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Thymic stromal lymphopoietin (TSLP), IL-33, and IL-25 are epithelial-derived
proinflammatory alarmin cytokines that drive inflammatory airway diseases
such as asthma and chronic obstructive pulmonary disease (COPD). Targeted
inhibition of these proteins has demonstrated varying degrees of efficacy in
patients with asthma and COPD. As the biology of inflammatory respiratory
disease is complex, combination approaches that directly inhibit multiple
targets may provide deeper efficacy in a broader patient population. Here, we
review the biology of alarmins and the development landscape for
monotherapies and multispecific alarmin inhibitors.
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Airway epithelium is exposed to a variety of environmental stimuli that induce the
expression of the alarmin cytokines thymic stromal lymphopoietin (TSLP), IL-33, and
IL-25 (1, 2). TSLP, IL-33, and IL-25 bind to TSLPR, ST2, and IL-25R, respectively, and
induce proinflammatory signaling cascades that contribute to the pathogenesis of
inflammatory respiratory diseases, including asthma, chronic obstructive pulmonary
disease (COPD), and chronic rhinosinusitis with nasal polyps (CRSWNP) (I, 3, 4). As
such, inhibition of alarmin signaling has emerged as an attractive approach to reducing
inflammation and symptoms in patients with inflammatory respiratory disease.
Tezepelumab, a monoclonal antibody directed against TSLP, is approved for the treatment
of patients with moderate-to-severe asthma and is in development for other type 2
inflammatory diseases. Inhibition of IL-33 is being explored as a potential therapy for
COPD, while IL-25 is being targeted in asthma and idiopathic pulmonary fibrosis. As
upstream mediators of inflammation, inhibition of alarmin signaling may result in broader
immune modulation than targeting downstream cytokines such as IL-4, IL-5, and IL-13
alone. Therapeutics that target multiple cytokines (e.g., TSLP and IL-4) may result in even
broader immune modulation and provide greater efficacy in patients with heterogenous
disease or incomplete response with monotherapies.

TSLP

TSLP is a proinflammatory alarmin that functions as a master regulator of type 2
inflammation. Barrier tissue epithelial cells are the primary expressors of TSLP,
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secreting the alarmin in response to danger signals, allergens,
environmental antigens, and infectious agents (2). Bronchial
smooth muscle cells, mast cells, and basophils also express TSLP
(2, 5). TSLP binds to a heterodimeric receptor composed of the
TSLP receptor (TSLPR) and the IL-7 receptor alpha chain
(IL-7RA). Upon binding to TSLPR/IL-7RA, TSLP signals
through Janus kinase (JAK) JAKI1/JAK2 and signal transducer
and activator of transcription (STAT) 5 ( ) and, to a
lesser extent, STAT3 and other transcription factors (2).
Dendritic cells express TSLPR/IL-7RA and can be activated by
TSLP to express TARC (CCL17), driving differentiation of Th2
T cells expressing IL-4, IL-5, IL-9, and IL-13 (6, 7). In addition
to stimulating T-cell-driven Th2 responses, TSLP has been
shown to modulate innate lymphoid cell (ILC) activation and
survival (8, 9), stimulate epithelial cell proliferation (10), activate
), and contribute to tissue
fibrosis (13) and remodeling (14, 15). Studies have shown that
TSLP has two distinct isoforms, short-form TSLP (sfTSLP) and
long-form TSLP (IfTSLP), which are considered to exert
different roles (homeostatic and inflammatory) in several

mast cells in synergy with IL-1 (11,

diseases (16). An approved anti-TSLP monoclonal antibody,
tezepelumab, binds to IfTSLP (17), but binding to sfTSLP has
not been evaluated. The anti-TSLP antibodies
development discussed below have been tested against IfTSLP

in clinical
but not sfTSLP. Current clinical development programs studying

TSLP inhibitors are not systematically characterizing these
isoforms, and their clinical relevance remains unclear.
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Through activation of Th2 and other inflammatory pathways,
TSLP has been demonstrated to play important roles in driving
disease pathogenesis in inflammatory diseases such as asthma
and COPD (18-20).
elevate TSLP expression have been associated with increased
) and identified in
patients with chronic rhinosinusitis (3). Serum and tissue levels
of TSLP are elevated in patients with asthma and COPD
compared with healthy controls (23,

Single-nucleotide polymorphisms that
severity and incidence of asthma (21,
). Asthma airway

), and
inhibition of TSLP with tezepelumab has proven to be an

hyperresponsiveness correlates with airway TSLP levels (

effective therapy in patients with asthma (25).

IL-33

IL-33 is a member of the IL-1 family of cytokines that is
expressed by barrier epithelial cells, endothelial cells, fibroblast-
). Full-length IL-33
is expressed as a proprotein that can be processed to a shorter

like cells, and airway smooth muscle cells (

form through inflammatory or apoptotic processing, which can
either enhance or reduce activity (26). Despite its nuclear
localization, IL-33 does not appear to have significant effects on
gene transcription or regulation, although further studies in this
area are warranted (27). Instead, nuclear localization provides
regulatory control by sequestering IL-33 inside the cell to

prevent constitutive secretion (27, 28). IL-33 is generally thought
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to be released from damaged cells as an alarmin, although a recent
report has shown that IL-33 is secreted from DCs via perforin 2
(29). Mobilization of a RIPKl-caspase 8 “ripoptosome” in
epithelial cells has also been identified as a mechanism for the
release of IL-33. While full-length IL-33 has a biological
function, ripoptosome-dependent cleavage by caspase 3/7 or by
extracellular serine proteases generates a more potent “mature”
form (27, 30). Interestingly, secreted IL-33 can remain bound to
chromatin, which can synergistically activate receptor-mediated
signaling, suggesting an important role for the chromatin-
binding activity of IL-33 in modulating IL-33 signal strength
(28). Consistent with constitutive IL-33 expression and release
by dying cells, elevated IL-33 levels can be detected in a wide
range of human diseases, including asthma, atopic dermatitis,
ulcerative colitis, allergic rhinitis, and rheumatoid arthritis (31).
IL-33 is also regulated by oxidation-driven conformational
changes that occur following secretion from cells, resulting in
oxidized and reduced forms of IL-33 (32). Reduced IL-33
signals via a heterodimer formed by the IL-1 family receptor
ST2 (ILIRL1) and the co-receptor IL-1 receptor accessory
protein (IL-1RAcP) that is used by other members of the IL-1
cytokine family, while oxidized IL-33 signals through receptor
for advanced glycation end products (RAGE)/epidermal growth
factor receptor (EGFR) complex ( ) (33). Ligation of the
ST2/IL1RL1 IL-33
MyD88-dependent inflammatory cascades that initiate non-type
2 inflammation. Signaling through RAGE/EGFR can initiate
airway epithelial remodeling and is associated with mucus

receptor  complex by initiates

hypersecretion in in vitro COPD models (33). In a mouse model
of ovalbumin-induced asthma, administration of anti-IL-33
antibodies was shown to decrease eosinophil infiltration, IgE
production, and Th2 cytokine release (34), as well as airway
hyperreactivity (AHR) (35). Specific targeting of ST2
[interleukin 1 receptor-like 1 (ILIRLI1)], an IL-33 receptor,
demonstrated similar effects in ovalbumin-challenged mice (36).
In a mouse model of persistent house dust mite (HDM)-
induced asthma characterized by mixed granulocytic influx in
the lungs, the anti-IL-33 treatment was shown to prevent airway
remodeling (37). Despite the substantial role of IL-33 in driving
Th2-mediated responses and the genetic data supporting its role
in airway inflammation, ST2-deficient mice are not resistant to
allergic asthma (38), suggesting that inhibition of reduced IL-33
alone may not be sufficient for preventing the development of
asthma. This further validates the premise that enhanced efficacy
could be achieved by the inhibition of combined alarmins. The
detailed analysis of allergic responses in ST2 knockout mice
revealed the compensatory increase of TSLP production in
). To test whether anti-IL-33
or anti-TSLP antibodies could attenuate inflammation, RAG1 ™/~
knockout)
intravenously sensitized by adoptively transferred ILC2 cells

response to allergen challenge (

(recombination activating gene 1 mice were
from immunocompetent mice and then intranasally challenged
with eosinophil extracellular traps. The study found that anti-IL-
33, but not anti-TSLP, reduced IL-5 and IL-13 production, while
AHR was decreased only in anti-TSLP-treated mice (40). This

highlights the “complementary” role between these pathways.
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Taken together, these findings suggest that simultaneous

targeting of multiple alarmins may provide additive or

synergistic therapeutic effects for respiratory diseases.

IL-25

IL-25, or IL-17E, is a member of the IL-17 family of cytokines
that regulates type 2 immunity (41, 42). IL-25 signals via a
heterodimeric receptor (IL-25R) composed of IL-17RB and IL-
17RA (
other IL-17 family members (43). In most cells, IL-25R signaling
leads to TRAF6- and Actl-dependent activation of NF-kB and
AP-1 transcription factors. Expression of the IL-25 receptor is
more restricted than that of ST2 and TSLPR. Some IL-17RB can
be detected on myeloid cells, granulocytes, and certain T cell

), the latter of which is shared with receptors for

subsets, but expression is much higher on ILC2s, particularly in
subsets (9).
Administration of anti-IL-25 antibodies in mice with ovalbumin

the small intestine, and on certain thymic
(44) or HDM and adenoviral Smad2 overexpression-induced
asthma (45) significantly decreased the Th2 immune responses
and attenuated AHR and airway tissue remodeling. Clinical
trials of anti-IL-25 efficacy for asthma or COPD have yet to
demonstrate its role in modulating inflammation.

IL-25 has also been implicated in numerous models of allergic
airway inflammation, including asthma, fibrosis, and CRSWNP
(46). It is important to note, however, that generally IL-25 is not
the dominant innate type 2 cytokine in the lung (47). Airway
ILC2s express far more ST2 than IL-17RB (167), and while both
IL-33 and IL-25 are produced by nasal epithelial cells during
HDM-induced allergic rhinitis, defects in eosinophil and goblet
cell counts are seen only in IL-337'~ and not IL-257~ mice
(48). IL-17RB-deficient and
ST2-deficient mice in models of allergic asthma has shown that

Similarly, comparison of
IL-33 induces expansion of IL-13-producing ILC2s more
potently, correlating with airway constriction (48). In asthma
models, lung IL-25 levels are augmented by rhinovirus (RV)

IL-25R  blockade inhibits RV-induced
). Conversely, RV infection drives an increase in

infection, and
exacerbation (
epithelial production of IL-33 and TSLP as well as increases in
IL-13-secreting ILC2s in neonatal but not mature mice (5).
Importantly, RV-induced disease was attenuated by anti-IL-33
treatment and in TSLPR knockout mice, suggesting a complex
interplay among IL-25, IL-33, and TSLP during viral infections
in the lung.

Clinical development of alarmin-targeted therapies is a
growing and rapidly evolving space. To allow for inclusion of
emerging data, some data summarized in this section are
derived from conference presentations, corporate presentations,
or press releases and have not undergone peer review. Data
from such sources are informative, but should be interpreted
with caution.
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TSLP

At the time of writing, there are 21 anti-TSLP monoclonals in
preclinical through phase 3 clinical development. The following
section focuses on those with active clinical development and
available data to allow for comparisons based on preclinical or
clinical attributes. includes the additional antibodies not

discussed in detail below.

Tezepelumab
Asthma
Tezepelumab is a fully humanized monoclonal anti-TSLP
antibody developed by AstraZeneca. It is the first alarmin-
targeted biologic to be approved, attaining marketing approval
for the treatment of patients with asthma in 2021 (50).
Tezepelumab is an IgG2 with a half-life of ~26 days (50). Its
efficacy and safety were evaluated in 52-week, randomized,
double-blind, placebo (PBO) controlled phase 2 (NCT02054130/
PATHWAY, n=550) and phase 3 (NCT03347279/
NAVIGATOR, n=1,061) in patients with asthma
(25, 51). PATHWAY was a dose-ranging study evaluating
subcutaneous tezepelumab administered at 70mg Q4W
(n=138), 210 mg Q4W (n=137), 280 mg Q2W (n=137), and
PBO (n=138). Based on the results of the study, 210 mg Q4W
was selected as the efficacious dose to be tested in the phase 3
NAVIGATOR study. The following summary focuses on the
results of the 210 mg Q4W-treated group in the PATHWAY
study. As summarized in

studies

, in both clinical studies,
210 mg Q4W tezepelumab significantly reduced the annualized
(AAER) and
bronchodilator forced expiry volume in 1s

asthma exacerbation rate improved pre-
(FEV1) and
symptom scores compared with PBO. Biomarkers of type 2
inflammation were also reduced by tezepelumab treatment.
Eosinophils were significantly reduced beginning at week 4,
reaching a reduction of 50% by week 52 (59). Reductions in
fractional exhaled nitric oxide (FeNO) were observed as early as
week 4 (the earliest timepoint sampled) and with the maximal
reduction in FeNO observed at week 8 and maintained through
the end of treatment (51). Additionally, other inflammatory
biomarkers of type 2 inflammation (IL-5, IL-13, and TARC)
were reduced in the phase 2b PATHWAY study with
tezepelumab (59). In both the PATHWAY and NAVIGATOR
studies, tezepelumab was generally safe and well-tolerated. In the
phase 3 NAVIGATOR study, 9.8% of tezepelumab-treated
patients reported a serious adverse event compared with 13.7%
in the PBO-treated group. Incidence of severe infections did not
differ between the tezepelumab- and PBO-treated groups (8.7%
each). The most common adverse events were nasopharyngitis,
upper respiratory tract infection, headache, and asthma. At or
after baseline, 0.8% (PATHWAY) and 4.9% (NAVIGATOR) of
tezepelumab-treated patients were positive for antidrug
antibodies (ADA), with only a single patient having detectable

levels of neutralizing ADA in the NAVIGATOR study.
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COPD

Tezepelumab is being evaluated for the treatment of patients
with moderate-to-severe COPD. In a double-blind, randomized,
PBO-controlled phase 2a (NCT04039113/COURSE,
n=333), moderate-to-very severe COPD patients on triple

study

inhaled maintenance therapy were treated subcutaneously with
420 mg Q4W tezepelumab or PBO for 52 weeks (52). The
primary endpoint evaluated was the annualized rate of moderate
or severe COPD exacerbations. The data summarized in
demonstrate that although evaluation in the total population did
not demonstrate meaningful differences compared with placebo;
however, pre-specified assessment in the population of patients
with baseline eosinophil counts >150 cells/mL showed that
tezepelumab may reduce exacerbations and symptoms and
improve FEV1 in COPD patients with type 2 high inflammation
defined by blood eosinophil count >150 cells/mL. Similar results
were observed when evaluating patients with FeNO >25 ppb
during screening.

CRSwNP

Tezepelumab was evaluated in a phase 3, double-blind,
randomized, placebo-controlled study in patients with CRSWNP
(WAYPOINT, NCT04851964) (4). This study evaluated 210 mg
tezepelumab Q4W compared with placebo over 52 weeks with
co-primary endpoints of change from baseline in total nasal
polyp score and mean nasal congestion score. Tezepelumab-
treated patients had significant improvements in both the total
nasal polyp score (mean difference vs. PBO —2.07; 95% CI
—2.39 to —1.74, p<0.001) and mean nasal congestion score
(mean difference —1.03; 95% CI —1.20 to —0.86, p <0.001).
Tezepelumab also demonstrated significant improvements in the
loss-of-smell score, 22-item sino-nasal outcome test (SNOT-22)
total score, total symptom score, and reduced surgery for nasal
polyps and systemic glucocorticoid use compared with placebo.
Tezepelumab was found to be generally safe and well-tolerated
in patients with CRSWNP. The most frequently reported adverse
events were coronavirus disease 2019, nasopharyngitis, upper
respiratory tract infection, headache, epistaxis, and worsening of
CRSwNP (which was greater in the PBO-treated group than that
in the tezepelumab-treated group, 22.9% vs. 5.4%, respectively).

In addition to respiratory programs, tezepelumab has also
been evaluated for the treatment of patients with eosinophilic
esophagitis (CROSSING, NCT005583227).

GSK5784283

GSK5784283 (SHR-1905) is a anti-TSLP
monoclonal antibody modified for extended half-life (60)
currently in phase 2 development in asthma (NCT06748053).
Phase 1 data evaluating GSK5784283 in healthy volunteers and
asthma patients were presented at the European Respiratory
Society (ERS) 2024 meeting (61). In this phase 1 single
ascending dose (SAD) study (NCT04800263), doses ranging
from 50 to 600 mg were evaluated in healthy volunteers, 200 mg

humanized

in mild asthma patients, and 100 and 600 mg in moderate-to-
severe asthma patients (61). GSK5784283 was generally safe and
well-tolerated, with no serious adverse events occurring. The



10.3389/falgy.2025.1700060

Komori and Ortega

(panuuo))
[eoTUIPaIg av ‘ewysy dTSL Teung pasopsipun
[edTuIPaIg adoo ‘ewyIsy dTSL S20UBIISAULY 10T-ANDI
[edTUIPaIg adoo ‘ewyIsy dTSL UOXIPH T10T-NXH
[e2TuIPaIg Buysy JISL ewireyq SN 8LEV
T 3seyq (euryD) ewrpsy oS | 1991 dTSL XU 2002-4D
parerdwon 1 aseyq (euryD) ewpsy oS dTSL uosprel§ 1021-VSLS
£20T AeN Sunmiay 6889TTL0LON 1 aseyq ddoo ‘ewyisy dTSL SOUDIPIWOLY 2JIIUIL) $680-99
PasoPSIp 10N Sunmoay T0T1£20TLD 1 aseyq (euryD) ewrpsy oS | 1931 dTSL sonnaderay, sundd N8000XO
Sunmioax
9207 AeN 10U AIDY FE0PSOLOLON T aseyd (euryD) ewrpsy oS dTSL Y2a8qeIN (2¢219Z-D5W) ¥10-DIN
Sunmioax
PIsOPISIP JON J0U AAOY 8L9TLE90LON T aseyq (euryD) dNMSID
ST0T pajerdwo) £690£70T4LD T aseyq (euryD) eurpsy oS | 1991 dTISL pawkay] 9TEND
Sunmuioax
ST0T PIEN JOU 2ADOY 07092190.LON T aseyq av Al | 1981 dTSL J2j0AR], T0TOAVL
£20T Amf Sunmoay €0S0TTL0ION T 3seyq BUPSY oS | 1991 dT1SL o1 pIempuIpy (8LE6INFH) 8LENIM
920T PIEN Sunmoay ALNVAAT T aseyq ewyIsy | pafequ] | qvd dTSL ©IUIZPNISY 0£98AZV
520z Am( parerdwon INVYEGIA T aseyq ANMSID
6202 [1dy Sunmiday 8L0T18690LON T aseyq adoo
Sunmidax (9922dSV
9707 Areniqa, JoU AARIY INVITVA T aseyq rysy os | 1931 AdTSL weansdn ‘T01-4dN) SmrppIa
£20¢ [udy Sunmay TIANVTV T aseqq qoq
970 aun( Sunmay NOIZ T aseyq adoo
ST0T QI Sunmuay AHINVY T aseyq Buysy oS | 1991 d1SL org Lymbrun (92Z8-N) Srapjujog
Gunmisax
9707 Areniqag JoU AANOY £8F168S0LON T aseyq (euryD) dNMSID
Sunmioax
570z [udy JOU 2ADOY 0STE65S0.LON T aseyq (euryD) ewypsy (5061
970 AIn( Sunmiday €5087L901ON T aseyq ewyIsy oS dTSL eweyd MISUSH/MSO | -MHS ‘100-O1V) £8T87/SNSD
£70T Yore | Sunmioai a4 JoN 9STLOTLOLON T aseyq (euryD) dNMSID
9207 Isndny Sunmiday 90LTT0L0LON T aseyq av
970T 12quIada( Sunmiday £8820/901ON T aseyq (euryd) 440D (1622001
£T0T 2un( Sunmiday $8L6T890LON € aseyq (euryD) ewypsy oS | 1991 dTSL OLLD/suepy ‘SPO-1LY) Smppesog
Sunmioax
920T Amn( j0U AANOY DNISSOID € aseyq HoH
$20T 1quindag apppdwo) INIOdAVM € aseyq ANMSID
620T PIEN Sunmiay XIN¥NO[ € aseyq adoo
620T PIEN Sunmoay MAVINA € aseyq adoo
AVMHLVd (LSTOWY
parerdwon “YOLVOIAYN PRI rysy oS | 2991 dTSL uadury /e22UdZeNSY DAIdSZAL) qewnpadaza],

uonadwod

Arewnd payewnsy

snieys Apnis

abeys
1uswdojanap Juaind

uonesipu|

‘saseasip Alojesidsal L1ojewwepyul 10y Juswdo)aAsp Ul SIOHGIYU! ulwiele jeuo)douoy T 379V.L

vOu

B

1964

Josuods

SI0NqIyul dTSL

onnadesay

frontiersin.org

05

Frontiers in Allergy



10.3389/falgy.2025.1700060

Komori and Ortega

*STYI0D 2ATeIAd[N ‘DN ‘sso1qy Areuownd srgpedorpr 4147 ‘snideydoss orrydoursos “gog ‘sdAjod [eseu yim snISNUISOUTYT STUOIYD ‘GNMSYD ‘aseastp Areuownd 2A19n1$qO STUOIYD ‘qJOD ‘sunewtap dsidoje ‘qy

on
[eorupPald | ‘@dOD ‘v BWyIsy Gz-11|  sonnaderayporg YooreaoN pasopsipun
q0q
[eoruIpPald | ‘QV ‘dNMSYD ‘ewyisy STIL sonnadeayjorg Jotue] (STTINGV) 8€'STI-INT
[eorupaIg 4d1 $O81
parerdwon 69€€0TL0ION 1 aseyq av $O31 (4Sz-10)
T aseyd BUIISYy 731 ddLT-TT OUIDSOIF qeyouls LI-NS
[eonnaseurreydorg
ST0T 1390100 | Sunmidar a4 JoN 9€L¥S0LOLON T 9seyq av oS | 1991 STIL eaouey noyzng 100-HX
sloyqiyul sz-1l
[eorurpoIg €6l sopnaderay ], sunid NZ00-XO
[eorurpoIg €6l (23101g $SAUUQ 816-4d
pajadwo) L8SEVEC0.LON T aseyq BUIISY oN €1l orq ez (088-97) qewnjopnio],
920 dun( Sunmoay LE8YST90.LON 1 aseyqd adod [ SO S66798€-2SO
Sunmioax
szozraquaydag 10U 9A1PY TSESLT90.LON T/1 aseyqd adod Al [any OUIDSOI] [[PMQeIN T1161-MIN6
£20T 19quadd( | Sunmizar ok 10N 68768.901ON T aseyqd adoo (AN Teonnaoeusieydorg ourg 8€67-DDL
Sunmioax
920T Yorey Jou ATy VANVIIN € aseyqd
Sunmioax
970¢ Arenuef Jou 2ANdY VINV.LLL € Iseyqd
Sunmioax
9707 Arenue( 10U DAnOY NOYAIO ¢ aseyq adoo oS €¢I uaBury/edauazensy qewnyeIozo],
Sunmuioax
szoz udy Jou ANy - ANav € Iseyqd
Sunmioax
szoz udy jou 2ANdY 1-AdI4AV ¢ aseyd adod oN) €¢I youeg/uo1auaday qewnyadayy
Sunmiax
S0z Areniqa Jou ATy 6C6L£0S01ON T aseyqd adod
S0z dun( Sunmuay VSYNIV € aseyq adoo 0s | 2981 (AR Yoy qewrroSaisy
sloyqiyul €€-11
Pparequt
[edturpaig /0d | 9VPs Vi1 S[esnnadewLIeyd OSLIIOS Y01-40S

uonadwod
Arewnid pajewnsy

smeys Apnis

al Apms

abeys
juswdo)lanap jualind

uonesipu

vOu

B

19646

Josuods

onnadesay ]

panunuo) T 379VL

frontiersin.org

06

Frontiers in Allergy



10.3389/falgy.2025.1700060

Komori and Ortega

(panunuo))
(¥5) aseafar e/u '/ e/u %I vTe ‘LETT MVO SIOWS JSULIO] - XAV
ssa1d youeg ®/u B/u /U %T 97¢ 6€T'1 MTO | sIouws 1auwiog 45 € L8Y1SLFOION
(¥5) aseapax B/U '/u e/u 1T LLE “LTTT M¥O SIOWS JOWLIO] IDEINEN
ssa1d youeg e/u v/u e/u LT SLE “LTT'T MTO | sIouws 1auiog s € £8610LF0LON
9100=4d 121 :04d 8z0=d MZO
e/u Tw 0Z1 PET AL %2 89 ‘€hE Sw 00¢ | /ST 05T < DAd
9o=d 1S°T :04d ze0=d MZO
e/u Tw 0T 971 %91 Y01 “ehe Sw 00g | T/SIP2 05T > Odd
vs0=d 0,1 :09d s90=4d MTO
e/u Tw 0T 981 ] %6~ YL ‘eve Swoog | stdjows juaLm)
9L000=4 §S'1:09d 19000 =4 MTO
e/u TW 06 68°0 1 %Th 86 ‘che SwQpg | s1ows IouI0g
¥e00=d 191 :04d cro=4d MTO
(£9) Te 30 2qey e/u Tw 09 0T %61 TLI “ebE Sw 00g SIWOD [[Y s ®g L069¥SE0LON qewrnppdayy
¥T'C :0dd MPO
€5°6— TwW 9%1 071 23], %9¥ T ‘ceg Sw gy | Ti/sIPO 00€ < D4
L¥'T :0dd MPO T/s1192 00€>
- Tw H¢ P9 T3 %VE 99 ‘cgg Sw o7y -0S1 <049
121 :04d MPO
91— Tw 1§ ¥0'T 23, %61— €L ‘cc Sw gy | T/SIP2 0ST > 0dd
117 ::09d ro=d MPO 4SUN0OD
(z¢) e 1 ysuig €67~ Tw §§ SL1 23], %L1 591 “cg¢ Sw o7y S19WOD [y 4 L4 €116€070.LON qewnppdaza,

I RIIEIETEN|

(pa3snlpe
oqgaoeyd

‘uesw) OYOS

(pa3snipe
ogade|d ‘ueapy)
aulnaseq wody
juswanoidwi TAIA

(1D ‘oneu
ajel) ¥av

(O8d 'sA uononpai
3jeJ) suoneqasexy

(dnoub
juswiyealy u
1e10y) u asoQ

aseasip Aleuow)nd aA13dONIISO djUOIYD

dnoubqgns
juaiied

(SEEIN]
uoneinp

Apms | sseyd

Apn

oninadesay

PIIEEIEN!

(pa3snlpe

oqgaoeld
‘ueawl)
9-02V

(pa3snfpe
ogaoeld ‘ueaw)
aulnaseq woudj
juswanoidwi TATS

(1eak uad
SIUDAS)
43av

(O89d 'SsA uononpai
3jel) suoneqJasexy

(dnoub
jJuswieal
12103) U

ewyisy

dnoubgns
juaned

*adOD pue ewyjse ul siouqiyul bujwele jeuojdouow o Adesyy3 g 379Vl

(S>oaMm)
uoneinp

Apms aseyd

Apms

(1) cvo- MTO
[ 39 JI[YISIM s-00V TwW b1 e/u e/u €L 96T Sw 00g SIWOD [[Y 4 4 768.8€€0.LON qewrnpadayy
(€7) e R 1000>d 1000>d 1C:04dd 1000>d MPO YOLVOIAVN
MOD)-SATZUIN €60~ Tw 0T €6°0 23], %95 675 ‘190°T 8w o1C S19WOD [TV s € 6LTLVEE0IDON
6£00=d 6000=d 7,0 :09d 1000>d MPO AVMHLYd
(1) “Te 3 ua110) 670~ T 0T T0 7L %1L LE1 TTH Sw o1¢ S19WOD [y s 14 0£T$S0Z0ION qewnppdaza,

onnadesay ]

frontiersin.org

07

Frontiers in Allergy



10.3389/falgy.2025.1700060

Komori and Ortega

“Junod [rydoutsos poo[q DAg

‘pariodar jou anea-d quesyrudis Ajeonsnels,

£59)e1 UONBQIIEXd PazI[enuue YHy Juesyrudis A[[edrsne)s 10u “s'u D[qe[reAs 10U elep ‘e/u

(85) aseapar €0000=d 10000 >d MZIO INVIGIA
ssaxd weansdn e/u 80— 81— 0% ‘08 Sw 001 SIWOD IV ¥ 4 $0LF9T90LON SmippA
1000>d 1000 >d 1000>d MPO INIOdAVM
(¥) Te 3 yrromdry 9T’ LT~ €0'T— L0T— £0T ‘80¥% Sw o1¢ SIWOD IV (49 € ¥9615870LON qewmnppdazay,

S90U43)9Y

(pa3snlpe
oqgaoe|d
‘ueawl)

2102S 1210}
¢Z¢-10ONS

(psnlpe ogaoe|d
‘ueawl) 2102s
uonsabuod jeseN

(p31snipe ogaoseld
‘ueaw) 2402s
dAjod jeseu 110 |

1uswiean
1e10y) u

u
‘as0(

sdAjod jeseu yym sipisnUISoUly4 dIUo4yD

dnoubqgns
jusned

(EEI)
uoneinp
Apnis

aseyd

Apms

onnadesay ]

(£5) aseaar VSVNIV
ssaxd yoajuauan e/U '/U '/U %SH1 ®/U ‘GLET MO SIOWO [y 5 ¢ TH956SS0LDON
(£5) aseapar OLNAITY
ssa1d yoayuausn B/u e/u B/u %PST B/U 10€T MTO SIWOD [[Y 45 € 676L£0S0LON
M¥O
Ts— e/u e/u %L1 1118 Swr 06y | T/SIPO 0L1 < OHE
MPO
91— e/u e/u %IE 1€ ‘18 8w 06p | TH/SIP2 041 S OHb
MPO
e/u e/u %TT e/U ‘I8 3w o6% sIjows juaLIny
MFO
/U e/u %0T ®/U ‘I8 Bw 061 SIOOWS JoULIO]
6£00=4d 18'C :04d 610=d MPO dOz1S-adodD
(99) 'Te 32 Jnsnox £e— e/u 81°C IV %TT T 18 Sw 6 SIWOD [V 44 ez 0¥0ST9E0LON qeunjodaisy
€000=4d MIO
e/u TwW ST e/u e/u 0€ ‘9€1 Sur 009 | /SR> 051 < Odd
yLy0=d MFO
v/u T g— B/u e/u L€ “9€T Swr 009 | TH/sIE0 0ST > Odd
Lro=4d MFO
®/u Tw L§ B/u e/u ¥T 9€1 Sw oy | sIMjows yuaLny
8600=4 MFO
'/U Tw 99 B/U B/U €% ‘9O¢1 Sw 009 SIHOWS IIWLIO]
o1z0=d MPD PALLNON
(55) e 1 yBurg U TW T e/u /U L9 ‘S€1 8w 009 SIWOD [[Y 4 ®g 9101£970.LON quuIp[eI0Zo],

= RNEIETEN

(pa3snlpe
oqgade|d
‘ueaw)
9-02V

(paisnipe
ogaoe|d ‘uesw)
aulaseq wodj

(1eak uad
SIUDND)

jJuswanoidwi TATS H3v

(O8d 'sA uononpai
ajel) suoleqlasexy

(dnosb
jusWieal)
1ey03) U

ewyIsy

]
as0(

dnoubgns
juaied

(SH29M)
uoneinp
Apnis

aseyd

Apnis

panuhuo) g 31avL

onnadesay ]

frontiersin.org

08

Frontiers in Allergy



Komori and Ortega

most common treatment-emergent adverse events (TEAEs, >5%)
in healthy volunteers exposed to GSK5784283 (n=40) were
headache, COVID-19, back pain, contact dermatitis, upper
respiratory tract infection, increased troponin 1, and
immunization reaction (60). The most common TEAEs (>2
subjects) were increased alanine aminotransferase and increased
blood creatinine (61). The mean half-life of GSK5784283 across
50-600 mg in healthy volunteers was ~80 days (60), supporting
extended dosing regimens in future clinical studies. The impact
of GSK5784283 on FEV1 and type 2 inflammatory biomarkers
(eosinophils, FeNO, TARC, and eotaxin-3) was evaluated in the
moderate-to-severe asthma cohort. Both the 100 and 600 mg
GSK5784283 groups demonstrated improvements in FEV1 (371
and 394 mL, respectively) while the PBO-treated group showed
no improvement over baseline. Dose-dependent responses were
observed with the 600 mg dose arm, demonstrating larger
reductions in eosinophils, TARC, and eotaxin-3 compared with
the 100 mg GSK5784283- and PBO-treated groups. Reductions
in FeNO were similar between the two dose arms (100 mg

—38.2%, 600 mg —31.6%, PBO —8% and 7%) (61).

Verekitug

Verekitug (UPB-101, ASP7266) is a human anti-TSLPR
monoclonal antibody currently in phase 2 development for the
treatment of patients with asthma (NCT06196879), chronic
rhinosinusitis with nasal polyps (VIBRANT, NCT06164704),
and COPD (NCT06981078). It has been shown to be ~6x more
potent than a benchmark anti-TSLP antibody at inhibiting
TSLP-induced proliferation of Ba/F3 cells expressing human
TSLPR and 4x more potent than anti-TSLP at inhibiting TSLP-
induced TARC blood
mononuclear cells (PBMC) (62). Verekitug has been evaluated

expression by human peripheral

in a phase 1 multiple ascending dose (MAD) study in patients
with mild-to-moderate asthma (NCT05448651). Data from this
study were presented at the American Thoracic Society (ATS)
2024 (63). In this phase 1 study, subcutaneous verekitug was
evaluated at 25 mg (single dose, n=6), 100 mg Q4W (n=6),
200 mg Q4W (n=6), and 300 mg QI2W (n=6) vs. placebo
(n=28).
eosinophils >200 cells/mL or blood eosinophils >150 cells/mL

Participants were required to have either blood
and FeNO >25 ppb. Verekitug was found to be generally safe
and well-tolerated. No serious TEAEs were reported, and the
most common TEAE reported during the study was headache
[8/32 (25%)] (

pharmacokinetic elimination with a half-life of ~20 days.

). In this study, verekitug demonstrated linear

Antidrug antibodies were detected in 5/24 (21%) of participants
with no dose relation and no discernible impact on the
(PD)
evaluated by flow cytometry of peripheral monocytes. All doses

pharmacodynamics profile. Receptor occupancy was
demonstrated near complete receptor occupancy at week 2 (the
earliest timepoint evaluated). The 25mg single-dose group
maintained receptor occupancy >75% through week 12 and then
recovered to baseline by week 20. Receptor occupancy >75% was
maintained to week 28 for the 100 mg Q4W group, week 24 for
the 200 mg Q4W group, and to week 32 (end of study) for

the 300 mg QI12W group. In this cohort of patients with
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mild-to-moderate asthma with a type 2 phenotype, verekitug
reduced eosinophils (week 32 —52% 100 mg Q4W, —50% 200 mg
Q4W, —21% 300 mg QI12W, placebo ~25%) and FeNO (week 32
—49% 100 mg Q4W, —38% 200 mg Q4W, —45% 300 mg QI2W).
No changes in lung function or asthma symptoms were observed.
Verekitug was evaluated in a phase 2, randomized, double-
blind, placebo-controlled study in patients with CRSwNP
(VIBRANT, NCTO06164704). This 100 mg
verekitug Q12W compared with placebo over 24 weeks with a

study evaluated

primary endpoint of change from baseline in nasal polyp score.
Topline data recently released by the sponsor press release
indicate that verekitug-treated patients demonstrated significant
improvement in nasal polyp score (mean difference vs. PBO
—1.8; 95% CI —251 to —1.03, p<0.0001) (58).
demonstrated significant improvements in nasal congestion
score (mean difference vs. PBO —0.8; 95% CI —1.17 to —0.37 L
p=0.0003). Significant improvements in Lund-Mackay, total

They also

symptom, and difficulty with smell scores were also achieved in
verekitug-treated patients. Verekitug was found to be generally
safe and well-tolerated in patients with CRSwNP. The most
frequently reported adverse events were upper respiratory tract
infection, sinusitis, nasopharyngitis, and headache. Adverse
events were more frequent in the placebo-treated group than the
verekitug-treated group.

Bosakitug

Bosakitug (ATI-045, TQC2731) is a humanized anti-TSLP
monoclonal antibody currently in development for atopic
dermatitis (NCT07011706), asthma (NCT06829784), and COPD
(NCT06707883). Sponsor documents demonstrate that bosakitug
binds to TSLP with a binding affinity similar to a benchmark
anti-TSLP antibody, but has a longer off-rate, allowing for the
potential for extended dosing durations (64). Data from a phase
1 study were presented at ERS 2024 (65). In this phase 1 single
ascending dose study in healthy Chinese volunteers evaluating
subcutaneous doses ranging from 12 to 630 mg, bosakitug was
found to be generally safe and well-tolerated. No drug-related
serious adverse events were observed, and the incidence of
adverse events was not dose-dependent. The half-life of
bosakitug ranged from 17.2 to 25 days (65).

CM326

CM326 is a humanized anti-TSLP monoclonal antibody in
phase 2 development in China for chronic rhinosinusitis with
polyps (NCT06372678).
demonstrate that CM326 is more potent than a benchmark anti-
TSLP antibody at inhibiting TSLP-induced cell proliferation (5x)
and PBMC TARC inhibition (4x) (66). Single ascending dose
(NCT04842201) and MAD (NCT05171348) phase 1 clinical
studies in healthy volunteers have been completed for CM326.

nasal Preclinical in vitro assays

In these studies, CM326 was found to be generally safe and
well-tolerated (66). The SAD study evaluated doses ranging from
22 to 880 mg CM326 and demonstrated a half-life ranging from
20.1 to 24.5 days. Antidrug antibodies were detected in 2/58
(3%) subjects in the SAD study and 3/44 (7%) of subjects in the
MAD study.
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TAVO101

TAVOI101 is a humanized anti-TSLP monoclonal antibody
modified for extended half-life (LS mutation) in phase 2
development for atopic dermatitis (NCT06176040) and plans for
development in asthma, COPD, and rhinitis. It binds to TSLP
with similar affinity as a benchmark anti-TSLP antibody, but
binds to a different epitope, and is 12x more potent at
inhibiting TSLP-induced STAT5 activation. In an acute OVA
model of asthma in TSLP/TSLPR humanized mice, TAVO101
reduces total serum IgE, lung TARC, IL-13, and eosinophil
accumulation similarly to a benchmark anti-TSLP (67). In a
phase 1 SAD study (NCT05298046) in healthy volunteers
evaluating intravenous doses ranging from 0.01 to 10.0 mg/kg,
TAVO101 was found to be generally safe and well-tolerated with
no serious adverse events reported (68). The median half-life of
TAVO101 was found to be 67 days, and no antidrug antibodies
were detected in the 27 volunteers dosed with TAVO101.

Solrikitug

Solrikitug is a humanized anti-TSLP monoclonal antibody in
phase 2 development for asthma (NCT06496607), COPD
(NCT06496620), and EoE (NCT06598462). In
pharmacology data were presented at ATS 2025 (69). Solrikitug
binds a different on TSLP than
tezepelumab, and surrogates for other anti-TSLP antibodies in
development, blocking the binding of TSLP to IL-7RA (site II)
rather than blocking the binding of TSLP to TSLPR (site I). In
vitro characterization demonstrates that solrikitug is ~10x more

vitro

epitope commercial

potent than commercial tezepelumab at inhibiting TSLP-induced
biologic activity (human PBMC TARC expression, receptor
STAT5 activation) (69).
potency may allow for extended dosing durations without Fc
half-life modification.

dimerization, Enhanced functional

AZD8630

AZD8630/AMG104 is an anti-TSLP fragment antibody (FAb)
formulated for dry powder inhaler delivery. It is currently in phase
2 development for the treatment of patients with uncontrolled
asthma at risk of exacerbations (NCT06529419/LEVANTE).
Phase 1 study (NCT05110976) data were presented at ATS 2024
(70) and ERS 2024 (71). In this study, AZD8630 was evaluated
at doses ranging from 0.2 to 16 mg inhaled QD in healthy
volunteers (part A) and patients with moderate-to-severe asthma
(part B). In part B, 77 asthma patients with elevated FeNO and
treatment with ICS/LABA were randomized to 0.4, 2, or 8 mg
AZD8360 or placebo QD for 28 days. Daily inhaled 8 mg
AZD8630 resulted in a significant reduction in FeNO compared
with PBO (23% reduction vs. PBO, p =0.037). FeNO reductions
were observed at day 7 and sustained through day 28 (end of
treatment). AZD8630 was found to be generally safe and well-
tolerated with no serious adverse events in either part A or part
B. Pharmacokinetic assessment demonstrated that AZD8630 was
steadily absorbed following inhalation with two- to threefold

accumulation in serum at steady state and a mean terminal
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half-life of 21-37 h across cohorts. Low immunogenicity was
observed, with 3 (2.4%) of treated individuals developing ADA.

Ecleralimab
Ecleralimab is an anti-TSLP

in development for

that
A proof-of-concept,

IgG1L Fab (72)
was asthma.
randomized, double-blind, placebo-controlled phase 2a study
(NCT03138811) evaluated the safety, tolerability, PK, and PD
of multiple ecleralimab doses in patients with mild atopic
). The

study was conducted over a 12-week treatment period with

asthma before and after inhaled allergen challenge (

allergen challenge trials conducted on days 41-43 and 83-85.
Ecleralimab 4 mg QD was delivered via dry powder inhaler.
At day 84, ecleralimab significantly attenuated late asthmatic
response AUC;_;;, compared with PBO [4.2% vs. 11.38%, A
—7.18% (90% CI —11.92% to —2.44%), p = 0.008]. Ecleralimab
induced a numerical attenuation of early asthmatic responses
at days 42 and 48 that was not statistically significantly
different than PBO. Ecleralimab significantly reduced sputum
eosinophils compared with placebo at 7h (62%) and 24 h
(52%) post-allergen challenge. No difference in pre-allergen
challenge eosinophils was observed between ecleralimab and
PBO-treated patients. Ecleralimab significantly reduced FeNO
compared with PBO by day 17 (=27% vs. —=7%, p = 0.03); this
reduction was maintained over the treatment period.
However, there was no difference in FeNO between treatment
groups on days 43 and 85 (24 h post-allergen). In this study,
ecleralimab was found to be generally safe and well-tolerated
with AEs comparable between treatment groups. The most
frequent AEs reported were headache (25%), nasopharyngitis
(17.9%), and oropharyngeal pain (17.9%). No severe or
serious AEs were reported. A phase 2 study evaluating the
efficacy and safety of ecleralimab in patients with severe
uncontrolled asthma (NCT04410523) was terminated early

due to sponsor decision.

GB-0895

GB-0895 is an anti-TSLP monoclonal antibody engineered to
have an extended half-life and is currently in phase 1 development
in patients with asthma and COPD (NCT07116889). Preclinical in
vitro studies presented at ERS 2024 show that GB-0895 is more
potent than a benchmark anti-TSLP antibody at inhibiting
TSLP-induced TARC expression in PBMCs (
model of asthma, GB-0895 reduced eosinophil infiltration and

). In a mouse

cytokine expression in the lung.

Additional anti-TSLP antibodies are in preclinical through
phase 2 development ( ). HXN-1011 is a biparatopic
antibody targeting both the TSLPR and IL-7RA binding sites on
TSLP (75). Preclinical data presented at ATS 2025 demonstrated
that HXN-1011 induced greater inhibition of inflammatory
cytokine expression compared with a benchmark anti-TSLP
antibody in a mouse model of asthma (75).
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IL-33

Itepekimab

Itepekimab is a fully humanized anti-IL-33 monoclonal
antibody currently being developed for the treatment of COPD.
Itepekimab  binds the reduced form of IL-33 with
subnanomolar affinity (37). In a randomized, double-blind,
PBO-controlled phase 2a study (NCT03546907), 300 mg Q2W
itepekimab (n =172) was evaluated vs. PBO (n=171) in patients

to

with moderate-to-severe COPD receiving dual or triple inhaled
therapy (53). This study enrolled both current and former
smokers. In the all-comers analysis, the primary endpoint of the
annualized rate of moderate-to-severe COPD exacerbations was
not met ( ). The key secondary endpoint of change in
pre-bronchodilator FEV1 from baseline to weeks 16-24 was
met, with itepekimab demonstrating improvements in FEV1
compared with placebo. When assessed in the subgroup of
patients who were former smokers, itepekimab demonstrated
nominally significant reductions in acute COPD exacerbations
compared with PBO and improvement in FEVI.
randomized, double-blind, PBO-controlled phase 3 studies
(NCT04701983/AERIFY-1, NCT04751487/AERIFY-2) evaluating
itepekimab dosed Q2W and Q4W in patients with COPD were
recently completed, and topline data shared by sponsor press
release (54). AERIFY-1 (n=1,127) evaluated itepekimab in
former smokers, and AERIFY-2 evaluated itepekimab in both
former and current smokers. The AERIFY-1 study met the
primary endpoint of exacerbation reduction in former smokers
at week 52 (Q2W 27%, Q4W 21%), whereas the AERIFY-2
study did not meet the primary endpoint of exacerbation
reduction in former smokers at week 52 (Q2W 2%, Q4W 12%).

In a randomized, double-blind, PBO-controlled phase 2 study
(NCT03387852), 300 mg Q2W itepekimab (n =73) was evaluated
compared with 300 mg Q2W dupilumab (n =75), 300 mg Q2W
dupilumab plus 300 mg Q2W itepekimab (n=74), and placebo
(n=74) in adults with moderate-to-severe asthma receiving
LABAs (
asthma control at week 12, was lower in all active treatment

Two

). The primary endpoint, event indicating loss of

arms compared with placebo (itepekimab 22%, dupilumab 19%,
itepekimab + dupilumab 27%, PBO 41%). Correspondingly, the
odds ratios compared with PBO were 0.42 (95% CI 0.2-0.88;
p=0.020) for itepekimab, 0.52 (95% CI 0.26-1.06; p=0.07) for
and 033 (95% CI 0.15-0.7) for
dupilumab. Increases in FEV1 were observed with itepekimab

the combo treatment,
and dupilumab monotherapy but not with combination
treatment [least squares mean (LSM) difference vs. PBO (95%
CI): 0.14L (0.01-0.27), 0.16 L (0.03-0.29), 0.1 L (—0.03-0.23),
respectively]. Improvements in symptoms assessed by ACQ-5
were observed for all treatment groups compared with placebo
[LSM difference vs. PBO (95% CI): itepekimab —0.42 (—0.73 to
—0.012), dupilumab -0.46 (-0.76 to —0.15), combo —0.32
(—0.63 to —0.01)]. All treatments were generally safe and well-
tolerated. Adverse events occurred at similar rates across all
the
itepekimab + dupilumab group. While improved efficacy was not

treatment groups, including combination

demonstrated in this study, there was no increased safety risk
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observed with the combination of IL-33 and IL-4/13 inhibition
during the course of the study. Further development of
itepekimab in patients with asthma is not being pursued.

Tozorakimab

Tozorakimab is a human anti-IL-33 monoclonal antibody
currently in development for the treatment of COPD. It was
designed to be a highly potent antibody that binds the reduced
form of IL-33 with subpicomolar affinity and also the oxidized
form of IL-33, thereby inhibiting signaling through both the
ST2 and RAGE/EGFR pathways (
blind, placebo-controlled phase 2a (NCT04631016/
FRONTIER-4), 600 mg Q4W tozorakimab (n=67)
evaluated vs. placebo (n=68) in patients with moderate-to-

). In a randomized, double-
study
was

severe COPD with chronic bronchitis receiving dual or triple
inhaled therapy (55). This study enrolled both current and
former smokers, and the primary endpoint was the change in
pre-bronchodilator FEV1 from baseline to week 12. While the
primary endpoint was not met, tozorakimab demonstrated a
numerically greater increase in FEV1 than placebo [least squares
mean 24 mL (80% CI —15 to 63), p=0.216]. In a pre-defined
subgroup of patients with baseline blood eosinophil counts
>50 cells/mL, tozorakimab demonstrated improvements in pre-
BD FEV1 compared with placebo [LSM 82 mL (80% CI 26-
138), p=0.031]. The effects of tozorakimab on FEVI at week 12
in current and former smokers were similar. Randomized,
double-blind, placebo-controlled phase 3 studies evaluating
tozorakimab  vs. placebo are ongoing (NCT06040086/
MIRANDA, NCT05166889/OBERON, NCT05158387/TITANIA).

Astegolimab

Astegolimab is a fully human anti-ST2 monoclonal antibody
currently in development for the treatment of COPD. It inhibits
reduced IL-33 signaling by inhibiting the binding of reduced IL-
33 to ST2. A randomized, double-blind, placebo-controlled
phase 2a study (NCT03615040/COPD-ST20P) evaluated 490 mg
astegolimab Q4W (n=42) vs. placebo (n=39) in patients with
moderate-to-very severe COPD receiving dual or triple inhaled
therapy (56). The primary endpoint, exacerbation rate at 48
weeks, was not statistically significant in the all-comers
population  ( ). Numerically greater reductions in
exacerbation rate were observed in patients with eosinophil
counts of <170 cells/mL. Smoking status did not impact
response to astegolimab. Astegolimab was generally well-
tolerated, and adverse and serious adverse events were similar
between astegolimab and placebo-treated patients. Data from
two randomized, double-blind, placebo-controlled studies
(ALIENTO, NCT05037929 phase 2b; ARNASA, NCT05595642
phase 3) were recently completed, and topline data were shared
by sponsor press release (57). Both studies evaluated astegolimab
dosed Q2W and Q4W in patients with COPD on top of
standard of care maintenance therapy (ICS/LABA, LAMA/
LABA, or ICS/LAMA/LABA) and enrolled both current and
former smokers. Astegolimab Q2W treatment resulted in a
statistically significant reduction in exacerbations compared with

placebo in the phase 2 ALIENTO study, but not in the phase 3
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ARNASA study (
these studies was consistent with previously reported data.

). The safety profile of astegolimab in

TQC2938

TQC2938 is a human anti-ST2 monoclonal antibody in
development for the treatment of COPD. As the phase 1 study
evaluated safety, tolerability, and pharmacokinetics (PK) of
TQC2938 in healthy Chinese volunteers and evaluated single SC
doses (52.5-1,260 mg) and a single IV dose (210 mg) of
TQC2938 compared with placebo (77). It was found to be
generally well-tolerated at all doses administered. No treatment-
reported. TQC2938
demonstrated linear pharmacokinetics with a half-life of 9.77-

related serious adverse events were
19.9 days. It is currently being evaluated in a phase 2 study in
patients with COPD (NCT06789289).

Collectively, the clinical data from studies evaluating the
efficacy of IL-33 inhibitors in patients with COPD have
the

populations. Phase 2 data with itepekimab indicate potentially

demonstrated modest efficacy in all-comers patient
greater efficacy in former smokers compared with current
smokers. But more recent data in phase 3 produced inconsistent
results across the AERIFY 1 and 2 studies. Of note, smoking
status in early studies did not have an impact on efficacy in
either tozorakimab or astegolimab phase 2 studies. Further data
from the phase 3 studies with IL-33 inhibitors evaluating
responses by smoking status and eosinophil counts may identify
the most appropriate patient population for the mechanism.
Data from the tozorakimab phase 3 program may also provide
further insight into the importance of inhibiting both the
reduced and oxidized forms of IL-33 compared with only

blocking reduced IL-33 signaling.

IL-25

XKHO0O01

XKHO001 is a recombinant, humanized, anti-IL-25 monoclonal
antibody currently under phase 2 clinical development for the
treatment of patients with atopic dermatitis. It has been
evaluated in a phase 1 SAD and MAD studies in healthy
Chinese volunteers (NCT05991661) evaluating doses from 100
to 600 mg dosed Q4W (78). In this study, XKHO001 was well-
tolerated. The mean half-life was 22-25 days with no ADA
reported. Volunteers receiving the 600 mg dose had a greater
decrease in IgE than placebo (XKHO001 —-78.92 ng/mL, PBO
—8.6 ng/mL) at day 85.

SM17

SM17 is a humanized anti-IL-17RB IgG4 monoclonal that
inhibits IL-25 signaling. In the HDM mouse model of asthma,
SM17 reduced lung pathology score, eosinophil infiltration, and
inflammatory cytokine (IL-4, IL-5, IL-13) secretion to levels
comparable to dexamethasone-treated mice (79). Additionally, it
to a greater degree than
dexamethasone. A phase 1 clinical study (NCT05332834)
evaluated the safety, tolerability, PK, and PD of single

reduced collagen deposition
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(2-1,200 mg IV) and multiple ascending doses (100, 400,
600 mg IV Q2W) of SM17 in healthy volunteers (79). SM17 was
found to be generally safe and well-tolerated. In the multiple
ascending dose phase of the study, the most frequently reported
AE was headache (50% in both SM17 and placebo). Changes in
appetite/satiety were reported in 2/18 (21%) of SM17-treated
volunteers and no placebo-treated volunteers. The half-life of
SM17 in the MAD portion of the study was 10.5-15 days.

While monoclonal antibodies targeting single antigens (e.g.,
IL-4R, IL-5, TSLP, and IgE) have proven clinically effective in
treating patients with respiratory disease, not all patients
respond to therapy. Labels for therapies targeting IL-4R and IL-
5 are limited to patients with an “eosinophilic phenotype”
(80-82).

pathogenesis are complex, with multiple immune signaling

Immune signaling pathways underlying disease
pathways contributing to different aspects of disease ( ).
While some patients have eosinophil-predominant disease,
others have mixed phenotypes with contributions from both
type 2 and non-type 2 inflammation. Direct inhibition of
multiple targets through multispecific antibodies or combination
therapies may provide enhanced efficacy in a broader patient
population. Development of multispecific therapies for the
treatment of respiratory disease is underway, with several
investigational products in phase 1 and phase 2 clinical
development ( ). While direct targeting of multiple

inflammatory pathways may provide better efficacy than
monotherapies, there is a risk of increased adverse events with
increased immune suppression. Selection of the combination
targets must be made with caution to ensure that the level of
immune inhibition is sufficient to dampen disease, but not
of

Monotherapy treatment with anti-alarmin therapies to date has

increase risk serious and opportunistic infections.
been generally safe and well-tolerated, with no serious or
opportunistic infections reported. Many of the bispecific/
combination therapies discussed here are pairing targeting of an
alarmin with IL-4/IL-13 signaling. Dupilumab (anti-IL-4RA)
inhibits both IL-4 and IL-13 signaling and has proven to be safe
and well-tolerated in patients with type 2 disease (80). As
discussed above, a combination of IL-33 inhibition with IL-4RA
inhibition did not result in increased safety risk (76). Pairing of
two mechanisms with well-validated efficacy and safety profiles
provides an opportunity for both enhanced efficacy and
tolerable safety profiles. Safety profiles of multispecific therapies
in development must be rigorously evaluated to ensure that
there are no detrimental additive effects of directly inhibiting

multiple immune pathways.

Lunsekimig

Lunsekimig is a bispecific NANOBODY® that blocks both
TSLP and IL-13 signaling (83) in development for asthma and
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COPD. It consists of five fragments of heavy-chain-only
antibodies that are naturally occurring in camelids—two binding
TSLP, two binding IL-13, and one binding human serum
albumin to support FcRN-mediated recycling and extend the
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half-life. Unlike full IgG antibodies, heavy-chain-only antibodies
cannot bind to FcRN in endosomes, leading to rapid
degradation of heavy-chain-only antibodies. The addition of an
FcRN-binding domain aids with protein recycling, thereby
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extending the half-life of the heavy-chain-only antibody (84).
In in vitro assays, lunsekimig reduced TLSP and IL-13-induced
signaling in human PBMC. In a phase 1 healthy volunteer study
(EudraCT: 2021-000356-19), single ascending (10-400 mg IV,
400 mg SC) and multiple ascending (100 and 200 mg SC) doses
of safety,
pharmacokinetics, and pharmacodynamics (85). Lunsekimig was

lunsekimig ~were evaluated for tolerability,
well-tolerated in healthy participants, with the most frequently
reported TEAEs being COVID-19, nasopharyngitis,
headache. TSLP and IL-13 levels were evaluated throughout the

study. Total TSLP increased in all lunsekimig-treated groups

and

without a clear dose-response relationship, suggesting that
maximal TSLP binding was achieved at both doses evaluated.
Target engagement for IL-13 was also demonstrated with IL-13
levels increasing above the assay LLOQ for most lunsekimig-
treated participants. The increase in detectable circulating TSLP
and IL-13 is likely a reflection of lunsekimig-bound cytokine
remaining in circulation longer than free cytokine. The mean
half-life of lunsekimig was ~10 days across all IV and SC doses
evaluated. Treatment-emergent ADAs were detected in 4/36
(11%) of SAD participants and 7/16 (43.8%) in the MAD
portion with no apparent impact on safety, PK, or PD.

Lunsekimig has also been evaluated in a phase 1b, single-dose,
double-blind, proof-of-mechanism study in patients with mild-to-
moderate asthma with elevated FeNO (>25 ppb) (NCT05366764)
(85). This study evaluated the safety, tolerability, PK, PD, and
immunogenicity of 400 mg SC lunsekimig (n=24) compared
with placebo (n=12). Lunsekimig was generally well-tolerated,
with the most common TEAEs for lunsekimig and placebo
being nasopharyngitis (29.2% vs. 33.3%), headache (29.2% vs.
33.3%), and injection site reactions (20.8% vs. 0%). The T;,, of
lunsekimig was ~10.8 days, similar to the half-life reported in
the healthy volunteer study. Lunsekimig significantly reduced
FeNO compared with placebo at day 8 (mean difference —33.03,
90% CI —46.31 to —19.75, p=0.0001) and day 29 (—40.91 ppb,
90% CI —55.43 to —26.39, p<0.0001) and maintained through
day 57. Normalized FeNO levels (<25 ppb) were achieved in
nine (37.5%) of lunsekimig-treated patients compared with one
(8.3%) of placebo-treated patients at day 29. Lunsekimig
treatment significantly reduced eosinophils and biomarkers
downstream of TSLP and IL-13 at day 29. Rapid improvements
in FEV1 were observed in lunsekimig-treated patients compared
with placebo (mean difference 348 mL, 90% CI 147-548 mL,
p=0.003) at day 8. Lunsekimig is currently being evaluated in
phase 2 clinical studies in patients with moderate-to-severe
asthma (NCT06102005/AIRCULES), high-risk asthma
(NCT06676319/AIRLYMPUS), CRWsNP (NCT06454240), and
atopic dermatitis (NCT06790121) with plans to also evaluate
lunsekimig in COPD.

PF-07275315

PF-07275315 (Tilrekimig) is a trispecific antibody targeting
TSLP, IL-4, and IL-13 currently in phase 2 clinical development

for the treatment of asthma (NCT06977581) and atopic
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dermatitis (NCT05995964). It targets three ligands utilizing a
FAb-based modular design (86). Phase 1 studies evaluating the
safety and tolerability of IV dosed PF-07275315 have been
completed, but results are not yet available. The phase 2 study
(NCT06977581) will evaluate the efficacy and safety of SC dosed
PF-07275315 in patients with moderate-to-severe asthma on
maintenance therapy (ICS/LABA). Primary outcomes of the
study will be the change from baseline in FEV1 and safety at
week 12.

IBI3002

IBI3002 is a bispecific antibody targeting TSLP and IL-4RA
currently in phase 1 clinical development (NCT06454240). It is
a bivalent IgGl-scFv2 fusion antibody with the scFv domains
connected to the C-terminal end of the IgG1 Fc region by an
optimized linker (87). In vitro studies presented at ATS 2025
demonstrate that IBI3002 is similar to a benchmark anti-IL-4RA
antibody in inhibition of IL-4/13 binding to IL-4RA and more
potent than a benchmark anti-TSLP antibody at inhibiting TSLP
binding to TSLPR. Synergistic inhibition of IL-4/IL-13/TSLP-
induced TARC expression by PBMCs was observed, with both
IBI3002 and a combination of anti-IL-4RA and anti-TSLP
demonstrating better inhibition of TARC compared with anti-
IL-4RA or anti-TSLP alone. In an in vivo model of OVA-
IL-4/IL-4R/TSLP/TSLPR
humanized mice, IBI3002 treatment resulted in fewer total cell

induced lung inflammation in
counts in BALF compared with equivalent doses of anti-IL-4RA
or anti-TSLP alone. In this model, reductions in eosinophils,
neutrophils, and macrophages were similar in IBI3002-treated
mice compared with anti-TSLP-treated mice, and serum IgE
levels were similar between IBI3002 and anti-IL-4RA-treated
mice. The phase 1 study (NCT06454240) is a two-part multiple
ascending dose study. In part A, doses of IBI3002 (150-900 mg
SC and 600 mg IV) will be evaluated compared with placebo in
healthy volunteers, and in part B, two doses of IBI3002 (300
and 900 mg SC) will be evaluated compared with placebo in
patients with asthma. Both phases of the study will evaluate

safety, tolerability, PK, and immunogenicity.

ATI-052

ATI-052 is a bispecific antibody targeting TSLP and IL-4R
currently in phase 1 clinical development. It leverages the anti-
TSLP Fab domains of bosakitug with anti-IL-4R scFv domains
linked to the N-terminal end of the VH domain. The Fc
domain contains a YTE mutation for half-life extension (64).
Preclinical in vitro data released by sponsor via corporate
presentation demonstrate that ATI-052 is 4x more potent at
inhibiting IL-4/TSLP-induced TARC expression by PBMC than
a combination of benchmark anti-TSLP and anti-IL-4RA
antibodies. Sponsor has reported that a phase 1a/1b program is
to initiate that evaluates safety and PK of ATI-052 in SAD and
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MAD cohorts followed by a proof-of-concept evaluation in
patients from up to two undisclosed indications.

HBO0O056

HBO0056 is a bispecific antibody targeting TSLP and IL-11
currently in phase 1 clinical development (NCT06612970). It is
comprised of an anti-TSLP IgG with an anti-IL-11 single-chain
nanoantibody linked on the N-terminus of the IgG. IL-11 is a

10.3389/falgy.2025.1700060

that has been
implicated in the pathogenesis of multiple chronic inflammatory
and COPD (88, 89). While

inhibition of IL-11 may reduce inflammation and fibrosis

proinflammatory and profibrotic cytokine

diseases including asthma
associated with disease pathogenesis, IL-11 also promotes

megakaryocytopoiesis, erythropoiesis, thrombopoiesis, and
inhibition of proinflammatory cytokine release by macrophages
and monocytes, and the overall impact of suppressing IL-11 in
patients is unknown. Several companies are developing IL-11

targeted monotherapies. These programs are in phase 1, and

TABLE 4 Combination therapy clinical reports in asthma.

Biologics used

Patient characteristics

Baseline
biomarker

Key outcome

Reference

omalizumab + dupilumab, etc.)—dosing

exacerbations and steroid

Omalizumab (ongoing) + mepolizumab | 55-years-old female, severe IgE: elevated NR; Marked clinical None reported | Dedaj et al.
(added)—dose NR persistent allergic + eosinophilic eosinophils: NR improvement; prednisone (95)
asthma (case report) tapered from 20 to 4 mg/day
after adding mepolizumab

Case 1: omalizumab 375 mg Case 1: 65-years-old female with Case 1: IgE 7,699— Case 1: elimination of Case 1: no Huang et al.
Q4W + mepolizumab 100 mg Q4W refractory ABPA + asthma rose on therapy to monthly exacerbations; FEV1 | adverse effects | (96)
(concomitant) 19,032 TU/mL; improved from 1.36 to reported over

eosinophils 152 1.56 L; corticosteroids the reported

reduced to 0 cells/uL. | withdrawn; radiographic follow-up

after therapy stability at 6 months
Case 2: omalizumab + mepolizumab Case 2: 72-years-old female with Case 2: baseline IgE Case 2: steroid-sparing; no Case 2: none
(same dosing as case 1) refractory ABPA + asthma and eosinophils exacerbations; follow-up 43 | reported

reported in paper months reported with

(high IgE, radiographic stability

eosinophilia)—exact

values NR
Case 1: dupilumab Case 1: adults with severe Case 1: FeNO 25-32 | Improved control of both No major AEs | Matsumoto
(ongoing) + mepolizumab or asthma + atopic dermatitis ppb and eosinophils asthma and atopic dermatitis | reported etal. (97)
menralizumab or tezepelumab added (52-year-old male and 41-years-old | 600-0 over a 3-year

male) period

Case 2: omalizumab Case 2: FeNO 15-11
(ongoing) + dupilumab added ppb and eosinophils

450-350 over a 6-year

period
Various combinations reported Case Series: 10 patients (mixed Mixed (some high IgE, | Among the 10 cases, the Short-term Chen et al. (98)
(omalizumab + mepolizumab; severe asthma phenotypes; some high majority had clinical benefit | safety acceptable
dupilumab + benralizumab; overlapping comorbidities) eosinophils) including reduced in reported

cases; longer-

—some overlapping therapy described in
reports

asthma refractory to multiple
therapies

after adding a second
biologic including steroid
reduction

NR for most reduction term data
limited.
Omalizumab (ongoing) + mepolizumab | Two patients with severe allergic IgE 115 IU/mL Clinical course improved NR Lombardi et al.

(99)

Multiple combinations of biologics A total of 25 patients (15 women, | NR The median duration of dual | Treatment well- | Lommatzsch
(anti-IL-5, IL-4, IgE) and different 10 men; median age: 54 years). treatment (time point was 9 | tolerated et al. (100)
indications. Fifteen patients concomitantly months (3-38 months) in
Group A received biologics approved for | received two biologics approved for group A and 24 months (6-
asthma management; group B received | asthma: 8 were treated for 49 months) in group B. In
one biologic for asthma and another comorbidities such as CRSWNP, group A, the dual treatment
(not approved for asthma) atopic dermatitis, urticaria, or was stopped in four patients:
EGPA, while seven received in all cases, this was done
treatment for a combined action on because of clinical
asthma control ineffectiveness, not because
of adverse effects. All other
patients continue to receive
two or three biologics
concomitantly, with
currently no reported adverse
effects during this treatment
(time point: February 2022)
EGPA, eosinophilic granulomatosis with polyangiitis; NR, not reported.
Frontiers in Allergy 17 frontiersin.org
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clinical safety and efficacy of IL-11 inhibition have not yet been
robustly demonstrated. Sponsor has indicated potential future
development of HB0056 in respiratory indications including
asthma, COPD, and IPF (90).

APG333 + APG777

APG333 is a monoclonal anti-TSLP antibody currently in
phase 1 development (ACTRN12624001358538). It will be
developed as part of a combination product alongside APG777,
an anti-IL-13 monoclonal antibody. Preclinical in vitro studies
presented at ATS 2025 demonstrate that the combination of
APG333 + APG777 prevents barrier loss induced by TSLP and
IL-13 to a greater degree than benchmark anti-IL-4RA or anti-
TSLP antibodies alone in a COPD lung epithelial cell model
(91). Treatment with APG333 + APG777 inhibited TSLP/IL-33
release of TARC and MDC by PBMCs to a greater degree than
comparator monotherapy treatment (anti-IL-13, anti-IL-4RA,
or anti-TSLP). Inhibition of TARC was more potent with
APG333 + APG777 than with anti-TSLP/anti-IL-13
multispecific benchmark.

an

Additional bispecific alarmin antibodies are in various
). HXN-1012 is a
bispecific antibody targeting TSLP and IL-13. In preclinical in
vitro assays presented at ATS 2025, HXN-1012 demonstrated
more complete inhibition of TARC expression in PBMCs
stimulated with TSLP and IL-13 compared with an anti-
TSLP/anti-IL-13 multispecific benchmark (92). HXN-1013 is a
bispecific antibody targeting TSLP and IL-33 (93). ZW1528 is
an asymmetric bispecific antibody targeting IL-33 and IL-4RA

stages of preclinical development (

with extended half-life in preclinical development (94).
Preclinical evaluations presented at ATS 2025 demonstrated
that ZW1528 blocks IL-4 and IL-13 binding with similar
potency as a benchmark anti-IL-4RA antibody, and IL-33
binding with similar potency to a benchmark anti-IL-33
antibody. Greater inhibition of IL-13/IL-33-induced CCL2
in HEK observed with ZW1528
compared with anti-IL-4RA or anti-IL-33 alone.

expression cells was

Given their redundant functions across these pathways,
understanding the in vivo source, expression levels, and
regulation of tissue-derived signals controlling TSLP, IL-33,
and IL-25 production is essential for future studies. A better
understanding of the clinical utility of IL-33 and IL-25 is
needed, considering the well-established role of anti-TSLP
therapeutics in clinical studies. It is important to understand
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the compensatory mechanism of interplay and the role of
these alarmins in fibroblasts and epithelial cells in the context
of tissue immunity regulation and remodeling. While the
transcription factor framework is a useful starting point, even
overlapping signals such as IL-25 and IL-33 likely have non-
redundant functions that will need to be carefully dissected.
Although data from robust phase 2 clinical studies are needed
to establish proof-of-concept for combination
additional
preclinical data for multiple drug candidates and the phase 1b

therapies

targeting alarmins plus an target, emerging
data demonstrating lunsekimig treatment resulted in deep
FeNO reductions are promising.

There are limited data available to date on the safety of
combined pathway inhibition with multiple biologic therapies
in inflammatory respiratory disease. However, clinical data
from case reports ( ), as well as data from dupilumab
plus itepekimab and from the lunsekimig study in patients
with asthma, demonstrate favorable safety and tolerability.
Specifically, in a phase 1b study, lunsekimig was well-
tolerated. Adverse events were equally distributed in both
active and placebo groups; all were mild or moderate in
severity. There were no serious adverse events, deaths, or
identified  based

electrocardiograms, or laboratory parameters. No infection-

safety  concerns on vital signs,

related adverse events were reported. However, experience
with
inflammatory diseases

combined biologic in other chronic

has
arthritis, co-treatment with anti-TNFa and anti-IL1 mAbs

therapy
been mixed. In rheumatoid
and the combination of anti-TNFa mAb and abatacept
(CTLA4-Fc/T-cell activation inhibitor) have been evaluated.
Neither combination induced enhanced efficacy compared
with monotherapy, and were associated with more SAEs
(101). In Crohn’s disease, a combination of infliximab (anti-
TNFo mAb) and natalizumab (anti-04f1 mAb) resulted in
enhanced efficacy with no difference in adverse events
between the combination treatment group and those receiving
infliximab alone (102). A phase 2 randomized controlled trial
evaluating the combination of guselkumab (anti-IL-23 mAb)
and golimumab (anti-TNFo mAb) demonstrated significantly
improved clinical response and clinical remission compared
with monotherapy treatment with no difference between
groups in adverse events and serious infections (103).

As clinical development programs evaluating combined
targeting of multiple inflammatory pathways progress, it will
be critical to carefully consider the pathways being co-
targeted to balance the total immunomodulatory effect of the
combination and to thoroughly monitor safety and efficacy to
ensure that benefit-risk profiles are commensurate with the
severity of disease. Despite the limited number of reported
cases, current data provide reassurance that the combination
of two well-tolerated biologic therapies for the treatment of
asthma may be safe. Overall, these data indicate that blocking
an alarmin in combination with a downstream target, thereby
selectively inhibiting more than one pathway, could be the
next frontier for biologic therapeutics.
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