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A novel class of biologic agents targeting OX40 (CD134) and its 
ligand, OX40L, a costimulatory receptor and its cognate ligand 
critical for T-cell activation and survival, is currently under 

development for the treatment of atopic dermatitis (AD).1,2 Although 
these agents are primarily positioned for AD based on the known 
pathophysiology, OX40/OX40L inhibitors may also represent a targeted 
and rational therapeutic approach for allergic contact dermatitis (ACD). 
Herein, we present evidence supporting the potential of OX40/OX40L 
inhibitors as future treatments for patients with refractory ACD.

Eczemas comprise a broad group of inflammatory skin disorders, 
among which the 3 major subtypes are AD, irritant contact dermatitis, 
and ACD.3–5 Canonical AD is primarily mediated by a helper T cell (Th) 
2-driven immune response, whereas most forms of ACD are mediated by 
Th1-predominant pathways (Figure 1). In recent years, several targeted 
biologic therapies have been developed for AD, including dupilumab, 
lebrikizumab, tralokinumab, and nemolizumab. Although these agents 
have revolutionized the management of AD, therapies that target the 
interleukin (IL)-4 receptor (dupilumab), IL-13 cytokine (lebrikizumab, 
tralokinumab), or IL-31 receptor (nemolizumab) do not adequately 
address the Th1-driven inflammation characteristic of ACD.6–8 Illustrating 
this point, a recent study demonstrated that among patients receiving 
dupilumab with persistent, uncontrolled AD, 93% were subsequently 
found to have contact allergies via patch testing.8 This suggests that Th2-
focused biologics, such as dupilumab, are unable to control Th1-mediated 
ACD.

Within dermatology, ACD represents the fifth most common reason for 
outpatient dermatology visits.9 The burden of ACD is heterogeneous and 

includes reactions to personal care products, such as cosmetics, shampoos, 
and hair dyes, as well as occupational exposures, including adhesives, 
gloves, and cleansing agents.10 The cornerstone of ACD management 
is allergen avoidance rather than pharmacologic therapy. However, 
avoidance is not always feasible, particularly in occupational cases where 
elimination of exposure, substitution of materials, or use of protective 
equipment may be impractical or ineffective. 

Treatment options for refractory ACD include systemic 
immunosuppressive agents, such as methotrexate, mycophenolate 
mofetil, and azathioprine, as well as phototherapy.11 More recently, 
oral and topical Janus kinase inhibitors have emerged as an alternative 
treatment option, although their use is limited by the potential for 
immunosuppressive adverse effects.10,12 

ACD develops through 2 distinct phases: sensitization and elicitation.4 
By inhibiting OX40 activation, it may be possible to pharmacologically 
attenuate or halt the helper, memory, and cytotoxic T cells that mediate 
these 2 immune responses. During the sensitization phase, a chemical 
allergen penetrates the skin and forms hapten-protein complexes 
with epidermal proteins. These complexes are taken up by antigen-
presenting cells (APCs) and transported to regional lymph nodes, where 
allergen-specific effector and memory T cells are generated. These T cells 
subsequently home to the skin. In the elicitation phase, re-exposure to 
the allergen leads to its presentation by cutaneous APCs to allergen-
specific T cells, resulting in T-cell activation.4,10 Mechanistically, the 
APC will present the allergen on extracellular major histocompatibility 
complex II proteins, which bind to T-cell receptors on T cells (Figure 2). 
Subsequent costimulation between the 2 cells will occur, including the 
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expression and binding of OX40L to OX40. 
Once this occurs, Th1 cytokines are released, 
leading to the activation of cytotoxic T cells. 
These effector T cells will mediate epidermal 
damage directly and through the release of 
pro-inflammatory cytokines, which recruit 
additional inflammatory cells and amplify the 
cutaneous immune response, resulting in a 
positive feedback of itch, nerve sensitization, 
and epidermal barrier disruption.13,14 

Given this pathophysiology, inhibition of 
the OX40-OX40L signaling axis represents a 
potential therapeutic strategy for ACD. OX40 
is a costimulatory receptor expressed on 
regulatory T cells, effector T cells, and activated 
cytotoxic T cells, whereas its ligand, OX40L, is 
expressed on APCs. A blockade of OX40 or OX40L 
disrupts APC-mediated T-cell costimulation, 
thereby impairing T-cell activation.14 Inhibiting 
this pathway may attenuate or prevent the 
elicitation phase of ACD by suppression of Th1 
cells, memory T cells, and cytotoxic T cells. 
Consequently, OX40 inhibitors developed for AD 
may have therapeutic use in ACD, particularly in 
cases where allergen avoidance is impractical. 

To illustrate this potential application, we 
present the case of a 32-year-old woman with a 
2-year history of progressive eczema involving 
the hands and arms, who presented for patch 
testing. She worked as a beautician and 
reported improvement in her symptoms during 
periods away from work. Patch testing revealed 
multiple clinically relevant allergies, including 
hair dyes (3+ paraphenylenediamine sulfate, 
2+ toluenediamine sulfate), hair dye processing 
chemicals (1+ 4-aminophenol), surfactants (1+ 
dimethylaminopropylamine), and fragrance 
components (1+ linalool). Management of 
ACD in this setting is particularly challenging. 
Complete avoidance of shampoos and hair dyes 
would require a change in occupation, and 
while protective equipment such as gloves may 
reduce exposure, their use is often impractical 
for tasks requiring fine motor dexterity such 
as hair cutting and styling. In the absence 
of a career change, management is limited 
to exposure minimization combined with 
systemic immunosuppressive therapy. It is in 
such scenarios that OX40/OX40L inhibitors may 
represent a novel therapeutic option. 

At present, none of the OX40/OX40L 
inhibitors undergoing clinical trials specifically 
evaluate ACD as an indication. However, once 
approved, there are several simple approaches 

FIGURE 1. The overlap and immunology of 3 of the major causes of eczematous dermatitis, with examples of their key 
cytokines and inflammatory proteins
IFN: interferon; IL: interleukin; PRR: protein recognition receptor; Th: helper T cell; TLR: toll-like receptor; TNF: tumor 
necrosis factor

FIGURE 2. An antigen-presenting cell (APC) will present an antigen via major histocompatibility complex (MHC) II to 
a T cell via its T-cell receptor (TCR). Subsequently, costimulatory signals are shared between the cells, including OX40L 
and OX40
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to evaluate and establish their efficacy in ACD. 
The most straightforward application would be 
in occupational ACD, where allergen avoidance is 
difficult or impossible. If a patient were started 
on an OX40 inhibitor and their hand eczema 
improved despite not avoiding their allergens, 
this would demonstrate its effectiveness. 
Another approach would involve repeat patch 
testing in patients with known contact allergies 
after initiation of an OX40/OX40L inhibitor. 
Allergic reactions in patch testing are typically 
reproducible; thus, loss or attenuation of a 
previously positive reaction after initiating an 
OX40 inhibitor would suggest suppression or 
modulation of the allergic immune response. 
Similar methodologies have been employed in 
studies evaluating the impact of dupilumab on 
patch testing.7,8

Although allergen avoidance remains the 
primary goal of patch testing and the optimal 
strategy for preventing ongoing allergic 
inflammation, in the future, OX40/OX40L 
inhibitors may occupy a narrow but clinically 
meaningful role in the management of ACD 
when avoidance is not feasible. 
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