asthma than those
included in the original validation populations for the ACQ-5.18

As such, a clinically meaningful difference in asthma control
might be experienced even if the reduction in ACQ-5 score re-
ported is less than 0.5 points. Although in the overall population
we observed consistent durability of clinical response, some pa-
tients might not respond fully or maintain the same level of
response over time. There are limited data to understand clearly
the mechanisms implicated in a potential loss of efficacy among
biologics in the respiratory space. One report19 indicates that
we need to characterize these patients carefully in terms of comor-
bid conditions, environmental triggers, and non–type 2 inflamma-
tion, while also ensuring that they remain adherent to their
baseline controller medication.

Initial improvements observed in lung function were consistent
with those observed in previous mepolizumab studies.5-8 This
improvement gradually decreased to approximately baseline
values at week 200, demonstrating a stabilization of the effect
of the disease on lung function over the course of the study period.
It has previously been demonstrated that some patients with se-
vere asthma and frequent or severe exacerbations experience
greater decreases in in FEV1 and more severe airway obstruction
over time compared with those with fewer exacerbations.20-23

Given the mean treatment duration (approximately 3.5 years)
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and age of these patients, a decrease in lung function over time
might be part of the natural progression of disease in this popula-
tion. Alternatively, this decrease might have been related to a
decrease in other maintenance therapies, such as inhaled cortico-
steroids and long-acting b2-agonists, which might have been
reduced over the study period or related to risk from their under-
lying asthma. A possible explanation for this gradual decrease in
lung function, even when exacerbations and eosinophil counts
remain controlled, is that FEV1 might not be directly associated
with improvements in eosinophilic airway inflammation; this im-
plies that in patients with severe asthma, there is a dissociation be-
tween lung function and risk of exacerbations.24-26

Other biologic therapies approved for use in patients with
severe asthma include benralizumab, reslizumab, and omalizu-
mab.27-29 Benralizumab targets the IL-5 receptor a, which is ex-
pressed on eosinophils and basophils and induces apoptosis
through antibody-dependent cell-mediated cytotoxicity.30,31 Ben-
ralizumab has been reported to reduce asthma exacerbations with
a favorable safety profile, despite a higher immunogenicity
response in phase III trials32,33 in comparison with the mepolizu-
mab phase III trials. However, the long-term safety of benralizu-
mab is uncertain because treatment results in the near-complete
depletion of eosinophils,31,34 which can result in a loss of regula-
tory immune functions after long-term exposure.4,35 In contrast,
during clinical trials, mepolizumab did not fully deplete blood
eosinophil counts but consistently reduced them to approximately
40 cells/mL.4

Reslizumab is an anti–IL-5 mAb for intravenous administra-
tion that has also been shown to reduce exacerbations in patients
with SEA.36 In a recent open-label extension study (<24 months),
reslizumab had a similar AE profile to that reported for mepolizu-
mab, with worsening of asthma, upper respiratory tract infections,
and headache being among the most commonly reported AEs.37

Longer-term safety data for benralizumab and reslizumab are still
lacking.

The EXCELS (A Study of Xolair to Evaluate Effectiveness and
Long-Term Safety in Patients With Moderate to Severe Asthma,
NCT00252135) study assessed the long-term safety of omalizu-
mab (anti-IgE antibody) in patients with allergic asthma treated
up to 5 years.38 Results demonstrated a small increased risk of
cardiovascular/cerebrovascular events in patients treated with
omalizumab compared with patients not treated with omalizu-
mab. The authors highlight that differences in asthma severity be-
tween cohorts might have contributed to this increased risk. No
risk related to malignancies was identified.38,39 Overall, current
available data support a favorable risk/benefit ratio after long-
term treatment with omalizumab and mepolizumab.

An intrinsic limitation on any long-term open-label study in a
population with severe disease is the lack of a placebo-controlled
arm from which to make robust clinical interpretations regarding
any treatment-related outcomes. Considering that patients were
more likely to experience an AE in this study compared with a
shorter study, exposure-adjusted rates were calculated to account
for the increased length of exposure to mepolizumab. Addition-
ally, because of the attrition of patients at different intervals at the
end of the observational period, some efficacy end points should
be interpreted with caution because results from the latter stages
of the trial are based on fewer patients compared with the first 2 to
3 years.

There are limitations on the generalizability of results from
open-label extension studies to clinical practice because of the
inclusion/exclusion criteria and lower frequency of comorbidities
among the study population. Patients in this study were selected
from the DREAM study population, and as fully described in the
Methods section, those considered to be at increased risk of
potentially mepolizumab-related AEs or SAEs were excluded,
which could have introduced selection bias. Finally, the dose of
other controller medications was not regulated throughout the
study period. As such, it is difficult to establish comparisons with
controlled clinical trials in which controller medication use is
regulated; however, this lack of controller use regulation should
be considered to reflect the real-world clinical experience of
patients receiving long-term mepolizumab treatment.

In conclusion, this study represents the longest clinical
experience to date with an anti–IL-5 monoclonal therapy in
patients with severe asthma. The results of this long-term open-
label extension with mepolizumab exposure for up to 4.5 years in
patients with SEA add to the overall safety profile of mepolizu-
mab in this patient population. This study additionally demon-
strates the durability of clinical and pharmacodynamic responses
after long-term mepolizumab treatment, with improvements
consistent with those reported in previous randomized clinical
trials and maintained for up to 4.5 years. Overall, these results
support the use of mepolizumab as a long-term treatment choice
for patients with SEA.

Clinical implications: After long-term use in patients with SEA,
mepolizumab maintains clinical effectiveness and continues to
demonstrate a favorable safety profile, with no evidence of
inducing neutralizing antibodies.

REFERENCES

1. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et al. International

ERS/ATS guidelines on definition, evaluation and treatment of severe asthma. Eur

Respir J 2014;43:343-73.

2. Wenzel S. Severe asthma: from characteristics to phenotypes to endotypes. Clin

Exp Allergy 2012;42:650-8.

3. Global Initiative for Asthma. Global strategy for asthma management and preven-

tion 2018. Available at: https://ginasthma.org/2018-gina-report-global-strategy-for-

asthma-management-and-prevention/. Accessed July 2018.

4. Yancey SW, Keene ON, Albers FC, Ortega H, Bates S, Bleecker ER, et al. Bio-

markers for severe eosinophilic asthma. J Allergy Clin Immunol 2017;140:

1509-18.

5. Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, Keene ON, et al. Mepolizu-

mab for severe eosinophilic asthma (DREAM): a multicentre, double-blind, pla-

cebo-controlled trial. Lancet 2012;380:651-9.

6. Ortega HG, Liu MC, Pavord ID, Brusselle GG, FitzGerald JM, Chetta A, et al. Me-

polizumab treatment in patients with severe eosinophilic asthma. N Engl J Med

2014;371:1198-207.

7. Bel EH, Wenzel SE, Thompson PJ, Prazma CM, Keene ON, Yancey SW, et al. Oral

glucocorticoid-sparing effect of mepolizumab in eosinophilic asthma. N Engl J

Med 2014;371:1189-97.

8. Chupp GL, Bradford ES, Albers FC, Bratton DJ, Wang-Jairaj J, Nelsen LM, et al.

Efficacy of mepolizumab add-on therapy on health-related quality of life and

markers of asthma control in severe eosinophilic asthma (MUSCA): a randomised,

double-blind, placebo-controlled, parallel-group, multicentre, phase 3b trial. Lan-

cet Respir Med 2017;5:390-400.

9. Lugogo N, Domingo C, Chanez P, Leigh R, Gilson MJ, Price RG, et al. Long-term

efficacy and safety of mepolizumab in patients with severe eosinophilic asthma: a

multi-center, open-label, phase IIIb study. Clin Ther 2016;38:2058-2070, e1.

10. GlaxoSmithKline. Clinical study register 2018. Available at: https://gsk-

clinicalstudyregister.com/study/115666?search5study&study_ids5115666#ps.

Accessed July 2018.

11. Sampson HA, Munoz-Furlong A, Campbell RL, Adkinson NF Jr, Bock SA, Bra-

num A, et al. Second symposium on the definition and management of anaphylaxis:

summary report—Second National Institute of Allergy and Infectious Disease/

Food Allergy and Anaphylaxis Network symposium. J Allergy Clin Immunol

2006;117:391-7.

http://refhub.elsevier.com/S0091-6749(18)31479-9/sref1
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref1
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref1
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref2
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref2
https://ginasthma.org/2018-gina-report-global-strategy-for-asthma-management-and-prevention/
https://ginasthma.org/2018-gina-report-global-strategy-for-asthma-management-and-prevention/
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref4
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref4
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref4
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref5
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref5
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref5
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref6
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref6
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref6
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref7
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref7
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref7
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref8
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref8
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref8
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref8
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref8
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref9
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref9
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref9
https://gsk-clinicalstudyregister.com/study/115666?search=study&amp;study_ids=115666#ps
https://gsk-clinicalstudyregister.com/study/115666?search=study&amp;study_ids=115666#ps
https://gsk-clinicalstudyregister.com/study/115666?search=study&amp;study_ids=115666#ps
https://gsk-clinicalstudyregister.com/study/115666?search=study&amp;study_ids=115666#ps
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref11
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref11
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref11
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref11
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref11


J ALLERGY CLIN IMMUNOL

VOLUME 143, NUMBER 5

KHATRI ET AL 1751
12. Winthrop KL, Novosad SA, Baddley JW, Calabrese L, Chiller T, Polgreen P, et al.

Opportunistic infections and biologic therapies in immune-mediated inflammatory

diseases: consensus recommendations for infection reporting during clinical trials

and postmarketing surveillance. Ann Rheum Dis 2015;74:2107-16.

13. Leung E, Al Efraij K, FitzGerald JM. The safety of mepolizumab for the treatment

of asthma. Expert Opin Drug Safety 2017;16:397-404.

14. Haldar P, Brightling CE, Singapuri A, Hargadon B, Gupta S, Monteiro W, et al.

Outcomes after cessation of mepolizumab therapy in severe eosinophilic asthma:

a 12-month follow-up analysis. J Allergy Clin Immunol 2014;133:921-3.

15. Howlader N, Noone AM, Krapcho M, Garshell J, Miller D, Altekruse SF, et al.

United States Cancer Statistics Review, 1975-2011, National Cancer Institute.

Available at: http://seer.cancer.gov/csr/1975_2011/. Accessed July 2018.

16. Howlader N, Noone AM, Krapcho M, Garshell J, Miller D, Altekruse SF, et al.

United States—SEER Prostate Cancer Statistics 1975-2011 National Cancer Insti-

tute. Available at: https://seer.cancer.gov/archive/csr/1975_2011/results_merged/

sect_23_prostate.pdf. Accessed July 2018.

17. Howlader N, Noone AM, Krapcho M, Garshell J, Miller D, Altekruse SF, et al.

United States—SEER Breast Cancer Statistics 1975-2011 National Cancer Insti-

tute. Available at: https://seer.cancer.gov/archive/csr/1975_2011/results_merged/

sect_04_breast.pdf. Accessed July 2018.

18. Juniper EF, Svensson K, Mork AC, Stahl E. Measurement properties and interpre-

tation of three shortened versions of the asthma control questionnaire. Respir Med

2005;99:553-8.

19. Ojanguren I, Chaboillez S, Lemiere C. Low blood eosinophil counts are not always

a reliable marker of clinical response to mepolizumab in severe asthma. J Allergy

Clin Immunol Pract 2018;6:2151-3.

20. Bai TR, Vonk JM, Postma DS, Boezen HM. Severe exacerbations predict excess

lung function decline in asthma. Eur Respir J 2007;30:452-6.

21. O’Byrne PM, Pedersen S, Lamm CJ, Tan WC, Busse WW, Group SI. Severe ex-

acerbations and decline in lung function in asthma. Am J Respir Crit Care Med

2009;179:19-24.

22. Ortega HG, Menzies-Gow A, Llanos J-P, Forshag M, Albers FC, Gunsoy NB, et al.

Rapid and consistent improvements in morning PEF in patients with severe

eosinophilic asthma treated with mepolizumab. Adv Ther 2018;35:1059-68.

23. Ortega H, Yancey SW, Keene ON, Gunsoy NB, Albers FC, Howarth PH. Asthma

exacerbations associated with lung function decline in patients with severe eosin-

ophilic asthma. J Allergy Clin Immunol Pract 2018;6:980-986, e1.

24. Green RH, Brightling CE, McKenna S, Hargadon B, Parker D, Bradding P, et al.

Asthma exacerbations and sputum eosinophil counts: a randomised controlled trial.

Lancet 2002;360:1715-21.

25. Jayaram L, Pizzichini MM, Cook RJ, Boulet LP, Lemiere C, Pizzichini E, et al.

Determining asthma treatment by monitoring sputum cell counts: effect on exacer-

bations. Eur Respir J 2006;27:483-94.

26. Haldar P, Pavord ID, Shaw DE, Berry MA, Thomas M, Brightling CE, et al. Cluster

analysis and clinical asthma phenotypes. Am JRespir Crit CareMed 2008;178:218-24.
27. US Food and Drug Administration. Benralizumab (Fasenra) prescribing informa-

tion. Available at: https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/

761070s000lbl.pdf. Accessed February 1, 2018.

28. US Food and Drug Administration. Omalizumab (Xolair) product label 2003.

Available at: https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/omalgen

062003LB.pdf. Accessed February 1, 2018.

29. US Food and Drug Administration. Reslizumab (Cinqair) prescribing information

2016. Available at: https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/

761033lbl.pdf. Accessed February 1, 2018.

30. Kolbeck R, Kozhich A, Koike M, Peng L, Andersson CK, Damschroder MM, et al.

MEDI-563, a humanized anti-IL-5 receptor alpha mAb with enhanced antibody-

dependent cell-mediated cytotoxicity function. J Allergy Clin Immunol 2010;

125:1344-1353, e2.

31. Castro M, Wenzel SE, Bleecker ER, Pizzichini E, Kuna P, Busse WW, et al. Ben-

ralizumab, an anti-interleukin 5 receptor a monoclonal antibody, versus placebo

for uncontrolled eosinophilic asthma: a phase 2b randomised dose-ranging study.

Lancet Respir Med 2014;2:879-90.

32. FitzGerald JM, Bleecker ER, Nair P, Korn S, Ohta K, Lommatzsch M, et al. Ben-

ralizumab, an anti-interleukin-5 receptor a monoclonal antibody, as add-on treat-

ment for patients with severe, uncontrolled, eosinophilic asthma (CALIMA): a

randomised, double-blind, placebo-controlled phase 3 trial. Lancet 2016;388:

2128-41.

33. Park HS, Kim MK, Imai N, Nakanishi T, Adachi M, Ohta K, et al. A phase 2a study

of benralizumab for patients with eosinophilic asthma in South Korea and Japan.

Int Arch Allergy Immunol 2016;169:135-45.

34. Brightling CE, Bleecker ER, Panettieri RA, Bafadhel M, She D, Ward CK, et al.

Benralizumab for chronic obstructive pulmonary disease and sputum eosinophilia:

a randomised, double-blind, placebo-controlled, phase 2a study. Lancet Respir

Med 2014;2:891-901.

35. Mesnil C, Raulier S, Paulissen G, Xiao X, Birrell MA, Pirottin D, et al. Lung-resi-

dent eosinophils represent a distinct regulatory eosinophil subset. J Clin Invest

2016;126:3279-95.

36. Bjermer L, Lemiere C, Maspero J, Weiss S, Zangrilli J, Germinaro M. Reslizumab

for inadequately controlled asthma with elevated blood eosinophil levels: a ran-

domized phase 3 study. Chest 2016;150:789-98.

37. Murphy K, Jacobs J, Bjermer L, Fahrenholz JM, Shalit Y, Garin M, et al. Long-

term safety and efficacy of reslizumab in patients with eosinophilic asthma.

J Allergy Clin Immunol Pract 2017;5:1572-1581, e3.

38. Iribarren C, Rahmaoui A, Long AA, Szefler SJ, Bradley MS, Carrigan G, et al. Car-

diovascular and cerebrovascular events among patients receiving omalizumab: re-

sults from EXCELS, a prospective cohort study in moderate to severe asthma.

J Allergy Clin Immunol 2017;139:1489-1495, e5.

39. Long A, Rahmaoui A, Rothman KJ, Guinan E, Eisner M, Bradley MS, et al. Inci-

dence of malignancy in patients with moderate-to-severe asthma treated with or

without omalizumab. J Allergy Clin Immunol 2014;134:560-567, e4.

http://refhub.elsevier.com/S0091-6749(18)31479-9/sref12
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref12
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref12
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref12
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref13
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref13
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref14
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref14
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref14
http://seer.cancer.gov/csr/1975_2011/
https://seer.cancer.gov/archive/csr/1975_2011/results_merged/sect_23_prostate.pdf
https://seer.cancer.gov/archive/csr/1975_2011/results_merged/sect_23_prostate.pdf
https://seer.cancer.gov/archive/csr/1975_2011/results_merged/sect_04_breast.pdf
https://seer.cancer.gov/archive/csr/1975_2011/results_merged/sect_04_breast.pdf
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref18
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref18
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref18
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref19
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref19
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref19
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref20
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref20
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref21
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref21
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref21
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref22
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref22
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref22
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref23
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref23
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref23
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref24
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref24
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref24
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref25
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref25
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref25
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref26
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref26
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761070s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761070s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/omalgen062003LB.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/omalgen062003LB.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761033lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761033lbl.pdf
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref30
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref30
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref30
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref30
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref31
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref31
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref31
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref31
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref32
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref32
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref32
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref32
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref32
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref33
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref33
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref33
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref34
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref34
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref34
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref34
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref35
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref35
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref35
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref36
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref36
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref36
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref37
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref37
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref37
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref38
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref38
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref38
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref38
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref39
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref39
http://refhub.elsevier.com/S0091-6749(18)31479-9/sref39


METHODS

Further exclusion criteria
Patients were excluded from participation in the COLUMBA study if they

had any of the following: severe or clinically significant cardiovascular disease

uncontrolled with standard treatment, increased liver function test results, any

current malignancy or previous history of cancer in remission for less than

12 months before screening, a positive hepatitis B surface antigen screen at

visit 1, or a parasitic infection within 6 months of visit 2. Pregnant women,

current smokers, and patients who received omalizumab treatment within the

past 130 days were also excluded.

Protocol-defined stopping criteria
Each of the following constituted a protocol-defined stopping criterion: the

safety profile for the patient was no longer positive in the opinion of the

investigator, the patient was withdrawn by their physician, the patient

withdrew consent, or mepolizumab became commercially available in the

relevant participating country.

AESIs
Within the mepolizumab clinical development program, AESIs include

systemic (allergic/hypersensitivity and nonallergic) reactions, local injection-

site reactions, infections (including serious and opportunistic infections),

malignancies, serious cardiac, vascular and thromboembolic events, and

serious ischemic events.

Cardiovascular events adjudicated by a Clinical

Endpoint Committee
The following cardiovascular events were sent for adjudication by a

Clinical Endpoint Committee: cerebrovascular events/stroke or transient

ischemic attack, congestive heart failure, deep venous thrombosis, myocardial

infarction/unstable angina, and peripheral arterial thrombosis embolism.

Definition of an exacerbation
An exacerbation was defined as a worsening of asthma that required

systemic corticosteroids, hospitalization, or an emergency department visit.

Systemic corticosteroids comprised oral or intravenous corticosteroids for 3 or

more days or a single intramuscular subcutaneous dose; for patients receiving

maintenance systemic corticosteroids, at least double the existing mainte-

nance dose was required for 3 or more days.

Participating countries
Argentina, Australia, Canada, Chile, France, Germany, Poland, Romania,

the Russian Federation, South Korea, Ukraine, the United Kingdom, and the

United States.
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FIG E1. Summary of on-treatment AEs occurring in more than 10% of patients (A) and on-treatment SAEs

occurring in more than 1 patient by age of asthma onset (as-treated population; B). *AEs were listed in line

with Fig 3. -, AEs that were not reported in these populations. �Respiratory tract infection encompasses all

AEs reported as (1) viral upper respiratory tract infection; (2) upper respiratory tract infection; (3) respiratory

tract infection; (4) lower respiratory tract infection; (5) respiratory tract infection, viral; (6) lower respiratory

tract infection, viral; and (7) upper respiratory tract infection, bacterial. �One patient with early-onset asthma

had a childhood history of epilepsy.
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TABLE E1. Summary of AEs leading to patient withdrawal

from the trial or permanent discontinuation of study drug

AE leading to patient withdrawal No. (%)

Any event 19 (5)

Asthma worsening 3 (<1)

Respiratory arrest 1 (<1)

Allergic rhinitis 1 (<1)

Sleep apnea syndrome 1 (<1)

Bundle branch block left 1 (<1)

Acute cardiac failure 1 (<1)

Myocardial infarction 1 (<1)

Stress myocardiopathy 1 (<1)

Injection-site reaction 1 (<1)

Peripheral edema 1 (<1)

Sudden death 1 (<1)

Breast cancer 1 (<1)

Breast cancer, stage I 1 (<1)

Prostate cancer 1 (<1)

Conjunctivitis 1 (<1)

Sinusitis 1 (<1)

Cerebral hemorrhage 1 (<1)

Dizziness 1 (<1)

Allergic conjunctivitis 1 (<1)

Hypersensitivity 1 (<1)

Alanine aminotransferase, increased level 1 (<1)

Aspartate aminotransferase, increased level 1 (<1)

Gamma-glutamyltransferase, increased level 1 (<1)

Obesity 1 (<1)

Atopic dermatitis 1 (<1)

More than 1 AE leading to withdrawal/discontinuation could be listed per patient.
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TABLE E2. Summary of on-treatment AEs* occurring in more

than 10% of patients and on-treatment SAEs occurring in

more than 1 patient by age of asthma onset (as-treated

population)

Early onset,

age <33 y (n 5 173)

Late onset,

age >_33 y (n 5 174)

On-treatment AEs, no. (%)

Any AE 162 (94%) 164 (94%)

Respiratory tract

infection�
113 (65%) 118 (68%)

Asthma worsening 49 (28%) 45 (26%)

Bronchitis 45 (26%) 28 (16%)

Headache 42 (24%) 57 (33%)

Sinusitis 28 (16%) 29 (17%)

Back pain 23 (13%) 40 (23%)

Injection-site reaction 22 (13%) 20 (11%)

Influenza 21 (12%) 23 (13%)

Arthralgia 20 (12%) 38 (22%)

Pain in extremity 15 (9%) 25 (14%)

On-treatment SAEs, no. (%)

Any SAE 42 (24%) 37 (21%)

Asthma worsening 18 (10%) 15 (9%)

Pneumonia 4 (2%) 2 (1%)

Cellulitis 1 (<1%) 1 (<1%)

Respiratory tract

infection�
- 3 (2%)

Bursitis - 2 (1%)

Intravertebral disc

protrusion

- 2 (1%)

Epilepsy� 1 (<1%) 1 (<1%)

Sciatica 1 (<1%) 1 (<1%)

Prostate cancer 1 (<1%) 1 (<1%)

Cholelithiasis 1 (<1%) 1 (<1%)

Data are presented as numbers (percentage).

-, AEs that were not reported in these populations.

*AEs were listed in line with Fig 3.

�Respiratory tract infection encompasses all AEs reported as (1) viral upper

respiratory tract infection; (2) upper respiratory tract infection; (3) respiratory tract

infectionl (4) lower respiratory tract infection; (5) respiratory tract infection, viral; (6)

lower respiratory tract infection, viral; and (7) upper respiratory tract infection,

bacterial.

�One patient with early-onset asthma had a childhood history of epilepsy.
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TABLE E3. Summary of the on-treatment AEs occurring in

more than 10% of patients and on-treatment SAEs occurring

in more than 1 patient by the presence of rhinosinusitis at

screening* (as-treated population)

Patients with

chronic

rhinosinusitis

at screening

(n 5 41)

Patients without

chronic

rhinosinusitis

at screening

(n 5 306)

On-treatment AEs, no. (%)

Respiratory tract infection� 32 (78%) 199 (65%)

Asthma worsening 13 (32%) 81 (26%)

Bronchitis 8 (20%) 65 (21%)

Headache 14 (34%) 85 (28%)

Sinusitis 19 (46%) 38 (12%)

Back pain 8 (20%) 55 (18%)

Injection-site reaction 8 (20%) 34 (11%)

Influenza 7 (17%) 37 (12%)

Arthralgia 10 (24%) 48 (16%)

Pain in extremity 3 (7%) 37 (12%)

On-treatment SAEs, no. (%)

Asthma worsening 3 (7%) 30 (10%)

Pneumonia 1 (2%) 5 (2%)

Cellulitis - 2 (<1%)

Respiratory tract infection� - 3 (<1%)

Bursitis 1 (2%) 1 (<1%)

Intravertebral disc protrusion - 2 (<1%)

Epilepsy� 1 (2%) 1 (<1%)

Sciatica - 2 (<1%)

Prostate cancer 1 (2%) 1 (<1%)

Cholelithiasis 1 (2%) 1 (<1%)

Data are presented as number (percentage).

-, AEs that were not reported in these populations.

*AEs were listed in line with Fig 3.

�Respiratory tract infection encompasses all AEs reported as (1) viral upper

respiratory tract infection; (2) upper respiratory tract infection; (3) respiratory tract

infection; (4) lower respiratory tract infection; (5) respiratory tract infection, viral; (6)

lower respiratory tract infection, viral; and (7) upper respiratory tract infection,

bacterial.

�One patient without chronic rhinosinusitis had a childhood history of epilepsy.
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TABLE E4. Overview of exacerbation rate per year across the DREAM and COLUMBA studies

Treatment period

Exacerbation rate/year

Placebo (n 5 77) Mepolizumab (n 5 270) Total (n 5 347)

Subjects with >_52 weeks of open-label data n 5 69 n 5 254 n 5 323

Pretreatment* 3.47

On treatment during DREAM� 2.03 1.17 1.35

Off treatment between DREAM and COLUMBA� 1.79

On treatment during COLUMBA§

Week 0–52§ 0.80

Subjects with >_104 weeks of open-label data n 5 62 n 5 240 n 5 302

Pretreatment* 3.48

On treatment during DREAM� 2.18 1.13 1.35

Off treatment between DREAM and COLUMBA� 1.66

On treatment during COLUMBA§

Week 0–52 0.74

Week >52–Week 104 0.82

Subjects with >_156 weeks of open-label data n 5 62 n 5 224 n 5 286

Pretreatment* 3.49

On treatment during DREAM� 2.18 1.07 1.31

Off treatment between DREAM and COLUMBA� 1.67

On treatment during COLUMBA§

Week 0–52 0.71

Week >52–Week 104 0.82

Week >104–Week 156 0.71

Subjects with >_208 weeks of open-label data n 5 39 n 5 131 n 5 170

Pretreatment* 3.17

On treatment during DREAM� 2.18 1.06 1.32

Off treatment between DREAM and COLUMBA� 1.62

On treatment during COLUMBA§

Week 0–52 0.79

Week >52–Week 104 0.90

Week >104–Week 156 0.70

Week >156–Week 208 0.80

*Twelve months before enrollment in the DREAM study.

�Weeks 0 to 52, double-blind phase of the DREAM study. Treatment included intravenously administered doses of mepolizumab (75, 250, and 750 mg) or placebo.

�Subjects were being treated with standard of care by investigators during this period.

§All subjects received open-label 100 mg of mepolizumab administered subcutaneously during the COLUMBA study in addition to standard of care.
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