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T-Cell Inhibitors for Atopic Dermatitis

e TSLP monoclonal antibody - AMG157/MEDI9929
e 0OX40 blocking antibody — GBR 830
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Abstract: The management of atopic dermatitis is changing with the development of novel biological
agents to target specific molecules in the inflammatory cascade. Dupilumab has proven its ability to act
on the IL-4 receptor in treating atopic dermatitis. Thymic stromal lymphopoietin (TSLP) monoclonal
antibody (AMG157/ MEDI9929) and OX40 blocking antibody (GBR 830) were developed by target the
same pathway as dupilumab. The clinical data on the efficacy for these drugs is not yet known. There is
some early evidence that AMG157/ MEDI9929 attenuates most measures of allergen-induced asthmatic
responses. However, there is no public data on its ability to treat atopic dermatitis. In a Phase 2a study,
GBR 830 showed at least a 50% reduction in patient’s Eczema Area and Severity Index (EASI) scores in 17
out of 23 patients, but it was not powered enough for statistical differences between GBR 830 versus
placebo. Although there is potential for these two drugs to greatly improve the management of severe
atopic dermatitis, there is not yet any available phase 3 clinical trials which are needed to truly evaluate

their efficacy in affecting T-cells.

Capsule Summary:

- Multiple biological drugs are under development for severe atopic dermatitis

- Thymic stromal lymphopoietin (TSLP) monoclonal antibody (AMG157/ MEDI9929) and OX40
blocking antibody (GBR 830) target the same pathway as dupilumab

- The clinical efficacy and safety of these drugs are currently being studied



Introduction

Atopic dermatitis (AD) is a chronic condition with a significant burden in the United States and other
countries. It has been reported that there is a two- to threefold increase over the past several decades
in the prevalence of AD.! With that increase in prevalence, there has been increasing interest in new
drug therapies beyond topical treatments. The new paradigm shift in atopic dermatitis is in aiming to
treat pathways with the development of biological agents. The management of psoriasis has greatly
improved with biological agents that target various pathways both up and down stream of various cells
and cytokines described to be a part of the inflammatory process. The IL-4 receptor blocker dupilumab
pioneered the AD biological pathway era. Thymic stromal lymphopoietin (TSLP) monoclonal antibody
(AMG157/ MEDI9929) and OX40 blocking antibody (GBR 830) target the same pathway further
upstream. These drugs are currently in phase 2 of development but show potential as novel agents to
enhance treatment options for recalcitrant AD.

Mechanism of action

The current model of AD pathogenesis starts with a skin barrier deficiency that results in downstream
immune dysregulation and triggers a chronic inflammatory cascade. This series of cytokines has allowed
for a new generation of targets for drug development. TSLP has been identified as a “master switch” for
allergic inflammation at the epithelial cell-dendritic cell interface in murine models.’

One trigger of the inflammatory cascade in AD begins with epidermal injury. Mutations in the epithelial
barrier proteins filaggrin, serine peptidase inhibitor Kazal-type 5 (SPINK5) and corneodesmosin are
associated with AD or atopic dermatitis — like syndromes.? Once epithelial damage occurs, IL-33, IL-25
and TSLP are produced. IL-1 Beta may be an early key mediator towards the acquisition of an AD
phenotype through the induction of TSLP.? It has also been found that ANp73 regulates the expression
of TSLP in keratinocytes by means of phosphorylation of NF-kB with Toll-like receptor 3 increasing
ANp73 production.”

TSLP then exerts its biological activity on mast cells, natural killer cells, and dendritic cells. In the latter
cell type, it upregulates OX40L, CD 80, and CD86.° This in turn drives the production of IL-4, IL-5, and IL-
13 from naive CD4 T cells forming a Th2 cell polarization.”® TSLP can also act directly on CD4+ T cells,
CD8+ T cells, Treg cells, to induce proliferation of Th2 cells.>*° IL-33 works as a positive regulator of TSLP-
OX40 axis that initiates and maintains the Th2 cell-mediated inflammatory response.™

Additionally, TSLP can directly stimulate T cell migration exclusively in filaggrin-deficient skin equivalents
even in the absence of dendritic cells, indicating a potential role of TSLP in the pathogenesis of AD.*

A TSLP gene expression variant has been found to have a protective effect in patients and may be tied to
reductions in TSLP protein activity. 1314
homozygous mutation in rs1898671 status may have milder overall disease and require less medications
to manage their AD." In healthy skin, TSLP expression in normally undetectable but it has been found to
be highly expressed in the lesional skin of individuals with atopic dermatitis.™®

Furthermore, a clinical study found evidence that patients with a



OX40 is a member of the TNF receptor superfamily.’” TSLP-activated dendritic cells express OX40L and
are activated in the lymph nodes by OX40 which triggers a Th2 inflammatory cytokine production. OX 40
positive cells are greater in lesional than in non-lesional AD skin by an order of magnitude. There is
however, no correlation between clinical severity of AD and OX40. It can be concluded that OX40 and
OX40L may be involved in a complex interaction in the pathogenesis of AD.*®

Safety and Efficacy

AMG 157 /MEDI9929 is a human anti-TSLP monoclonal immunoglobulin G2 gamma that blocks the
binding of TSLP to its receptor and under joint development by Amgen and Medimmune LLC. It is also
known as Tezepelumab and currently in phase 2 of development. Although not much evidence on
treatment of AD is publically available, the data that has been published in asthma research shows
potential. In a double-blinded placebo-controlled study, Tezepelumab attenuated most measures of
allergen-induced early and later asthmatic responses. In addition, patients receiving Tezepelumab had
significant decreases in levels of blood and sputum eosinophils.” (NCT01405963) A current study is
looking to see if Tezepelumab can promote lasting tolerance to cat allergen.?® (NCT02237196) The
estimated completion date of this study is February 2019. There is currently one ongoing phase Il study
on Tezepelumab in adults with moderate to severe AD (NCT02525094), but the results are not yet
public. Besides atopic diseases, TSLP is considered to play a role in chronic obstructive pulmonary
disease and eosinophilic esophagitis so the use of Tezepelumab in this conditions may have potential
benefit.

GBR 830 is a monoclonal OX40 (CD134) blocking antibody under development by Glenmark
Pharmaceuticals. In August 2017, Glenmark gave a press release that the Phase 2a study showed at
least a 50% reduction in patient’s Eczema Area and Severity Index (EASI) scores in 17 out of 23 patients.
This study was not powered enough for statistical differences between GBR 830 versus placebo. The
overall safety profile of GBR 830 was similar to that of the placebo. The most common adverse event
was headache, but there was no meaningful difference between GBR 830 and the placebo. These
findings have not yet been published in a peer review journal or presented at a scientific meeting.”*
Phase 2b trial is planned to begin in the first half of 2018.

Of note, previous investigations in a phase 2 randomized controlled trial in mild asthma with an OX40L
(CD252) inhibitor did not find an effect on allergen-induced airway responses.?” There are no published
randomized controlled studies on OX40L and atopic dermatitis.

The safety of these T cell inhibitor biologics is under investigation. Like other biologics approved for
psoriasis and AD, there is a theoretical risk of immunosuppression, infections, injection site reactions,
and potentially lymphoproliferative disorders. Adverse effects from trial NCT01405936 included
nasopharyngitis, headache, oropharyngeal pain, abdominal pain, and asthma. There were no serious
adverse events and adverse effects were similar to the placebo agent."

T cell inhibition was previously used in biologics treating psoriasis in two other agents. Efalizumab was
removed from the market because of cases of progressive multifocal leukoencephalopathy (PML). The
CD2/LFA3 inhibitor Alefacept was also used, but it caused a drop in CD4 T-cell counts. It was removed



from the market in 2011. There is no evidence at this time that the T cell inhibitors AMG 157/MEDI9929
or GBR 830 have similar adverse effects.

The cost of biologicals can be significantly more than conventional topical treatments such as
corticosteroids. However, the total cost of a disease must be taken into account in an economic analysis.
If the evidence shows that biologics can stop the atopic march to chronic conditions of asthma and
rhinitis, the total cost of life long treatment may be less with prevention of disease.

Figure 1: Mechanism of action for TSLP and OX40 in inducing a Th2 cytokine inflammatory response
related to the development of atopic dermatitis.

Table 1: Summary of T-cell inhibition drugs AMG157-MEDI9929 and GBR 830. TSLP, Thymic stromal
lymphopoietin.

Name of Phase of
Drug Target | Antibody Development
AMG 157/
MEDI9929 TSLP Tezepelumab Phase 2
GBR 830 0OX40 Not yet named Phase 2
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