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A bs tr ac t

Background

Eosinophilic inflammation, which may be a consequence of interleukin-5 action, is 
a characteristic feature of some forms of asthma. However, in three previous clini-
cal trials involving patients with asthma, blockade of this cytokine did not result in 
a significant improvement in outcomes. We studied the prednisone-sparing effect 
of mepolizumab, a monoclonal antibody against interleukin-5, in a rare subgroup of 
patients who have sputum eosinophilia and airway symptoms despite continued 
treatment with prednisone. Secondary objectives were to examine its effect on the 
number of eosinophils in sputum and blood, symptoms, and airflow limitation.

Methods

In this randomized, double-blind, parallel-group trial involving patients with per-
sistent sputum eosinophilia and symptoms despite prednisone treatment, we assigned 
9 patients to receive mepolizumab (administered in five monthly infusions of 750 
mg each) and 11 patients to receive placebo. 

Results

There were 12 asthma exacerbations in 10 patients who received placebo, 9 of whom 
had sputum eosinophilia at the time of exacerbation. In comparison, only one pa-
tient who received mepolizumab had an asthma exacerbation, and this episode was 
not associated with sputum eosinophilia (P = 0.002). Patients who received mepoliz
umab were able to reduce their prednisone dose by a mean (±SD) of 83.8±33.4% of 
their maximum possible dose, as compared with 47.7±40.5% in the placebo group 
(P = 0.04). The use of mepolizumab was associated with a significant decrease in 
the number of sputum and blood eosinophils. Improvements in eosinophil num-
bers, asthma control, and forced expiratory volume in 1 second were maintained for 
8 weeks after the last infusion. There were no serious adverse events.

Conclusions

Mepolizumab reduced the number of blood and sputum eosinophils and allowed 
prednisone sparing in patients who had asthma with sputum eosinophilia despite 
prednisone treatment. (ClinicalTrials.gov number, NCT00292877.)
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Monoclonal antibodies against 
interleukin-5, a potent eosinophilic cy-
tokine and growth factor, have not shown 

efficacy in three clinical trials1-3 in patients with 
asthma, despite the effectiveness of this treatment 
in reducing the number of eosinophils in the air-
way and blood. This finding has raised questions 
about the role of eosinophils in the pathophysiol-
ogy of asthma.

We reasoned that eosinophils may be in the 
pathobiologic chain of causation in a rare sub-
group of patients with asthma who have persis-
tent sputum eosinophilia despite treatment with 
oral prednisone. To test this hypothesis, we ex-
amined the prednisone-sparing effect of mepoliz
umab by assessing clinical exacerbations, the 
number of eosinophils in sputum and blood, 
symptoms, and forced expiratory volume in 1 sec-
ond (FEV1) as outcome variables during a pro-
grammed reduction in the dose of prednisone in 
patients with this unusual asthma phenotype.

Me thods

Patients

From January 2005 through July 2007, 20 adult 
patients with asthma who required treatment with 
oral prednisone to control symptoms and still had 
persistent sputum eosinophilia were recruited from 
the clinics of the Firestone Institute for Respira-
tory Health (Table 1). These patients constituted 
less than 3% of the 800 adult patients with severe 
asthma in our practice. In all but two of the pa-
tients, more than 3% of cells in an induced spu-
tum sample were identified as eosinophils, de-
spite daily treatment for at least 4 weeks with 
prednisone (at a dose of 5 to 25 mg) and an in-
haled corticosteroid at a high dose (equivalent to 
600 to 2000 μg of fluticasone). Two of the patients 
were included in the study in error and were there-
fore excluded from some but not all of the analy-
ses before the randomization code was broken.

Within the previous 8 years, all patients had 
had evidence of asthma (i.e., variable airflow ob-
struction). All of them had at least a 25% reduc-
tion in FEV1 at the time of exacerbations; 18 pa-
tients had an increase in FEV1 of 200 ml (15%) 
after inhaling 200 μg of albuterol. Two patients 
had airway hyperresponsiveness to methacholine; 
the provocative concentration of methacholine 
required to cause a 20% decrease in FEV1 (PC20) 
was 4 mg per milliliter (Table 1 in the Supple-

mentary Appendix, available with the full text of 
this article at NEJM.org). None of the patients 
were current smokers, and none were exposed to 
relevant seasonal allergens during the study. None 
of the patients had had an onset of asthma symp-
toms before the age of 6 years. 

Study Design

The study was a randomized, placebo-controlled, 
double-blind, parallel-group trial lasting up to 26 
weeks. Patients were seen every 2 weeks and were 
randomly assigned to treatment at week 2. The 
treatment with a humanized monoclonal inter-
leukin-5 antibody, mepolizumab (at a dose of 750 
mg) or an identical placebo (normal saline diluent) 
was given intravenously over a 30-minute period 
at weeks 2, 6, 10, 14, and 18. Computer-generated 
randomization codes stratified patients into two 
groups of 10 according to the daily dose of pred-
nisone they were receiving at the time of enroll-
ment (<10 mg or ≥10 mg). Within each of the two 
groups, patients were equally divided among those 
receiving mepolizumab and those receiving pla-
cebo. When either group was filled, no addition-
al patients were recruited for that group. This 
process was designed to ensure that there would 
be equal numbers of patients in each severity stra-
tum in the mepolizumab group and the placebo 
group. 

Randomization codes were held by the phar-
macy department, whose members were unaware 
of clinical details in the study groups. However, 
a pharmacy error resulted in 9 patients incorrectly 
receiving mepolizumab and 11 patients incorrectly 
receiving placebo.

The study had three phases (Fig. 1). In phase 1, 
we evaluated the effect of one infusion of a study 
drug at 4 weeks. In phase 2, we evaluated the re-
duction in the dose of prednisone after two infu-
sions of a study drug. The dose of prednisone 
was reduced by 5 mg at weeks 6, 10, 14, 18, and 
22, according to a predefined schedule if the pa-
tient had not had a defined exacerbation. In pa-
tients who had required a daily dose of 10 mg or 
more of prednisone at the time of enrollment, 
we reduced the daily dose to 2.5 mg rather than 
zero because of concern regarding the effects of 
total withdrawal. The reduction in the dose of 
prednisone was expressed as a percentage of the 
target reduction. In phase 3 (washout phase), we 
followed patients for 8 weeks after the last infu-
sion of a study drug.
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The academic investigators designed the pro-
tocol with the aid of an employee of GlaxoSmith
Kline. The data were gathered, analyzed, and in-
terpreted by the academic investigators, who also 
wrote the article. GlaxoSmithKline provided the 
mepolizumab but had no further role in the con-

duct of the study; in the collection, tabulation, 
analysis, and interpretation of data; or in any 
stage of the manuscript preparation.

The study was approved by the hospital’s re-
search ethics board. All patients provided written 
informed consent.

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Mepolizumab

(N = 9)
Placebo
(N = 11)

Age (yr) 56.4±10.9 58.2±7.1

Male sex (no. of patients) 4 8

Height (cm) 166.2±14.5 168.6±9.9

Weight (kg) 85.8±16.7 89.5±14.9

Duration of symptoms (yr) 13.3±10.3 12.5±9.5

FEV1

Previous minimum†

Value (liters) 1.4±0.6 1.6±0.5

% of predicted value 48±17 52±13

Previous maximum†

Improvement with bronchodilation (%) 28.4±12.03 24.6±10.6

Decrease during exacerbation (%) 42.0±16.9 45.5±13.7

Current postbronchodilation

% of predicted value 66.6±18.3 74.3±17.9

Ratio of FEV1 to vital capacity (%) 63.8±16.2 65.9±13.1

Sputum eosinophils (%)

Median 16.6 4.0 

Range 1.6–54.3 0–35.3

Prednisone (mg/day)

Median 10.0 10.0

Range 5.0–25.0 2.5–20.0

Duration of daily use of prednisone (yr) 9.3±7.6 8.9±8.5

Inhaled corticosteroids (μg/day)‡

Median 1000 1000

Range 600–2000 1000–2000

Short-acting β-agonist (no. of puffs/wk) 10±6 9±8

Long-acting β-agonist (no. of patients) 9 9

Leukotriene-receptor antagonists (no. of patients) 2 1

Atopy (no. of patients) 3 4

Nasal polyp (no. of patients) 3 5

Smoking history of >10 pack-years (no. of patients) 2 3

*	Plus–minus values are means ±SD. Values are those recorded at the time of screening unless otherwise stated. There 
were no significant differences between the two groups for any of the variables except the number of sputum eosino­
phils (P = 0.03). FEV1 denotes forced expiratory volume in 1 second.

†	Previous lowest and highest values for FEV1 refer to the historic lowest and highest values recorded since the patients 
were first seen in clinic. The individual values from which the means are derived and the duration of follow-up are pro­
vided in Table 1 in the Supplementary Appendix.

‡	The dose of inhaled corticosteroids is the equivalent of inhaled fluticasone. 
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Primary and Secondary Outcomes

The primary outcomes of the study were the pro-
portion of patients with exacerbations in each 
study group and the mean reduction in the dose 
of prednisone as a percentage of the maximum 
possible reduction, according to the protocol 
used in phase 2 of the study. Other variables that 
were measured at entry and every 2 weeks were 
results on the Juniper Asthma Control Question-
naire4 (with scores ranging from 0 to 6 and high-
er scores indicating worse asthma control; the 
minimal clinically important change in the score 
is 0.5) and on a Likert scale5 (with scores ranging 
from 7 to 35, and lower scores indicating greater 
severity of symptoms; the minimal clinically im-
portant change in the score is 0.5 for each symp-
tom, for a total of 2.5), maximal curves of expira-
tory flow volume to measure FEV1 and slow vital 
capacity 15 minutes after the administration of 
200 μg of albuterol, and quantitative counts of spu-
tum cells and blood eosinophils. In addition, we 
measured the PC20 (if the FEV1 was >70% of the 
predicted value) and blood samples for levels of 
electrolytes, urea, creatinine, and alanine and as-

partate aminotransferases at study entry. The 
blood tests were repeated at week 26.

Secondary outcomes were a reduction in the 
number of eosinophils in sputum and blood in 
phase 1; the time to an exacerbation, a reduction 
in the number of sputum and blood eosinophils, 
and changes in FEV1 and symptom scores in phase 
2; and a reduction in the number of sputum and 
blood eosinophils and changes in FEV1 and symp-
toms in phase 3.

Exacerbations

Exacerbations were defined as either a patient-
initiated increase in the daily dose of albuterol of 
four or more puffs to control symptoms of chest 
tightness or as any one of the following: noctur-
nal or waking respiratory symptoms on two con-
secutive days, a decrease of more than 15% in the 
FEV1 from the level at randomization after the use 
of albuterol, or a 2-point worsening in the Likert 
score for cough by the investigators at their dis-
cretion on the basis of general clinical worsen-
ing. For the latter exacerbation, sputum-cell counts 
were not known to the treating physician at the 
time this decision was made and were not con-
sidered in the definition of exacerbations.

Exacerbations, unless accompanied by sputum 
neutrophilia, were treated with 30 mg of predni-
sone for 7 days. During this time, the patient was 
withdrawn from the study and was seen again at 
2 and 4 weeks. If the exacerbation was accompa-
nied by neutrophilic airway inflammation (total 
cell count, >15×106 per gram of sputum; neutro-
phils, >80%), it was treated with 500 mg of amoxi-
cillin–clavulanic acid twice daily for 10 days; pa-
tients with neutrophilic exacerbations were not 
withdrawn from the study, and they continued 
with the protocol for prednisone reduction.

Procedures

Spirometry was performed according to the rec-
ommendations of the American Thoracic Society,6 
and predicted values were obtained according to 
the criteria of Crapo et al.7 Asthma control was 
assessed with the use of the validated Juniper 
Asthma Control Questionnaire.4 In addition, symp-
toms of coughing, wheezing, chest tightness, and 
shortness of breath were evaluated for the 7 days 
before each visit on a 7-point Likert scale.5 Spu-
tum was induced and processed, as described by 
Pizzichini et al.8 Airway responsiveness to metha-
choline was measured with the use of the tidal-
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Mepolizumab (750 mg)

Placebo

Figure 1. Protocol for Reduction in the Dose of Prednisone. 

Infusions of either mepolizumab or placebo were administered at weeks 2, 
6, 10, 14, and 18. After a 6-week run-in period, the dose of prednisone was 
then reduced at weeks 6, 10, 14, 18, and 22, according to a predefined 
schedule, if the patient had not had an exacerbation with an increase in the 
number of sputum eosinophils. Among the 20 patients in the study, there 
were eight different starting doses of prednisone. The doses were reduced 
according to the schedule that is shown. In patients who were receiving a 
daily dose of 10 mg or more of prednisone at baseline, the dose of the drug 
was not reduced to zero because of concern regarding withdrawal effects.
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breathing method described by Cockcroft et al.9 
after withholding beta-agonists for 24 hours.

Statistical Analysis

The number of patients needed for the study was 
based on the primary outcome of the proportion 
of patients with exacerbations in each study group. 
It was expected that when the prednisone dose 
was reduced to 50%, exacerbations would occur 
in all patients in the placebo group and in not more 
than four patients in the mepolizumab group. 
The study had a power of 90% to detect this dif-
ference. A second primary outcome was the mag-
nitude of the reduction in the dose of prednisone. 
This outcome was calculated as follows: [(starting 
dose – final dose without exacerbation) ÷ maxi-
mum possible dose reduction per protocol] × 100.

All primary analyses were performed accord-
ing to the intention-to-treat principle. Since two 
patients who underwent randomization in error 
did not have sputum eosinophilia, we included 
these two patients in the primary analysis and then 
performed another analysis from which they were 
excluded.

Baseline characteristics and demographic data 
were summarized with the use of descriptive sta-
tistics. Between-group comparisons of normally 
distributed data were performed with the use of 
unpaired t-tests; comparisons between non-nor-
mally distributed data were made with the use of 
the Mann–Whitney U test. Within-group compari-
sons of normally distributed data were performed 
with the use of paired t-tests. Proportions were 
analyzed with the use of Fisher’s exact test. Cu-
mulative probability and time to exacerbation were 
compared by Kaplan–Meier analysis and the Man-
tel–Cox log-rank test. All tests were two-sided, 
and a P value of less than 0.05 was considered to 
indicate statistical significance. All analyses were 
performed with the use of SPSS software, ver-
sion 15.0 (SPSS).

R esult s

Patients

Nineteen of the 20 patients completed the study. 
One patient in the mepolizumab group was with-
drawn from the study after the third infusion 
because of heart failure but was included in the 
analysis. Thus, the main analyses included 20 pa-
tients, and the per-protocol analysis included 
only the 18 subjects who had airway eosinophilia 
at baseline.

Primary Outcomes

Exacerbations
There were 12 asthma exacerbations in the pla-
cebo group. Of these, nine were associated with 
sputum eosinophilia, and three were associated 
with sputum neutrophilia; two of the latter oc-
curred in a patient who was eventually treated for 
an exacerbation associated with sputum eosino-
philia. Thus, 10 of the 11 patients in the placebo 
group had exacerbations that led to treatment with 
prednisone or antibiotics. In contrast, there were 
two events in the mepolizumab group (one neu-
trophilic exacerbation and one withdrawal due to 
an adverse event) (P = 0.008). Exacerbations were 
identified by a decline in the FEV1 and additional 
criteria in seven patients (one in the mepolizu
mab group and six in the placebo group), by an 
increase in β2-agonist rescue (three in the place-
bo group), and by nocturnal symptoms (one in 
the placebo group). A change in the Likert scale 
alone or physician discretion was not used in any 
patient to identify an exacerbation or initiate a 
change in the dose of prednisone (Table 3 in the 
Supplementary Appendix). The median time to 
exacerbation (regardless of the type of bronchitis) 
was 20 weeks in the mepolizumab group and 12 
weeks in the placebo group (P = 0.003) (Fig. 2).

Reduction in Prednisone Dose
In the mepolizumab group, patients had a mean 
(±SD) reduction in the use of prednisone of 83.8± 
33.4% of the maximum possible reduction per 
protocol, as compared with 47.7±40.5% in the pla-
cebo group (P = 0.04). In absolute terms, the mean 
dose of prednisone was reduced from 11.9 to 
3.9 mg in the mepolizumab group and from 10.7 
to 6.4 mg in the placebo group (median reduction 
in the two groups, from 10 to 5 mg) (P = 0.11) 
(Table 2 in the Supplementary Appendix).

Prespecified Subgroup Analyses
Data for 8 of 10 patients in the placebo group who 
had an exacerbation accompanied by sputum eo-
sinophilia were censored at the time of exacerba-
tion, whereas none of the patients in the mepoliz
umab group had an exacerbation associated with 
sputum eosinophilia (P = 0.02) (Table 3 in the 
Supplementary Appendix). There were three ex-
acerbations in the placebo group that were as-
sociated with sputum neutrophilia. In the me-
polizumab group, there were five episodes of 
increased numbers of sputum neutrophils (in four 
patients) during routine visits, but the episodes 
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were not associated with a change in the mea-
sures that defined an exacerbation and thus were 
not treated.

In the mepolizumab group, there was a mean 
reduction in the use of prednisone of 94.3±12.9% 
of the maximum possible reduction per proto-
col, as compared with 47.5±42.2% in the placebo 
group (P = 0.01).

Prespecified Secondary Outcomes

There was an imbalance in the baseline level of 
sputum eosinophils, with a significantly higher 
level in the mepolizumab group (18.8%) than in 
the placebo group (4.3%, P = 0.03).

Phase 1 and Phase 3
A single infusion of mepolizumab was associated 
with a reduction in the number of eosinophils to 
within normal limits in sputum (P = 0.005) and 
blood (P = 0.004). The levels remained within nor-
mal limits after reductions in the dose of predni-
sone for up to 8 weeks after the last infusion of 
mepolizumab (P = 0.01). In contrast, a reduction in 

the dose of prednisone in the placebo group was 
associated with a significant increase in the num-
ber of eosinophils in sputum and blood (Fig. 3 and 
Table 2). There was no significant effect of me-
polizumab on cell types other than eosinophils in 
sputum or blood (Table 4 in the Supplementary 
Appendix), except for a significant reduction in 
the number of lymphocytes in sputum 4 weeks 
after the fifth infusion (P = 0.001). Mepolizumab 
treatment was associated with a modest improve-
ment in FEV1 (mean, 300 ml), a nonsignificant im-
provement in asthma symptoms, and a significant 
improvement in scores on the Juniper Asthma Con-
trol Questionnaire (P = 0.01) (Table 2, and Fig. 3C 
in the Supplementary Appendix).

Adverse Events
One patient in the mepolizumab group had pro-
gressive shortness of breath after receiving three 
infusions of the drug and was removed from the 
study. Investigators who were unaware of study-
group assignments determined that this patient 
had preexisting coronary artery disease; the breath-
lessness was attributed to heart failure due to 
ischemic cardiomyopathy. The patient did not un-
dergo endocardial biopsy or cardiac magnetic res-
onance imaging to rule out eosinophilic cardio-
myopathy. One patient in the placebo group died 
suddenly at home 6 months after completing the 
full study. On autopsy, the cause of death was 
identified as sudden cardiac arrest possibly due 
to a ventricular tachyarrhythmia and was not as-
cribed to worsening asthma. One patient in the 
mepolizumab group reported having aches and 
tiredness when the prednisone dose was reduced 
to 2.5 mg. One patient in the placebo group had 
hypoadrenalism during the prednisone reduction 
from 12.5 to 5 mg per day (as demonstrated by a 
blunted cortisol response to a short corticotropin 
stimulation test). There were no other serious ad-
verse events. There were no significant abnor-
malities in blood chemical values attributable to 
mepolizumab.

Discussion

Our data show that in a rare subgroup of patients 
with asthma who continue to have sputum eosino-
philia even after treatment with oral prednisone 
and high-dose inhaled corticosteroids, treatment 
with a humanized monoclonal antibody against 
interleukin-5 allows a reduction in the dose of 
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Figure 2. Kaplan–Meier Analysis of the Proportion of Patients without an 
Asthma Exacerbation during the Study.

The median time to exacerbation was 20 weeks in the mepolizumab group 
and 12 weeks in the placebo group (P = 0.003). Two asthma-related events 
occurred in the mepolizumab group: one patient who was withdrawn from 
the study because of a protocol violation had an exacerbation associated 
with sputum neutrophilia, and one patient was withdrawn after an adverse 
event; there were no exacerbations associated with sputum eosinophilia in 
this group. In the placebo group, nine patients were withdrawn: eight had 
exacerbations associated with sputum eosinophilia, and one patient who 
was withdrawn because of a protocol violation also had an exacerbation as­
sociated with sputum eosinophilia.
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Figure 3. Eosinophils in Sputum (Panel A) and Blood (Panel B). 

Shown are the mean proportions of eosinophils in sputum and numbers of eosinophils in blood at study entry (V1), 
4 weeks after the first infusion of a study drug (V4), and at the completion of study treatment (V12) in the two study 
groups. In the mepolizumab group, one patient was withdrawn because of an adverse event (W). One patient in the 
mepolizumab group and nine patients in the placebo group had an exacerbation (Ex) before the study was complet­
ed. At V4, sputum was not obtained from one patient, who is represented in red. One patient in the mepolizumab 
group and one patient in the placebo group (blue) were enrolled in the study in error, since they did not have spu­
tum eosinophilia at baseline. The dashed lines indicate normal values. 
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prednisone without the development of asthma 
exacerbations. These results are contrary to the 
negative results of earlier studies with a similar 
antibody1-3,10 in patients with more common 
forms of asthma. However, our findings support 
results of studies involving patients with the hy-
pereosinophilic syndrome11-13 and those of two 
case-report abstracts involving patients with asth-
ma with sputum eosinophilia14 and the hypereo-
sinophilic syndrome with asthma.15

In our patients with adult-onset asthma, spu-
tum eosinophilia that persisted in the presence 
of oral and inhaled corticosteroid treatment was 
reversed by the anti–interleukin-5 treatment, ac-
companied by clinical improvement. In contrast, 
in the earlier studies, either sputum eosinophils 
were not measured or there was little or no spu-
tum eosinophilia at the onset of the study.2,3 
None of the previous studies reported the effect 
of this treatment on the small subgroup of patients 
with baseline airway eosinophilia. It is thus pos-
sible that the reason for the lack of clinical ben-
efit in previous trials was that the majority of 
patients did not have the clinical phenotype of 
persistent airway eosinophilia despite corticoste
roid treatment, as did the patients in our study.

Our study had some substantial limitations. 
First, there was a higher sputum eosinophil count 
at baseline in the mepolizumab group. We can-
not discount the possibility that the patients who 
had a response to mepolizumab were those with 
the highest numbers of eosinophils in sputum 
despite corticosteroid treatment. Second, although 
we demonstrated a substantial prednisone-spar-
ing effect in the mepolizumab group, there was no 
significant difference in the more clinically mean-
ingful outcome of the final prednisone doses in 
the two study groups. Third, we relied on past 
objective evidence of asthma as indicated by vari-
able airflow limitation. Since most patients had 
had frequent exacerbations in the past and were 
receiving a maintenance dose of a long-acting 
bronchodilator or had moderate airflow obstruc-
tion at baseline, we did not retest for albuterol 
reversibility or methacholine airway hyperrespon-
siveness in all patients at baseline. Fourth, the 
patients we studied represent only a small propor-
tion of patients who have asthma and persistent 
sputum eosinophilia, so our results would not 
apply to most patients with asthma. Fifth, despite 
our efforts, some investigators may not have re-
mained unaware of study-group assignments be-Ta
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cause they were aware of sputum-cell counts. 
Sixth, the study was small and cannot be consid-
ered clinically directive.

In summary, intravenous mepolizumab reduced 
the number of eosinophils in blood and sputum 
and was associated with prednisone sparing in 
patients with asthma who had sputum eosino-
philia despite the use of oral prednisone and 
high-dose inhaled corticosteroid treatment. Our 
small pilot study is potentially clinically directive 
and highlights the importance of selecting patients 
with airway eosinophilia for the study of the use 
of anti-eosinophil drugs in asthma.
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