Effect of benralizumab on inflammation in skin
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after intradermal allergen challenge in patients
with moderate-to-severe atopic dermatitis
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Background: Atopic dermatitis (AD) is a skin barrier
dysfunction characterized by tissue eosinophilia.

Objective: In patients with AD, we evaluated the effect of
eosinophil depletion with benralizumab on markers of
inflammation in skin after intradermal allergen challenge.
Methods: A total of 20 patients with moderate-to-severe AD
completed a randomized, double-blind, placebo-controlled parallel-
group study comparing 3 doses of benralizumab (30 mg each)
administered subcutaneously every 4 weeks (n = 9) with placebo
(n = 11). Allergen and saline control intradermal challenges were
conducted before and after treatment, with skin biopsy samples
collected 24 hours after challenge. Early and late cutaneous
responses were measured by skin wheal size. Levels of eosinophils
and IL-5 receptor-a—bearing cells, including eosinophil progenitor
(EoP) cells, basophils, and mast cells, in papillary dermis were
measured by immunofluorescence microscopy, and levels of EoP
cells, hematopoietic progenitor cells, and type 2 innate lymphoid
cells in the blood were measured by flow cytometry. Outcomes were
compared between the placebo and benralizumab treatment groups
by using the Mann-Whitney U test.

Results: Benralizumab reduced eosinophil counts in the blood
(P <.0001) and allergen-challenged skin, as measured by
hematoxylin and eosin staining and eosinophil cationic protein
antibody concentration (P <.05). Benralizumab lowered the
levels of EoP cells, mast cells, and basophils in the skin, as well
as the levels of EoP cells, hematopoietic progenitor cells, and
type 2 innate lymphoid cells in the blood (all P <.05). There was
a trend toward improvement in the early cutaneous response
(P = .095) but no effect on the late cutaneous response.
Conclusion: In patients with moderate-to-severe AD, benralizumab
treatment significantly inhibited accumulation of eosinophils and
other IL-5 receptor-a—expressing cells in the papillary dermis after
intradermal allergen challenge. Targeting IL-5 receptor-o—positive
cells did not modulate the size of the allergen-induced skin wheal
(ClincialTrials.gov identifier NCT03563066). (J Allergy Clin
Immunol Global 2024;3:100310.)
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Atopic dermatitis (AD) is a common skin disease that is
characterized by chronic, relapsing skin inflammation and
eczematous, itchy lesions caused by skin barrier dysfunction
and type 2 (T2) cell-mediated immunity.' Eosinophil numbers as
well as eosinophil granule protein levels in the blood are elevated
in most patients with AD. Tissue eosinophilia, which is a feature
of acute and chronic AD in addition to blood eosinophilia, ap-
pears to correlate with disease activity.”

IL-5 is a key cytokine involved in the differentiation and
maturation of eosinophils from hematopoietic stem cells in the
bone marrow, their mobilization and migration from the bone
marrow to the blood, and their activation and survival in tissue.’
The IL-5 receptor-a (IL-5Ra) is expressed on eosinophils and ba-
sophils, with expression on some neutrophils and innate lymphoid
type 2 cells (ILC2s). In chronic allergic inflammatory diseases,
eosinophilia may arise as a result of (1) the recruitment of mature
cells from the periphery in response to locally elaborated
chemoattractants such as eotaxin® and/or (2) the localized
maturation of eosinophil lineage-committed progenitors, termed
in situ differentiation in the presence of locally elaborated
cytokines, namely, IL-5.7 In this phase 2b study, we tested the
hypothesis that eosinophils are crucial for the development of
cutaneous response to intradermal allergen challenge.

METHODS
Patients

The eligible patients were men and women, aged 18 to 65
years, who had moderate-to-severe AD that was not adequately
controlled with oral anti-inflammatory medications and from
whom oral anti-inflammatory medications could be withheld for
the duration of the study. They were required to have a positive
result of skin prick testing to common aeroallergens and a positive
late cutaneous response (LCR) to intradermal allergen challenge,
which served as the study baseline. The protocol was approved by
the institutional research ethics committee, and all patients
provided written consent.

Study design

This randomized, double-blind, parallel group, placebo-
controlled study evaluated the effect of benralizumab on
intradermal allergen—induced response when administered sub-
cutaneously in 3 doses (30 mg each) every 4 weeks. Intradermal
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Abbreviations used
AD: Atopic dermatitis
BAL: Bronchoalveolar lavage fluid
ECR: Early cutaneous response
ECP: Eosinophil cationic protein
EG2: Eosinophil cationic protein antibody
EDN/EPX: Eosinophil-derived neurotoxin
EoP: Eosinophil progenitor
HPC: Hematopoietic progenitor cell
ILC2: Type 2 innate lymphoid cell
IL-5R: IL-5 receptor
IL-5Ra: IL-5 receptor-o
LCR: Late cutaneous response
MBP: Major basic protein
T2: Type 2 inflammation

allergen and control saline challenges were performed before the
start of treatment (on day 0) and after 3 doses of the drug (on day
64). At 24 hours after the intradermal challenges (on days 1 and
65), we sampled peripheral blood and obtained skin punch biopsy
samples from intradermal challenge sites (Fig 1). The duration of
benralizumab dosing and timing of end points was selected ac-
cording to a previous study conducted in patients with mild-to-
moderate asthma that demonstrated more than a 90% median
reduction in airway eosinophil levels.” All clinical and laboratory
procedures were conducted at McMaster University, Hamilton,
Ontario, Canada.

Study end points

The primary end point was the change in eosinophils per mm?
of skin biopsy sample obtained from the site of intradermal
allergen challenge, as measured 24 hours after challenge at base-
line (day 1) and at day 65 after initiation of treatment. The second-
ary end points were the change in number of eosinophil
progenitor (EoP) cells, basophils, and mast cells in the skin.
The exploratory end points were changes in the frequency of he-
mopoietic cells, EoP cells, and ILC2s in the blood.

Skin prick testing

A skin prick test using a standard panel of aeroallergen extracts
identified those extracts to which each patient was sensitized.
Allergen extracts, a positive control (1 mg/mL of histamine), and
anegative control (0.9% saline) were applied to the patient’s back
by pricking the skin; the size of the wheal in the horizontal and
vertical directions was then determined after 10 minutes. On the
basis of the skin prick and allergen-specific IgE blood radioal-
lergosorbent testing results, an allergen was selected for skin
prick titration at dilutions from 2- to 256-fold; the dilution that
resulted in a wheal size of 3 X 3 mm was selected for intradermal
allergen challenge.

Intradermal allergen challenge and skin sampling
The selected dilution of allergen was injected intradermally in a
volume of 100 pL into 2 adjacent and standardized locations on
the patient’s back alongside a 100-p.L diluent control (0.9% sa-
line). The site chosen for intradermal challenge was a location
alternate to the site of the skin prick test and did not include
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inflamed skin with ongoing visible AD. The size of the wheal dur-
ing the early cutaneous response (ECR) was measured after 10
minutes. LCR was measured 24 hours after challenge, at which
time a punch biopsy sample was taken from the center of each
of the 3 challenged sites by using a sterile 4-mm skin punch.

Immunofluorescence staining and microscopy

The skin biopsy samples from allergen- and diluent-challenged
skin were fixed in formalin and embedded in paraffin blocks.
Tissue sections were stained by using hematoxylin and eosin
staining and indirect immunofluorescence microscopy for acti-
vated eosinophil cationic protein (ECP) (ECP antibody [EG2]),
major basic protein (MBP), IL-5Ra (CD125), EoP cells (defined
as CD347CDI125" von Willebrand factor), basogranulin (2D7
antibody), and mast cells (tryptase), as detailed in the
Supplementary Methods (see the Online Repository at www.

jaci-global.org).

Flow cytometry

Blood was collected for flow cytometry staining. Eosinophil
counts were performed, and PBMCs were stained for the
enumeration of hematopoietic progenitor cells (HPCs
[CD457CD34%]), EoP cells (CD45*CD34%SSCVCD125"),
and TLC2s (CD45%Lin"CD127 CRTH2") by flow cytometry,
as detailed in the Supplementary Methods.

Multiplex analysis of cytokines

One allergen-challenged punch skin biopsy sample was
dissected and minced to generate fluid phase for measurement
of chemoattractants, growth factors, type 2 cytokines, and
alarmins by using the Meso-Scale Discovery human U-PLEX
custom biomarker assay. Analyte concentrations were extrapo-
lated from a standard curve. Missing values were assigned the
group mean, and samples with analyte concentrations below the
lower limit of detection were assigned a value of 50% of the lower
limit of detection.

Statistical analyses

On the basis of data from a previous study,” 6 patients in each
treatment group were required to detect an 80% reduction in level
of eosinophils with statistical significance set at P <.05. A sample
size of 20 was chosen to allow for attrition and to increase the power
for secondary and exploratory investigations. Dropout or withdrawn
patients were replaced by using a new random treatment allocation.
Statistical analysis was performed on all patients who completed
assessments up to day 65 per protocol. The Mann-Whitney U test
was used to compare pretreatment and posttreatment delta values
between treatment groups for ECRs and LCRs as well as for cellular
outcomes measured by microscopy, Meso-Scale Discovery assay,
and flow cytometry.

For detailed clinical and laboratory methods, see the
Supplementary Methods.

RESULTS
Study population

Of the 23 patients with AD who were screened, 21 met
eligibility criteria and were randomized (Fig 1). One patient
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FIG 1. A, Study design. Patients were randomized 1:1 to receive benralizumab (30 mg subcutaneously
monthly) or placebo on days 1, 28, and 56. Intradermal challenges were conducted on days 0 and 64, and
samples of blood and skin were collected 24 hours after challenge on days 1 and 65. B, Consortium on
Asthma among African-Ancestry Populations in the Americas (CONSORT) diagram summarizing the flow
of patients through, randomization, treatment, and follow-up.

randomized to the benralizumab group withdrew from the study
because of an increase in disease severity and was replaced, re-
sulting in a total of 20 patients completing the study. Of those
20 patients, 11 had moderate AD and 9 had severe AD, as deter-
mined by Eczema Area and Severity Index. There were no signif-
icant differences in baseline variable demographic characteristics
between the benralizumab and placebo groups (Table I). No
study-related adverse or serious adverse events were reported dur-
ing the study.

Effect of intradermal allergen challenge on
inflammatory cells in skin

Intradermal allergen challenge at baseline (day 1) significantly
increased the numbers of eosinophils and basophils in the
papillary dermis at 24 hours compared to the intradermal saline

control (P <.001) (Fig 2). There was no effect of allergen on the
number of mast cells.

Effect of benralizumab treatment on eosinophil
levels in the blood and skin

The blood eosinophil counts at day 1 before treatment
in the placebo and benralizumab groups were similar, being
0.43 (= 0.11) X 10%mL and 0.41 (* 0.12) X 10%mL, respec-
tively. After 65 days of treatment, there was a complete depletion
of blood eosinophils in the benralizumab group versus no change
in the placebo group (P <.00001) (Fig 2). In allergen-challenged
skin on day 65, the number of eosinophils in the benralizumab
group was significantly lower than in the placebo group, as
assessed by hematoxylin and eosin— and EG2-stained cells
(P <.005 in both cases) (Figs 2 and 3). Benralizumab treatment
also significantly reduced the total number of allergen-induced
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TABLE l. Baseline demographic and clinical characteristics of the patients who completed assessments up to day 65 after

treatment initiation

Characteristic Total (N = 20) Placebo (n = 11) Benralizumab (n = 9)
Race, no.
White 14 9 5
Black 2 0 2
Asian 3 1 2
South Asian 1 1 0
Age (y), mean (= SEM) 39.5 (% 3) 38.7 (£ 4.2) 40.9 (= 4.6)
Sex, no.
Male 9 4 5
Female 11 7 4
Height (cm), mean (£ SEM) 171.3 (£2.1) 168 (*+2.9) 175.2 (£2.8)
Weight (kg), mean (= SEM) 139.3 (+49.4) 127.9 (+£15.3) 123.3 (+16.9)
Age of AD diagnosis, mean (= SEM) 11.6 (£3.8) 11.6 (£55.3) 11.6 (£5.7)
Disease severity
EASI score, mean (= SEM) 22.7 (£3.1) 22 (*4.1) 15.1 (%£5)
Moderate AD, no. 11 6 5
Severe AD, no. 9 5 4
Blood eosinophil levels (10%mL), mean (= SEM) 0.42 (£0.78) 0.43 (£0.11) 0.41 (£0.12)
EASI, Eczema Area and Severity Index.
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FIG 2. The effect of intradermal allergen challenge versus saline control challenge on the accumulation of
eosinophils defined by hematoxylin and eosin (H&E) staining (A), basophils defined by 2D7*
immunofluorescence staining (B), and mast cells defined by tryptase™ immunofluorescence staining in
the papillary dermis of skin from all study patients sampled 24 hours after baseline challenge on day 1
(C). Individual and average (SEM) data are shown. Delta change from pretreatment to posttreatment mea-
surements was compared between the benralizumab and placebo groups by using the Mann-Whitney U

test.

CDI125% cells (P = .0003) and EG27CD125™ eosinophils (P =
.0076) versus in the placebo group (Fig 3). The number of
MBP* cells was lowered in all patients in the benralizumab
group, although the number was not significantly different from
that in the placebo group (P = .32); however, there was a signif-
icant reduction in cells double-positive for MBP"CD125" (P =
.035) versus in the placebo group (Fig 2). Representative staining
is shown in Fig E1 (see the Online Repository at www.jaci-global.
org). On day 65, benralizumab treatment had significantly
reduced the numbers of EoP cells in allergen-challenged skin
(P =.0003) and in the peripheral blood (P = .026) versus the
numbers in the group that received placebo (Fig 2), but benralizu-
mab did not change HPC frequency in the blood (see Fig E4 in the
Online Repository at www.jaci-global.org). The low level of
eosinophils present in the saline-challenged skin remained

unaffected by benralizumab treatment (see Fig E2 in the Online
Repository at www.jaci-global.org).

Effect of benralizumab treatment on IL-5Ra-
expressing cell populations

On day 65, benralizumab treatment significantly reduced the
numbers of 2D7" cells (P = .0004), 2D7+CD125" double-
positive cells (P < .0001), and tryptase’ CD125% double-
positive cells (P = .013), with a trend toward a significant
decrease in numbers of tryptase™- cells (P = .065) versus the
numbers in the allergen-challenged skin from individuals who
received placebo (Fig 4). Representative staining is shown in
Fig E3 (see the Online Repository at www.jaci-global.org). In
the saline-challenged skin there was no effect of benralizumab
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FIG 3. The effect of benralizumab versus placebo on blood eosinophils measured by complete blood count
(A) and counts of EoP cells defined as CD45"CD34*CD125" cells according to flow cytometry staining (B).
The effect of benralizumab versus placebo on eosinophils in the papillary dermis of skin biopsy samples, as
measured by hematoxylin and eosin staining (C), EG2" immunofluorescence staining (D), MBP" immuno-
fluorescence staining (E), EoP cells defined as CD34"CD125" von Willebrand factor immunofluorescence
staining (F), eosinophils coexpressing EG2*CD125+ immunofluorescence staining (G), and eosinophils co-
expressing MBP+CD125 immunofluorescence staining (H). All samples were obtained at 24 hours after in-
tradermal allergen challenge on day 1 before treatment and day 65 after treatment. Data are shown as
individual data and means (SEMs). Delta change from pretreatment to posttreatment measurements was
compared between the benralizumab and placebo groups by using the Mann-Whitey U test.

on the number of basophils or mast cells (see Fig E4). In blood
samples on day 65, benralizumab treatment (as opposed to pla-
cebo) significantly reduced the frequency of ILC2s (P = .0065)
and ILC2 positive for CD125 (P = .0018) (see Fig E4).

Effect of treatment on cytokine measurements

In the biopsy sample supernatants from allergen-challenged
skin on day 65, we observed a trend toward higher IL-5 levels in
the benralizumab group than in the placebo group (P =.067) (see
Fig E5 in the Online Repository at www.jaci-global.org), but
there was no effect of benralizumab on the levels of eosinophil
chemoattractants  (cutaneous T-cell-attracting chemokine
[CTACK] and eotaxin), growth factors (GM-CSF, IL-3, and
IL-5), type 2 cytokines (IL-4 and IL-13), or alarmins (IL-25,
IL-33, and TSLP).

Effect of treatment on intradermal allergen-induced
cutaneous wheal responses

Intradermal allergen challenge, compared with saline, induced
a larger wheal during the ECR and LCR in both the benralizumab
and placebo groups (P < .05 for all) (see Fig E6 in the Online
Repository at www.jaci-global.org). There was a numeric, but
not statistically significant, reduction in wheal size during the
ECR in the benralizumab group versus in the placebo group
(P = .095) but no effect of benralizumab on wheal size during
the LCR (P = .13) (Fig 5). In addition, there was no effect of

benralizumab on the results of skin prick testing in response to
a panel of allergen extracts (see the Supplementary Methods).

DISCUSSION

In this study, we found that treatment with the anti-IL-5SRa
mAb benralizumab in patients with moderate-to-severe AD atten-
uates levels of eosinophils and EoP cells in the blood and inhibits
allergen-induced increased levels of these cells in skin after intra-
dermal allergen challenge. Our findings are consistent with the
documented reduction of numbers of eosinophils in the circula-
tion and tissues of patients with eosinophilic asthma after benra-
lizumab treatment.””'® Similar to T2-driven allergic asthma,
tissue eosinophilia has been shown to be a feature of both acute
and chronic AD. Blood eosinophilia is present in most patients
with AD and has been correlated with disease activity.2 However,
not all patients with AD have elevated levels of blood
eosinophils.2

Eosinophils, in addition to mast cells and basophils, are
thought to be one of the main effector cells activated during the
allergic response. Eosinophils, EoP cells, and basophils are
target cells of benralizumab due to their known expression of
CD125. In skin, the proportion of eosinophils expressing CD125
was calculated to be 66% of EG2™ cells and 36% of MBP ™" cells,
whereas CD125 was expressed on 79% of basophils. Our data
show that approximately 32% of mast cells in the skin and
32% of ILC2s in the blood express CD125, revealing novel tar-
gets for benralizumab. After 3 doses of benralizumab (30 mg
each) every 4 weeks, the numbers of eosinophils, EoP cells,
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FIG 4. The effect of benralizumab versus placebo on basophils defined as 2D7" by immunofluorescence
staining (A) and mast cells defined as tryptase™ by immunofluorescence staining (B) with and without co-
expression of CD125, measured in the papillary dermis of skin biopsy samples. All skin biopsy samples were
obtained 24 hours after the intradermal allergen challenge on day 1 before treatment and day 65 after treat-
ment. Individual and average (SEM) data are shown. Delta change from pretreatment to posttreatment mea-
surements was compared between the benralizumab and placebo groups by using the Mann-Whitney U

test.

basophils, and mast cells expressing IL-5Ra were significantly
attenuated in allergen-challenged skin (P < .05); in addition,
eosinophil, EoP cell, and ILC2 levels were significantly attenu-
ated in blood.

The exact pathogenic role of eosinophils in skin inflammation
of AD is still obscure. Eosinophils may contribute to edema
through the release of granule proteins and the production of
leukotrienes that have direct vasodilatory effect on blood vessel or
indirect effect by stimulating mast cells and basophils.' "' ECP-
and eosinophil-derived neurotoxin (EDN/EPX) exert cytotoxic
effects on keratinocytes and cause cell matrix detachment.'’
Additionally, eosinophils may stimulate nerve cells and
contribute to pruritus by releasing ECP, EDN/EPX, and MBP,
as well as mediators such as substance P, vasoactive intestinal
peptide, brain-derived neurotrophic factor, neurotrophin-3, nerve
growth factor, and cytokines (such as IL-4, IL-13, and IL-31).'*"”

To investigate the role of eosinophils during allergic responses
in skin, we measured skin wheal size during the ECR at

10 minutes after intradermal allergen challenge and the LCR at
24 hours after intradermal allergen challenge before and after
eosinophil depletion by benralizumab treatment. Although the
study was underpowered for these end points, there was a trend
toward a reduction in wheal size during the ECR with benrali-
zumab treatment (P = .0952), which was likely an effect of the
reduced mast cell and basophil numbers in the skin. There was
no effect of benralizumab on the LCR to intradermal allergen
challenge, suggesting that IL-5Ra—bearing cells are not critical
for driving this response and aligning with results from a previous
study showing that eosinophil depletion with mepolizumab in in-
dividuals with allergic asthma had no effect on the LCR to intra-
dermal allergen challenge.”” Our results also parallel the findings
from inhaled allergen challenge studies in patients with allergic
asthma, which also show no effect of eosinophil depletion by me-
polizumab or benralizumab on the early or late asthmatic re-
sponses.”"** Curiously, despite the observed reduction in mast
cell and basophil numbers in skin after benralizumab treatment,
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FIG 5. The effect of benralizumab versus placebo on skin wheal size (in mm?) measured during the ECR (at
10 minutes on day 0 before treatment and day 64 after treatment) (A) and LCR (at 24 hours on day 1 before
treatment and day 65 after treatment) (B) in response to intradermal allergen challenges conducted on day
0 before treatment and day 64 after treatment. Individual and average (SEM) data are shown. Delta change
from pretreatment to posttreatment measurements was compared between the benralizumab and placebo

groups by using the Mann-Whitney U test.

there was no difference in size of the wheals resulting from of the
individual allergen extracts administered during skin prick
testing. The lack of effect on skin wheal size suggests that either
eosinophils are not critical in the pathogenesis of AD or there are
IL-5-independent eosinophils (such as the MBP™ population in
the skin, which is not significantly reduced by benralizumab)
that are contributing to the skin inflammation.

Levels of eosinophil degranulation of proteins such as MBP,
ECP, and EDN/EPX are elevated in the peripheral blood of many
patients with AD,” and dermal deposits of granular proteins in
patients with AD have been demonstrated.”* We found that the
level of EG2™ cells was significantly reduced with benralizumab
treatment versus with placebo (P = .0041), whereas the level of
MBP™" cells was not reduced (P = .32). Interestingly, when
EG2" cells and MBP™ cells were assessed for coexpression
with IL-5Ra (CD125), we observed a significant reduction in
the levels of both EG2+CDI125 cells (P = .0076) and
MBP"CDI125" cells (P = .035) after benralizumab treatment.
Our data show that not all eosinophils in the tissue express IL-
SRa (CD125), which aligns with reports of eosinophils from
diseased tissue having downregulated IL-5 receptor levels. In
asthmatic patients, compared with circulating eosinophils, eosin-
ophils obtained from bronchial alveolar lavage fluid (BAL) have
lower membrane IL-5Ra and CCR3 expression”~°; higher
CCR4, CCRY, and CXCR3 expression”’; and dampened degran-
ulation.”® This IL-5 independence can translate into only partial
depletion of eosinophils in tissue, as observed in the airways of
asthmatic patients after mepolizumab treatment,”’ and the
inability to prevent activation of eosinophils in tissue, as reported
by Kelly et al.”® Specifically, Kelly et al demonstrated that BAL
eosinophils after segmental allergen challenge had more surface
IL-3R and GM-CSFR, more activation markers (CD69, CD44,
and CD23), and less IL-5R and CCR3 than did blood eosinophils
and that this activation phenotype, as well as the extensive EPX
release by BAL eosinophils, was maintained after anti—IL-5 treat-
ment.”® The overall reduction in airway eosinophil numbers but
limited effect on their activation markers demonstrated in this

and other studies suggest there is a subpopulation of tissue eosin-
ophils that are IL-5-independent. Although IL-5 has minimal ef-
fects on the properties of eosinophils in BAL, this cytokine
supports formation of a heterogenous population of circulating
eosinophils by partially activated 3, , and dampening of the (3,-in-
tegrin function of eosinophils by therapies blocking IL-5 function
may contribute to the decrease in airway inflammation observed
after anti-IL-5 therapy.”” Additionally, eosinophil recruitment
to sites of inflammation could be regulated indirectly by other cy-
tokines, including IL-13, through induction of the eosinophil che-
moattractants eotaxin and RANTES. "'

After benralizumab treatment, we observed a significant
increase in IL-5 cytokine concentration within the tissue
microenvironment of our patients with AD, as measured in the
skin biopsy sample supernatants, which is consistent with our
measurements in the blood and sputum of patients with mild
allergic asthma after benralizumab treatment (Gauvreau GM et
al, unpublished data, 2024), and also from measurements
conducted in clinical trials of mepolizumab- and reslizumab-
treated asthmatic patients.””** Most of the IL-5 detected after
anti—-IL-5 mAb therapy is due to complexed IL-5 bound to an
immunoglobulin such as mepolizumab itself and remains in cir-
culation as a result of the prolonged half-life of the complex.*” In
contrast, benralizumab targets IL-5Ra—bearing cells through an
antibody-dependent cell-mediated cytotoxicity mechanism of
action; hence, we suggest that this accumulation of IL-5 is due
to the reduction in cells expressing IL-5Ra and corresponding
loss of potential receptor binding sites. In the skin samples, we
did not observe an effect of benralizumab on the other growth
factors (GM-CSF and IL-3), chemoattractants (CTACK and eo-
taxin), type 2 cytokines (IL-4 and IL-13), or alarmins (IL-25, IL-
33, and TSLP) that we measured, suggesting that depletion of
eosinophils does not regulate pathways leading to production
of these cytokines.

These data have shown that benralizumab is effective
at performing its designed function of targeting IL-5Ra and
inducing antibody-dependent cell-mediated cytotoxicity in
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IL-5Ra—bearing cells. Benralizumab was designed to target eo-
sinophils through IL-5Ra; however, other important immune
cells, including basophils, activated B cells, ILC2s, and (as shown
in this study) mast cells also express IL-5Ra.”*"® We saw a
significant reduction in basophil numbers by identification of
2D7" cells (P = .0004) and basophils expressing IL-5Ra identi-
fied as 2D7"CD125" cells (P <.0001) in the allergen challenge
chskin. Eosinophils and mast cells have been linked together in
the initiation of allergic inflammation, and the release of hista-
mine and lipid mediators by mast cells has an important role in
the recruitment of T2 lymphocytes and eosinophils to the site of
inflammation and maintenance of the allergic process. Specif-
ically, the histamine receptor H4 has been shown to mediate
inflammation and pruritus in T2 skin inflammation in a murine
model.”” We observed a trend toward a reduction in mast cell
numbers, as identified by tryptase™ cells (P = .065), whereas
the numbers of mast cells expressing IL-5Ra (tryptase+CD125™
cells) were significantly reduced in allergen-challenged skin (P =
.013). To our knowledge, this is the first description of mast cells
expressing IL-5Ra. The magnitude of response to benralizumab
could be dependent on the timing of sampling, especially for
cell targets that could transiently express IL-5Ra.

Furthermore, we detected a significant reduction in the
frequency of HPCs and ILC2s in the circulation, demonstrating
the additional therapeutic benefit of benralizumab treatment for
reducing T2 inflammation. The observed reduction in frequency
of circulating ILC2s may be due not only to the direct effects of
benralizumab but additionally to the downregulatory effect that
depletion of eosinophils has on ILC2s. Either directly or
indirectly, eosinophils promote the accumulation of activation
of ILC2s, and in the absence of eosinophils, ILC2 function is
diminished.**"'

In the current study, the overall reduction of levels of IL-5Roa—
bearing cells by benralizumab, however, did not translate into a
clinical effect based on skin wheal size, and this is in keeping
with a larger clinical trial of patients with moderate-to-severe
AD, in whom benralizumab did not improve IGA score
(ClinicalTrials.gov identifier NCT04605094)." This lack of clin-
ical response to benralizumab is in contrast to blockade of the IL-
4/IL-13 pathway, which is efficacious for management of both
AD and asthma™® and likely reflects differences in the pathobi-
ology of type 2 inflammation between the lung and skin, as
well as the need for a broader approach for reducing inflammation
in the skin of patients with AD.

In patients with moderate-to-severe AD, benralizumab was
shown to effectively reduce the numbers of cells that express IL-
5Ra. These patients were not required to have elevated blood
eosinophil levels (<300 wL) to be eligible for the study. Selecting
patients on the basis of elevated blood eosinophil levels could pro-
vide a more favorable outcome. The lack of clinical response in
skin wheal size in this patient population suggests that
either those patients who would benefit most from depletion of
IL-5Ra—bearing cells were not selected for this study or that
IL-5R—-dependent eosinophils may not play a critical role in the
initiation and augmentation of allergic inflammation in the skin
after intradermal allergen challenge.
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Key messages

o Benralizumab treatment significantly attenuated the
accumulation of eosinophils in the skin after intradermal
allergen challenge, and it reduced levels of IL-SRa—ex-
pressing cells, including EoP cells, basophils, and mast
cells.

The allergen-induced ECR measured by wheal size was
numerically smaller with benralizumab treatment than
with placebo, likely because of the reduction of skin
mast cell and basophil levels.

Incomplete depletion of eosinophils in skin suggests that
the cells remaining in tissue are IL-5-independent. The
IL-5Ra—expressing eosinophils that were depleted by
benralizumab do not appear to play a critical role in
the initiation and augmentation of allergic inflammation
in the skin after intradermal allergen challenge.
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