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Abstract

Atopic dermatitis (AD) is one of the most common chronic inflammatory skin diseases, it is presented with heterogeneous
clinical phenotypes that can alter by severity, age, and ethnic background. The chronic nature of AD necessitates safer,
and newer treatment that is effective in improving quality of life [1]. A new era of therapeutics is in innovation phase
including Biologic treatment and it is essential to provide a comprehensive understanding of this modality of treatment.
Hence, this review presents an overview of up to date biologics that are approved or are in development for the treatment

of AD.
Keywords: Atopic Dermatitis, Biologic Therapy, EASI

Introduction

Treatment of mild dermatitis mostly starts with topical therapies
primarily various strength of topical corticosteroids (TCSs), topi-
cal calcineurin inhibitors which are tacrolimus and pimecrolimus
and the phosphodiesterase 4 (PDE4) inhibitor crisaborole. Man-
agement of severe forms of AD is mainly maintained by ultravi-
olet light and available conventional immunosuppressants which
are ciclosporin, methotrexate, azathioprine, and mycophenolate
mofetil. An expanded therapeutic pathway has developed with
novel therapies as biologics, janus kinase inhibitors and other po-
tential therapeutic agents that mainly target the T helper (Th) 22
and Th17/IL23 pathways among others. Which have provided an
advanced milestone of the management of atopic dermatitis [2].

The UK’s Medicines and Healthcare products Regulatory Agen-
cy (MHRA) and the European Commission (EC) has recently ap-
proved 2 biologics for the treatment of moderate-to-severe atopic
dermatitis in adult patients who are eligible for systemic therapy

[3].

Dupilumab

Dupilumab (Dupixent®) was the first approved biologic treatment
for the management of AD. On March 28, 2017, the FDA ap-
proved dupilumab. In the UK, this biologics was approved on the
Ist August 2018 as an option for the treatment of moderate-to-se-
vere AD in adults only if there is a lack of response to at least |
other systemic therapy, such as, ciclosporin, azathioprine, metho-
trexate, or mycophenolate mofetil, or if these immunosuppressants
are contraindicated or cannot be tolerated [4, 5].

Dupilumab is a monoclonal IgG antibody that has high affinity to
the a-subunit of the interleukin (IL)-4 receptor, thus it inhibit the
signaling pathways of type 2 inflammatory cytokines; IL-4 and
IL-13 [6]. (figure -1, 2) [7].
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Figure 1: Dupixent® inhibits the signaling of IL-4 via the Type 1 and 2 receptors for IL-4 (adapted from https://www.dupixent.co.uk)
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Figure 2 : Dupixent® inhibits IL-13 signaling via the Type 2 receptor for IL-13
(Adapted from https://www.dupixent.co.uk)
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The efficacy and tolerability of dupilumab have been demonstrated
in numerous randomized controlled trials.

In two phase 3 monotherapy trials (SOLO1 and SOLO2), 671 pa-
tients with moderate-to severe AD treated with 300 mg of subcuta-
neous dupilumab 300 mg or placebo for 16 week in two different
regimens; every week (qw) or every other week (q2w), after which
36% of dupilumab treated subjects in the both groups had achieved
complete or almost complete symptom clearance compared to 9%
in the placebo group. In SOLO 1, the primary outcome occurred
in (38%) receiving dupilumab every other week and in (37%) re-
ceiving weekly dupilumab, as compared with (10%) improvement
in the group receiving placebo. The results were similar in SOLO
2, with the primary outcome occurring in (36%) in both dupilum-
ab regimen which is significantly better as compared with (8%)
receiving placebo [8].

In (LIBERTY AD CHRONOS) a randomised, double-blinded,
placebo-controlled, phase 3 study, adults with moderate-to-severe
atopic dermatitis were administrated subcutaneous dupilumab 300
mg once weekly (qw), 300 mg every 2 weeks (q2w), or placebo,
in which all subjects were also allowable to apply topical gluco-
corticosteroids (TCS) and/or topical calcineurin inhibitors (TCI).
After 16 weeks, 39% of the dupilumab treated subjects achieved
the coprimary endpoints of IGA 0/1 vs. 12% in the placebo group.
EASI- 75 was achieved by 64% (dupilumab qw + TCS/TCI) and
69% (dupilumab q2w + TCS/TCI) vs. 23% (placebo + TCS/TCI).
On 52-week time, improvement was maintained. The most com-
mon side effects of dupilumab treated group were Injection-site
reactions and conjunctivitis [9].

Further analysis of the clinical laboratory findings from the above
three trials (LIBERTY AD SOLO 1 & 2 and LIBERTY AD CHRO-
NOS), were published to depict the safety of dupilumab. It was
concluded that treatment groups had similar results in baseline lab-
oratory parameters and treatment with dupilumab do not require
routine laboratory monitoring in clinical practice as there were no
clinically meaningful changes observed between treatment groups
in any laboratory parameters tested [10].

Recent metanalysis, in which twenty-two randomized studies in-
volving 3303 patients with atopic dermatitis treated by subcutane-
ous dupilumab for 16 weeks, in which data analysis revealed that
the mean reduction in EASI score was 69.6%. The pooled percent-
ages of patients achieving 50%, 75%, and 90% EASI score im-
provement was 85.1%, 59.8%, and 26.8%, respectively. The most
common side effect reported was Conjunctivitis in a proportion of
26.1% [11].

Dupilumab also studied in younger children (= 6 months to < 6
years), the safety and efficacy of dupilumab after a single dose
was proved. The pediatric patients received either 3 mg/kg or 6
mg/kg BW. The EASI reduction was 44.6% in the 3 mg/kg group
and 49.7% in the 6 mg/kg group after 3 weeks. An EASI-75 was
achieved by 30% and 20%, respectively. Slightly better respons-

es were noticed in older than in younger age group. At week 4,
all groups showed a diminished response mostly in the low dose
group [12].

Tralokinumab

Tralokinumab (Adtralza®) is a fully human IgG4 monoclonal an-
tibody that specifically neutralise IL-13; which is the main cyto-
kine in lesional atopic dermatitis skin. Levels of IL-13 have been
correlated with disease severity [13, 14, 15], [1, 3, 4]. skin-barrier
function is also impaired by the the over-expression of IL-13 cyto-
kine due to the down regulation filaggrin and loricrin among other
several proteins essential for skin-barrier function [9]. IL-13 can
also promote and amplifies the Type 2 inflammation by recruiting
eosinophils and activated T-cells. Moreover IL-13 raises the risk of
infection and predisposes the skin to Staphylococcus aureus col-
onization and by decrease the keratinocyte antimicrobial peptide
production [16].

Recently, IL-13 cytokine has been found to be the dominant cyto-
kine in lesional atopic dermatitis skin and in addition, levels of IL-
13 (mRNA and protein) have been shown to correlate with disease
severity [17] [4—6]. IL-13 also promotes the recruitment of eosin-
ophils and activated T-cells, which amplifies the Type 2 inflamma-
tion [11]. Furthermore, by reducing the keratinocyte antimicrobial
peptide production, IL-13 predisposes the skin to Staphylococcus
aureus colonization and raises the risk of infection [11].

(anti-IL-13 antibody) Tralokinumab (Adtralza®), an interleu-
kin-13 antibody, was approved by The UK’s Medicines and
Healthcare products Regulatory Agency (MHRA) and the Euro-
pean Commission (EC) for the treatment of moderate-to-severe
atopic dermatitis in adult patients who are eligible for systemic
therapy. Tralokinumab specifically neutralizes the biological activ-
ity of IL-13, which is an important cytokine driver of type II skin
inflammation, by inhibiting its binding to IL-13Ral and IL-13Ra2
[18].

Tralokinumab will be available in a 150mg/mL prefilled syringe
for subcutaneous injection with an initial dose of 600mg followed
by 300mg every other week and it can be used with or without
topical corticosteroids.

In a phase 3, controlled trial, subcutaneous tralokinumab 300 mg,
every 2 weeks and TCS as needed were administrated over 16
weeks., The EASI-75 improvement were: 56°0% vs. 35¢7% and
IGA 0/1: 38+9% vs. 2622% for tralokinumab versus placebo re-
spectively. At week 32, in the tralokinumab group, 30.5% of pa-
tients achieved IGA 0/1, and 55+8% achieved EASI-75 [19].

In two 52-week, randomized, double-blind, placebo-controlled,
phase 3 trials, ECZTRA 1 and ECZTRA 2, adults with moder-
ate-to-severe AD were randomized (3: 1) to subcutaneous traloki-
numab 300 mg every 2 weeks (Q2W) or placebo. At week 16, in
both trials, patients treated with tralokinumab achieved significant
improvement in IGA score of 0/1(15.8% vs. 7.1% in ECZTRA 1)
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and (22.2% vs. 10.9% in ECZTRA 2), in regard to EASI 75 it was
also more significantly than placebo group (25.0% vs. 12.7% in
ECZTRA 1 and 33.2% vs. 11.4% in ECZTRA 2. The majority of
week 16 tralokinumab responders did maintain response at week
52 with continued tralokinumab treatment without any other ther-

apy [20].

Conjunctivitis and upper respiratory tract infection were more
often reported with tralokinumab than placebo, however Traloki-
numab has an acceptable safety profile, and showed side effects in
a comparable pattern to placebo in both studies.

In Phase 2 b study, in which patients received 3 doses of Tracloki-
numab with concomitant topical glucocorticoids, the EASI was
evaluated at the end of 12 weeks. 300 mg of tralokinumab sig-
nificantly improved change from baseline, moreover, SCORAD,
DLQI, and pruritus numeric rating scales, were also improved as
compared to placebo. Upper respiratory tract infection was the
most frequent treatment-emergent adverse in both groups [21].

In a A phase 2b randomized, placebo controlled study, tralokinum-
ab was administrated each 2 weeks, and by the end of 12 weeks
and one daily class III topical corticosteroid cream or ointment
from the run-in to end of follow-up, total Dermatology Life Qual-
ity Index was significantly improved in the subcutaneous traloki-
numab treated subjects as compared to placebo [22].

In a phase 2, double-blind, randomized, placebo-controlled trial
that took place over 30 weeks the safety of tralokinumab 300 mg
given over 16 weeks was evaluated in relation its effect on immune
responses towards Tdap (tetanus/diphtheria/pertussis) and menin-
gococcal vaccines at week 12. tralokinumab was well tolerated
when administered concomitantly with the vaccines and demon-
strated a safety profile comparable to phase 3 trials [23].

In a phase 1, single-blind, randomized, placebo-controlled, single
ascending-dose study assessed the safety, tolerability, pharmaco-
kinetics (PK), and immunogenicity of subcutaneous tralokinum-
ab (150, 300, or 600 mg) in thirty healthy Japanese adults. Injec-
tion-site pain was the most common side effect and the severity
was shown in dose dependent pattern. A post-hoc pooled popu-
lation PK modeling analysis, incorporating pharmacokinetic data
from this study, demonstrated that Japanese individuals had great-
er systemic exposure to tralokinumab than non-Japanese individu-
als. This difference was not clinically relevant [24].

Lebrikizumab

Fully humanized anti- IL-13 antibody that does not block the bind-
ing of the cytokine to the receptor but instead impairs the heterod-
imerization of IL-4Ra and IL-13Ral, thereby inhibiting signal
transduction [25, 26]. Figure (3)

A total of 280 patients; were randomized receive lebrikizumab
with three different dosages of (125 mg every 4 weeks (n=73),
250 mg every 4 weeks (n==80), or 250 mg every 2 weeks (n=75)
and response were compared to placebo (n=52)

The best clinical response for the primary end point (percentage
change in EASI) was achieved with 250 mg of lebrikizumab group.
The results showed dose-dependent, statistically significant im-
provement in the primary end point vs placebo at week 16: 125 mg
every 4 weeks (—62.3% [37.3%], P=.02), 250 mg every 4 weeks
(—69.2% [38.3%], P=.002), and 250 mg every 2 weeks (—72.1%
[37.2%], P<.001). This response was reflected by a prompt im-
provement in the pruritus NRS.

The side effect was reported in both placebo patients and in lebrik-
izumab treated subjects and most were mild to moderate and did
not lead to discontinuation. The rate of conjunctivitis was low, and
the medication was well tolerated [27].

Etokimab

IL-33 is one of the a key cytokine in type 2 inflammation, it has
a key role in activation of Th2 and ILC2 by inducing IL-4, IL-5
and IL-13 and modulating mast cell degranulation. IL-33 is highly
expressed in skin of atopic dermatitis patients with active disease
[28].

Etokimab (ANBO020) is a humanized anti-human IL-33 monoclo-
nal antibody. A phase 2a clinical trial in what is called Proof of
concept study has resulted in significant improvement in EASI
when treated with Etokimab as compared to placebo. Moreover,
itch scores (SCORAD), Dermatology Life Quality Index (DLQI
scores), and Investigator Global Assessment (IGA) score 0/1
achievement are all proven satisfactory. Side effects were mild and
headache in 25% of the etokimab arm versus dizziness in 17% of
the placebo group. The medication was well tolerated. In ATLAS
trial, which is another phase 2b randomized, double-blinded, place-
bo controlled, multidose study, 300 patients with moderate-to-se-
vere atopic dermatitis were treated with etokimab (ANB020) for
16 weeks (ClinicalTrials.gov Identifier: NCT03533751). Each of
the etokimab dosing regimen failed to meet the primary endpoint
at week 16 [29].
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Figure 3: Mechanism of action of Dupilumab, Tralkinumab and Lebrikizumab [30].

Nemolizumab

Nemolizumab has affinity to the a-subunit of the IL-31 recep-
tor, hence inhibiting the action of IL-31, which involve pruritis,
pro-inflammatory, and barrier-regulatory function [31].

In a 12-week phase 2 study, 264 patients were evaluated after ad-
ministration of subcutaneous Nemolizumab (0.1, 0.5, or 2.0 mg/
kg BW g4w or 2.0 mg/kg BW q8w)) versus placebo. The visual
analogue scale (VAS) for pruritus was the primary end point and
measured at week 12, and was significant for treatment groups.
The most common adverse reactions were exacerbation of AD,
nasopharyngitis, and upper respiratory tract infections, however
not statistically significant difference with the placebo group [32].
A long-term-extension 64-week study was completed by 153
patients (part B), in which itch reduction from baseline to week
64 was highest in the group receiving 0.5 mg nemolizumab per
kg BW (—89.6%); a —73.0% reduction was seen with 0.1 mg/kg
nemolizumab, —74.7% with 2.0 mg/kg q4w, and —79.1% with 2.0
mg/kg q8w. The EASI reduction was —68.5%, —75.8%, —78.9%,
and —69.3% in the 0.1 mg/kg, 0.5mg/kg, 2 mg/kg q4w, and 2 mg/
kg q8w groups, respectively. No new adverse events were noted
[33].

In another phase 2 study, patients were randomised to three differ-
ent doses of Nemolizumab (10, 30 or 90 mg) and were compared
to placebo for treatment period of 24 weeks during which, the use
of topical steroids was allowed. The study confirmed that 30-mg
dosage was most effective. The EASI reduction was more signif-
icant in the treatment group than the placebo. Moreover, 36.8%
of patients treated with 30 mg Nemolizumab achieved an IGA
0/1 compared to 21.1% of patients in the placebo arm at week 24.
Visual scale analysis (VAS) was also used as a measure of peak
pruritus and has shown to be reduced significantly in the 30-mg
nemolizumab group at week 24 compared to the placebo group.
The most common side effect were nasopharyngitis and upper re-
spiratory tract infections [34].

For the above study, further post-hoc analysis was done by re-
searchers on the subpopulation of patients with EASI > 16 who
involved 83.9% of all study patients, to compare 30 mg Nemoli-
zumab to placebo. Mean EASI score at week 16 was improved
by 68.6% reduction in the Nemolizumab group as compared
with 42.6% in the placebo group (P = 0.002). Moreover, (EASI
75) and (EASI 90) were achieved more likely and significantly
with Nemolizumab treated group than placebo. Other primary end
points were anylised, these are IGA success rates (score of 0/1)
that proven significantly greater in 30 mg Nemolizumab than the
placebo, among other primary end points like reduction in AD-in-
volved BSA, reduction in itch, and sleep improvement [35].

In phase 3, a randomised phase 3, placebo-controlled trial; sub-
cutaneous nemolizumab was evaluated in a dose of 60 mg each
4 weeks until week 16; during which the application of topical
therapy was permitted. The mean reduction in EASI in the nemoli-
zumab group was —45.9% vs. —33.2% in the placebo group. The
mean pruritis score at baseline was 75 (scale of 0 — 100, with high-
er scores indicating more pruritus). At week 16, there was a sig-
nificant reduction in the score for Nemolizumab as compared to
placebo group (—42.8% versus —21.4%) [36].

Other monoclonal antibodies are undergoing research in AD:
0X40-OX40L axis blockers have different results, this is achieved
by using 2 antibodies:

1) GBR 830; a humanized monoclonal antibody against OX40
which is a costimulatory receptor expressed by activated T cells.
This approach resulted in improved clinical outcomes in a phase
2a study, and determined significant progressive reductions in
Thl, Th2, Th17/Th22 mRNA expression in lesional AD skin [37].
2) KHK4083, a fully human anti-OX40 monoclonal antibody, A
phase 2 study results has been released and statistically signifi-
cant improvements of EASI was maintained as compared to the
baseline at 16 weeks, the treatment was also effective and safe in a
phase 1 study in patients with moderate-to-severe AD [38].
Anti-IL-22 monoclonal antibody: Phase 2a study of fezakinumab,
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showed potential effective results compared to placebo, especially
in patients with severe AD and particularly in those with high lev-
els of IL-22 [39].

Tezepelumab, anti-TSLP monoclonal antibody, in combination
with topical steroids did not show efficacy in adults with moderate
to severe AD in a phase 2 study [40].

Conclusion

There are two approved biologics for treatment of atopic derma-
titis; dupilumab and tralokinumab, while many other biologics
targeting cytokines of type 2 inflammation are in an advanced
phase of clinical research. With the unmet needs from the patient’s
perspective, the application of these medication could influence
on the atopic march and other comorbidities. Although biologics
are well tolerated, their benefit-risk ratio represents a significant
question for pharmacovigilance and further research is mandated
to elucidate their safety and effectiveness.
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