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Proof-of-concept clinical trial of etokimab shows a key 
role for IL-33 in atopic dermatitis pathogenesis
Yi-Ling Chen1, Danuta Gutowska-Owsiak1,2, Clare S. Hardman1, Melanie Westmoreland3, 
Teena MacKenzie3, Liliana Cifuentes3, Dominic Waithe1, Antonia Lloyd-Lavery3, 
Allison Marquette4, Marco Londei4, Graham Ogg1,3*

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 
in human diseases, including AD.

INTRODUCTION
Targeted cytokine pathway intervention has been associated with 
enormous therapeutic advance (1). 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 

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 
B (NF-B) 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 (15). 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-
4R 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 IgG1/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 g 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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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 
a mean 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- (IFN) production by enzyme-linked immuno-

sorbent assay (ELISA). As shown in Fig. 3A, the inhibition of IFN 
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 

Table 1. Treatment-emergent AEs.  

Condition Patient, n (%) Condition Patient, n (%)

Nervous system disorders 4 (33.3) Musculoskeletal and connective 
tissue disorders 3 (25.0)

Dizziness 1 (8.3) Back pain 1 (8.3)

Headache 3 (25.0) Bursitis 1 (8.3)

Migraine 1 (8.3) Pain in extremity 1 (8.3)

Paresthesia 1 (8.3) Respiratory, thoracic, and 
mediastinal disorders 2 (16.7)

Presyncope 0 Cough 1 (8.3)

Infections and infestations 4 (33.3) Nasal congestion 1 (8.3)

Upper respiratory tract infection 2 (16.7) Oropharyngeal pain 0

Urinary tract infection 2 (16.7) Vascular disorders 1 (8.3)

Skin infection 1 (8.3) Hot flush 1 (8.3)

Injury, poisoning, and procedural 
complications 3 (25.0) Hypertension 0

Accident 1 (8.3) Peripheral coldness 0

Arthropod bite 1 (8.3) Psychiatric disorders 2 (16.7)

Clavicle fracture 1 (8.3) Depression 1 (8.3)

Contusion 0 Stress 1 (8.3)

General disorders and administration 
site conditions 3 (25.0) Skin and subcutaneous tissue 

disorders 2 (16.7)

Peripheral swelling 2 (16.7) Urticaria 2 (16.7)

Chest pain 1 (8.3) Ear and labyrinth disorders 1 (8.3)

Fatigue 1 (8.3) Tinnitus 1 (8.3)

Infusion site pain 0 Gastrointestinal disorders 1 (8.3)

Investigations 3 (25.0) Dyspepsia 1 (8.3)

Hemoglobin decreased 1 (8.3) Nausea 1 (8.3)

Monocyte count decreased 1 (8.3) Vomiting 1 (8.3)

Neutrophil count decreased 1 (8.3)
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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 g/ml) significantly (P < 0.01) inhibited detection of 
IL-33 and significantly reduced neutrophil migration toward IL-33 

(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. 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.
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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 CXCR1 expression remained low, the neu-
trophils had reduced IL-8 sensitivity (Fig. 8C). The soluble IL-33 

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 [Kd (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. 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.
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further modulates responsiveness to IL-8 
via CXCR1.

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 
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). IFN has 
been implicated in the pathogenesis of 
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(B) Freshly isolated neutrophils were used for Transwell assays. Neutrophils (2 × 105 cells) were placed into the upper 
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Fig. 5. Skin interstitial fluid induces neutrophil 
migration and activation ex vivo. (A) Whole-
blood cells (2 × 105 cells) from healthy donors 
were placed into the upper wells of a Transwell 
chamber system and allowed to migrate through 
5-m 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 
(left) were collected for FACS analysis. One rep-
resentative result is shown of three experiments 
(middle), and the overall numbers of migrated 
neutrophils was determined (right). n = 5. Lines 
in the statistics plots represent the means ± SD. 
(B) Neutrophils (1 × 106 cells) were treated with 
medium or blister fluid for 24 hours. The con-
centration of elastase in the blister fluids before 
and after neutrophil culturing was measured by 
ELISA. n = 5. (C) Images of neutrophils (0.5 × 105 
to 1 × 105 cells) were taken 1 hour after culturing 
with medium or blister fluid. One represent
ative result is shown of 15 experiments from five 
donors. The cell morphologies were analyzed, 
and a circularity index for each cell was assigned. 
0 is square and 1.0 is perfect circle. The average 
circularity index per image was calculated, and overall analysis was plotted. *P < 0.05, **P < 0.01, ****P < 0.0001, t test. Boxes show 25/75 percentiles, and whiskers 
show range.
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chronic AD (29, 30). The significant and sustained inhibition of 
IFN 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 

CXCR1, which sensitizes human neutro-
phils for migration to IL-8. Although 
excellent previous studies have demon-
strated in vitro and in murine models 
that IL-33 is involved in neutrophil mi-
gration (17, 18, 22), the translation here 
to human tissue immunology shows that 
IL-33 plays a dominant role and effects 
are in part likely to be mediated instead 
by CXCR1. Therefore, specific IL-33 ther-
apeutic intervention is not targeting a 
redundant system and is worthy of further 
investigation.

Although marked elevation of skin 
neutrophils is not a typical conspicuous 
feature of AD (31), there is evidence that 
they may nevertheless contribute to the 
inflammatory process (32, 33), particu-
larly during acute disease if secondary 
infection is present (31). Neutrophilic 
infiltration to the skin may also be part 
of the response to HDM challenge in 
healthy controls, suggesting that this may 
be a useful human in vivo tissue model 
system for wider mechanistic and thera-
peutic evaluation. It is likely that the clini-
cal benefits of etokimab are related to 
effects beyond neutrophils and eosino-
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, 
Behçet’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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type control (5 g/ml), and/or etokimab (5 g/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-m 
pores toward the lower wells containing blister fluid, isotype control (5 g/ml), or etokimab (5 g/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 × 106 cells) were cultured in blister fluid with iso-
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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 

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 IgG1/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 (IFN) in an ex vivo test, immunogenicity to etokimab 
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Fig. 8. Etokimab inhibits IL-33–induced neutrophil autocrine expression of 
CXCR1 and CXCR2. (A) Neutrophils (2 × 105 to 5 × 105 cells) were cultured in medium 
containing isotype control (5 g/ml) or etokimab (5 g/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 = 4 to 5. (B and C) Neutrophils (2 × 105 to 5 × 105 cells) 
were cultured in medium containing isotype control (5 g/ml) or different dosage 
of etokimab (0.625, 1.25, and 5 g/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 (R2 = 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.
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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/LO/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 × 105 to 5 × 105 cells) were treated with IL-33 
(50 ng/ml, BioLegend) for 2 hours or with etokimab (5 g/ml) for 
1, 2, or 3 hours.

Transwell migration assay
HTS Transwell 96-well plates with 5-m pore filters (Corning 
Costar) were used in the chemotaxis assay. The upper chambers 
were loaded with 1.5 × 105 to 2 × 105 whole-blood cells or neutro-
phils from healthy donors in 50 to 100 l 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 l of diluted (6× 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 g/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.

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 
FcRI [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 (3G8, 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 (Bu15, 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 FlowJo (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  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 t tests and one-way or two-way anal-
ysis of variance (ANOVA) were performed using GraphPad Prism 

 at U
niversity of Liverpool on O

ctober 27, 2019
http://stm

.sciencem
ag.org/

D
ow

nloaded from
 

http://stm.sciencemag.org/


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

S C I E N C E  T R A N S L A T I O N A L  M E D I C I N E  |  R E S E A R C H  A R T I C L E

10 of 11

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.
Reference (46)

View/request a protocol for this paper from Bio-protocol.

REFERENCES AND NOTES
	 1.	 H. M. Shepard, G. L. Phillips, C. D. Thanos, M. Feldmann, Developments in therapy 

with monoclonal antibodies and related proteins. Clin. Med. 17, 220–232 (2017).
	 2.	 W. Hueber, B. E. Sands, S. Lewitzky, M. Vandemeulebroecke, W. Reinisch, P. D. Higgins, 

J. Wehkamp, B. G. Feagan, M. D. Yao, M. Karczewski, J. Karczewski, N. Pezous, S. Bek, 
G. Bruin, B. Mellgard, C. Berger, M. Londei, A. P. Bertolino, G. Tougas, S. P. Travis; 
Secukinumab in Crohn's Disease Study Group, Secukinumab, a human anti-IL-17A 
monoclonal antibody, for moderate to severe Crohn's disease: Unexpected results 
of a randomised, double-blind placebo-controlled trial. Gut 61, 1693–1700 (2012).

	 3.	 W. O'Connor Jr., L. A. Zenewicz, R. A. Flavell, The dual nature of TH17 cells: Shifting 
the focus to function. Nat. Immunol. 11, 471–476 (2010).

	 4.	 A. S. Wedell-Neergaard, L. Lang Lehrskov, R. H. Christensen, G. E. Legaard, E. Dorph, 
M. K. Larsen, N. Launbo, S. R. Fagerlind, S. K. Seide, S. Nymand, M. Ball, N. Vinum, 
C. N. Dahl, M. Henneberg, M. Ried-Larsen, J. D. Nybing, R. Christensen, J. B. Rosenmeier, 
K. Karstoft, B. K. Pedersen, H. Ellingsgaard, R. Krogh-Madsen, Exercise-induced changes 
in visceral adipose tissue mass are regulated by IL-6 signaling: A randomized controlled 
trial. Cell Metab. 29, 844–855.e3 (2018).

	 5.	 C. Hardman, G. Ogg, Interleukin-33, friend and foe in type-2 immune responses.  
Curr. Opin. Immunol. 42, 16–24 (2016).

	 6.	 E. S. Cohen, I. C. Scott, J. B. Majithiya, L. Rapley, B. P. Kemp, E. England, D. G. Rees, 
C. L. Overed-Sayer, J. Woods, N. J. Bond, C. S. Veyssier, K. J. Embrey, D. A. Sims, 
M. R. Snaith, K. A. Vousden, M. D. Strain, D. T. Chan, S. Carmen, C. E. Huntington, L. Flavell, 
J. Xu, B. Popovic, C. E. Brightling, T. J. Vaughan, R. Butler, D. C. Lowe, D. R. Higazi, 
D. J. Corkill, R. D. May, M. A. Sleeman, T. Mustelin, Oxidation of the alarmin IL-33 regulates 
ST2-dependent inflammation. Nat. Commun. 6, 8327 (2015).

	 7.	 M. Salimi, J. L. Barlow, S. P. Saunders, L. Xue, D. Gutowska-Owsiak, X. Wang, L.-C. Huang, 
D. Johnson, S. T. Scanlon, A. N. McKenzie, P. G. Fallon, G. S. Ogg, A role for IL-25 
and IL-33-driven type-2 innate lymphoid cells in atopic dermatitis. J. Exp. Med. 210, 
2939–2950 (2013).

	 8.	 M. Kurowska-Stolarska, P. Kewin, G. Murphy, R. C. Russo, B. Stolarski, C. C. Garcia, 
M. Komai-Koma, N. Pitman, Y. Li, W. Niedbala, A. N. McKenzie, M. M. Teixeira, F. Y. Liew, 
D. Xu, IL-33 induces antigen-specific IL-5+ T cells and promotes allergic-induced airway 
inflammation independent of IL-4. J. Immunol. 181, 4780–4790 (2008).

	 9.	 L. Pastorelli, R. R. Garg, S. B. Hoang, L. Spina, B. Mattioli, M. Scarpa, C. Fiocchi, M. Vecchi, 
T. T. Pizarro, Epithelial-derived IL-33 and its receptor ST2 are dysregulated in ulcerative 
colitis and in experimental Th1/Th2 driven enteritis. Proc. Natl. Acad. Sci. U.S.A. 107, 
8017–8022 (2010).

	 10.	 D. Xu, H.-R. Jiang, P. Kewin, Y. Li, R. Mu, A. R. Fraser, N. Pitman, M. Kurowska-Stolarska, 
A. N. McKenzie, I. B. McInnes, F. Y. Liew, IL-33 exacerbates antigen-induced arthritis by 
activating mast cells. Proc. Natl. Acad. Sci. U.S.A. 105, 10913–10918 (2008).

	 11.	 W. A. Verri Jr., F. O. Souto, S. M. Vieira, S. C. Almeida, S. Y. Fukada, D. Xu, J. C. Alves-Filho, 
T. M. Cunha, A. T. Guerrero, R. B. Mattos-Guimaraes, F. R. Oliveira, M. M. Teixeira, J. S. Silva, 
I. B. McInnes, S. H. Ferreira, P. Louzada-Junior, F. Y. Liew, F. Q. Cunha, IL-33 induces 
neutrophil migration in rheumatoid arthritis and is a target of anti-TNF therapy.  
Ann. Rheum. Dis. 69, 1697–1703 (2010).

	 12.	 J. L. Barlow, A. Bellosi, C. S. Hardman, L. F. Drynan, S. H. Wong, J. P. Cruickshank, 
A. N. McKenzie, Innate IL-13-producing nuocytes arise during allergic lung inflammation 
and contribute to airways hyperreactivity. J. Allergy Clin. Immunol. 129, 191–198 e4 (2012).

	 13.	 Y. Kondo, T. Yoshimoto, K. Yasuda, S. Futatsugi-Yumikura, M. Morimoto, N. Hayashi, 
T. Hoshino, J. Fujimoto, K. Nakanishi, Administration of IL-33 induces airway 
hyperresponsiveness and goblet cell hyperplasia in the lungs in the absence of adaptive 
immune system. Int. Immunol. 20, 791–800 (2008).

	 14.	 Y. Imai, K. Yasuda, Y. Sakaguchi, T. Haneda, H. Mizutani, T. Yoshimoto, K. Nakanishi, 
K. Yamanishi, Skin-specific expression of IL-33 activates group 2 innate lymphoid cells 

and elicits atopic dermatitis-like inflammation in mice. Proc. Natl. Acad. Sci. U.S.A. 110, 
13921–13926 (2013).

	 15.	 D. Smith, H. Helgason, P. Sulem, U. S. Bjornsdottir, A. C. Lim, G. Sveinbjornsson, 
H. Hasegawa, M. Brown, R. R. Ketchem, M. Gavala, L. Garrett, A. Jonasdottir, A. Sigurdsson, 
O. T. Magnusson, G. I. Eyjolfsson, I. Olafsson, P. T. Onundarson, O. Sigurdardottir, 
D. Gislason, T. Gislason, B. R. Ludviksson, D. Ludviksdottir, H. M. Boezen, A. Heinzmann, 
M. Krueger, C. Porsbjerg, T. S. Ahluwalia, J. Waage, V. Backer, K. A. Deichmann, 
G. H. Koppelman, K. Bønnelykke, H. Bisgaard, G. Masson, U. Thorsteinsdottir, 
D. F. Gudbjartsson, J. A. Johnston, I. Jonsdottir, K. Stefansson, A rare IL33 loss-of-function 
mutation reduces blood eosinophil counts and protects from asthma. PLOS Genet. 13, 
e1006659 (2017).

	 16.	 A. J. Hueber, J. C. Alves-Filho, D. L. Asquith, C. Michels, N. L. Millar, J. H. Reilly, G. J. Graham, 
F. Y. Liew, A. M. Miller, I. B. McInnes, IL-33 induces skin inflammation with mast cell 
and neutrophil activation. Eur. J. Immunol. 41, 2229–2237 (2011).

	 17.	 J. C. Alves-Filho, F. Sônego, F. O. Souto, A. Freitas, W. A. Verri Jr., M. Auxiliadora-Martins, 
A. Basile-Filho, A. N. McKenzie, D. Xu, F. Q. Cunha, F. Y. Liew, Interleukin-33 attenuates 
sepsis by enhancing neutrophil influx to the site of infection. Nat. Med. 16, 708–712 
(2010).

	 18.	 F. Lan, B. Yuan, T. Liu, X. Luo, P. Huang, Y. Liu, L. Dai, H. Yin, Interleukin-33 facilitates 
neutrophil recruitment and bacterial clearance in S. aureus-caused peritonitis.  
Mol. Immunol. 72, 74–80 (2016).

	 19.	 H. O. Yazdani, H.-W. Chen, S. Tohme, S. Tai, D. J. van der Windt, P. Loughran, 
B. R. Rosborough, V. Sud, D. Beer-Stolz, H. R. Turnquist, A. Tsung, H. Huang, IL-33 
exacerbates liver sterile inflammation by amplifying neutrophil extracellular trap 
formation. J. Hepatol. S0168-8278, 32291–32292 (2017).

	 20.	 J. Xu, J. Guardado, R. Hoffman, H. Xu, R. Namas, Y. Vodovotz, L. Xu, M. Ramadan, J. Brown, 
H. R. Turnquist, T. R. Billiar, IL33-mediated ILC2 activation and neutrophil IL5 production 
in the lung response after severe trauma: A reverse translation study from a human 
cohort to a mouse trauma model. PLOS Med. 14, e1002365 (2017).

	 21.	 E. Lefrançais, S. Roga, V. Gautier, A. Gonzalez-de-Peredo, B. Monsarrat, J. P. Girard, 
C. Cayrol, IL-33 is processed into mature bioactive forms by neutrophil elastase 
and cathepsin G. Proc. Natl. Acad. Sci. U.S.A. 109, 1673–1678 (2012).

	 22.	 H. Yin, X. Li, S. Hu, T. Liu, B. Yuan, Q. Ni, F. Lan, X. Luo, H. Gu, F. Zheng, IL-33 promotes 
Staphylococcus aureus-infected wound healing in mice. Int. Immunopharmacol. 17, 
432–438 (2013).

	 23.	 J. I. Silverberg, J. M. Hanifin, Adult eczema prevalence and associations with asthma 
and other health and demographic factors: A US population–based study. J. Allergy Clin. 
Immunol. 132, 1132–1138 (2013).

	 24.	 J. I. Silverberg, N. K. Garg, A. S. Paller, A. B. Fishbein, P. C. Zee, Sleep disturbances in adults 
with eczema are associated with impaired overall health: A US population-based study. 
J. Invest. Dermatol. 135, 56–66 (2015).

	 25.	 E. L. Simpson, T. Bieber, E. Guttman-Yassky, L. A. Beck, A. Blauvelt, M. J. Cork, 
J. I. Silverberg, M. Deleuran, Y. Kataoka, J. P. Lacour, K. Kingo, M. Worm, Y. Poulin, 
A. Wollenberg, Y. Soo, N. M. Graham, G. Pirozzi, B. Akinlade, H. Staudinger, V. Mastey, 
L. Eckert, A. Gadkari, N. Stahl, G. D. Yancopoulos, M. Ardeleanu; SOLO 1 and SOLO 2 
Investigators, Two Phase 3 trials of dupilumab versus placebo in atopic dermatitis. 
N. Engl. J. Med. 375, 2335–2348 (2016).

	 26.	 A. Wollenberg, A. Oranje, M. Deleuran, D. Simon, Z. Szalai, B. Kunz, A. Svensson, 
S. Barbarot, L. von Kobyletzki, A. Taieb, M. de Bruin-Weller, T. Werfel, M. Trzeciak, 
C. Vestergard, J. Ring, U. Darsow; European Task Force on Atopic Dermatitis/EADV 
Eczema Task Force, ETFAD/EADV Eczema task force 2015 position paper on diagnosis 
and treatment of atopic dermatitis in adult and paediatric patients. J. Eur. Acad. Dermatol. 
Venereol. 30, 729–747 (2016).

	 27.	 H. Hayakawa, M. Hayakawa, A. Kume, S. Tominaga, Soluble ST2 blocks interleukin-33 
signaling in allergic airway inflammation. J. Biol. Chem. 282, 26369–26380 (2007).

	 28.	 A. Lingel, T. M. Weiss, M. Niebuhr, B. Pan, B. A. Appleton, C. Wiesmann, J. F. Bazan, 
W. J. Fairbrother, Structure of IL-33 and its interaction with the ST2 and IL-1RAcP 
receptors—insight into heterotrimeric IL-1 signaling complexes. Structure 17, 1398–1410 
(2009).

	 29.	 T. Werfel, A. Morita, M. Grewe, H. Renz, U. Wahn, J. Krutmann, A. Kapp, Allergen specificity 
of skin-infiltrating T cells is not restricted to a type-2 cytokine pattern in chronic skin 
lesions of atopic dermatitis. J. Invest. Dermatol. 107, 871–876 (1996).

	 30.	 A. Rebane, M. Zimmermann, A. Aab, H. Baurecht, A. Koreck, M. Karelson, K. Abram, 
T. Metsalu, M. Pihlap, N. Meyer, R. Fölster-Holst, N. Nagy, L. Kemeny, K. Kingo, J. Vilo, 
T. Illig, M. Akdis, A. Franke, N. Novak, S. Weidinger, C. A. Akdis, Mechanisms of IFN-–
induced apoptosis of human skin keratinocytes in patients with atopic dermatitis. 
J. Allergy Clin. Immunol. 129, 1297–1306 (2012).

	 31.	 N. Dhingra, M. Suárez-Fariñas, J. Fuentes-Duculan, J. K. Gittler, A. Shemer, A. Raz, 
V. A. Fischetti, J. G. Krueger, E. Guttman-Yassky, Attenuated neutrophil axis in atopic 
dermatitis compared to psoriasis reflects TH17 pathway differences between these 
diseases. J. Allergy Clin. Immunol. 132, 498–501.e3 (2013).

 at U
niversity of Liverpool on O

ctober 27, 2019
http://stm

.sciencem
ag.org/

D
ow

nloaded from
 

http://stm.sciencemag.org/cgi/content/full/11/515/eaax2945/DC1
https://en.bio-protocol.org/rap.aspx?eid=10.1126/scitranslmed.aax2945
http://stm.sciencemag.org/


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

S C I E N C E  T R A N S L A T I O N A L  M E D I C I N E  |  R E S E A R C H  A R T I C L E

11 of 11

	 32.	 E. G. Langeveld-Wildschut, T. Thepen, I. C. Bihari, F. C. ven Reijsen, I. J. de Vries, 
P. L. Bruijnzeel, C. A. Bruijnzeel-Koomen, Evaluation of the atopy patch test 
and the cutaneous late-phase reaction as relevant models for the study of allergic 
inflammation in patients with atopic eczema. J. Allergy Clin. Immunol. 98, 1019–1027 
(1996).

	 33.	 D. F. Choy, D. K. Hsu, D. Seshasayee, M. A. Fung, Z. Modrusan, F. Martin, F.-T. Liu, 
J. R. Arron, Comparative transcriptomic analyses of atopic dermatitis and psoriasis 
reveal shared neutrophilic inflammation. J. Allergy Clin. Immunol. 130, 1335–1343.e5 
(2012).

	 34.	 D. Thaci, E. L. Simpson, L. A. Beck, T. Bieber, A. Blauvelt, K. Papp, W. Soong, M. Worm, 
J. C. Szepietowski, H. Sofen, M. Kawashima, R. Wu, S. P. Weinstein, N. M. Graham, 
G. Pirozzi, A. Teper, E. R. Sutherland, V. Mastey, N. Stahl, G. D. Yancopoulos, M. Ardeleanu, 
Efficacy and safety of dupilumab in adults with moderate-to-severe atopic dermatitis 
inadequately controlled by topical treatments: A randomised, placebo-controlled, 
dose-ranging phase 2b trial. Lancet 387, 40–52 (2016).

	 35.	 K. Verstraete, F. Peelman, H. Braun, J. Lopez, D. Van Rompaey, A. Dansercoer, 
I. Vandenberghe, K. Pauwels, J. Tavernier, B. N. Lambrecht, H. Hammad, H. De Winter, 
R. Beyaert, G. Lippens, S. N. Savvides, Structure and antagonism of the receptor 
complex mediated by human TSLP in allergy and asthma. Nat. Commun. 8, 14937 
(2017).

	 36.	 S. Demehri, M. Morimoto, M. J. Holtzman, R. Kopan, Skin-derived TSLP triggers 
progression from epidermal-barrier defects to asthma. PLOS Biol. 7, e1000067 (2009).

	 37.	 A. K. Indra, Epidermal TSLP: A trigger factor for pathogenesis of atopic dermatitis.  
Expert Rev. Proteomics 10, 309–311 (2014).

	 38.	 V. Soumelis, P. A. Reche, H. Kanzler, W. Yuan, G. Edward, B. Homey, M. Gilliet, S. Ho, 
S. Antonenko, A. Lauerma, K. Smith, D. Gorman, S. Zurawski, J. Abrams, S. Menon, 
T. McClanahan, R. de Waal-Malefyt, F. Bazan, R. A. Kastelein, Y. J. Liu, Human epithelial 
cells trigger dendritic cell mediated allergic inflammation by producing TSLP.  
Nat. Immunol. 3, 673–680 (2002).

	 39.	 B. S. Kim, M. C. Siracusa, S. A. Saenz, M. Noti, L. A. Monticelli, G. F. Sonnenberg, 
M. R. Hepworth, A. S. Van Voorhees, M. R. Comeau, D. Artis, TSLP elicits IL-33–
independent innate lymphoid cell responses to promote skin inflammation.  
Sci. Transl. Med. 5, 170ra116 (2013).

	 40.	 E. L. Simpson, J. R. Parnes, D. She, S. Crouch, W. Rees, M. Mo, R. van der Merwe, 
Tezepelumab, an anti–thymic stromal lymphopoietin monoclonal antibody, in the treatment 
of moderate to severe atopic dermatitis: A randomized phase 2a clinical trial.  
J. Am. Acad. Dermatol. 80, 1013–1021 (2019).

	 41.	 G. Peng, Z. Z. Mu, L. X. Cui, P. Y. Liu, Y. Wang, W. Q. Wu, X. P. Han, Anti-IL-33 antibody has 
a therapeutic effect in an atopic dermatitis murine model induced by 2, 
4-dinitrochlorobenzene. Inflammation 41, 154–163 (2018).

	 42.	 H. Y. Lee, C. K. Rhee, J. Y. Kang, J. H. Byun, J. Y. Choi, S. J. Kim, Y. K. Kim, S. S. Kwon, S. Y. Lee, 
Blockade of IL-33/ST2 ameliorates airway inflammation in a murine model of allergic 
asthma. Exp. Lung Res. 40, 66–76 (2014).

	 43.	 Y. H. Kim, T. Y. Yang, C.-S. Park, S.-H. Ahn, B. K. Son, J. H. Kim, D. H. Lim, T. Y. Jang, 
Anti-IL-33 antibody has a therapeutic effect in a murine model of allergic rhinitis. Allergy 
67, 183–190 (2012).

	 44.	 X. Liu, M. Li, Y. Wu, Y. Zhou, L. Zeng, T. Huang, Anti-IL-33 antibody treatment inhibits 
airway inflammation in a murine model of allergic asthma. Biochem. Biophys. Res. 
Commun. 386, 181–185 (2009).

	 45.	 R. A. Horlick, D. J. King, A. J. McKnight, Antibodies directed against IL-33 and methods of 
making and using. US Patent 10,059,764, (2018).

	 46.	 R. Jarrett, M. Salio, A. Lloyd-Lavery, S. Subramaniam, E. Bourgeois, C. Archer, K. L. Cheung, 
C. Hardman, D. Chandler, M. Salimi, D. Gutowska-Owsiak, J. B. de la Serna, P. G. Fallon, 
H. Jolin, A. McKenzie, A. Dziembowski, E. I. Podobas, W. Bal, D. Johnson, D. B. Moody, 
V. Cerundolo, G. Ogg, Filaggrin inhibits generation of CD1a neolipid antigens by house 
dust mite–derived phospholipase. Sci. Transl. Med. 8, 325ra318 (2016).

Acknowledgments: We are grateful for the support from the NIHR Clinical Research 
Network, Medical Research Council, and NIHR Oxford Biomedical Research Centre (BRC). 
The views expressed are those of the authors and not necessarily those of the NHS, the 
NIHR, or the Department of Health. We are grateful to B. Szlyk for technical support with 
the Biacore experiments. Data were collected by the study investigators and analyzed 
by GO, IQVIA (clinical contract research organization), and the Sponsor. Funding: 
AnaptysBio Inc. funded the study. The funding source conceived and designed the 
study and had roles in the analysis and interpretation of the data and critical revision of 
the report, as well as gave approval to submit. Author contributions: Y.-L.C., D.G.-O., 
C.S.H., M.W., T.M., L.C., D.W., A.L.-L., A.M., M.L., and G.O. performed the experiments. 
Y.-L.C., M.L., and G.O. designed the experiments and wrote the paper. All the authors 
take responsibility for the accuracy and completeness of the data and analyses reported 
and for the fidelity of the studies. Competing interests: G.O. has served on advisory 
boards or holds consultancies or equity with Eli Lilly, Novartis, Janssen, Orbit Discovery, 
and UCB Pharma and has undertaken clinical trials with Atopix, Regeneron/Sanofi, and 
Roche. A.M. and M.L. are employees of AnaptysBio Inc. Data and materials availability: 
All data associated with this study are present in the paper or the Supplementary 
Materials.

Submitted 12 March 2019
Resubmitted 15 June 2019
Accepted 25 September 2019
Published 23 October 2019
10.1126/scitranslmed.aax2945

Citation: Y.-L. Chen, D. Gutowska-Owsiak, C. S. Hardman, M. Westmoreland, T. MacKenzie, 
L. Cifuentes, D. Waithe, A. Lloyd-Lavery, A. Marquette, M. Londei, G. Ogg, Proof-of-concept 
clinical trial of etokimab shows a key role for IL-33 in atopic dermatitis pathogenesis. Sci. Transl. Med. 
11, eaax2945 (2019).

 at U
niversity of Liverpool on O

ctober 27, 2019
http://stm

.sciencem
ag.org/

D
ow

nloaded from
 

http://stm.sciencemag.org/


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

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

DOI: 10.1126/scitranslmed.aax2945
, eaax2945.11Sci Transl Med 

dermatitis.
IL-33 is a promising therapeutic for atopic−These results reveal human immunobiology and demonstrate that anti

 peripheral eosinophils and symptoms of atopic dermatitis. Blocking IL-33 interfered with neutrophil recruitment.
 IL-33 was well tolerated and reduced−immune responses to challenges with house dust mite. Clinically, anti

 with moderate to severe atopic dermatitis. The trial design included a placebo condition and assessment of skin
 IL-33 antibody (etokimab) in adults− report a clinical trial of a single dose of an antiet al.therapeutic target. Chen 

The alarmin cytokine IL-33 is implicated in a variety of conditions, including atopy, and is an emerging
Interrupting inflammation in atopic dermatitis
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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 ≥14 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/m2 (inclusive) and total body weight >50 kg 

(110 lb). BMI = weight (kg)/(height [m2]). 

 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 UI/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 

ANB020/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 I) 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 IFN 

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 IFNγ 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 µL/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.  



Fig. S1. Peripheral eosinophil percentage and EASI score before treatment with etokimab. 
There is more than one point per subject, as samples were obtained at multiple timepoints 
prior to drug administration. Analysis performed by Spearman correlation. 



  

 
 
Fig. S2. Skin blister leukocytes. (A) Leukocytes from skin suction blisters of saline challenges were 
analyzed for immune populations and (B) the expression of CRTH2 by FACS. One representative 
result was shown of twelve donors. Leukocytes were gated as CD45+ Live singlet and the Lineage 

negative populations were defined further as CD3-CD19-CD11c-CD11b-FcRI- CD14-CD16-C123-

CD56-. 



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 µL/min. 
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Fig. S4. Neutrophil migration and CXCR1. (A) Neutrophils (2-5x105 cells) from healthy donors 

were cultured in medium containing IL-33 (50 ng/ml) at 37C̊ for 3 hours. The expression of 

CXCR1 was analyzed by FACS, n=6. (B-C) Freshly isolated neutrophils (2x105 cells) were used for 

Transwell assays. Neutrophils were pre-treated with etokimab (5 g/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 m pores toward the lower wells containing IL-8 (50 ng/ml), isotype control 

(5 g/ml), etokimab (5 g/ml), or sST2 (700 ng/ml, R&D) at 37˚C for 1 hour, n=4. (C) Neutrophils 

(2-5x105 cells) were cultured in medium containing isotype control (5 g/ml), etokimab (5 

g/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 (mean±SD) 

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/l) 588 ± 468 

Previous systemic treatment, number (%) 7 (58.3%) 
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