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A bs tr ac t

Background

Some patients with severe asthma have frequent exacerbations associated with per-
sistent eosinophilic inflammation despite continuous treatment with high-dose 
inhaled glucocorticoids with or without oral glucocorticoids.

Methods

In this randomized, double-blind, double-dummy study, we assigned 576 patients 
with recurrent asthma exacerbations and evidence of eosinophilic inflammation 
despite high doses of inhaled glucocorticoids to one of three study groups. Patients 
were assigned to receive mepolizumab, a humanized monoclonal antibody against 
interleukin-5, which was administered as either a 75-mg intravenous dose or a 100-mg 
subcutaneous dose, or placebo every 4 weeks for 32 weeks. The primary outcome 
was the rate of exacerbations. Other outcomes included the forced expiratory volume 
in 1 second (FEV1) and scores on the St. George’s Respiratory Questionnaire (SGRQ) 
and the 5-item Asthma Control Questionnaire (ACQ-5). Safety was also assessed.

Results

The rate of exacerbations was reduced by 47% (95% confidence interval [CI], 29 to 61) 
among patients receiving intravenous mepolizumab and by 53% (95% CI, 37 to 65) 
among those receiving subcutaneous mepolizumab, as compared with those receiv-
ing placebo (P<0.001 for both comparisons). Exacerbations necessitating an emer-
gency department visit or hospitalization were reduced by 32% in the group receiv-
ing intravenous mepolizumab and by 61% in the group receiving subcutaneous 
mepolizumab. At week 32, the mean increase from baseline in FEV1 was 100 ml 
greater in patients receiving intravenous mepolizumab than in those receiving pla-
cebo (P = 0.02) and 98 ml greater in patients receiving subcutaneous mepolizumab 
than in those receiving placebo (P=0.03). The improvement from baseline in the 
SGRQ score was 6.4 points and 7.0 points greater in the intravenous and subcutane-
ous mepolizumab groups, respectively, than in the placebo group (minimal clinically 
important change, 4 points), and the improvement in the ACQ-5 score was 0.42 points 
and 0.44 points greater in the two mepolizumab groups, respectively, than in the 
placebo group (minimal clinically important change, 0.5 points) (P<0.001 for all 
comparisons). The safety profile of mepolizumab was similar to that of placebo.

Conclusions

Mepolizumab administered either intravenously or subcutaneously significantly 
reduced asthma exacerbations and was associated with improvements in markers 
of asthma control. (Funded by GlaxoSmithKline; MENSA ClinicalTrials.gov num-
ber, NCT01691521.)
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Severe asthma affects less than 10% 
of patients with asthma and is associated 
with substantial morbidity and mortality and 

a large fraction of the health care costs among 
patients with asthma.1-3 Despite available care, 
recurrent asthma exacerbations are a major issue 
in a subgroup of patients with eosinophilic airway 
inflammation.4-6 Mepolizumab, a humanized 
monoclonal antibody against interleukin-5, se-
lectively inhibits eosinophilic inflammation7,8 and 
reduces the number of eosinophils in both spu-
tum and blood, resulting in a reduction in exac-
erbations and in the need for treatment with sys-
temic glucocorticoids.7-12 In the Dose Ranging 
Efficacy and Safety with Mepolizumab (DREAM) 
study13 of intravenous mepolizumab, investiga-
tors defined key phenotypic characteristics of the 
target population that were associated with a re-
sponse to treatment with mepolizumab. In our 
study, called Mepolizumab as Adjunctive Therapy 
in Patients with Severe Asthma (MENSA), we used 
these key characteristics (i.e., blood eosinophil 
count, number of previous exacerbations, and dose 
of inhaled glucocorticoids) to identify eligible pa-
tients in a placebo-controlled comparison of sub-
cutaneous and intravenous administration of me-
polizumab. We sought to determine whether the 
use of anti–interleukin-5 therapy would mitigate 
the requirement for frequent glucocorticoid use 
in patients with severe asthma, most of whom did 
not yet require glucocorticoids on a daily basis. In 
another article in the Journal, Bel and colleagues14 
report the results of a study in which they inves-
tigated whether the neutralization of interleu-
kin-5 allows for reductions in the dose of oral 
glucocorticoids in patients who require long-term 
daily use.

Me thods

Study Design and Oversight

The MENSA study was a multicenter, randomized, 
double-blind, double-dummy, phase 3, placebo-
controlled trial that was conducted from October 
2012 through January 2014. The study consisted 
of a run-in period of 1 to 6 weeks, which was fol-
lowed by a 32-week treatment phase and a follow-
up 8-week safety phase (Fig. 1A).

The protocol, which is available with the full 
text of this article at NEJM.org, was developed by 
the sponsor, GlaxoSmithKline. The first draft of 
the manuscript was written by the first author, an 
employee of GlaxoSmithKline; editorial support 

funded by GlaxoSmithKline was provided by 
Gardiner-Caldwell Communications. Data were 
collected by the investigators and analyzed by 
employees of the sponsor. All the authors vouch 
for the accuracy and completeness of the data, the 
statistical analysis, and the fidelity of the study 
to the protocol. The protocol was approved by lo-
cal or national research ethics committees.

Patients 

The study patients were between 12 and 82 years 
of age. All enrolled patients were required to 
have received a clinical diagnosis of asthma by a 
physician and to have a forced expiratory volume 
in 1 second (FEV1) of less than 80% of the pre-
dicted value (in the case of adults) or an FEV1 of 
less than 90% of the predicted value or a ratio of 
the FEV1 to the forced vital capacity (FVC) of less 
than 0.8 (in the case of adolescents under the age 
of 18 years). In addition, patients were required 
to have one or more of the following three test 
results: FEV1 reversibility of more than 12%, pos-
itive results on methacholine or mannitol chal-
lenge at visit 1 or 2 or during the previous year, 
and FEV1 variability (≥20%) between two clinic 
visits in the past 12 months. All patients had to 
have had at least two asthma exacerbations in the 
previous year that were treated with systemic glu-
cocorticoids while they were receiving treatment 
with at least 880 μg of fluticasone propionate or 
the equivalent by inhalation per day and at least 
3 months of treatment with an additional control-
ler. In addition, all patients had to have an eosino-
phil count of at least 150 cells per microliter in the 
peripheral blood at screening or at least 300 cells 
per microliter at some time during the previous 
year. Patients were allowed to continue their cur-
rent antiasthma therapy throughout the study. All 
patients provided written informed consent.

Study Interventions

Patients were randomly assigned to receive me-
polizumab, which was administered as either a 
75-mg intravenous dose or a 100-mg subcutane-
ous dose, or placebo every 4 weeks for 32 weeks 
(Fig. 1A). Randomization was performed with the 
use of a centralized computer-generated, permut-
ed-block schedule. The study drugs were prepared 
by staff members who were aware of the study-
group assignments but were not involved in study 
assessments. Mepolizumab and placebo were iden-
tical in appearance and were administered by a 
staff member who was unaware of the study-
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group assignments. Details regarding study mea-
surements and procedures are provided in the 
Supplementary Appendix, available at NEJM.org.

Primary Outcome

The primary outcome was the annualized frequen-
cy of clinically significant exacerbations, which 
were defined as worsening of asthma such that 
the treating physician elected to administer sys-
temic glucocorticoids for at least 3 days or the 
patient visited an emergency department or was 
hospitalized.15 Exacerbations were confirmed by 
objective changes that patients recorded daily in 
an electronic diary (eDiary, PHT).

Study Measurements

At each clinic visit, we evaluated results of spiro-
metric and hematologic tests and administered the 
5-item Asthma Control Questionnaire (ACQ-5), on 
which scores range from 0 to 6, with higher scores 
indicating worse function, and 0.5 is the minimal 
clinically important difference between scores. 
At randomization and the final study visit, we ad-
ministered the St. George’s Respiratory Question-
naire (SGRQ), on which scores range from 0 to 100, 
with higher scores indicating worse function and 
a change of 4 units considered to be clinically rele-
vant. Additional questionnaires included a survey in 
which the clinician asked patients to rate their 
global response to therapy (on a scale of 1 to 7, 
with 1 indicating substantial improvement and 
7 indicating substantial worsening of asthma).

Safety was evaluated by an assessment of ad-
verse events, vital signs, electrocardiographic find-
ings, and immunogenicity, along with clinical 
laboratory testing. Levels of antibodies against 
mepolizumab were measured before randomiza-
tion and at three time points (16, 32, and 40 
weeks) after randomization.

Statistical Analysis

All patients who received at least one dose of a 
study drug were included in a modified inten-
tion-to-treat analysis. For the primary outcome, 
the rate of exacerbations was compared in the 
three groups with the use of a negative binomial 
model16 that included covariates for treatment, 
use of maintenance oral glucocorticoids, geograph-
ic region, number of exacerbations in the previ-
ous year, and baseline percentage of the predict-
ed FEV1. We estimated that with 180 patients in 
each group, the study would have a power of 90% 

to detect a 40% decrease in the exacerbation rate, 
from 2.40 per year in the placebo group to 1.44 per 
year in each of the mepolizumab groups, at a 
two-sided significance level of 0.05. In perform-
ing this calculation, we assumed that the number 
of exacerbations would follow a negative binomial 
distribution17 with a dispersion parameter k = 0.8.

The two primary comparisons were of intra-
venous mepolizumab with placebo and of subcu-
taneous mepolizumab with placebo. For strong 
control of a type I error in multiple testing, we 
used a Hochberg procedure for treatment com-
parisons and a hierarchical testing procedure for 
primary and secondary outcomes. The reported 
P values are two-sided and have not been adjusted 
for multiple comparisons.

We used a mixed-model, repeated-measures 
method to analyze data regarding the FEV1, re-
sponses on questionnaires, and blood eosinophil 
counts; included in this model were the above-
mentioned covariates along with baseline value, 
visit, and terms for the interaction of visit with 
baseline value and of visit with treatment group. 
A prespecified log transformation was applied to 
blood eosinophil counts before analysis. We per-
formed a post hoc analysis of the overall response 
to therapy, as rated by both patients and clinicians. 
We used a proportional-odds model (ordered mul-
tinomial logistic regression) to analyze the num-
ber of patients who evaluated themselves or were 
evaluated by a clinician in each category of re-
sponse to therapy, with the above-mentioned co-
variates. In this analysis, patients with missing 
responses were included in the “significantly 
worse” category.

R esult s

Patients

Of the 802 patients who were screened, 576 un-
derwent randomization and constituted the modi-

Figure 1 (facing page). Study Design and Enrollment 
and Outcomes.

Panel A shows the design of the study. Patients who 
received 75 mg of mepolizumab intravenously also re-
ceived placebo subcutaneously, patients who received 
100 mg of mepolizumab subcutaneously also received 
placebo intravenously, and patients who received pla-
cebo received placebo both intravenously and subcuta-
neously. Panel B shows the screening, randomization, 
treatment, and follow-up of the patients.
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fied intention-to-treat population; of these pa-
tients, 539 (94%) completed treatment (Fig. 1B). 
The study groups were well matched with respect 
to baseline characteristics, with no significant 
differences among the groups (Table 1).

Primary Outcome

A total of 446 objectively verified exacerbations 
that led to the use of systemic glucocorticoids, 
hospitalization, or an emergency department visit 
were reported. The rate of exacerbations was low-
er than the rate at baseline in all groups, but the 
percentage reduction was greater in the active-
treatment groups than in the placebo group. The 
estimated rates of clinically significant exacerba-
tions per patient per year were 0.93 in the intra-
venous-mepolizumab group, 0.81 in the subcuta-
neous-mepolizumab group, and 1.75 in the 
placebo group. As compared with placebo, the 
relative reduction in exacerbation rate (primary 
outcome) was 47% (95% confidence interval [CI], 
29 to 61) in the intravenous-mepolizumab group 
and 53% (95% CI, 37 to 65) in the subcutaneous-
mepolizumab group (P<0.001 for both compari-
sons) (Table 2).

The proportion of patients with an exacerbation 
that resulted in an emergency department visit or 
hospitalization was 9% in the intravenous-mepo-
lizumab group, 6% in the subcutaneous-mepoli-
zumab group, and 13% in the placebo group. The 
use of mepolizumab resulted in a relative reduc-
tion in the rate of exacerbations requiring hospi-
talization or an emergency department visit of 
32% in the intravenous-mepolizumab group 
(P = 0.30) and 61% in the subcutaneous-mepoli-
zumab group (P = 0.02). Similar reductions were 
seen in mepolizumab-treated groups with respect 
to exacerbations resulting in hospitalization (39% 
and 69%, respectively) (Table 2). The cumulative 
number of exacerbations over time is shown in 
Figure 2A. Data regarding the time to the first 
exacerbation and the mean duration of exposure to 
systemic glucocorticoids are provided in Figures 
S1 and S2 in the Supplementary Appendix.

Secondary Outcomes and Other Measures
Lung Function
At week 32, the mean increase from baseline in 
FEV1 before bronchodilation was 100 ml greater 
in the intravenous-mepolizumab group than in the 
placebo group (P = 0.02) and 98 ml greater in the 
subcutaneous-mepolizumab group than in the pla-

cebo group (P = 0.03) (Table 2 and Fig. 2B). The 
mean increase from baseline in FEV1 after bron-
chodilation was 146 ml greater in the intrave-
nous-mepolizumab group than in the placebo 
group (P = 0.003) and 138 ml greater in the sub-
cutaneous-mepolizumab group than in the placebo 
group (P = 0.004) (Table 2). At week 32, the daily 
morning peak expiratory flow rate increased by 
22.9 liters per minute in the intravenous-mepoli-
zumab group, by 29.5 liters per minute in the 
subcutaneous-mepolizumab group, and by 1.8 li-
ters per minute in the placebo group.

Quality of Life
At week 32, patients in the two mepolizumab 
groups had a significant improvement (i.e., a nu-
merical decrease) in SGRQ total scores, as com-
pared with patients in the placebo group. The 
reductions from baseline in total scores were 6.4 
points greater in the intravenous-mepolizumab 
group and 7.0 points greater in the subcutaneous-
mepolizumab group than in the placebo group 
(P<0.001 for both comparisons) (Table 2, and 
Fig. S3 in the Supplementary Appendix).

Asthma Control
At baseline, patients in the three study groups 
had similar mean ACQ-5 scores (2.12 in the in-
travenous-mepolizumab group, 2.26 in the sub-
cutaneous-mepolizumab group, and 2.28 in the 
placebo group), indicating uncontrolled asthma. 
As early as week 4 and continuing through week 
32, patients in the two mepolizumab groups had 
greater improvement (i.e., a numerical decrease) 
from baseline in ACQ-5 scores, as compared with 
placebo. At week 32, the mean reductions in total 
scores were 0.42 points greater in the intrave-
nous-mepolizumab group and 0.44 points great-
er in the subcutaneous-mepolizumab group than 
in the placebo group (P<0.001 for both compari-
sons) (Table 2, and Fig. S4 in the Supplementary 
Appendix).

Responses as Rated by Patients and Clinicians
At week 32, patients in the two mepolizumab 
groups gave higher marks to therapy than did pa-
tients in the placebo group, with odds ratios of 1.74 
in the intravenous-mepolizumab group (P = 0.003) 
and 2.98 in the subcutaneous-mepolizumab group 
(P<0.001) (with values of more than 1 indicating 
a greater probability that a patient recorded a high-
er response for mepolizumab than for placebo). 
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The corresponding odds ratios in the physician-
rated overall evaluation of response to therapy 
were 2.10 for intravenous mepolizumab and 3.29 
for subcutaneous mepolizumab (P<0.001 for both 
comparisons) (Table S2 and Fig. S5 in the Supple-
mentary Appendix).

Blood Eosinophil Count
Blood eosinophil counts were similar in the three 
groups at baseline, with a geometric mean of 295 
cells per microliter (Table 1). Mepolizumab de-
creased the eosinophil counts by week 4; the 
counts reached a nadir around week 12 (with re-

Table 1. Characteristics of the Patients at Baseline in the Intention-to-Treat Population.*

Characteristic
Placebo
(N = 191) Mepolizumab

Intravenous 
(N = 191)

Subcutaneous
(N = 194)

Mean age (range) — yr 49 (12–76) 50 (13–82) 51 (12–81)

Female sex — no. (%) 107 (56) 106 (55) 116 (60)

Body-mass index† 28.0±5.6 27.7±5.7 27.6±6.2

Former smoker — no. (%) 57 (30) 52 (27) 50 (26)

Duration of asthma — yr 19.5±14.6 19.8±14.0 20.5±12.9

Use of oral glucocorticoids

Maintenance use — no. (%) 44 (23) 48 (25) 52 (27)

Mean daily dose (range) — mg‡ 15.1 (5–80) 12.0 (1–40) 12.6 (2–50)

Allergic rhinitis — no. (%) 95 (50) 91 (48) 95 (49)

FEV1

Before bronchodilation — liters§ 1.86±0.63 1.86±0.70 1.73±0.66

Percent of predicted value before bronchodilation¶ 62.4±18.1 61.4±18.3 59.3±17.5

Reversibility — % 27.4±20.8 25.4±19.6 27.9±24.0

FEV1:FVC ratio — %‖ 64±13 64±13 63±13

Morning peak expiratory flow — liters/min 277±106 269±112 255±108

Score on Asthma Control Questionnaire** 2.28±1.19 2.12±1.13 2.26±1.27

Score on St. George’s Respiratory Questionnaire†† 46.9±19.8 44.4±19.4 47.9±19.4

Geometric mean IgE on loge scale — U/ml 150±1.5 180±1.5 150±1.5

Geometric mean blood eosinophil count on loge scale — cells/µl‡‡ 320±938 280±987 290±1050

Asthma exacerbations

Severe episodes in previous year — no./patient 3.6±2.8 3.5±2.2 3.8±2.7

Necessitating hospitalization in previous year — no. (%) 35 (18) 41 (21) 33 (17)

History of asthma-related intubation — no. (%) 3 (2) 10 (5) 8 (4)

*	 Plus–minus values are means (or geometric means) ±SD. There were no significant between-group differences at 
baseline. More detailed data are provided in Table S3 in the Supplementary Appendix. FEV1 denotes forced expiratory 
volume in 1 second, and FVC forced vital capacity.

†	 The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	 The listed value is the prednisone equivalent.
§	 Reversibility was measured at baseline.
¶	 The percent of the predicted value before bronchodilation was assessed at the screening visit.
‖	 The FEV1:FVC ratio was calculated by dividing the FEV1 by the FVC and then multiplying by 100 to express the value 

as a percentage.
**	 Scores on the Asthma Control Questionnaire range from 0 to 6, with higher scores indicating worse control; a change 

of 0.5 points is the minimal clinically important difference.
††	Scores on St. George’s Respiratory Questionnaire range from 0 to 100, with higher scores indicating worse function; 

a change of 4 points is considered to be clinically relevant.
‡‡	Values below the lower limit of quantification (LLQ) were replaced by a value that was 50% of the LLQ.
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ductions of 83% in the intravenous group and 
86% in the subcutaneous group), and the decreas-
es were maintained during the study (Fig. S6 in 
the Supplementary Appendix).

Subgroup Analysis

Modeling of baseline characteristics to determine 
the effect of individual covariates is shown in Fig-
ure S7 in the Supplementary Appendix. To further 
evaluate the model, we performed a prespecified 
analysis of clinical end points in a subgroup of 
patients with a blood eosinophil count of 500 cells 
per microliter or more (Fig. S8 in the Supplemen-
tary Appendix). This subgroup analysis showed 
an enhanced response to mepolizumab.

Safety

The overall incidence of adverse events during treat-
ment was similar in the three groups (84% in the 
intravenous-mepolizumab group, 78% in the sub-
cutaneous-mepolizumab group, and 83% in the 
placebo group). The most frequently reported ad-
verse events were nasopharyngitis and headache. 
The incidence of adverse events that were consid-
ered by the study investigators to be related to a 
study drug was 17% in the intravenous-mepoliz
umab group, 20% in the subcutaneous-mepoliz

umab group, and 16% in the placebo group. The 
incidence of injection-site reactions was more 
frequent in the subcutaneous-mepolizumab group 
(9%) than in the intravenous-mepolizumab group 
or the placebo group (3% in both groups) (Table 3). 
The incidence of serious adverse events (includ-
ing asthma-related events) was 7% in the intrave-
nous-mepolizumab group, 8% in the subcutane-
ous-mepolizumab group, and 14% in the placebo 
group. One death due to a road-traffic accident 
occurred in a 51-year-old man in the placebo 
group (Table 3). During testing at least one visit 
after randomization, positive anti-mepolizumab 
antibodies were found in 19 patients, including 
4% of the patients in the intravenous-mepolizu
mab group, 5% of those in the subcutaneous-
mepolizumab group, and 2% of those in the 
placebo group. None of these patients had neu-
tralizing antibodies.

Discussion

In patients treated with high-dose inhaled oral 
glucocorticoids with or without maintenance oral 
glucocorticoids for asthma control, treatment with 
mepolizumab reduced exacerbations by approxi-
mately one half, improved quality of life, and re-

Table 2. Summary of Efficacy Outcomes.*

Outcome
Placebo
(N = 191)

Intravenous 
Mepolizumab 

(N = 191)

Difference  
from Placebo  

(95% CI)
P  

Value

Subcutaneous 
Mepolizumab

(N = 194)

Difference  
from Placebo  

(95% CI)
P  

Value

Mean rate of clinically significant 
exacerbations

1.75 0.93 47 (29 to 61)† <0.001 0.81 53 (37 to 65)† <0.001

Mean rate of exacerbations re- 
quiring hospitalization or 
emergency department 
visit

0.20 0.14 32 (−41 to 67)† 0.30 0.08 61 (17 to 82)† 0.02

Mean rate of exacerbations re- 
quiring hospitalization

0.10 0.06 39 (−66 to 77)† 0.33 0.03 69 (9 to 89)† 0.03

Change from baseline in FEV1 — ml

Before bronchodilation   86±31   186±32 100 (13 to 187) 0.02   183±31   98 (11 to 184) 0.03

After bronchodilation   30±34   176±34 146 (50 to 242) 0.003   167±33 138 (43 to 232) 0.004

Change from baseline in score  
on Asthma Control 
Questionnaire

−0.50±0.07   −0.92±0.07   −0.42 (−0.61 to −0.23) <0.001   −0.94±0.07     −0.44 (−0.63 to −0.25) <0.001

Change from baseline in score on 
St. George’s Respiratory 
Questionnaire

−9.0±1.2 −15.4±1.2 −6.4 (−9.7 to −3.2) <0.001 −16.0±1.1     −7.0 (−10.2 to −3.8) <0.001

*	Plus–minus values are means ±SE.
†	The between-group difference in this category is the percent reduction as compared with the placebo group.
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sulted in better asthma control. Both intravenous 
and subcutaneous doses were effective and had 
acceptable side-effect profiles. In a previous study,11 
mepolizumab did not produce a significant ben-
efit, but patients were not selected on the basis of 
frequent exacerbations, treatment with high dos-
es of inhaled glucocorticoids, or a specific blood 
eosinophil count. Using a specific hematologic 
and phenotyping approach for patient selection, 
we confirmed that neutralizing interleukin-5 with 
mepolizumab can be effective in a subpopulation 
of patients with severe eosinophilic asthma.1,2,4,18

In this study, we used a closed-testing proce-
dure to adjust for multiple comparisons with re-
spect to the primary and secondary outcomes. 
Differences in the rates of exacerbations (the pri-
mary outcome) in the two mepolizumab groups, 
as compared with the placebo group, were signifi-
cant after adjustment. Among patients receiving 
subcutaneous mepolizumab, the reduction in the 
rate of exacerbations resulting in an emergency 
department visit or hospitalization (a secondary 
outcome) was significant after adjustment for 
multiple testing (P = 0.03). Although the hierar-
chical gatekeeping approach across outcomes 
dictated that formal analysis was to be stopped 
before analysis of the remaining secondary out-
comes, the value of such adjustments has been 
questioned. Instead, it has been proposed that 
expert judgment should be used for the interpre-
tation of secondary outcomes.19

Since 94% of the patients in our study elected 
to participate in an open-label extension study, 
there is a paucity of data characterizing clinical 
status at the time of the cessation of treatment. 
However, in a 12-month observational study evalu-
ating the response to the cessation of mepoli-
zumab, Haldar and colleagues20 found that eo-
sinophil counts in blood and sputum increased 
significantly, returning to pretreatment values 
within 3 months after mepolizumab was stopped. 
This change was associated with a loss of asthma 
control, and 3 to 6 months after cessation of 
treatment, patients were found to have pretreat-
ment exacerbation levels.

The main difference between our study and the 
companion study reported in the Journal by Bel and 
colleagues14 is the rate of use of daily oral gluco-
corticoids (25% and 100%, respectively). Physicians 
strive to reduce both the frequency and dose of 
glucocorticoids while maintaining asthma con-
trol. These two studies provide insight on the 

concept that asthma control and improvement can 
be achieved in patients meeting our phenotypic 
definition. Overall, our study further confirms the 
benefit of mepolizumab in the reduction of exac-
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Figure 2. Asthma Exacerbations and FEV1 at 32 Weeks.

Panel A shows the numbers of asthma exacerbations in patients receiving 
either intravenous or subcutaneous mepolizumab or placebo. The rate of 
exacerbations was reduced by 47% (95% confidence interval [CI], 29 to 61) 
among patients receiving intravenous mepolizumab and by 53% (95% CI, 
37 to 65) among those receiving subcutaneous mepolizumab, as com-
pared with those receiving placebo (P<0.001 for both comparisons). Panel 
B shows the mean forced expiratory volume in 1 second (FEV1) as a per-
centage of the predicted value. At week 32, there was greater improvement 
from baseline in the two mepolizumab groups than in the placebo group 
— a 100-ml greater increase in the intravenous-mepolizumab group than 
in the placebo group (P = 0.02) and a 98-ml greater increase in the subcuta-
neous-mepolizumab group than in the placebo group (P = 0.03). The I bars 
indicate 95% confidence intervals.
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erbations and expands on the benefits with respect 
to quality of life and other markers of asthma 
control in patients identified according to clinical 
characteristics and blood eosinophil counts.
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Table 3. Summary of Adverse Events.*

Variable
Placebo
(N = 191) Mepolizumab

Intravenous
(N = 191)

Subcutaneous
(N = 194)

number of patients (percent)

All adverse events 158 (83) 161 (84) 152 (78)

Nonasthma event 157 (82) 161 (84) 152 (78)

Worsening of asthma 29 (15) 18 (9) 13 (7)

Drug-related event, per investigator assessment† 30 (16) 33 (17) 39 (20)

Leading to study withdrawal 4 (2) 0 1 (1)

Serious adverse events

During treatment 27 (14) 14 (7) 16 (8)

Drug-related event, per investigator assessment† 1 (1) 0 1 (1)

Fatal 1 (1) 0 0

Most common adverse events‡

Nasopharyngitis 46 (24) 45 (24) 33 (17)

Headache 33 (17) 46 (24) 39 (20)

Upper respiratory tract infection 27 (14) 22 (12) 24 (12)

Sinusitis 18 (9) 11 (6) 18 (9)

Bronchitis 18 (9) 14 (7) 9 (5)

Oropharyngeal pain 15 (8) 12 (6) 7 (4)

Injection-site reaction 6 (3) 5 (3) 17 (9)

*	A more detailed listing of adverse events is provided in Table S4 in the Supplementary Appendix.
†	The status was assigned by investigators while they were unaware of the study-group assignments.
‡	The most common adverse events were those that were reported in at least 5% of the patients in any study group.
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