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A novel treatment for psoriatic arth
ritis: Janus kinase inhibitors
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Abstract
Psoriatic arthritis (PsA) is a type of chronic inflammatory arthritis which is associated with psoriasis. The early recognition and
treatment for PsA are of critical importance. Janus kinase (JAK) inhibitors, as a kind of orally small molecules, have emerged as an
encouraging class of drug in PsA treatment. This review provides a discussion of the role and current status of JAK inhibitors in the
control of PsA. There are three JAK inhibitors approved for use in autoimmune diseases, for example, tofacitinib, baricitinib, and
upadacitinib, and only tofacitinib has been approved in PsA treatment. The clinical trials of upadacitinib and filgotinib in PsA
patients are undergoing. The efficacy and safety of these agents were briefly discussed. Although there are still issues in terms of their
efficacy and safety currently, JAK inhibitors are expected to benefit more PsA patients in future.
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Introduction

Psoriatic arthritis (PsA) is a type of chronic inflammatory
arthritis which is associated with psoriasis.[1] As a
heterogeneous disease, PsA patients could present a broad
spectrum of clinical manifestations including musculoskel-
etal involvement (peripheral and axial arthritis, enthesitis,
and dactylitis) as well as skin and nail lesions.[2] PsA can
result in an irreversible joint damage and a reduced quality
of life, thus the early recognition and treatment is of critical
importance.[3]

Generally, the pharmacological treatment of PsA including
non-biological agents and biological drugs.[4,5] The former
category refers to non-steroidal anti-inflammatory drugs
(NSAIDs), corticosteroids, and conventional synthetic
disease-modifying anti-rheumatic drugs (csDMARDs).[6]

NSAIDs belong to symptom-relieving agents. Systemic
administration of corticosteroids is not recommended in
most instances. Although there is poor evidence available
for csDMARDs in PsA, the relative lower costs make
them a priority in the early treatment.[7,8] In comparison,
compelling data show the obvious effectiveness of
biological drugs, also called biological disease-modifying
anti-rheumatic drugs (bDMARDs), in PsA treatment
which are effective for various domains of PsA and are
able to change the disease course.[9-12] Although the
prominent performance of biologics in disease control,
there are still a large portion of PsA patients uncontrolled.
According to a systemic review which estimated the
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prevalence of PsA patients achieving minimal disease
activity (MDA) in real-life studies and randomized clinical
trials, only one-third of PsA patients evaluated were in
MDA.[13] This might partly attribute to the disease
heterogeneity.[14] In addition, all the biologics cannot be
administrated orally, but some patients prefer to oral
administration instead of injection. Janus kinase (JAK)
inhibitors as a kind of targeted synthetic DMARDs
have emerged as an encouraging class for treatment of
inflammatory diseases in the past decade.[15,16] With
distinct target and convenient oral administration, they
offer another good choice for PsA treatment.[17] This
review will provide a discussion of the role and current
status of JAK inhibitors in the control of PsA.
Overview of JAKs

JAKs were recognized as a family of non-receptor tyrosine
kinases which were composed of four members in
mammals: JAK1, JAK2, JAK3 and tyrosine kinase 2
(TYK2). They transmit signals from cell membrane
receptors to members of the signal transducer and
activator of transcription (STAT) family [Figure 1].[18]

The JAK-STAT signaling pathway can be activated by a
variety of cytokines, which are major contributors to a lot
of immune-mediated diseases.[19,20] Thus, inhibiting JAK-
mediated signaling might benefit the treatment of autoim-
mune diseases.[21-23] In fact, an overwhelming body of
evidence has established that inhibition of JAK-STAT
pathway is effective in rheumatoid arthritis (RA),[24-27]
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Figure 1: JAK-STAT signaling pathway. The binding of cytokines to the receptors leads to the activation and phosphorylation of JAKs bound to the intracellular domains of these cytokine
receptors. STAT molecules are subsequently recruited to form homodimers or heterodimers and phosphorylated by the activated JAKs. The phosphorylated STATs then translocate into the
nucleus, where they bind to target DNA and regulate gene transcription. JAK-STAT: Janus kinase-signal transducer and activator of transcription.
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psoriasis,[28-30] and inflammatory bowel disease
(IBD).[31,32] Recently many of the cytokines involved in
PsA pathogenesis are also identified to be mediated by
JAK-STAT pathway such as those related to the interleukin
(IL)-12/23 and IL-17 axes.[33,34]

Cytokines are not only critical factors for immunoregulation
in normal physiological conditions, but also main con-
ductors in the pathogenesis of autoimmune diseases.[35,36]

Thus, they are potential treatment targets.[15] Different
cytokines bind to their specific receptors, which may share a
common chain.[37] Based on either the function or structure
of itself or its receptors, a lotof cytokinesaredivided into two
major classes, type I and type II cytokines [Table 1].[38] Type
I cytokines include the g chain cytokines, the b chain
cytokines, gp130 related cytokines, dimeric cytokines or
hormone-like cytokines. The type II cytokines include the
interferon (IFN) family cytokines and IL-10-related cyto-
kines. The g chain cytokines and the b chain cytokines
are two groups of cytokines which individually share a
common g or b chain in their receptors. The gp130 related
cytokines are a group of cytokines which signals through
the gp130 receptor sub-unit including IL-6, IL-11, and
IL-27. The dimeric cytokines are composed of heterodimers
with similar structure including IL-12, IL-23, and IL-35,
which are also called IL-12 famlily cytokines. The hormone-
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like cytokines including growth hormone, leptin, and
cytokines which play important roles in hematopoietic
cells, such as granulocyte colony-stimulating factor, eryth-
ropoietin, and thrombopoietin. To transfer their intracellu-
lar signals, type I and II cytokine receptors need to cooperate
with kinases, such as JAKs.[39,40] The JAKs were paired
to form various complexes, mediating distinct cytokine
signaling pathways.[16,41] For example, the pair of JAK3
and JAK1 binds to g-common chain of receptors and
controls the signaling for IL-2, IL-4, IL- 7, IL-9, IL-15, and
IL-21, which are essential for lymphocyte proliferation
and homeostasis.[42] The signaling of IL-6 involved in
acute phase response and differentiation of T cells is
mediated by JAK1, JAK2, and TYK2. JAK2, the only
member that can be paired with itself,[43] regulates the
signaling of hormone-like cytokines and then plays an
important role in hematopoietic cells.[44] The pair of JAK1
and TYK2 controls the signaling of IL-10 and type I IFN
including IFNa and IFNb, while IFNg signaling is regulated
by the pair of JAK1 and JAK2. The p40-containing
cytokines IL-12 and IL-23, which play an important role
in the differentiation of Th17 cells, signals through JAK2/
TYK2 pair [Table 1].[22,45] However, not all cytokines are
dependent upon JAKs for signaling, such as tumor necrosis
factor (TNF), IL-1, and IL-17, whose receptors are
structurally distinct from type I/II cytokine receptors.[38]
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Table 1: Summary of the cytokines with signaling through JAKs.

Types of
cytokines Cytokines family Cytokines Related JAKs Implicated functions

Type I g chain cytokines IL-2, IL-4, IL-7,
IL-9, IL-15, IL-21

JAK1, JAK3 Maturation of lymphocytes, differentiation and
homeostasis of T cells and NK cells

b chain cytokines IL-3, IL-5, GM-CSF JAK2 Stimulation of hematopoietic stem cells,
eosinophilic disease, growth of macrophages,
and granulocyotes

gp130 cytokines IL-6, IL-11, IL-27 JAK1, JAK2,
TYK2

Acute phase response, differentiation of T cells,
lipid metabolism

Dimeric cytokines IL-12, IL-23, IL-35 JAK2, TYK2 Differentiation of Th17 cells
Hormone-like
cytokines

EPO, TPO, GH,
G-CSF, Leptin

JAK2 Hematopoiesis, energy homeostasis

Type II IFN family cytokines IFNa, IFNb JAK1, TYK2 Anti-viral immunity
IFNg JAK1, JAK2 Anti-viral immunity, differentiation of Th1 cells
IL-28, IL-29 JAK1, TYK2 Anti-viral immunity, anti-tumor

IL-10 family cytokines IL-10, IL-19,
IL-20, IL-22

JAK1, JAK2,
TYK2

IL-10: anti-inflammation, inhibition of
macrophage and T cell function

IL-19: influence on skin development,
immunoregulation

IL-20: inflammation regulation, hematopoiesis
IL-22: acute phase response, innate immunity

JAK: Janus kinase; IFN: Interferon; IL: Interleukin; GM-CSF: Granulocyte macrophage colony-stimulating factor; EPO: Erythropoietin; TPO:
Thrombopoietin; GH: Growth hormone; G-CSF: Granulocyte colony-stimulating factor; TYK: Tyrosine kinase; NK cells: Nature killer cells; Th cells:
Helper T cells.
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Therefore, TNF signaling is not regulated by JAK inhibitors
directly.[46]
Rationale for JAK Inhibitors for the Treatment of PsA

Although the pathophysiology of PsA is not fully defined,
the innate and adaptive cells and proinflammatory
cytokines are involved affirmably.[47] In PsA, the infiltra-
tion of immune cells into joints, such as activated T cells,
dendritic cells, macrophages, and innate lymphoid cells,
leads to the production of numerous proinflammatory
cytokines.[48] These proinflammatory mediators can
further recruit and stimulate the proliferation of immune
cells contributing to synovial hypertrophy and bone
destruction.[14] While many of these cytokines and
immune cell responses involved in this process are
regulated by JAK/STAT signaling pathways, thus making
JAK to be a therapeutic target of PsA reasonably.[14,34]

The g-common chain cytokines (IL-2, IL-4, IL-7, IL-9, IL-
15, and IL-21) which modulate the adaptive immune
functions, including Th cell differentiation and function,
were regulated by JAK1/JAK3.[49] The signaling of IFNg
and IL-12 involved in Th1 cell response and TNFa
production by macrophages is controlled by JAK1/JAK2
and JAK2/TYK2. IL-6 is also an important pro-inflamma-
tory cytokine in the pathogenesis of PsA, which was
demonstrated to be elevated in the patients with PsA.[50]

IL-6 can stimulate the activation of Th17 cells and the
production of IL-17.[51] The signaling of IL-6 is mediated
by JAK1/JAK2. The role of IL-23/IL-17 axis has been
recognized and highlighted in the pathogenesis of
PsA.[52,53] Signaling of IL-17 is not mediated by JAKs,
961
while signaling of IL-23 is modulated by JAK2/TYK2. The
high level of IL-23 were observed in the patients with
PsA.[54] IL-23 contributes to the differentiation of Th17
cells which secrete pro-inflammatory cytokines, like IL-
17A, IL-22, and TNFa, contributing to joint inflamma-
tion, bone erosion and possibly new bone formation.[55]

Taken together, JAKs mediate the intracellular signals of
many cytokines involved in the pathophysiology of PsA,
offering the molecular basis of therapeutic usage of JAK
inhibitors.[14,34]

Several studies revealed the mechanisms for the role of
JAK-STAT kinase system in the pathogenesis of PsA.
One of them has shown that the enhanced activation of
JAK1/STAT1/STAT3/STAT5 network may drive the
expansion of CD4+IL-17+ T cells and CD4+IL-23R+ T
cells, which are considered as pathogenic effector Th17
cells, in synovial fluids of clinically active joints of PsA
patients.[56] Gao et al[57] found that tofacitinib, a non-
selective inhibitor of JAK1/3, significantly decreased both
phosphorylated STAT1 (pSTAT1) and pSTAT3 in the
fibroblast-like synoviocytes (FLS) and synovial explant
cultures isolated from PsA patients. In cultured PsA-FLS,
invasion, network formation, and migration were also
significantly inhibited by tofacitinib functionally. Further-
more, tofacitinib showed significant inhibition on the
secretion of proinflammatory cytokines (IL-6, IL-8, and
monocyte chemoattractant protein-1) and the expression
of nuclear factor kappa-B p65. In another study,
tofacitinib markedly inhibited the phosphorylation of
JAK2 induced by IL-23 in mononuclear cells of peripheral
blood isolated from PsA patients. The upregulation of
IL-17 in the CD4+ memory T cells induced by IL-23 could
also be significantly inhibited by tofacitinib.[58] These data
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reveal a plausible mechanism of action of JAK inhibitors, to
inhibit the IL-23/IL-17 axis by modulating the IL-23-
induced JAK signaling. All of these studies support JAK
inhibition to be a therapeutic target for the treatment of PsA.
Clinical Aspects of JAK Inhibitors

Up to date, there are three small molecule JAK inhibitors
approved for use in autoimmune diseases, for example,
tofacitinib, baricitinib, and upadacitinib, which can be
orally administrated. Their inhibition of JAK pairs are
dose-dependent, and at higher doses they may lead to the
non-selective pan JAK inhibition. Tofacitinib inhibits
predominantly JAK1/3 and shows a lower activity on
JAK2 at higher doses.[46,59] Baricitinib shows major
inhibition of JAK1 and JAK2, as well as a much lesser
inhibition of TYK2.[60,61] The non-selective pan-JAK
blockade may lead to unwanted adverse effects such as
higher incidence of infection and cytopenia. Thus, the
second generation of JAK inhibitors with more selectivity
for a specific JAK were designed, such as upadacitinib and
filgotinib [Figure 2].[62,63]

Among the various JAK inhibitors, only tofacitinib has
been approved in PsA treatment by the USA Food and
Drug Administration (FDA) in 2017 and the European
Medicines Agency (EMA) in 2018. Baricitinib and
Figure 2: Schematic illustrations of the selectivity of four JAK inhibitors. Tofacitinib and Baricitin
higher dosages. At the recommended therapeutic dosages, tofacitinib inhibits predominantly
generation of JAK inhibitors has more selectivity for a specific JAK, such as upadacitinib and

Table 2: Therapeutic efficacy of tofacitinib in randomized clinical trials

Week 12

Treatments
ACR20
(%) DHAQ-DI

PASI75
(%) DLEI DDS

OPAL BROADEN (n= 422)[64]

Placebo→Tofacitinib 5mg bid‡ 33 �0.18 ± 0.05 15 �0.4± 0.2 �2.0±
Placebo→Tofacitinib 10mg bid‡

Tofacitinib 5 mg bid 50
∗ �0.35 ± 0.05

∗
43

∗ �0.8± 0.2 �3.5±
Tofacitinib 10 mg bid 61

∗ �0.40 ± 0.05
∗

44
∗ �1.5± 0.2

∗ �5.5±
Adalimumab 40mg q2w 52

∗ �0.38 ± 0.05
∗

39
∗ �1.1± 0.2

∗ �4.0±
OPAL BEYOND (n = 395)[65]

Placebo→Tofacitinib 5mg bid‡ 24 �0.14 ± 0.05 14 �0.5± 0.2 �1.9±
Placebo→Tofacitinib 10mg bid‡

Tofacitinib 5 mg bid 50† �0.39 ± 0.05† 21 �1.3± 0.2
∗ �5.2±

Tofacitinib 10 mg bid 47† �0.35 ± 0.05† 43† �1.3± 0.2
∗ �5.4±

Except the percentages, other values were expressed as mean ± standard devia
weeks, the placebo group were further randomized into two sub-groups takin
Arthritis Trial; ACR20: 20% response according to the improvement criter
assessment questionnaire disability index from baseline; PASI75: 75% impro
enthesitis index from baseline; DDSS: Changes in dactylitis severity score fro
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upadacitinib have been approved only in RA recently.
The efficacy and safety of these agents in PsA patients were
discussed in the following.

Tofacitinib

Efficacy

There were two phase III studies (Oral Psoriatic Arthritis
Trial [OPAL] Broaden and OPAL Beyond) evaluating the
use of tofacitinib in patients with PsA [Table 2].[64,65] Both
of them were randomized, double-blind, and multi-center
studies to evaluate the efficacy and safety of tofacitinib in
PsA patients. OPAL Broaden was a placebo and active-
controlled 12-month trial conducted in TNF inhibitor
(TNFi)-naïve patients with active PsA who had an
inadequate response to at least one csDMARD.[64] OPAL
Beyond was a placebo-controlled 6-month study con-
ducted in active PsA patients who had an inadequate
response to TNFi therapy.[65] All the patients fulfilled the
Classification Criteria for Psoriatic Arthritis, and presented
with ≥3 joints affected.

In both studies, significantly greater improvement in the
primary efficacy endpoint of American College of
Rheumatology 20% (ACR20) improvement criteria re-
sponder rates and significantly greater change from
baseline in health assessment questionnaire disability
ib are the first generation JAK inhibitors which may show non-selective pan JAK inhibition at
JAK1 and JAK3, while baricitinib shows major inhibition of JAK1 and JAK2. The second
filgotinib, which selectively inhibit JAK1. JAK: Janus kinase.

in PsA patients.

Week 24 or 48 (Week 48 in OPAL BROADEN, and Week 24 in OPAL BEYOND)

S
ACR20
(%) DHAQ-DI

PASI75
(%) DLEI DDSS

1.1 67 �0.41 ± 0.08 36 �1.4± 0.3 �6.7± 0.9
58 �0.46 ± 0.08 52 �1.9± 0.3 �7.7± 1.0

1.0 68 �0.54 ± 0.05 56 �1.7± 0.2 �7.4± 0.7
0.9

∗
70 �0.51 ± 0.05 67 �1.6± 0.2 �7.5± 0.6

1.0 60 �0.45 ± 0.05 56 �1.6± 0.2 �6.1± 0.7

0.8 50 �0.48 ± 0.07 26 �1.4± 0.3 �5.4± 1.3
54 �0.42 ± 0.07 32 �1.3± 0.3 �5.2± 1.3

0.7
∗

60 �0.44 ± 0.05 34 �1.5± 0.2 �6.0± 0.8
0.8

∗
49 �0.34 ± 0.05 46 �1.6± 0.2 �6.0± 0.9

tion.
∗
P� 0.05; †P� 0.0001, compared with the placebo group; ‡After 12

g tofacitinib 5 or 10mg bid. PsA: Psoriatic arthritis; OPAL: Oral Psoriatic
ia of American College of Rheumatology; DHAQ-DI: Changes in health
vement in the psoriasis area-and-severity index; DLEI: Changes in Leeds
m baseline; bid: Twice daily; q2w: Once every 2 weeks.
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index (DHAQ-DI) were observed for both dose groups (5
and 10 mg) of tofacitinib in comparison with placebo in
month 3. This superiority in ACR20 was shown as early as
the first assessment on week 2. Both doses of tofacitinib
elicited improvements in the various domains (skin,
enthesitis, and dactylitis) of PsA, which were respectively
assessed by 75% improvement in psoriasis area-and-
severity index (PASI) from baseline (PASI75), changes in
Leeds enthesitis index from baseline (DLEI) and changes in
dactylitis severity score from baseline (DDSS). Significant
differences in efficacy between two doses of tofacitinib
were only observed in DLEI and DDSS in OPAL Broaden
and PASI75 in OPAL Beyond at month 3. In OPAL
Broaden, more than 90% of patients receiving tofacitinib
met radiographic non-progression criteria at month 12
which was defined as the change of van der Heijde-
modified Total Sharp Score from baseline (DmTSS) �0.5.
The efficacy of tofacitinib sustained up to month 30 in the
currently ongoing long-term extension (LTE) study OPAL
Balance, which included patients from OPAL Broaden and
OPAL Beyond who had been treated with tofacitinib.[66] In
a post-hoc analysis of pooled data from OPAL Broaden
and OPAL Beyond, tofacitinib was superior to placebo at
month 3 across four PsA domains: peripheral arthritis,
psoriasis, enthesitis, and dactylitis; and the efficacy was
maintained to month 6.[67]
Safety

The most commonly reported adverse events (AE) in
OPAL Broaden and OPAL Beyond were headache,
nasopharyngitis, and upper respiratory tract infection,
Table 3: Summary of adverse events of JAK inhibitors in PsA or RA pa

Week

JAK inhibitors
Daily
dose

Cases
(n)

Serious
infection

(%)

Herpes
zoster

infection
(%)

Tofacitinib (n= 422)
(OPAL BEYOND)[64]

Placebo 131 0 0 5

10 mg 131 0 0.8 7
20 mg 132 1.5 0.8 12

Baricitinib (n= 395)
(RA-BUILD)[65]

Placebo 228 1.3 0 3.

2 mg 229 0.4 1.3 73
4 mg 227 0.9 1.3 84

Upadacitinib (n= 499)
(SELECT-BEYOND) [63]

Placebo 169 0 0.5

15 mg 164 0.6 0.6
30 mg 165 2.4 2.4

Filgotinib (n= 449)
(FINCH 2) [76]

Placebo 148 1.4 0

100 mg 153 0.6 1.3
200 mg 147 0.6 0.6

∗
The adverse events of tofacitinib were derived from a randomized clinical trial
were from randomized clinical trials in RA patients. †Abnormal ALT was d
BEYOND and SELECT-BEYOND, while 2.5 more times the upper limit of th
RA: Rheumatoid arthritis; DLDL: Changes in LDL from baseline, which were
LDL: Low-density lipoprotein; OPAL: Oral Psoriatic Arthritis Trial.
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which were consistent with the safety file of tofacitinib in
RA and psoriasis patients. The incidences of overall AE
and serious AE were similar among the different treatment
groups in two studies. The most infections associated with
tofacitinib were viral infections, especially herpes zoster
(HZ) infection [Table 3].[64,65] Furthermore, the incidence
rate of HZ infection in tofacitinib groups was dose-
dependent and varied by region/countries which were
observed in RA patients. The highest incidences of HZ
infection were reported in Asia population. No cases of
tuberculosis were reported in both studies. The elevations
in serum lipid and liver enzyme levels were more common
in tofacitinib treated groups than placebo. The increases in
lipid profile parameters including total cholesterol,
triglycerides, low-density lipoprotein (LDL), and high-
density lipoprotein cholesterol (HDL) were observed in
both the phase III studies and the LTE study in tofacitinib
treated groups than placebo.

A real world study was conducted to compare the safety
data of tofacitinib in clinical trials to other systemic agents
for PsA.[68] The cohort of patients treated with tofacitinib
were enrolled from OPAL Broaden, OPAL Beyond, or
OPAL Balance. The real-world cohort treated with other
systemic agents consisted of patients from the US Truven
Market Scan Insurance claims database with moderate to
severe PsA. Between the two cohorts, incidence rates were
similar for each of the sub-categories of serious infection
events, including required treatment with parenteral
antibiotics, hospitalization, or parenteral antibiotics with
hospitalization. However, tofacitinib treated patients had
a higher incidence rate of HZ vs. the comparison cohort.
tients.
∗

12 Week 24

DLDL
(mg/dL)

Abnormal
ALT (%)†

Serious
infection

(%)

Herpes
zoster

infection
(%)

DLDL
(mg/dL)

Abnormal
ALT (%)†

.0± 21.2 0 – – – –

.9± 18.6 1.5 1.5 0.8 7.6± 17.6 1.5
.9± 26.4 0.8 1.5 1.5 11.6± 25.2 1.5
84± 15.4 0.9 – – – –

.1± 15.4 3.1 0.9 1.8 84.6± 19.2 4.4

.6± 15.4 0.9 1.8 1.8 92.3± 19.2 1.8
– 0.6 – – – –

– 1.8 1.2 1.8 – –

– 1.2 3.6 2.4 – –

– – 1.4 0 – –

– – 2.0 1.3 – –

– – 0.7 1.4 – –

in PsA patients, whereas the data of baricitinib, upadacitinib and filgotinib
efined as 3 or more times the upper limit of the normal range in OPAL
e normal range in RA-BUILD. JAK: Janus kinase; PsA: Psoriatic arthritis;
expressed as mean± standard deviation; ALT: Alanine aminotransferase;
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Baricitinib

Baricitinib was approved for RA treatment by EMA in
2017. FDA approved the daily 2 mg dose of baricitinib in
2018 but declined the approval of the daily 4 mg dose in
concern of safety issues. However, baricitinib has not been
approved for the treatment of PsA up to now. Baricitinib
can inhibit the signaling of IFN-g and IL-6 by acting on
JAK1/JAK2, as well as IL-12/23 via JAK2/TYK2.[23]

Efficacy

In four phase III trials (RA Begin, Build, Beam, and
Beacon), baricitinib showed unequivocal efficacy in the
patients with active RA.[61,69-71] Baricitinib significantly
improved the ACR 20/50/70, DAS28, and HAQ-DI in RA
patients compared to placebo. In addition, the efficacy and
safety of baricitinib in the patients with moderate-to-severe
psoriasis were evaluated in a randomized, double-blind,
placebo-controlled, dose-ranging phase IIb study.[72] The
PASI75 response rates in the patients receiving baricitinib 8
and 10mg once daily were significantly higher than that in
placebo (43% and 54% vs. 17% respectively) at week 12,
and this superiority was maintained through 24 weeks.
However, the efficacy of baricitinib 2 mg once daily in
psoriasis has not been proved yet and there is no reported
clinical data of baricitinib in PsA patients.

Safety

The available safety profile data of baricitinib were mainly
obtained from RA treatment trials.[61,69-71] Similar to
tofacitinib, the incidence rates of infection especially HZ
infection were higher in baricitinib compared with placebo
[Table 3]. Most of HZ infection were reported in Asia
population. Otherwise, the reductions in neutrophil counts
and elevations in serum levels of alanine aminotransferase,
creatinine, creatine phosphokinase (CPK) and lipids (LDL
and HDL) were more common in baricitinib vs. placebo.
Modest increases in platelet counts were seen in baricitinib,
but there was no significant difference among different
groups in incidences of thrombocytosis defined as more
than 600,000 per cubic millimeter.

The differences in baricitinib’s safety profile from
tofacitinib lie in the influence on cardiovascular events.
The incidences of deep vein thrombosis (DVT) and
pulmonary embolism (PE) were higher in baricitinib
compared to placebo. In a study to evaluate the safety
profile of baricitinib in patients with active RA in an
integrated database which included eight phase III/II/Ib
trials and one LTE study, infections including HZ were
significantly more frequent for baricitinib 4 mg once daily
vs. placebo. DVT and PE were reported in baricitinib 4 mg
daily dose group but not in placebo.[73] The similar results
were observed in another study to assess the cardiovascu-
lar safety of baricitinib in RA patients.[74]

Filgotinib

Filgotinib is an oral, selective inhibitor of JAK1. It is
developed for the treatment of many inflammatory
diseases, including PsA, RA, ankylosing spondylitis and
ulcerative colitis, and has not been approved for marketing
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yet. Recently filgotinib has been proposed for the New
Drug Application in United States and Japan for the RA
treatment in virtue of its efficacy in Phase III and II trials.
Efficacy

The trial data of filgotinib for PsA treatment is limited now.
There was a randomized, double-blind, placebo-controlled
phase II trial (EQUATOR) evaluating the efficacy and
safety of filgotinib in the active moderate-to-severe PsA
patients with an inadequate response to csDMARD.[75]

Filgotinib showed significantly better efficacy in terms of
ACR20 response rate at week 16 compared with placebo.
This difference was observed as early as week 1,
supporting that the onset of filgotinib action was rapid.
In addition, the significant improvement in enthesitis,
psoriasis, and overall PsA disease control were also
demonstrated. The improvement in nail psoriasis at week
16 did not reach statistical significance, probably owing to
the limited follow-up duration and relatively small number
of patients with nail psoriasis at baseline.
Safety

The safety profile of filgotinib in PsA was similar with that
in RA.[75,76] Filgotinib showed well tolerance generally in
EQUATOR study.[75] The incidence of treatment-emer-
gent AE was similar in filgotinib compared with placebo,
most of which were mild or moderate. The incidence of
infections was similar between the groups through to
16 weeks. There was only one single case of HZ reported,
and no malignancies, thromboembolic events, or oppor-
tunistic infections, including tuberculosis. In terms of
laboratory parameters, increases of hemoglobin, HDL and
lymphocyte counts, and decrease of platelets were
observed in filgotinib. The efficacy and safety of filgotinib
in PsA patients need to be confirmed in the future Phase III
trials, in which PsA patients will be treated with filgotinib
for up to an additional 148 weeks.
Upadacitinib

Upadacitinib is another oral JAK1-selective inhibitor. It
has been approved by FDA to treat RA in August 2019 and
is under development in use of other auto-immune diseases
including PsA, AS, systemic lupus erythematosus, atopic
dermatitis, and IBD. There was no data published on the
efficacy and safety of upadacitinib in PsA patients. The
phase III study of upadacitinib in PsA patients with an
inadequate response to csDMARDs is ongoing and will be
completed in 2022.

In the four-phase III clinical trials in RA patients (SELECT-
COMPARE, SELECT-BEYOND, SELECT-MONO-
THERAPY, and SELECT-NEXT),[63,77-80] both upadaci-
tinib 15 and 30mg daily demonstrated significant
improvements in clinical signs and symptoms compared
with placebo and adalimumab. Furthermore, upadacitinib
inhibited radiographic progression in SELECT-COM-
PARE study vs. placebo or adalimumab.[77] In SELECT-
BEYOND study, upadacitinib led to rapid and significant
improvements compared with placebo over 12 weeks in
refractory RA patients which had inadequate response to
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bDMARDs.[63] In terms of safety, as with other JAK
inhibitors, dose-independent higher incidences of HZ
infection and elevations in lipid profile (LDL-C and HDL-
C) and CPK were observed in the upadacitinib treated
groups in the above mentioned trials. However, the
relationship between the risk for venous thromboembo-
lism (VTE) and upadacitinib treatment was still unclear,
considering the not exactly same incidence of VTE in trials
between groups and higher background risk for VTE in RA
irrespective of the treatment.
Concluding Remarks and Future Perspectives

In the past decade, the development and application of
JAK inhibitors are a breakthrough in the treatment of
autoimmune diseases. Their wide range of effects on
multiple cytokines makes it possible for them in the
control of a broad spectrum of diseases, including PsA.
Clinical trials of various JAK inhibitors exploded in
recent years and then demonstrated their outstanding
performance in improvement of diseases. As their oral
administration and distinct action mechanism from
bDMARDs, JAK inhibitors offer a new therapeutic
strategy for rheumatologists. In the treatment of PsA,
various JAK inhibitors may improve all aspects of the
disease, especially in the control of polyarthritis. In terms
of safety, these agents are well-tolerated overall. The AE
of special interest are cytopenia and infections, especially
the HZ infection which are distinct from those of
bDMARDs.

And yet for all that, there are still some issues worth
attention and discussion in future. First, among all the JAK
inhibitors, only tofacitinib has been approved for PsA. The
experience with this kind drugs in practice is limited, which
obstruct their fully recommendation in the existing
guidelines. In addition, the safety profile needs to be
verified further. Their effects on the malignancies and
cardiovascular events are still not clarified. Furthermore,
some unexpected AE considering their action mechanism
have been observed in the available trials like the increase
of lipid profile and platelet counts. This might be attributed
to the unexpected complexity of JAK-STAT pathway.
Thus, more large-scale as well as long-term clinical trials
and real-world studies are needed to reveal the safety
profile of these agents especially the second generation JAK
inhibitors. Second, the second generation of JAK inhibitors
was initially developed to increase selectivity while
ensuring efficacy. However, considering the demonstrated
benefits and risks, the necessity and feasibility to pursue
this selectivity is worth further discussion. Their expected
superiority in safety to the non-selective JAK inhibitors
needs to be confirmed in head-to-head studies with
comparison of them to the first generation of JAK
inhibitors. Last, the other issues like high cost and the
safety of combined therapy with other DMARDs in
refractory patients also need to be conquered.

Overall, with the development of a new kind of drugs and
an increased understanding of drug action, we believe that
further evidence upon their application will be revealed. As
a kind of expecting and promising agents, JAK inhibitors
might benefit more PsA patients in future.
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