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Proof-of-concept clinical trial of etokimab shows a key
role for IL-33 in atopic dermatitis pathogenesis

Yi-Ling Chen', Danuta Gutowska-Owsiak'?, Clare S. Hardman', Melanie Westmoreland?,
Teena MacKenzie?, Liliana Cifuentes?, Dominic Waithe', Antonia Lloyd-Lavery?,
Allison Marquette*, Marco Londei®, Graham Ogg'*

Targeted inhibition of cytokine pathways provides opportunities to understand fundamental biology in vivo in
humans. The IL-33 pathway has been implicated in the pathogenesis of atopy through genetic and functional
associations. We investigated the role of IL-33 inhibition in a first-in-class phase 2a study of etokimab (ANB020),
an IgG1 anti-IL-33 monoclonal antibody, in patients with atopic dermatitis (AD). Twelve adult patients with mod-
erate to severe AD received a single systemic administration of etokimab. Rapid and sustained clinical benefit was
observed, with 83% achieving Eczema Area and Severity Index 50 (EASI50), and 33% EASI75, with reduction in
peripheral eosinophils at day 29 after administration. We noted significant reduction in skin neutrophil infiltra-
tion after etokimab compared with placebo upon skin challenge with house dust mite, reactivity to which has
been implicated in the pathogenesis of AD. We showed that etokimab also inhibited neutrophil migration to skin
interstitial fluid in vitro. Besides direct effects on neutrophil migration, etokimab revealed additional unexpected
CXCR1-dependent effects on IL-8-induced neutrophil migration. These human in vivo findings confirm an IL-33
upstream role in modulating skin inflammatory cascades and define the therapeutic potential for IL-33 inhibition
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in human diseases, including AD.

INTRODUCTION

Targeted cytokine pathway intervention has been associated with
enormous therapeutic advance (I). In addition, studying the sequelae
of such approaches has shed light on basic biological and disease
mechanisms. For example, tumor necrosis factor (TNF) inhibition
in the treatment of psoriasis is highly effective, yet smoldering in-
flammation in some patients can require interleukin-17A (IL-17A)/
IL-23 pathway inhibition for greater therapeutic efficacy. Further-
more, TNF inhibition can occasionally associate with pustular psoriasis
or the clinical onset of multiple sclerosis and isolated demyelinating
diseases, such as optic neuritis. Further studies on IL-17A inhibition
have highlighted the complexities of shared and unique tissue
pathotypes (2, 3), and more recently, it has been described how IL-6
controls visceral adipose tissue mass (4). All these findings provide
examples of unforeseen biological activities obtained from cytokine-
targeted therapeutic interventions in humans, but also provide
clues for novel therapeutic options.

Among the new wave of cytokines involved in the pathogenesis
of inflammatory diseases, IL-33 has emerged as a key candidate to
control atopic disorders (5). IL-33 is an alarmin cytokine produced
by a number of different cell types, including epithelia, endothelia,
fibroblasts, and hematopoietic cells such as mast cells, neutrophils,
monocytes, macrophages, and dendritic cells. IL-33 lacks a secretory
signal peptide, an IL-1 family trait, and is found preformed in the
nucleus under steady-state conditions. IL-33 is rapidly released from
damaged cells in response to stress conditions such as infection, in-
jury, and inflammation (5). By binding to its heterodimeric receptor
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comprising ST2 and IL-1 receptor accessory protein (IL-1RAcP), IL-33
signals through MyD88, interleukin-1 receptor-associated kinase 1
(IRAK1), and IRAK4 with downstream activation of nuclear factor
kB (NF-xB) or mitogen-activated protein kinase (MAPK) path-
ways (5). Altered gene expression, use of a decoy receptor, and post-
translational modifications (for example, proteolytic processing and
oxidation) all contribute to regulation of the IL-33 pathway (5, 6).

The IL-33/ST2 pathway contributes to inflammation associated
with disorders including atopic dermatitis (AD) (7), asthma (8), in-
flammatory bowel disease (9), and arthritis (10, 11). The most studied
effects of IL-33 relate to the initiation of innate and adaptive type 2
immune responses, characterized by the production of IL-4, IL-5,
and IL-13. IL-33 administration to mice induces type 2 cytokines,
serum immunoglobulin E (IgE), eosinophilia, T helper 2 and group
2 innate lymphoid cell (ILC2) accumulation and activation, epithelial
cell hyperplasia, excessive mucus production, and smooth muscle
contraction (12, 13). IL-33 overexpression in the skin leads to an
AD-like phenotype with infiltration of ILC2, mast cells, and eo-
sinophils (14). Rare loss-of-function mutations in the IL-33 path-
way associate with reduced blood eosinophils and protection from
asthma (I5). Direct administration of IL-33 to murine skin leads to
an infiltration of mast cells and neutrophils (16). IL-33 also drives
neutrophil migration to sites of infection (17, 18) and contributes to
their activation (19, 20). Furthermore, IL-33 can be cleaved into
active forms by neutrophil elastase and cathepsin G (21), implicating
an inflammatory cycle. IL-33 is known to modulate the inhibitory
effects of bacterial infection on the neutrophil IL-8 receptor CXCR2
in animal models, but whether IL-33 can modulate IL-8 effects in
human inflammation in vivo has not been studied, nor whether
there is an impact of IL-33 on the other known IL-8 receptor, CXCR1
(17, 18, 22).

AD is a common inflammatory pruritic skin disease affecting up
to 20% of children and 5 to 10% of adults and is associated with
atopic asthma, allergic rhinoconjunctivitis, and food allergy (23).
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About 80% of affected individuals have elevated IgE specific to
airborne allergens, including house dust mite (HDM), pollens, and
animal dander. Moderate to severe disease accounts for about 20 to 30%
of cases and associates with a major impact on quality of life (24).
Treatment requires optimization of topical therapies, but lack of re-
sponse to topical medications can necessitate the use of systemic
approaches such as methotrexate, ciclosporin, azathioprine, and, more
recently, targeted inhibition of inflammatory pathways, such as IL-
4Ra antagonism (25). The decision to use a systemic approach for
treatment can be based on assessment of severity and quality of
life while considering safety and efficacy, general health status, psy-
chologic burden, and patient choice (26). Despite recent advances,
there remains an unmet need for additional safe and efficacious
treatments for AD. Here, we undertook a first-in-class phase 2a
clinical trial of anti-IL-33 (etokimab) in adult patients with AD and
investigated underlying mechanisms.

RESULTS

We performed a phase 2a proof-of-concept study of a single intra-
venous 300-mg dose of etokimab, a humanized IgG,/kappa anti—
IL-33 monoclonal antibody in 12 adult patients with moderate to
severe AD (Fig. 1). Seven days prior to etokimab, participants re-
ceived a placebo injection. To understand the mechanistic role of
IL-33 in atopic skin inflammation, we also sampled skin after placebo
and etokimab administration. Skin suction blisters induce a split at
the dermoepidermal junction, and so provide an opportunity to inves-
tigate mechanisms of human sterile tissue inflammation, including
responses to relevant antigens after skin challenge. We raised skin

suction blisters 30 min after saline or HDM intraepidermal skin
challenge, and sampled the blister contents 24 hours later.

Safety

Etokimab was generally well tolerated. Treatment-emergent adverse
events (AEs) are detailed in Table 1. Most AEs were mild and transient,
and none were thought to be etokimab related. One participant who
had a transient mild neutropenia on day 8 recovered by day 11, with
no associated clinical sequelae. There were no other decreases in
blood neutrophils outside the reference range throughout the study.
There were no new episodes of conjunctivitis. One patient had pre-
existing conjunctivitis, and this did not exacerbate during the study.
One patient had secondarily infected AD starting at day 76 after
etokimab that responded to oral antibiotics. The patient had previ-
ously required repeated courses of antibiotics prestudy for recurrently
infected AD. One patient had an upper respiratory infection starting
on day 139 after administration that resolved without needing oral
antibiotics. Two patients had a urinary tract infection starting on
days 35 and 132 after administration that both resolved with oral
antibiotics. One participant had a serious adverse event (SAE) of
exacerbation of preexisting depression that started at day 140 after
etokimab and was potentially linked to concurrent immediate family
serious illness. This exacerbation of depression resolved and in view
of concurrent events, and timing from study drug administration,
was not considered related to the study drug.

Efficacy
All 12 patients achieved at least EASI50 [defined as 50% improvement
in Eczema Area and Severity Index (EASI) score from baseline] during
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Fig. 1. Study design. (A) Schematic of the study design. Saline was injected on the inside of the left upper arm, and 0.05 ug of HDM was injected on the inside of the right
upper arm, 4 days after receiving either placebo or etokimab [300 mg intravenously (IV)]. After 1 hour, suction blister cups were applied to the sites of saline and HDM
challenge with a vacuum pressure of 250 mmHg for 60 to 90 min to generate blisters. The blisters were protected overnight, and interstitial fluid and cellular infiltrate
were assessed 24 hours after challenge by ELISA or FACS. (B) Schematic of skin blister analysis. The blister/interstitial fluid from all donors was collected and stored at

—80°C, and the cellular infiltrate was analyzed by FACS.
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Table 1. Treatment-emergent AEs.

Condition Patient, n (%)

Condition Patient, n (%)
Nervous system disorders 4(33.3)
Dizziness 1(8.3)
Headache 3(25.0)
Migraine 1(8.3)
Paresthesia

Presyncope

Infections and infestations

Upper respiratory tract infection

Urinary tractinfecion. 2(167) """""""""""""""""
Skln infection """"""""""""""""""""""" 1 (83) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
i Ao e e [ e B 3(250) """""""""""""""""

complications

Accident .
Arthropod bite 1(8.3)
Clavicle fracture 1(8.3)
Contusion 0
General disorders and administration 3(25.0)

site conditions

Peripheral swelling

Chest pain

Fatigue

Infusion site pain

Investigations

Hemoglobin decreased

Monocyte count decreased

Neutrophil count decreased

the study after a single dose of etokimab. By 29 days after etokimab
administration, we noted a marked improvement in EASI score with
83.3% of patients showing EASI50 and 33% showing EASI75, with
amean EASI improvement of 61% (P < 0.0001; Fig. 2, A to C). Even
15 days after etokimab, we had observed a significant improvement
(mean 58% EASI decrease, P < 0.01) compared with baseline. Responses
were sustained with 75% showing EASI50 and 42% showing EASI75 at
day 57 after administration, with a mean EASI improvement of 62%
(P <0.001). There were significant improvements in SCORing Atopic
Dermatitis (SCORAD) at day 29 with 40% reduction (P < 0.001;
Fig. 2D). Three (25%) patients reached an IGA (Investigator Global
Assessment) of 0/1 during the study (Fig. 2E). The objective clinical
outcomes were associated with significant improvement in DLQI
(Dermatology Life Quality Index, P < 0.05; Fig. 2F) and 5D (5 Domain)
itch scores (P < 0.001; Fig. 2G). Topical corticosteroid rescue therapy
was negligible throughout the duration of the study.

Pharmacodynamics

We investigated the in vivo pharmacodynamic effects in the setting of
disease using whole-blood stimulation with IL-33/IL-12 and measure-
ment of interferon-y (IFNy) production by enzyme-linked immuno-
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Musculoskeletal and connective

tissue disorders g
Back pain 1(8.3)
Bursitis, 183
"""""""""""""" I;ain in extremity 1(8.3)
s 2067
Cough 183
l\'l‘asal congestion 1(8.3)
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0
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""""""""""""""" Depression 1(8.3)
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isorders
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A 183
Dyspepsia 163
H Nausea 1(8.3)
Vomitng 183

sorbent assay (ELISA). As shown in Fig. 3A, the inhibition of IFNy
production was rapid and notable and was observed to extend beyond
57 days in all patients and to beyond 120 days in some individuals
(Fig. 3A).

The EASI score pretreatment showed a significant correlation with
peripheral eosinophil percentage (r = 0.623, P < 0.0001; fig. S1). There
was a significant reduction in peripheral eosinophil absolute counts at
day 29 after administration (mean 40% reduction, P < 0.05; Fig. 3B),
and eosinophil percentage count throughout the study correlated with
EASI score (r = 0.3419, P < 0.001; Fig. 3C). In some cases, the de-
cline in eosinophils was substantial; three patients had peripheral eo-
sinophil percentages at 13% or above at study entry, and all three had a
decrease in eosinophils to 8% or less by day 15. There was no signif-
icant change in serum total IgE during the study (mean total serum
IgE at study entry, 10,101 *+ 7594 kU/liter; day 29 after etokimab,
9954 + 7394 kU/liter; and day 140 after etokimab, 10321 + 8103 kU/liter).

Skin suction blisters induce neutrophilic infiltration

at 24 hours

We noted infiltration of leukocytes into skin suction blisters sampled
24 hours after saline skin challenge, which was significantly enhanced
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Fig. 2. Etokimab induces rapid and sustained improvements in disease severity scores and reported outcome measures. AD severity scores after administration
of placebo on day —7 and etokimab (300 mg IV) on day 1. (A) EASI score relative to day —14 (100%). (B) Percentage of patients reaching EASI50 and EASI75. (C) Changes in
absolute EASI score. (D) Changes in absolute SCORAD score. (E) Changes in IGA absolute score. (F) Percentage DLQI score relative to baseline. (G) Percentage 5D itch score
relative to baseline. Friedman test with Dunn’s multiple comparison. n =12, showing means = SD. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

after HDM challenge (P < 0.05; Fig. 4A). Granulocyte infiltration was
reduced in response to skin suction blister formation with saline
challenge after etokimab compared with that observed after placebo
(mean 37% reduction, P = 0.05; Fig. 4, A to C). Granulocyte infiltra-
tion into the skin showed no significant difference in response to skin
suction blister formation with HDM challenge after etokimab com-
pared with that observed after placebo (mean 30% reduction, P=0.13;
Fig. 4C). On further characterization of the infiltrating leukocytes
24 hours after HDM challenge as a model of antigen-specific inflam-
mation (Fig. 4D), several immune subpopulations were detected in
the blisters (fig. S2). We noted the most profound effects of etokimab
to be that of a significant inhibition of infiltration of neutrophil
granulocytes in response to HDM, which was reduced after etokimab
compared with that observed after placebo (P < 0.05; Fig. 4E).

Etokimab inhibits IL-33-induced neutrophil migration

to skin interstitial fluid ex vivo

To investigate whether skin interstitial fluid can induce neutrophil
migration ex vivo, we measured cell migration from whole blood
of healthy donors using Transwell IncuCyte assays and measured
neutrophil activation through shape change and elastase production.
Skin interstitial fluid induced rapid neutrophil migration within
1 hour, with accompanying shape change, and neutrophil elastase
production (Fig. 5, A to C). Given the clinical trial data implicating
a key role for IL-33 in granulocyte migration in vivo, we next
tested whether etokimab could modulate neutrophil migration
ex vivo. We first investigated whether peripheral blood neutro-
phils expressed ST2 and IL-1RAcP and observed a mean of 40%
expression of ST2 and 100% expression of IL-1RAcP (Fig. 6A).
We next used the Transwell assay to show that IL-33 was able to
induce significant neutrophil migration (P < 0.05; Fig. 6B).
We observed that etokimab disrupted the detection of IL-33 in the
culture and therefore took advantage of an ELISA to determine a
concentration range of etokimab to investigate further (Fig. 6C).
Etokimab (5 ug/ml) significantly (P < 0.01) inhibited detection of
IL-33 and significantly reduced neutrophil migration toward IL-33

Chen etal., Sci. Transl. Med. 11, eaax2945 (2019) 23 October 2019

(P <0.05; Fig. 6D). These data suggested that IL-33 is a relevant skin
chemoattractant for neutrophils and that biologic therapeutic tar-
geting is able to effectively inhibit neutrophil migration both in vivo
and ex vivo.

Etokimab inhibits IL-8-induced neutrophil migration to skin
interstitial fluid ex vivo

As part of our panel of controls from the previous experiment, we
made an unexpected observation, namely, that etokimab could also
inhibit migration of etokimab-pretreated neutrophils toward IL-8
(Fig. 7A). We first confirmed that etokimab did not bind IL-8 (fig. S3),
and so proceeded to investigate the underlying mechanisms. In con-
trast to when neutrophils from healthy controls were pretreated with
etokimab, there was no inhibition of migration toward IL-8 if the
neutrophils were not pretreated with etokimab (Fig. 7B). Further-
more, we noted that etokimab only partially inhibited neutrophil
migration toward skin interstitial fluid (Fig. 7C). In trying to reconcile
these findings, we reasoned that other chemoattractants beyond IL-33
were likely to be present in skin blister fluid in vivo and that
etokimab had a direct effect on neutrophils during the pretreatment
phase. We were able to examine the concentrations of IL-8 in the
saline interstitial fluid of four patients before and after etokimab
administration, but we were not able to detect a significant differ-
ence (Fig. 7D). Treatment of neutrophils with etokimab did not sig-
nificantly reduce IL-8 production by neutrophils in response to skin
interstitial fluid (Fig. 7E). Last, we were able to show that etokimab
was able to abrogate neutrophil migration toward skin interstitial
fluid if the neutrophils were pretreated with etokimab (Fig. 7F).
These data confirmed that etokimab was able to inhibit IL-8-induced
migration of neutrophils through inhibiting an initial priming of
IL-8 sensitivity.

Etokimab inhibits IL-33-induced neutrophil autocrine
expression of CXCR1

We next investigated the underlying mechanisms of the effects
of etokimab in modulating neutrophil sensitivity to IL-8. In mice,
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Fig. 3. Pharmacodynamic effects after administration of placebo on day 1 and etokimab (300 mg IV) on day 8. (A) Whole blood from different time points was in-
cubated at 37°C for 16 hours with IL-12 and IL-33 at 30 and 50 ng/ml, respectively. [IFNy concentration in the supernatant was measured by ELISA and normalized to
baseline time point (100%). Friedman test with Dunn’s multiple comparison. n =12, showing mean + SD. (B) Peripheral blood eosinophil count (109/Iiter), showing
mean + SD. (C) Correlation between eosinophil percentage and EASI score (Spearman correlation). *P < 0.05, **P < 0.01, ****P < 0.0001.
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Fig. 4. Skin suction blisters represent a model of sterile inflammation in humans. (A) Leukocytes from skin suction blisters of saline and HDM challenges were analyzed
for their forward scatter (FSC) and side scatter (SSC) by FACS. One representative result is shown of 12 donors, and overall analysis of the leukocyte numbers was plotted
(right). (B) Leukocytes from skin suction blisters of saline and HDM challenges after etokimab administration were analyzed for their FSC and SSC by FACS. One representative
result is shown of 12 donors. (C) Five days after placebo or 300-mg etokimab, skin suction blisters were sampled 24 hours after saline or HDM skin challenge. Granulocytes
were quantified using FACS and expressed as percentage of total leukocytes. (D) Five days after placebo, skin suction blisters were sampled 24 hours after saline or HDM
skin challenge. Neutrophils were quantified using FACS and expressed as percentage of total leucocytes. (E) Overall analysis of the neutrophil percentage of leukocytes
from skin suction blisters of saline and HDM challenges, 5 days after placebo or 300 mg of etokimab. n=12. Lines in the statistics plots represent the means + SD. Boxes
show 25/75 percentiles, and whiskers show range. *P < 0.05, t test. ns, not significant.

IL-33 has been shown to reduce the Toll-like receptor (TLR)-
induced down-regulation of neutrophil CXCR2 but was not found
to increase CXCR2 expression or affect CXCR1 (17, 18, 22). How-
ever, in contrast, we found IL-33 was able to induce CXCR1 expres-
sion by human neutrophils and that this was inhibited by etokimab
in all neutrophils (Fig. 8A and fig. S4A). CXCR2 was expressed by
the majority of neutrophils, but there was no effect of etokimab on
CXCR2 expression (Fig. 8A). Etokimab inhibited the effects of auto-
crine production of IL-33 on CXCR1 expression in a dose-dependent
manner (Fig. 8B). When CXCRI expression remained low, the neu-
trophils had reduced IL-8 sensitivity (Fig. 8C). The soluble IL-33

Chen etal., Sci. Transl. Med. 11, eaax2945 (2019) 23 October 2019

decoy receptor soluble ST2 (sST2) has been used in treating allergic
diseases in model systems (27). We tested whether sST2 exhibited
similar effects compared with etokimab in regulating neutrophil
migration. sST2 failed to abrogate the migration of neutrophils
toward IL-8 and did not reduce the CXCR1 expression on neutro-
phils (fig. S4, B and C). This may reflect differential binding affinity
or neutralization capacity of the sST2 compared with etokimab; for
example, it is of note that the affinity of etokimab for IL-33 is very
high [Kj (dissociation constant), 1 pM], whereas that for sST2 is 4 nM
(28). Overall, these data suggested that etokimab can inhibit an auto-
crine IL-33 response of neutrophils to skin interstitial fluid, which
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Fig. 5. Skin interstitial fluid induces neutrophil A

migration and activation ex vivo. (A) Whole- 2.5
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were placed into the upper wells of a Transwell
chamber system and allowed to migrate through
5-um pores toward the lower wells containing
medium or nonautologous blister fluid at 37°C
for 1 hour. The cell numbers from the lower
wells were calculated, and then the total cells
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further modulates responsiveness to IL-8
via CXCRI1.

DISCUSSION

Here, we capitalized on an early exper-
imental medicine phase 2a trial of a
first-in-class anti-IL-33 biologic that
provided significant clinical benefit to
patients with AD, to understand mech-
anisms of disease and identify nonre-
dundant pathways of inflammation.

— % Suction blisters taken over saline- or

HDM-challenged skin were found to
provide a useful in vivo model inflam-
matory system in humans to explore
efficacy and to identify previously un-
recognized immune networks in the
skin. Furthermore, the interstitial fluid

Isotype + -

Etokimab

- 4

+ +

could be used ex vivo to define underly-
ing mechanisms. We showed that IL-33
acts upstream in an inflammatory cas-
cade; neutrophil migration can be di-
rectly modulated through IL-33 blockade,
but also indirectly through inhibitory
effects on the IL-8 pathway. Eosinophil
reduction in the blood of etokimab-
treated patients further supports the
broad effects of IL-33 inhibition, as pre-
dicted by genetic analysis of IL-33 loss
of function in humans (15). IFNy has
been implicated in the pathogenesis of
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I(I)_—8 -4 4 0 —— i 0- ——————— by CXCRI. Therefore, specific IL-33 ther-
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Although marked elevation of skin
D E F . . neutrophils is not a typical conspicuous
IL-8 IL-8 N¢ migration feature of AD (31), there is evidence that
2000 15007 p—* | 257 k% * they may nevertheless contribute to the
—r— inflammatory process (32, 33), particu-
20 . . .
1500 1000 ) larly during acute disease if secondary
I = S 15 infection is present (31). Neutrophilic
> 1000 é S 10 infiltration to the skin may also be part
- 500 2 of the response to HDM challenge in
500 -5 healthy controls, suggesting that this may
| _ be a useful human in vivo tissue model
0 0 i 0 system for wider mechanistic and thera-
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N —  + 4 Isotype + 4+ _ peutic evaluation. It is likely that the clini-
Isotype . - Etokimab -+ cal benefits of etokimab are related to
Etokimab . effects beyond neutrophils and eosino-

Fig. 7. IL-33 has a dominant nonredundant upstream role in sterile skin neutrophilic inflammation. Freshly
isolated neutrophils (2 x 10° cells) were used for Transwell assays. Neutrophils were (A) pretreated (n = 8) or (B) not
pretreated (n = 5) with etokimab (5 ng/ml) for 1 hour and placed into the upper wells of a Transwell chamber system
and allowed to migrate through 5-um pores toward the lower wells containing combinations of IL-8 (50 ng/ml), iso-
type control (5 pg/ml), and/or etokimab (5 pg/ml) at 37°C for 1 hour. (C) Neutrophils were not pretreated with
etokimab and placed into the upper wells of a Transwell chamber system and allowed to migrate through 5-um
pores toward the lower wells containing blister fluid, isotype control (5 ug/ml), or etokimab (5 pg/ml) at 37°C for
1 hour. n=4. (D) The concentration of IL-8 in the blister fluids before and after etokimab administration was measured
by ELISA. n=4. (E) IL-8 was measured by ELISA after neutrophils (1 x 10° cells) were cultured in blister fluid with iso-
type control (5 pg/ml) or etokimab (5 ug/ml) for 24 hours. n = 5. (F) Neutrophils were pretreated with etokimab (5 ug/ml)
for 1 hour and placed into the upper wells of a Transwell chamber system and allowed to migrate through 5-um pores
toward the lower wells containing blister fluid with isotype control (5 ug/ml) or etokimab (5 ug/ml) at 37°C for 1 hour.
Data are shown as fold change of random migration. n =7. Boxes show 25/75 percentiles, and whiskers show range.

*P < 0.05, **P < 0.01, ***P < 0.005, Student’s t test or two-way ANOVA.

chronic AD (29, 30). The significant and sustained inhibition of
IFNy production by whole blood in response to ex vivo IL-33/IL-12
suggests a prolonged in vivo pharmacodynamic effect in the setting
of disease. Furthermore, the skin neutrophil observations associated
with clinical response, confirming in vivo relevance of the findings. A
single administration of etokimab was well tolerated, with most ad-
verse effects being mild and transient. A single SAE occurred during
the course of the current study, in which there was exacerbation of
preexisting depression at day 140 after etokimab administration and
was during a major family illness. The timing of the SAE (20 weeks
after dosing) and the concurrent events suggested that it was un-
likely to be study drug related. There were no new cases of con-
junctivitis or exacerbations of previous conjunctival disease.
Specifically, we showed that skin interstitial fluid induces neu-
trophil migration and activation, which can be inhibited by etokimab
ex vivo. IL-33 acts independently of microbial cofactors to up-regulate

Chen etal., Sci. Transl. Med. 11, eaax2945 (2019) 23 October 2019

phils. As well as highlighting indications
among classical neutrophilic disease, the
study therefore prompts further evalua-
tion of the mechanistic effects of etokimab
on broader pathways potentially associ-
ated with clinical efficacy, for example,
type 2 immune responses. Sterile neu-
trophilic inflammation is a feature of a
wide spectrum of skin pathology in-
cluding disorders such as plaque pso-
riasis, generalized pustular psoriasis,
Sweet’s syndrome, SAPHO syndrome
(synovitis, acne, pustulosis, hyperostosis,
and osteitis), pyoderma gangrenosum,
Behget’s disease, hidradenitis suppura-
tiva, and other autoinflammatory diseases. We aimed to take ad-
vantage of the subepidermal plane of separation during skin suction
blister formation to minimize the role of infection in confounding
the inflammatory model. In contrast, conventional skin biopsies
will include commensal organisms within the epidermis that may
complicate interpretation. Furthermore, the skin suction blisters
provide access to skin cells and interstitial fluid without digestion,
which facilitates the development of ex vivo assays for investigation
of underlying mechanisms.

There are a number of limitations of the study, in particular that
there is no separate placebo group for the long-term clinical efficacy
data. However, because all treated patients showed at least 50%
improvement in their EASI scores relative to baseline after a single
dose, and changes in blood and skin biomarkers are consistent with
observed efficacy, this study demonstrates an etokimab-specific
drug effect. Although difficult to directly compare, placebo effects
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Fig. 8. Etokimab inhibits IL-33-induced neutrophil autocrine expression of
CXCR1and CXCR2. (A) Neutrophils (2 x 10°to 5 x 10° cells) were cultured in medium
containing isotype control (5 ug/ml) or etokimab (5 pg/ml) at 37°C for 1, 2, and
3 hours. The expression of CXCR1 and CXCR2 was analyzed by FACS. One represen-
tative histogram is shown. n=4to 5. (B and €) Neutrophils (2 x 10° to 5 x 10° cells)
were cultured in medium containing isotype control (5 ng/ml) or different dosage
of etokimab (0.625, 1.25, and 5 pg/ml) at 37°C for 2 hours. (B) The expression of
CXCR1 was analyzed by FACS. n = 5. (C) Neutrophil migration toward IL-8 (50 ng/ml)
was analyzed against the expression of CXCR1. Correlations between migration
fold change and CXCR1 mean fluorescence intensity (MFI) expression (R*=0.2606,
P =0.0108) are shown. Each dot represents an individual paired fold change
experiment. Boxes show 25/75 percentiles, and whiskers show range. *P < 0.05,
**P<0.01, ¥**P < 0.005, one-way or two-way ANOVA or linear regression.

in studies with similar EASI scores at entry are typically in the range
of 10 to 20% EASI improvement by day 29 when topical steroids are
used as rescue therapy (25, 34). In addition, the number of participants
was small in the current experimental medicine proof-of-concept
study, but we were able to explore in vivo skin neutrophil findings in
mechanistic studies using additional human skin material ex vivo.
Skin suction blisters take considerable participant involvement but
do offer the possibility of sampling live, unmanipulated cells from
human challenged tissue.

Several targeted systemic therapies are now emerging on the basis
of the growing understanding of the involvement of type 2 immune

Chen etal., Sci. Transl. Med. 11, eaax2945 (2019) 23 October 2019

polarization in atopic pathology (35). Another keratinocyte-derived
alarmin, thymic stromal lymphopoietin (TSLP), which acts up-
stream of type 2 responses, is also considered a potential therapeutic
target in the treatment of AD (36-38). In murine models, either
IL-33 or TSLP alone is sufficient to promote the development of
AD-like inflammation (39). Tezepelumab, an anti-TSLP humanized
monoclonal antibody, has undergone a randomized phase 2a clini-
cal trial in the treatment of patients with moderate to severe AD
(40). Multiple anti-IL-33 antibodies have been developed and
reported in mouse disease models (41-44). Peng and colleagues es-
tablished the efficacy of an anti-mouse IL-33 antibody on the treat-
ment of 2,4-dinitrochlorobenzene-induced dermatitis murine model,
with an improved phenotype coupled with impaired eosinophil
and mast cell skin infiltration and decreased serum IgE concentra-
tion (41). Although anti-mouse IL-33 antibodies show encouraging
results, there have been no published studies thus far in humans.
Clinicaltrials.gov lists anti—IL-33 clinical trials in patients with asthma,
food allergy, chronic rhinosinusitis, chronic obstructive airways
disease, and an anti-ST2 clinical trial in patients with chronic ob-
structive airways disease (accessed 6 June 2019). These findings
confirm significant interest in the pathway.

Experimental medicine studies provide powerful means to iden-
tify unexpected pathways and explore efficacy in inflammatory
systems in vivo. These can be useful early signals in therapeutic
development and can help identify new priority therapeutic areas.
Most of the focus for IL-33 pathway inhibition has been on the
type 2 cytokine axis because of significant supporting genetic and
functional data in both human and murine systems. Our findings
might also provide a further dimension to explain how etokimab,
by inhibiting IL-33, could provide such a rapid and persistent clin-
ical benefit as described in this report. Furthermore, these findings
open new therapeutic possible applications of etokimab to sterile
neutrophilic disease as well as other inflammatory diseases with a
clear neutrophilic involvement such as neutrophilic asthma. This
first-in-class experimental medicine study has shown that in vivo
in human tissue that IL-33 has key upstream effects which broadly
influence different and relevant inflammatory cascades and thus
widen the potential of this treatment to a larger than anticipated
group of diseases.

MATERIALS AND METHODS

Study design

The study was based on a phase 2a proof-of-concept study (EudraCT
2016-002539-14) of a single unblinded intravenous 300-mg dose of
etokimab, a humanized IgG,/kappa anti-IL-33 monoclonal anti-
body previously referred to as ANB020 (45), in 12 adult patients
with moderate to severe AD. The clinical study was accompanied
by contralateral skin suction blister analysis 5 days after placebo
administration and then 5 days after etokimab administration. The
protocol was written by the Sponsor (AnaptysBio Inc.). The inclu-
sion and exclusion criteria are provided in the Supplementary
Materials, and a study summary is presented in Fig. 1. Prespecified
pharmacodynamic endpoints were changes in skin suction blister
contents and differential white blood cell counts. Main clinical end-
points were scores for EASI, IGA, severity scoring of AD (SCORAD),
DLQI and 5D pruritus score. Primary safety and tolerability end-
points were as follows: measure of etokimab inhibition of cytokine
release (IFNYy) in an ex vivo test, immunogenicity to etokimab
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(antidrug antibodies), potentially significant and clinically important
AEs, SAEs, AEs of special interests, and AEs leading to withdrawal,
physical examinations, vital signs, clinical safety laboratory tests
(hematology, biochemistry, and urinalysis), and electrocardiogram
(ECG). Primary data are reported in data file S1.

Patients

Patients were adults diagnosed with AD based on the Hanifin/Rajka
criteria and recruited through a secondary/tertiary care hospital setting
(Oxford University Hospitals NHS Foundation Trust). Ethical ap-
proval was given by the London-Hampstead Research Ethics Com-
mittee (16/L0O/1959) and Medicines and Healthcare products
Regulatory Agency (MHRA) (46837/0001/001-0001) with EudraCT
2016-002539-14. Patients had an EASI > 14 at screening and a positive
skin prick test to HDM. Patients were excluded if they had received
systemic treatment for AD within 4 weeks of recruitment. Patients
were permitted to continue using their existing emollients without
change during the course of the study. Except for the skin suction
blister site, topical corticosteroids (mometasone furoate 0.1% ointment
for body and hydrocortisone 2% ointment for face) were permitted
in limited amounts as rescue therapy, and amounts were recorded
by weight. Full inclusion and exclusion criteria and patient charac-
teristics are presented in the Supplementary Materials.

Neutrophil isolation and culture

Peripheral blood and skin of healthy volunteers and patients with
AD who were not part of the clinical trial were collected under local
ethics approval (Oxford C, 09/H0606/71, National Research Ethics
Service Committee South Central). Peripheral blood was subject to
Lymphoprep (STEMCELL Technologies) isolation according to the
manufacturer’s instructions. The lower layer was harvested and
contained granulocytes and erythrocytes. The cell suspension was
treated with red blood cell lysis buffer (BioLegend) for 10 min, and
neutrophils were isolated using CD16 microbeads (Miltenyi Biotec)
following the manufacturer’s instructions and resuspended in RPMI
medium. The neutrophils were immediately used in the migration
assays or stained for flow cytometry analysis. For surface marker
staining, neutrophils (2 x 10° to 5 x 10° cells) were treated with IL-33
(50 ng/ml, BioLegend) for 2 hours or with etokimab (5 ng/ml) for
1, 2, or 3 hours.

Transwell migration assay

HTS Transwell 96-well plates with 5-um pore filters (Corning
Costar) were used in the chemotaxis assay. The upper chambers
were loaded with 1.5 x 10° to 2 x 10° whole-blood cells or neutro-
phils from healthy donors in 50 to 100 ul of RPMI, and either treated
with isotype control or etokimab at different concentrations for
1 hour at 37°C or left untreated. The lower chambers were loaded
with 150 to 250 pl of diluted (6x in RPMI) blister fluid or RPMI
containing 10% fetal calf serum (FCS) and IL-33 (at 0, 12.5, 25, 50,
100, or 200 ng/ml concentration, BioLegend) or IL-8 (50 ng/ml,
BioLegend) with or without etokimab (5 pg/ml) or human sST2-Fc
IgG1 chimera (700 ng/ml, R&D Systems). The IL-33 ELISA in the
presence of etokimab was undertaken in RPMI containing 10%
FCS. After coculture for 1 hour, the upper chambers were removed,
and the plates were subjected to scanning (IncuCyte S3 Live-Cell
Analysis System, Sartorius). The confluency of the cells was deter-
mined using the IncuCyte S3 Software (Sartorius) and calculated
against the confluency of cells of known cell counts.

Chen etal., Sci. Transl. Med. 11, eaax2945 (2019) 23 October 2019

Antibodies and flow cytometry (fluorescence-activated

cell sorting)

All stainings were performed at 4°C in fluorescence-activated cell
sorting (FACS) staining buffer (0.5% FCS in phosphate-buffered
saline). The following anti-human antibodies were used: peridinin
chlorophyll protein (PerCP) anti-human CD19 (H1B1, BioLegend),
PerCP anti-human CD11b (M1/70, BioLegend), PerCP anti-human
FceRlo [AER-37 (CRA-1), BioLegend], PerCP anti-human CD14
(HCD14, BioLegend), Alexa Fluor 700 anti-human CD45 (HI30, Bio-
Legend), Brilliant Violet 650 anti-human CD3 (OKT3, BioLegend),
phycoerythrin (PE) anti-human CRTH2 (BM16, Miltenyi Biotec),
Brilliant Violet 785 anti-human CD127 (A019D5, BioLegend), Brilliant
Violet 605 anti-human CD56 (HCD56, BioLegend), Alexa Fluor 488
anti-human CD16 (3GS8, BioLegend), PE/Cy7 anti-human CD123
(6H6, BioLegend), PE-CF594 anti-human CD15 (HI98, BD Biosciences),
Brilliant Violet 421 anti-human CCR3 (5E8, BioLegend), allophy-
cocyanin (APC)/Cy7 anti-human CD11c (Bul5, BioLegend), APC
anti-human CD1a (HI149, BD Biosciences), Brilliant Violet 650 anti-
human CD16 (3G8, BioLegend), fluorescein isothiocyanate anti-
human ST2L (B4E6, MD Bioproducts), and LIVE/DEAD Fixable
Aqua Dead Cell Stain (ThermoFisher). Human CXCR1 antibody
(42705, R&D Systems) and human CXCR2 antibody (48311, R&D
Systems) were conjugated in-house with Alexa Fluor 488 and Alexa
Fluor 647, respectively, using Antibody Labeling Kits from ThermoFisher.
Flow data were acquired using the FACSDiva software on LSRFortessa
(BD Biosciences) and further analyzed with the Flow]Jo (TreeStar
LLC) software.

Enzyme-linked immunosorbent assay

Samples were stored at —80°C, and concentrations of elastase
(ThermoFisher), IL-8 (ThermoFisher), and IL-33 (R&D Systems)
were measured by sandwich ELISA according to the manufacturers’
instructions. According to the manufacturer, the IL-33 ELISA
detects the oxidized form of IL-33, and it is not known whether it
detects the reduced form.

Polymorphonuclear neutrophil (PMN) cell shape analysis
Images of cells were taken using IncuCyte. Images were opened
using Fiji and then inverted. Next, the “Find Maxima” plugin was
applied with a noise tolerance parameter of “160” with the output
set to be as “Segmented Particles.” From this output, the “Analyze
Particles” plugin was applied, and objects were detected within the
size range of 20 to 200 and with a circularity index (4*pi(area/
perimeter”2)) of between 0.2 and 1.00. This filtered out any arti-
facts or debris that were too small or too large to be cells. From the
detected cell regions, the circularity index was measured and output
in a list for subsequent analysis.

Statistical analysis

It was not possible to use power calculations in this discovery proof-
of-concept study. For primary and secondary continuous end-
points, changes from baseline were evaluated. Mixed-effect analysis
of covariance was used to assess treatment effects. All tests of
treatment effects were conducted at a two-sided o of 0.05 or with
two-sided 95% confidence intervals. For safety and tolerability,
AEs, SAEs, vital signs, physical examinations, ECGs, and clinical
laboratory assessments were evaluated. Values in ex vivo assays are
shown as means + SD. Paired ¢ tests and one-way or two-way anal-
ysis of variance (ANOVA) were performed using GraphPad Prism
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version 7.00 (GraphPad Software) to assess statistical significance:

*P < 0.05, **P < 0.01, ***P < 0.005, and ****P < 0.0001.

SUPPLEMENTARY MATERIALS
stm.sciencemag.org/cgi/content/full/11/515/eaax2945/DC1

Materials and Methods

Fig. S1. Peripheral eosinophil percentage and EASI score before treatment with etokimab.
Fig. S2. Skin blister leukocytes.

Fig. S3. Etokimab binding to IL-33.

Fig. S4. Neutrophil migration and CXCR1.

Table S1. Characteristics of the patients.

Data file S1. Primary data.
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Interrupting inflammation in atopic dermatitis

The alarmin cytokine IL-33 is implicated in a variety of conditions, including atopy, and is an emerging
therapeutic target. Chen et al. report a clinical trial of a single dose of an anti-IL-33 antibody (etokimab) in adults
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immune responses to challenges with house dust mite. Clinically, anti-IL-33 was well tolerated and reduced
peripheral eosinophils and symptoms of atopic dermatitis. Blocking IL-33 interfered with neutrophil recruitment.
These results reveal human immunobiology and demonstrate that anti-IL-33 is a promising therapeutic for atopic
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Materials and Methods

Inclusion Criteria

Patients will be enrolled in the study only if they meet all of the following criteria:

Male and female patients with age over 18 years and able to give informed consent.

Patients with a confirmed clinical diagnosis of AD based on the Hanifin/Rajka criteria
(see below).

The EASI score 214 at screening to reflect moderate to severe.
Patients with a confirmed positive response to a skin HDM challenge.

Body mass index (BMI) of 18 to 32 kg/m? (inclusive) and total body weight >50 kg
(110 Ib). BMI = weight (kg)/(height [m?]).

Willing and able to comply with the study protocol requirements, in the Investigator’s
opinion, including applying topical corticosteroid ointment and emollient as specified by
the protocol.

Have the ability to read and understand the study procedures and have the ability to
communicate meaningfully with the Investigator and staff.

Female patients of childbearing potential must have a negative pregnancy test at
screening and Day 1, must not be lactating, or intend to become pregnant during the
study period, and be surgically sterile or postmenopausal or using highly effective
methods of contraception throughout the study and for 20 weeks after the last dose of
the Investigational Product (IP). Postmenopausal patients defined as 1) aged over

45 years with at least 1 year of amenorrhea and levels of follicle stimulating hormone
over 20 Ul/L or 2) aged over 50 years with at least 1 year of amenorrhea. Male patients
must be willing to use contraception throughout the study and for 20 weeks after the
last dose of IP which includes a total of 5 half-lives of the study drug (estimated to be
around 95 days) plus an additional 50 days (which includes the duration of sperm
turnover) post-treatment completion.

Exclusion Criteria

Patients will not be enrolled in the study if they meet any of the exclusion criteria:

Have concomitant dermatological or medical condition(s) which may interfere with the
Investigator’s ability to evaluate the patient's response to the IP.

Have applied any topical medication (including corticosteroids, calcineurin inhibitor,
topical H1 and H2 antihistamines, topical antimicrobials, and other medicated topical



agents) or herbal preparation to the area selected for treatment within 14 days before
screening.

Have received antibiotic treatment within 2 weeks before screening.

Have received systemic treatment for AD (including systemic corticosteroids,
non-steroidals, immunosuppressants or immunomodulating drugs, antihistamines, or
treatment with light or use of a tanning booth) within 4 weeks before screening.

Have received any investigational drug or been part of any interventional clinical study
within a period of 3 months or 5 half-lives (whichever is longer) before screening.

Have a history of hypersensitivity or allergic reactions to polysorbate 80 a component of
ANBO020/etokimab formulation or the inactive ingredients (excipients).

Have a history of severe allergic or anaphylactic reactions to human, humanized,
chimeric, or murine monoclonal antibodies.

History of drug, alcohol or other substance abuse, or other factors limiting the ability to
cooperate and to comply with the study protocol.

Hypersensitivity to topical corticosteroid or to any other ingredients contained in the
topical corticosteroid product used in the study.

Use of any over-the-counter or complementary medicines, within 7 days before
screening.

Clinical diagnosis of bacterial infections of the skin, including impetigo or abscesses
which meet any of the following criteria: hospital admission within 4 weeks of
screening; received IV, oral or topical antibiotics within 2 weeks of screening.

Positive blood screen for hepatitis C antibody, hepatitis B surface antigen, or HIV 1 and 2
antibodies.

Have any other physical, mental, or medical conditions which, in the opinion of the
Investigator, make study participation inadvisable or could confound study assessments.

History of parasitic infections within 12 months before screening.
Receipt of a live attenuated vaccine within 4 weeks before screening.
Planned surgery during the study.

History of malignancy within 5 years, except non-melanoma skin cancer which has been
fully treated with no current active disease.



Hanifin and Rajka criteria for the diagnosis of AD.
1. Must have three or more basic features described below
(1) Pruritus
(2) Typical morphology and distribution
. Flexural lichenification in adults
. Facial and extensor eruptions in infants and children
(3) Chronic or chronically relapsing dermatitis
(4) Personal or family history of atopy (asthma, allergic rhinitis, atopic dermatitis)
2. Must have three or more following minor features:
(1) Xerosis
(2) Ichthyosis/palmar hyperlinearity, keratosis pilaris
(3) Immediate (type 1) skin test reaction
(4) Elevated serum IgE
(5) Early age of onset

(6) Tendency toward cutaneous infections (especially Staphylococcus aureus and Herpes
simplex virus), impaired cell mediated immunity

(7) Tendency toward non-specific hand or foot dermatitis
(8) Nipple eczema

(9) Cheilitis

(10) Recurrent conjunctivitis

(11) Dennie-Morgan infraorbital fold

(12) Keratoconus

(13) Anterior subcapsular cataracts

(14) Orbital darkening

(15) Facial pallor, facial erythema

(16) Pityriasis alba



(17) Anterior neck folds

(18) Itch when sweating

(19) Intolerance to wool ad lipid solvents

(20) Perifollicular accentuation

(21) Food intolerance

(22) Course influenced by environmental and emotional factors

(23) White dermographism, delayed blanch



Skin and blood biomarker analysis

Skin suction blisters were raised 0.5 hours after saline or HDM intra-epidermal challenge as
previously described (46). The blister/interstitial fluid and cellular infiltrate within the blisters
were aspirated by an insulin needle and syringe into Eppendorf tubes containing Heparin (1000
U/ml). The tubes were centrifuged for 10 min at 15,000 rpm at 4 C. The interstitial fluid was
collected and stored at -80 C for further cytokine analysis, and the cells were subjected to FACS
analysis. Serum and skin blister fluid cytokines were analysed by ELISA. For ex vivo IFNy
analyses, whole blood samples were stimulated in duplicate by IL-12 and IL-33 at 30 and
50ng/mL, respectively. Samples were then incubated at 37°C for 16 hours with supernatant

then analysed for IFNy concentration by ELISA.

Surface Plasmon Resonance

Anti-human Fc and anti-mouse Fc (GE Healthcare) were immobilized on separate flow cells of a
CM5 biosensor using NHS/EDC amine coupling. Etokimab and mouse anti-human IL-8 (R&D
Systems) were each captured at a ligand density of approximately 200 RU and both samples
were subjected to in-house untagged human IL-33 or human IL-8 (R&D Systems, #208-IL-
010/CF) at a concentration of 100 nM at 30 pL/min. At the end of each cycle, the biosensor
surface was regenerated with 10 mM glycine, pH 1.7 for 120 seconds to remove the captured
antibodies. Sensorgrams have subtracted the signal from both a buffer-only injection and the

signal from each reference flow cell containing only anti-human Fc or anti-mouse Fc.
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Fig. S1. Peripheral eosinophil percentage and EASI score before treatment with etokimab.
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prior to drug administration. Analysis performed by Spearman correlation.
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Fig. S3. Etokimab binding to IL-33. Etokimab (left panel) and mouse anti-human IL-8 (right
panel) were each captured at a ligand density of approximately 200 RU and both samples were

subjected to untagged human IL-33 or human IL-8 at a concentration of 100 nM at 30 uL/min.
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Fig. S4. Neutrophil migration and CXCR1. (A) Neutrophils (2-5x10° cells) from healthy donors
were cultured in medium containing IL-33 (50 ng/ml) at 37C for 3 hours. The expression of
CXCR1 was analyzed by FACS, n=6. (B-C) Freshly isolated neutrophils (2x10° cells) were used for

Transwell assays. Neutrophils were pre-treated with etokimab (5 pug/ml) or sST2 (700 ng/ml,



R&D) for 1 hour and placed into the upper wells of a transwell chamber system and allowed to
migrate through 5 um pores toward the lower wells containing IL-8 (50 ng/ml), isotype control
(5 pg/ml), etokimab (5 pg/ml), or sST2 (700 ng/ml, R&D) at 37°C for 1 hour, n=4. (C) Neutrophils
(2-5x10° cells) were cultured in medium containing isotype control (5 ug/ml), etokimab (5
ug/ml), or sST2 (700 ng/ml, R&D) at 37°C for 3 hours. The expression of CXCR1 was analyzed by
FACS, n=6. *P < 0.05; **P < 0.01; ***P < 0.005; ****P < 0.001, Student’s t test (A) or one-way
ANOVA (B-C).



Table S1. Characteristics of the patients. Fourteen patients were screened but two were
unable to proceed because of work commitments. All had a history of inadequate responses to
topical corticosteroids and seven had previously received systemic therapeutics including
methotrexate, ciclosporin, azathioprine, mycophenolate, and prednisolone. The average EASI
score at entry for those who had used past systemic therapies was 36 compared to 27 in those
who had not. All patients had elevated total IgE and all had positive skin prick test responses to

HDM. The average blood eosinophil count was 588 eosinophils per microliter.

Characteristic

Average (meantSD)

Age (years)

40.4 +13.5

Male, number (%)

11 (91.7%)

Caucasian race, number (%)

12 (100%)

Body-Mass Index 26.14+4.1
EASI, score 32.25+10.89
SCORAD, score 64.79 £12.02
IGA, 0-5 scale 4+0.74
DLQI, score 12.92 £+ 6.54
Pruritus, 5-D score 19.1 +4.85
Blood eosinophil (cells/ul) 588 + 468

Previous systemic treatment, number (%)

7 (58.3%)
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