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ARTICLE INFO ABSTRACT

Keywords: Background: YH35324, a long-acting IgETrap-Fc fusion protein, is a novel therapeutic agent for immunoglobulin
(6 max): Atopy E (IgE)-mediated allergic diseases. This randomized, double-blind, placebo/active-controlled, single ascending
IgE_ . dose Phase 1 study assessed the safety, tolerability, pharmacokinetics (PK), and pharmacodynamics (PD) of
:rlllt;rigg; antibody YH35324 in subjects with atopy.

Mast cell Methods: Eligible subjects were healthy subjects or atopic adults with mild allergic rhinitis, atopic dermatitis,

food allergy, or urticaria, and a serum total IgE level of 30-700 IU/mL (Part A) or > 700 IU/mL (Part B). In Part
A, 35 subjects in 5 cohorts received YH35324 (0.3, 1, 3, 6, and 9 mg/kg), 8 received omalizumab (300 mg), and 9
received placebo. In Part B, 8 subjects received YH35324 and 8 received omalizumab.

Results: Twenty subjects (38.5 %) in Part A (YH35324: 37.1 %, omalizumab: 50.0 %, placebo: 33.3 %) and 10
subjects (62.5 %) in Part B (YH35324: 100 %; omalizumab: 25.0 %) experienced treatment-emergent adverse
events (TEAEs). TEAEs were mostly grade 1/2; no serious AEs, AE-related treatment discontinuation, or
anaphylaxis were reported. YH35324 exhibited dose-proportional increase in Cpax and AUCj,s over the dose
range of 0.3-9 mg/kg. YH35324 rapidly suppressed serum-free IgE levels to a significant extent (< 25 and <
82.8 ng/mL, both P < 0.05) and with longer duration than omalizumab.

Conclusion: This study showed that YH35324 has a favorable safety profile and is effective in reducing serum-free
IgE levels in subjects with atopic conditions.

1. Introduction and the low-affinity IgE receptor (FceRIl, also known as CD23) [6,7].

FceRI is expressed on the surface of immune effector cells, especially

Chronic allergic diseases have a significant impact on health out-
comes and quality of life [1-3]. Developing effective therapeutics for
these diseases is critical as the number of affected patients continues to
grow [4]. Immunoglobulin E (IgE) plays a central role in chronic allergic
diseases and is an important target for intervention [5]. IgE mediates its
effects via two Fce receptors, i.e., the high-affinity IgE receptor (FceRI)

mast cells and basophils [8]. The binding of antigens to an IgE or
allergen-IgE complex already bound to the FceRI on these effector cells
leads to degranulation and the release of inflammatory mediators such
as histamine, arachidonic acid metabolites, and prostaglandin D2, as
well as the secretion of inflammatory cytokines. FceRII is known to play
roles in the regulation of IgE production and antigen presentation
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[9,10].

IgE-targeting therapeutic agents such as omalizumab and ligelizu-
mab have been developed to treat chronic allergic diseases when there is
insufficient response to first-line treatments such as antihistamines [11].
These anti-IgE antibodies sequester serum-free IgE, thus preventing re-
ceptor binding and downstream activation of allergic inflammatory
cascades [11]. Omalizumab has been approved by the United States (US)
Food and Drug Administration (FDA) as a treatment for moderate to
severe persistent asthma in patients 6 years of age and older with a
positive skin test or in vitro reactivity to a perennial aeroallergen and
symptoms that are inadequately controlled by inhaled corticosteroids
[12]. It is also indicated for chronic spontaneous urticaria (CSU) in
adults and adolescents 12 years of age and older who remain symp-
tomatic despite H1 antihistamine treatment [12]. However, omalizu-
mab has not been indicated for patients with asthma, 12 years of age and
older, with pretreatment serum total IgE levels exceeding 700 IU/ml
[12]. Serum sickness or vasculitis and anaphylaxis have also been
known to occur with omalizumab treatment [12]. Ligelizumab, which
has improved binding affinity for serum-free IgE compared with oma-
lizumab is in late-stage clinical development as an IgE-targeting thera-
peutic agent [13]. However, Phase 2b and Phase 3 trials reported that
only 30 %-51 % and 39 %43 % of CSU patients treated with ligelizu-
mab had complete resolution of their hives at Week 12 and Week 24,
respectively [14,15]. In recent phase 3 trial, ligelizumab did not
demonstrate superior efficacy over omalizumab in adolescents and
adults with CSU [16]. Similarly, in a phase 3 trial involving asthmatic
patients, ligelizumab did not significantly improve asthma control or
reduce exacerbations compared to both omalizumab and placebo. As a
result, it failed to demonstrate superiority over either placebo or oma-
lizumab [17].

YH35324, a long-acting IgETrap-Fc fusion protein consisting of the
extracellular domain of human FceRIo and human IgD/1gG4 modified Fc
region, is a novel therapeutic agent being developed for the treatment of
various IgE-mediated allergic diseases [18]. It suppresses effector cell
activation via a dual mechanism by binding to serum-free IgE with high
affinity and eliminating anti-FceRIa autoantibodies [18]. The IgD/IgG4
Fc region of YH35324 has been engineered so that it does not elicit FcyR-
mediated or complement component 1q (Clq)-mediated immune
effector functions, thus avoiding unwanted side effects such as
anaphylaxis [18].

In in vitro studies, YH35324 showed superior binding affinity for
human IgE compared with omalizumab. In a cell-based competitive
binding assay, YH35324 showed more potent suppression of IgE binding
to CD23 and mast cell degranulation than omalizumab [19]. In non-
human primate (NHP) studies, single subcutaneous injections of 10,
30 and 60 mg/kg of YH35324 elicited potent and sustained suppression
of serum-free IgE to below clinically meaningful levels (i.e., < 25 ng/
mL) in NHPs with high baseline serum-free IgE levels, whereas omali-
zumab did not show such suppression [19]. In studies using various IgE-
mediated allergic disease animal models, YH35324 also showed excel-
lent therapeutic effects. In mouse models for house dust mite (HDM)-
induced allergic asthma, airway hyper-responsiveness was improved,
and both serum-free IgE and HDM-specific IgE were effectively sup-
pressed. Inflammatory cytokines (IFN-y, IL-4, IL-5, and IL-13) were also
suppressed, and infiltration of macrophage, neutrophil, and eosinophil
was reduced in the bronchoalveolar lavage fluid [19]. In an ovalbumin-
induced food allergy mouse model, YH35324 completely suppressed the
occurrence of diarrhea, effectively decreased serum-free IgE, and
inhibited mast cell degranulation [19].

Based on these non-clinical results, this first-in-human (FIH) study
was conducted to assess the safety, tolerability, pharmacokinetics (PK),
and pharmacodynamics (PD) following subcutaneous injection of
YH35324 in healthy subjects or atopic adults with mild allergic rhinitis,
atopic dermatitis, food allergy, or urticaria.
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2. Methods

This randomized, double-blind, placebo/active-controlled, single
ascending dose (SAD) Phase 1 study (ClinicalTrials.gov identifier:
NCT05061524) was conducted between September 2021 and January
2023 at 4 study sites in South Korea. The local independent ethics
committee at each site reviewed and approved the study protocol and
documents used for informed consent prior to study initiation. The study
was conducted in accordance with Good Clinical Practice, the Interna-
tional Council for Harmonization of Technical Requirements for Phar-
maceuticals for Human Use guidelines, and the Declaration of Helsinki.
All subjects provided written informed consent before any study-related
procedures were performed.

2.1. Subjects

Key inclusion criteria were as follows: men and women aged 19-55
years who had confirmed atopy, defined as a positive result for at least 1
inhalant or food allergens (birch, timothy grass, ragweed, mugwort, cat,
dog, Alternaria, house dust mites, shrimp, wheat, and peanuts) in a skin
prick test and/or serum allergen-specific IgE test at screening; healthy
subjects or subjects experiencing mild symptoms due to confirmed
conditions of allergic rhinitis, atopic dermatitis, food allergy or urticaria
without the use of any maintenance medication for > 1 year before
screening; a body weight of 45-100 kg (50-100 kg for males); and a
serum total IgE level of 30-700 IU/mL (Part A) or exceeding 700 IU/mL
(Part B) at the time of screening. Refer to the Supplementary Materials
for the complete inclusion and exclusion criteria.

2.2. Study design

The study design is shown in Fig. 1. The rationale for dose selection is
described in the Supplementary Materials. A randomization list was
generated according to the randomization ratio of treatment groups in
each cohort, using a block randomization method. In Part A, eligible
subjects with a serum total IgE level of 30 to 700 IU/mL were ran-
domized in a stepwise manner to 5 cohorts (0.3, 1, 3, 6, and 9 mg/kg of
YH35324). In Cohort 1, 4 subjects were randomized in a 3:1 ratio to
receive either YH35324 or placebo. For Cohorts 2 to 5, 12 subjects per
cohort were randomized in a 4:1:1 ratio to YH35324, omalizumab
(active comparator, Xolair®, 300 mg), or placebo. As this was a FIH
study, the first 2 subjects in Cohort 1 were administered YH35324 in an
open-label manner with an interval of > 24 h between administration
before the other 2 subjects in the same cohort and subjects in the sub-
sequent cohorts were administered the investigational product (IP) in a
double-blinded manner. After all subjects in a cohort were administered
the IP, the dose escalation committee (DEC) conducted a blinded review
and assessment of all available safety and tolerability data. PK data were
collected until the Day 15 visit of the last subject to decide whether to
escalate the dose. In Part B, 16 subjects (Cohort 6) who had a baseline
serum total IgE level of > 700 IU/mL were randomized to receive either
YH35324 (8 subjects) or omalizumab (8 subjects) in a double-blinded
manner. The YH35324 dose (6 mg/kg) was determined after review-
ing the safety, tolerability, PK, and PD data in Part A. All subjects in both
Part A and Part B were followed up till Day 113.

2.3. Outcome measures

The primary outcome measure was the occurrence and severity of
adverse events (AEs). Safety and tolerability were assessed following a
single subcutaneous administration of YH35324. Secondary outcome
measures included PK profile, serum-free IgE levels, and serum total IgE
levels following a single administration of YH35324. The PK profile
included the following parameters: area under the curve (AUC) from
time O h to the last quantifiable level (AUCj,s), maximum serum level
(Cmax), AUC from zero extrapolated to infinity (AUCi,s), time to
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Total IgE 30 - 700 IU/mL

Cohort 5 YH35324 9 mg/kg (n=8),
Omalizumab 300 mg (n=2),
Placebo (n=2)
Cohort 4 YH35324 6 mg/kg (n=8),

Omalizumab 300 mg (n=2),

Placebo (n=2)

t 1t

Cohort 3 YH35324 3 mg/kg (n=8),
Omalizumab 300 mg (n=2),
Placebo (n=2)
Cohort 2 YH35324 1 mg/kg (n=8),

Omalizumab 300 mg (n=2),
Placebo (n=2)

t 1 t

YH35324 0.3 mg/kg (n=3),
Placebo (n=1)

t ¢ t

Subcutaneous injection Safety review Follow-up
Day 1 Day 15 Day 113

Cohort 1

Total IgE > 700 IU/mL

Cohort 6 YyH35324 6 mg/kg (n=8),

Omalizumab 300 mg (n=8)

t t t

Fig. 1. Study design.

maximum level (Tpyay), elimination half-life (t;,2), apparent serum
clearance (CL/F), and apparent volume of distribution (V,/F). These
were calculated from the YH35324 serum level data using actual sam-
pling times. Serum-free IgE levels were measured using enzyme-linked
immunosorbent assays (ELISA) as described previously [20]. Serum
total IgE levels were measured using the InmunoCAP™ (Thermo Fisher,
Waltham, MA, US). Anti-YH35324 antibody levels (immunogenicity)
were measured as an exploratory outcome. Study assessments and bio-
analytical methods are described in the Supplementary Materials.

2.4. Statistical analyses

The sample size for this study was not determined based on statistical
power calculations. It was estimated that administration of YH35324 to
8 subjects per cohort in Part A and Part B would provide an 83 %
probability of observing any AEs with an expected incidence of 20 % or
higher.

The safety set included all subjects who received the IP after
randomization. The PK analysis set included all subjects who completed
YH35324 administration and had quantifiable YH35324 levels. All
subjects who received the IP and had > 1 PD assessment at baseline and
subsequent visits were included in the PD analysis set. The immunoge-
nicity analysis set included all subjects who received YH35324 and had
> 1 immunogenicity assessment at baseline and subsequent visits.

AEs that occurred during the first 28 days after IP administration
were summarized. AEs that occurred afterwards were listed separately.
All recorded AEs were classified into standardized medical terminol-
ogies using the Medical Dictionary for Regulatory Activities (MedDRA)
version 25.1. YH35324 serum levels at scheduled blood sampling times
and other PK endpoints were summarized by YH35324 dose groups.
Dose-proportionality of YH35324 was assessed in all cohorts except for
Cohort 6 (Part B), using a power model with the log-transformed

Cmaxand AUC,s as dependent variables and log-transformed doses as
independent variables. Serum-free IgE and total IgE levels at each time
point were summarized by treatment group. The maximum percentage
decrease and the duration for which the serum-free IgE level was
maintained at < 25 ng/mL or < 82.8 ng/mL for each subject was also
summarized for each treatment group. Between-treatment comparisons
(i.e., YH35324 versus placebo and YH35324 versus omalizumab) of the
duration of serum-free IgE suppression were performed. In addition, the
percentage of subjects in each treatment group who achieved a serum-
free IgE level of < 25 ng/mL or < 82.8 ng/mL at least once during the
study period was assessed. The number of subjects in the immunoge-
nicity analysis set who tested positive for serum anti-YH35324 anti-
bodies and neutralizing antibodies were summarized by YH35324 dose
group.

3. Results

In Part A, 94 subjects were screened. Of these, 33 were deemed
ineligible based on the inclusion/exclusion criteria, 5 withdrew consent,
and 4 dropped out for other reasons (e.g., extra subjects, COVID-19
positive). The remaining 52 subjects were enrolled and randomized.
One subject in Cohort 4 dropped out due to pregnancy, and another
subject in Cohort 5 withdrew consent and dropped out. A total of 50
(96.2 %) subjects in Part A completed the study. In Part B, of the 100
subjects screened, 80 were deemed ineligible based on inclusion/
exclusion criteria. Of these, 71 subjects did not have the requisite serum
total IgE level > 700 IU/mL at the time of screening and were excluded.
Another 4 subjects withdrew consent and the remaining 16 subjects
were enrolled and randomized. One subject withdrew consent and
dropped out, and the remaining 15 (93.8 %) subjects completed the
study. All subjects in both Part A and Part B who received the IP were
followed up for safety assessments.
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3.1. Subject demographics and clinical characteristics

Table 1 shows the demographic and baseline characteristics of the
subjects. In Part A, the mean (SD) age of YH35324-treated subjects was

Table 1
Summary of subject demographics and baseline characteristics.

Variables YH35324 Omalizumab Placebo All subjects

Part A n =235 n=28 n=9 n =52

Age, mean 32.6 (9.9) 29.0 (9.6) 31.2(9.2) 31.8 (9.7)
(SD), years

Sex, n (%)

Male 17 (48.6) 6 (75.0) 3(33.3) 26 (50.0)

Female 18 (51.4) 2(25.0) 6 (66.7) 26 (50.0)

BMI, mean 23.5(3.3) 23.7 (2.5) 24.6 (3.8) 23.7 (3.3)
(SD), kg/m?

Disease 155.5 (122.3) 170.4 (98.8) 109.7 149.9 (112.1)
duration, (75.7)
mean (SD),
months

Serum-free 316 276 234 282
IgE,median (38-1,648) (129-760) (135-720) (38-1,648)
(min-max),
ng/mL

Serum total 142 127 119 135
IgE,median (33-728) (42-263) (51-327) (33-728)
(min-max),
IU/mL

Allergic 35 (100.0) 8(100.0) 9 (100.0) 52 (100.0)
diseases, n
(%)

Allergic 31 (88.6) 7 (87.5) 9 (100.0) 47 (90.4)
rhinitis, n
(%)

Atopic 3(8.6) 1(12.5) 1(11.1) 5(9.6)
dermatitis, n
(%)

Food allergy,n 9 (25.7) 1(12.5) 3(33.3) 13 (25.0)
(%)

Urticaria, n 4(11.4) 1(12.5) 2(22.2) 7 (13.5)
(%)

Part B n=28 n=28 - n=16

Age, mean 25.8 (5.2) 32.8(11.2) 29.3(9.2)
(SD), years

Sex, n (%)

Male 6 (75.0) 2(25.0) 8 (50.0)

Female 2 (25.0) 6 (75.0) 8 (50.0)

BMI, mean 24.0 (6.1) 26.3(3.7) 25.2 (5.0)
(SD), kg/m?

Disease 270.9 (98.6) 229.0 (86.5) 250.0 (92.2)
duration,
mean (SD),
months

Serum-free 1,955 2,547 2,225
IgE,median (1,243-3,639)  (1,156-3,634) (1,156-3,639)
(min-max),
ng/mL

Serum total 1,386 1,499 1,386
IgE,median (718-5,000) (989-5,000) (718-5,000)
(min-max),
IU/mL

Allergic 8(100) 8(100) 16 (100)
diseases, n
(%)

Allergic 4 (50.0) 7 (87.5) 11 (68.8)
rhinitis, n
(%)

Atopic 6 (75.0) 7 (87.5) 13 (81.3)
dermatitis, n
(%)

Food allergy, n 2 (25.0) 2 (25.0) 4 (25.0)
(%)

Urticaria, n 2 (25.0) 1(12.5) 3(18.8)

(%)

Notes: n = number of subjects in that category, %=percentages (%) are based on
the subjects within each treatment group.
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32.6 (9.9) years with similar proportions of males and females. These
subjects had median serum-free and serum total IgE levels of 316 ng/mL
and 142 IU/mL, respectively. In Part B, the mean (SD) age of YH35324-
treated subjects was 25.8 (5.2) years, and 75.0 % were males. In
YH35324-treated subjects, the median serum-free and serum total IgE
levels were 1,955 ng/mL and 1,386 IU/mL, respectively.

3.2. YH35324 demonstrated a favorable safety profile

In Part A, 20 subjects (38.5 %) experienced > 1 treatment-emergent
adverse event (TEAE) (YH35324: 37.1 %; omalizumab: 50.0 %; placebo:
33.3 %) (Table 2, see Supplementary Tables S1 and S2 for TEAEs clas-
sified by MedDRA preferred terms). All TEAEs were grade 1 or 2 except
for 1 subject in the omalizumab group who had elevated creatine
phosphokinase (grade 3), which occurred 28 days after I[P administra-
tion. Drug-related TEAEs were reported in 3 subjects (8.6 %) in the
YH35324 group and 3 subjects (37.5 %) in the omalizumab group. The
most common TEAE in the YH35324 group was headache (4 subjects,
11.4 %). All of them were considered not related to YH35324. In Part B,
10 subjects (62.5 %) reported TEAESs, all of which were grade 1 or 2.
Drug-related TEAEs were reported by 1 subject (12.5 %) in the YH35324
group and 2 subjects (25.0 %) in the omalizumab group. No serious AEs,
treatment discontinuation due to AEs, or anaphylaxis were reported in
either Part A or Part B of the study.

3.3. YH35324 demonstrated a dose-proportional increase in Cpqy and
AUC g over the dose range

In Part A, following a single subcutaneous injection, the peak serum
level for YH35324 was reached for all doses at similar times, and the
peak serum level increased with the dose level (Fig. 2). In Part B, the
peak serum level for YH35324 was reached at a similar time (Fig. 2).

The median Ty of YH35324 ranged from 48 to 51 h and the
arithmetic mean of t;,» ranged from 226 to 274 h across all doses
(Table 3). AUCjast and Cpax of YH35324 increased in a dose-proportional
manner over the dose range of 0.3 to 9 mg/kg (Table 3) (Supplementary

Table 2
Summary of treatment-emergent adverse events.

Number of subjects, n* YH35324 Omalizumab  Placebo  All
(%) subjects
Part A n=235 n=28 n=9 n =52
TEAEs! 13 (37.1) 4 (50.0) 3(33.3) 20
(38.5)
Drug-related TEAEs' 3(8.6) 3(37.5) 1(11.1) 7(@13.5)
Serious TEAESs or 0 (0.0) 0 (0.0) 0(0.0) 0(0.0)
anaphylaxis, or
discontinuation or
death due to TEAEs
Injection site related 2(5.7) 0 (0.0) 1(11.1) 3(5.8)
TEAEs
YH35324 (6 Omalizumab All
mg/kg) subjects
Part B n=3_8 n=3_8 n=16
TEAEs* 8(100) 2 (25.0) - 10
(62.5)
Drug-related TEAEs' 1(12.5) 2 (25.0) - 3 (18.8)
Serious TEAESs or 0(0.0) 0(0.0) - 0(0.0)
anaphylaxis, or
discontinuation or
death due toTEAEs
Injection site related 0(0.0) 1(12.5) - 1(6.3)

TEAEs

Abbreviations: TEAE = Treatment-emergent adverse events.

*n = number of subjects in that category, percentage; (%) = percentages are
based on the subjects within each treatment group.

Drug related TEAE = TEAE which had ‘Certain’, ‘Probable/Likely’, ‘Possible’ or
‘Unassessable/Unclassifiable’ relationship with the investigational product (IP).
iOnly TEAEs that occurred within 28 days from IP administration were analyzed.
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B Log-Linear scale

YH35324 0.3 mg/kg
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Fig. 2. Geometric mean serum levels of YH35324 following a single subcutaneous injection. The peak serum level for YH35324 was reached for all doses at similar
times, and the peak serum level increased with the dose level, shown in (A) linear scale, including an expanded linear scale of up to 4 days after YH35324
administration, and (B) log-linear scale. Actual sampling times were used and if the level measured was below the lower limit of quantification (LLOQ), it was
recorded as “ND” (not detected) or “BLQ” (below the limit of quantitation). Serum levels recorded as ND or BLQ were considered as LLOQ/2 for calculation of
geometric means and O for calculation of arithmetic means. For individual curves, serum levels recorded as ND or BLQ were considered as O for the linear curves and
as LLOQ/2 for the log-linear curves. Data shown represent geometric means + 95 % confidence intervals.

Table 3
Summary of YH35324 pharmacokinetic parameters.
Pharmacokinetic parameters Part A Part B
0.3 mg/kg 1 mg/kg 3 mg/kg 6 mg/kg 9 mg/kg 6 mg/kg
(n=23) n=28) (n=238) (n=28) n=28) mn=7)
AUC),gt, hour-ng/mL 181,880 304,421 1,115,032 1,998,194 2,720,413 2,886,371
34 (53) (23) 18) 34 27)
AUCiy¢, hour-ng/mL 236,448 350,608 1,189,279 2,045,456 2,782,216 2,943,170
27) (47) 21) a7) (33) (26)
Cmax, Ng/mML 556 1023 4,780 10,118 13,345 10,580
1) 37) 37) (34) (31 22)
Tmax, hour 50 51 48 48 48 49
(24-51) (24-119) (24-95) (46-117) (47-50) (24-121)
t1/2, hour 263 226 274 233 234 248
@ (18) (15) (C)] (16) 6)

Data: Arithmetic mean (CV%), Thax=median (min-max)

Abbreviations: AUCj,s = area under the serum concentration-time curve from zero to the time of the last quantitative concentration; AUC;,¢ = area under the serum
concentration-time curve from zero to infinity; CV = Coefficient of Variation; Cy,.x = peak serum concentration; mean = arithmetic mean; T, ,x = time to peak serum
concentration; t, 5 = apparent terminal elimination half-life.

Notes: The actual sampling times were used and if the concentration measured was below the lower limit of quantification (LLOQ), it was recorded as “ND” (not
detected) or “BLQ” (below the limit of quantitation). Serum concentrations recorded as ND or BLQ were considered as LLOQ/2 for calculation of geometric means and
0 for calculation of arithmetic means. For individual time-concentration curves, serum concentrations recorded as ND or BLQ were considered as O for the linear curves

and as LLOQ/2 for the log-linear curves.

Fig. 1). In regression plots using the power model, the 90 % confidence
intervals (CIs) of the Cy,ax and AUC,g versus dose slopes included 1.0
(90 % CI: Cpax 0.9543-1.2159; AUC),5t 0.8286-1.0522), demonstrating
dose-proportionality (Supplementary Fig. 1).

In Part B, in subjects with baseline serum total IgE level of > 700 IU/
mlL, the arithmetic mean (coefficient of variation, CV%) for AUCj,s and
Cmax of YH35324 at the 6 mg/kg dose were 2,886,371 (27 %) hour-ng/
mL and 10,580 (22 %) ng/mL, respectively (Table 3). The median Tpax
of YH35324 was 49 h and arithmetic mean t; » was 248 h.

3.4. Serum-free IgE level was suppressed below 25 ng/mL and 82.8 ng/
mlL for longer durations with YH35324 compared with omalizumab

In Part A, serum-free IgE level was rapidly suppressed at all doses of
YH35324 and to a greater extent compared with both omalizumab and
placebo (Fig. 3A, Supplementary Fig. 2A [individual subjects]). This

suppression was more pronounced within the first 15 days following
YH35324 administration (Fig. 3B). The mean maximum percentage
decrease in serum-free IgE levels in the YH35324-treated groups ranged
from 99.9 % to 100 %, all of which were higher than the 64.7 % decrease
in the omalizumab group (Supplementary Table S3). At Day 15, the
median serum-free IgE level was 0 ng/mL in subjects who received
YH35324 doses of 6 and 9 mg/kg, whereas the median level was 205.0
ng/mL in the omalizumab group. The median duration of serum-free IgE
suppression below 25 ng/mL was longer in the groups treated with
higher YH35324 doses (29.0 days in the 6 mg/kg group, and 25.5 days in
the 9 mg/kg group) than the groups treated with lower doses (8.0-18.5
days in the 0.3-3 mg/kg groups) (Table 4). In all YH35324-treated
groups, the duration of serum-free IgE suppression was significantly
longer than in the omalizumab group (Table 4). All YH35324-treated
subjects (n = 35, 100 %) achieved serum-free IgE levels of < 25 ng/
mL at least once during the study period (Supplementary Table S4). This
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Fig. 3. Serum-free IgE levels (median values) at each time point. In subjects with total IgE levels of 30-700 IU/mL at baseline (A and B), serum-free IgE level was
rapidly suppressed with all doses of YH35324 and to a greater extent compared with both omalizumab and placebo. In subjects with total IgE levels > 700 IU/mL at
baseline (C and D), treatment with 6 mg/kg of YH35324 rapidly suppressed serum-free IgE to a greater extent than omalizumab.

Table 4
Duration (days) during which the serum-free IgE level was maintained at < 25.0 ng/mL and < 82.8 ng/mL.
Part A Part B
Duration, days YH35324 Omalizumab Placebo YH35324
0.3 mg/kg 1 mg/kg 3 mg/kg 6 mg/kg 9 mg/kg (n=28) n=9) 6 mg/kg Omalizumab
(n=23) (n=28) (n=28) n=238) (n=28) mn=7) (n=28)
Serum-free IgE level maintained at < 25.0 ng/mL
Median 8.0 15.0 18.5 29.0 25.5 0.0 0.0 15.0 0.0
(min-max) (8.0-8.0) (8.0-29.0) (15.0-29.0) (13.0-29.0) (15.0-43.0) (0.0-1.0) (0.0-8.0) (5.0-15.0) (0.0-0.0)
P-valuet 0.010 <0.001 <0.001 <0.001 <0.001 >0.999 - - -
P-value® 0.006 <0.001 <0.001 <0.001 <0.001 - - <0.001 -
Serum-free IgE level maintained at < 82.8 ng/mL
Median 8.0 22.0 22.0 29.0 29.0 0.0 0.0 15.0 0.0
(min-max) (8.0-8.0) (8.0-113.0) (15.0-57.0) (13.0-29.0) (15.0-113.0) (0.0-8.0) (0.0-8.0) (5.0-22.0) (0.0-0.0)
P-valuet 0.015 <0.001 <0.001 <0.001 <0.001 0.632 - - -
P-value® 0.028 0.001 <0.001 <0.001 <0.001 - - <0.001 -

Wilcoxon rank sum test versus placebo group.
$ Wilcoxon rank sum test versus omalizumab group.

was significantly higher than subjects treated with omalizumab (n = 1,
12.5 %) (P = 0.001 for YH35324 1-9 mg/kg groups; P = 0.024 for
YH35324 0.3 mg/kg group) or placebo (n =1, 11.1 %) (P < 0.001 for
YH35324 1-9 mg/kg group; P = 0.018 for YH35324 0.3 mg/kg group).
Similarly, all YH35324-treated subjects (n = 35, 100 %) achieved a
serum-free IgE level of < 82.8 ng/mL at least once during the study
period, a significantly higher proportion than either the omalizumab
group (n = 3, 37.5 %) (P = 0.026 for YH35324 1-9 mg/kg dose groups;
P =0.182 for YH35324 0.3 mg/kg group) or the placebo group (n = 2,
22.2 %) (P = 0.002 for YH35324 1-9 mg/kg groups; P = 0.046 for
YH35324 0.3 mg/kg dose group).

In Part B, in subjects with higher baseline levels of serum total IgE
(>700 IU/mL), treatment with 6 mg/kg of YH35324 rapidly suppressed
serum-free IgE to a greater extent than omalizumab (Fig. 3C, Supple-
mentary Fig. 2B [individual subjects]). The mean maximum percentage
decrease in serum-free IgE level was 100 % for YH35324, which was

higher than the 33.73 % decrease for omalizumab (Supplementary
Table S3). At Day 15, median serum-free IgE level was 0 ng/mL for
YH35324 and 2,619.3 ng/mL for omalizumab (Fig. 3D). Serum-free IgE
levels were maintained at < 25 ng/mL and < 82.8 ng/mL for a median
duration of 15.0 days for YH35324 and 0 days for omalizumab (Table 4).
All subjects (100 %) in the YH35324 6 mg/kg dose group achieved IgE
levels of 25 ng/mL or 82.8 ng/mL or below at least once during the study
period. In the omalizumab group, no subjects (0 %) achieved these levels
of IgE suppression (Supplementary Table S4). The difference between
the two groups was statistically significant (P < 0.001).

3.5. Serum total IgE level increased after treatment with YH35324 or
omalizumab but not placebo

In Part A, median serum total IgE level increased over time in sub-
jects after they received YH35324 (all doses) or omalizumab, but not in
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the placebo group (Supplementary Fig. 3A). No dose-dependent increase
in serum total IgE level was observed for YH35324. In Part B, in subjects
with higher baseline total IgE levels, serum total IgE level also increased
over time in both the YH35324 and omalizumab groups (Supplementary
Fig. 3B). For YH35324-treated cohorts in Part A, the mean ratio of the
IgE levels at week 4 and baseline (w4IgE:bIgE) ranged from 1.90 to 8.31,
compared with 5.82 for omalizumab and 1.11 for placebo, respectively.
In Part B, the w4IgE:bIgE mean ratio was 3.12 for YH35324 and 1.97 for
omalizumab.

3.6. Immunogenicity

Anti-YH35324 antibodies were detected in 4 subjects treated with
YH35324 6 mg/kg (2 subjects each in Part A and Part B). In Part A, none
of these were neutralizing antibodies. One of the subjects tested positive
for anti-YH35324 antibodies even at baseline. The other subject tested
negative for anti-YH35324 antibodies approximately 10 months after IP
administration. In Part B, both subjects tested positive for neutralizing
antibodies. One of them tested positive for anti-YH35324 antibodies
even at baseline. The other subject tested negative for anti-YH35324
antibodies on Day 113 after IP administration.

4. Discussion

In this FIH study which evaluated the safety, PK, PD, and tolerability
of 0.3 mg/kg-9 mg/kg doses of YH35324 in subjects with atopy,
YH35324 showed a favorable safety profile. In addition, YH35324
across the dose groups exhibited a more substantial decrease and sus-
tained suppression of serum-free IgE levels than 300 mg of omalizumab,
which is the highest approved dose for CSU and covers most of the
dosing table for asthma. However, given that some asthmatic patients
with higher serum total IgE levels or body weight are treated with > 300
mg of omalizumab [12], it remains to be further investigated whether
YH35324 can effectively outcompete omalizumab at these higher doses
in reducing serum-free IgE levels in such patients.

The results suggest that subcutaneous administration of YH35324
was both safe and well-tolerated in subjects with baseline serum total
IgE of 30-700 IU/mL (Part A). No clinically significant safety concerns
emerged during the study, and there were no serious AEs, AEs leading to
study discontinuation, or anaphylaxis, and only 3 (8.6 %) YH35324-
treated subjects and 3 (37.5 %) omalizumab-treated subjects experi-
enced drug-related AEs in Part A. Headache was the most common TEAE
reported in the YH35324 group (4 subjects, 11.4 %), but was not
considered related to the study drug. In addition, there were no clini-
cally significant safety concerns observed in subjects with higher serum
total IgE level (>700 IU/mL, Part B). No serious AEs or anaphylaxis
events were reported during the study. Only 1 YH35324-treated subject
(12.5 %) and 2 omalizumab-treated subjects (25.0 %) reported drug-
related TEAEs. Use of omalizumab has been previously reported to be
associated with AEs ranging from pruritus to anaphylaxis [12]. These
adverse effects have been attributed to the formation of immune com-
plexes between omalizumab and IgE, which can trigger these effects
through FcyR binding [21,22]. The IgD/IgG4 Fc region of the YH35324
molecule has been engineered so as not to elicit FcyR-mediated or Clqg-
mediated immune effector functions, thereby avoiding unwanted side
effects such as anaphylaxis [18].

Systemic exposure of YH35324 increased in a dose-proportional
manner over the dose range of 0.3 to 9 mg/kg in subjects with base-
line serum total IgE levels of 30-700 IU/mL. At the 6 mg/kg dose,
YH35324 maximal levels (arithmetic mean C,,x) Were similar in sub-
jects with baseline serum total IgE levels of 30-700 IU/mL and those
with > 700 IU/mL, whereas subjects with > 700 IU/mL showed a higher
arithmetic mean AUCj,s than those with 30-700 IU/mL, since
YH35324-IgE complexes are eliminated more slowly by intracellular
proteolysis than unbound YH35324. The t; /2 and T,y of YH35324 were
found to be similar across all doses.
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Previous studies suggest that serum-free IgE could be a suitable
biomarker for predicting treatment response as it was shown to decrease
substantially in asthmatic patients with a clinical response to omalizu-
mab treatment [23-26]. In practice, the usefulness of serum total IgE
(bound and unbound IgE) for monitoring treatment response is limited
[20]. Serum total IgE levels have been reported to increase after oma-
lizumab treatment due to the detection of IgE-omalizumab complexes
[20]. The present study demonstrated that all doses of YH35324 could
rapidly suppress serum-free IgE levels to a greater extent than omali-
zumab in subjects with serum total IgE of 30~700 IU/mL. Moreover, the
greater extent of serum-free IgE suppression by YH35324 (compared
with omalizumab) was noted in subjects with higher total IgE (>700 IU/
mL). In vitro studies also showed that YH35324 has superior binding
affinity for human IgE compared with omalizumab [19], suggesting the
therapeutic potential of YH35324 for subjects with IgE-mediated
allergic disease, via suppression of serum-free IgE levels.

Durable binding of YH35324 to IgE translated into a longer duration
of action than omalizumab. In our study, higher YH35324 doses resulted
in a longer duration of suppression of serum-free IgE levels (< 82.8 ng/
mL), which was longer for all doses of YH35324 than for omalizumab.
This longer duration of IgE suppression relative to omalizumab was also
observed in subjects with higher baseline total IgE levels (>700 IU/mL;
Part B). Serum-free IgE level at Day 15 was negligible (< 25 ng/mL) and
below the cut-off level (82.8 ng/mL) for atopy [20], supporting the
exploration of YH35324 as a therapeutic option, even for subjects with
high serum total IgE levels. Although 4 subjects who received the 6 mg/
kg dose were found to have anti-YH35324 antibodies, none of these
subjects reported serious AEs or anaphylaxis. YH35324 exhibits sus-
tained IgE-suppressive effects with low immunogenicity that does not
affect its safety or PD profile.

An earlier omalizumab study identified the w4IgE:bIgE ratio as the
best predictor of response to treatment as it was significantly correlated
with reduction in disease activity [27]. It was suggested that a cut-off
value of 1.9 or higher for this ratio indicates a treatment response. In
our study, the mean w4IgE:bIgE ratios for all YH35324 dose groups
ranged from 1.90 to 8.31, reaching or exceeding this cutoff value, which
indicates potential reduction in disease activity [27].

As this was a first-in-human study with a single-dose design, limited
numbers of subjects were recruited for the YH35324, omalizumab, and
placebo treatment groups. The small sample size may limit the gener-
alization of the results and preclude meaningful statistical comparisons
between different groups. Given that this study is a Phase 1 study in
subjects with healthy or mild allergic disease, clinical response assess-
ment was limited; therefore, further investigation is required to ascer-
tain whether the effect of YH35324 on IgE translates into favorable
clinical responses in patients with allergic diseases. Currently, two Phase
1 studies are still in progress (NCT05564221 and NCT05960708).

5. Conclusion

This study showed that YH35324 has a favorable safety profile and is
effective in reducing serum-free IgE levels in atopic subjects with major
allergic diseases such as allergic rhinitis, atopic dermatitis, food allergy,
and urticaria. The results support the continued development of
YH35324 as a therapeutic option for IgE-mediated allergic diseases.
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