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Abstract

Purpose of Review Biologics and small molecule inhibitors (SMIs) are a rapidly growing class of highly efficacious thera-
pies in the treatment of chronic immunologic and allergic conditions. With precision targeting of inflammatory signaling
molecules, these new agents selectively modulate the immune system to treat a variety of conditions. Dermatologic diseases,
including atopic dermatitis and psoriasis, are of particular interest due to the growing number of new biologics and SMIs in
recent years. This review serves to summarize and evaluate the recent literature regarding biologics and SMIs.

Recent Findings Currently approved biologics for AD achieve clear or almost clear skin in less than 40% of patients treated.
Several biologics that are still under investigation for AD have shown better efficacy in phase III trials with similar safety
profiles. Recently approved SMIs for AD also demonstrate a high degree of efficacy, but safety profiles may limit their use.
Psoriasis has several highly efficacious biologics on the market; however, only one SMI is currently available. Additional

SMIs for psoriasis have completed phase III trials and demonstrated high efficacy.
Summary This article evaluates recent literature on biologics and small molecule inhibitors for AD and psoriasis.
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Introduction

Advances in our understanding of inflammatory cascades
have led to a class of highly efficacious drugs known as
molecular-targeted therapies. These agents are classified into
two representative groups: biologics, which act as antibodies
to target cytokines and receptors, and small molecule inhibi-
tors (SMIs), which target intracellular signaling molecules
[1]. While biologics are larger in size, produced from living
organisms, and typically administered parenterally, SMIs are
smaller compounds, manufactured through chemical synthe-
sis, and typically administered orally [1]. Both biologics and
SMIs modulate the immune system and have revolutionized
treatment of a range of allergic, immunologic, and oncologic
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disorders. In dermatology, psoriasis and atopic dermatitis
(AD) have been a large focus of these drugs. First-generation
biologics, which were initially developed and approved over
two decades ago, transformed the treatment of psoriasis and
established a new standard of care. Not far behind, apre-
milast became the first SMI approved for psoriasis and in
2017, dupilumab became the first biologic approved for AD.
Since this time, a surge in research has led to dozens more
molecular-targeted therapies which continue to expand the
therapeutic options for both psoriasis and AD. This article
serves as a review of the recent literature regarding biologics
and SMIs, highlighting the newest approved therapies and
selected agents under development.

A PubMed search was conducted in July 2022 using the
terms “atopic dermatitis,” “eczema,” “psoriasis,” “allergic
skin disease,” “molecular-targeted therapy,” “small molecule
inhibitors,” “biologics,” “phase 2,” and “phase 3.” Clinical-
trials.gov was also searched for completed, ongoing, and
upcoming clinical trials.
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Atopic Dermatitis

Atopic dermatitis (AD) is a common inflammatory skin con-
dition resulting from a complex interplay of immune dysreg-
ulation and skin barrier dysfunction [2]. It occurs in 20-30%
of children and perhaps as many as 7-10% of adults and can
cause significant distress to those affected [1]. While epider-
mal barrier dysfunction remains a central component of AD,
a variety of cytokines and other cell signaling molecules have
been identified as contributors to the dysregulated inflam-
matory response [3]. Specifically, inflamed AD skin demon-
strates an overactivation of T helper (Th) type 2, Th22, and
Th17 cells with increased expression of chemokines such as
thymus activation-regulated chemokine and cytokines includ-
ing thymic stromal lymphopoietin (TSLP) and interleukin
(IL)-4,IL-5, IL-13, and IL-31 [3, 4]. Many of these signaling
molecules activate Janus kinase (JAK) leading to the down-
stream mobilization of signal transducers and activators of
transcription (STAT), facilitating the inflammatory response
(Fig. 1) [5]. Given the complex array of inflammatory media-
tors involved in AD, it is no surprise that much research has
been conducted toward the development of biologics and
SMIs as therapeutics for this condition. Table 1 serves as an
overview of these molecular-targeted therapies.

Biologics for Atopic Dermatitis
Currently Approved

Dupilumab is a monoclonal antibody (mAB) that targets the
IL-4 receptor alpha, inhibiting the binding of IL-4 and IL-13
and preventing activation of the JAK1/STAT6 inflammatory

Fig. 1 Overview of the inflam-
matory cascade with regard to
extracellular and intracellular
signaling molecules. Polariza-
tion toward Th1 activation is
associated with psoriasis; Th2
activation is associated with
AD [5]
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cascade. Until recently, dupilumab was the only systemic bio-
logic approved by the Food and Drug Administration (FDA)
for treatment of AD, and it is currently the only agent approved
in children. It is indicated for moderate-to-severe uncontrolled
AD in ages 6 months and older. In the phase III trials SOLO
I and II, a significantly greater proportion of patients receiv-
ing 300 mg dupilumab injections every other week achieved
clear or almost clear skin (Investigator Global Assessment
(IGA) score of 0 or 1) compared to placebo (36-38% vs.
8-10%) [6]. Additionally, a 75% reduction from baseline in
the eczema area and severity index (EASI-75) at 16 weeks
was observed in 44-52% of patients assigned to dupilumab
and 12-15% assigned to placebo (p <0.001). Moreover,
dupilumab has demonstrated favorable long-term safety and
efficacy in children. Results from an open-label phase Ila study
and subsequent phase III extension study showed significant
reduction in EASI through 52 weeks of treatment in children
ages 6—12 years of age [7]. Most recently, the FDA approved
dupilumab for children ages >6 months based on results from
an open-label phase II trial published in 2021 [8e].

Dupilumab has been shown to be generally safe and well
tolerated with relatively mild adverse events [9]. The most
common adverse effects which occasionally lead to dis-
continuation of therapy include ocular surface disease and
paradoxical head and neck dermatitis [10]. A retrospective
chart review of 48 patients found that 14 (29%) endorsed
conjunctivitis while on dupilumab leading to discontinuation
in 4 of these patients [11]. In a separate retrospective review,
Zhu et al. found that 17 of 73 (23%) patients on dupilumab
therapy developed new regional dermatoses, including head
and neck dermatitis [12]. Of note, dupilumab recently gained
approval for the treatment of moderate-to-severe asthma,
chronic rhinosinusitis with nasal polyposis, and eosinophilic
esophagitis [13, 14].
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Table 1 Summary of biologics

s Drug Target Route of administration  Status for AD
and small molecule inhibitors
for AD Dupilumab IL-4Ra (inhibits Injection Approved (ages > 6 months)
binding of IL-4 and
IL-13)
Tralokinumab IL-13 Injection Approved (ages > 18)
Lebrikizumab IL-13 Injection Phase I1I trials completed
Nemolizumab IL-31Ra Injection Phase III trials completed
Omalizumab IgE Injection Phase II trials completed
No active trials
GBR 830 0X40 Injection Phase II trials completed
Apremilast PDE-4 Oral Phase II trials completed
Crisaborole PDE-4 Topical Approved (ages >3 months)
Upadacitinib JAKI1 Oral Approved (ages > 12 years)
Abrocitinib JAK1 Oral Approved (ages > 18)
Baricitinib JAK1 and JAK2 Oral Phase III trials completed
Ruxolitinib JAK1 and JAK2 Topical Approved (ages > 12 years)
Tofacitinib JAKI and JAK3 Topical Phase II trials complete
No active trials
Delgocitinib JAK1, JAK2, and Topical Phase III trials completed and
JAK3 active
Serlopitant NK-1 Oral Phase II trial terminated
Tradipitant NK-1 Oral Phase III trials completed

Tralokinumab

Tralokinumab is an anti-IL-13 mAB approved by the FDA
for moderate-to-severe AD in adults (> 18 years) [15].
Results from a series of clinical trials known as the ECZ-
TRA (Ecz) studies supported its approval. Ecz I and II evalu-
ated the efficacy and safety of tralokinumab monotherapy
in adults with moderate-to-severe AD. At 16 weeks, more
patients who received tralokinumab achieved clear or almost
clear skin compared to placebo (15.8% vs. 7.1% in Ecz 1
and 22.2% vs. 10.9% in Ecz II). Additionally, EASI-75 was
achieved by 25.0% of subjects treated with tralokinumab
compared to 12.7% in the placebo arm in Ecz I and 33.3%
and 11.4%, respectively, in Ecz II. Moreover, tralokinumab
showed a significant improvement in all key secondary end-
points over placebo [16]. Additional Ecz trials have demon-
strated superiority of tralokinumab to placebo in adolescents
(Ecz 6) and in patients who failed cyclosporin (Ecz 7) [16,
17]. Lastly, AEs experienced were mild to moderate in sever-
ity and were comparable between treatment arms in most
Ecz studies [16, 17]. Similar to dupilumab, tralokinumab
is associated with an increased incidence of conjunctivitis
vs. placebo, but these cases are generally mild and transient
[18]. While results suggest that tralokinumab is well tol-
erated and superior to placebo, IGA and EASI-75 scores
indicate a lower efficacy compared to dupilumab (Table 2)
[19, 20]. However, given variability of responses and tol-
erability to all medications, including dupilumab, traloki-
numab is an important option to consider for the appropriate

patients. Additionally, patients weighing less than 100 kg
who achieve clear or almost clear skin at 16 weeks may con-
sider tralokinumab 300 mg every 4 weeks, a more favorable
frequency of injections compared to dupilumab [16, 17].

Under Investigation

Lebrikizumab

Lebrikizumab is an anti-IL-13 mAB. A phase III trial known
as the Adhere study enrolled 228 participants with moderate-

to-severe AD and studied the effects of lebrikizumab with
TCS use [21]. Among patients receiving lebrikizumab plus

Table 2 Comparison of endpoints achieved by subjects in two phase
III trials at week 16

Dupilumab

SOLO 1 SOLO2

300 mg Q2W  Placebo 300 mg Q2W  Placebo

(n=224) (n=224) (n=233) (n=236)
EASI-75 44% 16% 52% 13%
VvIGA-AD 0/1 36% 12% 38% 15%
Tralokinumab

ECZTRA 1 ECZTRA 2

300 mg Q2W  Placebo 300 mg Q2W  Placebo

(n=603) n=199) (n=593) (n=201)
EASI-75 25% 13% 33% 11%
VvIGA-AD 0/1 16% 7% 22% 11%
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TCS, 41.2% achieved clear or almost clear skin (IGA 0 or 1)
at 16 weeks compared to 22.1% of those receiving placebo
plus TCS [21]. Additionally, 69.5% and 42.2% of subjects in
the treatment arm and placebo arm, respectively, achieved an
EASI-75 response at 16 weeks. Moreover, patients treated
with lebrikizumab plus TCS achieved statistically significant
improvement across key secondary endpoints including itch-
ing and sleep. Adverse events (AEs) were generally mild and
did not lead to treatment discontinuation. Common events
included conjunctivitis (4.6%) and headaches (4.6%) [21].

The phase III trials known as Advocate I and II evalu-
ated the efficacy of lebrikizumab as monotherapy and were
completed in April 2022. In Advocate I, 43% of patients
receiving lebrikizumab achieved clear or almost clear skin
at 16 weeks compared to 13% of patients receiving placebo.
Additionally, 59% and 16% of those in the treatment and
placebo arm, respectively, achieved an EASI-75 response
at 16 weeks. Similar results were seen in Advocate II [22].
Both of these studies demonstrated statistically significant
improvement across secondary outcomes and showed simi-
lar safety profiles. Of note, conjunctivitis occurred in 2.6%
of subjects in the treated group, suggesting a decreased asso-
ciation with this AE compared to dupilumab [23]. Although
these results have not yet been officially published, this novel
biologic appears to be efficacious in the treatment of mod-
erate-to-severe AD.

Nemolizumab

Nemolizumab is an anti-IL-31Ra antibody. IL-31 has been
characterized as a key facilitator of the pruritus associated
with AD. Relatedly, several phase II trials have demonstrated
this drug’s utility in the treatment of pruritus in patients
with moderate-to-severe AD. Improvements were noted in
the pruritus visual analog scale (VAS) and EASI scores in
comparison with the placebo group [24]. In 2021, a 16-week
phase III RCT was conducted to further assess the efficacy
and safety of nemolizumab. A total of 215 patients were
enrolled and the mean percent change in pruritus VAS score
was significantly higher in the treatment arm compared to
the placebo arm (—42.8% vs.—21.4%, p <0.001). Ongoing
phase III trials will further elucidate the potential utility of
nemolizumab in the treatment of AD.

Omalizumab

Omalizumab targets human IgE, limiting mast cell degranu-
lation and inflammatory mediator release [25]. It is currently
approved for moderate to severe persistent asthma but its
utility in the treatment of AD remains under investigation.
While clinical trials completed in the mid-2000s did not
demonstrate a clinically significant treatment response with
omalizumab [26, 27], a more recent trial published in 2020
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found that omalizumab significantly reduced AD severity
and improved quality of life (QoL) measures in a pediatric
population with atopy and severe eczema [25]. While these
results suggest that omalizumab may be an efficacious treat-
ment option for refractory cases of severe eczema in children
with atopy, future studies with larger sample sizes and longer
durations would clarify the precise role of omalizumab in
patients with AD.

GBR 830

GBR 830 is an injectable anti-OX40 monoclonal antibody.
After promising results from early clinical trials, a phase 2
trial enrolling 274 patients with moderate-to-severe AD was
conducted and completed recently. Official results have not
yet been published. However, preliminary reports suggest
that this study demonstrated a significant reduction in EASI
in treated groups compared to placebo groups. This drug
targets the novel OX40L-OX40 axis and, in the future, may
become an effective, alternative therapy for AD and other
allergic conditions [28].

Small Molecule Inhibitors for Atopic
Dermatitis

Phosphodiesterase-4 (PDE) Inhibitors

Inhibition of PDE-4 prevents the cleavage of cyclic adeno-
sine monophosphate, leading to lower levels of downstream
metabolites known to stimulate Th1 and Th2 cells. Apremi-
last is an oral phosphodiesterase-4 (PDE-4) inhibitor FDA
approved for psoriatic arthritis and moderate plaque pso-
riasis. However, due to this dual pathway inhibition, theo-
ries regarding its potential use in AD are currently under
investigation. In a phase II trial in adults with moderate-
to-severe AD, patients receiving 40 mg of apremilast bid
were found to have significant improvements in EASI sores
compared to placebo (—31.6 vs.—11.0, p <0.04). Adverse
events of nausea, diarrhea, headache, and nasopharyngitis
were common [29]. As other clinical trials have shown a
lack of efficacy for apremilast in the treatment of AD, the
overall consensus currently remains that this drug is more
efficacious for psoriasis.

Crisaborole is a topical PDE-4 approved for AD in
patients 3 months and older, making it a unique medication
as it has become the only non-steroidal topical anti-inflam-
matory indicated for children this young. While studies have
demonstrated efficacy in all age groups [30], the most com-
pelling evidence for its use was seen in a study conducted
in a pediatric population ages 3—24 months. Results demon-
strated that 40% of subjects achieved clear or almost clear
skin in only 8 days of treatment [31].
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JAK Pathway Inhibitors

JAK inhibitors present an additional immunomodulatory
route for SMIs. JAK includes a family of 4 non receptor
tyrosine kinases which act on downstream signal transducers
and activators of transcription (STATS) to drive the func-
tion of a variety of immune cells including the B, T, NK,
and mast cell lines. Numerous JAK inhibitors are currently
available and many others are the subject of active research
for a variety of conditions, including AD.

Approved

Upadacitinib is an oral JAK-1 inhibitor that was approved
for AD in patients 12 years and older in January 2022. Addi-
tional indications include rheumatoid arthritis, psoriatic
arthritis, and ankylosing spondylitis. Three pivotal phase
III trials evaluating the efficacy of upadacitinib in patients
with AD demonstrated higher levels of skin clearance and
improvement in itch as early as week 1, compared to placebo.
In Measure Up I, an EASI-75 was achieved by 80% and
16% of patients receiving upadacitinib 30 mg and placebo,
respectively (p <0.001). Overall adverse events were higher
in the treatment group with acne being the most common.
In both studies, serious adverse events were similar between
all groups and occurred at a rate of 2%, 3%, and 3% in the
15 mg, 30 mg, and placebo groups, respectively [32]. How-
ever, all patients are counseled on warnings for increased
risk of serious infection, cardiovascular events, cancers, and
blood clots which have been previously reported.

Of note, a phase III RCT published in 2021 compared
the efficacy of dupilumab and upadacitinib in patients with
moderate-to-severe AD. During 16 weeks of treatment,
upadacitinib demonstrated superior efficacy compared to
dupilumab with no new safety signals [33e].

Abrocitinib is an oral JAK-1 inhibitor approved in Janu-
ary 2022 for AD in adults 18 years and older. Results from
5 clinical trials in the abrocitinib JAK-1 Atopic Dermati-
tis Efficacy and Safety (JADE) program were included to
support FDA approval. Three phase III trials demonstrated
improvement in skin clearance and itch compared to pla-
cebo. In the JADE MONO-1 trial, 62.7% of participants
receiving 200 mg of daily abrocitinib achieved an EASI-
75 at 12 weeks compared to 11.8% of placebo (p <0.001)
[34]. In JADE TEEN, 58% of patients receiving 200 mg
abrocitinib plus TCS achieved an EASI-75 compared to
27% of patients receiving placebo plus TCS (p <0.001) [35].
Table 3 serves to compare the efficacies of abrocitinib and
upadacitinib. Serious adverse events were reported in 3%,
5%, and 4% in the 100 mg, 200 mg, and placebo group,
respectively. Similar to all JAK inhibitors, important safety
information includes warning of serious infections, mortal-
ity, malignancy, cardiovascular events, and thrombosis.

Of note, a phase III trial published in 2022 compared
the efficacy of dupilumab and abrocitinib in patients with
moderate-to-severe AD. Over 26 weeks, both medications
were well tolerated and abrocitinib was found to be more
efficacious than dupilumab in reducing clinical signs of AD
and itch [34].

Under Investigation

Baricitinib is an oral JAK-1/2 inhibitor that is currently
approved for rheumatoid arthritis, alopecia areata, and
COVID-19. At doses of 2 and 4 mg, it has been shown to
improve AD severity and AD-associated itch and sleep loss.
Most recently, a phase III clinical trial known as BREEZE-
ADS evaluated monotherapy of baricitinib in adults with
moderate-to-severe AD. A higher proportion of subjects
receiving 4 mg of baricitinib daily achieved an EASI-75 at
16 weeks compared to placebo (29.5% vs. 8.2%, respectively

Table 3 Comparison of endpoints achieved by subjects in three phase III trials at week 16 for upadacitinib and week 12 for abrocitinib

Upadacitinib (week 16)

Measure Up I Measure Up 11 AD Up

15 mg 30 mg Placebo 15 mg 30 mg Placebo 15 mg+TCS 30mg+TCS  Placebo+TCS

(n=281) (n=285) (n=281) (n=276) (n=282) (n=278) (n=300) (n=297) (n=304)
EASI-75 70% 80% 16% 60% 73% 13% 65% 77% 26%
VvIGA-AD 0/1 48% 62% 8% 39% 52% 5% 40% 59% 11%
EASI-90 53% 66% 8% 42% 58% 5% 43% 63% 13%
Abrocitinib (week 12)

JADE MONO 1 JADE MONO I JADE COMPARE

100 mg 200 mg Placebo 100 mg 200 mg Placebo 100 mg+TCS 200 mg+TCS Placebo+TCS

(n=156) (n=154) (n=77) (n=158) (n=155) (n=78) (n=155) (n=155) (n=155)
EASI-75 40% 63% 12% 45% 61% 10% 2% 69% 42%
vIGA-AD 0/1 24% 44% 8% 28% 38% 9% 42% 46% 25%
EASI-90 19% 39% 5% 24% 38% 4% 42% 49% 18%
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p <0.001). Clinically meaningful improvements in itch
were seen as early as week 1 for patients receiving 4 mg
baricitinib. Safety findings were similar to previous studies
with AEs including nasopharyngitis, diarrhea, and nausea
[36]. A pooled safety analysis of 8 baricitinib trials found a
higher rate of AEs in baricitinib-treated groups compared to
placebo groups with mild-to-moderate treatment-emergent
infections being most common [37]. While it is currently
approved in the European Union and Japan for AD, accord-
ing to Lilly pharmaceuticals, ongoing discussions regarding
the appropriate indicated population have led to delays in its
approval by the FDA [38].

Topical JAK Inhibitors
Approved

Ruxolitinib selectively inhibits JAK-1/2 and was initially
approved as an oral medication for myelofibrosis in 2011.
While oral ruxolitinib is not currently being evaluated for
AD, topical ruxolitinib was approved in September 2021 for
mild-to-moderate AD in patients 12 years and older. Two
parallel phase III trials compared ruxolitinib 1.5% cream
vs. 0.75% cream vs. placebo and both found clinically sig-
nificant reductions in itch and disease severity compared
to placebo at 8 weeks. In TRuE-ADI1, an EASI-75 was
achieved in 62.1%, 56.0%, and 24.6% of subjects receiving
ruxolitinib 1.5%, 0.75%, and placebo, respectively. Similar
results were seen in TRuE-AD?2 and both studies reported
no serious AEs [39]. Of note, in July 2022, ruxolitinib 1.5%
cream also gained approval for non-segmental vitiligo [40].

Under Investigation

Tofacitinib selectively targets JAK-1/3 and is currently
approved for rheumatoid arthritis, psoriatic arthritis, ulcera-
tive colitis, and juvenile idiopathic arthritis as an oral medi-
cation. Although case series and case reports have demon-
strated the efficacy of oral tofacitinib for moderate-to-severe
AD, boxed warnings of serious AEs have likely curtailed
future clinical trials evaluating oral tofacitinib in patients
with AD [41]. However, in a phase Ila trial, 4 weeks of
application of tofacitinib 2% ointment resulted in patients
achieving an 81% mean reduction in EASI compared to
29.9% in the placebo arm [42]. Despite these promising
results, no additional studies are currently active and the
future role of topical tofacitinib in the treatment of AD
remains unclear [41].

Delgocitinib is a topical JAK-1/2/3 and Tyk?2 inhibitor
approved in Japan for AD and, according to LEO phar-
maceuticals, was granted fast track designation by the
FDA for treatment of chronic hand eczema. In a phase III
RCT published in 2020, the efficacy of delgocitinib 0.5%
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bid was evaluated in subjects ages 16 years and older. At
4 weeks, 26.4% and 5.8% of subjects in the delgocitinib
0.5% bid arm and placebo arm, respectively, achieved an
EASI-75 (p <0.001). Additionally, both nighttime and
daytime itch showed significant reduction after day 1 and
steadily improved over 4 weeks compared to no improve-
ment with placebo. AEs included folliculitis (2.4%) and
acne (2.2%) and no serious AEs were reported [43].
Additional phase III trials are currently active in the USA
with the first scheduled to be completed in October 2022
(NCT04871711).

NK-1 Inhibitors

Serlopitant targets the NK-1 receptor and was found to be
superior to placebo in the management of chronic pruritus
in AD patients [44]. However, due to a corporate deci-
sion to no longer pursue an indication of treatment for
pruritus, the phase II trials of this drug were terminated
prematurely (clinicaltrials.gov). Tradipitant is another oral
NK-1 inhibitor currently under investigation for its utility
in AD. EPIONE, a phase III RCT, did not meet its primary
endpoint of average itch VAS. However, it did demonstrate
statistically significant improvement in pruritus and sleep
for treated subjects with mild AD compared to placebo
(p=0.0457 and p=0.013, respectively). These results
suggest a potential utility for AD patients who, despite
having mild lesions, experience significant or refractory
pruritus [45].

Psoriasis

Psoriasis is a common inflammatory disorder of the skin and
joints that classically presents with well demarcated erythe-
matous scaly plaques. Similar to AD, psoriasis is thought to
result from a complex interplay of genetics, environmental
triggers, and immune dysregulation. Specifically, inappro-
priate activation of inflammatory cascades lead to the differ-
entiation of T lymphocytes into Th1, Th17, and Th22 cells.
This polarization toward a Thl response results in exces-
sive levels of cytokines including TNF-a, IL-17A, IL-17F,
IL-22, and IL-23 (Fig. 1). The perpetuation of this chronic
inflammatory process leads to the proliferation and abnormal
differential of epidermal keratinocytes, giving rise to the
classic psoriatic plaques. In regard to treatment, an initial
wave of first- and second-generation biologics has given rise
to novel, highly efficacious classes of biologics and SMIs.
Some of these have become commercially available and oth-
ers are in late stages of development. Table 4 serves as an
overview of these molecular-targeted therapies.
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Table 4 Summary of the newest

: i Drug Target Route of administration Status for psoriasis
biologics and small molecule
inhibitors for psoriasis Secukinumab 1L-17 Injection Approved (ages > 6 years)
Ixekizumab Approved (ages > 6 years)
Brodalumab Approved (ages > 18 years)
Guselkumab p19 subunit of 1L.-23 Injection Approved (ages > 18)
Tildrakizumab Approved (ages > 18)
Risankizumab Approved (ages > 18)
Ustekinumab p40 subunit of IL-23 and Injection Approved (ages > 6)
1IL-12
Bimekizumab IL-17A and IL-17F Injection Phase III trials completed
Apremilast PDE-4 Oral Approved (ages > 18)
Deucravacitinib TYK2 Oral Phase III trials completed
PF-06826647 TYK2 Topical Phase II trials completed
Tofacitinib JAK1 and JAK3 Oral Phase II trials completed
No active trials
Tapinarof Aryl hydrocarbon Topical Approved (ages > 18)
receptor-modulating
agent
Roflumilast PDE-4 inhibitor Topical Approved (ages > 12)

IL-17/23 Axis

The IL-17 inhibitor class consists of secukinumab, ixekizumab,
and brodalumab. The IL-23 inhibitor class contains inhibitors
of the p19 subunit of IL-23 (guselkumab, tildrakizumab, and
risankizumab) and the p40 subunit (ustekinumab) which also
binds the p40 subunit [L-12. These agents are generally well
tolerated and highly effective as injectable treatment options
for moderate-to-severe psoriasis. Since their entrance into the
market, a systematic review of 71 trials concluded that, with
regard to a 90% reduction from baseline in the psoriasis area
and severity index (PASI-90), ixekizumab 80 mg, risankizumab
150 mg, and brodalumab 210 mg had the highest efficacy at
12 weeks while risankizumab had the highest long-term effi-
cacy. Ixekizumab was the most likely to cause one or more
adverse events [46e].

Although the IL-17 and IL-23 classes of biologics appear
to be very safe, long-term AEs are not fully characterized
due to the limited time on the market [46¢]. Additionally,
limiting factors in their use include price and route of admin-
istration (injection), which can be unfavorable to some
patients [47].

Under Investigation

Bimekizumab is a novel IL-17A and IL17F mAB currently
being reviewed for approval for moderate-to-severe plaque
psoriasis. Several phase III trials have demonstrated its effi-
cacy in treatment. A phase III trial directly comparing bimeki-
zumab against secukinumab (BE RADIANT) was completed
in 2021. In this study, 61.7% of the bimekizumab arm achieved
a PASI-100 compared to 48.9% in the secukinumab arm, dem-
onstrating superiority (p <0.001). Moreover, 67% of subjects

the bimekizumab arm achieved PASI-100 at 48 weeks versus
46.2% in the secukinumab arm. A greater association with
oral candidiasis in the bimekizumab arm was noted during
the study [48]. In the prior phase III trial focused on safety, the
most common side effects for bimekizumab were nasopharyn-
gitis (20.9%), oral candidiasis (16.2%), and upper respiratory
infections (URIs) (9.0%). According to a press release in May
2022, the request for FDA approval was denied due to certain
pre-approval inspection observations that the company states
are likely to be resolved.

Oral SMis
Approved

Apremilast is an oral PDE-4 inhibitor and became the first
FDA-approved SMI for psoriasis in 2014. Many RCTs have
demonstrated that apremilast significantly reduces the sever-
ity of moderate-to-severe plaque psoriasis and exhibits an
acceptable safety profile with a low discontinuation rate
[49]. With numerous clinical trials since its existence on
the market, a recent meta-analysis published in May 2022
aimed to comprehensively evaluate the efficacy and safety
of apremilast monotherapy. Results from an analysis of 8
trials showed that, at 16 weeks, PASI-75 was achieved by
30.81%, 25.19%, and 6.42% of subjects receiving apremilast
30 mg, 20 mg, and placebo, respectively. While significantly
more adverse events were reported in those receiving 30 mg
compared to 20 mg, most AEs were mild-to-moderate in
severity [50]. These results suggest that apremilast remains
an effective, safe, and well-tolerated therapeutic alternative
for the treatment of psoriasis.
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Under Investigation
Tyrosine Kinase Inhibitors

Tyrosine kinase (TYK) inhibitors bind to the active JAK
domain, preventing signal transduction and downstream
signaling, thus reducing concentrations of IL-12, IL-23, and
interferon alpha.

Deucravacitinib is an oral selective TYK?2 inhibitor cur-
rently under investigation for treatment of plaque psoriasis.
In two pivotal phase III trials completed in 2021, deucravaci-
tinib demonstrated superior skin clearance compared with
apremilast for key primary and secondary endpoints. At week
16 in POETYK PSO-1, 58.7% of patients receiving deucra-
vacitinib achieved PASI-75 response versus 35.1% receiv-
ing apremilast and 12.7% receiving placebo. At week 24,
69.0% of patients receiving deucravacitinib achieved PASI-
75 response versus 38.1% receiving apremilast [51, 52].

AEs in all groups were mild-to-moderate in severity. In
the deucravacitinib arm, AEs included nasopharyngitis,
URIs and low rates of headaches, diarrhea, and nausea. At
week 16, 3.8% of patients on placebo, 2.4% of patients on
deucravacitinib, and 5.2% of patients on apremilast expe-
rienced AEs leading to discontinuation. Results from this
study suggest that deucravacitinib may emerge in the near
future as a novel, efficacious, oral therapeutic for psoriasis.

PF-06826647 is a (TYK?2) inhibitor currently being
evaluated for its efficacy in the treatment of plaque psoria-
sis. In a phase IIb trial completed in November 2021, 179
participants were treated with 50:100:200:400 mg:placebo.
PASI-90 scores were reported as a difference in percentage.
Results showed that at 16 weeks, 46.5% more of those in the
400 mg treatment arm achieved PASI-90 compared to pla-
cebo (p <0.0001). Significant increases from placebo were
observed for all secondary endpoints in subjects receiving
200 mg or 400 mg (p <0.05). Most AEs were mild-to-mod-
erate in severity and included nasopharyngitis, URIs, and
elevated blood pressure [53]. While phase III trials must be
conducted to further establish evidence for this drug, results
from this study suggest that PF-06826647 is an effective and
well tolerated oral option that may emerge as a novel therapy
for psoriasis in the future.

JAK Inhibitory Pathway

While tofacitinib is currently approved by the FDA for psori-
atic arthritis, its efficacy in the treatment of plaque psoriasis
remains under investigation. A recent analysis reviewing 4
phase III trials demonstrated that 59.2-81.1% of subjects
receiving 10 mg tofacitinib bid achieved a PASI-75 at weeks
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16-24 compared to 5.6—12.5% of subjects receiving placebo
(»<0.001). These studies also showed clinical efficacy in
achieving secondary endpoints including QoL, nail psoriasis
severity index, and PASI-90 compared to placebo. Tofaci-
tinib was well tolerated overall and AEs included dyslipi-
demias, elevated creatinine phosphokinase, and decreased
hemoglobin and lymphocyte counts [54]. While tofacitinib
is the best studied JAK inhibitor for plaque psoriasis, 4 other
JAK inhibitors have been evaluated as potential treatments
for psoriasis: peficitinib, a pan-JAK inhibitor; solcitinib, a
JAKI1 inhibitor; baricitinib, a JAK1/2 inhibitor; and itaci-
tinib, a JAK1 inhibitor. The efficacies of these JAK inhibi-
tors were either similar or inferior to that of tofacitinib [55].
While these drugs have undergone phase II trials regard-
ing treatment of plaque psoriasis, plans for further trials are
unclear as there are no recent or active trials.

Approved Topical SMis
Tapinarof

In May 2022, the FDA approved topical tapinarof for the
treatment of plaque psoriasis in adults. Tapinarof is an aryl
hydrocarbon receptor-modulating agent that modulates
the expression of IL-17 and skin-barrier proteins filag-
grin and loricrin [56]. In two phase III trials with 510 and
515 patients, tapinarof 1% cream was superior to control
in reducing psoriasis severity over 12 weeks. A PASI-75
response was achieved in 36.1% and 47.6% (compared
to 10.2% and 6.9% in the control group) in trials 1 and 2,
respectively (p <0.001). Adverse events included folliculi-
tis, nasopharyngitis, contact dermatitis, headache, URI, and
pruritus [56].

Roflumilast

In July 2022, the FDA approved topical roflumilast, a PDE-4
inhibitor, for the treatment of plaque psoriasis in adults and
children over the age of 12. In two phase III trials known as
DERMIS-1 and DERMIS-2 (n=439 and n=442, respec-
tively), roflumilast 0.3% cream provided significant, consist-
ent, and sustained improvements in the severity of disease
and QoL in patients with plaque psoriasis [57]. IGA success
(clear or almost clear skin plus 2 grade improvement from
baseline) was achieved in 42.4% and 37.5% in treatment
groups compared to 6.1% and 6.9% in placebo groups in
DERMIS-1 and DERMIS-2, respectively (p <0.001). Safety
and tolerability of roflumilast cream were similar to vehicle
with low rates of application site AEs and discontinuation
due to AEs [57].
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Conclusion

Advances in our understanding of the pathophysiology
of AD and psoriasis have allowed for the development of
efficacious and safe biologics and SMIs. In 2017, the bio-
logic dupilumab revolutionized the treatment of AD. Still,
clear or almost clear skin is achieved by less than 40% of
patients treated. Tralokinumab was approved in December
2021 and other novel biologics, including lebrikizumab,
have completed phase III trials. These agents may provide
an efficacious alternative to dupilumab. Additionally, the
SMIs abrocitinib and upadacitinib are now FDA approved
and have demonstrated increased clinical efficacy when
compared to dupilumab. Safety profiles for these drugs are
continuing to be developed as warnings for serious AEs may
limit their use.

In regard to psoriasis, PASI-100 scores of the newest bio-
logics are nearing 50%. While these have higher efficacies
compared to biologics for AD, opportunities for continued
progress remain, especially in the development of oral SMIs.
For example, the newest TYK inhibitor, deucravacitinib, has
demonstrated significantly higher clearance rates in phase
III trials when compared to apremilast. It is likely that addi-
tional TYK and JAK inhibitors will enter the market soon.

Given the multitude of biologics and SMIs currently
under investigation, frequent re-evaluation of clinical tri-
als and published studies will be necessary to remain well
informed of the latest research. While this review serves to
summarize the research through mid-2022, the landscape
of therapies for psoriasis and AD will continue to change
in the coming years. Broader indications, greater efficacy,
better safety profiles, and ease of administration are factors
anticipated to be of particular focus in new generations of
molecular-targeted therapies.
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