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Abstract

Purpose of Review Deucravacitinib is an oral, selective TYK2 inhibitor that is currently in phase III of development for the
treatment of psoriasis. This article reviews the mechanism and significance of TYK2 inhibition, as well as the current data on the

safety and efficacy of deucravacitinib.

Recent Findings Phase II results for deucravacitinib have shown that four out of six treatment groups resulted in statistically
significant increases in PASI75 improvement over the placebo group. The most common adverse effects were headache,
nasopharyngitis, upper respiratory tract infection, nausea, acne, and diarrhea. Three serious adverse events were noted in the
treatment group, and they were gastroenteritis due to rotavirus, accidental eye injury, and dizziness.

Summary Deucravacitinib holds great promise to meet the unfulfilled need for an efficacious oral small molecule treatment for
psoriasis. However, phase I1I results will be needed to confirm the safety profile seen in phase I and phase II trials.
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Introduction

Psoriasis is a common, chronic inflammatory skin disease that
has a profound negative impact on a patients’ quality of life
[Te]. Tt is known to affect 2-3% of the US population, with
prevalence rates being affected by age, genetics, and geo-
graphic location [2]. The clinical manifestations of psoriasis
are characterized by pruritus, scaling, and pain [3] and having
psoriasis also increases the likelihood of developing multiple
other comorbidities such as psoriatic arthritis, cardiovascular
disease, anxiety, and depression [1¢].

Although topical therapies are the first-line treatment for
localized psoriasis, systemic treatment may be required for
moderate-to-severe disease [4]. Current systemic treatment
options for psoriasis include oral immunosuppressive drugs,
biologic agents, and oral small molecule drugs [3]. Despite
these treatment options, the side effect profile and/or the need
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for parenteral administration (intravenous or subcutaneous)
makes the idea of a safe, oral small molecule treatment highly
desirable.

Current Treatments

Current oral treatments have significant drawbacks. Oral im-
munosuppressive drugs such as methotrexate are contraindi-
cated in patients with or at risk of hepatic disease and can lead
to liver fibrosis or even cirrhosis [5]. Similarly, cyclosporine, a
systemic calcineurin inhibitor, is also limited by the fact that it
can lead to hypertension and renal toxicity, and thus is not a
good long-term treatment option [5]. Acitretin is another op-
tion, but it is limited by teratogenicity and low effectiveness,
with PASI75 response rates being around 25% [3]. Apremilast
has been associated with a number of side effects including
diarrhea, headaches, and upper respiratory tract infections,
while also carrying a warning for depression on its label.
The efficacy is similarly rather modest, with a PASI7S5 re-
sponse rate of 33.1% at week 16 in its pivotal trial [6]. The
JAK inhibitor tofacitinib has been approved for psoriatic ar-
thritis only and has limited utility due to safety concerns [3].

Biologic therapies are currently the most effective treat-
ment options for psoriasis. Despite the effectiveness of bio-
logics, they are associated with some disadvantages. For
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example, some biologics carry label warnings of increased
risk of infection from serious diseases such as tuberculosis
or aspergillosis, along with increased risk for malignancies,
hematologic disorders, and demyelinating disorders [3].
Another potential shortcoming with biologics is the loss of
efficacy over time, which may in part be due to the develop-
ment of neutralizing anti-drug antibodies, and decreased effi-
cacy when restarting a biologic after stopping for a prolonged
period of time [7]. Lastly, biologics carry high costs due to
complicated manufacturing processes and have storage re-
quirements that are more stringent than oral medications.

For these reasons, the development of newer small mole-
cule therapies for psoriasis has continued, with the goal of
producing minimally invasive treatments for this chronic con-
dition. This would bring many advantages over biologics,
such as oral or topical administration rather than injections,
ease of synthesis, and lower manufacturing/handling costs [8].
Current oral treatments, as outlined above, leave much to be
desired, driving the need for other small molecule therapies

[9°].

JAK-STAT Signaling Pathway and the Role
of TYK2

The Janus Kinase-Signal Transducer and Activator of
Transcription (JAK-STAT) signaling pathway allows extra-
cellular factors to influence gene expression [10]. This intra-
cellular signaling pathway has been implicated in several
autoimmune-mediated diseases, including psoriasis and pso-
riatic arthritis [11¢].

When a cytokine such as an interferon (IFN) or an inter-
leukin (IL) binds to the receptor, a conformational change
occurs, allowing the activation and combination of two
JAKSs [12]. This allows the JAKSs to phosphorylate the recep-
tor, which prepares the STAT proteins to attach [13]. Once
attached, STAT proteins become phosphorylated and
dimerized, allowing them to translocate to the nucleus to
change gene expression [13]. There are four different types
of JAK proteins: JAK1, JAK2, JAK3, and TYK2, and seven
different STAT proteins: STAT1, STAT2, STAT3, STATA4,
STATS5a, STATSb, and STAT6.

One of the JAK proteins, TYK2, is an intracellular signal-
ing enzyme that is activated by cytokines such as type I IFN,
IL-6, IL-12, and IL-23 [14]. Its physiological role was first
evidenced by a Japanese patient with a homozygous mutation
in TYK2 who presented with signs and symptoms of hyper-
IgE syndrome, such as atopic dermatitis, high circulating IgE
levels, and recurrent cutaneous staphylococcal infections [15].
Moreover, this patient displayed significantly decreased im-
munity towards other bacterial and viral infections, presenting
with Salmonella gastroenteritis, parainfluenza virus
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pneumonia, chronic skin Molluscum contagiosum infections,
and recurrent oral HSV infections.

It was first hypothesized that this patient’s susceptibility to
bacterial and viral infections was due to defect in IL-12 and
IFN signaling, respectively [15]. It was also hypothesized that
the elevated IgE level and the atopic dermatitis seen in this
patient were due to accelerated Th2 differentiation. However,
in another case report, this second patient with TYK2 defi-
ciency did not display the elevated serum IgE levels, atopic
dermatitis, or staphylococcal infections seen in the first patient
[16]. But he did suffer from disseminated BCG infection,
neurobrucellosis, and herpes zoster infection, which further
solidified the link between TYK2 and immunity against my-
cobacterial and viral infections [16].

Analysis of seven other patients with TYK2 deficiency
displayed impaired cellular responses to IL-12 and IFN, lead-
ing to the aforementioned mycobacterial and viral infections
[17¢]. These patients also showed impaired responses to IL-23
and IL-10 but responded normally to IL-6, suggesting that
hyper-IgE syndrome is not an intrinsic feature of TYK2 defi-
ciency [17¢].

Conversely, TYK2 deletion in mouse models displayed
increased resistance against allergic, autoimmune, and inflam-
matory diseases [18]. A coding variant that substitutes proline
with alanine at position 1104 of the catalytic domain of TYK2
has been shown to inhibit activation of TYK2. This
inactivating P9104A variant provided protection from multi-
ple autoimmune diseases including inflammatory bowel dis-
ease, multiple sclerosis, ankylosing spondylitis, and psoriasis
[18]. However, homozygosity for this P1104A variant was
shown to predispose patients into developing severe myco-
bacterial diseases, including Mendelian susceptibility to my-
cobacterial disease and primary tuberculosis [19]. These
mixed findings are thought to be due to selective impairment
of the IL-23 pathway.

Together, these data suggest that a precise and measured
inhibition of TYK2 will be necessary to provide an optimal
balance between efficacy and safety. Combined with the fact
that TYK?2 has been identified in a genome-wide association
study (GWAS) as a psoriasis susceptibility locus [20], it be-
came a natural topic of interest for the treatment of psoriasis.

Psoriasis is thought to be a T cell-mediated disease, where
IL-23/Th17 cell axis and Th17 cell-produced cytokines (IL-
17 and IL-22) play an important role in abnormal skin inflam-
mation as seen in psoriasis [21]. With the imiquimod (IMQ)
mouse model for studying psoriasis-like skin inflammation, a
well-studied animal model of psoriasis [22], it has been shown
that TYK2 deficiency inhibits IMQ-induced psoriatic inflam-
mation, as evidenced by decreased skin thickening [23].
Similarly, TYK2-deficient mice showed significantly reduced
ear skin swelling even when injected with IL-23 [22]. These
observations led to the first study of a small molecule TYK2
inhibitor, which successfully showed significant inhibition of
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IL-23-induced skin inflammation and cytokine production
[22].

Deucravacitinib

Deucravacitinib, formally known as BMS-986165, is an oral,
selective TYK?2 inhibitor that is currently in phase III of de-
velopment for the treatment of psoriasis and psoriatic arthritis
[3]. Tt is being developed by Bristol-Myers Squibb and is
expected in late 2022 assuming further trials proceed smooth-
ly [3].

What makes deucravacitinib unique from other kinase in-
hibitors is that it stabilizes the pseudokinase JH2 domain of
TYK2 in a conformational state, inhibiting the activation and
activity of the catalytic domain and thus preventing down-
stream signaling [24]. In contrast, the other small molecule
JAK inhibitors currently in development target the adenosine
triphosphate (ATP) site of the catalytic JH1 domain. This
selective stabilization of JH2 domain was achieved through
optimization of a series of highly selective N-methyl nicotin-
amides and N-methyl pyridazine-3-carboxamides as a novel
class of potent allosteric inhibitors [25¢].

Accordingly, deucravacitinib displayed high selectivity for
TYK2 pseudokinase domain in vitro when compared against
249 kinases and pseudokinases [24]. Deucravacitinib also suc-
cessfully inhibited TYK2-mediated phosphorylation of
STATI! and STAT3 when stimulated by IFN-alpha and IL-
23 in primary human peripheral blood mononuclear cells [24].
This high selectivity of deucravacitinib for the pseudokinase
JH2 domain makes it a promising agent to deliver maximal
efficacy while limiting the side effects that have plagued less
selective inhibitors of the JAK-STAT pathway [26].

In vivo, mice were prophylactically treated with
deucravacitinib before inducing colitis, an inflammatory bow-
el disease that is also driven by abnormal T cell proliferation
[24]. Results showed complete protection of mice from symp-
toms commonly seen in colitis such as weight loss, epithelial
hyperplasia, and damage in the colon [24]. Similarly, giving
oral administration of deucravacitinib once daily for 2 days to
lupus-prone mice resulted in dose-dependent decreased levels
of type I IFN-regulated genes, and protection from nephritis
[24]. These findings indicate the potential for deucravacitinib
to be an effective treatment for many inflammatory and auto-
immune diseases, including psoriasis, psoriatic arthritis, in-
flammatory bowel disease, and systemic lupus erythematosus.

Clinical Trials of Deucravacitinib in Psoriasis

Deucravacitinib completed a phase I trial involving 108
healthy subjects, displaying no serious adverse effects [26].
The frequency of non-serious adverse events was similar in

the active and placebo groups, and the most common adverse
events were headache, upper respiratory tract infection, nau-
sea, and rash [26].

In the 12-week phase II randomized, double-blinded,
placebo-controlled study, 267 adults with moderate-to-
severe psoriasis were randomly assigned to one of six groups:
3 mg every other day, 3 mg daily, 3 mg twice daily, 6 mg
twice daily, 12 mg daily, or matching oral placebo in the ratio
of 1:1:1:1 [27¢]. The results showed that the percentage of
patients with a 75% or greater reduction in the PASI score
was 7% with placebo, 9% with 3 mg every other day, 39%
with 3 mg daily, 69% with 3 mg twice daily, 67% with 6 mg
twice daily, and 75% with 12 mg daily. Of these, dosing
regimens of 3 mg daily, 3 mg twice daily, 6 mg twice daily,
and 12 mg daily all showed statistically significant increases
in PASI75 improvement over the placebo group (p < 0.05)
[27-].

Of note, adverse effects were reported in 51% of patients in
the placebo group and 55-80% of patients in the active drug
groups, with the 6 mg twice daily group experiencing the most
adverse effects [27+]. Higher dose ranges tended to have in-
creased rates of adverse events, although serious adverse
events remained low for all study groups. The most common
adverse effects found were headache, nasopharyngitis, upper
respiratory tract infection, nausea, and diarrhea. Interestingly,
in this smaller trial, the trend in frequency of these adverse
effects did not necessarily correlate with dose: 7 cases (16%)
of nasopharyngitis were found in the 6 mg twice daily group,
then 5 cases (11%) were found in the 3 mg twice daily group;
4 cases (9%) of headache were found in 3 mg daily group and
also in the 3 mg every other day group; 4 cases (9%) of diar-
rhea were seen in the highest dose 12 mg daily group; 4 cases
(9%) of upper respiratory infection were seen in the second
highest dose 6 mg twice daily group; 4 cases (9%) of nausea
were seen in 3 mg every other day group.

Notably, there was a higher incidence of mild-to-moderate
acne seen in the active treatment groups than in placebo; 4
cases (9%) were found in the highest dose group of 12 mg
daily and 2 cases (4%) were found in the second highest dose
group of 6 mg twice daily [27¢]. This is perhaps thought to be
due to an increase in skin bacteria as a result of inhibiting the
cytokines that normally regulate these organisms [27¢].

For patients receiving the active drug, three different pa-
tients experienced three serious adverse effects of gastroenter-
itis due to rotavirus, accidental eye injury, and dizziness in a
patient with a history of vestibular dysfunction [27¢]. This was
seen in the 3 mg every other day, 3 mg daily, and 3 mg twice
daily group, respectively. For patients receiving placebo, one
patient experienced two serious adverse effects of hemorrhag-
ic anemia and hemorrhoidal hemorrhage [27¢]. During the 12-
week trial, no significant changes from baseline in mean
values of blood counts; serum levels of liver enzymes, lipids,
creatinine, or immunoglobulins; vital signal; or ECG findings
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were noted [27¢]. Similarly, there were no reported cases of
cardiovascular events or serious infections such as tuberculo-
sis, opportunistic infections, or herpes zoster infection [27¢].

Discussion

Psoriasis is a common, immune-mediated inflammatory dis-
ease that is linked to multiple physiological and psychological
comorbidities. Although there is a wide range of treatments
currently available, these treatments could lead to serious ad-
verse effects and contraindications that make the development
of a novel small molecule drug favorable. If successful, these
small molecule treatments will have significant advantages
over current therapies like biologics, such as allowing oral
administration and resulting in long-term reduced costs.

The reported phase I and phase II results on the clinical
efficacy and safety of deucravacitinib are promising; however,
more research needs to be done in order to fully understand the
mechanism and physiological consequences of TYK?2 inhibi-
tion and the phase III data of this medication will help char-
acterize potential risks. Numerous case reports of patients with
TYK?2 deficiency displayed susceptibility to mycobacterial
and viral infections due to defect in IL-12 and IFN signaling
[15, 16], although this was for complete lack of TYK?2 and not
partial inhibition. Furthermore, an inactivating P1104A cod-
ing variant in mice models showed mixed results: protection
from multiple autoimmune diseases [18], but also an increased
likelihood of developing severe mycobacterial diseases like
MSMD and primary tuberculosis [19]. While a small mole-
cule inhibitor of TYK2 such as deucravacitinib may not
achieve full inhibition of the cytokine such as in the case of
the P1104A variant, it is important to note the potential ad-
verse effects that can result from inhibition of TYK2.

It is relevant to point out that another selective TYK?2 in-
hibitor, PF-06826647, is currently in development for
moderate-to-severe psoriasis. In a phase Ila trial, 212 patients
with moderate-to-severe psoriasis were randomized to receive
either 30 mg or 60 mg once daily of PF-06700841 or placebo
for 4 weeks induction [28]. Then, they were given the same
medicine at 10 mg, 30 mg, or 100 mg once weekly or placebo
for 8 weeks of maintenance period. After 12 weeks, it was
shown that decreases in PASI were statistically significant
compared with placebo in five treatment groups out of seven
[28].

The most common PF-06826647 treatment-related ad-
verse effects were nasopharyngitis (28/189, 14.8%), upper
respiratory infection (14/189, 7.4%), and headache (14/189,
7.4%) [28], which is similar to the adverse effects found in
deucravacitinib. Overall, six serious adverse events were ob-
served in five patients; of these, pneumonia and sepsis in one
patient, and anemia in one patient were deemed to be PF-
06826647 treatment—related [28]. However, chest pain in
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one patient, angina pectoris in one patient, and post-
treatment death by gunshot wounds in one patient were decid-
ed to be unrelated to PF-06700841 treatment by the investi-
gator. Importantly, no cases of herpes zoster, opportunistic
infections, or any major adverse cardiac events including
thromboembolic events were reported during the study.

Conclusion

Although the phase I and phase II results for deucravacitinib
display potential for its use as a novel psoriasis treatment,
phase III results will be needed to confirm its safety profile.
In phase II trial, the most common adverse effects were head-
ache, nasopharyngitis, upper respiratory tract infection, nau-
sea, acne, and diarrhea [27¢], which is similar to the adverse
effects seen in another TYK2 inhibitor, PF-06826647. While
serious adverse side effects such as mycobacterial or viral
infections, or hematological abnormalities may be a theoreti-
cal concern, the safety profile of deucravacitinib has looked
very promising in phase I trials and if confirmed in phase III
trials should allay any significant fears of major risks while the
efficacy may hearken a new standard in oral psoriasis therapy.
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