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Abstract

Background: Strong eosinophil infiltration in chronic rhinosinusitis with nasal polyp (CRSWNP) is highly associated with
recalcitrance and higher nasal polyp recurrence rate after surgery. The prevalence of eosinophilic CRSWNP (ECRY) is
increasing in Asian countries including Japan. Benralizumab is a humanized anti-IL-5R alpha monoclonal antibody that
depletes eosinophils by antibody-dependent cell-mediated cytotoxicity.
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Objective: To assess the efficacy and safety of benralizumab in patients with ECRS.

Methods: This phase Il, randomized, double-blind, placebo-controlled study was conducted in Japan. Patients were ran-
domized |:2:2 to placebo, a single administration of benralizumab 30 mg, or benralizumab 30 mg every 4 weeks (q4w) for a
total of three doses. The primary endpoint was the change in nasal polyp score from baseline at Week 12.

Results: Overall, 56 patients were enrolled (placebo, n= I I; benralizumab single dose, n =22; benralizumab q4w, n=23).
Although the mean total nasal polyp score began to decrease after the initiation of benralizumab treatment, there were no
statistically significant differences in change in nasal polyp score from baseline at Week |2 between benralizumab and placebo
(placebo, —0.5 4 0.8; benralizumab single, —0.3 +0.8; benralizumab gq4w, —0.5 & 1.5). Post-hoc analysis showed that the
administration of benralizumab decreased nasal polyp scores >2 points in 42.2% of ECRS patients and that patients with high
blood eosinophil levels had a greater tendency to respond to benralizumab treatment. The safety profile was similar to that
in previous studies and no unexpected adverse events were noted.

Conclusion: Although benralizumab did not meet the primary efficacy endpoint, reductions of nasal polyp scores were seen
in the benralizumab group compared with the placebo group over the whole study period, especially in patients with high

levels of blood eosinophils.
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Introduction

Chronic rhinosinusitis (CRS) is one of the most common
diseases worldwide." CRS is generally classified into two
types: CRS with nasal polyps (CRSWNP) and CRS with-
out nasal polyps (CRSsNP).! In Asian countries includ-
ing Japan, CRSwNP is generally recognized as a
neutrophilic inflammatory disease. However, a new sub-
type of CRSWNP, characterized by strong eosinophilic
inflammation, has been increasingly observed in
Japan.>* This subtype, known as eosinophilic
CRSwNP (ECRS), has a lower response to macrolide
therapy and a higher tendency to recur after endoscopic
sinus surgery.”* ECRS was defined by the Japanese
Epidemiological Survey of Refractory Eosinophilic
Chronic Rhinosinusitis (JESREC) study and the diagno-
sis of ECRS is based on one/both sides of the nasal
passage, presence of nasal polyps, ethmoid dominant
computed tomography (CT) shadow, and the percentage
of eosinophils in the peripheral blood (Figure S1).?
Interleukin (IL)-5, a key cytokine responsible for the
differentiation, proliferation, and activation of eosino-
phils,” binds to the IL-5 receptor (IL-5R) expressed
almost exclusively on the surface of eosinophils and
basophils.®® IL-5 is primarily secreted by Th2 cells,
mast cells, and eosinophils, which are closely involved
in eosinophilic inflammation associated with CRSwNP.’
Topical corticosteroid administration was reported to
downregulate IL-5 levels and eosinophil numbers in
the nasal mucosa of patients with ECRS and eventually
reduced nasal polyp size.'® Furthermore, the number of
eosinophils in peripheral blood was positively correlated

with the number of eosinophils in the nasal mucosa.'’
Therefore, the downregulation of IL-5 levels and eosin-
ophil numbers in the peripheral blood might ameliorate
eosinophilic inflammation in the nasal mucosa, which
might reduce nasal polyp size.

Benralizumab is a humanized, afucosylated, anti-IL-
5R alpha monoclonal antibody that is approved for
severe eosinophilic asthma in the United States,
Europe, and Japan.'? After the administration of benra-
lizumab, eosinophils are rapidly and almost completely
depleted by apoptosis via enhanced antibody-dependent
cell-mediated cytotoxicity."® In phase III clinical studies
of patients with severe uncontrolled asthma, there was a
significant reduction in the annual asthma exacerbation
rate and safety was demonstrated after long-term treat-
ment with benralizumab 30 mg compared with place-
bo."3 13 Stratified analysis revealed that benralizumab
improved the annual rate of exacerbation and pulmo-
nary function, especially in patients with eosinophilia
(blood eosinophil counts >300 cells/uL).'*'> Consistent
with the “one airway, one disease” concept, these find-
ings suggest that benralizumab may also be effective as a
treatment for ECRS.'® Therefore, the aim of the current
study was to evaluate the efficacy and safety of benrali-
zumab in patients with ECRS in Japan.

Methods
Trial Design

This was a phase II, multicenter, randomized, double-
blind, placebo-controlled study conducted in Japan from
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May 2016 to May 2017 at 16 clinical sites (ClinicalTrials.
gov identifier: NCT02772419). Patients were random-
ized 1:2:2 to receive placebo (placebo administered on
Day 1, Week 4, and Week 8), a single administration of
benralizumab (hereafter “benralizumab single”) 30 mg/
mL solution (benralizumab administered on Day 1 and
placebo administered Week 4 and Week 8), or benrali-
zumab 30 mg/mL solution every 4 weeks (q4w; benrali-
zumab administered on Day 1, Week 4, and Week 8)
using a dynamic allocation procedure. The severity of
ECRS and the presence of complicated asthma were
used as stratification factors. This double-blinded trial
was where both the physician and patient were blinded
to the treatment assignment. The protocol was approved
by the institutional review board or ethics committee at
each study site, and the study was conducted in accor-
dance with Good Clinical Practice guidelines based on
Declaration of Helsinki. Written informed consent was
obtained from participants before the start of any pro-
cedures. Patient anonymity was preserved using methods
approved by the institutional review boards. Details are
provided in this article’s Methods section in the online
supplemental material.

Patients

The key inclusion criteria were age >20 and <75 years at
the time of consent, weight >40 kg at screening, and a
total ECRS score of >11 according to the JESREC scor-
ing system® at enrollment (Figure S1). Patients were also
required to have a minimum bilateral nasal polyp score
of 3 (maximum score of 8) with a score of >1 in each
nostril at screening and enrollment. The nasal polyp
score was measured from 0 to 4 on a 5-grade scale.'’
Details are provided in Table 1 and in this article’s
Methods section in the online supplemental material.

Outcome Measures

Patients were followed until the end of treatment at
Week 24. The primary endpoint was the change in
nasal polyp score from baseline at Week 12. Secondary
endpoints included the change in nasal polyp score from
baseline to Week 24, CT score of the paranasal sinuses,
rhinomanometry, olfactometry (T&T Olfactometer,
Daiichi Yakuhin Sangyo Co., Ltd., Tokyo, Japan),
Sino-Nasal Outcome Test-22 (SNOT-22) score, symp-
tom severity (visual analog scale [VAS] 0-10cm),
blood eosinophil counts, and pharmacokinetics. CT
images of the sinuses evaluated at a CT image Reading
Central Review Panel were graded according to the
Lund-Mackay system.'® Safety was assessed using vital
signs, symptoms, physical examination, blood analysis,
and adverse event reporting.

Statistical Analysis

For efficacy outcomes, the change from baseline in the
total right and left nasal polyp score (total nasal polyp
score) at Week 12 (95% CI) was summarized for each
treatment group. The difference between each treatment
group and the placebo group in mean change from base-
line in total nasal polyp score at Week 12 (95% CI) was
reported. For the exploratory efficacy assessment,
change in total nasal polyp score from baseline at
Week 12 was compared between the placebo group
and each benralizumab group using the Mann-Whitney
U-test. Missing data were handled using last observation
carried forward imputation. Post-hoc efficacy analyses
included the number and percentage of patients with
improved total nasal polyp score (>3 and >2 points
improvement categories) at each visit. Details are pro-
vided in this article’s Methods section in the online sup-
plemental material.

Results

Study Design and Patients’ Clinical Characteristics

Overall, 56 patients met the inclusion criterion and were
randomly assigned to placebo (11 patients), benralizu-
mab single (22 patients), or benralizumab q4w (23
patients) (Figure 1). In total, 52 patients completed the
double-blinded period of 24 weeks and 4 patients discon-
tinued the study. One patient in the benralizumab gq4w
group was discontinued from the study for starting a
new treatment because of aggravated ECRS on Day
22. There were no differences in patient clinical charac-
teristics and demographics between the three groups
(Table 1). Most patients in each group had a history of
asthma and severe ECRS according to the JESREC
study criteria (Figure S1). The mean total nasal polyp
score at baseline was similar across the three groups
(placebo: 5.0 + 1.6, benralizumab single: 5.3 + 1.4, ben-
ralizumab q4w: 5.4 40.9).

Efficacy

The change from baseline in total nasal polyp score over
time in each treatment group is shown in Figure 2. The
change in total nasal polyp score from baseline at week
12 at the primary endpoint was —0.5+ 0.8 (mean + SD)
in the placebo group, —0.3+0.8 in the benralizumab
single group, and —0.54 1.5 in the benralizumab q4w
group. The mean difference in change from baseline rel-
ative to the placebo group was 0.3 (95% confidence
interval [CI]: —0.3-0.9) for the benralizumab single
group and 0.0 (—1.0-1.0) for the benralizumab q4w
group. There was no statistically significant difference
between either of the benralizumab groups compared
with placebo (p=0.418 for benralizumab single,
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Table I. Patient Demographic and Baseline Clinical Characteristics.

Placebo 30 mg Single 30 mg Q4W

Parameter (Unit) N=1l N=22 N =23
Sex, n (%)

Female 4 (36.4) 11 (50.0) Il (47.8)

Male 7 (63.6) 11 (50.0) 12 (52.2)
Age (years), mean =+ SD 533+ 148 54+10.8 53+123
Height (cm), mean £+ SD 164.22 £9.67 164.55 +7.86 161.63 +8.04
Weight (kg), mean 4+ SD 65.31+12.49 61.73£11.29 59.64+10.95
BMI (kg/m?), mean + SD 24.09+3.3 2267 £3.13 22.73+3.12
Medical history (on-going at screening), n (%)
Asthma 10 (90.9) 18 (81.8) 19 (82.6)
NSAIDs intolerance 5 (45.5) 6 (27.3) 6 (26.1)
Surgical history of the primary disease, n (%) 8 (72.7) 13 (59.1) 15 (65.2)
JESREC score, mean + SD 14.6 £2.5 155+£2 152+ 1.6
ECRS severity, n (%)

Mild I (9.1) | (4.5) | (4.3)

Moderate 2 (18.2) 5(22.7) 5(21.7)

Severe 8 (72.7) 16 (72.7) 17 (73.9)
Eosinophils of peripheral blood (%), n (%)

>2 to <5 3 (27.3) 3 (13.6) 2 (8.7)

>5to <10 4 (36.4) 8 (36.4) 14 (60.9)

>10 4 (36.4) 11 (50.0) 7 (30.4)
Blood eosinophil count (/uL), mean & SD 567.3+3204 775.5+6234 621.3+432.3
Blood basophil count (/uL), mean & SD 26.1 +£24.5 24.6 +18.3 31.24+23.6
Total nasal polyp score, mean £ SD 50+ 1.6 53£14 54+09

>3 to <4 4 (36.4) 5(22.7) 3 (13.0)

>5to <8 7 (63.6) 17 (77.3) 20 (87.0)
VAS, mean =+ SD

Nasal obstruction (cm) 4.82+3.22 5.04t£3.14 4.14+2.93

Rhinorrhea (cm) 5.42+3.20 492+3.15 432+289

Post nasal drip (cm) 3.45+3.36 4.07 £2.87 3.19+3.02

Loss of smell (cm) 896 +£2.78 891 £227 7.32+3.67

Headache (cm) 1.23+1.93 1.77 £2.54 .56 +2.15

Daily life interference (cm) 4.18+£2.87 3.86 +3.53 4.69 £3.45
Total CT score, mean &=SD 16.94+-4.2 18.04+-4.2 15.84+3.8
Total score for SNOT-22, mean = SD 30.5+15.8 34.5+20.3 31.7+18.8

q4w, every 4 weeks; SD, standard deviation; BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drug; ECRS, eosinophilic chronic rhinosinusitis;
CRSWNP, chronic rhinosinusitis with nasal polyps; VAS, visual analog scale; SNOT-22, Sino-Nasal Outcome Test-22. Data are presented as n (%), unless

otherwise noted.

failure to meet the eligibility criteria (n = 1, placebo)
personal reasens (n = 1, 30 mg single}
aggravation of ECRS (n =1, 30 mg q4w)
investigator's decision (n = 1, 30 mg g4w)

Consented
n=64
Randomized
n=56
Placebo Benralizumab Benralizumab
30 mg single 30 mg gdw
n=11 n=22 n=23
4 discontinued
Completed Completed Completed
n=10 n=21 n=21

Figure |. Study design. q4w, every 4 weeks; ECRS, eosinophilic chronic rhinosinusitis.
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Change in total nasal polyp score

1] 4 8

Week

~o—Placebo (n=11)

~#—Benralizumab 30 mg single (n=22)

16 20 24

—4—Benralizumab 30 mg qdw (n=23)

Figure 2. Change from baseline in total nasal polyp score over time (mean = SD): Full analysis set. Placebo = patients were administered
placebo at Day |, Week 4, and Week 8; benralizumab 30 mg single = patients were administered benralizumab at Day | and placebo Week
4 and Week 8; benralizumab 30 mg q4w = patients were administered benralizumab at Day |, Week 4, and Week 8. g4w, every 4 weeks.

p=0.901 for benralizumab q4w) at the primary end-
point. Although the mean total nasal polyp score
began to decrease in both benralizumab groups after
the initiation of study treatment, this trend was not
observed at the primary endpoint. Thereafter, the nasal
polyp score in both benralizumab groups began to
decrease again from Week 16 to 24.

Post-hoc analyses showed that the number of patients
with >2 points improvement in total nasal polyp score
from baseline during the 24 weeks was 8/23 in the ben-
ralizumab q4w group, 11/22 in the benralizumab single
group, and 1/11 in the placebo group (Table 2). When a
positive response to benralizumab was defined as >2
points improvement in total nasal polyp from baseline,
the response rate of benralizumab was 42.2% (19/45
patients) compared with 9.1% in the placebo group
(1/11 patients) (p =0.0398, chi-square test). In the place-
bo group, no patients had an improvement in total nasal
polyp score >3 points. These results suggested that ben-
ralizumab treatment decreased the total nasal polyp
score in ECRS patients during the 24 weeks from the
first administration of benralizumab.

To assess the efficacy of benralizumab treatment in
detail, the change in total nasal polyp score from base-
line during the 24 weeks from the first administration of
benralizumab was stratified by the baseline percentage
of peripheral blood eosinophils (Table 2). The response
rates to benralizumab were 50.0% of patients with
peripheral blood eosinophils >10% (9/18 patients),
40.9% of patients with 5%-10% peripheral blood eosi-
nophils (9/22 patients), and 20.0% of patients with <2%

peripheral blood eosinophils (1/5 patients). Taken
together, these data suggest that ECRS patients with
high numbers of blood eosinophils had a greater tenden-
¢y to respond to benralizumab treatment.

Summary statistics for the change in symptom VAS
item scores, CT scores, nasal airway resistance, olfactory
test, and SNOT-22 from baseline at Week 12 and Week
24 are shown in Table 3. There were no clinically rele-
vant differences between either of the benralizumab
groups and placebo.

Blood Eosinophil Count

Compared with the placebo group, the blood eosinophil
count was rapidly and markedly decreased after the ini-
tiation of study treatment in both benralizumab groups
(Figure 3). The blood ecosinophil count remained
approximately O/uL up to Week 8 in the benralizumab
single group and up to Week 12 in the benralizumab gq4w
group. In addition, compared with placebo, there was a
marked decrease in blood basophil count at Week 4 in
both benralizumab groups (data not shown).

Safety

Treatment emergent adverse events (TEAEs) were
reported in 5/11 patients (45.5%) in the placebo group,
16/22 patients (72.7%) in the benralizumab 30 mg single
group, and 13/23 patients (56.5%) in the benralizumab
30 mg q4w group (Table 4). The most common TEAE
reported in  the  benralizumab  groups  was
“nasopharyngitis”, which was reported in three patients



American Journal of Rhinology & Allergy 0(0)

Table 2. Change From Baseline in Total Nasal Polyp Score by Baseline Peripheral Blood Eosinophils.

Placebo

(N=11)

Benralizumab Group

(q4w + Single) (N

Benralizumab Single

Benralizumab g4w

45)

(N=22)

(N=23)

>10
(N

5-10
(N

2-5
(N=3)

>10
(N

5-10
(N

2-5
(N

>10

(N=11)

5-10
(N

2-5
(N=3)

>10
(N

5-10
(N

2-5
(N

Eosinophil

4)

4)

18)

22)

3)

8)

14) 7)

2)

(%)

Change from

baseline in

total nasal
score

Total

q4w, every 4 weeks.

(27.3%) in the placebo group, nine patients in the ben-
ralizumab 30 mg single group (40.9%), and three
patients in the benralizumab 30 mg q4w group
(13.0%). Most adverse events were mild-to-moderate
in severity. No TEAEs leading to death were reported
in this study. One patient (4.3%) in the benralizumab 30
mg g4w group reported serious TEAEs of “pneumonia”
and “asthma” that required hospitalization. At the time
of reporting, both events were recovering/resolving, and
neither event was considered related to the investigation-
al product.

Discussion

This is the first placebo-controlled study to evaluate the
efficacy and safety of benralizumab in Japanese patients
with ECRS. There were no significant differences in the
change in total nasal polyp score from baseline at Week
12 at the primary endpoint between patients receiving
benralizumab and those receiving placebo (Figure 2).
However, reductions of total nasal polyp scores were
seen in the benralizumab treatment group compared
with placebo during the 24 weeks from the first admin-
istration of benralizumab (Table 2). Furthermore, the
reduction in total nasal polyp score was higher in
patients with high levels of blood eosinophils than in
those with low eosinophil levels (Table 2).

In previous studies of patients with severe uncon-
trolled eosinophilic asthma,'*!'* benralizumab treatment
rapidly depleted blood and airway eosinophils.'”
Similarly, in this study, benralizumab rapidly depleted
blood cosinophils in Japanese patients with ECRS
(Figure 3). However, there was no statistically significant
difference in the total nasal polyp scores at Week 12 in
either of the benralizumab groups compared with place-
bo. In the placebo group, a high proportion of patients
had a history of nasal surgery more than a year before
the date of consent and had NSAIDs intolerance, these
medical histories might affect the nasal polyp scores. To
address this potential limitation, we conducted prespeci-
fied subgroup analyses of patients with low and high
baseline levels of peripheral eosinophils and showed
that the baseline percentage of peripheral blood eosino-
phils may have influenced the change in total nasal
polyp score from baseline at all time points examined.
The finding that patients with high blood eosinophils
(>10% of peripheral blood) at baseline in the benralizu-
mab groups showed good clinical responses further sup-
ports the role of eosinophils in the treatment of ECRS
with benralizumab (Table 2). However, only a limited
subpopulation showed an improved clinical response,
which indicates that ECRS is likely to be characterized
by various pathophysiological mechanisms. As men-
tioned previously, differences in the infiltration of eosi-
nophils into the nasal tissues of patients with nasal
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Figure 3. Blood eosinophil count over time (mean 4 SD): Full analysis set. Blood eosinophil count over time (mean = SD): Full analysis
set. Placebo = patients were administered placebo at Day |, Week 4, and Week 8; benralizumab 30 mg single = patients were administered
benralizumab at Day | and placebo at Week 4 and Week 8; benralizumab 30 mg q4w = patients were administered benralizumab at Day |,

Week 4, and Week 8. q4w, every 4 weeks.

Table 4. Treatment-Emergent Adverse Events in the Safety Population.

Benralizumab

Placebo 30 mg Single 30 mg Q4W
N=11I N =22 N =23

PT n (%) n (%) n (%)
Pyrexia 2 (18.2) 5 (22.7) 4 (17.4)
Nasopharyngitis 3 (27.3) 9 (40.9) 3 (13.0)
Influenza | 9.1 2 9.1 0
Headache 0 0 2 (8.7)
Asthma 0 0 2 8.7)
Upper respiratory tract inflammation 0 2 9.1 0

Subjects with any TEAE 5 (45.5) 16 (72.7) 13 (56.5)

PT, preferred term; q4w, every 4 weeks; TEAE, treatment-emergent adverse event. Coding dictionary: MedDRA version 19.1. This table displays TEAEs by
preferred term that occurred in 2 or more patients in any benralizumab group.

polyps might be related to ethnicity.?° Using nasal polyp
tissue homogenates, a previous study reported that 80%
of nasal polyps from patients in Europe expressed 1L-5
compared with 20%—-60% of nasal polyps from patients
in Asia.?® We did not obtain nasal polyp tissues from
patients at baseline or after the initiation of study treat-
ment; therefore, we were unable to confirm whether
eosinophil counts in patient nasal polyps were high.
Biological markers that reflect eosinophilic inflamma-
tion in the nasal mucosa might be useful for
predicting responses to benralizumab treatment in
ECRS patients.

There were no clinically relevant differences in the
change in SNOT-22 score from baseline at Week 12
and Week 24 in the benralizumab groups because symp-
tom scores at baseline were low in this study. The
SNOT-22 score at baseline was lower than that in the
mepolizumab phase II study.”’ In the mepolizumab
study, the total SNOT-22 score at baseline was 49.5 in
the placebo group and 51.5 in the mepolizumab group.?'
In contrast, the total SNOT-22 score at baseline in this
study was 30.5+15.8 in the placebo group, 34.5+20.3
in the benralizumab single group, and 31.7 £ 18.8 in the
benralizumab g4w group. The VAS symptom scores for



Takabayashi et al.

symptom severity were also lower compared with the
mepolizumab phase II study.?’

In this study, patients received investigational prod-
uct at Day 1, Week 4, and Week 8, and they were con-
tinuously observed for 4 months after the final
administration of investigational product until the end
of treatment at Week 24. Although patients received
only one or three doses of benralizumab during the
study, more patients showed an improvement in total
nasal polyp score of 2 or 3 points from baseline at
Week 24 compared with at Week 12. Moreover, there
appeared to be a gradual decrease in mean total nasal
polyp score from Week 16 onwards to Week 24. There
was a decrease in blood eosinophil counts to 0/uL within
4 weeks of treatment suggesting a delay in the effect of
benralizumab on cosinophils with regard to the nasal
polyp score.

However, there were several limitations in this study,
the duration of administration was too short and the
sample size was too small to investigate this further.
The design of future studies should include larger
sample sizes, longer treatment durations, and nasal
tissue samples so that the potential effects of benralizu-
mab can be evaluated in greater detail.

Consistent with previous studies, benralizumab was
relatively safe and well-tolerated.'*'* There were no clin-
ically significant TEAEs related to the study drug and
the profile of TEAEs in patients with ECRS was similar
to the safety and tolerability profile reported previously.

Conclusion

Although benralizumab did not meet the primary effica-
cy endpoint, reduced nasal polyp scores were seen in the
benralizumab groups compared with placebo at all time-
points, and especially in patients with high levels of
blood eosinophils. Even within ECRS patients, clinical
presentation can be heterogencous and the underlying
mechanisms that contribute to disease pathology are
not fully understood.'**?* Therefore, further studies
with longer treatment durations and appropriate patient
groups are needed to determine whether benralizumab
can be a potential treatment for patients with ECRS.
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Materials and Methods

Trial design

This was a phase II, multicenter, randomized, double-blind, placebo-controlled

study conducted in Japan from May 2016 to May 2017 at 16 clinical sites

(ClinicalTrials.gov identifier: NCT02772419). The study consisted of a screening period

up to 4 weeks (from informed consent to randomization), a double-blinded treatment

period from Day 1 to Week 24, and a follow-up period. Patients received either

benralizumab 30 mg/mL solution or placebo by subcutaneous injection (investigational

product). Patients who fulfilled all of the eligibility criteria (eligible patients) were

randomized 1:2:2 to receive placebo (placebo administered on Day 1, Week 4, and Week

8), benralizumab single (benralizumab administered on Day 1 and placebo administered

Week 4 and Week 8) or benralizumab every 4 weeks (q4w; benralizumab administered

on Day 1, Week 4, and Week 8), using a dynamic allocation procedure. The severity of

ECRS and the presence of complicated asthma were used as stratification factors.

Randomization was performed at the Case Enrollment Center. The protocol was approved

by the institutional review board at each study site and the study was conducted in

accordance with Good Clinical Practice guidelines based on the Declaration of Helsinki.

Written informed consent was obtained from participants before the start of any



procedures. Patient anonymity was preserved using methods approved by the institutional

review boards.

Patients

The key inclusion criteria were age >20 and <75 years at the time of consent, weight
>40 kg at screening, and a total ECRS score of >11 according to the JESREC scoring
system® at enrollment. Patients were also required to have a minimum bilateral nasal
polyp score of 3 (maximum score of 8), with a score of >1 in each nostril at screening and
at enrollment. The nasal polyp score was measured from 0 to 4 on a 5-grade scale.'” The
key exclusion criteria were any concomitant disease that was considered to affect nasal
polyp scores (e.g., severe deflected septum and allergic fungal sinusitis); any nasal
surgery (including polypectomy) within 1 year before the date of consent; patients
unsuitable for proper evaluation of nasal polyp scores because of nasal surgery or any
other reason, as judged by the investigator; unable to evaluate the safety of the
investigational product correctly; and a Sino-Nasal Outcome Test-22 (SNOT-22) score
<7 at enrollment. Use of systemic corticosteroid (including oral) and corticosteroid nasal
drops (excluding spray) were prohibited 4 weeks before enrollment up to the end of the

double-blinded period. Restricted medications included corticosteroid nasal drops (spray),



anti-allergic agents (leukotriene receptor antagonists, Th2 cytokine inhibitors,
thromboxane A, receptor antagonists, thromboxane A> synthesis inhibitors), and
macrolide antibiotics. Patients were required not to initiate the use of restricted

medications or to change the dosing regimens of existing restricted medications.

Outcome measures

Patients were followed until the end of treatment at Week 24 (double-blinded
treatment period). The primary endpoint was the change in nasal polyp score from
baseline at Week 12. Secondary endpoints included the change in nasal polyp score from
baseline to Week 24, CT score of the paranasal sinuses, rhinomanometry, olfactometry
(T&T Olfactometer, Daiichi Yakuhin Sangyo Co., Ltd., Tokyo, Japan), SNOT-22 score,
symptom severity (visual analog scale [VAS] 0—10 ¢m), blood eosinophil counts, and
pharmacokinetics. CT images of the sinuses were graded according to the Lund-Mackay
system.!® Safety was assessed using vital signs, symptoms, physical examination, blood

analysis, and adverse event reporting.

Statistical analysis



Because this study is the first to assess benralizumab in patients with ECRS, the

effect size is unknown. Thus, on the basis of what was feasible, the sample size was set

at 50 eligible patients for enrollment (20 in the benralizumab 30 mg g4w group, 20 in

the benralizumab 30 mg single group, and 10 in the placebo group). The full analysis set

(FAS), in whom efficacy was evaluated, consisted of all patients who were assigned to

receive the investigational product at enrollment, received the investigational product at

least once, and had efficacy data after administration of the investigational product. The

safety analysis set, in whom safety was evaluated, consisted of all patients who were

assigned to receive the investigational product and received investigational product at

least once. For efficacy outcomes, the change in the total right and left nasal polyp score

(total nasal polyp score) from baseline at Week 12 (95% confidence interval [CI]) was

summarized for each treatment group. The difference between each treatment group and

the placebo group in mean change from baseline in total nasal polyp score at Week 12

(95% CI) was reported. For the exploratory efficacy assessment, the change in total

nasal polyp score from baseline at Week 12 was compared between the placebo group

and each benralizumab group (30 mg q4w or 30 mg single) using the Mann-Whitney U-

test. Chi-square tests were used to evaluate statistically significant differences between

benralizumab treatments. Multiplicity adjustments were not considered. Missing data



were handled using last observation carried forward imputation. For exploratory

outcomes, the change in total nasal polyp score from baseline at Week 12 was compared

between the placebo group and each benralizumab group (30 mg g4w or 30 mg single)

using the Mann-Whitney U-test. Multiplicity adjustments were not considered. Post-hoc

efficacy analyses included the number and percentage of patients (FAS) with improved

total nasal polyp score (>3 and >2 points improvement categories) at each visit. Each

percentage was calculated according to the number of patients assessed at the visit. CT

scores were evaluated by a CT image Reading Central Review Panel. For safety

outcomes, a treatment-emergent adverse event (TEAE) was defined as any adverse

event that occurred or worsened after the administration of the investigational product.

TEAEs were summarized by MedDRA version 19.1 Preferred Terms. SAS Drug

Development 4.5 (SAS 9.4, SAS Institute Inc.) was used for statistical analyses.

Figure legends

Figure S1

JESREC score criteria for the diagnosis of ECRS and Diagnostic algorithm for ECRS

severity

JESREC score criteria for the diagnosis of ECRS (left panel). Diagnostic algorithm for



ECRS severity. Patients with CRS were classified into four groups by JESREC score,

blood eosinophilia, ethmoid dominant shadow in CT, and comorbidity (bronchial asthma,

aspirin/NSAIDs intolerance). The moderate/severe ECRS groups showed type 2

dominant inflammation and the non-ECRS/mild ECRS groups showed type 1/type 3

mixed inflammation (right panel).
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