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Abstract: Atopic dermatitis (AD) is a chronic, relapsing inflammatory skin disease, whose pathophysiology involves a complex
interplay of genetic and environmental factors that lead to dysregulated T-cell-mediated inflammatory pathways and a compromised
skin barrier. Despite the recent introduction of novel targeted therapies for moderate-to-severe AD, many patients still fail to achieve or
maintain treatment goals, or experience treatment-emergent adverse events, which continue to burden their disease management.
Recently, the role of T cell co-stimulatory molecule OX40 and its ligand OX40L, which is mainly expressed on professional antigen-
presenting cells such as dendritic cells, has attracted widespread research attention as a potential therapeutic target in T cell-mediated
skin diseases. Moreover, early basic and clinical research has shown encouraging results regarding the efficacy and safety of therapies
targeting the OX40-OX40L axis in moderate-to-severe AD. Therefore, herein we aim to summarize the current evidence regarding the
efficacy and safety of inhibiting the OX40/OX40L signaling axis in patients with moderate-to-severe AD.
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Introduction

Atopic dermatitis (AD) is a chronic, relapsing inflammatory skin condition that affects approximately 15-20% of
children and 2-10% of adults worldwide.' Clinically, it is characterized by pruritic eczematous lesions and is often
associated with sleep disturbances, as well as allergic, cardiovascular, and neuropsychiatric comorbidities, significantly
impacting patients’ overall quality of life.?

The pathophysiology of AD involves a complex interplay of genetic and environmental factors, leading to
a compromised skin barrier and dysregulation of inflammatory pathways mediated predominantly by T helper (Th)2
cells.” This inflammation is triggered by antigen stimulation of T-cell receptors and the engagement of costimulatory
molecules, particularly those in the tumor necrosis factor (TNF) receptor superfamily, such as OX40.* OX40 is an
inducible costimulatory receptor predominantly expressed on activated T cells, especially Th2 cells, but also on Th1,*?
Th17, and Th22 cells that may play roles in the later stages of the disease.> Notably, OX40 is not expressed on naive
CD4+ or CD8+ T cells.”

Upon antigen stimulation, OX40 is rapidly and transiently expressed on effector and memory T cells, where it binds
to OX40 ligand (OX40L), primarily found on antigen-presenting cells (APCs) such as Langerhans cells, dendritic cells,
B cells, type 2 innate lymphoid cells (ILC2), fibroblasts, endothelial cells, and mast cells.>° This interaction facilitates
the trimerization of OX40 monomers, the recruitment of TNF receptor-associated factor (TRAF) proteins, and the
activation of downstream signaling pathways, including nuclear factor kappa B (NF-kB) and phosphoinositide 3-kinase
(PI3K)/Akt.*® These processes enhance effector T cell proliferation and survival, promote the generation of memory
T cells, and increase the production of pro-inflammatory cytokines, which perpetuate the inflammatory cycle and
contribute to chronic itch and skin barrier dysfunction—two key features of AD.*”* Among these pro-inflammatory
cytokines, interleukins (IL) produced by Th2 cells, ILC2 and basophils (IL-4, IL-5, IL-13, IL-31), as well as those
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keratinocyte-derived (IL-25, IL-33 and thymic stromal lymphopoietin) are predominant, with Thl-, Th17- and Th22-
derived cytokines becoming subsequently involved as disease progresses.>®®

Given the critical role of the 0X40/0X40L signaling pathway in both effector and memory T cells, its blockade may
offer sustained inhibition of T-cell-mediated inflammation.>”® Recent clinical trials have investigated the effects of
antibodies targeting OX40 (Rocatinlimab or Telazorlimab) or OX40L (Amlitelimab) in patients with moderate-to-severe
AD, a population for whom effective long-term treatment options remain limited. This review aims to summarize the

current evidence regarding the efficacy and safety of inhibiting the OX40/0X40L signaling axis in these patients.

Materials and Methods

A comprehensive search for relevant studies was conducted in the PubMed and ClinicalTrials.gov databases. The search
terms included (“OX40” OR “OX40L” OR “Amlitelimab” OR “KY1005” OR “Rocatinlimab” OR “AMG451” OR
“KHK4083” OR “Telazorlimab” OR “GBR 830” OR “ISB830”) AND (“Atopic dermatitis” OR “eczema” OR “xerosis”
OR “eczematous skin diseases”). We included articles published in the last 20 years that were available in full text in
English or Spanish and focused on the OX40/0X40L axis in AD. Animal studies were excluded from the review.
Additionally, the references of the included articles were screened for further relevant studies.

Results

Amlitelimab (KY1005)

Amlitelimab is a non-depleting human IgG4 monoclonal antibody (mAb) that binds to OX40L, effectively blocking
0X40 stimulation and subsequently impeding T-cell-mediated inflammatory responses’ '' (Figure 1). Its effects on AD
have been investigated in phase 1, phase 2a, and phase 2b trials (Table 1).

The phase 1 trial conducted by Saghari et al’ assessed the safety, tolerability, and immunogenicity of Amlitelimab.
This study randomized 64 healthy male subjects (mean age 26.5 £ 6.0 years) to receive single doses (0.006, 0.018, or
0.05 mg/kg) or multiple doses (0.15, 0.45, 1.35, 4, or 12 mg/kg) of Amlitelimab or placebo (in a 6:2 ratio). All treatment-
emergent adverse events (TEAEs) were classified as mild (n = 190) or moderate (n = 16), resolving without complica-
tions, with headaches being the most frequently reported. No serious adverse events were observed.

Following this, a phase 2a double-blind, randomized, controlled trial by Weidinger et al'® included 89 patients with
moderate-to-severe AD who were intolerant or had inadequate responses to topical treatments. Participants were
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Figure | Novel therapies targeting the OX40/OX40L costimulatory signaling pathway include monoclonal antibodies against OX40 (telazorlimab and rocatinlimab) and
OX40L (amlitelimab).
Abbreviations: APC, Antigen-presenting cell; Th, T-helper; IL, interleukin; OX40L, OX40 ligand.
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Table | Summary of Clinical Trials Targeting OX40/OX40L Signaling in Patients with Moderate-to-Severe Atopic Dermatitis

NCT03096223'°

label, repeated-dose

study

29

Study Study | Study Design Number of | Study Dose Primary Endpoints | Findings
Phase Patients Duration
Amlitelimab (KY1005) - OX40L inhibitor
Saghari et al | Randomized, placebo- | 64 healthy 113 days Single doses (0.006, 0.018, or TEAEs All TEAEs were of mild (n = 190) or moderate
NCT03161288° controlled, double- males 0.05 mg/kg) or multiple doses (0.15, severity (n = 16) and were self-resolving without
blind, single ascending 0.45, 1.35, 4, or 12 mg/kg) of sequelae, with headache being the most
dose and multiple Amlitelimab, or placebo (in a ratio reported one.
ascending dose of 6:2). No serious AEs were reported
Weidinger 2023 | 2a 89 36 weeks | 200 mg loading/100 mg maintenance | 1) TAEs I) Headache, upper respiratory tract infection,
NCT03754309'° infusions Q4W (LD; a); or 500 mg | 2) Least-squares mean | pyrexia, hyperhidrosis, iron deficiency anemia
loading/250 mg maintenance Q4W change in EASI (95% and increased aspartate aminotransferase were
(HD; b); or placebo (c). Cl) from baseline to more frequent in the Amlitelimab group, versus
week 16 versus placebo.
placebo 2)
a) LD: —80.1% (—95.6,-64.7; p=0.009)
b) HD: —70.0% (—85.0,-54.6; p=0.072)
c) Placebo: —49.4% (—66.0, —32.7)
Weidinger 2024 | 2b Multi-center, double- 390 52 weeks | Subcutaneous injections of 250 mg Difference from 1) 250 mg with loading dose:
NCTO5131477- blind, placebo- Q4W with 500 mg loading dose (I); | placebo in least- -32.1% (—43.9, —20.3; p<0.0001)
STREAM-AD'' controlled trial or 250 mg (2), 125 mg (3) or squares mean change 2) 250 mg:
62.5 mg (4) Q4W without loading in EASI (95% Cl) from | -27.3% (=39.1,-15.6; p<0.0001)
dose baseline to week 16 3) 125 mg:
-22.2% (—34.0,-10.4; p=0.0002)
4) 62.5 mg:
-30.2% (—41.9,-18.5; p<0.0001)
NCT05492578'% | 2 Recruiting
NCT05769777'% | 2 Recruiting
NCTO06130566'* | 3 Recruiting
Rocatinlimab (KHK4083/AMG451) - OX40 inhibitor
Nakagawa 2020 | Single-center; open- 22 22 weeks 10 mg/kg infusions on days |, |5 and | Safety profile No deaths, serious AEs, or discontinuations due

to AEs. Common TEAEs: mild or moderate

pyrexia and chills

(Continued)
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Table | (Continued).

600 mg), 75 mg Q4W (loading dose
150 mg) or placebo

Part 2:

600 mg Q2W (loading dose

1200 mg) or placebo.

Study Study | Study Design Number of | Study Dose Primary Endpoints | Findings
Phase Patients Duration
Guttman-Yassky | 2b Multi-center, double- 274 56 weeks | Subcutaneous injections of 150 mg Least-squares mean 1) 150 mg Q4Ww:
2023 blind, placebo- Q4W (1), 600 mg Q4W (2), 300 mg | change in EASI (95% -48.3% (—62.2,-34.0; p=0.0003)
NCT03703102' controlled trial Q2W (3), 600 mg Q2W (4), or Cl) from baseline to 2) 600 mg Q4W:
placebo (5) for 36 weeks week 16, compared -49.7% (—64.3,-35.2; p=0.0002)
with placebo 3) 300 mg Q2W:
-61.1% (=75.2,-47.0; p<0.0001)
4) 600 mg Q2W:
—57.4% (—71.3,-43.4; p<0.0001)
5) Placebo:
-15.0% (—28.6,-1.4)
ROCKET 3 Active
Programme'’~2*
Telazorlimab (GBR830/ISB830) - OX40 inhibitor
Guttman-Yassky | 2a Multi-center, 62 85 days 10 mg/kg infusions on days | and 29 | |. TEAEs |. Headache was the most common TEAE, but
2019 randomized, double- 2. Changes in comparable with placebo. Conversely,
NCT02683928% blind, placebo- biomarkers postprocedural infection and myalgia occurred
controlled, more frequently with Telazorlimab than placebo.
repeated-dose study 2. Telazorlimab evidenced inhibition of Thl, Th2
and Th17/Th22 signature mRNA expression in
lesional skin; and led to greater reductions of
epidermal hyperplasia measures when compared
to placebo.
Rewerska 2024 2b Multi-center, double- 462 (313 part | 66 weeks | Part I: Least-squares Part I:
NCT03568162% blind, placebo- I; 149 part 2) Subcutaneous injections of 300 mg mean percent change a) Placebo:
controlled trial Q2W (loading dose 600 mg), in EASI from baseline | -34.2% (SE 5.5)
300 mg Q4W (loading dose to week 16 (SE). b) 75 mg Q4W:

-31.0% (SE 5.7), p=0.691
c) 300 mg Q4W:
-48.6% (SE 5.4), p=0.061
d) 300 mg Q2W:
-54.4% (SE 5.1), p=0.008
Part 2:

1) Placebo:

-41.8% (SE 4.7)

2) 600 mg Q2W:
-59.0% (SE 4.6), p=0.008

Abbreviations: OX40L, OX40 ligand; mg, milligrams; kg, kilograms; TEAEs, treatment-emergent adverse events; Q2W, every 2 weeks; Q4W, every 4 weeks; LD, low dose; HD, high dose; EASI, Eczema Area and Severity Index; Cl,

confidence interval; SD, standard error.
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randomized in a 1:1:1 ratio to receive intravenous Amlitelimab at low dose (LD, 200 mg loading/100 mg maintenance
every 4 weeks [Q4W], n = 29), high dose (HD, 500 mg loading/250 mg maintenance Q4 W, n = 30), or placebo (n = 29).
At week 16, the LD and HD Amlitelimab groups demonstrated mean percentage changes from baseline in Eczema Area
and Severity Index (EASI) scores of 80% and 70%, respectively, compared to 49% in the placebo group. Additionally,
44% and 37% of patients receiving LD or HD Amlitelimab achieved Investigator Global Assessment (IGA) scores of 0/1,
while only 8% of those on placebo did. Patients treated with Amlitelimab also showed reductions in serum levels of pro-
inflammatory cytokines IL-13 and IL-22. Common TEAEs included headache (10% vs 3% with placebo), upper
respiratory tract infection (10% vs 3%), hyperhidrosis (7% vs 0%), pyrexia (7% vs 0%), iron-deficiency anemia (7%
vs 0%), and increased aspartate aminotransferase (7% vs 0%).

Recently, Weidinger et al published data from the first part of their phase 2b study (STREAM-AD,
NCTO05131477),'"" a 52-week, randomized, double-blind, placebo-controlled trial. In this study, 390 adults with
moderate-to-severe AD were randomized in a 1:1:1:1:1 ratio to receive subcutaneous Amlitelimab Q4W (250 mg
with 500 mg loading dose, n=77; 250 mg without loading dose, n=78; 125 mg without loading dose, n=77; or 62.5 mg
without loading dose, n=79) or placebo Q4W (n=79). During the initial 24-week treatment period, Amlitelimab
demonstrated statistically significant improvements in percentage change in EASI from baseline to week 16 compared
to placebo for all four doses studied (difference from placebo in least squares mean change from baseline: 250 mg
with loading dose, —32.1%; 250 mg, —27.3%; 125 mg, —22.2%; 62.5 mg, —30.2%), with improvements sustained
through week 24. Amlitelimab was well tolerated across all dose groups, although specific details on TEAEs were not
reported.

The second part of this study is ongoing and will further evaluate the effects of Amlitelimab up to week 52."
Additionally, phase 2 long-term extension studies (NCT05492578, NCT05769777)'%'® and a phase 3 study
(NCT06130566)'* are currently in development to better define the role of this drug in moderate-to-severe AD.

Rocatinlimab (KHK4083/AMG451)
Rocatinlimab is a non-fucosylated IgG1 anti-OX40 mAbD that inhibits and reduces the number of OX40+ T cells

(Figure 1). Its efficacy in AD has been evaluated in both phase 1 and phase 2b trials (Table 1).
115

15,16

In a single-arm phase 1 trial conducted by Nakagawa et al’> 22 patients with moderate-to-severe AD received
infusions of Rocatinlimab at a dose of 10 mg/kg on days 1, 15, and 29. This treatment resulted in a 74% reduction in the
EASI score from baseline to week 22, with 35% of patients achieving an IGA score of clear (0) or almost clear (1),
indicating at least a two-grade improvement.

A subsequent multi-center, double-blind, placebo-controlled phase 2b trial by Guttman-Yassky et al'® included 274
patients with moderate-to-severe AD, who were randomized to receive various subcutaneous doses of Rocatinlimab
(150 mg Q4W, 300 mg every 2 weeks [Q2W], 600 mg Q2W, or 600 mg Q4W) or a placebo. Consistent with Nakagawa
et al’s findings,'® the least squares mean percent reduction in EASI score from baseline to week 16 was significantly
greater across all Rocatinlimab dose groups compared to placebo (48—-61% vs 15%, respectively). The 300 mg Q2W
group demonstrated the most substantial improvements at week 16, with 31% of patients achieving an IGA score of 0/1
and 54% achieving a 75% improvement in EASI score (EASI75), compared to only 2% and 11% in the placebo group,
respectively. By week 36, the 300 mg Q2W group showed an 88% least squares mean percent reduction in EASI score
from baseline, with IGA 0/1 and EASI7S5 responses increasing to 52% and 64%, respectively. Notably, after treatment
discontinuation at week 36, only 4-27% of patients who achieved EASI75 at that time experienced any relapse by
week 56.

Moreover, biomarker analysis indicated that Rocatinlimab led to sustained reductions in mean serum concentrations
of both TARC and IL-22 up to week 56, suggesting its potential to modulate Th2 and Th17/Th22 immune signatures.'®

Throughout the trial, Rocatinlimab was well tolerated, with the most common adverse events being pyrexia (17% vs
4% in the placebo group), nasopharyngitis (14% vs 16%), chills (11% vs 0%), headache (9% vs 2%), aphthous ulcers
(7% vs 0%), and nausea (6% vs 2%).'°

Biologics: Targets and Therapy 2025:19 https: 285
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The role of Rocatinlimab in moderate-to-severe AD is currently under further investigation in the comprehensive phase
3 ROCKET program (NCT05899816; NCT05651711; NCT05704738; NCT05398445; NCT05633355; NCT05724199;
NCT06224192; NCT05882877),'** which aims to enhance our understanding of the effects of this drug.

Telazorlimab (GBR830/ISB830)
Telazorlimab is a humanized IgG1 neutralizing mAb targeting OX40 (Figure 1), investigated in both phase 2a and phase
2b clinical trials (Table 1).%>~°

In the phase 2a trial led by Guttman-Yassky et a
receive either 10 mg/kg intravenous Telazorlimab or placebo on days 1 (baseline) and 29. Skin biopsies were obtained on

1?° 62 patients with moderate-to-severe AD were randomized 3:1 to

days 1, 29, and 71. The primary endpoints included TEAEs and changes in biomarkers (epidermal hyperplasia/cytokines)
at days 29 and 71. Secondary endpoints included the proportion of patients achieving at least a 50% improvement in the
EASI score (EASIS50). Results showed that TEAEs were comparable between groups (Telazorlimab: 63%, placebo:
63%). Headache was the most common adverse event in both groups, while post-procedural infection and myalgia
occurred more frequently in the Telazorlimab group (9% vs 0% and 7% vs 0%, respectively). Additionally, a higher
proportion of patients receiving Telazorlimab achieved EASI50 compared to placebo (76.9% vs 37.5%). Telazorlimab
also inhibited Th1, Th2, and Th17/Th22 mRNA expression in lesional skin, reduced measures of skin hyperplasia, and
decreased the presence of OX40+ T cells and OX40L+ dendritic cells, with effects sustained until day 71, 42 days after
the last dose.”’

In contrast, the phase 2b trial conducted by Rewerska et al*® involved a two-part study with 462 adults with moderate-
to-severe AD randomized to different subcutaneous dosing regimens of Telazorlimab or placebo over 16 weeks of
blinded treatment, followed by 38 weeks of open-label treatment and a 12-week drug-free follow-up. In part 1 (n=313),
patients were assigned to receive 300 mg Q2W, 300 mg Q4W, or 75 mg Q4 W, with a loading dose of 600 mg for the first
two groups and 150 mg for the latter. In part 2 (n=149), patients received a loading dose of 1200 mg followed by 600 mg
Q2W. The primary endpoint was the percentage change from baseline in the EASI score at week 16, while safety
assessments focused on the incidence of TEAEs. At week 16, the least squares mean percentage change from baseline in
EASI was significantly greater for patients receiving Telazorlimab 300 mg Q2W (part 1) and 600 mg Q2W (part 2)
compared to placebo (—54.4% vs —34.2% for part 1; —59.0% vs —41.8% for part 2, P= 0.008 for both). TEAEs were
similarly distributed between groups (Telazorlimab: 66%, placebo: 61.7%), with nasopharyngitis, upper respiratory tract
infections, and headache being the most common adverse events.*

To our best knowledge, no ongoing trials are investigating the use of Telazorlimab in AD.

Discussion
Despite the recent introduction of novel targeted therapies for moderate-to-severe AD—including Dupilumab (an IL-4/
IL-13 receptor alpha subunit inhibitor), Tralokinumab (an IL-13 inhibitor), and Janus kinase inhibitors—many patients
still fail to achieve or maintain treatment goals or experience TEAEs, which continue to burden their disease
management.3

This highlights the persistent need for new therapeutic options that are not only effective but also safe, durable, and
capable of providing sustained relief for moderate-to-severe AD patients.>”*

Studies have demonstrated that AD patients exhibit increased OX40 expression in circulating CD4+ T cells,
particularly in activated, skin-homing CD4+ T cells.”” Additionally, both OX40+ T cells and OX40L+ dendritic cells

are elevated in the lesional skin of AD patients compared to non-lesional and psoriatic skin.?**

Given these findings, and the positive outcomes observed in the aforementioned clinical studies,’11:15:16:25.26
targeting the OX40/0X40L costimulatory pathway presents a promising therapeutic approach. This pathway not only
modulates pathogenic effector T cells but also influences the generation and survival of memory T cells, offering the
potential for sustained disease contro].>?!!:15:16.23.26.30

The unique, transient expression of OX40 on activated T cells makes it an appealing treatment target. By selectively

blocking antigen-specific T cells implicated in AD pathophysiology, therapies could mitigate the risk of generalized

286 https: Biologics: Targets and Therapy 2025:19
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immunosuppression.*'>* Moreover, the involvement of OX40/0X40L in not only Th2 but also Th1, Th17, and Th22
inflammatory pathways suggests it could provide broader, longer-lasting control of the disease.>*!*

Nonetheless, while these findings indicate the potential for OX40/0X40L inhibitors to modify the course of AD,
further investigation is needed. Phase 3 trials with larger patient populations and extended follow-up periods are essential
to fully assess their long-term efficacy, safety, tolerability, and to determine optimal dosing regimens and routes of
administration.

Moreover, a potential therapeutic role in other diseases such as psoriasis, alopecia areata, pemphigus, asthma,
ulcerative colitis, Crohn’s disease and graft-versus-host disease has been suggested and should be further
researched.* 3¢
Finally, regarding long-term safety concerns, the authors believe that potential immuno-oncology implications should

be ruled out in future studies, as OX40 agonists are currently being tested in early phase cancer clinical trials.*’

Conclusion

Blocking the OX40/0X40L costimulatory signaling pathway represents a promising and innovative therapeutic approach
for patients with moderate-to-severe AD. This strategy offers the potential to target multiple stages of the inflammatory
process that drive the disease, delivering more precise and sustained treatment effects.

While early basic and clinical research has shown encouraging results regarding the efficacy and safety of therapies
targeting this pathway, larger phase 3 and beyond studies are still necessary. These trials will be crucial in defining the
long-term role of OX40/0OX40L inhibitors in the management of AD, helping to optimize treatment outcomes for these
patients.
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