BrJ Dermatol 2024;191:187-199 BJD
https://doi.org/10.1093/bjd/ljae067 British Journal of Dermatology
Advance access publication date: 17 February 2024 Clinical Trial

Benralizumab does not elicit therapeutic effect in
patients with chronic spontaneous urticaria: results from
the phase Illb multinational randomized double-blind
placebo-controlled ARROYO trial

Sabine Altrichter,">3* Ana Maria Giménez-Arnau,® Jonathan A. Bernstein,® Martin Metz,??3

Lila Bahadori,” Maria Bergquist,® Laura Brooks,° Calvin N. Ho,'° Priya Jain,° Pradeep B. Lukka®,"
Eva Rodriguez-Suarez,'? Claire Walton® and Catherine J. Datto’; on behalf of the ARROYO Study
Investigators

'Department of Dermatology and Venerology, Johannes Kepler University Hospital, Linz, Austria

2Institute of Allergology, Charité — Universitatsmedizin Berlin, Berlin, Germany

3Fraunhofer Institute for Translational Medicine and Pharmacology, Allergology and Immunology, Berlin, Germany

“Johannes Kepler University Linz, Center for Medical Research, Linz, Austria

SHospital Del Mar Research Institute, Universitat Pompeu Fabra, Barcelona, Spain

SUniversity of Cincinnati College of Medicine and Bernstein Clinical Research Center, LLC, Cincinnati, OH, USA

Late-stage Development, Respiratory and Immunology, BioPharmaceuticals Research and Development, AstraZeneca, Gaithersburg, MD, USA
8Late-stage Clinical Development, Respiratory and Immunology, BioPharmaceuticals Research and Development, AstraZeneca,
Gothenburg, Sweden

Late-stage Development, Respiratory and Immunology, BioPharmaceuticals Research and Development, AstraZeneca, Cambridge, UK
10Patient Centered Science, BioPharmaceuticals Medical Evidence, AstraZeneca, Gaithersburg, MD, USA

"Clinical and Quantitative Pharmacology, Clinical Pharmacology and Safety Sciences, Research and Development, AstraZeneca,
Gaithershurg, MD, USA

2Translational Science and Experimental Medicine, Early Respiratory and Immunology, AstraZeneca, Cambridge, UK

Correspondence: Sabine Altrichter. Email: sabine.altrichter@kepleruniklinikum.at
ARRQYO study investigators are listed in File S1 (see Supporting Information).

Linked Article: Grattan and Kocatlrk Br J Dermatol 2024; 191:153-154.

Abstract

Background Chronic spontaneous urticaria (CSU) is a relatively common skin disease associated with hives and angio-oedema. Eosinophils
play a role in CSU pathogenesis. Benralizumab, an anti-interleukin-5 receptor-a monoclonal antibody, has been shown to induce nearly com-
plete depletion of eosinophils.

Objectives To determine the clinical efficacy and safety of benralizumab in patients with CSU who were symptomatic despite H1 antihista-
mine treatment.

Methods The 24-week, randomized, double-blind, placebo-controlled, phase Ilb portion of the ARROYO trial enrolled adult patients with CSU
who were currently on H1 antihistamine treatment. Patients were randomized to one of five treatment groups according to benralizumab dose
and regimen for a 24-week treatment period. The primary endpoint was change from baseline in Itch Severity Score (ISS)7 at week 12. The key
secondary endpoint was change from baseline in Urticaria Activity Score (UAS)7 at week 12. Additional secondary endpoints included other met-
rics to assess CSU at week 24, blood eosinophil levels, and pharmacokinetics and immunogenicity assessments. Exploratory subgroup analyses
were conducted to explore responses according to demographics, clinical features and biomarkers. Safety was assessed in all treatment groups.

Results Of 155 patients, 59 were randomized to benralizumab 30 mg, 56 to benralizumab 60 mg and 40 to placebo. Baseline and disease
characteristics were consistent with what was expected for patients with CSU. There were no significant differences in change from baseline
in ISS7 score at week 12 between benralizumab and placebo [benralizumab 30 mg vs. placebo, least-squares mean difference —1.01, 95%
confidence interval (Cl) —3.28 to 1.26; benralizumab 60 mg vs. placebo, least-squares mean difference —-1.79, 95% CI| —4.09 to 0.50] nor in
change from baseline in UAS7 score at week 12 between benralizumab and placebo (benralizumab 30 mg vs. placebo, P=0.407; benrali-
zumab 60 mg vs. placebo, P=0.082). Depletion of blood eosinophil levels was observed at week 24 in patients treated with benralizumab. All
other secondary endpoints and exploratory/subgroup analyses indicated no significant differences between benralizumab and placebo. Safety
results were consistent with the known profile of benralizumab.

Conclusions Although benralizumab resulted in near-complete depletion of blood eosinophils, there was no clinical benefit over placebo.
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Graphical Abstract
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Benra, benralizumab; CFB, change from baseline; Cl, confidence interval; ISS7, itch severity score over 7 days; Q4W, every 4 weeks; UAS7, urticaria activity score over 7 days.

Lay summary

Chronic spontaneous urticaria (CSU) is a common disease characterized by hives, itching and inflammation (swelling) of the skin. CSU is
mainly driven by what we call ‘'mast cells’. ‘Eosinophils’ are a type of white blood cell that protect the body from infections and allergens.
These cells are abundant in skin biopsy samples of people with CSU, especially in the hives that contribute to swelling. Therefore, we
thought that reducing eosinophils would be beneficial for treating CSU. Benralizumab is a drug that has been shown to reduce eosino-
phils in other diseases.

in adults with CSU who were taking antihistamines. We aimed to determine whether benralizumab would improve symptoms of CSU
over time. Several assessments were used to measure changes in CSU symptoms, including hives, severity of itchiness, swelling of the
skin, and other aspects related to overall psychological and physical wellbeing. The characteristics of the 155 people who took part in
this study were consistent with what was expected for patients with CSU.

receiving benralizumab compared with those receiving placebo. There were no new safety concerns related to benralizumab and no
deaths.

More studies are needed to uncover potential treatment targets in CSU.

This study, called ‘"ARROYQO’, was a 24-week clinical trial that compared benralizumab treatment with a placebo (inactive medicine)

We found that while benralizumab reduced eosinophil levels in people with CSU, there were no differences in symptoms in people

Overall, although benralizumab is effective at reducing the number of eosinophils, it is not effective at treating the symptoms of CSU.

What is already known about this topic?

e Chronic spontaneous urticaria (CSU) is a common dermatological condition that is classically difficult to treat and has substantial
impact on patients’ quality of life.

e The mast cell-driven aetiology of CSU is highly complex, involving several different types of immune mediators, with significantly
increased numbers of immune cells, such as lymphocytes, eosinophils and basophils.

e The anti-interleukin-5Ra monoclonal antibody benralizumab selectively depletes eosinophils and has demonstrated efficacy in other
conditions involving this type of white blood cell.
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What does this study add?

clinical efficacy vs. placebo.

e Although treatment with benralizumab was shown to effectively deplete eosinophils in patients with CSU, there was no significant

e Patient demographics and clinical characteristics were similar to those of previous CSU trials.
e Therefore, results from the ARROYO study suggest the need for further studies to uncover the mechanisms behind CSU pathogen-
esis to help guide the implementation of improved treatments for this skin condition.

Chronic spontaneous urticaria (CSU) is a debilitating autoim-
mune skin disease that affects up to 1% of the global popu-
lation."? Many patients are affected by CSU over the course
of several years."? Real-world evidence studies show that
CSU, as a result of its symptoms, comorbidities and unpre-
dictable disease course, causes substantial impacts on
patients’ daily activities, mental health and overall health-re-
lated quality of life.?*

The pathophysiology of CSU is complex, and the interplay
of various cell types and molecular mechanisms defines the
immune response in CSU.> While it is typically known to
be a mast cell-driven disease, eosinophils and other cell
types may also play significant roles in the pathogenesis
of CSU.5-"" Two main endotypes of CSU are known: type |
is associated with IgE antibodies against autoantigens, and
type llb is driven by autoantibodies, which activate mast
cells, including anti-high-affinity IgE receptor-1a (FceR1a)
and anti-IgE.” Upon IgE stimulation, mast cells in the skin
and, to a lesser extent, basophils in the skin and peripheral
blood become degranulated and release histamine.®10.12.13
Vasoactive mediators then attract primarily lymphocytes
and eosinophils, and somehow neutrophils and basophils,
which are prevalent in lesional skin (hives) in CSU.%273 Mast
cells, basophils and eosinophils express activated receptors
for interleukin (IL)-4 and IL-5, which play roles in CSU patho-
genesis.?'012 Recruitment of eosinophils to sites of inflam-
mation is driven by IL-5, which can prolong the inflammatory
manifestations of CSU (i.e. hives and angio-oedema).®'*

Treatment options for patients with CSU are limited. The
current first-line treatment is second-generation nonsedat-
ing antihistamines.® Second-line treatment requires the addi-
tion of the anti-IgE antibody omalizumab,’® which has been
shown to be effective in many, but not all, patients with
CSU. Upon failure, the current third-line treatment option
is off-label use of ciclosporin; long-term immunosuppres-
sion with treatments like this may be associated with signif-
icant side-effects, including lymphoma and other cancers.?
Other drugs are also under investigation for the treatment
of refractory CSU;'*16-19 however, none of these is approved
to date, and there remains a need for new effective treat-
ment options. As the pathophysiology of CSU is associated
with the presence of eosinophils in some phenotypes, a
direct eosinophil-depleting approach may be beneficial for
the treatment of CSU.

Benralizumab is a humanized, afucosylated, anti-IL-5
receptor-a. monoclonal antibody that induces direct, rapid
and near-complete depletion of eosinophils as well as reduc-
tions in basophil counts via enhanced antibody-dependent
cell-mediated cytotoxicity.?°-?? In previous studies, ben-
ralizumab rapidly depleted eosinophils in the blood, bone
marrow, gastrointestinal tissue and lungs.?'-?” Other studies
have recently explored treatment of CSU with benralizumab,

including a 24-week single-centre single-blind study of
12 patients with CSU, which showed efficacy of benrali-
zumab during and after 12 weeks on active treatment.?8-30
Of the nine patients who received more than one dose of
benralizumab, five patients achieved complete response
and two patients achieved a partial response upon study
completion.?® A sustained decrease in pruritus severity and
weal size was seen at 8 weeks after the last dose of ben-
ralizumab; the prolonged effect in patients with a complete
response after discontinuation may be due to a modification
of biologic pathways that perpetuate the symptoms associ-
ated with CSU.%®

Here, we present findings from the ARROYO trial, which
was conducted to determine the clinical efficacy and safety
of benralizumab compared with placebo in patients with
CSU who were symptomatic despite treatment with an H1
antihistamine.

Patients and methods

Study design

The ARROYO trial (NCT04612725) was a 24-week ran-
domized double-blind placebo-controlled phase Ilb
clinical trial conducted in 7 countries, with 40 sites par-
ticipating (ARROYO study investigators listed in Table ST,
see Supporting Information).®’ Patients entered a 10-day to
4-week run-in period, which included patients remaining on
a stable, locally approved dose of H1 antihistamine treat-
ment throughout the run-in period. The study was designed
to evaluate two induction doses of benralizumab (30 mg and
60 mg) vs. placebo in patients with CSU and to compare
maintenance dosing regimens [every 4 weeks (Q4W) vs.
every 8 weeks (Q8W)] in a 28-week extension period.
Approximately 240 patients were enrolled to ensure
that at least 160 patients would be assigned to treatment.
With 60 patients in both the benralizumab 60 mg and
30 mg initial dose treatment arms, and 40 patients in the
placebo arm, there was 90% power for statistical signifi-
cance at the two-sided 2.5% level within each induction
dose comparison vs. placebo if the assumed effect was
a 4.7-point mean difference in change at week 12 in Itch
Severity Score over 7 days (ISS7) between benralizumab
and placebo, assuming an SD of 6 for the change in ISS7
and a 10% dropout rate. These criteria have been estab-
lished as per previous CSU trials.?? After screening for
eligibility and completing the run-in period, patients were
randomly assigned and stratified by geographic region in
aratioof 3:3:3:3:4 toone of five treatment groups
(Figure 1) using an interactive voice/web response system.
For the first 24 weeks (i.e. prior to the extension period),
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Benralizumab 3 x 30 mg
Q4W (n = 60)

Adults with
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severe CSU,
resistant to
H1 antihistamines

Benralizumab 3 x 30 mg
Q4W (n = 60)

Benralizumab 3 x 30 mg
Q4W (n = 60)

Benralizumab 30 mg
Q4W (n =30

Benralizumab 30 mg
Q8W (n = 30)
Benralizumab 30 mg
Q4W (n =30

Benralizumab 30 mg
Q8W (n = 30)

Benralizumab 3 x 30mg Q4W
then Q8W (n = 40)

Primary: CFB in weekly ISS7

Key secondary: CFB in UAS7

Other secondary: proportion of responders
(UAS7 < 6); CFB in HSS7; proportion of patients
with complete response UAS7 = 0; measures of
angioedema; CFB in UCT; CFB in CU-QoL; CFB
in DLQI; PK and immunogenicity

Exploratory: CFB in PGIS score; CFB in
EQ-5D-5L domain and VAS scores

ISS7 by demographics

and baseline characteristics; by biomarkers

. 3 = 5 3
Timepoint Week 12 Week 24 Week 52
I I I I I I I I I I I I I
0 0 T I N N
Visit 5 8 15 16
Assessments Assessments
and endpoints: and endpoints:
Week 12 Week 24

Additional secondary endpoint: time to 2 5-point decrease in ISS7

Other secondary: proportion of responders
(UAS7 < 6); CFB in HSS7; proportion of patients
with complete response UAS7 = 0; measures of
angioedema; CFB in UCT; CFB in CU-QoL; CFB
in DLQI; PK and immunogenicity

Exploratory: CFB in PGIS score; CFB in
EQ-5D-5L domain and VAS scores; effect of
benralizumab on blood eosinophil levels

Figure 1 ARROYO phase lIb study design. CFB, change from baseline; CSU, chronic spontaneous urticaria; CU-QolL, Chronic Urticaria Quality
of Life Questionnaire; DLQI, Dermatology Life Quality Index; ISS7, ltch Severity Score over 7 days; PGIS, Patient Global Impression of Severity;
PK, pharmacokinetics; Q4W, every 4 weeks; Q8W, every 8 weeks; UAS7, 7-day Urticaria Activity Score; UCT, Urticaria Control Test; VAS, visual

analogue scale.

the benralizumab 30 mg and benralizumab 60 mg groups
were each considered single treatment arms (i.e. prior
to evaluation of dosing Q8W). Patients who completed
the 24-week period continued to a 28-week extension
period up to week 52. Neither patients nor investigators
involved in the treatment, clinical evaluations or monitor-
ing of patients were aware of the treatments in either the
24-week or the 28-week study period.

Patients

Full inclusion and exclusion criteria are detailed in File S1
(see Supporting Information). Eligible patients were
aged > 18 years (at informed consent) with a physician-con-
firmed diagnosis of CSU for >6 months prior to screening;
had pruritus and weals for>6 consecutive weeks prior to
screening, despite receiving standard-of-care treatment,
including H1 antihistamine therapy; were symptomatic dur-
ing run-in, defined by an Urticaria Activity Score over 7 days
(UAS7) total score of >16 with an ISS7 of >8, during the
7 days before randomization; and complied with the locally
approved dose of antihistamine that was maintained at ran-
domization. Patients with predominant inducible urticaria
or other active dermatological conditions associated with
chronic itching and/or skin lesions were excluded.

Study treatment

In the first treatment group, benralizumab 60 mg was
administered by subcutaneous (SC) injection every 4 weeks
(Q4W) through week 12; the dosage was then decreased to
30 mg Q4W through week 24 (Figure 1). In the second treat-
ment group, benralizumab 30 mg was administered by SC
injection Q4W through week 24. In the 28-week extension
period, these treatment groups were further divided into
two groups each, with the first group receiving benralizumab
30 mg SC injection Q4W and the second group receiving
30 mg SC injection Q8W, through week 52. An additional
group received placebo administered by SC injection Q4W
through week 24; thereafter, these patients received ben-
ralizumab 30 mg Q4W through week 36 followed by benral-
izumab 30 mg Q8W through week 52.

Assessments and endpoints

Assessments of urticaria disease activity were determined
through twice-daily diary entries (morning and evening).
The primary endpoint was change from baseline in weekly
ISS7 at week 12 (Figure 1). The key secondary endpoint was
change from baseline in UAS7 at week 12. Additional sec-
ondary endpoints included change from baseline in UAS7 at
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Figure 2 Patient disposition at primary analysis. AE, adverse event; Q4\W, every 4 weeks; Q8W, every 8 weeks. Benralizumab 60 mg Q4W group
received 3 x 60 mg Q4W, then 3 x 30 mg Q4W in 24-week placebo-controlled period. Patients who received placebo switched to the benralizumab

asthma regimen in the extension period (3 x 30 mg Q4W, then 30 mg Q8W).

week 24; proportion of responders (UAS7 <6) at weeks 12
and 24, change from baseline in Hives Severity Score over
7 days (HSS7) at weeks 12 and 24; time to > 5-point decrease
in ISS7; proportion of patients with complete response
UAS7=0 at weeks 12 and 24; measures of angio-oedema
activity at weeks 12 and 24 in patients with angio-oedema
at baseline; change from baseline in Urticaria Control Test
at weeks 12 and 24; change from baseline Chronic Urticaria
Quality of Life Questionnaire at weeks 12 and 24; change
from baseline in Dermatology Life Quality Index at weeks
12 and 24; change from baseline in ISS7 at week 24; and
pharmacokinetics and immunogenicity assessments [serum
benralizumab concentration and antidrug antibody (ADA)].
Exploratory analyses included change from baseline in
Patient Global Impression of Severity score at weeks 12
and 24; change from baseline in EQ-5D-5L scores; rescue
medication use; and subgroup analyses of ISS7 at week 12
by demographics and baseline characteristics as well as by
biomarkers [blood eosinophils, blood basophils, blood neu-
trophils, 1gG to FceR1a, total IgE and basophil histamine
release assay (BHRA)].

Blood samples were collected at baseline and longitudi-
nally during the double-blind period. These samples were
tested for IgG to FceR1q, total IgE, eosinophil-derived neu-
rotoxin and BHRA levels to evaluate the response of patients
with CSU type | and CSU type llb phenotypes. Blood eosin-
ophils, basophils and neutrophils were also assessed at
baseline and longitudinally.

Safety and tolerability were evaluated based on rates of
adverse events, vital signs and clinical laboratory measures.

Statistical analysis

The primary endpoint (change from baseline in ISS7 at
week 12) was compared between each benralizumab initial

treatment group (60 mg and 30 mg) and placebo using a
repeated measure analysis of covariance. The secondary
endpoints of proportion of responders (UAS7 <6) and of the
proportion of patients achieving UAS7 =0 at weeks 12 and
24 were compared between the active treatment groups
and placebo using logistic regression. Subgroup analyses for
the primary outcome variable tested for interaction between
treatment and covariates for factors such as ISS7, UAS7 and
HSS7 at baseline; duration of CSU at enrolment; prior omal-
izumab use; and baseline blood eosinophils; a mixed-effect
model for repeated measures was used for each of these
analyses. For the primary and all secondary endpoints, cate-
gorical variables were summarized using frequency and per-
centages, and continuous variables were summarized with
descriptive statistics. All point estimates were presented
together with 95% confidence intervals (Cls) as measures
of precision and nominal two-sided P-values.

Results

Patient disposition

The study began enrolling patients on 27 October 2020, and
the primary analysis was completed on 12 October 2022.
Of 155 randomized and treated patients, 59 were randomly
assigned to benralizumab 30 mg, 56 to benralizumab 60 mg
and 40 to placebo (Figure 2). Only 12 patients (7.7%) dis-
continued study treatment during the 24-week placebo-
controlled treatment period. Of those who completed the
24-week placebo-controlled treatment period, 50 (84.7%)
patients from the benralizumab 30 mg group, 53 patients
(94.6%) from the benralizumab 60 mg group and 37 patients
(92.5%) from the placebo group entered the 28-week exten-
sion period.
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Table 1 Key baseline and disease characteristics

Benralizumab 30 mg Benralizumab 60 mg Placebo

Characteristic (n=59) (n=56) (n=40)
Age (years), mean (SD) 46.8 (14.4) 45.6 (15.1) 471 (14.3)
Age by category (years)

<35 11 (18.6) 15 (26.8) 8(20.0)

35-55 32 (54.2) 25 (44.6) 22 (55.0)

> 55 16 (27.1) 16 (28.6) 10 (25.0)
Sex, female 44 (74.6) 45 (80.4) 25 (62.5)
Race

White 46 (78.0) 42 (75.0) 30 (75.0)

Asian 12 (20.3) 12 (21.4) 8(20.0)

Other 1(1.7) 2 (3.6) 2 (5.0)
Region

North America 14 (23.7) 13 (23.2) 9(22.5)

Europe 34 (57.6) 33 (58.9) 23 (575)

Asia 11 (18.6) 10 (179) 8(20.0)
BMI, mean (SD) 277 (5.2) 26.8 (4.7) 28.1 (5.1)
Baseline blood eosinophils (cells per pL), median (range) 120 (10-610) 140 (10-730) 150 (20-500)
Age at first diagnosis, mean (SD) 42.3 (15.2) 39.8 (16.1) 42.7 (16.8)
Time since diagnosis/first appearance (years), mean (SD) 4.6 (6.5)/7.7 (11.1) 5.9 (75)/7.8 (10.5) 4.4 (7.8)/7.1 (10.0)
Higher-than-labelled antihistamine dose/combination 5 (8.5) 5 (8.9) 4 (10.0)
treatment prior to study entry
Prior omalizumab use 5 (8.5) 5 (8.9) 7 (175)
Prior omalizumab use response 4 (6.8) 4(7.1) 6 (15.0)

Failed — no effect on symptoms 3(5.1) 4(7.1) 4 (10.0)

Responder — improved symptoms 1(1.7) 0 2 (5.0)
Baseline ISS7/HSS7, mean (SD) 15.3 (4.2)/16.5 (4.3) 15.8 (4.1)/16.4 (4.2) 15.5 (3.6)/16.1 (4.6)
Baseline UAS7, mean (SD) 31.8(7.7) 32.2 (74) 31.6 (7.2)
Baseline DLQI, mean (SD) 15.8 (7.2) 14.2 (6.3) 14.8 (7.2)
History of or presence of angio-oedema at baseline 39 (66.1) 29 (561.8) 23 (675)

Data are presented as n (%) unless otherwise stated. BMI, body mass index; DLQI, Dermatology Life Quality Index; HSS7, Hives Severity Score over
7 days; ISS7, Itch Severity Score over 7 days; UAS7, Urticaria Activity Score over 7 days.

Demographics and baseline characteristics

Key baseline and disease characteristics were consist-
ent with the target population enrolled in other CSU trials
(Table 1).1819.33-3¢ The mean age was 46.8 years (SD 14.4)
for benralizumab 30 mg, 45.6 years (SD 15.1) for benrali-
zumab 60 mg and 47.1 years (SD 14.3) for placebo groups.

Patients were primarily female (benralizumab 30 mg, 74.6%;
benralizumab 60 mg, 80.4%; placebo, 62.5%) and White
(78.0%, 75.0% and 75.0%, respectively). The proportion of
patients receiving higher-than-labelled antihistamine dose/
combination treatment prior to study entry was similar
among groups (benralizumab 30 mg, 8.5%; benralizumab
60 mg, 8.9%; placebo, 10.0%). Baseline mean ISS7 scores
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- —e— Benralizumab 30 mg (N = 59)
Benralizumab 60 mg (N = 56)
—10 —@— Placebo (N = 40)
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Weeks from baseline
Benralizumab 30 mg (n) 59 58 56 55 54 53 52
Placebo (n) 40 40 39 37 37 34 36

Figure 3 LSM change from baseline in ISS7 up to week 24. Cl, confidence interval; LSM, least-squares mean; ISS7, Itch Severity Score over 7 days.

ISS7 ranges from 0 (no itch) to 21 (worst itch).
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-5 ]

-10

-15 —

LSM change from baseline (95% Cl)

—@&— Benralizumab 30 mg (N = 59)

—20 - Benralizumab 60 mg (N = 56)
—@— Placebo (N = 40)
T T T T T T T
0 4 8 12 16 20 24
Weeks from baseline
Benralizumab 30 mg (n) 59 58 56 55 54 53 52
Placebo (n) 40 40 39 37 37 34 36

Figure 4 LSM change from baseline in UAS7 up to week 24. LSM, least-squares mean; UAS7, 7-day Urticaria Activity Score. UAS7 ranges from 0

(no urticaria) to 42 (worst urticaria).

were similar across treatment groups [benralizumab 30 mg,
15.3 (SD 4.2); benralizumab 60 mg, 15.8 (SD 4.1); placebo,
15.5 (SD 3.6)].

Primary and secondary endpoints

There was no significant difference in the change from
baseline in ISS7 at week 12 between benralizumab (both
doses) and placebo [Figure 3; benralizumab 30 mg vs. pla-
cebo: least-squares mean difference (LSMD) —1.01 (95%
Cl —3.28 to 1.26), P=0.3824; benralizumab 60 mg vs. pla-
cebo: LSMD —1.79 (95% CI —4.09 to 0.50), P=0.1244].
There was no significant difference in the key secondary
endpoint of change from baseline in UAS7 score at week
12 between benralizumab (both doses) and placebo (Figure

4; benralizumab 30 mg vs. placebo: LSMD —2.07 (95% CI
—6.951t02.80), P=0.402; benralizumab 60 mg vs. placebo:
LSMD —4.36 (95% Cl —9.28 t0 0.56, P=0.082). There was
no difference in the proportion of responders with UAS7 <6
or UAS7=0 at weeks 12 and 24 [Figure 5; benralizumab
30 mg and benralizumab 60 mg vs. placebo: odds ratio (OR)
2.51, 95% Cl 0.75-8.46, and OR 2.36, 95% CIl 0.69-8.07
(UAS7 <6); OR 0.97, 95% CI 0.24-3.93 and OR 0.49, 95%
Cl 0.11-2.31 (UAS7=0) for week 12; OR 1.05, 95% CI
0.43-2.60 and OR 1.54, 95% CIl 0.63-3.75 (UAS7 <6); OR
0.79, 95% CI 0.28-2.26 and OR 1.02, 95% CI 0.36-2.85
(UAS7=0) for week 24, respectively]l. No between-group
differences in UAS7 severity scores were observed.

The changes from baseline in Hives Severity Score over
7 days (HSS7) at weeks 12 and 24 were also not statistically

100
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Patients with response, %

20 -
10.0 11.9 10.0

10 . 71
0

M Benralizumab 30 mg (n = 59)
Benralizumab 60 mg (n = 56)
Placebo (n = 40)

28.8 275

214 900
16.9

Week 12 reduction in disease
activity (UAS7 < 6)

(UAS7 =0)

Week 12 complete remission

Week 24 reduction in disease
activity (UAS7 < 6)

Week 24 complete remission
(UAS7 =0)

Figure 5 UAS7 unadjusted response rate by treatment group at weeks 12 and 24. UAS7, Urticaria Activity Score over 7 days.
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Table 2 Primary and secondary endpoints

Benralizumab in patients with chronic spontaneous urticaria, S. Altrichter et al.

Benralizumab 30 mg Benralizumab 60 mg Placebo
Outcome (n=59) (n=56) (n=40)
ISS7 at week 12 change from baseline n=55 n=52 n=37

LSM (95% Cl)
LSMD (95% ClI) vs. placebo
P-value vs. placebo
UAS7 score at week 12 change from baseline

LSM (95% Cl)
LSMD (95% Cl) vs. placebo
P-value vs. placebo
Proportion of responders (UAS7 <6) at week 12, n (%)
Adjusted response rate (%), (95% Cl)?
OR (95% Cl) vs. placebo
HSS7 score week 12 change from baseline
LSM (95% Cl)
LSMD (95% CI) vs. placebo?
P-value vs. placebo
Time (weeks) to > b-point decrease in ISS7, patients
with > 5-point decrease, n (%)
Mean (SD)
Proportion of patients with complete UAS7 response
(UAS7 =0) at week 12
Adjusted response rate (%), (95% Cl)?
OR (95% Cl) vs. placebo
Percentage of angio-oedema-free days over the past
7 days at week 12 in patients with angio-oedema at
baseline or history of angio-oedema, mean (SD, n)
Patients with angio-oedema in the past 7 days at week
12, MP (%, m?°)
UCT at week 12 change from baseline
LSM (95% Cl)
LSMD (95% CI) vs. placebo?
P-value vs. placebo
CU-Q,0L score at week 12 change from baseline
LSM (95% Cl)
LSMD (95% CI) vs. placebo?
P-value vs. placebo
CU-Q,oL score at week 24 change from baseline

LSM (95% Cl)
LSMD (95% Cl) vs. placebo?
P-value vs. placebo
DLQI score at week 12 change from baseline

LSM (95% Cl)
LSMD (95% CI) vs. placebo?
P-value vs. placebo
DLQI score at week 24 change from baseline

LSM (95% CI)
LSMD (95% CI) vs. placebo?
P-value vs. placebo
ISS7 score at week 24 change from baseline
LSM (95% Cl)
LSMD (95% CI) vs. placebo?
P-value vs. placebo
UAS7 score at week 24 change from baseline
LSM (95% Cl)
LSMD (95% Cl) vs. placebo?
P-value vs. placebo
Proportion of responders (UAS7 <6) at week 24, n (%)
Adjusted response rate (%), (95% Cl)?
OR (95% Cl) vs. placebo
HSS7 score at week 24 change from baseline
LSM (95% Cl)
LSMD (95% Cl) vs. placebo?
P-value vs. placebo
Proportion of patients with complete UAS7 response
(UAS7 =0) at week 24, n (%)
Adjusted response rate (%), (95% Cl)?

—-750 (-8.94 to -6.05)
-1.01 (-3.28 to 1.26)
0.382
n=55
-14.48 (-17.58 to —-11.38)
-2.07 (-6.95 to 2.80)
0.402
13 (22.0)

22.04 (13.32-34.22)
2.51(0.75-8.46)
n=>55
—-7.03 (-8.84 t0 -5.22)
-1.16 (-4.00 to 1.68)
0.420
48 (81.4)

3.58 (4.201)
7 (11.9)

NC
0.97 (0.24-3.93)

75.41 (37705, n=37)

14 (35.9%, mc=39)

n=>55
4.74 (3.71-5.76)
-0.29 (-1.90 to 1.32)
0.726
n=>55
-16.47 (-20.10 to —12.84)
1.63 (-4.05 to 7.32)
0.570
n=51
-17.60 (-21.81 to —13.40)
1.47 (-5.09 to 8.02)
0.659
n=>55
—-758 (-9.18 to -5.98)
0.48 (-2.02 t0 2.98)
0.7037
n=>51
-8.13 (-9.84 to —-6.42)
1.24 (-1.42 to 3.90)
0.359
n=>52
-9.19 (-10.77 to -7.61)
-1.62 (-4.10 to 0.86)
0.2
n=>52
-17.99 (-21.29 to —-14.68)
-2.56 (=7.74 t0 2.63)
0.331
17 (28.8)

28.90 (18.84-41.57)
1.05 (0.43-2.60)
n=>52
-8.88 (-10.76 to —=7.00)
-1.06 (-4.01 to 1.89)
0.477
10 (16.9)

1712 (9.54-28.81)

-8.28 (-9.76 to —6.80)
-1.79 (-4.09 to 0.50)
0.124
n=52
-16.77 (-19.94 to -13.59)
—-4.36 (-9.28 to 0.56)
0.082
12 (21.4)

21.04 (12.40-33.42)
2.36 (0.69-8.07)
n=>52
-8.47 (-10.32 to -6.62)
—2.60 (-5.46 t0 0.27)
0.075
50 (89.3)

3.72 (4.329)
4(7.1)

NC
0.49 (0.11-2.31)

82.57 (35.706, n=28)

6 (20.7%, mc=29)

n=>51
6.11 (5.05-7.17)
1.09 (-0.54 t0 2.72)
0.189
n=>51

—20.34 (-24.09 to —-16.60)
—2.24 (=798 to 3.50)
0.442
n=52
-22.11 (-26.38 to —17.84)
-3.04 (-9.62 to 3.54)
0.362
n=>51
-9.31 (-10.96 to -7.66)
-1.25 (-3.78 to 1.29)
0.3320
n=52
-10.25 (-11.98 to -8.51)
—-0.88 (-3.56 to 1.80)
0.518
n=>53
-9.33 (-10.93 to -7.73)
—-1.76 (-4.25 t0 0.73)
0.165
n=>53
-19.17 (-22.51 t0 -15.83)
-3.74 (-8.95 to 1.47)
0.158
21 (375)

37.13 (25.63-50.30)
1.54 (0.63-3.75)
n=>53
-9.81 (-11.71 to =7.91)
-2.00 (-4.96 t0 0.97)
0.185
12 (21.4)

20.83 (12.26-33.12)

—6.49 (-8.24 to —-4.74)

n=37
-12.41 (-16.17 to0 —-8.65)

4 (10.0)
10.31 (3.95-24.32)
n=237
-5.87 (-8.06 to -3.68)
33(82.5)

7.24 (6.295)
4 (10.0)

NC

81.93 (34.548, n=22)

6 (26.1%, mc=23)
n=38
5.02 (3.78-6.26)

n=238
-18.10 (-22.46 to —-13.74)

n=37
-19.07 (-24.09 to —14.05)

n=38
-8.06 (-9.98 to -6.14)

n=37
-9.37 (-11.41 to -7.33)

n=236
-757 (-9.48 to -5.66)

n=236
15.43 (-19.43 to —11.44)

11 (275)
2787 (16.26-43.45)

n=236
—-7.82 (-10.09 to -5.54)

8(20.0)

20.54 (10.80-35.59)

(Continued)
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Benralizumab 30 mg Benralizumab 60 mg Placebo
Outcome (n=59) (n=56) (n=40)
OR (95% Cl) vs. placebo 0.79 (0.28-2.26) 1.02 (0.36-2.85)

Percentage of angio-oedema-free days over the past
7 days at week 24 in patients with angio-oedema at
baseline or history of angio-oedema, mean (SD, n)
Patients with angio-oedema in the past 7 days at week
24, MP (%, me°)
UCT at week 24 change from baseline

LSM (95% Cl)

LSMD (95% ClI) vs. placebo?

P-value vs. placebo

78.50 (36.992, n=32)

11 (28.2%, mc=39)

n=>51
5.24 (4.04-6.45)
—0.63 (-2.51 to 1.24)
0.505

91.33 (27.032, n=28)

3(10.3%, mc=29)

n=>52
6.87 (5.65-8.09)
0.99 (-0.89 to 2.88)
0.299

86.79 (31.798, n=20)

4 (174%, mc=23)

n=37
5.88 (4.44-7.32)

Cl, confidence interval, CU-Q,oL, Chronic Urticaria Quality of Life Questionnaire; DLQI, Dermatology Life Quality Index; HSS7, Hives Severity Score
over 7 days; ISS7, Itch Severity Score over 7 days; LSM, least-squares mean; LSMD, LSM difference; NC, not calculable; OR, odds ratio; UAS7, Urticaria
Activity Score over 7 days; UCT, Urticaria Control Test. @No significant difference between benralizumab 30 mg and placebo and between benralizumab
60 mg and placebo. Adjusted response rate: adjusted proportions are calculated using the marginal standardization method. The number of participants
with angio-oedema in the past 7 days. °Number in analysis at visit is the number of participants that could have reached the timepoint of the study.

significant (benralizumab 30 mg and benralizumab 60 mg
vs. placebo: LSMD —1.16, 95% Cl —4.00 to 1.68 and LSMD
—2.60, 95% Cl —5.46 to 0.27 for week 12; LSMD —1.06,
95% Cl —4.01 to 1.89, and LSMD —2.00, 95% Cl —4.96 to
0.97 for week 24, respectively) (Figure S1; see Supporting
Information). For all other secondary endpoints, no differences
in efficacy outcomes were observed between benralizumab
and placebo during the placebo-controlled period (Table 2).

Pharmacokinetic, pharmacodynamic and
immunogenicity assessments

At weeks 12 and 24, there was marked depletion of blood
eosinophils in those treated with benralizumab, which was
in line with the known pharmacodynamic effects of benrali-
zumab (Table 3).22:35.36 At week 12, serum benralizumab con-
centrations were about 2.5 times higher in the benralizumab
60 mg group [n=53, geometric mean=2490.610 ng mL",
0.123% coefficient of variation (CV)] vs. the benralizumab
30 mg group (n=52, geometric mean=995.412, 0.305%
CV). At week 24, similar serum concentrations of benrali-
zumab in both groups were observed when all patients had
been receiving 30 mg for at least three cycles; in the benral-
izumab 30 mg group (n=47, geometric mean=_842.988 ng
mL-", 0.6% CV) and the benralizumab 60 mg group (n=49,
geometric mean=983.387 ng mL", 0.591% CV; Figure S2;
see Supporting Information). A total of 27.1% of patients in
the benralizumab 30 mg and 23.2% of patients in the ben-
ralizumab 60 mg group were positive for ADAs at any time

Table 3 Effect of benralizumab on blood eosinophils at week 24

through week 24; 24.1% of patients in the benralizumab
30 mg group and 18.5% of patients in the benralizumab
60 mg group had treatment-emergent ADAs detected dur-
ing this time. This was not associated with reduced eosin-
ophil depletion.

Exploratory/subgroup analyses

While there was reduction in the proportion of patients with
rescue medication use over time, similar rates were observed
in all arms during the trial (Figure 6). There was no evidence
of response in any patient subgroup, including populations
identified based on disease characteristics at baseline, such
as ISS7, UAS7, HSS7 and duration of CSU at enrolment.
There were no remarkable differences between the benral-
izumab groups and placebo in subgroups either based on
medication use prior to study entry (i.e. omalizumab, antihis-
tamines) or by baseline biomarker levels [blood eosinophils
(median <130 cells per uL vs. > 130 cells per pL), blood baso-
phils (median <40 cells per mL vs. >40 cells per mL), blood
neutrophils (median <4020 cells per mL vs.>4020 cells per
mL), 1I9G to FceR1q, total IgE and BHRA; Figure 71.

Safety

Safety results were similar across the treatment arms and
are consistent with the known profile of benralizumab, with
no new findings, even at the higher dosage (Table 4). The
most common adverse events were COVID-19 (8.5% in

Eosinoplhils,
cells per pL Benralizumab 30 mg (n=59) Benralizumab 60 mg (n=56) Placebo (n=40)
Change from Change from
Result baseline Result Change from baseline Result baseline

Mean (SD)

Baseline 139.0 (93.03) 165.4 (128.13) 182.3 (115.08)

Week 24 42.6 (58.85) -94.3 (100.6) 30.7 (23.42) -136.5 (135.49) 164.7 (91.93) -15.3 (83.55)
Median (IQR)

Baseline 120.0 (90.0-170.0) 140.0 (80.0-210.0) 150.0 (110.0-240.0)

Week 24 30.0 (20.0-40.0) -90.0 (-120.0 to -55.0)

20.0 (10.0-40.0)

-105.0 (-190.0 to -40.0)  170.0 (75.0-230.0) 0 (-40.0 to 40.0)

IQR, interquartile range.
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Figure 6 Rescue medication use. ?Baseline values are based on the 10 days prior to randomization, then scaled up to the equivalent number in a

28-day period to enable comparisons with the postbaseline 28-day periods.

the benralizumab 30 mg group, 8.9% in the benralizumab
60 mg group and 2.5% in the placebo group), headache
(5.1%, 5.4% and 5.0%, respectively) and myalgia (5.1%,
1.8% and 2.5%, respectively). All serious adverse events
[benralizumab 60 mg, n=3 (5.1%); benralizumab 60 mg,
n=1 (1.8%); placebo, n=0] were resolved, and most were
reported as not related to benralizumab, with the exception
of angio-oedema and urticaria [both n=1 (1.8%) in the ben-
ralizumab 60 mg group only].

Discussion

It was thought that direct targeting of the IL-5 receptor may
be effective in CSU through its effects on immune-medi-
ating cells, such as eosinophils. However, in the 24-week
placebo-controlled period of the ARROYO study, changes
compared with placebo in the primary and key secondary
endpoints were not observed in the overall population,
although benralizumab treatment did result in the expected
pharmacodynamic effect of blood eosinophil depletion.
In light of this, and the fact that no placebo control was
available beyond week 24, interpretation of the 28-week
extension period data was limited. In addition, the exten-
sion period data are incomplete, as the trial was stopped fol-
lowing the primary analysis. Despite these limitations, there
was no evidence of further efficacy with longer duration of
treatment. Therefore, the results for the 28-week extension
period are not reported here. The pathophysiology of CSU
is complex, and though eosinophils may contribute to the
ongoing immune response in CSU, depletion of eosinophils
(and, to a lesser extent, depletion of basophils) alone is not
sufficient to control the disease. There was no strong evi-
dence of response in any patient subgroup included in this
study, including populations identified based on disease

characteristics [ISS7, UAS7 and HSS7 at baseline, as well as
duration of CSU at enrolment, prior medication (omalizumab
and antihistamines) and biomarkers (blood eosinophils,
blood basophils, blood neutrophils, IgG to FceR1q, total IgE
and BHRA)]. Despite a placebo response in ARROYO that
was comparable with what was seen in previous CSU tri-
als,'819.32.33 biomarker subgroup data support the conclusion
of no meaningful efficacy for benralizumab treatment in the
current study population. The lack of a statistically significant
or clinically meaningful treatment effect of benralizumab
suggests that the pathogenesis of this skin disease is more
complex than that of respiratory diseases, as eosinophil
depletion with benralizumab was demonstrated to deliver
clinical efficacy in patients with eosinophilic asthma.3”:8
This study had several strengths. ARROYO was well
designed and well conducted. The measures of disease
severity at baseline were similar to those in previous CSU
trials, and it was unlikely that patient factors observed would
confound interpretation.The study also had a number of lim-
itations. More than half of the patients in this study were
recruited from Europe, which resulted in a majority White
patient population (> 75% of the total enrolled population).
For future studies in CSU, it would be prudent to aim to
recruit a more racially diverse representative sample. The
study did not exclude patients with eosinopenia, which
could have impacted the efficacy findings, as there is a
well-described CSU phenotype associated with eosinopenia
as well as type llb autoimmunity, high disease activity and
poor response to currently approved biologic treatments.®
In conclusion, despite near-complete depletion in blood
eosinophils, benralizumab treatment did not demonstrate clin-
ical benefit over placebo for the primary or secondary study
endpoints or subgroup analysis. The complexity and as yet
not fully characterized heterogeneity of the disease warrant
further studies to identify better treatment paradigms for CSU.
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(a)

Subgroup

Difference (B-P)

Difference (B-P)

LSM difference (95% CI)

(interaction P-value) Benra 30 mg Placebo inLSM Placebo inLSM
nILSMCFB CFB (95% CI) nLSM CFB CFB (95% CI)
favours Benra30mg | favours placebo | favours placebo
Overall 55/-7.50 37/-6.49 ) ~1.01(-3.28, 1.26) 371-6.49 ! ~1.79 (-4.09, 0.50)
Region (0.4913) : :
Europe 32/-8.51 21/-6.76 - —-1.75(-4.78, 1.28) 21/-6.76 ! -1.59 (-4.68, 1.50)
North America 12/-6.64 8/-7.96 —j— 1.31(-3.49,6.12) 8-7.96 1 ~0.18 (-5.03, 4.68)
Asia 11/-5.52 8-4.12 —m— -1.39 (-6.48, 3.49) 8/-4.12 t —4.38 (-9.57,0.81)
Sex (0.8306) : :
Male 14/-7.56 13/-7.46 —— ~0.10 (~4.26, 4.05) 13/-7.46 " 0.61(-3.90,5.12)
Female 41/-7.47 24/-5.96 el ~1.51(~4.30, 1.28) 24/-5.96 ] ~2.69 (-5.46, 0.09)
Age group categories (0.7112) I I
<65 years 48/-7.39 311-6.88 el -0.51(-3.01,1.99) 311-6.88 ! -1.26 (-3.78, 1.26)
265 years 7/-8.19 6-4.59 »—-—:—« -3.60 (-9.54, 2.35) 61-4.59 : -4.73(-10.78, 1.31)
BMI (0.8504) 1 1
<30kgm? 391-7.99 24/-6.37 }—I:—{ ~1.62 (~4.40, 1.15) 24/-6.37 : ~2.06 (~4.80, 0.69)
>30kgm2 161-6.33 131-6.75 —— 043 (-3.64,4.49) 13/-6.75 1 -0.98 (-5.51, 3.55)
Race (0.0062) : :
White 43/-8.48 28/-6.92 - -1.56 (-4.12, 1.01) 28/-6.92 + -1.07 (-3.70, 1.55)
Asian 11/-4.97 8-4.18 »—1—« -0.79 (-5.71,4.13) 8-4.18 : -4.83 (-9.71,0.06)
Other 1/5.01 11-9.98 |—————=—— 15.00(087,29.13) 11-9.98 ) -0.58 (~12.57,11.41)
Thyroid function defined by TSH (0.2684) : :
Normal thyroid function 53/-7.84 341636 - ~1.48(-3.77,0.82) 34/-6.36 H ~2.00 (-4.32,0.32)
Low thyroid function OINC OINC ! NC (NC, NC) OINC ! NC (NC, NC)
High thyroid function 21170 3-7.92 I—-—4 962 (-0.20, 19.44) 3-7.92 : 7.70 (-4.90, 20.29)
Antihistamine use prior entry (0.6807) 1 1
Labelled dose of H1 antihistamine 51/-7.74 33679 »—l:—< ~0.95 (~3.35, 1.45) 33/-6.79 : ~1.65 (~4.09, 20.29)
Higher than labelled dose/combination 41-4.23 41-3.75 —a— -0.48 (-8.10, 7.13) 41-3.75 v -2.82 (~10.16, 4.53)
1 1
T T T T T T T T T T T T
-20 -10 0 10 20 30 -20 -10 0 10 20 30
LSM difference (95% CI) LSM difference (95% CI)
Subgroup Difference (B-P) Difference (B-P)
(interaction P-value) Benra 30 mg Placebo in LS| Placebo inLS|
nILSMCFB CFB (95% CI) n/LSM CFB CFB (95% CI)
favours Benra 30 mg favours placebo favours placebo
Baseline ISS7 (0.8526)
<13 19/-3.96 8/-1.69 —a—t— -2.28 (-7.33,2.78) 8/-1.69 ! -2.87 (-8.28, 2.54)
213 36/-9.11 291776 »—.—:—< ~1.35 (~4.29, 1.59) 291776 : -2.02 (-4.90, 0.85)
Baseline UAS7 (0.0879) 1 1
< Median (33) 26/-3.78 19/-5.04 —— 1.27 (-2.23,4.76) 19/-5.04 ! ~1.17 (461, 2.27)
> Median (33) 29/-10.59 18/-7.99 ——h -2.60 (-6.05, 0.86) 18/-7.99 + -3.21(-6.79,037)
Baseline HSS7 (0.0987) 1 1
<Median (17.5) 26/-4.34 201-5.60 —+— 127 (-2.31,4.84) 201-5.60 + -1.39 (-5.01,2.22)
= Median (17.5) 29/-10.24 17/-7.53 }—.—:< —2.72(-6.40, 0.97) 17/-7.53 : —2.48 (-6.19, 1.23)
Screening period hives (0.5415) 1 1
any days without hives 1/-13.02 41-9.12 8L ———§  -390(-16.15,8.36) 41-9.12 ! 257 (-9.67, 14.81)
hives on all 7 days 54/-7.41 33/-6.18 i -1.23(-3.61,1,14) 33/-6.18 1 -2.14 (-4.54,0.25)
Duration of CSU at enrolment (0.9848) I I
<2years 301-7.72 21/-6.34 »—-—:—« -1.38 (~4.50, 1.74) 21/-6.34 : -1.41(-4.80, 1.99)
2-10 years 17/-7.01 12/-6.63 —a— -0.38 (-4.47,3.71) 12/-6.63 + -2.27 (-6.21,1.67)
>10 years 8-7.73 41-6.93 —— ~0.80 (7,55, 5.95) 41-6.93 i -1.26 (-7.69,5.17)
Prior omalizumab use (0.8711) 1 1
No 50-7.51 301-6.83 }—I:—{ -0.69 (-3.18, 1.80) 301-6.83 : -1.47 (-3.99, 1.04)
Yes 51-7.43 71-4.88 I S -2.54 (-8.99, 3.90) 71-4.88 ' -3.23 (-9.67,3.20)
Angioedema at baseline (0.3830) : :
No 28/-6.84 20/-7.41 —— 0.56 (-2.55, 3.68) 20/-7.41 T -0.25 (-3.18, 2.68)
Yes 27/-8.18 17/-5.36 —a— -2.82(-6.17,053) 17/-5.36 ! 457 (-8.42,-0.72)
History of angioedema (0.5307) H H
No 25/-7.54 18/-7.44 —a— -0.10 (-3.41,3.21) 18/-7.44 ] -0.05 (-3.28, 3.17)
Yes 301-7.47 19/-5.57 >—-—:—4 -1.90 (-5.07, 1.27) 19/-5.57 : -3.64 (-6.94, -0.33)
Baseline blood eosinophils (0.6279) 1 1
<Median (130) 28/-7.20 13/-6.59 —a ~0.61(-4.19, 2.96) 13/-6.59 i -2.55 (-6.22,1.12)
> Median (130) 25/-7.73 241-6.47 T -1.26 (-4.38, 1.87) 24/-6.47 + -1.18 (-4.20, 1.83)
Asthma at baseline (0.7992) : :
Yes 3/-7.55 3-3.57 e -3.98 (~12.94, 4.98) 3-3.57 i ~3.02(~10.68, 4.64)
No 52/-7.50 341-6.73 >—-{—4 -0.77 (-3.15, 1.61) 341-6.73 : -1.80 (~4.23, 0.64)
L L
T T T T T T T T
75 100 -25 5 0 175 -100 25 50
LSM difference (95% CI) LSM difference (95% CI)
(b)
Subgroup Difference (B-P) Difference (B-P)
(interaction P-value) Benra 30 mg Placebo in LSl Placebo in LSl
n/LSMCFB CFB (95% CI) n/LSMCFB CFB (95% CI)
favours Benra 30 mg 1 favours placebo i favours placebo
Overall 55/-7.50 37/-6.49 - -1.01 37/-6.49 1 -1.79
Baseline blood eosinophils (cells per L) (0.6184) : :
< Median (130) 28/-7.23 13/-6.55 —— -0.68 13/-6.55 +
> Median (130) 25/-7.69 241-6/50 >—-:—4 119 24/-6.50 :
Baseline blood basophils (cells per L) (0.3119) 1 1
< Median (40) 291-6.82 15/-4/92 »—-—{—« -1.90 15/-4.92 : -3.89
> Median (40) 24/-8.22 221-7.64 —— -0.57 221-7.64 i -037
Baseline blood neutrophils (cells per L) (0.4863) : :
< Median (4020) 23684 211-6.26 [ -0.58 21/-6.26 i -3.11
2 Median (4020) 321-8.00 16/-6.82 —a— —1.18 16/-6.82 i -0.28
EDN (ug L") (0.3674) : :
< Median (25.49) 26/-7.79 16/-6.09 L — -1.70 16/-6.09 ' -2.18
= Median (25.49) 26/-7.18 20/-7.19 —— 0.01 20/-7.19 i -1.23
19G to FeeR1a (inhibition ratio) (0.8397) 1 1
Positive (s 0.5) 15/-6.52 16/-6.33 »—4—« -0.19 16/-6.33 : 149
Negative (> 0.5) 38/-7.56 20/-6.54 —a— -1.02 20/-6.54 i -2.09
BHRA (+/-) (0.1152) : :
Positive 10/-6.17 4/-951 ———————— 334 4/-951 i 429
Negative 44/-7.87 33/-6.11 —a— 176 33/-6.11 ! 268
IgE (30 1U mL~") (0.2160) : :
1gE <30 U mL™! 171-8.17 8/-6.36 —a— -1.81 8/-6.36 ! -0.66
1gE 230 1U mL"! 38747 291654 —a— 063 29/-6.54 ! -2.15
| |
T T T T T T T T T T T
-8 -4 0 4 8 12 -4 0 4 8 12

LSM difference (95% CI)
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Figure 7 ISS7 at week 12: subgroup analysis. (a) Stratified by baseline demographics and characteristics. (b) Stratified by baseline biomarker levels.

Benra, benralizumab; BMI, body mass index; B-P, benra—placebo; CFB, change from baseline; EDN, eosinophil-derived neurotoxin; FceR1q, high-
affinity IgE receptor; ISS7, Itch Severity Score over 7 days; LSM, least-squares mean; NC, not calculable; TSH, thyroid-stimulating hormone.
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Table 4 Patients with adverse events (AEs) by category

AEs during the 24-week placebo-controlled Benralizumab 30 mg Benralizumab 60 mg Placebo
period, on treatment (n=59) (n=56) (n=40)
Any AE 34 (57.6) 30 (63.6) 23 (57.5)
Most common preferred terms:
COVID-19 5 (8.5) 5(8.9) 1(2.5)
Headache 3(5.1) 3(5.4) 2 (5.0)
Myalgia 3(5.1) 1(1.8) 1(2.5)
Arthralgia 2(3.4) 0 2 (5.0
Any AE with outcome of death 0 0 0
Any SAE 3(5.1) 1(1.8) 0
Hypersensitivity 1(1.7) 0 0
Subarachnoid haemorrhage 1(1.7) 0 0
Biliary colic 1(1.7) 0 0
Angio-oedema 0 1(1.8) 0
Urticaria 0 1(1.8) 0
Any AE leading to discontinuation of IP 3(5.1) 1(1.8) 0

Data are presented as n (%). IP, investigational product; SAE, serious adverse event.
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