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ABSTRACT
Introduction: Janus kinase (JAK) inhibitors are an emerging class of small-molecule drugs, providing
targeted therapy for a variety of diseases, and have made their way into the treatment of armamentar-
ium of ulcerative colitis (UC) in recent years.
Areas covered: This review focuses on the pharmacokinetics, safety, and efficacy of selective JAK1
inhibitors in the treatment of moderate-to-severe UC. The PubMed database and clinicaltrials.gov were
consulted using keywords - further expanded in the methods section. The search was focused on full-
text publications in English. No publication date restrictions were imposed.
Expert opinion: JAK1 inhibitors are small-molecule drugs used in the treatment of ulcerative colitis and
other immune mediated inflammatory diseases. They are orally bioavailable and have a rapid mechan-
ism of action and no immunogenicity. JAK inhibitors can be used for the management of both naive
patients and biological-experienced patients.

Particular attention should be paid to elderly patients or those with cardiovascular or oncological
risk factors, in whom JAK inhibitors should be recommended only if no alternatives are available. In
addition, JAK inhibitors have the potential to be combined with other biological drugs or small
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molecules for the management of difficult-to-treat cases.

1. Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel disease
(IBD) characterized by relapsing and remitting mucosal inflam-
mation [1]. Mucosal inflammation typically begins in the rectum,
and it extends to proximal segments of the colon in a continuous
uninterrupted pattern involving part of, or the entire colon [2]. It
is estimated that 6,8 million people are living with IBD worldwide
[3/4]. Many cytokines and pro-inflammatory pathways play a
significant role in the development of inflammation in UC [5].
Current treatments for UC consist of ‘conventional’ medica-
tions, biologics, JAK inhibitors, and a S1P receptor modulator —
ozanimod, which is currently the only one of its class
approved for the treatment of UC in Europe and the United
States (US) [6,7]. However, many UC patients do not respond
to currently available treatments. During anti-TNF induction
therapy, primary failure occurs in 19-58% of patients in clinical
trials, and rates of secondary failure (loss of response) are
approximately 17-22% [8]. Despite the recognized efficacy of
biological agents, roughly more than 50% of patients with
moderate-to-severe UC do not have sustained remission [9].
UC treatment non-adherence rates were recently reported to
range from 7% to 72%, with most studies reporting 30-45% of
patients being non-adherent to treatment [10]. Non-adher-
ence is associated with an increased risk for relapse [11].

Biologics are encumbered by their large molecular structure
and must be administered parenterally (e.g. intravenous or
subcutaneous) which poses a burden, since patients are
required to visit the clinic frequently for maintenance therapy
[12]. The treatment possibilities of UC have been changing in
recent years, one of them being the introduction of tofacitinib.
Tofacitinib was first approved for the treatment of rheumatoid
arthritis and psoriatic arthritis by the Food and Drug adminis-
tration (FDA) [13]. Following three successful phase Il studies
(OCTAVE), the indication for tofacitinib was further extended
by the FDA to include adults with moderately to severely
active ulcerative colitis [14,15]. Tofacitinib has been approved
by EMA for the treatment of ulcerative colitis as well [16,17].
Tofacitinib is a small-molecule drug with a short half-life (3 h),
and it is rapidly absorbed following oral administration (time
to peak concentration 0,5h) [18]. Additionally, tofacitinib is
not a monoclonal antibody, and therefore has the benefit of
no immunogenicity risk [19]. Tofacitinib is a pan-JAK inhibitor
as it has moderate activity against JAK2 and TYK2, in addition
to JAK1 and JAK3 [20]. Cytopenias have been observed with
JAK2 inhibition, as many hematopoietic growth factors
(including erythropoietin, and granulocyte macrophage-col-
ony stimulating factor) are dependent on JAK2 mediated sig-
nal transduction [21]. Further, recent reports have raised safety
concerns regarding the use of tofacitinib. RA patients being
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Article highlights

e This drug class could potentially be used in advanced dual therapy, in
combination with biologics to enhance induction of remission

¢ JAKT inhibitors show promise in treatment of UC but further evalua-
tion is needed to determine their long-term safety and efficacy

e JAK inhibitors dampen the effect of multiple proinflammatory
cytokines

o They are orally administered, have a rapid onset of action and no
immunogenicity

treated with tofacitinib 10 mg were at an increased risk for
blood clots in the lungs and death [22,23]. Recent data from a
noninferiority safety trial demonstrated that tofacitinib carried
a higher risk of major adverse cardiovascular events (MACE)
and cancer in comparison to patients receiving a TNF inhibitor
[24]. Due to the aforementioned points, nonselective pan-JAK
inhibition could be associated with unwanted adverse effects
and highlights the need for second-generation JAK inhibitors
with selective inhibitory activity against specific JAKs [21].
Filgotinib is a preferential JAK1 inhibitor primarily approved
for the treatment of RA in Japan and Europe [25,26]. Filgotinib
was subsequently evaluated for the treatment of UC patients
[27,28], and approved for the treatment of UC in Europe and
Japan [25,29]. Upadacitinib is another selective JAK1 inhibitor
approved in the United States and Europe for the treatment of
moderate-to-severe UC [30,31]. Another JAK1 inhibitor for the
treatment of UC, being investigated is lvarmacitinib (formerly
SHR0302) [32]. This review aims to report the advances in
pharmacotherapy in ulcerative colitis with a focus in JAK1
inhibitors — Filgotinib, Upadacitinib, and Ivarmacitinib.

1.1. Methods

The PubMed database and clinicaltrials.gov were consulted
using the following search terms: ‘JAK, ‘JAK inhibitor,’ ‘Janus
Kinases,” ‘Tofacitinib,” ‘Filgotinib,” ‘Upadacitinib,’ ‘lvarmacitinib,’
‘SHR0302" individually or in combination with ‘IBD,” ‘UC/
‘Ulcerative colitis,’ ‘inhibitors,” ‘safety,’ ‘efficacy,’ ‘study,” ‘trial.’
The search was focused on full-text papers published in
English; no publication date restrictions were imposed.

1.2. JAK/STAT pathway

JAK inhibitors elicit their effect upon the JAK/STAT pathway
(Figure 1). JAKs belong to a large family of tyrosine kinases
located intracellularly, and phosphorylate activated cytokine
receptors leading to signal transduction [33,34]. So far four
proteins have been identified in the JAK family: JAK1, JAK2,
JAK3, and tyrosine-protein kinase 2 (TYK2) [33,34]. More than
50 cytokines and growth factors have been identified in this
pathway, such as hormones, interferons, interleukins, and col-
ony-stimulating factors [35]. Cytokines bind to their specific
receptors on the surface of target cells, leading to a conforma-
tional change of said receptor allowing JAK phosphorylation.
Receptor activation via JAKs allows members of the signal
transducer and activator of transcription (STAT) protein family
to bind to the receptor. STATs become phosphorylated and
form dimers, that then dissociate from the receptor and make

their way into the nucleus to regulate gene transcription
[33,35]. JAK/STAT mediated gene regulation leads to a variety
of events, including hematopoiesis, immunoregulation, inflam-
mation, tissue repair, apoptosis, and adipogenesis [35,36].

JAK1 is widely expressed in tissues and can phosphorylate all
STATs [35]. JAK1 is activated by multiple cytokine-receptor
families. The type | cytokine receptor common y-chain (yc) is
associated with the JAK1 and JAK3 heterodimer, cytokines that
bind to the yc receptor subunit are: IL-2, IL-4, IL-7, IL-9, IL-15, and
IL-21 [37]. Interferons bind to type Il cytokine receptors,
Interferon-y (IFN-y) needs JAK1 and JAK2, whereas interferon-a
(IFN-a) and interferon- (IFN-B) require JAK1 and TYK2 signaling
[37]. Cytokines from the IL-10 family are dependent on type I
cytokine receptors and share common signaling pathways (JAK1,
JAK2, TYK2) [37]. Cytokines binding to the type | receptor com-
mon glycoprotein 130 (gp130) mediate their signal through
JAK1, JAK2, TYK2 [37]. Cytokines that bind to gp130 are IL-6, IL-
11, IL-13, leukemia inhibitory factor (LIF), oncostatin M (OSM),
and ciliary neurotrophic factor (CNTF) [35,37]. Inhibition of JAK-
mediated inflammatory pathways can regulate the innate and
adaptive immune responses, and thereby reduce chronic intest-
inal inflammation in UC [38]. IL-6, IL-12, and IL-23 cytokines are
important drivers of inflammation in IBD [38]. JAK1 activation is
involved in the signal transduction of IL-6, IFN, and yc cytokines
[33]. It is unclear if JAK1-inhibitor mediated suppression of IFN
has therapeutic benefit. However, IFN plays a key role in antiviral
immunity, which could explain the increased incidence of herpes
zoster reactivation in tofacitinib studies [24,39,40]. JAK2 inhibi-
tion is potentially related to undesirable adverse events, specifi-
cally suppression of hematopoiesis via erythropoietin, IL-3 and
IL-5 inhibition [33]. JAK1 selective molecules thereby aim to
potentially ameliorate this issue by not inhibiting JAK2-depen-
dent pathways.

2. Filgotinib

The safety and efficacy of filgotinib has been examined for
multiple diseases. Studies have been conducted in patients,
with active ankylosing spondylitis - TORTUGA, active psoriatic
arthritis — EQUATOR, rheumatoid arthritis — DARWIN 1,
DARWIN 2, DARWIN 3, Crohn’s disease — FITZROY and patients
with ulcerative colitis - SELECTION [41-46].

2.1. Filgotinib - pharmacokinetics

Filgotinib is orally bioavailable, and demonstrates rapid
absorption, with maximum plasma concentration (Cpay)
reached within 1-3-h postdose [47]. Filgotinib exposure
(both (Cihaxy) and area under the plasma concentration-time
curve AUQ) increases proportionally with dose (50-200 mg)
increase [47]. Inter-subject variability is low to moderate.
Filgotinib’s primary metabolite is GS-829845, and is detected
within 30 min in the patient's plasma, reaching a maximum
plasma concentration in 3-8-h postdose [47]. Primary meta-
bolite exposure is on average 16 to 20-times higher than
filgotinib exposure. It has a similar JAK1 selectivity; however,
its potency is 10-fold lower in comparison to its parent com-
pound. Filgotinib is available commercially in highly soluble
maleate salt tablet formulation. Depending on a patient’s food



intake, a slight delay in absorption can be seen (2-3 h) in
comparison to fasting patients. Food intake, however, does
not significantly affect C,,ax and AUC of neither filgotinib or its
primary metabolite. Both compounds have a low binding
affinity to plasmatic proteins in humans (<60%). Steady-state
concentration in plasma is reached for filgotinib by day 2 and
for its primary metabolite by day 4. Filgotinib has a half-life of
4,9 to 10,7 h, GS-829845 has a half-life ranging between 19,6
and 27,3 h [47]. Protein binding of filgotinib in humans is 55—
59% [47]. Carboxylesterases are the enzymes responsible for
the formation of the primary metabolite. Following the admin-
istration of ["*Clfilgotinib to healthy patients, the primary
metabolite accounts for approximately 92% of the total radio-
activity in plasma [47]. The primary metabolite and its N-
glucuronide derivative account for 68,6% of the total radio-
activity in urine. Filgotinib and its metabolite are mainly elimi-
nated via urine (86,9%). Filgotinib has low interaction potential
with other drugs, without clinically significant interactions
with commonly administered comedications [47].

2.2, Efficacy in ulcerative colitis

The induction and maintenance efficacy of filgotinib was
assessed in a phase llIb/lll, double-blind, randomized, and
placebo-controlled trial (SELECTION) [45,46]. The study design
utilized two induction studies (biologic naive — A and biologic
experienced - B patients with UC) and one maintenance study
[45]. Patients aged 18-75 years with moderate-to-severe UC in
accordance with Mayo Clinic Score (6-12) for at least 6 months
were eligible for enrollment. Patients were stratified based on
the use of corticosteroids and immunosuppressants in induc-
tion study A. Patients in induction study B were stratified by
the same factors as the prior group as well as their previous
exposure to 1 or more than 1 biologics. Patients in the afore-
mentioned induction studies were randomized to receive 200
mg filgotinib, 100 mg filgotinib or placebo in a 2:2:1 ratio,
respectively [45]. Patients who had either clinical remission
or Mayo Clinic Score (MCS) defined as response at week 10
were rerandomized to continue their filgotinib regimen or
receive placebo in a 2:1 ratio, respectively, until week 58
[45]. Placebo responders continued to receive placebo during
the maintenance study. Patients who did not achieve clinical
remission or MCS-defined response at week 10 had the option
of joining the separate long-term extension study (SELECTION
LTE) [48]. Patients who encountered disease worsening criteria
during the maintenance study were discontinued and offered
open-label filgotinib in SELECTION LTE [45]. Patients that com-
pleted week 58 were eligible for the long-term extension
study as well [45]. Clinical remission was set as the primary
endpoint of week 10 and week 58 of the study. Clinical
remission was defined as having a Mayo endoscopic subscore
of 0 or 1, rectal bleeding subscore of 0, and at least a 1-point
decrease in stool frequency from induction baseline for a
subscore of 0 or 1. Secondary endpoints were MCS remission,
endoscopic remission, histologic remission, and MCS remission
(alternative definition) at week 10 and week 58 [45]. MCS
remission was defined as a total MCS of <2 with no single
subscore higher than 1. The alternative definition of MCS was
described as rectal bleeding, stool frequency, and physician’s
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global assessment subscores of 0 and an endoscopic subscore
of 0 or 1; overall MCS of 1 or 0 [45]. Endoscopic remission was
defined as a Mayo endoscopic subscore of 0. Histologic remis-
sion was based on the Geboes scale [49], defined as no or mild
increase in chronic inflammatory infiltrate in the lamina pro-
pria, no neutrophils in the lamina propria or epithelium, and
no erosion, ulceration, or granulation tissue [45].

The efficacy of filgotinib during the induction phase was
dose-dependent for both the biologic naive and biologic
experienced patient groups. In biologic-naive group A (con-
sisting of 659 participants), patients receiving filgotinib of 200
mg daily were significantly more likely to achieve clinical
remission (absolute difference 10,8%, p=0,0157). A greater
proportion in endoscopic remission was seen in this group
as well (absolute difference 8,6% p = 0,0047). Histologic remis-
sion was observed in over one-third of patients (35,1%) receiv-
ing daily filgotinib 200 mg (absolute difference 19,0%, p <
0,0001) [32]. The MCS remission was also significant (absolute
difference 12,1%, p = 0,0053). In biologic-experienced group B
(consisting of 689 participants), patients receiving filgotinib
200 mg daily reached clinical remission in greater proportion
in comparison to patients receiving placebo (absolute differ-
ence 7,2% p =0,0103) as well as histologic remission (absolute
difference 11,4%, p =0,0019). MCS remission and endoscopic
remission were not statistically significant in group B patients
receiving filgotinib 200 mg during the induction phase. The
differences in clinical remission or any of the secondary end-
points between patients on 100 mg filgotinib versus placebo
were not statistically significant in either induction study.

The maintenance study enrolled 664 patients. During its
course, 263 patients discontinued treatment, 401 patients
completed the maintenance study to week 58. Filgotinib
200 mg group demonstrated superiority over placebo in
achieving clinical remission (absolute difference 26.0%, p <
0,0001), corticosteroid-free remission (absolute difference
20,8%, p =0,0055), sustained clinical remission (absolute dif-
ference 13,0%, p = 0,0024), MCS remission (absolute difference
25,5%, p < 0,0001), endoscopic remission (absolute difference
9,5%, p=0,0157) and histological remission (absolute differ-
ence 24,9%, p <0,0001) at week 58. Patients in the filgotinib
100 mg group had a greater rate of clinical remission in com-
parison to the placebo group at week 58 (absolute difference
10,4%, p = 0,0420) The treatment effect of filgotinib 200 mg in
comparison to placebo in both the biologic naive and experi-
enced group was consistent in all key secondary end-
points [45].

2.3. Safety in ulcerative colitis

In all three studies, most adverse events were mild to moder-
ate in severity (Table 1). The distribution of treatment-emer-
gent adverse events during the induction studies was similar
in all groups (placebo — 56,3%, filgotinib 100 mg — 50,4%, and
filgotinib 200 mg — 56,3%) [45]. Adverse events were present
in a similar proportion in all three groups during the main-
tenance study as well. The most frequent adverse events
during the induction studies were nasopharyngitis, headache,
and ulcerative colitis [45]. The most frequent adverse events in
the maintenance study were nasopharyngitis, arthralgia,
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headache, abdominal pain, and upper respiratory tract infec-
tions. Four patients during the induction studies and two
patients in the maintenance study developed Herpes zoster
infections, however they were not serious or complicated and
did not result in discontinuation from the trial [45]. One
patient receiving filgotinib 200 mg during induction study A
had an opportunistic infection — esophageal candidiasis, which
resolved with treatment. One patient in the filgotinib 200 mg
arm with a medical history of hypothyroidism, idiopathic pul-
monary symptoms, and taking prednisone, had a pulmonary
embolism during induction study B. Neither venous thrombo-
sis or pulmonary embolism occurred in patients receiving
filgotinib in the maintenance study. During induction studies,
a small increase in total cholesterol, low-density lipoproteins
and high-density lipoproteins was observed in patients receiv-
ing filgotinib. During the maintenance study lipid levels
remained stable. Creatine kinase (CK) was elevated in patients
receiving filgotinib in all three studies — mostly in patients of
the maintenance study receiving filgotinib 200 mg (4%, n =38).
However, no rhabdomyolysis associated with increased CK
was reported. Two patients died during the maintenance
study, following investigator evaluation they were considered
nonrelated to the treatment [45]. Filgotinib 200 mg and 100
mg was well tolerated, and the incidence rate of adverse
events was not increased in comparison to placebo [45].

2.4. Safety in other diseases

The TORTUGA trial — a randomized, double-blind, placebo-
controlled phase 2 study, demonstrated the efficacy and safety
of filgotinib 200 mg in patients with active ankylosing spon-
dylitis [41]. Overall filgotinib was well tolerated, and adverse
events were mostly mild-to-moderate. The proportion of treat-
ment-emergent adverse events was equal for both the filgoti-
nib and placebo group, the most common being
nasopharyngitis. Among the serious treatment-emergent
adverse events, grade 3 pneumonia was reported in a smoker
in the filgotinib group, which led to treatment discontinua-
tion. She recovered after antibiotic treatment. The other was a
grade 2 deep vein thrombosis in a patient with a factor V
Leiden heterozygous mutation three days following his last
dose of filgotinib. No other potential class-related events were
reported. Reports of infections did not differ between groups
(both groups 12%) [41].

The EQUATOR trial was a phase 2 study that showed 80%
of patients in the filgotinib group met the primary endpoint of
20% improvement in ACR20 at week 16, compared to 33% in
the placebo group (treatment difference 47%, p < 0,0001) [42].
The distribution of treatment-emergent adverse events was
similar across both groups (57% for filgotinib, 59% for pla-
cebo), most were mild to moderate in severity. One patient
receiving filgotinib had pneumonia (onset day 106) with a
fatal outcome at day 107 of the trial. Another patient in the
filgotinib arm had a herpes zoster infection confined to one
dermatome. The rest of treatment-emergent adverse events of
interest in the filgotinib group was comprised of one urinary
tract infection and respiratory tract infections. No other events
of interest within the filgotinib arm were reported [42].

The efficacy and safety of filgotinib for the treatment of
rheumatoid arthritis was assessed in two randomized, dose-
finding, phase llb studies - DARWIN 1 and 2, and one ongoing
long-term open-label extension study — DARWIN 3. Filgotinib
was administered in combination with methotrexate (MTX)
during the DARWIN 1 trial. In DARWIN 2 filgotinib was given
as monotherapy. Treatment emergent adverse event (TEAE)
frequency during DARWIN 1 was similar across all dose groups.
TEAE considered related to study treatment occurred more
frequently among the arms that continued to receive filgotinib
(avg. 20,9%) than compared to placebo (10,7%) [50]. Fifteen
patients had more than 1 serious TEAE, of which one patient
in the 100 mg twice daily group died as a result of pneumonia
and septic shock. Herpes zoster infections were observed in
one patient on placebo and four in the arm receiving filgoti-
nib. During DARWIN 1, filgotinib as add-on to methotrexate
was generally well tolerated and associated with rapid onset
of action. In DARWIN 2 treatment, emergent adverse event
frequency was similar across all dose groups ranging from
32,9% to 43,5% up to week 12 [51]. Up to week 24 of the
study 9 serious treatment emergent adverse events occurred
of which 7 were in the treatment arms. Three occurred in the
filgotinib 200 mg group — pneumonia, back pain, osteoarthri-
tis, two in the filgotinib 100 mg group - cellulitis, vertigo, and
two in the filgotinib 50 mg group - gastroenteritis, humeral
fracture. In the placebo group, two serious TEAE were
reported — worsening RA (prior to switching to filgotinib)
and chronic pyelonephritis. There was one case of herpes
zoster infection that occurred during week 12-24 in the filgo-
tinib 50 mg group, which resolved after 10 days. Filgotinib as
monotherapy was efficacious and generally well tolerated over
the 24-week course of the study [51].

The majority of patients (83%) from DARWIN1 and (85%)
and DARWIN2 entered this open-label, long-term extension
study [43]. Over the 4-year period of the study, filgotinib
demonstrated a safety profile comparable with the parent
studies and a sustained efficacy when administered as 200
mg daily either as monotherapy or in combination with meth-
otrexate [43].

FITZROY [44] was a randomized, double-blind, placebo-
controlled phase 2 study to assess the efficacy and safety of
filgotinib in patients with moderate-to-severe Crohn’s disease.
In the pooled safety analysis at week 20, the proportion of
patients experiencing at least 1 treatment emergent adverse
event was similar in both the filgotinib receiving group (75%)
and the placebo receiving group (67%) [44]. Severe TEAE
frequency was 9% for the filgotinib group and 4% for the
placebo group [44]. Serious infections were reported in 3%
of the filgotinib group and none in the placebo arm. During
the FITZROY trial, filgotinib had an acceptable safety profile
and demonstrated significant efficacy in achieving clinical
remission [44].

Two safety studies examining the effect of filgotinib on
sperm parameters were conducted, due to safety concerns
regarding testicular toxicity. They were conducted in patients
with IBD (MANTA, NCT03201445) or RA and other inflamma-
tory arthropathies (MANTA-Ray, NCT03926195) [52,53]. Results
of both studies concluded that filgotinib treatment is not
associated with negative effects on testicular function [54].



3. Upadacitinib
3.1. Upadacitinib pharmacokinetics

In terms of pharmacokinetics, upadacitinib immediate release
(IR) formulation over a dose range of 1-48 mg demonstrated
rapid absorption, with a median time to maximum plasma
concentration of approximately 1 h under fasting conditions.
After reaching maximum plasma concentration, upadacitinib
plasma concentrations declined in a biphasic manner with a
terminal elimination half-life of approximately 6-15 h for most
doses [55]. The upadacitinib maximum plasma concentration
was dose proportional in the 1-48 mg dose range. The per-
centage of upadacitinib that was excreted via urine in its
unchanged form ranged from 16% to 21% [55]. A twice-daily
(BID) IR formulation was tested as well and showed no accu-
mulation at steady state BID dosing. Since once-daily (QD) is
more ideal for patients an extended release (ER) formulation
was developed. Following ER administration, the median time
to maximum plasma concentration was 2-3 h under fasting
conditions and 4 h under non-fasting conditions [55]. Steady
state was achieved by day 4 with ER formulation. The upada-
citinib harmonic mean terminal half-life after ER administra-
tion ranged from 9 to 14 hours. Based on the analysis of phase
1 studies, the upadacitinib ER formulation had a bioavailability
of 76% in comparison to the same dose ranges of IR formula-
tion [55].

3.2. Efficacy in ulcerative colitis

The induction and maintenance efficacy of upadacitinib was
assessed in a phase 3, multicentre, randomized, double-blind,
placebo-controlled clinical trial. Constructed of two induction
studies - U-ACHIEVE induction (UC1) and U-ACCOMPLISH
(UC2) and one maintenance study U-ACHIEVE maintenance
(UC3) [56]. Patients aged 16-75, with moderate-to-severe
active ulcerative colitis (adapted Mayo score 5-9, endoscopic
subscore 2 or 3) for at least 90 days met the inclusion criteria
for the induction studies and were randomly assigned (2:1) to
oral upadacitinib 45 mg or placebo once daily for a duration of
8 weeks. Patients had a history of inadequate response, loss of
response or intolerance to conventional or biologic therapy
(infliximab, adalimumab, golimumab, vedolizumab, or usteki-
numab). Patients with at least 3 and more biologic treatment
failures were limited to less than 30% of total population.
Patients with prior biologic exposure who discontinued due
to other reasons than inadequate response or intolerance
were limited to 20% of the total population provided their
exposure was less than 1 year. An 8 week and 12-week wash-
out period were required for patients with previous use of
anti-TNF or vedolizumab, and ustekinumab, respectively.
Patients were stratified based on previous biologic treatment
failure (yes vs. no), baseline corticosteroid use (yes vs. no),
baseline adapted Mayo score (<7 vs.>7), previous amount of
biologic treatment received (1 vs.>1). Patients receiving upa-
dacitinib 45 mg that achieved clinical response by week 8
were randomly assigned (1:1:1) to receive 15mg or 30 mg
upadacitinib or placebo in the UC3 maintenance study for
52 weeks [56]. Placebo responders continued to receive
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placebo during the maintenance study. Concomitant UC-
related medications were kept at a stable dose, biologics and
immunosuppressants other than methotrexate were prohib-
ited. At week 0 during the maintenance study, corticosteroid
dose tapering was commenced in accordance with the pre-
defined schedule [56]. The primary endpoint was clinical
remission defined as an adapted Mayo score < 2, with a
stool frequency score (SFS) <1 and no greater at baseline,
rectal bleeding score (RBS)=0 and endoscopic subscore < 1
without friability. Secondary endpoints were endoscopic
improvement, endoscopic remission, clinical response per
adapted Mayo score, clinical response per partial adapted
Mayo score, histological-endoscopic mucosal improvement
(HEMI), no bowel urgency, no abdominal pain, histological
improvement, mucosal healing, and change from baseline in
two patient QoL questionnaires (IBDQ and FACIT-F) [56]. In the
UC1 induction study at week 8, clinical remission was achieved
by 26% of patients receiving upadacitinib versus 5% of
patients receiving placebo (adjusted treatment difference
21,6%, p<0,0001). In the UC2 induction study at week 8,
clinical remission was achieved by 33% of patients receiving
upadacitinib versus 4% of patients receiving placebo (adjusted
treatment difference 29,0%, p < 0,0001) [56]. The rate of clin-
ical remission at week 8 was consistent among all subgroups,
including patients with prior biologic treatment failure. All
secondary endpoints were met in both induction studies for
patients receiving upadacitinib 45 mg vs patients receiving
placebo. The proportion of clinical responders receiving upa-
dacitinib was significantly greater than those receiving pla-
cebo in both UC1 (60% vs 27%, p <0,0001) and UC2 (63% vs
26%, p <0,0001) induction trials. Further, more upadacitinib
treated patients demonstrated fecal calprotectin levels below
150 mg/kg at week 2 and 8 of induction, consistent with
clinical and endoscopic status.

In the maintenance study, UC3 clinical remission was
achieved by 42% of patients receiving 15mg upadacitinib
daily, 52% of patients receiving 30 mg upadacitinib daily and
12% of patients in the placebo arm [56]. Adjusted treatment
difference of 30,7% for 15 mg upadacitinib vs placebo and
adjusted treatment difference of 39,0% for 30 mg upadacitinib
vs placebo were found, both p <0,0001. The rate of clinical
remission at week 52 was consistent among all subgroups,
including patients with prior biologic treatment failure. All
secondary endpoints were achieved in both upadacitinib
arms (15mg and 30mg) vs patients receiving placebo.
Corticosteroid-free remission was reached in 57% of upadaci-
tinib 15 mg group, 68% of upadacitinib 30 mg group and 22%
of the placebo group p <0,0001 [56]. Consistent with clinical
and endoscopic status fecal calprotectin levels below 150 mg/
kg were more prominent in patients treated with upadacitinib.

3.3. Safety in ulcerative colitis

In the UC1 induction trial, the proportion of adverse effects
reported was 56% in the upadacitinib 45 mg group and 60%
in the placebo group (Table 2). In the UC2 induction trial, the
proportions were higher in the upadacitinib 45 mg group —
53% in comparison to the group receiving placebo — 40% [56].
The most common reported adverse event in UC1 was
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nasopharyngitis followed by creatine phosphokinase elevation
and acne. The most common reported adverse event in UC2
was acne. The incidence of serious adverse events and adverse
events leading to discontinuation of treatment was lower in
the upadacitinib 45 mg group in comparison to the placebo
group (serious adverse events in UC1-3% vs 6%, UC2-3% vs
5%, adverse events leading to discontinuation of treatment
UCT1-2% vs 9%, UC2-2% vs 5%) [56]. Adverse events of special
interest were scarce in both induction studies. No active
tuberculosis, renal dysfunction, cancer, or major cardiovascular
events were observed. One patient from the UC1 upadacitinib
group had a herpes zoster reactivation, which led to treatment
discontinuation, followed by post-herpes zoster virus neural-
gia. Another in the UC1 upadacitinib group had an opportu-
nistic oral fungal infection. One patient in the UC2
upadacitinib group had a herpes zoster reactivation involving
one dermatome, another had an opportunistic cytomegalo-
virus infection leading to CMV colitis — both were considered
non serious and did not lead to treatment discontinuation.

In the maintenance study UC3 adverse events were
reported in similar proportion across all groups, in the upada-
citinib 15 mg group — 78%, in the upadacitinib 30 mg — 79%
and in the placebo group — 76%. The incidence of serious
adverse events and adverse events leading to discontinuation
of treatment was lower in both upadacitinib groups in com-
parison to the placebo group. There were six events of herpes
zoster reactivation each involving one dermatome, of which
one led to treatment discontinuation. One non-serious oppor-
tunistic cytomegalovirus infection. Invasive breast cancer was
reported in one patient of the placebo and one patient of the
15 mg upadacitinib group. Colon cancer and prostate cancer
were both reported once in the upadacitinib 30 mg group.
Other two patients in the 30 mg upadacitinib group had non-
melanoma skin cancer. Hepatic disorders were more com-
monly reported in upadacitinib groups, however all were
mild to moderate and the majority (86%) were transaminase
elevations [56]. Total cholesterol concentration was elevated
in patients receiving upadacitinib across all three studies (UC1,
UC2, UC3), although the LDL and HDL ratio remained stable. In
a multivariate regression analysis of U-ACHIEVE and U-
ACCOMPLISH studies patients receiving upadacitinib 45 mg
were significantly more likely to achieve improvement of
daily symptoms, demonstrated by SFS<1 and RBS of 0. A
greater proportion in this group also achieved abdominal
pain =0 and absence of bowel urgency within day 3 of treat-
ment. The analysis further revealed that patients who reached
SFS<1 or lacking bowel urgency by day 7 were more likely to
achieve clinical remission at week 8 [57].

3.4. Safety in other diseases

The CELEST trial, a randomized, double-blind, phase 2 study,
evaluated the efficacy and safety of upadacitinib in patients
with Crohn’s disease (CD). Overall, nine patients receiving UPA
during the induction phase developed serious infections, and
six serious infections were observed during the maintenance
phase. Three events of Herpes zoster in the active treatment
arms were reported during the entire study, all resolved with
antiviral therapy. One non-serious event of non-melanoma

skin cancer (NMSC) and two malignancies occurred in the
active treatment arms. During induction, two acute, serious
intestinal perforations were reported, both in patients receiv-
ing upadacitinib. No events of deep vein thrombosis or pul-
monary embolism occurred during the study [58].

The safety and efficacy of upadacitinib was examined for atopic
dermatitis as well in a completed trial (ref NCT02925117). The
results are reported from the analysis from week 16. In the upada-
citinib 7,5 mg group, two patients had serious adverse events —
lower jaw pericoronitis and worsening atopic dermatitis following
contact dermatitis. In the upadacitinib 15 mg group, one serious
adverse event of appendicitis was reported. No serious adverse
events were reported in the upadacitinib 30 mg group. One
patient from the placebo group experienced atrial fibrillation,
which was reported as a serious adverse advent. No deaths,
opportunistic infections, herpes zoster infections, latent tubercu-
losis, or thromboembolic events occurred during this 16-week
period [59].

4. lvarmacitinib
4.1. Efficacy in ulcerative colitis

The efficacy and safety of ivarmacitinib were evaluated in AMBER2
- a double-blind, placebo-controlled phase Il trial, conducted
across clinical centers in China, EU, and the US. Patients (n = 164)
with moderate-to-severe UC aged 18-75, with inadequate
response to conventional therapy were randomized 1:1:1:1 to
receive ivarmacitinib 8 mg once-daily (QD), ivarmacitinib 4 mg
twice-daily (BID), ivarmacitinib 4 mg once-daily (QD) or placebo
for an 8-week treatment phase. Patients who completed the treat-
ment phase had the opportunity to enter the blinded, active
treatment, 8-week extension phase. The primary endpoint was
the percentage of patients achieving clinical response at week 8,
defined as a decrease from baseline in the 9-point modified Mayo
Score of > 2 points and at least 30%, along with a decrease in the
rectal bleeding subscore of > 1 point or rectal bleeding absolute
subscore of 0 or 1. The clinical response rate at week 8 for the
ivarmacitinib 8 mg QD was 46,3% (p = 0,066), for ivarmacitinib 4
mg BID was 46,3% (p=0,059), for ivarmacitinib 4 mg QD was
43,9% (p=0,095) and for placebo 26,8%. One of the secondary
endpoints — clinical remission at week 8 was observed in 22%,
24,4%, 24,4% of the ivarmacitinib 8 mg QD, 4 mg BID, and 4 mg QD
groups, respectively, as opposed to placebo where clinical remis-
sion rate was 4,9%. Another secondary endpoint - endoscopic
improvement at week 8 was seen in higher rates in all active-
dose groups in comparison to placebo, with the ivarmacitinib 4
mg QD achieving statistical significance over placebo (adjusted
difference 22,7%, p = 0,018) [60].

4.2. Safety in ulcerative colitis

The safety analysis set constituted 164 patients, including placebo
patients that switched over ivarmacitinib during the extension
phase (Table 3). The TEAE rate reported during the core 8-week
treatment phase ranged from 43,9% to 48,8% for the ivarmacitinib
groups and 39% for placebo. Severe adverse events were reported
in five (3%) patients. TEAE considered by the investigator to be



related to the study drug occurred in 49 (29,9%) patients. The study
drug-related AE were predominantly mild-moderate in severity,
and the most frequent being anemia. One SAE was considered
drug-related in a patient with moderate synovitis. The other SAEs
were UC worsening, cytomegalovirus infection, and liver or anal
abscess. Safety findings from the entire 16-week period were
comparable to the initial 8-week period. No major cardiovascular
events, thromboembolic events, herpes zoster infections, or NMSC
occurred during the duration of the study [60].

4.3. Safety in other diseases

The safety and efficacy of ivarmacitinib for the treatment of
atopic dermatitis was evaluated in a Chinese study (ref
NCT04162899). The study was a randomized, double-blind,
placebo-controlled, multicentre, phase Il trial. Patients (n=
105) aged 18-75 with moderate-to-severe atopic dermatitis
who were nonresponsive or intolerant to topical or conven-
tional systemic treatments were included. Patients were ran-
domized in a 1:1:1 ratio, to receive ivarmacitinio 4 mg once
daily, ivarmacitinib 8 mg once daily or placebo. The duration
of the study was 12 weeks. Treatment of emergent adverse
events were reported in 60%, 68,6%, and 51,4% in the ivarma-
citinib 4 mg, 8 mg, and placebo groups, respectively. All ser-
ious adverse events were cases of worsening atopic dermatitis,
a total of 3, of which all patients recovered.

No serious infections were reported. One patient in each active
treatment arm had a herpes zoster infection, no cases of HZV were
reported in the placebo group. Herpes simplex/herpes virus infec-
tion was reported in each group once. One case of Kaposi's var-
icelliform eruption was reported in the 4 mg group. No cases of
neoplasia, thrombosis, liver injury, or death were reported [61]. The
safety profile of ivarmacitinib was also examined in patients with
RA, data from a study available in abstract form [62,63].

5. Efficacy comparison of filgotinib, upadacitinib,
and ivarmacitinib

See Figure 2.

6. Conclusion

The results of the phase Il and phase Il studies have shown the
efficacy and safety of selective JAK1 inhibitors in the treatment of
UC. However, further investigation is necessary regarding their
long-term safety profile. Comparative research and head-to-head
trials between selective JAK inhibitors and other advanced thera-
pies are needed to determine which drug to use as first-line
therapy for UC patients. To date, we can use indirect data from
meta-analyses to guide the clinical use of JAK inhibitors. JAK
selectivity seems promising, however, if this will translate into
clinical benefit remains to be determined.

7. Expert opinion

While we have seen significant advances in treatment options
for UC in recent years, there remains a high incidence of
primary and secondary response failure rates. The UC treat-
ment armamentarium has expanded over recent years with
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the addition of small-molecule drugs. JAK inhibitors have the
advantage of simultaneously dampening the effect of multiple
proinflammatory cytokines, oral administration, a rapid onset
of action and no immunogenicity [64]. Tofacitinib the first
drug approved in this class, proved to be efficacious in UC,
however there are still concerns regarding its safety profile.

A recent randomized, noninferiority, postauthorization trial
examined patients with RA, 50 years or older with at least one
cardiovascular risk factor to determine noninferiority of tofacitinib
in comparison to TNF inhibition. The study demonstrated during a
median follow-up time of 4 years that tofacitinib carried a higher
risk of major adverse cardiovascular events (MACE) and cancer in
comparison to patients receiving a TNF inhibitor. Serious infec-
tions, opportunistic infections, herpes zoster, and NMSC were
higher with tofacitinib than with a TNF inhibitor. Thus, tofacitinib
did not meet the noninferiority criteria [24]. For that reason, EMA’s
Pharmacovigilance Risk Assessment Committee (PRAC) has stated
that JAK inhibitors only be used in the following patients if no
other treatment alternatives are available: patients 65 years or
older, those at increased risk of major cardiovascular events, smo-
kers, or those who have done so for a long time, and patients with
an increased risk of cancer. Furthermore, JAK inhibitors should be
used with caution in patients with increased risk for blood clot
formation in the lungs and deep veins, and dose reduction should
be considered. The PRAC statement applies to abrocitinib, filgoti-
nib, baricitinib, upadacitinib, and tofacitinib [65]. Results from a
recent study to identify subpopulations with different relative risk
with tofacitinib versus TNFi were published. The study found that
patients aged 65 years and older or ever smokers had an increased
risk of malignancies (excluding NMSC), MACE, myocardial infarc-
tion, venous thromboembolism, and all-cause death with tofaciti-
nib versus TNFi, and were defined as ‘high-risk’ [66]. Patients under
65 years of age and never smokers were considered ‘low risk’ as
there was no detectable risk increase with tofacitinib versus
TNFi [66].

Selective JAK1 inhibitors were developed to improve the risk-
benefit profile of this class, however current data might indicate
otherwise. A recent meta-analysis compared efficacy and safety
data from randomized controlled trials of various biologics and
small-molecule drugs for induction and maintenance treatment of
moderate-to-severe UC [67]. The results found that all treatments,
except filgotinib 100 mg were significantly better than placebo in
induction of clinical remission and endoscopic improvement.
Upadacitinib ranked highest and was notably superior to all
other interventions in the induction of clinical remission and endo-
scopic improvement, and infliximab was ranked second for both
outcomes [67]. Regarding safety however, upadacitinib was the
worst performing agent, vedolizumab was ranked the safest drug
for both adverse events and serious adverse events [67]. Filgotinib
ranked third highest for serious adverse events out of all interven-
tions, however, was second lowest in terms of adverse events [67].
Another meta-analysis similarly found that upadacitinib 45 mg
ranked first for clinical remission in both biologic naive and experi-
enced patients [68]. In terms of small molecules, upadacitinib
ranked highest among all endpoints [68]. However, in terms of
safety, upadacitinib ranked last for the total number of adverse
events [68]. In both studies, upadacitinib was the most effective in
inducing clinical remission, although that is polarized by the safety
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Figure 2. Clinical remission from the induction phases, of the three JAK1 inhibitors discussed prior.

results, showing that remarkable efficacy might come at the cost of
higher adverse event rates. We will need more evidence to justify
the difference in effectiveness between these drugs. Further eva-
luation of drugs in this class is warranted to determine theirimpact

on long term and corticosteroid-free remission in UC patients. It is
crucial to understand how to position these drugs in the contem-
porary UC treatment algorithm. Therapeutic decisions are becom-
ing increasingly personalized and should be guided by risk-benefit



EXPERT OPINION ON PHARMACOTHERAPY 857

0 %000 %0 %0 %007 %00'S %0091 %00°L8 0T @9Mm 01 dn bw 00z T4
0 %000 %0 %0 %00°€ %000 %00°€ %0008 Bw 0oL 714 03 Bw 007 |14
0 %000 %0 %0 %000 %000 %000 %00°L9 (02-01 %°3Mm) ogade|d
0 %000 %0 %0 %000 %000 %000 %00'vL STM v_wme 002 114
0gade[d 03 bw 00z 14
0 %000 %0 %0 %000 %000 %00'S %00°0S (0Z-0L >33M) 714 Bwi 001
0 %000 %0 %0 %000 %000 %000 %00'6S ma—no %99Mm) 0gde|d
w ool 114 03 ogade|d
%0 %000 %0 %0 %000 %000 %0071 %0078 0¢ v_mwsm,p 0} dn ogadeld L1 DOM_N._._“_ [b¥]
%L'0 %090 %0 %0 %065°L %0L°L %0¢ Y %08°SC elayjouow T4 0T ¥°9aM 01 an ejeq
%E0 %050 %0 %L0 %0¢°L %090 %0L°€ %09'%C XIW + 114 06/ € NIMdvd [ev]
JAd 00L/4IV3
%0 %000 %0 %0 %000 %000 %000 %0£°9C Bw 0oL 714 03 Bw 0§ 14
%0 %000 %0 %0 %000 %065°L %065°L %0¥'SL Bw 0oL 714 03 0gde|d
%0 %000 %0 %0 %000 %00°L %0€Y %0£°0S ¥ ¥9am 01 dn bw 0oz 714
%0 %000 %0 %0 %000 %00°L %06°C %0€ vy ¥Z %23m 03 dn Bw 0oL 114
%0 %000 %0 %0 %00°C %00C %0S°€ %09°CS ¥ ¥9am 01 dn bwi g 7i4
%0 %000 %0 %0 %000 %0t°L %0€Y %05°€y Z1 Y99am 03 dn bw 00z 714
%0 %000 %0 %0 %000 %000 %000 %06°CE 71 29m 01 dn bw 0oL T4
%0 %000 %0 %0 %000 %0t'L %0t'L %0€°0% Z1 Y99m 01 dn Bbw 05 714
%0 %000 %0 %0 %000 %000 %07’L %06'8€ Z1 %93m 03 dn ogade|q €8¢ ¢ NIMdvd [Ls]
%0 %000 %0 %0 %000 %000 %06°'S %09°0£L 7x bw g 01 7x buwi 67
%0 %000 %0 %0 %000 %000 %000 %0t Ly Lx bw ool 03 bw o
%0 %000 %0 %0 %000 %000 %000 %0L9Y 7x bw g 01 ogadeld
%0 %000 %0 %0 %000 %000 %000 %0L 9% Lx bw oL 01 ogade|d
%0 %000 %0 %0 %0t°C %0C'L %09°€ %09°€S X mw: 001l psnuiuo)
%0 %000 %0 %0 %000 %000 %000 %0L¥S ¢x bw g panuiuo)
%0 %000 %0 %0 %01 %000 %0t'L %09°€S 7x bw gz panupuo)
%0 %000 %0 %0 %0C'L %0C'L %0¢€°C %0185 Lx bw 00z panunuo)
%0 %000 %0 %0 %000 %05°€ %0,y %05ty LX bw ool psnunuo)
%0 %000 %0 %0 %000 %000 %000 %0t'CS L x Bw og panunuo)
%0 %000 %0 %0 %08°L %08’L %0L°L %0L°LS oqgade|d ¥69 L NIMYYa [0s]
%0 %000 %0 %0 %000 %000 %00C %00'6S ogade|d
%0 %0 %0 %0 %00°C %00°C %00°C %00°LS Bw 00z 114 LeL 40LvYN03 [zv]
%0 %000 %0 %0 %000 %000 %000 %00°LE 0gade|d
%0 %0 %0 %C %000 %00'C %00'C %00°LE Bw 00z 114 oLl VONLY0OL [L¥]
%0 %050 %0 %0 %050 %00°L %05 %0899 Bw 00z 114
%0 %0 %0 %0 %000 %000 %000 %09'65 ogade|d-03-bw 00z 14
%90 %090 %0 %0 %000 %0L'L %0S¥ %0€°09 Bw ool 114
%0 %0 %0 %0 %0L°L %0T°T %0L°L %06°59 0qgase|d-03-bw 0oL T4 Apnis @dueusjulep
%0 %0 %0 %T'T %000 %0L°L %0¢ Y %0€°L9 siapuodsal ogade|d 799 NOILDI T3S [ev]
%¥'0 %0 %0 %0 %000 %0L°L %0,y %0€°95 0Qode|d s9lpnis uondnpu|
%0 %00 %070 %0 %090 %090 %0€Y %09°€S Bw 00z 114 g puey
[ov]
0 %020 %0 %0 %0¢°0 %0L°L %00°S %0%°0S Bw ool 114 8YEL NOILDI T3S [s¥]
% JSWN % JSWN ']Px3 % 3d % 3d ‘PXe 1A %NZH % IS % 3IVS % 3V sdnoin |elol Apnis Jod
Koueubijepy

'syudnjed |e10] ‘|e10] ‘3dUED UPYS BWOURRW-UOU SN ‘Wsijoquid Aleuownd ‘I ‘SISOQUIOIY] SNOUIA ‘I A ‘SNUIA 43350z sadIay ‘AZH ‘suoIdajul
SNOLI3S ‘IS ‘SJUDAD SSISAPE SNOLIS ‘JYS ‘SIUDAD 3SISAPE ‘Jy "A|UO € NIMYYQA 03 saljdde ‘ainsodxa jo sieak-yuaned go| Jad 21es duapIdUl paisnfpe-ainsodx3 — JAd 00L/d1VI “SaIpnIs qiuinobii4 wouy eiep siskjeue A1ayes *| ajqe]



858 A. GOETSCH ET AL.

%0 %0 %000 %0 %000 %000 %00'6/ ao bw og vdn

%0 %0 %000 %0 %0Y'T %0°C %009/ ao bw sl vdn
%0 %0 %000 %0 %08 %087 %00L ao bw g’z vdn
%0 %0 %000 %0 %000 %0S°T %00°€9 ogadeld 991 LLLST6TOLON [6S]
%0 %0 %0 %8'C %000 %0L°LL %06'€9 ao bw ¥z vdn
%0 %€ %0 %L1 %0L'L %05°8 %067, alig bwzl vdn
%0 %0 %0 %0 %000 %0L'8 %0609 aig bw 9 vdn
%0 %0 %0 %0 %0E'8 %00°SC %00°SL alg bw € vdn 8/l adURUBIUIRI [8s]
%0 %0 %0 %0 %0L'S %02 %0678 ao bw ¥z vdn
%08°C %0 %0 %8'C %08'C %0€'8 %0E°€8 alg bw ¥z vdn
%0 %0 %0 %0 %0€'8 %08°LT %09°08 aig bwzl vdn
%0 %0 %0 %0 %0 %0v°S %07'8L alg bw 9 vdn
%0 %0 %0 %0 %0L'L %081 %0C'L8 aig bw g vdn
%0 %0 %0 %0 %0 %0%'S %EL ogadeld (1144 uoiNpuy|
1s371D [8s]
%L %L %L %t %€ %9 %6/ Qo buw og qiuindepedn
%0 %L> %0 % %E %L %8L ao bw s\ quunpepedn
%0 %L> %0 %0 % %EL %9/ ogadeld LSt n [9s]
%0 %0 %0 %L %L %€ %ES @o bw s qunpepedn
%0 %0 %L %0 %L %S %0V ogadeld Les on [9s]
%0 %0 %0 %L> %L %9 %95 ao bw sy qunpepedn
%0 %0 %0 %0 %L %9 %29 ogadeld YLy 1oNn [9s]
% JSWN % JSWN "]Px2 Loueubijey % 3d ‘1A %AZH % IS % 3YS % 3V sdnoio [exoL Apmis Y

‘sjuaned |e10] ‘|e10] “IdUEd UlyS
ewIOURBW-UOU SN ‘Wsljoqwia Ateuow|nd ‘I4 ‘SISOQUIOIYY SNOUBA ‘I A ‘SIIA 19150Z Sdiay ‘AZH ‘SUOIIBJUI SNOLIDS ‘IS ‘SIUDAS SSISAPR SNOLIS ‘JYS ‘SIUSAS ISIDAPE ‘Y "salpnis qiunepedn woly elep siskjeue A1ages *z ajqe]



EXPERT OPINION ON PHARMACOTHERAPY 859

Table 3. Safety analysis data from Ivarmacitinib studies. AE, adverse events; SAE, serious adverse events; SI, serious infections; HZV, herpes zoster virus; VT, venous

thrombosis; PE, pulmonary embolism; Total, Total patients.

Ref Study Total Groups AE % SAE % SI % HZV% VT, PE % Malignancy %
[60] AMBER2
Treatment phase 164 8mg QD 43.90% 4.90% 2.40% 0% 0% 0%
4 mg BID 48.80% 0% 0% 0% 0% 0%
4mg QD 48.80% 4.90% 2.40% 0% 0% 0%
Placebo 39% 4.90% 2.40% 0% 0% 0%
[60] Entire study 157 8mg QD 57.70% 7.70% 3.80% 0% 0% 0%
4 mg BID 62.70% 2% 2% 0% 0% 0%
4mg QD 53.70% 3.70% 1.90% 0% 0% 0%
[61] NCT04162899 105 4mg QD 60.00% 5.70% 0.00% 2,9% 0% 0%
8mg QD 68.60% 2.90% 0.00% 2,9% 0% 0%
Placebo 51.40% 0.00% 0.00% 0% 0% 0%

evaluation considering patients’ age, comorbidities, medical his-
tory, and disease severity. JAK inhibitors, thanks to their rapidity
and efficacy, could potentially be used as an alternative treatment
option in patients with acute severe UC who do not respond to
intravenous steroids [69]. Further, this drug class could also shinein
advanced dual therapy. JAKi could potentially, be used in combi-
nation with biologics to enhance induction of remission, and once
remission is achieved patients could be switched to a biologic
monotherapy with a more reassuring safety profile [70]. Other
JAK inhibitors that do not target JAK1 are being investigated for
the treatment of UC as well. One of them is OST-122, which inhibits
JAK3/TYK2/ARKS5 (ARK5 — AMPK- protein-related kinase 5) and has
a gut-restricted pharmacokinetic profile [71]. Deucravacitinib is a
selective TYK2 inhibitor being investigated for the treatment of UC
[72]. Ritlecitinib, a JAK3/TEC (TEC, tyrosine kinase expressed in
hepatocellular carcinoma), and brepocitinib, a TYK2/JAKT inhibitor
is being investigated as well for the treatment of moderate-to-
severe UC [73].
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