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To the editor

Atopic dermatitis (AD) is the most common chronic inflam-
matory skin disease, with a lifetime prevalence of 15-20%
in developed countries, with 20% of patients suffering from
moderate-to-severe disease (1). According to the 2010 Global
Burden of Disease Study, AD carries some of the highest dis-
ease burden worldwide, comparable to other chronic condi-
tions like diabetes mellitus and cystic fibrosis (2). Described as
the ‘itching that erupts’, clinically it is characterized by highly
pruritic recurrent eczematous lesions with a negative impact
in health-related quality of life (1), with a reported increased
risk of developing depression and anxiety (1). AD is associated
with several atopic and non-atopic comorbid conditions (3).
The most common comorbidities are allergic rhinitis and asth-
ma (present in up to one-quarter to one-third of patients) (4-
6). Classically AD was regarded as a disease of early childhood
(where the prevalence can reach 25%) but recent data shows
prevalence in adults reaching 7 to 10% (7). This translates to a
significant proportion of patients with persistent or adult-on-
set disease.

Phenotypically, it is an extremely heterogeneous disease, thought
to be triggered by environmental factors in genetically suscepti-
ble individuals. It presumably encompasses a variety of subtypes
with distinct and overlapping pathophysiological mechanisms
with varying degrees of epidermal barrier disruption, activation
of different T-cell subsets and dysbiosis of the commensal skin
microbiota, which interact and contribute to cause the varying
clinical presentations (1).

The molecular basis for AD has been increasingly understood
as well as for pruritus. AD is characterized by skin epidermal
barrier disruption which leads to chronic inflammation with
epidermal hyperplasia and cellular infiltrates, including T-cells,
dendritic cells, eosinophils, and type-2 T-helper cell (Th2) (8).
Regarding inflammatory pathways, it is linked to increased
T-helper (Th) immune response, elevated levels of inflamma-
tory cytokines, including Th2-associated interleukin (IL)-4,
-13, -31, Th22-associated IL-22, and Th1-associated interfer-
on (IFN)-gamma, with downstream activation of the Janus
kinase (JAK) and signal transducer and activator of transcrip-
tion (STAT) pathway (9). The cellular infiltrate of AD lesions
mainly consists of CD4+ T cells, which are considered the key
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drivers of inflammation (2). Although IgE has been considered
a hallmark of atopic diseases, including AD, IgE itself is not a
key mediator of AD pathogenesis (8).

The current management of AD includes a combination of
emollients, antibiotics, anti-pruritic, and topical anti-inflamma-
tory therapies. In the cases when this approach is insufficient,
mainly the moderate-to-severe AD, the treatment remained
challenging and limited. Systemic corticosteroids can only be
used in short courses, and so, until recently, cyclosporine was
the only systemic option approved in many European countries,
unfortunately with limited efficacy and safety concerns with
long-term therapy. Off-label options included methotrexate,
azathioprine and mycophenolate-mofetil, with similar response
rates, and also limited by their safety profile (10,11).

Despite an obvious unmet need regarding systemic treatment
options, the cornerstone of AD treatment has remained relative-
ly unchanged for over 15 years. But this is not the case anymore,
as the field is currently evolving at a rapid pace. The growing
understanding of the mechanism for AD, particularly focused
on suppressing the skewed immune activation, is leading to an
expanding pipeline of new and targeted topical and systemic
therapies, similar to what happened in psoriasis (12).

Food and Drug Administration (FDA) and the European Med-
icines Agency (EMA) have recently approved two targeted ther-
apies for AD: crisaborole (a topical PDE4i) and dupilumab (an
injectable monoclonal antibody against the IL-4 receptor A)
(13,14).

Dupilumab, a human monoclonal antibody that blocks receptor
binding of IL-4 and IL-13 (reducing Th2 response), approved
for the treatment of adults with moderate-to-severe AD, was a
natural approach to a targeted therapy (15). Clinical trials have
demonstrated that it significantly improved clinical and pa-
tient-reported outcomes in the majority of patients. It also has
a favorable safety profile. Frequent adverse events reported were
mostly mild-to-moderate and included nasopharyngitis, upper
respiratory tract infection, injection site reactions, and conjunc-
tivitis (the only dupilumab-specific side effect). An added ben-
efit is the effect on asthma. Dupilumab has recently received
the approval from EMA as an add-on maintenance therapy for
severe asthma with type 2 inflammation (16,17).

Despite dupilumab, the need for alternative treatments remains.
Only 40% of patients on dupilumab with background topical
corticosteroids (TCS) achieved clear or almost clear skin (18).
Other biologic drugs currently being studied include pitrakinra
(that specifically blocks IL-4), tralokinumab and lebrikizumab
(that selectively target IL-13), and nemolizumab (an IL-31 re-
ceptor inhibitor, the first biologic specifically targeting IL-31,
also known as the ‘pruritus cytokine’).

Pitrakinra is a recombinant human IL-4 protein that binds to
IL-4Ra, therefore specifically blocking IL-4. The results from a
25-person phase II clinical trial from 2006 are still awaited (19).

Tralokinumab is an IgG4 humanized monoclonal antibody
that acts by competitively blocking IL-13 attachment to its
receptor subunits (IL-4Ro/IL-13Ral and IL-13Ra2 decoy
receptor). In the phase IIb clinical trial, that included 204 pa-
tients, there was a statistically significant number of patients
achieving EASI-75 and EASI-50, as well as an increased num-
ber of patients who achieved an IGA of 0 or 1. A phase III
clinical trial was initiated in May 2017 and is expected to be
completed in June 2020 (19).

Lebrikizumab alto targets IL-13. It acts by binding to IL-13
and preventing the epitope needed for IL-4R binding from
attaching. Unlike tralokinumab, it does not affect binding to
IL-13Ra2. A 12-week phase IIb trial showed that the group in
the 125 mg of lebrikizumab once monthly achieved an EASI-
50 that was statistically significant, despite all groups including
the placebo receiving intensive topical corticosteroid regimens
throughout the study.

IL-31, produced by Th2 cells and in lesser quantities by Th1
cells, appears to be involved in acute and chronic phases of AD
and it seems to mediate transmission of itch sensation to the
central nervous system. It also inhibits eosinophil apoptosis and
is involved in disruption of skin barrier via downregulation of
profilaggrin and filaggrin (19).

Nemolizumab is a monoclonal antibody that acts on the IL-31
receptor A. In a 12-week phase two clinical trial that enrolled
216 moderate-to-severe AD patients, monthly subcutaneous
injections of nemolizumab showed a decrease in EASI, itch, im-
provement in Dermatology Quality of Life Index (DLQI), and
improved sleep quality. Still, it is not clarified yet if nemolizum-
ab controls AD or only AD-associated pruritus (19). But mono-
clonal antibodies are far from being the only area of excitement
regarding new treatment options.

Another important area of focus in AD is the development of
new oral agents with minimal side effect profiles, including the
category of small molecules. Small molecules are non-biologic
drugs that modulate inflammatory cytokines and affect signal-
ing pathways in immune cells. Several oral small molecules with
differing mechanisms of action are being investigated for AD,
namely JAK inhibitors, phosphodiesterase inhibitors and hista-
mine receptor antagonists (20). In this category, JAK inhibitors
are a promising therapeutic class that so far is proving again
and again to be a safe bet and maybe even a JAKpot for the
treatment of AD.

JAK/STAT pathway is a master regulator of immune function,
involved in the downstream signaling of inflammatory cyto-
kines, including interleukins, interferons, and multiple growth
factors. The mammalian JAK kinase family is composed by four
different members (JAK1, JAK2, JAK3, and tyrosine kinase 2
- TYK2) (21). Many different proinflammatory cytokines (in-
cluding IL-4, IL-5, IL-13, and IL-31) elicit their pathophys-
iologic functions through JAK-STAT pathway, inducing Th2
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and eosinophil activation, B-cell maturation, up-regulation of
epidermal chemokines, and down-regulation of anti-microbi-
al peptides (22). This makes JAK inhibitors broad-acting small
molecules for oral or topical administration, with anti-inflam-
matory and anti-proliferative activity.

Their success in rheumatoid arthritis and other inflammatory
diseases made them an important focus of therapeutic research
for AD. They inhibit the kinase component of JAKs, prevent-
ing them from phosphorylating and stopping the transduction
of intracellular signaling. Unlike psoriasis or alopecia areata, in
which only one JAK pathway is upregulated, atopic dermati-
tis is associated with increased signaling through all four JAKs
(JAK1, JAK2, JAK3, and TYK2) (23). Due to their good oral
bioavailability and lack of immunogenicity, oral JAK inhibitors
address some of the limitations of biologics for the treatment
of moderate-to-severe AD. Topical formulations are therapeutic
options for mild-to-moderate AD (20,21).

The first published randomized clinical trial demonstrating a
clinical benefit of a topical JAK inhibitor in atopic dermatitis
appeared in September 2016 (24). Within 2 years, 7 different
agents entered randomized trials targeting the pathway: oral
upadacitinib, oral abrocitinib (PF-04965842), oral baricitinib,
oral ASN002, oral tofacitinib, topical tofacitinib, topical ruxoli-
tinib and topical delgocitinib.

Results thus far are encouraging, with the majority of the pa-
tients achieving the primary outcome of their trial as well as
reporting improvement in pruritus and quality of life. Of note,
both selective JAK1 inhibitors upadacitinib and abrocitinib (PF-
04965842) received breakthrough therapy designation from the
FDA for treatment of patients with moderate-to-severe atopic
dermatitis. Based in preliminary phase II data, upadacitinib (a
selective JAK1 inhibitor) seems to achieve even better outcomes
than dupilumab (21). Also relevant is an improvement in pruri-
tus as soon as week 1 and skin improvement as soon as week 2,
positioning it as an excellent option for induction of remission
(21). If the short time to response is a class feature is yet to be
determined. Baricitinib (a non-selective JAK inhibitor) also re-
ported improvement in pruritus as soon as week 1 (25).

The most extensive safety data for JAK inhibitors has come
from tofacitinib, ruxolitinib and baricitinib for their use in
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