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Summary
Objective. Assessing efficacy of mepolizumab on the upper and lower airways 
in severe eosinophilic asthma patients. Patients and methods. This study 
was a 48-week prospective open-label analysis of mepolizumab in 11 asthmat-
ics with chronic rhinosinusitis (CRS). It was administered every 4 weeks. Six 
patients were aspirin-exacerbated respiratory disease (AERD). Results. Blood 
eosinophil count was reduced after the first administration, and was continued 
until 48 weeks. The Sino-Nasal Outcome Test scores, the Lund-MacKay CT 
scoring, and forced expiratory volume in 1 second were improved. Symptom 
scores of anosmia and nasal congestion were not improved in the patients with 
AERD. All oral corticosteroid-dependent patients successfully withdrew from 
corticosteroids. Conclusions. This pilot study showed mepolizumab improved 
nasal symptoms and lung function in severe eosinophilic asthma patients with 
CRS, suggesting efficacy of mepolizumab on the upper and lower airway symp-
toms in eosinophilic asthma.

ture, and cytokine profiles in the Japanese resembled those in 
Europe and the United States (9-11).
Because IL-5 plays a key role on chemotaxis, differentiation, 
activation, and survival of eosinophils (12), and because those 
cells represent such prominent characteristics in the polyps, an-
tagonism of IL-5 has been considered a therapeutic target. The 
first pilot study with reslizumab, a humanized IL-5 antibody, 
showed a significant reduction of the size of nasal polyps after a 
single intravenous injection (13). Hence, the principle of IL-5 
antagonism was established in eosinophilic nasal polyps.
Mepolizumab, a humanized IgG

1
 monoclonal antibody that 

blocks human IL-5 from binding to the IL-5 receptor, has been 
shown to be a potential novel therapeutic approach in patients 
with severe eosinophilic nasal polyposis (14). An international 
randomized, double-blinded, placebo-controlled, multicenter 
study including 105 patients treated with mepolizumab or pla-
cebo showed that in patients with recurrent nasal polyposis re-

Introduction

It has been clearly demonstrated that the upper and lower airway 
diseases share common immunopathological mechanisms (1,2). 
The term “one airway disease” has been established between not 
only allergic rhinitis, but also chronic rhinosinusitis (CRS) and 
asthma (3,4). Clinical relationship between CRS and asthma 
has been a growing health concern, and reported incidence of 
asthma is at least 50% in patients with CRS (5).
Current consensus in Europe and the United States discerns 
2 major phenotypes defined as subgroups of patients homo-
geneous clinically observations: CRS with nasal polyps and 
CRS without nasal polyps (6,7). The former in white patients 
is characterized by eosinophilic inflammation with high inter-
leukin 5 (IL-5) level in the tissue (8). Also, investigations of 
cytokine profiles in Japanese patients with CRS demonstrated 
that eosinophilic infiltration was a common histological fea-
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ceiving topical corticosteroids, mepolizumab treatment led to a 
greater reduction in the need of surgery and a greater improve-
ment on symptoms than placebo (15).
Aspirin-exacerbated respiratory disease (AERD) is the triad 
of CRS with nasal polyposis, adverse reaction to aspirin, and 
asthma (16). A recent retrospective analysis of mepolizumab in 
22 patients with AERD provided clinical evidences that IL-5 
inhibition improved subject-reported upper and lower airway 
symptoms, but not improved forced expiratory volume in 1 sec-
ond (FEV

1
) (17). To our knowledge, no data has been reported 

on the benefit of mepolizumab in severe eosinophilic asthma 
patients with CRS. This is the first prospective open-label pilot 
study of 48-week subcutaneous administration of mepolizumab 
in Japanese patients of severe eosinophilic asthma with CRS. 
The primary objective of this study was to investigate whether 
mepolizumab treatment may improve the symptoms of CRS 
and the findings of computed tomography (CT) scan opacifi-
cation of paranasal sinuses. Second, we compared the response 
to mepolizumab on nasal symptoms and the findings of CT 
scan opacification of paranasal sinuses between patients with 
AERD and those without AERD. Next, we assessed the changes 
of FEV

1
 with mepolizumab treatment. Finally, we investigated 

whether mepolizumab possess oral corticosteroid-sparing effect 
in the patients.

Patients and methods

Patients

The study population comprised 11 subjects (6 males and 5 
females), median age 55.0 years in the age range 29 - 69 years in 
males, and median age 50.4 years in the age range 44 - 56 years 
in females, respectively. The diagnosis of bronchial asthma was 
confirmed based on the Global Initiative for Asthma (GINA) 
guidelines (18). Enrolled patients in this study were required to 
have received a clinical diagnosis of bronchial asthma by experi-
enced pulmonologists. All patients showed that FEV

1
 measured 

with a spirometer was less than 80% of the predicted value for 
age, sex, and height, with documented short-acting ß

2
 agonist 

reversibility of more than 12% after administration of 180 µg 
of salbutamol. Six patients (3 each in males and females) were 
AERD, who were diagnosed as reported (19). Four patients 
(3 males and 1 female, and 1 AERD male) had been receiving 
maintenance treatment with oral corticosteroids (5 to 10 mg per 
day of prednisone or its equivalent) for at least 6 months before 
entering the study.
The diagnostic guidelines established by the American Acad-
emy of Otorhinolaryngology - Head and Neck Surgery were 
met in each patient for the diagnosis of CRS (20). All patients 
had been diagnosed with the presence of nasal polyps using 
a nasal endoscope by experienced otolaryngologists at other 

hospitals before the treatment. Then, they had undergone a 
pretreatment CT scan of paranasal sinuses, and diagnostic 
evidence of CRS was defined by experienced radiologist of 
our hospital using the Lund-Mackay (LM) scores (21). The 
Japanese Epidemiological Survey of Refractory Eosinophilic 
Chronic Rhinosinusitis (JESREC), which was a retrospective 
study conducted by 15 institutions in Japan, has subdivided 
CRS into non-eosinophilic and eosinophilic CRS using the 
JESREC score criteria (22), and the score was assessed from 
each patient in this study. Clinical characteristics of the study 
patients are shown in table I.
All patients had to have experienced at least 2 asthma exacerba-
tions in the previous year that were treated with systemic cor-
ticosteroids administered intravenously or orally for more than 
3 days, or that required a visit to the emergency department 
and/or hospitalization. They were receiving treatment with an 
inhaled corticosteroid at high-dosage of more than 500 µg flu-
ticasone dry powder or equivalent daily dosage / long-acting ß

2
 

agonists inhalers with an additional controller, for 12 months 
before enrollment. In addition, all patients had to have an eo-
sinophil count at least 150 cells/µl in blood at screening or at 
least 300 cells/µl at some time during the previous year. Pa-
tients were allowed to continue their current therapy through-
out the study. The exclusion criteria included present smoking, 
a past history of smoking greater than 10 pack-years, parasitic 
infection in the 6 months before study entry, substantial un-
controlled co-morbidity, possibility of pregnancy, and history 
of poor treatment adherence.
Mepolizumab 100 mg was administered subcutaneously at base-
line (visit 1; week 0), and then every 4 weeks for a total 48 weeks 
as an add-on to appropriate standard care that could be adjust-
ed at the physician’s discretion. Thirteen visits were completed 
to 48 weeks. Patients were asked about exacerbations at every 
4-week clinic visit from baseline to week 48 (exit visit). Safety 
was evaluated at each visit by assessment of adverse events, vital 
signs and electrocardiographic findings along with clinical labo-

Table I - Clinical characteristics of the study patients.

gender male female

number of patients 6 5

age (years) (median) 55.0 50.4

allergic 2 0

non-allergic 4 5

duration of asthma (years) (mean) 16.7 18.6

aspirin hypersensitivity (AERD) 3 3

oral corticosteroid-dependent 3 1
AERD, aspirin-exacerbated respiratory disease.
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ratory testing variables at baseline (week 0) and at weeks 24 and 
48. Blood eosinophil count was assessed from baseline and every 
4 weeks until week 48. FEV

1
 was measured at baseline and at 

weeks 24 and 48 (exit visit).
This study was performed in accordance with Good Clinical 
Practice guidelines, and the ethics principles outlined in the 
Declaration of Helsinki 2008, and approved by the Institutional 
Ethics Committee of Sutoh Hospital (IRB#20160051). Writ-
ten informed consent was obtained from each individual before 
the study commenced. This study was conducted between June 
2016 and December 2018.

Clinical measurements

Eosinophils in peripheral blood were counted automatically 
using a counter (Beckman Coulter, Fullerton, CA, USA) and 
MAXM A/L system (Beckman Coulter). Serum levels of total 
immunoglobulin E (IgE) were measured using the CAP system 
(Phadia, Uppsala, Sweden). The percentages of predicted FEV

1
 

were measured using a spirometer (FUKUDA-77, Fukuda Den-
shi, Tokyo, Japan), and the best of 3 expirations was recorded.
The Sino-Nasal Outcome Test (SNOT-22) questionnaire (23) 
is a modification of a pre-existing instrument, the SNOT-20 
(24) with 2 additional questions about anosmia and nasal con-
gestion. The SNOT-22 is a validated questionnaire quantify-
ing upper respiratory tract symptoms. Each subject completed 
the SNOT-22 by answering all questions based on a 0-5 scale, 
where 0 defines no problems with the given symptom and 5 
defines maximal problems. The scores range from 0 to 110, with 
high scores indicating greater symptoms, and a change of 8.9 or 
more points represents a minimally important difference (23). 
In this study, each subject completed the SNOT-22 at baseline 
and at week 48.
The findings of CT scan opacification of paranasal sinuses in 
each patient was blindly staged by the same radiologist using the 
LM score system at baseline and at week 48. In the scoring sys-
tem, each paranasal sinus (anterior ethmoid, posterior ethmoid, 
maxillary, frontal, and sphenoid sinus on the right and left sides) 
was assigned a score (0 for no opacification, 1 for partial opacifi-
cation, and 2 for total opacification), and the ostiomeatal com-
plex on each side was also assigned a score (0 for patent, 1 for 
partially obstructed, and 2 for completely obstructed). So, the 
total score ranges from 0 to 24. An LM score less than 4 was 
classified as no CT abnormality, and an LM score greater than 
or equal to 4 was classified as CT abnormality, suspecting the 
presence of CRS.
The JESREC scoring system (22) assessed either unilateral or 
bilateral, the presence of nasal polyps, number of peripheral 
blood eosinophils, and dominant shadow of ethmoid sinuses 
in CT scans of paranasal sinuses. A JESREC score higher than 
or equal to 11 was determined as eosinophilic CRS (22). We 

evaluated the JESREC score from each patient before starting 
mepolizumab treatment.

Statistical analyses

Data are presented as mean ± SD or numbers of observations, 
unless stated otherwise. Difference in study variables over time 
was analyzed using the Dunnett multiple comparison test. The 
Wilcoxon signed-rank test was used to compare paired data. All 
statistical analyses were performed using Microsoft Excel for 
Mac 2011. A p value < 0.05 was considered significant.

Results

No patients failed to continue mepolizumab treatment because 
of adverse events, such as local injection site reactions and ana-
phylactic reactions, and none of them complained of headache 
or signs of nasopharyngitis. No clinically relevant trends were 
observed in vital signs, electrocardiographic findings, or clinical 
laboratory testing data. All patients continued to receive me-
polizumab throughout the trial period without exacerbations. 
The mean of the JESRES score before starting mepolizumab 
treatment was 12.6 in the score range 11-17. 
Blood eosinophil counts at baseline were 409.8 ± 259.1 (mean 
± SD), and it showed a rapid and sustained reduction with me-
polizumab (at weeks 4, 24 and 48, the counts were 82.9 ± 42.3, 
55.7 ± 60.9 and 49.5 ± 35.5, respectively; each p < 0.01).
The total SNOT-22 scores decreased by 18.0 points (p < 0.01; 
figure 1, A). Symptom scores of anosmia (SNOT-22 question 
21, figure 1, B) and nasal congestion (SNOT-22 question 22, 
figure 1, C) decreased by 2.5 points (p < 0.05), and decreased 
by 1.9 points (p < 0.01). The LM score decreased by 3.0 
points (p < 0.01; figure 1, D). In aspirin-tolerant patients, the 
total SNOT-22 scores (figure 2, A), the SNOT-22 question 21 
score (figure 2, B), the SNOT-22 question 22 score (figure 2, 
C), and the LM score (figure 2, D) decreased by 15.2 points, 
3.8 points, 2.0 points, and 3.6 points, respectively (each p < 
0.01). In AERD patients, the total SNOT-22 scores (figure 3, 
A) and the LM score (figure 3, D) decreased by 20.3 points 
and 2.5 points (both p < 0.05), but not the SNOT-22 ques-
tion 21 score (figure 3, B) and the SNOT-22 question 22 
score (figure 3, C). Some patients did not provide a change 
of SNOT-22 and/or LM score after the period of observation 
(table II). Namely, among 6 AERD patients 2 patients did 
not provide a change of SNOT-22 score, and 3 patients did 
not provide a change of LM score change. On the other hand, 
a patient with allergic, oral corticosteroid-dependent asthma 
did not show a change of LM score.
FEV

1
 at week 24 and at week 48 was 73.3 ± 8.4 % and 73.9 ± 

8.8 % respectively, and increased compared with 69.0 ± 10.5 % 
at baseline (both p < 0.05) (figure 4).
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Figure 1 - Change in SNOT scores and the Lund-MacKay CT scorings before mepolizumab therapy (0 week) and 48 weeks after start of 
the therapy in 11 patients. A significant reduction of total SNOT-22 scores and the CT scorings was seen at week 48 after mepolizumab 
treatment. Also, SNOT-22 Question 21 and 22 were significantly reduced with the treatment, indicating an improvement in sinonasal 
symptoms of the patients with mepolizumab treatment. A, total SNOT-22 scores; B, SNOT-22 question 21 (smell / taste); C, SNOT-22 
question 22 (nasal congestion); D, Lund-MacKay CT scorings. Gray horizontal lines represent group means. mepo: mepolizumab.

In the present study, 4 patients required daily oral corticosteroid 
therapy before starting the trial, and all of the patients success-
fully withdrew from daily use of oral corticosteroids without ex-
acerbations and in parallel with sustained reduction in periph-
eral eosinophil count after initiation of the therapy (figure 5).

Discussion

This was the first open-label pilot study of subcutaneous admin-
istration of mepolizumab that showed safely improvements on 
nasal symptoms, the CT findings of the paranasal sinuses and 
lung function in Japanese patients of severe eosinophilic asth-
ma with CRS. None of the patients experienced exacerbations 
during 48-week administration.

Before starting mepolizumab treatment, all patients had been 
diagnosed with the presence of nasal polyps using a nasal endo-
scope by experienced otolaryngologists at other hospitals. In ad-
dition, a JESREC score was assessed from each patient, and the 
mean JESREC score of the patients was 12.6 in the score range 
11-17, supporting that all patients were eosinophilic CRS.
A recent review described blood eosinophil counts as a predic-
tive biomarker for the efficacy of treatment with mepolizumab 
in patients with severe eosinophilic asthma (25). Following me-
polizumab administration, a rapid and pronounced reduction 
in peripheral blood eosinophil levels was observed in this study, 
which was consistent with previous studies (25-27).
Unfortunately, after mepolizumab treatment less than half of the 
patients agreed to an endoscopic evaluation performed by expe-
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Figure 2 - Change in SNOT scores and the Lund-MacKay CT scorings before mepolizumab therapy (0 week) and 48 weeks after start of 
the therapy in 5 patients without aspirin hypersensitivity. A significant reduction of total SNOT-22 scores and the CT scorings was seen at 
week 48 after mepolizumab treatment. Also, SNOT-22 Question 21 and 22 was significantly reduced with the treatment. A, total SNOT-
22 scores; B, SNOT-22 question 21 (smell / taste); C, SNOT-22 question 22 (nasal congestion); D, Lund-MacKay CT scorings. Gray 
horizontal lines represent group means. mepo: mepolizumab.

rienced otolaryngologists at other hospitals, and the rest of them 
refused to visit otolaryngologists. So, the primary objective of this 
study was to investigate whether mepolizumab may improve the 
symptoms of CRS and the findings of CT scan opacification of pa-
ranasal sinuses. Total SNOT-22 scores, symptom scores of anosmia 
(Question 21 from the SNOT-22) and nasal congestion (Question 
22 from the SNOT-22) significantly decreased after the treatment.
The next objective was the comparison of the response to me-
polizumab on nasal symptoms and the CT findings between pa-
tients with AERD and aspirin-tolerant patients. In aspirin-tol-
erant patients, the total SNOT-22 scores, Question 21 score 
from the SNOT, Question 22 score from the SNOT-22, and 
the LM score significantly decreased with mepolizumab treat-
ment. However, in AERD patients, the total SNOT-22 scores 

and the LM score significantly decreased, but not Question 21 
and Question 22 scores from the SNOT-22. Some patients did 
not provide a change of SNOT-22 and/or LM score after the 
period of observation.
A recent investigation indicated that patients with AERD showed 
more olfactory loss, but no difference in the total SNOT-22, in 
comparison with patients without AERD (28). Peripheral blood 
eosinophil count has been shown to be higher in AERD patients 
than in aspirin-tolerant asthma (19,29,30). On the other hand, 
it has been reported that while nasal congestion is a common 
symptom in patients with eosinophilic CRS, reduction in or loss 
of the sense of smell precedes nasal congestion (31), and char-
acteristic CT images of the sinuses are opacification of posterior 
ethomoid sinus and the olfactory cleft (22,32). Taking all into 
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Figure 3 - Change in SNOT scores and the Lund-MacKay CT scorings before mepolizumab therapy (0 week) and at week 48 after start of 
the therapy in 6 patients with aspirin-exacerbated respiratory disease. A significant reduction of total SNOT-22 scores and the CT scorings 
was seen at week 48 after mepolizumab treatment. However, SNOT-22 Question 21 and 22 was not with the treatment. A, total SNOT-
22 scores; B, SNOT-22 question 21 (smell / taste); C, SNOT-22 question 22 (nasal congestion); D, Lund-MacKay CT scorings. Gray 
horizontal lines represent group means. mepo: mepolizumab, NS: not significant.

Table II - Patients and their clinical characteristics that did not provide changes of SNOT-22 score and/or Lund-Mackay CT score after 
mepolizumab treatment.

Patients (gender, age-years) SNOT-22 score Lund-Mackay CT score

pre-mepo post-mepo pre-mepo post-mepo

patient 1 (female, 47, AERD) 27 26 14 13

patient 2 (female, 44, AERD) 46 46 9 6

patient 3 (female, 56, AERD) 51 18 17 17 (oral corticosteroid-dependent)

patient 4 (male, 46, AERD) 47 26 17 16

patient 5 (male, 56, allergic) 35 26 19 18 (oral corticosteroid-dependent)
AERD, aspirin-exacerbated respiratory disease; mepo, mepolizumab.
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Figure 4 - Change in forced expiratory volume in one second 
(FEV

1
) before mepolizumab therapy (0 week), and 24 weeks, 48 

weeks after start of the therapy. Significant improvements in FEV
1
 

were seen at weeks 24 and at 48. *p < 0.05.

Figure 5 - Change in peripheral blood eosinophil count in oral corti-
costeroid-dependent asthma patients before mepolizumab treatment 
(week 0) and every 4 weeks thereafter. Solid lines show the eosinophil 
count under corticosteroid administration, and dotted lines show the 
eosinophil count without corticosteroids. All 4 corticosteroid-de-
pendent asthma patients (3 aspirin-tolerant patients and 1 AERD 
patient) successfully withdrew from daily use of oral corticosteroids 
without exacerbations and in parallel with sustained reduction in 
peripheral blood eosinophil count after initiation of mepolizumab 
treatment. AERD: aspirin-exacerbated respiratory disease.

account, the findings in this study may suggest a possibility that 
local biologic activity of eosinophils, which induces symptoms 
of anosmia and nasal congestion, might be more severe in eosin-
ophilic CRS with AERD, and longer duration of the treatment 
may be needed. Further studies are required.
In this study, some patients did not provide a change of SNOT-22 
and/or LM score after the period of observation. Because this is 
a pilot study of 11 patients, we could not investigate their precise 
characteristic differences into responders and non-responders.
The Asthma Control Test (ACT) scores (33) is often used for as-
sessment of asthma control. However, the ACT mainly depends 
on patient’s reported outcome, and furthermore the presence of 
rhinitis has been shown to heavily affect the patient’s perception 
of asthma control (34,35). Some studies showed an evidence that 
rhinitis was associated with an incremental adverse impact on 
the disease-specific quality of life in asthmatic patients (34). Be-
cause the presence of rhinitis may affect the patient’s perception 
of asthma, it was suggested that the accuracy of the ACT has not 
been systematically evaluated (36). Therefore, we assessed FEV

1
 

in this study. The results showed FEV
1
 at week 24 and at week 

48 were increased significantly compared with that at baseline.
Finally, we evaluated the corticosteroid-sparing effect of me-
plozimab, because 4 patients required daily use of oral cortico-
steroids before initiating mepolizumab. All patients successfully 
withdrew from daily use of oral corticosteroids without exacer-
bation and in parallel with a sustained reduction in peripheral 
blood eosinophil count, which was consistent with the results of 
a previous report (37).
Needless to say, this pilot study has limitations. First, a modi-
fied LM CT system, which uses a 3-dimensional, computerized 
method to qualify the volume of mucosal inflammation in the 
sinuses, has been reported to better correlate with symptoms 
and disease-specific quality of life of the patients with CRS (38). 
However, the decrease of SNOT-22 scores was associated with 
that of LM scorings in the present study. Second, nasal IL-5 
levels have been shown to determine the response to anti-IL-5 
treatment in patients with nasal polyps (11). In this study, local 
biologic activity assessment and endoscopic evaluation could 
not be performed, because no experienced otolaryngologists 
work at our hospital. As concerns to nasal polyps, investigations 
about changes of polyp sizes before and after mepolizumab 
treatment will be required. In addition, number of subjects in 
the study was 11, and this trial was not randomized, blinded, 
nor placebo-controlled. So, multicenter, double-blinded, con-
trolled studies are necessary to confirm our data.

Conclusions

Our results showed a favorable long-term safety and clinical ef-
ficacy of mepolizumab on the upper airway symptoms and lung 
function in severe eosinophilic asthma patients with CRS.
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