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A bs tr ac t

Background

Exacerbations of asthma are associated with substantial morbidity and mortality 
and with considerable use of health care resources. Preventing exacerbations remains 
an important goal of therapy. There is evidence that eosinophilic inflammation of the 
airway is associated with the risk of exacerbations.

Methods

We conducted a randomized, double-blind, placebo-controlled, parallel-group study 
of 61 subjects who had refractory eosinophilic asthma and a history of recurrent 
severe exacerbations. Subjects received infusions of either mepolizumab, an anti–
interleukin-5 monoclonal antibody (29 subjects), or placebo (32) at monthly intervals 
for 1 year. The primary outcome measure was the number of severe exacerbations per 
subject during the 50-week treatment phase. Secondary outcomes included a change 
in asthma symptoms, scores on the Asthma Quality of Life Questionnaire (AQLQ, in 
which scores range from 1 to 7, with lower values indicating more severe impair-
ment and a change of 0.5 unit considered to be clinically important), forced expira-
tory volume in 1 second (FEV1) after use of a bronchodilator, airway hyperrespon-
siveness, and eosinophil counts in the blood and sputum.

Results

Mepolizumab was associated with significantly fewer severe exacerbations than pla-
cebo over the course of 50 weeks (2.0 vs. 3.4 mean exacerbations per subject; relative 
risk, 0.57; 95% confidence interval [CI], 0.32 to 0.92; P = 0.02) and with a significant 
improvement in the score on the AQLQ (mean increase from baseline, 0.55 vs. 0.19; 
mean difference between groups, 0.35; 95% CI, 0.08 to 0.62; P = 0.02). Mepolizumab 
significantly lowered eosinophil counts in the blood (P<0.001) and sputum (P = 0.002). 
There were no significant differences between the groups with respect to symp-
toms, FEV1 after bronchodilator use, or airway hyperresponsiveness. The only seri-
ous adverse events reported were hospitalizations for acute severe asthma.

Conclusions

Mepolizumab therapy reduces exacerbations and improves AQLQ scores in patients 
with refractory eosinophilic asthma. The results of our study suggest that eosino-
phils have a role as important effector cells in the pathogenesis of severe exacer-
bations of asthma in this patient population. (Current Controlled Trials number, 
ISRCTN75169762.)
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A sthma is a complex chronic inflam-
matory disorder of the bronchial tree. Per-
sons with asthma present with variable 

symptoms of cough, breathlessness, and wheez-
ing; these episodes may be punctuated by peri-
ods of more severe and sustained deterioration in 
control of symptoms — termed exacerbations — 
that necessitate emergency treatment. Exacerba-
tions are associated with substantial morbidity and 
mortality and with considerable health care costs.1

Exacerbations differ from day-to-day symptoms 
in that they respond poorly to usual inhaled 
therapy and are more closely linked to increased 
airway inflammation.2 The link to eosinophilic 
airway inflammation may be particularly impor-
tant, since infiltration of the airway mucosa with 
activated eosinophils is seen in postmortem ex-
aminations of patients who have died of acute 
severe asthma,3 and markers of eosinophilic air-
way inflammation increase well before the onset 
of exacerbations that are induced by the with-
drawal of corticosteroid treatment.4,5 Moreover, 
management strategies that control eosinophilic 
airway inflammation as well as the clinical mani-
festations of asthma are associated with a reduc-
tion in the frequency of exacerbations.6,7

A study of asthma therapy involving mepoliz
umab, a humanized monoclonal antibody against 
interleukin-5, offers the prospect of clarifying the 
role of eosinophils in exacerbations, since mepoliz
umab is a selective and effective inhibitor of eo-
sinophilic inflammation.8-11 Results of clinical 
trials of this agent among persons with asthma 
have been disappointing,9,11 although these stud-
ies have focused on outcome measures that are 
not closely associated with eosinophilic airway 
inflammation and have included populations that 
were selected on the basis of clinical and physi-
ological characteristics rather than the presence 
of eosinophilic airway inflammation.12

We tested the hypothesis that eosinophils are 
important in the pathogenesis of asthma exacer-
bations by studying the effect of treatment with 
mepolizumab for 12 months on the frequency of 
exacerbations among subjects who had refractory 
asthma and evidence of eosinophilic airway in-
flammation despite treatment with high doses of 
corticosteroids. Secondary aims included assess-
ments of the effects of treatment on airway in-
flammation, asthma symptoms, asthma-related 
quality of life, forced expiratory volume in 1 sec-

ond (FEV1), and, since chronic eosinophilic airway 
inflammation may be associated with airway re-
modeling,8 airway structure as assessed with the 
use of computed tomography (CT).

Me thods

Subjects

All subjects were older than 18 years of age and 
had a clinical diagnosis of asthma that was sup-
ported by one or more of the following criteria: 
variability in the maximum diurnal peak expira-
tory flow of more than 20% over the course of 14 
days, an increase in FEV1 of more than 15% after 
inhalation of 200 μg of albuterol, and a 20% re-
duction in FEV1 in response to a provocative con-
centration of inhaled methacholine (PC20) of less 
than 8 mg per milliliter. Subjects were recruited 
among patients attending a refractory-asthma 
clinic that provided secondary asthma care for a 
mixed urban and rural population of 1 million 
people and tertiary care for 4 million people. Pa-
tients who attend this clinic undergo a standard-
ized assessment, which includes a noninvasive 
assessment of airway inflammation every 2 to 4 
months by means of an analysis of induced-spu-
tum specimens. Inclusion criteria were a diagno-
sis of refractory asthma according to American 
Thoracic Society criteria,13 a sputum eosinophil 
percentage of more than 3% on at least one occa-
sion in the previous 2 years despite high-dose 
corticosteroid treatment, and at least two exacer-
bations requiring rescue prednisolone treatment 
in the previous 12 months. Additional criteria for 
inclusion were stable treatment requirements and 
an absence of exacerbations for more than 6 weeks 
before enrollment in the study. Exclusion criteria 
were current smoking, serologic evidence of a par-
asitic infection, a serious coexisting illness, the 
possibility of conception, and poor adherence to 
treatment.

All subjects provided written informed consent. 
The study protocol was approved by the local re-
search ethics committee and the United Kingdom 
Medicines and Healthcare Products Regulatory 
Agency.

Design of the Study

The study was a single-center, randomized, double-
blind, placebo-controlled, parallel-group clinical 
trial conducted from April 2006 through August 
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2008. The funding organization (GlaxoSmithKline) 
supplied the study drug and placebo but had no 
role in the accrual or analysis of the data. Repre-
sentatives of the funding organization contributed 
to the study design and to the preparation of the 
manuscript. The academic authors made the de-
cision to submit the manuscript for publication 
and vouch for the accuracy and integrity of the 
contents.

The study measurements are described in the 
Supplementary Appendix (available with the full 
text of this article at NEJM.org), and the protocol 
is summarized in Figure 1 in the Supplementary 
Appendix. At a baseline visit, information on de-
mographic characteristics was collected from all 
subjects, and spirometry was performed before 
and after use of a bronchodilator. Regular treat-
ment was kept constant from this time until 
completion of the study. After a 2-week run-in 
period, baseline PC20 was measured; a day later, 
the fraction of exhaled nitric oxide (FeNO) was 
measured, symptoms were assessed, and the 
Asthma Quality of Life Questionnaire (AQLQ) was 
administered. Symptoms were assessed with the 
use of three 100-mm visual-analogue scales — 
one assessing cough, one assessing breathlessness, 
and one assessing wheezing — each of which 
had “no symptoms” at one end and “the worst 
symptoms ever” at the other end, and with the 
use of the modified Juniper Asthma Control Ques-
tionnaire (JACQ), which assesses daytime and 
nighttime symptoms and activity limitation on 
the basis of five questions that are scored on a 
scale of 0 to 6, with lower numbers representing 
better control of symptoms.14 Quality of life was 
assessed with the use of the AQLQ, a question-
naire comprising 32 items, each of which is scored 
on a scale of 1 to 7, with higher scores indicating 
better asthma-related quality of life.15 The items 
are grouped into four domains, and the reported 
score is the mean of responses across the four 
domains. The minimal clinically important change 
in the JACQ and AQLQ scores is 0.5.14 

To assess both the responsiveness of symp-
toms, FeNO, and FEV1 to treatment with oral 
corticosteroids and the way in which the respon-
siveness was influenced by mepolizumab thera-
py, subjects were treated with oral prednisolone 
for 2 weeks at a dose of 0.5 mg per kilogram of 
body weight per day, with a maximum dose of 
40 mg per day, at the beginning and end of the 

study. For the subgroup of participants who con-
sented to have a bronchoscopic examination, the 
procedure was performed before treatment with 
prednisolone. At visit 3, after completing the 
2-week course of prednisolone and before receiv-
ing the first study treatment, subjects underwent 
a further assessment of symptom scores, measure-
ment of FeNO, and spirometry before and after 
bronchodilator use, as well as CT scanning in the 
subgroup of patients who provided consent for 
this assessment.

Subjects were randomly assigned with the use 
of the minimization method (Table 1) to receive 
12 infusions of either 750 mg of mepolizumab 
delivered intravenously or matched placebo (150 
ml of 0.9% saline) at monthly intervals between 
visits 3 and 14. The criteria used for minimization 
were the frequency of exacerbations in the previ-
ous 12 months, the baseline eosinophil count in 
the sputum, and the number of subjects taking 
oral corticosteroids. FeNO, spirometry before and 
after use of a bronchodilator, and symptom scores 
were recorded at each visit; the AQLQ was admin-
istered at visits 5, 8, 11, and 14; and PC20 was 
measured the day before visits 8 and 14. The 
treatment phase ended 2 weeks after visit 14 — 
that is, 50 weeks after treatment was started. At 
this time, bronchoscopy was performed in subjects 
who consented to the procedure, and all subjects 
were given an additional 2-week course of oral 
prednisolone. After the course of oral predniso-
lone was completed, FeNO and symptom scores 
were assessed, and spirometry and, in the sub-
group of patients who provided consent, CT scan-
ning were performed.

Exacerbations during the treatment phase of 
the study were managed in accordance with stan-
dard clinical guidelines.16 Subjects who initiated 
treatment at home did so with guidance from 
their personalized management plan. In all cases, 
subjects were instructed to seek medical advice 
as soon as possible after starting therapy. Oral 
prednisolone therapy was prescribed at a dose of 
0.5 mg per kilogram per day, with a maximum 
dose of 40 mg per day. Decisions about whether 
to use adjunctive therapy such as antibiotics and 
about the need for hospitalization were made by 
the study physician or the subject’s general prac-
titioner. For subjects who were assessed by the 
study team within 72 hours after an exacerbation, 
assessments included symptom scores, FeNO, peak 
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Table 1. Baseline Characteristics of Subjects in the Intention-to-Treat Population.* 

Characteristic
Mepolizumab 

(N = 29)
Placebo  
(N = 32) P Value†

Sex (no. of subjects) 0.80

Male 14 18

Female 15 14

Age (yr) 0.34

Mean 48 50

Range 21–63 24–72

Age at onset of symptoms (yr) 0.99

Mean 26 26

Range 2–53 2–57

Body-mass index‡ 29.4±7.3 29.2±5.9 0.92

Positive atopic status (% of subjects)§ 67.9 68.8 0.78

Total IgE (U/ml)¶ 177.8±2.47 195±2.64 0.75

Presence of nasal polyps (% of subjects) 34.4 31.2 0.59

Severe exacerbations per subject in previous year (no.)‖ 5.5 5 0.71

Previous admission to the intensive care unit for asthma  
(% of subjects) 

27.5 31.3 0.78

PC20 (mg/ml)¶ 0.6±1.24 (N = 16) 1.1±1.1 (N = 18) 0.38

FEV1 after bronchodilator use (% of predicted value) 78.1±20.9 77.6±24.1 0.93

FEV1:FVC ratio (%) 72.2±9.6 67.7±13.5 0.15

Improvement in FEV1 after bronchodilator use (%) 9.1±14.2 7.0±13.1 0.57

Eosinophil count in sputum (%)¶‖ 6.84±0.64 5.46±0.75 0.60

Eosinophil count in blood (×10−9/liter)¶ 0.32±0.38 0.35±0.30 0.57

FeNO (ppb)¶** 44.4±0.40 35.5±0.40 0.31

Score on modified Juniper Asthma Control Questionnaire 1.98±1.07 2.38±1.35 0.28

Score on Asthma Quality of Life Questionnaire 4.72±1.26 4.84±1.13 0.71

Dose of inhaled corticosteroid — beclomethasone dipropionate–
equivalent (μg)††

0.03

Daily dose 2038 1711

Range 1000–4000 1000–4000

Use of long-acting beta-agonists (% of subjects) 92.9 90.6 0.99

Use of oral prednisolone‖

Regular use (% of subjects) 57.1 53.1 0.80

Daily maintenance dose (mg) 0.72

Mean 9 10

Range 5–20 2–40

Use of montelukast (% of subjects) 21.4 25 0.76

Use of methotrexate for asthma (no. of subjects) 0 2 0.49

*		  Plus–minus values are means ±SD unless otherwise stated. FeNO denotes the fraction of nitric oxide in exhaled air, 
FEV1 forced expiratory volume in 1 second, FVC forced vital capacity, and PC20 the provocative concentration of in-
haled methacholine required to lower the FEV1 by 20%.

†		 P values were calculated with the use of a two-sided independent t-test for variables with a parametric distribution, 
Fisher’s exact test for comparison of proportions, and the Mann–Whitney U test for comparison of nonparametric 
variables.

‡		 The body-mass index is the weight in kilograms divided by the square of the height in meters.
§		  Positive atopic status was defined as a positive skin test for any of four specified aeroallergens (for details, see the 

Supplementary Appendix).
¶		 Values are geometric means ±log10 SD.
‖		 This variable was used for stratifying randomization with use of the minimization method, which was performed by 

an independent clinician.
**	 FeNO was measured at a flow of 50 ml per second (for details, see the Supplementary Appendix).
††	The doses of all inhaled corticosteroids were converted to the equivalent dose of beclomethasone dipropionate.
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expiratory flow, and spirometry performed be-
fore and after use of a bronchodilator. In addi-
tion, sputum samples were obtained for cell 
counts and microbial analysis.

Because of the expected anti-eosinophil effects 
of mepolizumab, results of FeNO measurements, 
sputum analyses, and leukocyte differential counts 
that were obtained during scheduled and un-
scheduled visits were not disclosed to investiga-
tors. Exacerbations requiring hospitalization were 
managed by the admitting clinical team, whose 
members were unaware of the treatment assign-
ments and of the results of the measurements of 
inflammatory factors.

Safety Assessment

Safety was assessed on the basis of laboratory 
tests, physical examinations, measurement of vi-
tal signs both before and after infusion, and ad-
verse-event reports. Serious adverse events were 
also reported to GlaxoSmithKline as part of their 
ongoing collection of data.

Statistical Analysis

The primary outcome measure of the study was the 
number of severe exacerbations of asthma per 
subject; exacerbations were defined as periods of 
deterioration in asthma control in subjects who 
had been treated with high-dose oral predniso-
lone for at least 5 days.14 Exacerbations that oc-
curred in the 50 weeks between the completion 
of the first treatment visit and 2 weeks after the 
final treatment visit were included in the analy-
sis. A recurrence of asthma symptoms shortly 
after completion of a course of prednisolone was 
recorded as a separate exacerbation if baseline 
control of symptoms had been restored for a pe-
riod of at least 5 days. Secondary outcome mea-
sures were changes in eosinophil values in blood 
and sputum samples, FeNO, FEV1 (percent of the 
predicted value) after bronchodilator use, PC20, 
AQLQ score, symptom scores, CT assessment of 
airway-wall geometry, and bronchoscopic assess-
ment of eosinophilic airway inflammation.

All subjects who completed at least one treat-
ment visit were included in an intention-to-treat 
analysis of the primary outcome. In the case of 
subjects who withdrew from the study, the ad-
justed number of exacerbations was calculated 
with the use of the following equation: recorded  
number of exacerbations + [(visits remaining ÷ 
total visits) × mean exacerbation frequency in the 

study group]. Exacerbation frequency was calcu-
lated and compared between the study groups with 
the use of a negative binomial model and verified 
with the Mann–Whitney U test, as previously de-
scribed.17 In a study of a similar cohort,6 the mean 
(±SD) number of exacerbations was 3.2±2.1 per 
subject per year. Assuming a mean of two exac-
erbations per subject per year, we needed to in-
clude 60 subjects in order to have 80% power to 
detect a 50% reduction in exacerbation frequency. 
Secondary-outcome values were log-transformed 
where appropriate. Between-group and within-
group comparisons were made for the mean 
change between baseline values and the mean or 
geometric mean of the posttreatment values with 
the use of unpaired and paired t-tests, respectively, 
for parametric distributions and the Mann–Whit-
ney U test for nonparametric distributions. Pro-
portions were compared with the use of Fisher’s 
exact test. Statistical software packages used for 
various analyses included SPSS, version 13 (SPSS), 
Stata, version 7 (Stata), and GraphPad Prism, ver-
sion 4 (GraphPad Software).

R esult s

Enrollment and Baseline Characteristics

Figure 1 shows the numbers of subjects who were 
screened, enrolled, and randomly assigned to a 
study group and who completed the study. A to-
tal of 61 of the 63 subjects who were screened 
started treatment and constituted the modified 
intention-to-treat population. Thirty-two subjects 
were randomly assigned to receive placebo. Over-
all, 94.9% of treatment visits were completed. Sub-
jects who withdrew completed a mean of 4.6 treat-
ment visits (38.3%). Subjects in the two groups 
were well matched with respect to baseline char-
acteristics (Table 1).

Efficacy
Frequency of Severe Exacerbations
The median treatment period was 348 days in the 
mepolizumab group and 340 days in the placebo 
group (P = 0.30). During this period, a total of 57 
exacerbations occurred in the group of subjects 
who were assigned to receive mepolizumab and 
109 in the group assigned to receive placebo (Fig. 
2A). The mean number of severe exacerbations 
per subject was 2.0 in the mepolizumab group, 
as compared with 3.4 in the placebo group (rela-
tive risk, 0.57; 95% confidence interval [CI], 0.32 
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61 Underwent randomization

63 Were assessed for eligibility

47 Were not screened
27 Declined
16 Did not respond
1 Had recurrent exacerbations

at run-in
1 Did not attend screening
1 Had poor compliance
1 Agreed after recruitment

completed

2 Were withdrawn before treatment
1 Required operation
1 Withdrew consent

32 Were assigned to receive
placebo

449 Subjects were in refractory-
asthma database

29 Were assigned to receive
mepolizumab

3 Withdrew owing to personal
reasons (unrelated to asthma

or adverse effects)

149 Were potentially eligible

2 Were withdrawn during
treatment phase

1 Had adverse drug 
reaction

1 Was unable to perform
study tests

29 Subjects completed all visits

110 Subjects were approached

27 Subjects completed all visits
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Figure 1. Numbers of Patients Who Were Screened, Enrolled, and Assigned to a Study Group and Who Completed 
the Study.

All subjects were recruited from a database of patients who were attending our refractory-asthma clinic. Of the 449 
persons in the database, 52.3% had a history of sputum eosinophilia of more than 3% on at least one occasion in 
the previous 2 years, and 63.4% of these patients had been treated with two or more courses of oral corticosteroid 
therapy in the previous 12 months.
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to 0.92; P = 0.02) (Fig. 2A and 2B). The difference 
in the number of exacerbations remained signif-
icant with nonparameteric analysis (P = 0.04). 
Thirty-one percent of the subjects in the mepo
lizumab group had no exacerbations during the 
study period, as compared with 16% in the pla-
cebo group (P = 0.23) (Fig. 2B). The mean duration 
of prednisolone therapy per exacerbation was sim-
ilar in the two groups (10.9 days in the mepoli-
zumab group and 11.7 days in the placebo group, 
P = 0.31). There were three hospital admissions 
for exacerbations of asthma in the mepolizumab 
group, as compared with 11 admissions in the 
placebo group (P = 0.07). The total number of days 
in the hospital was significantly less for the sub-
jects receiving mepolizumab treatment than for 
those receiving placebo (12 days vs. 48 days, 
P<0.001).

Treatment for an exacerbation was initiated 
by the subject in 20% of the cases, by the primary 
care physician or a physician at a hospital other 
than the study site in 25%, and by the study team 
in 55%. In the 77% of cases in which exacerba-
tions were assessed within 72 hours after the 
initiation of prednisolone therapy, there were no 
significant differences between the groups in peak 
expiratory flow, FEV1 before and after broncho-
dilator use, symptom scores, or rescue broncho-
dilator use. Sputum samples were obtained from 
patients during 61% of the exacerbations. The geo-
metric mean eosinophil percentage in the sputum 
during an exacerbation was significantly lower in 
the mepolizumab group than in the placebo group 
(1.5% vs. 4.4%), with the values differing by a fac-
tor of 2.9 (95% CI, 1.4 to 6.1; P = 0.005), but the 
mean total neutrophil count in the sputum did 
not differ significantly between the two groups 
(3846 cells per milligram of sputum in the mepoli-
zumab group and 4122 cells per milligram in the 
placebo group, P = 0.80). The eosinophil percent-
age in the sputum was higher than 3% in 59% of 
the episodes in the placebo group and in 36% of 
the episodes in the mepolizumab group (P = 0.04).

Inflammatory Markers
Mepolizumab therapy was associated with signifi-
cant between-group and within-group reductions 
in eosinophil counts in both blood and sputum 
(Fig. 3A). The geometric mean of eosinophil counts 
in the blood during the treatment phase, as com-
pared with the baseline value, was reduced by a 

factor of 6.6 in the mepolizumab group and by a 
factor of 1.1 in the placebo group, with the 
changes from baseline differing between the 
groups by a factor of 6.1 (95% CI, 4.1 to 8.9; 
P<0.001). Sputum induction at 90% of visits re-
sulted in cytospin preparations that could be as-
sessed for eosinophil counts. The geometric mean 
eosinophil count in the sputum was reduced by a 
factor of 7.1 in the mepolizumab group and by a 

22p3

120

100

C
um

ul
at

iv
e 

N
o.

 o
f E

xa
ce

rb
at

io
ns

80

60

40

20

0
Start of

Treatment
7654321 8 9 10 11 12

Placebo

Mepolizumab

Month

AUTHOR:

FIGURE:

JOB:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st

2nd
3rd

Haldar (Pavord)

2 of 3

03-05-09

ARTIST: ts

36010 ISSUE:

10
N

o.
 o

f S
ub

je
ct

s

8

6

4

2

0

9

7

5

3

1

0 7654321 8 9

No. of Exacerbations

A

B
Placebo Mepolizumab

4

14

25

34

47

58

69

79
85

97

108 109

13

21
27

36
40

44
49

55 57

33

73

Figure 2. Severe Exacerbations during the Course of the Study.

Panel A shows the cumulative number of severe exacerbations that oc-
curred in each study group over the course of 50 weeks. Panel B shows the 
distribution of the number of exacerbations among subjects in each study 
group during the treatment period of the study. The mean number of exac-
erbations per subject over the course of the 50-week treatment period was 
2.0 in the mepolizumab group, as compared with 3.4 in the placebo group 
(relative risk, 0.57; 95% confidence interval, 0.32 to 0.92; P = 0.02).
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factor of 1.9 in the placebo group, with the chang-
es from baseline differing between the groups by 
a factor of 3.7 (95% CI, 1.6 to 8.4; P = 0.002). 
There were no significant between-group differ-
ences in the change in FeNO (P = 0.29) or the total 
neutrophil count in the sputum (P = 0.68) (Fig. 3A, 
and Table 1 in the Supplementary Appendix).

Paired bronchial-biopsy specimens (specimens 
obtained before and after the study treatment) 
were available for 14 subjects (of whom 9 were 
in the mepolizumab group), paired bronchoalve-
olar-lavage specimens for 11 subjects (8 in the 
mepolizumab group), and paired bronchial-wash 
specimens for 10 subjects (7 in the mepolizumab 
group). Changes in eosinophil counts after infu-
sions of mepolizumab, as compared with chang-
es after placebo infusions, were reduced by a 
factor of 2.1 (95% CI, 0.6 to 68.1; P = 0.68) in 
bronchial-biopsy specimens, by a factor of 8.2 
(95% CI, 0.9 to 75.4; P = 0.06) in bronchoalveolar-
lavage specimens, and by a factor of 16.0 (95% CI, 
1.8 to 140; P = 0.02) in bronchial-wash specimens 
(see Table 1 and Fig. 2 in the Supplementary 
Appendix).

Other Outcomes
There were no significant differences between the 
groups in the change from baseline symptom 
scores, whether they were assessed with the use 
of visual-analogue scales or JACQ (Fig. 3B, and Ta-
ble 1 in the Supplementary Appendix). The mean 
improvement in the AQLQ score was 0.55 in the 
mepolizumab group, as compared with 0.19 in 
the placebo group (mean difference between the 
groups, 0.35; 95% CI, 0.08 to 0.63; P = 0.02) (Fig. 
3A). There were no significant between-group dif-
ferences in changes from baseline values for FEV1 
after bronchodilator use or PC20 (Fig. 3B, and Ta-
ble 1 in the Supplementary Appendix).

There were no significant between-group dif-
ferences in the changes in FEV1 or symptom scores 
after prednisolone treatment given at the end of 
the study period, as compared with prednisolone 
given at the beginning of the study period (Fig. 
3B, and Table 2 in the Supplementary Appendix). 
Nine subjects who were assigned to the mepoliz
umab group had more than a 0.5-point decrease 
in JACQ scores after the 2-week course of pred-
nisolone that was given before the initiation of 
mepolizumab therapy. These subjects had a simi-
lar within-group decrease in JACQ scores after 
the prednisolone treatment that was given at the 

end of the study (mean reduction, 1.2 points be-
fore mepolizumab therapy and 0.9 points after-
ward; mean difference, −0.3; 95% CI, −1.0 to 0.4; 
P = 0.32).

CT scans were obtained before and after the 
treatment phase of the study in 26 patients in each 
group. The results of all CT assessments are shown 
in Figure 3 and Table 1 in the Supplementary Ap-
pendix. There was a significant between-group 
difference in the change from baseline for air-
way wall area  (mean between-group difference, 
1.1 mm2 per square meter of body-surface area; 
95% CI, 0.2 to 2.1; P = 0.02) and in the change in 
total area (mean between-group difference, 1.5 
mm2 per square meter; 95% CI, 0.2 to 2.8; 
P = 0.03).

Figure 3 (facing page). Comparison of Secondary  
Outcomes between Study Groups.

Panel A shows geometric mean (log10 SE) eosinophil 
counts in blood and sputum specimens, the provoca-
tive concentration of methacholine required to cause a 
20% fall in FEV1 (PC20), and mean scores on the Asth-
ma Quality of Life Questionnaire (AQLQ). The AQLQ 
comprises 32 items, each of which is scored on a 
scale of 1 to 7, with higher scores indicating better 
asthma-related quality of life. The items are grouped 
into four domains, and the reported score is the mean 
of responses across the four domains. Longitudinal 
data on PC20 were available for 16 and 18 subjects in 
the mepolizumab and placebo groups, respectively. 
Panel B shows mean symptom scores, the forced expi-
ratory volume in 1 second (FEV1) after bronchodilator 
use, and the geometric mean (log10 SE) fraction of ex-
haled nitric oxide at an expiratory flow of 50 ml per 
second (FeNO) before, during, and after the treatment 
phase of the study. The score on the modified Juniper 
Asthma Control Questionnaire (JACQ) represents the 
mean of responses to five questions about daytime 
and nighttime symptoms and limitation of activities, 
with each response scored on a scale of 0 to 6; higher 
scores represent worse symptoms. The mean visual-
analogue score represents the total scores divided by 
3 for cough, wheezing, and breathlessness, each of 
which was assessed on a 100-mm scale, with “no 
symptoms” at one end and “the worst symptoms 
ever” at the other end. Higher scores indicate worse 
symptoms. These factors were evaluated before and 
after administration of 0.5 mg of prednisolone per ki-
logram per day, with a maximum dose of 40 mg per 
day, for 14 days, at the beginning and end of the treat-
ment phase. The purple bars represent the 2-week 
course of prednisolone therapy. P values are for the 
mean difference between the groups for the change 
from baseline to the mean or geometric mean of the 
post-treatment values. Further details are given in Ta-
bles 1 and 2 in the Supplementary Appendix. The term 
ppb denotes parts per billion.
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At the completion of the study, subjects were 
asked to guess their treatment assignment. Forty-
five percent of the subjects were unsure of their 
treatment assignment, 36% guessed correctly, and 
19% guessed incorrectly. There was no significant 
difference between the study groups in the propor-
tions of patients choosing each response (P = 0.42).

Safety

Intravenous mepolizumab had an acceptable ad-
verse-event and side-effect profile throughout the 
12 months of treatment. The only serious adverse 
events reported were hospitalizations for acute 
severe asthma (Table 2). No local effects of infu-
sion were observed. One subject was withdrawn 
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from the study because of a transient maculopap-
ular rash that developed 24 hours after the first 
infusion of mepolizumab.

Discussion

We found that mepolizumab treatment significant-
ly reduced the number of asthma exacerbations 
that resulted in the prescription of corticosteroid 
therapy and increased asthma-related quality of 
life in subjects who had refractory eosinophilic 
asthma and a history of recurrent exacerbations. 
There was no significant improvement in symp-
toms or in FEV1, measures that are commonly used 
for quantifying asthma control. Treatment effec-
tively lowered eosinophil counts in the blood and 

sputum and was well tolerated over the course of 
the 12-month study period.

Previous studies of mepolizumab treatment in 
patients with less severe asthma have been too 
short to evaluate the effect of treatment on the 
frequency of exacerbations, although the largest 
study to date, like ours, showed a reduction in 
severe exacerbations, which approached signifi-
cance.9 The lack of effect of mepolizumab on 
symptoms, FEV1, and airway responsiveness in our 
study is also consistent with the results of previ-
ous studies.8-11 Treatment had a larger effect on 
eosinophil numbers in blood and sputum samples 
than on those in biopsy specimens, findings that 
are consistent with earlier work,10 although spu-
tum eosinophilia was present in 36% of the ex-
acerbations, despite mepolizumab therapy. Further 
studies are required to investigate the mechanisms 
underlying heterogeneity in the biologic response 
to mepolizumab and the relative resistance of eo-
sinophils in tissue to anti–interleukin-5.

We have previously shown that the main effect 
of a management strategy that suppresses eosino-
philic airway inflammation is a reduction in the 
frequency of exacerbations and have suggested a 
causal link between eosinophilic airway inflam-
mation and exacerbations.6 This view is strongly 
supported by the results of the current study, 
since mepolizumab is a selective inhibitor of 
eosinophilic airway inflammation.

Mepolizumab treatment had no effect on 
asthma symptoms, FeNO, or lung function, al-
though these measures did improve in some sub-
jects after prednisolone treatment, even when the 
prednisolone was administered after mepolizum-
ab treatment, when eosinophilic airway inflam-
mation was suppressed. This finding suggests 
that symptoms, FeNO, and lung function can be 
disassociated from eosinophilic inflammation 
and are improved with corticosteroid treatment 
through another mechanism. Modulation of the 
interaction between airway smooth muscle and 
infiltrating mast cells18 is a possible explanation 
for the effect of prednisolone on lung function 
and symptoms. The absence of an association be-
tween the risk of exacerbations and eosinophilic 
airway inflammation, on the one hand, and lung 
function and day-to-day clinical manifestations 
of asthma, on the other, has important implica-
tions for the way asthma is managed and assessed 
in patients with refractory asthma. Our study 
showed a small but significant improvement in 

Table 2. Reported Adverse Events during the 50-Week Treatment Phase  
of the Study.

Event
Mepolizumab 

(N = 29)
Placebo 
(N = 32)

no. of patients (%)

Serious adverse event

Hospitalization for asthma 3 (10) 11 (34)

Adverse event

Chest pain 1 (3) 0

Facial flushing 2 (7) 1 (3)

Erectile or ejaculatory dysfunction 2 (7) 0

Rash 2 (7) 4 (12)

Pruritus 2 (7) 0

Subconjunctival hemorrhage 0 1 (3)

Conjunctivitis 1 (3) 1 (3)

Upper respiratory tract infection 1 (3) 4 (12)

Shingles 1 (3) 0

Fatigue 2 (7) 1 (3)

Night sweats 0 1 (3)

Nasal ulcer 0 1 (3)

Nasal polypectomy (elective) 0 1 (3)

Musculoskeletal pain 1 (3) 2 (6)

Gout 0 1 (3)

Delayed wound healing 0 1 (3)

Paresthesia of the hands 1 (3) 0

Loss of taste 0 1 (3)

Abdominal pain 0 1 (3)

Diarrhea 0 1 (3)

Syncope 0 1 (3)

Dizziness 1 (3) 0
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asthma-related quality of life with mepolizumab 
therapy, perhaps reflecting the value to patients 
of the prevention of exacerbations.

We found that airway-wall thickness and to-
tal wall area, as measured by CT, were reduced 
in subjects who were treated with mepolizumab 
as compared with those who were given placebo. 
The CT scans were obtained after a 2-week course 
of prednisolone and after administration of bron-
chodilators, so the findings are unlikely to be 
confounded by bronchomotor tone and acute 
airway inflammation. Whether the changes in 
airway-wall dimensions translate into important 
long-term clinical effects requires further inves-
tigation.

The therapeutic effect that was seen with me-
polizumab treatment shows how we can learn 
more about the pathogenesis of different airway 
responses by studying selective inhibitors of in-
flammation. The patients who were included in 
this study had refractory eosinophilic asthma de-
spite maximum tolerated therapy, which in many 
cases included regular use of oral corticosteroids. 
Their asthma resembled the exacerbation-prone 
phenotype of severe asthma, as described by 
Moore et al.,19 and the phenotype of asthma with 
predominant eosinophilic inflammation, which 
we have described.20 Our results should not be 
extrapolated beyond the highly selected group of 
patients we recruited for this study. However, 
further clinical trials should be performed to 

establish more clearly the risks and benefits of 
mepolizumab treatment in a wider population of 
patients. Many patients with fluctuating respira-
tory symptoms and eosinophilic airway inflamma-
tion do not meet current criteria for a diagnosis of 
asthma,18,21-23 and we have previously argued that 
new ways of classifying airway disease are need-
ed to allow proper evaluation of new therapies.24 
Investigators planning future trials should be 
mindful of disease characteristics that suggest 
a response to therapy and should include patients 
with airway disease and eosinophilic airway in-
flammation rather than only those who meet ar-
bitrary physiological criteria.
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